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Preface

Oral health is an essential part of human health and wellbeing. Oral health issues not only 
affect basic abilities such as eating, speaking, and smiling, but also self-esteem, school or 
job performance, and the chance of obtaining employment.

Oral diseases have a high prevalence. According to the World Health Organization, nearly 
100% of the adult population has at least one cavity, and 20% suffer from severe gum disease.

Oral health issues, ranging from cavities to oral cancer, cause pain and disability. Edentulism 
may be considered the ultimate stage of oral suffering. Most oral diseases are preventable and 
can be treated in the early stages. Preventive methods include proper oral hygiene, regular den-
tal checkups and cleaning, a healthy diet, limited sugar intake, and no smoking. Treatment, 
depending on the oral health issue, involves using a wide range of materials and techniques. 
All the materials for dental use are supposed to be biocompatible, their characteristics and 
properties being strongly dependent on their purpose. The currently available dental materials 
are in constant development, and techniques such as lasers, microscopy, and 3D-bioprinting 
are becoming more complex. Nowadays, even edentulism is a condition that can be treated 
effectively by means of dental implants. 

The relationship between oral and general health is obvious, for example, certain medica-
tions (painkillers, antihistamines, diuretics, antidepressants, etc.) may reduce saliva flow 
and lead to oral problems. Alternatively, various diseases and conditions, such as endocar-
ditis, cardiovascular disease, and pneumonia, are linked to oral bacteria and inflamma-
tion. Diabetes, AIDS, osteoporosis, eating disorders, and Alzheimer’s also have a distinct 
influence on oral condition. 

Lack of appropriate health facilities and limited access to primary oral health services is 
quite common in certain geographical areas. High costs of dental treatment may represent 
a major barrier for large categories of people. Targeted health programs and specific 
approaches are attempted to overcome these issues.

This book, consisting of twenty chapters, focuses on different aspects of oral health issues, 
including prevention, treatment, and management. 

Lavinia Cosmina Ardelean
Department of Technology of Materials and Devices in Dental Medicine,

“Victor Babes” University of Medicine and Pharmacy Timisoara, 
Timișoara, Romania 

Laura Cristina Rusu
Department of Oral Pathology, 

“Victor Babes” University of Medicine and Pharmacy Timisoara,
Timișoara, Romania 
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Chapter 1

Evaluation of Trans-Resveratrol  
as a Treatment for Periodontitis
Tracey Lynn Harney

Abstract

Periodontitis is a globally prevalent inflammation-mediated disease that can result 
in varying degrees of destruction to the tissues supporting the teeth. The microbial 
pathogenic dysbiosis, oxidative stress, and deregulated inflammation, found in 
patients with periodontitis, make it a multifaceted condition that is difficult to 
fully resolve. Further to this, periodontitis has been associated with other systemic 
inflammatory conditions. Trans-resveratrol (3,5,4′-trihydroxy-trans- stilbene) is a 
plant-derived molecule present in many foods, which have been shown to exhibit 
antimicrobial, antioxidant, anti-inflammatory, and regenerative properties. 
However, trans-resveratrol has been reported to have physicochemical shortcom-
ings, which make its clinical translation a challenge. This review outlines a critical 
analysis of identified samples from the scientific literature that was conducted to 
assess the potential of RES as a viable therapeutic for periodontitis. The potential 
for the improvement of the limiting pharmacological profile of  trans-resveratrol via 
 nanoformulation is also explored.

Keywords: periodontitis, trans-resveratrol, nanotechnology, pharmacognosy, 
pharmacology

1. Introduction

Periodontal disease (PD) is a chronic condition accompanied by a progressive 
pathogenic biofilm that continuously triggers inflammation, potentially resulting in 
the loss of both soft and bony periodontal tissues. Ultimately, in severe cases, edentu-
lism may result (Figure 1) [1].

Although aspects such as age, genetics, or sex can affect the chance of developing 
PD, there are also modifiable risk factors that have been identified. That is, smok-
ing, nutrition (e.g., low vitamin D and calcium), and poorly managed diseases (e.g., 
diabetes, rheumatoid arthritis, and obesity) as well as stress, have also been found to 
play a significant role in susceptibility [2–4].

According to several epidemiological reports, the prevalence of PD is increasing 
over time. In fact, current publications indicate that approximately 10% of the global 
population presents with severe periodontitis, while almost half of the remaining 
90% of all adults present with a less severe form of the disease. By and large, the most 
conservative estimate places the prevalence of PD at approximately 50% of the adult 
population worldwide [1, 5–7].



Oral Health Care - An Important Issue of the Modern Society

4

Since people suffering from PD may experience chronic pain and tissue destruc-
tion, which can lead to anxiety and depression, the overall loss of quality of life has 
become an additional area of epidemiological observation. In fact, the deleterious 
impact of PD on wellness has recently been quantified using the index for Oral 
Health-Related Quality of Life (OHRQoL) and it was reported that the quality of life 
significantly decreases proportionally to the severity of PD [8, 9].

Additionally, PD has been found to have a widespread detrimental economic 
impact. For example, a recent study using accumulated data from the USA and 32 
European countries, reported the approximate expenditure due to PD to be $154.06B 
in the USA, and 158.64B Euros in Europe [10].

Overall, a body of epidemiological evidence has emerged, reporting the increas-
ing prevalence, economic burden, and diminished quality-of-life for a large enough 
portion of the global population, that PD has gained attention as growing concern of 
global proportion.

Although compiled review reports pertaining to the epidemiology of PD  
have been used as a benchmark, the distinction between gingivitis, mild to moderate 
PD, and more severe disease forms, has been inconsistent, creating a lack of compara-
bility between and within the various epidemiological  demographics [11].

Despite these steps towards unified categorisation, the ability to compare studies 
may still be diminished by the variation in classification of PD between clinicians and 
investigators [11–13].

2. Other inflammation-mediated conditions associated with PD

The conflicting reports, regarding the extent and severity of PD in the epidemio-
logical literature, do not change the legitimate growing concern around the preva-
lence of the disease, especially when one considers the many inflammation-mediated 
systemic diseases with which it has been associated. For example, several reports indi-
cate that PD can potentially increase the chance of developing heart disease [14–20], 
neurodegenerative disease [21–23], and autoimmune disease [24, 25] (Figure 2).

Further to this, chronic PD has been linked to a range of malignancies [26–30] and 
respiratory diseases [31–34] (Figure 2). Accordingly, the necessity for more ways to 
effectively prevent, manage, and treat PD, remains paramount.

Figure 1. 
An illustration of a healthy tooth and periodontal tissue (left side) compared to periodontal disease (right side).
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3. Healthy periodontium and the pathogenesis of periodontitis

The periodontium consists of the tooth’s surrounding anatomical structures, 
which include, from superficial to deep, the gingiva, gingival ligament, root cemen-
tum, and alveolar bone (Figure 3).

In a healthy periodontium, the supportive anatomical structures adhere to the 
tooth by way of connective and epithelial tissue types [35]. The epithelia exist as 
different subtypes around the erupted tooth and have been described as the first line 
of defence, protecting the underlying tissues of the periodontium from microbial 
infiltration from the oral cavity (Figure 4) [35]. The pathogenesis of PD first involves 

Figure 2. 
An overview of some of the diseases that have been associated with PD.

Figure 3. 
An illustration of a healthy tooth and its surrounding structures (i.e., periodontium).
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a shift in the oral milieu which optimizes the formation of a dysbiotic microbial 
biofilm, resulting gingival inflammation, which then progresses to the subgingival 
region (Figure 4) [36].

Clinically, people suffering from PD present with bleeding gingiva upon prob-
ing and varying degrees of detachment (i.e., clinical attachment loss [CAL]) of the 
gingiva from the tooth as measured with a periodontal probe (ada.org) (Figure 5).

4.  Porphyromonas gingivalis and its central role in the pathogenesis  
of PD

Understanding further details of the disease process of PD from the perspective 
of the oral microbiome can assist in the creation of novel preventative and treatment 
applications.

Overall, bacteria, fungi, viruses, and protozoa are among the estimated 1000 
microbial species that make up the oral microbiome. However, more than 700 
microbes are bacterial, giving investigators a rationale for focusing on the bacterial 
taxa of the oral cavity, when examining health status [36–38].

Figure 4. 
An overview of the pathogenesis of PD starting with gingivitis progressing to severe PD.

Figure 5. 
Measuring of the depth of periodontal pockets with a probe is part of the diagnostic criteria predicting the 
severity of periodontal disease.
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Keystone pathogen, P. gingivalis (Pg), is a Gram-negative, anaerobic, non-motile, 
a-saccharolytic bacteria, which is a part of the normal flora of the subgingival region 
of the oral cavity, becomes an opportunistic pathogen when the microenvironmental 
factors permit it to thrive [39].

Also of note, is lipopolysaccharide (LPS), a feature found in the cell walls of 
Gram-negative bacteria, which triggers an inflammatory response as a pathogen-
associated molecular pattern (PAMP). inflammation [40].

Detection by the host complement system is avoided due to the capsule, which is 
seen in most strains of Pg [41]. Also, the bacterial virulence factors, FimA and Mfa, 
which are proteins that make up the bacterial appendages, fimbriae, and pili, allow Pg 
to adhere to the periodontal cells whilst encouraging agglutination between bacteria, 
thus promoting the formation of a pathogenic biofilm [39, 42–44] (Figure 6).

Following adherence to the gingival epithelia, Pg can enter into its host cell with 
ease, due to the secretion of the serine phosphatase, SerB, which enters the host 
cell and triggers the de-polymerisation of cytoskeletal actin microfilaments [45] 
(Figure 6).

For increased success in gaining an intracellular foothold, Pg also employs a 
sophisticated secretory system (e.g., Type IX Secretory System [T9SS]), which spans 
the periplasmic space and allows for the passage of its secretory products from the 
cytoplasm into the extracellular environment [46, 47].

Further to this, gingipains are involved in the manipulation of the host immune 
system, making them key players in tissue destruction through chronic inflammation. 
For example, gingipains have been found to degrade many cytokines as well as the 
CD4 and CD8 integral membrane proteins of T lymphocytes, creating interference 
within the host’s adaptive immune system [46, 48–50].

Moreover, an autoimmune attack on host tissue is assisted by the effector 
 protein, peptidylarginine deaminase (PAD), which post-translationally modifies 
host proteins through citrullination, setting them up as immune targets [46, 51, 52] 
(Figure 6).

Figure 6. 
A schematic of the major virulence factors of Porphyromonas gingivalis and a general overview of their 
involvement in pathogenicity.
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Other significant virulence factors of Pg include outer membrane vesicles (OMVs), 
which are released from most Gram-negative bacteria and can infiltrate places 
that the bacteria cannot. However, those derived from Pg, are armed with an outer 
membrane layer, consisting of a capsule, LPS, and gingipains, enclosing an internal 
compartment loaded with effector proteins and other macromolecules such as nucleic 
acids. Indeed, OMVs are pro-inflammatory agents of cytotoxic destruction aiding 
in biofilm formation, as well as the manipulation and evasion of the host immune 
response [46, 53] (Figure 6).

5. Pg links to PD-related diseases

Common and frequent activities like mastication and oral care, have been found 
to release oral pathogens and their components into the lymphatic and cardiovascular 
systems of PD patients. Therefore, periodontal Pg infections likely act as pathogenic 
reservoirs, possibly promoting certain systemic diseases [52, 54].

5.1 Neurodegenerative disease

A 2021 study by Franciotii et al. hypothesised that there is a “bidirectional oral-
brain” highway through which neurodegenerative processes are stimulated by pro-
inflammatory oral processes and vice versa [55].

Most importantly, initiatives towards the innovation of preventative measures for 
PD have been recommended, especially since the global population is ageing [55].

5.2 Head and neck cancer

The reports regarding Pg infection as a risk factor for oral squamous cell and 
oesophageal carcinoma, align with the emerging perspective in the clinical arena link-
ing chronic systemic inflammation to serious disease states [23, 56–59].

5.3 Cardiovascular disease

Regarding PD as it relates to cardiovascular disease, decades of literature reflect 
a close association [15, 19, 60]. DNA (i.e., 16S rDNA) from Pg has been identified in 
atheroma isolated from patients with coronary heart disease through PCR analysis 
[61]. Interestingly, Pg may also encourage atherosclerosis by switching HDL proper-
ties from antiatherogenic to proatherogenic via the manipulation of monocytes [62].

Further to this, Pg has been shown to invade and multiply within coronary endo-
thelia in vitro, whilst damaging the smooth muscle cells and possibly distorting the 
vasodilatory mechanism of the central arterial system [63, 64].

Overall, the literature encourages appreciation of the clinical significance of the 
assault on the coronary endothelia demonstrated by Pg, especially since the vascula-
ture acts as a vital line of defence for the cardiovascular system [63, 65].

5.4 Respiratory disease

Mortality risks from aspiration pneumonia are high in geriatric populations [66]. 
Of note, in vitro studies have identified Pg as a potent pro-inflammatory agent in 
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isolated respiratory epithelia cells [67]. Additional in vitro studies identified Pg-
derived OMVs as significant bacterial virulence factors which connect PD to respira-
tory disease [68].

5.5 Liver disease

It is worth noting that a significant correlation (P < 0.05) between non-alcoholic 
steatohepatitis (NASH) and oral Pg, has been reported. Furthermore, following 
treatment for PD, an improvement of liver function, displayed by the normalisation 
of AST and ALT, has been demonstrated [54, 69].

5.6 Diabetes mellitus

The relationship between PD and diabetes mellitus (DM) has also been studied 
with respect to Pg. For example, gingipains carried by OMVs derived from oral Pg, 
decreased the insulin sensitivity of hepatocytes whilst hepatocytes invaded by Pg were 
also found to display a decrease in glycogen synthesis in vitro (human) and in vivo 
(mouse model) [70].

5.7 Rheumatoid arthritis

DNA sequences from Pg have been isolated from the synovial fluid and blood-
stream of patients with rheumatoid arthritis (RA). Further to this, the consistently 
reported relationship between an oral Pg infection and RA has encouraged medical 
clinicians to place more emphasis on the oral health of their patients [71].

Figure 7. 
The virulence factors of Pg and the systemic illnesses with which they have been associated. (A) Alzheimer’s 
disease, Parkinson’s disease, depression, (B) head and neck cancers, (C) atherosclerosis, myocardial infarction, 
aortic aneurism (D) aspiration pneumonia, (E) non-alcoholic fatty liver disease (NASH) (F) diabetes mellitus 
(G) rheumatoid arthritis (H) adverse pregnancy outcomes.
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5.8 Adverse pregnancy outcomes

Pg DNA has also been detected in the amniotic fluid, umbilical cord, and  placenta 
of women who encountered pregnancy complications such as preeclampsia and 
preterm birth [72]. Additionally, results from animal studies suggest that the 
mechanism involves the direct invasion and damage of the uterine and placental 
tissue [65].

The adage that correlation does not mean causation, should be considered, and 
although Pg cannot be the sole etiological agent of all the systemic diseases with which 
it is associated, there is accumulating evidence demonstrating its value as a modifiable 
risk factor for the prevention, management, and treatment of PD and other systemic 
diseases (Figure 7) [65].

6. Treatment of PD

Typically, treatment for periodontitis includes physical removal of the biofilm and 
calculus from under the gingiva by way of scaling and root planning (SRP) followed 
by comprehensive care (CC) (www.NHS.uk; www.ADA.org) (Figure 8). Whereas, in 
cases where more severe destruction has occurred, flap surgery is performed, which 
is often accompanied by expensive reconstructive treatments and/or procedures. In 
all cases of PD, patients are advised to adhere to lifelong CC to mitigate any further 
destruction [73–76].

Adjunct therapies are often combined to optimise results following SRP [76]. For 
example, one type of host modulation therapy (HMT) consisting of a sub-antimicro-
bial dose of doxycycline (SDD), is an internationally approved adjunct treatment for 
PD. SDD acts through the inhibition of the pathogenic collagenase activity in the host, 
thus decreasing inflammation and tissue destruction [77].

Interestingly, some naturally occurring phytonutrients also may work through 
the management of the host inflammatory response. For example, chemically modi-
fied curcumin has been shown to be safe and effective for the treatment of PD and 
other inflammation-mediated diseases in animal models [77–79]. Another bioactive 
phytonutrient of interest is trans-resveratrol, which in combination with curcumin, 
has been gaining attention as a supplement for the prevention and treatment of PD 
and other inflammation-mediated conditions [80].

Figure 8. 
Scaling and root planning with an open (left) and closed (right) curettage for the treatment of periodontitis.
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7.  Resveratrol: a bioactive polyphenol with attractive medicinal  
properties

Trans-resveratrol (trans-3,5,4′-trihydroxystilbene) (RES) is a polyphenol that 
can be sourced from various edible plants, which has demonstrated antioxidant, 
anti-inflammatory, antimicrobial, anticancer, and restorative properties [81–84]. 
Therefore, RES is positioned in alignment with the treatment principles for PD and 
the diseases with which it has been associated (Figure 9).

Even though RES is found in a breadth of plant-based foods (e.g., red wine, 
berries, peanuts, and dark chocolate), the naturally occurring concentrations of RES 
are not substantial enough (e.g., 0.1–0.7 mg/L in red wine) to reasonably attain the 
therapeutic values reported in the scientific literature (e.g., an oral dose of approxi-
mately 10 mg/kg body) [86–88].

Consequently, the purified and optimised extracts of RES are often used in 
research and some products have been made commercially available as wellness sup-
plements (https://megaresveratrol.net; https://biotivia.com/pages/transmax-tr-1).

However, RES is a hydrophobic molecule and therefore, like other promising phy-
totherapeutics such as curcumin, has poor water solubility (<0.05 mg/mL). RES has 
also been found to rapidly metabolise in vivo and revert to its less stable isomer when 
exposed to light, demonstrating its instability and photosensitivity, respectively [85].

Additionally, the low oral bioavailability of RES has been considered a signifi-
cant obstacle to its clinical translation, resulting in the development of drug carrier 
models. In fact, there is ample evidence indicating that nano-formulation may be a 
successful strategy to improve the pharmacological indices of RES under physiologi-
cal conditions [89–91].

Interestingly, the design of functional foods also includes the application of 
nanotechnology, via the incorporation of liposomal nanocarriers or other nano-
encapsulated systems. In this way, the therapeutic potential of customised, effective, 
and stable fortified foods with specific pharmacokinetic parameters, such as steady 
time-release, can be investigated [92].

Indeed, both oral and buccal delivery systems, such as those possible via func-
tional food design, have plausible applications regarding PD therapeutics, especially 
since the primary target area for treatment is in the oral cavity. In fact, many nano-
formulations also aim to enhance the delivery and efficacy of targeted therapeutics by 
engineering combinations of selected bioactive molecules that offer specific proper-
ties that promise to optimise the probability of the desired treatment outcome [93].

Figure 9. 
The molecular structures of trans-resveratrol (trans-3,5,4′-trihydroxystilbene) (RES) (see left), which is  
the more stable, and therefore bioactive form compared to its isomer, cis-resveratrol (see right)  
(Gambini et al. [85]).
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8. The attenuation of inflammatory processes by RES in vitro

The modulation of deregulated inflammation, which has been consistently 
reported for RES in the in vitro reports within the literature, is a central treatment 
principle for a viable therapeutic for PD. Additionally, in vitro studies allow for a 
breadth of experiment parameter manipulation not afforded by in vivo studies. So, 
although such studies cannot probe disease development and treatment, they can 
support the elucidation of mechanisms of action, thus identifying potential molecular 
targets for therapeutic applications.

For example, studies that used LPS-stimulated human gingival fibroblasts 
(HGFs), found through ELISA, and MTT assays, that RES significantly decreased 
IL-6 and IL-8, but did not increase cell viability. Interestingly, once RES was com-
bined with the polyphenol silymarin (SIL), the viability increased in combination 
with the decrease in IL-6, IL-8 as well as TNF-α, suggesting that RES- ± SIL have a 
more widespread modulatory effect on LPS-induced inflammation [94, 95].

Additionally, in 2014, Fordham et al. examined the effect of RES (plus antioxi-
dants, phloretin, silymarin, hesperetin) on LPS-stimulated peripheral blood mono-
nuclear cells (PBMCs) obtained from healthy human donors. ELISA showed that RES 
decreased the secretion of IL-1β, IL-6, and IFN-ɣ in the LPS-induced PBMCs. Further 
to this, TNF-α was attenuated at the level of mRNA, as determined by RT-PCR. The 
researchers concluded that hesperetin and RES significantly inhibited (p < 0.05) the 
inflammatory response in LPS-stimulated PBMCs [96].

9. The influence of RES on regenerative processes in periodontal cells

RES has also shown promise regarding the restoration of periodontal tissue, which 
is a crucial part of the complete treatment of PD. For example, in a complex human in 
vitro and in situ study, Wang and colleagues reported that RES preserved cell aggrega-
tion and osteo-differentiation of normal human periodontal ligamental stem cells 
(HPLSCs) treated with TNF-α. In this study, histological analysis confirmed that RES 
treatment (even pre-implantation) improved regeneration in tissue originating from 
both healthy and pro-inflammatory microenvironments [97].

In accordance, Yuan and colleagues also found through histochemical analysis, 
RT-PCR, Western blot, and ELISA, that RES attenuated TNF-α – induced osteogenic 
suppression in HPLSCs in vitro [98].

10.  RES as an attenuator of risk factors and conditions associated  
with PD

It has been well-established that PD is associated, to varying degrees, with a 
collection of modifiable risk factors as well as a myriad of systemic inflammation-
mediated diseases [24, 99]. Hence, studies examining the effect of RES on PD in 
combination with purported comorbidity, and/or risk factor, could contribute to the 
argument regarding the breadth of its benefits.

Studies employing the integration of RA, DM, cigarette smoking, or osteoporosis 
(OP) into the induced-PD model have demonstrated that RES may assist in the 
mitigation of the periodontal damage contributed by associated risk factors and 
concomitant conditions. For example, with cigarette smoking added to the animal 
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model, it was found that RES decreased both alveolar bone loss and oxidative stress 
[100, 101]. Additionally, using a ligature-induced PD model, RES was found to reduce 
alveolar bone loss and attenuate hyperglycemia in diabetic mice [102, 103].

Another study, which employed an induced-PD and RA animal model, determined 
immunoenzymatically, that both Ibuprofen and RES reduced the tissue levels of anti-
cyclic citrullinated peptide antibody (ACCPA) by 99 and 72%, respectively (p < 0.05), 
and RES alone, was reported to reduce serum rheumatoid factor (RF) (p < 0.05) [101].

Interestingly, the results of a study that used an induced-PD model which con-
currently induced osteoporosis (OP) by ovariectomising the rats, suggested that 
RES may reduce alveolar bone loss in oestrogen-deficient rats via the attenuation of 
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, making NADPH 
oxidase a potential drug target for RES [104].

Also of note, an extensive in vitro study showed the potential for RES to address 
Pg-related disease, with a particular focus on the prevention of Alzheimer’s  disease. 
Using a human in vitro model for neuroinflammation, Bahar and Singarao demon-
strated that RES successfully modulated the ROS and deregulated inflammation. A 
total of 96 genes were analysed in Pg LPS-induced human neuroblastoma cells via 
qPCR followed by pathway analysis. In this way, RES was found to diminish NF-κB, 
neuroinflammatory acute phase pathways [105].

11. Animal studies: the amelioration of ligature-induced PD by RES

Although microbial dysbiosis is a necessary early occurrence in the pathogenesis 
of PD, the resulting chronic inflammation is the causal factor regarding its progres-
sion and continuous tissue destruction [106, 107]. Therefore, an effective therapeutic 
approach for the mitigation of PD would be to address the pathogenetically deregu-
lated inflammatory pathways, mediators, and markers, encouraging the system to 
return to balance without deleterious side effects.

In a commonly used animal model, PD is induced by fitting a ligature around the 
neck of pre-selected molar teeth. Typically, PD that is induced in this way predictably 
presents with significant alveolar bone loss, accompanied by the increased expres-
sion of pro-inflammatory genes such as those for IL-1β, IL-6, and TNF-α. Notably, 
increased mRNA expression of genes coding for osteoclastogenic proteins and 
receptor activator of nuclear factor-k B ligand (RANKL) has also been reported when 
applying this model [108].

Morphometric analysis [27, 100, 101, 103, 109–111] and/or Micro-CT [104, 112–114] 
has been employed to demonstrate that RES reduced the alveolar bone loss from 
experimentally induced PD. The micro-CT analyses also reported improved bone 
density, suggesting that at the very least, RES has therapeutic potential as an adjunct 
to traditional SRP. This of course is caveated by emphasising the dependence of this 
data on the relevance of the PD animal model, and the need for validation with human 
studies.

12.  Low bioavailability and stability: an obstacle to the clinical translation 
of RES

The poor water solubility of RES is well established. However, RES is highly stable 
in aqueous solutions of acidic pH. Moreover, researchers must consider that RES 
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degrades rapidly in buffers of 7.4 pH or higher [115]. For example, RES incorporated 
into buffered cell medium was found to degrade to 50% of its original concentration 
within 24 h of incubation at 37°C [115]. Hence, many of the in vitro studies, which 
assume that the pre-determined RES concentration is consistent for the study dura-
tion, are likely to produce misleading results regarding therapeutic dose.

Research has emerged employing novel RES formulations to overcome the phar-
macological limitations and optimise therapeutic potential, ultimately improving its 
clinical translation [116–119].

13.  Overcoming therapeutic limitations of RES by the application  
of nanotechnology

RES has been reported as having notably poor water solubility as well as high 
sensitivity to heat and pH [115]. Also, since RES is unstable under physiological pH 
and temperature, in vivo assays are challenging to design and in vitro assays are likely 
to have low translatability [92, 120, 121].

Additionally, oral administration of RES has demonstrated unfavourable pharma-
cokinetics due to its extensive first pass, resulting in the accumulation of potentially 
recycled conjugates, RES-glucuronides, and RES-sulphates; although these metabo-
lites have also been found to possess biological activity, it may not match that of the 
parental compound [85].

Previous reports highlighting the physicochemical limitations of RES indicate 
that meticulous consideration of aqueous solubility, pH, temperature, and light, 
during the experimental design phase is crucial for the optimisation of clinical 
 translation [122].

Consequently, the search for effective strategies for the improvement of the 
limited oral bioavailability and stability, is a complex, yet necessary, undertaking for 
the successful development of RES as a therapeutic.

Regarding RES, improvement of one or more physicochemical and/or pharmaco-
logical parameters has been reported when in a nano form, indicating the potential of 
nanotechnological formulation as a viable strategy for improving its physicochemical 
stability and pharmacological profile.

Solid lipid nanoparticles (SLNs) and nanostructured lipid carriers (NLCs) are 
commonly employed to improve the therapeutic potential of hydrophobic drugs 
such as RES. Furthermore, findings that assessed the pharmacological potential of 
RES-loaded SLNs and NLCs, indicated their higher stability and sustained release 
compared to RES in its bulk form [123–128].

Further to this, studies seeking out to fortify and/or functionalise foods with RES, 
reported that nanoencapsulation substantially increased thermostability and photo-
stability whilst retaining or optimising the desired biological activity. For example, an 
in vitro investigation examining the nano-encapsulation of RES in starch, conducted 
at pH 7.4 at 37° C, was reported to demonstrate an almost ten-fold increase in drug 
retention following a food extrusion process, as well as higher anti-diabetic, anti-
obesity, and antioxidant effects, compared to bulk RES [129].

Similarly, the sustained release of RES from ZEIN-encapsulated nanoparticles 
(NPs) under physiological conditions (pH 7.4, 37°C) was reported [130] and 
casein-encapsulated RES NPs, designed by Penlava et al., were found to be stable 
through a continuous pH range mimicking those of the gastrointestinal compart-
ments (i.e., pH 1.2 for 2 h and pH 6.8 for 2–24 h). Interestingly, the latter study 
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also demonstrated in vivo (using rats), a ten-fold increase in oral availability of 
casein-nano-encapsulated RES compared to the bulk form as determined by blood 
plasma assays over a 24 h period following a single oral dose of 15 mg/kg of RES (in 
ddH2O and PEG) or casein-encapsulated RES NPs [131].

These studies and others bring to light the prospect of the customisation of 
functional foods, to serve as both local and systemic delivery system for the effective 
prevention, management, and treatment of PD.

14.  Restoration of tissue damage from PD: potential of current  
Nano RES formulations

Nano-RES formulations intended specifically for the treatment of PD, are only 
beginning to emerge. For example, Berta et al., reported a nano-formulated RES-
cyclodextrin mouthwash that was found to reduce plaque and bleeding gums in 
children [132]. Nonetheless, there are several nano RES formulations, intended to 
treat other conditions, which could, in theory, be studied as potential formulations 
for PD, with little divergence from the original formula.

For example, in a 2021 study, Li and colleagues produced nano-hydroxyapatite-
RES-chitosan (CS) microspheres for bone generation, which could potentially be used 
to restore bone loss due to PD [133].

Also, electrospun 3-D nano-scaffolds loaded with RES, consisting of a biodegrad-
able polymer (PLA)-biopolymer-gelatin (GEL) nano-scaffold was found to repair 
cartilage defects in the rat model [134].

Notably, monodispersed, spherical chitosan-zinc oxide-RES (CS-ZnO-RES) 
nanoparticles (NP) (38 nm) engineered by Du et al., were reported to attenuate 
gestational DM (GDM) [135].

Moreover, the successful application of nano-RES as a potential treatment for AD 
has been reported by Sun et al., who designed a RES-loaded mesoporous selenium-Fc-
β-cyclodextrin-Borneol nanoparticle that crossed a blood-brain barrier model [136].

15. RES has evolved to be a viable agent for the treatment of PD

RES has been shown to execute biological action that alleviates deregulated 
inflammation, and restores both soft and bony tissues, in vitro, and in vivo, via 
modulation on the genetic, protein, and cellular level, thus strengthening the case for 
RES as a therapeutic for PD. Further to this, improvement of the pharmacokinetic 
and physicochemical limitations of RES has been demonstrated via nanoformulation. 
There is now much work to be done in identifying and optimising the ideal nanofor-
mulation and administration route to achieve optimal benefit from the activities RES 
has demonstrated.
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Abstract

Due to the important advancement and the accumulation of new evidence on 
the periodontitis-cardiovascular disease (CVD) relationship as well as the major 
medical, economic and social burden caused by both diseases this chapter aims to 
review existing epidemiological and pathogenetic links related to this topic. Also, 
this chapter aims to highlight the impact of the periodontitis-CVD relationships on 
clinical practice and on the preventive approaches targeting to decrease the impact of 
periodontitis on CVD. Periodontitis is an infectious disease eliciting local and general 
inflammation, which leads to periodontal destruction and systemic involvement. 
Several pathways could explain the link between periodontitis and CVD such as 
bacteraemia, chronic persistent systemic inflammation and oxidative stress. The first 
step in the treatment of periodontitis addresses the elimination of microbial com-
ponents, which lead to a decrease in local and systemic inflammation. Periodontal 
therapy seems to positively impact CVD. Specialists should inform patients with CVD 
on the negative impact of periodontitis on their systemic status and refer patients to 
the periodontist for an extensive examination as routine management of CVD. Some 
possible risks of periodontal therapy should be considered in patients undergoing 
antithrombotic medication.

Keywords: periodontitis, cardiovascular disease, atherosclerosis, hypertension, 
inflammation, anticoagulants, prevention
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1. Introduction

Periodontitis is a noncommunicable infectious disease associated with an impor-
tant inflammatory component affecting around 50% of the population worldwide 
and with a prevalence of its severe forms of 11.2% [1]. The Global Burden of Diseases, 
Injuries, and Risk Factors Study (2017) reported periodontitis as the sixth most preva-
lent chronic human disease [2].

Periodontitis is characterized by loss of connective tissue attachment that is 
normally located at the tooth neck (cementoenamel junction) as well as by alveolar 
bone destruction. Periodontitis is accompanied by the transformation of the shallow 
gingival sulcus into a deep periodontal pocket and a marked apical diffusion of the 
dysbiotic subgingival biofilm [3]. In generalized severe periodontitis, the surface area 
of the epithelial lining of the periodontal pockets is enormous and could favor the 
direct contact of subgingival bacteria with gingival connective tissue through focal 
ulcerated areas. Moreover, epithelial ulcerations constitute biological entries for the 
systemic dissemination of subgingival Gram-negative bacteria and local products 
eliciting different general biological responses [3, 4].

There is important evidence suggesting periodontitis as a biologically plausible 
risk factor for the development of other chronic, systemic, inflammatory conditions 
such as diabetes mellitus, cardiovascular disease (CVD), and adverse pregnancy 
outcomes [5]. Relationships between periodontitis and chronic obstructive pulmo-
nary disease, rheumatoid arthritis, metabolic syndrome, obesity, cancers, and chronic 
renal disease have also been reported [6]. An inverse influence of systemic conditions 
on periodontal status has also been described [7]. Current epidemiological evidence 
sustains that periodontitis induces an increased risk for future atherosclerotic 
CVD [8].

The term CVD refers to atherosclerotic conditions such as coronary heart 
disease, cerebrovascular disease and peripheral vascular disease representing a 
leading cause of death, impairments, and quality of life alterations [8]. CVDs are 
the most prevalent noncommunicable diseases globally due to the increasingly aging 
population as well as to profound alterations of diets and lifestyles. Eurostat, the 
statistical office of the European Union, reported that in 2016 in UE 1.68 million 
deaths were resulting from diseases of the circulatory system, which was equivalent 
to 37.1% of all deaths—considerably higher than the second most prevalent cause 
of death, cancer (malignant neoplasms 25.8%). They accounted for 50–60% of all 
deaths in the Baltic Member States and Romania and 65.8% of all deaths in Bulgaria. 
By contrast, less than one-quarter of all deaths in Denmark (22.6%), France (24.3% 
2016 data) and the Netherlands (25.0%) were caused by diseases of the circulatory 
system [9].

Periodontitis has a negative impact on cardiovascular outcomes. Also, periodontal 
treatment has been associated with potential risks and complications in patients on 
anti-thrombotic therapy which must be considered in clinical practice [8].

Due to significant advancement and the accumulation of new evidence on 
periodontitis-CVD relationships as well as to the major medical, economic and social 
burden represented by both periodontitis and CVD, this chapter aims to review exist-
ing epidemiological and pathogenetic links related to this topic as wells to highlight 
the impact of the periodontitis-CVD associative relationships on clinical practice and 
to provide some clinical recommendations for both periodontists and cardiologists on 
this topic.
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2. Pathophysiological links between periodontitis and CVD

2.1 Subgingival microbiota and periodontitis development

A highly organized subgingival microbial community is involved in the transition 
from a periodontal health condition to a dysbiotic pathogenic status namely peri-
odontitis characterized by a complex shift of the microbiota composition, abundance, 
and arrangement [10, 11]. Three members of the subgingival consortium included 
in the “Red complex” have been constantly identified in the subgingival microbiota 
of periodontitis patients are: Porphyromonas gingivalis (P. gingivalis), Treponema 
denticola (T. denticola), and Tannerella forsythia (T. forsythia) [12]. Previously viewed 
as true periodontopathogens, they are now rather considered as pathobiont organisms 
because these bacteria are normally present in low numbers in the subgingival micro-
biota of periodontal healthy individuals [13]. Filifacter alocis and bacteria of genera 
Parvimonas, Fusobacterium, and Prevotella are nowadays considered as pathobionts 
[14]. Pathobionts expand within the microbial community once ecological changes 
take place, which initiates and favor periodontitis development [11]. Dynamic and 
synergistic interactions between subgingival microbiota and the host shape and sta-
bilize dysbiotic communities within their subgingival habitat [15]. Gingival inflam-
mation triggers local tissue destruction that releases subgingivally specific nutriments 
corresponding to the growth of highly demanding Gram-negative bacteria, which 
amplify local dysbiosis [16].

A paradox remarqued by the specialists is that dysbiotic microbiota requires 
inflammation to sustain their nutrition in the context in which localized inflamma-
tory reaction developed by the host is a normal function addressed to reestablish 
local homeostasis through inhibiting bacterial development [11]. The behavior of 
P. gingivalis could explain this paradox through the manipulation of the periodontal 
immune reactions [17].

A low proportion of P. gingivalis in the subgingival microbiota in both periodontal 
health and periodontitis has been identified. The bacterium is considered a keystone 
pathogen in the dysbiotic microbiota creating a pro-inflammatory, antiphagocytic 
environment favorable to the growth and development of pathobionts [18].

Upregulation of many virulence genes of P. gingivalis in healthy sites before 
progression of the attachment loss has been described. In contrast, T. denticola and 
T. forsythia upregulate only very few virulence genes and only in the later stages of 
periodontitis evolution. It seems that P. gingivalis serves as a microbial driver in the 
transition from periodontal healthy status to periodontitis [16].

Microbiota within the subgingival biofilm is a complex highly dynamic architec-
tural arrangement of bacteria rather than a random static positioning of the microbial 
cells next to each other. Within the biofilm, biochemical interaction, signaling, and 
genetic exchanges between bacteria take place. Facultative aerobes within subgingival 
biofilms can sequester oxygen and create anaerobic niches that favor the expansion 
of anaerobic protobionts and thus the transition toward dysbiosis [11]. The bacte-
rial load in periodontal pockets is exponentially greater compared to the flora of the 
sulcus at the expense of the dominant species rather than due to the replacement 
of early colonizers [16]. Four distinct layers have been described in the subgingival 
biofilm from periodontitis patients. The basal layer of the subgingival biofilm, located 
in the proximity of the tooth surface, is formed by Actinomyces spp. Fusobacterium 
and Tannerella reside in the intermediate layers of the biofilms while Prevotella and 
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Porphyromonas are localized in both the apical and intermediate layers [19]. Bacterial 
cells of the Cytophaga-Flavobacterium-Bacteroides cluster were located in the apical 
layers and Treponema was located above the densely packed biofilm. Microbial cells 
of the genus Synergistes have been described closely arranged to polymorphonuclear 
leukocytes indicating direct physical interactions between biofilm microbes and 
host immune cells [19]. However, close relationships between polymorphonuclear 
leucocytes and subgingival microbes have been previously highlighted through 
 transmission electron micrographs [20].

2.2 Pathogenetic mechanisms linking periodontitis and CVD

Atherosclerosis is a chronic, vascular inflammatory condition being a major 
cause of CVD. In atherosclerosis, the deposition of lipids in the artery walls results in 
plaque build-up. Its progression results in the reduction of blood flow and consecutive 
ischemia of organs and tissues and promotes clot formation [21]. The American Heart 
Association pointed out the relationships between periodontitis and CVD although 
causality remains unproven [22, 23].

A wide range of studies has investigated the causal relationships between peri-
odontitis and CVD which have resulted in two essential hypotheses explaining this 
link. One hypothesis sustains the role of systemically disseminated periodontopatho-
gens and of their by-products to induce atheroma formation through the infection 
of blood vessels [24]. Disseminated bacteria and their products including lipopoly-
saccharide (LPS) challenge the immune system inducing systemic inflammatory 
 reactions [3].

Several data communicated over time have reported the ability of bacteria from 
subgingival plaque to migrate and localize to vascular walls and atheromatous 
plaques. Recent information provided by a systematic review and a meta-analysis 
showed that the DNA of periodontopathogens was present in atheromatous plaque 
samples from patients with myocardial infarction [25]. However, less than 5% of 
patients receiving surgery for atherosclerotic vascular disease presented bacterial 
DNA in isolated samples which were not statistically significantly different from 
patients receiving surgeries for rheumatic heart disease [26].

The second hypothesis considers that longstanding periodontal inflammation 
overlaps with existing chronic systemic inflammation through the dissemination of 
locally abundantly produced molecules (pro-inflammatory cytokines, chemokines, 
and gingiva-derived C-reactive protein CRP) promoting atherosclerosis development 
and CVD [24, 27].

Moreover, a recent emerging hypothesis considers that periodontopathogens and 
periodontal inflammation promote modifications in oral and gut microbiome which 
in turn may influence the evolution of both periodontitis and atherosclerosis [24].

In periodontitis patients, the processing of antigenic structures by the liver 
induces a systemic acute phase response associated with an increased plasma CRP 
[3]. Periodontitis patients have statistically significantly higher high sensitivity CRP 
plasma values compared to periodontally healthy subjects amounting to 1.56 mg/L. 
This difference is biologically relevant since it could drive patients into the high CRP 
risk category (>3 mg/L) [28]. IgG antibodies against specific periodontal bacteria 
were associated with all-cause and CVD mortality [29].

A vascular endothelial activation is a central event for atherosclerosis develop-
ment and a connecting link to periodontitis [30]. Circulating bacterial LPS, outer 
membrane vesicles and fimbriae, as well as inflammatory cytokines induce the 
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up-regulation of cell-surface receptors and the expression of adhesion molecules on 
the vascular endothelium, which recruit peripheral blood monocytes at the surface of 
the activated endothelium. On the other hand, antibodies targeting specific bacterial 
proteins behave as auto-antibodies through “molecular mimicry” and induce dam-
age of the vascular endothelium [31]. Monocytes follow a chemoattractant gradient 
and migrate into the sub-endothelial space, become tissular macrophages, capture 
oxidized low-density lipoprotein cholesterol (LDL) and develop into foam cells. 
Apoptosis of the latter favor the accumulation of lipids in the sub-endothelial space 
forming the atheromatous plaques, which become coated by a fibrous shelter and pro-
mote platelet adhesion. Apoptosis of endothelial cell exposes the fibrous cap which in 
association with the enzymatic destruction of the extracellular matrix induce plaque 
rupture, exposure of pro-thrombotic plaque components, and subsequent thrombus 
formation that leads to vascular occlusion and CVD related events (myocardial 
infarction or stroke) [3].

Periodontitis patients have increased platelet recruitment and platelet hyperacti-
vation as sustained by the augmented plasma concentration of platelet factor 4 (PF4) 
[32, 33]. Moreover, periodontitis has been frequently accompanied by a prothrom-
botic state. In patients with mild, moderate, or severe periodontitis D-dimer values 
were found to be increased by 1.62-fold, 2.06-fold and 2.54-fold, respectively than in 
healthy patients [34].

3. Epidemiologic relationships between periodontitis and CVD

Although, the relationship between periodontitis and CVD has long been the 
subject of debate in the scientific literature, the existence of a moderate association 
between periodontitis and CVD was firstly reported by a systematic review in 2003 
[35]. Since then, many other systematic reviews and meta-analyses highlighted this 
idea. Periodontitis patients had 19%, 15% and 14% increased risk of developing CVD, 
respectively [36–38].

Individuals with active periodontitis had a nearly 2–2.5-fold higher risk of devel-
oping acute myocardial infarction than those without the disease [39, 40].

A positive association between both severe and moderate periodontitis and acute 
myocardial infarction exists, which suggests a relationship between periodontitis 
severity and CVD [41].

A significant association was found between calcified carotid artery atheroma 
and the presence of periodontitis both in acute myocardial infarction (OR, 1.51; 95% 
CI, 1.09–2.10) and controls (OR, 1.70; 95% CI, 1.22–2.38) [42]. Periodontitis was 
associated with a 45% higher risk of acute myocardial infarction (OR, 1.45; 95% CI, 
1.10–1.91), whilst patients with both periodontitis and calcified carotid artery athero-
mas had a 75% higher risk for acute myocardial infarction then those without these 
conditions [42].

An increased CVD burden in patients with significant periodontal destruction 
had been suggested in different studies. Data from the Oral Infections and Vascular 
Disease Epidemiology (INVEST) study showed that the number of missing teeth 
was significantly associated with carotid artery plaque after adjustment for CVD risk 
factors [43]. Moreover, the Periodontitis and Its Relation to Coronary Artery Disease 
(PAROKRANK) study reported an increased risk of myocardial infarction in patients 
with periodontitis (odds ratio of 1.28, 95% confidence interval (CI) 1.03–1.6) after 
adjustment for some behavioral, social and medical risk factors. The radiographic 
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bone loss was used to quantify periodontal destruction [44]. However, concerns have 
been raised in relation to the difficulty to control for all possible confounders and 
the possibility that periodontitis could still be a surrogate for other risk factors not 
highlighted by these studies [45].

Periodontitis may also represent a risk factor for stroke, especially in ischemic 
events. However, new studies with a robust design are necessary for a reliable 
 conclusion [46].

4. Periodontitis and hypertension

4.1 Epidemiological associations between periodontitis and hypertension

Hypertension is considered a major risk factor of CVD. Periodontitis has emerged 
as a new contributor to the complete cardiovascular risk profile of CVD.

The associative relationships between periodontitis and hypertension are important 
in the context of the high prevalence rates of both diseases that induce important medi-
cal and social burden. Besides the fact that periodontitis and hypertension share a group 
of common risk factors (older age, smoking, low socioeconomic and education status, 
genetics) an independent association between the two diseases has been reported.

The data provided by prospective and retrospective studies reported a higher 
prevalence of hypertension in patients with periodontal disease ranging from 7 to 
77% as compared with patients without periodontitis with prevalence rates rang-
ing from 4 to 70% [47]. Periodontitis patients had 4.5 mmHg higher systolic and 
2.0 mmHg higher diastolic blood pressure than non-periodontitis patients [47]; the 
systolic component of the blood pressure seemed to be more influenced by periodon-
titis than the diastolic one [48].

Two meta-analyses provided information sustaining the association between 
periodontitis and hypertension [47, 49]. The heterogeneity of case definitions of both 
hypertension and periodontitis prevented the drawing of firm conclusions regard-
ing this topic. The association between the two diseases is open to future analyses of 
data provided by clinical trials using uniform case definitions for periodontitis and 
hypertension.

The activity of periodontitis monitored through local inflammation index (bleed-
ing on probing) seems also to play an important role in the complex interplay between 
periodontal disease and hypertension. Data from the Third US National Health and 
Nutrition Examination Survey (NHANES III) informed that local gingival inflam-
mation (bleeding on probing) was significantly associated with increased systolic 
blood pressure (2.6 mmHg higher values compared with noninflamed situations) 
and increased risk of uncontrolled blood pressure after multivariate adjustments of 
a large make-up of influencing factors including systemic inflammatory diseases as 
well as behavioral and social factors [50]. Moreover, data from observational studies 
reported that even for patients on intensive antihypertensive treatment periodontitis 
was associated with an increased risk of uncontrolled hypertension [48].

The genetic background has been involved in the development of both periodon-
titis and hypertension at least partially by the modulation of immune-inflammatory 
reactions that sustain a proinflammatory milieu [48].

The high-salt diet is a common trigger for hypertension, but data has also shown to 
alter the microbiome and impair immune systems through salt-induced hypergluco-
corticoidism [51, 52].
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4.2 Periodontitis and pregnancy hypertensive disorders

It was proven that oral health among vulnerable populations, such as pregnant 
women is an important determinant regarding the pregnancy outcome. Numerous 
epidemiological studies have demonstrated an increased risk of adverse pregnancy 
outcome (APO), including preterm birth, low birthweight and pregnancy-induced 
hypertension or pre-eclampsia (PE) as well as gestational diabetes (GDM), related 
to periodontal disease [53]. Therefore, maintaining optimal maternal oral hygiene is 
regarded as a mandatory standard of care for perinatal medicine [54].

The reported prevalence of periodontitis, during the time period of pregnancy, 
varies between 10 and 74% and it is highly dependent on the economical level and 
health policies of each country [55].

Two pathogenic mechanisms described the potential effect of periodontal diseases 
on pregnancy outcomes. On the one hand, the periodontal bacteria could induce 
bacteremia and a seeding of the feto-placental unit. On the other hand, inflammatory 
mediators such as interleukin-1 (IL-1), IL-6, IL-8, tumor necrosis factor-α (TNF-α) 
or prostaglandin E2 (PGE2), secreted by the subgingival inflammatory site are carried 
to the feto-placental unit, where an inflammatory response will develop [53].

The influence of the gingival bacterial microbiome on APO is confirmed by the 
new data that revealed the presence of a unique bacterial load even of the placentar 
tissue. Gram-positive as well as Gram-negative intracellular bacteria were identified 
in the basal plate of the human placenta [56]. Moreover, due to metagenomic tech-
nology, it was shown that placental microbiome profiles are more related to the oral 
microbiome than other microbiomes in the human body, such as the gut, nares, skin 
and urogenital tract [57].

The feto-maternal unit is exposed to oral bacteria during bacteriemia epi-
sodes caused by daily oral activities (e.g., tooth brushing and flossing) and dental 
treatments (e.g., scaling and root planing). Katz et al. identified the presence of 
Porphyromas gingivalis antigens in placental tissues and suggested that the coloni-
zation of Porphyromas gingivalis in the placenta might contribute to the placental 
dysfunction, a specific obstetrical feature in severe cases of PE [58]. Moreover, the 
presence of Porphyromas gingivalis in the umbilical cord was highly associated with 
PE. Several meta-analyses found a risk at least twice higher to develop preeclampsia in 
women diagnosed with periodontitis [59, 60].

The relationship between hypertensive disorders (including both pregnancy pre-
existing hypertension and pregnancy-induced hypertension, also called preeclamp-
sia) and periodontitis was mostly explained in relation to the systemic inflammatory 
response due to maternal infection. In severe cases of periodontitis, the inflammatory 
mediators (alarmins) and cytokines found in the gingival mucosa, including IL-1β, 
IL-6, TNF-α and PGE2, entered systemic circulation and affect the feto-placental unit 
and myometrium [53].

The adequate invasion of the extravillous trophoblast in the vascular layer of spiral 
uterine arteries will determine appropriate feto-maternal perfusion. In vitro models 
showed the local interaction between the placental tissue (human trophoblast cell lines) 
and periodontal pathogens, bacterial components, or inflammatory mediators. According 
to the data, the inflammatory milieu may suppress the media layer invasion process, lead-
ing to an important vascular remodeling. Eventually, that will trigger the development 
of pregnancy-induced hypertension or will aggravate the chronic vascular changes in 
pregnant women with preexisting hypertension. This will further cause placental insuffi-
ciency, the physiopathological final step to the development of fetal distress in utero [61].
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5. Periodontal therapy and cardiovascular risk

Non-surgical treatment of periodontitis refers to subgingival instrumentation of 
periodontally affected teeth and addresses the polymicrobial aetiologic factor from 
the subgingival areas. Full-mouth subgingival instrumentation performed within 
24 hours has been proposed to prevent the dissemination of bacteria from non-instru-
mented pockets to the previously treated areas [62]. It is also worth mentioning that 
in severe generalized periodontitis, due to the mobilization of a huge mass of bacteria 
from the periodontal pockets, the full-mouth instrumentation could trigger an acute 
systemic inflammatory response associated with transient endothelial dysfunction 
[63]. Delivering subgingival instrumentation conventionally in several short sessions 
could overcome the systemic response and the theoretical short-term risk of develop-
ing a vascular event [64].

Data from observational studies observed no effect or just a minimal elevated 
risk of “invasive dental treatment” [65, 66] in augmenting the ischaemic cardiovas-
cular risk. The report concluding that the “invasive dental treatment” had no effect 
in increasing the risk of myocardial infarction was based on the Taiwanese National 
Health Insurance Research Database and included more than 110,000 myocardial 
infarction patients and 290,000 ischaemic stroke patients over a period of 14 years. 
However, a modest risk of myocardial infarction during the first week after treat-
ments has been indicated (OR = 1.31, 95% CI [1.08; 1.58], after 3 days). A self-
controlled case series on about 10 million persons from an US insurance database 
reported that “invasive” dental treatments, mostly represented by tooth extractions, 
were associated with an augmented risk of incident acute cardiovascular events 
(IR = 1.5, 95% CI [1.09; 2.06]) within 1 month after therapy [66]. A small-scale clini-
cal trial reported no cardiovascular adverse events within 3 months after periodontal 
subgingival instrumentation in patients with established CVD [67]. Also, a random-
ized secondary prevention trial showed that subgingival instrumentation in patients 
with established CVD was not associated with an increased incidence of cardiovascu-
lar events in 6 months after periodontitis treatment [68]. Moreover, a study on 5297 
subjects, with a median follow-up period of 16.8 years concluded that individuals who 
did not respond well to periodontal treatment had a 28% increased risk for future 
CVD, indicating that successful periodontal treatment might influence the progres-
sion of subclinical CVD [69].

However, nowadays conclusions on this topic sustain that no association between 
“invasive” periodontal treatments and an increased incidence of myocardial infarction 
or ischaemic cardiovascular risk has been reported [8, 70].

6. Perioperative bleeding risk associated periodontal procedures

6.1 Bleeding risk of periodontal procedures

The perioperative bleeding risk depends on the extent and invasiveness of the 
periodontal therapeutic approach. A low bleeding risk has been mentioned for most 
periodontal interventions such as subgingival instrumentation, conventional surger-
ies (debridement flaps and regenerative or resective interventions), dental implants 
placement, or tooth extraction [8]. The bleeding associated with these interventions 
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could be controlled through local haemostatic measures. On the other hand, a 
moderate bleeding risk is considered for autogenous bone augmentation procedures 
including block bone harvesting and sinus floor elevation or interventions associated 
with secondary intention healing such as free gingival graft placement [71, 72]. The 
frequencies for low and moderate bleeding associated with periodontal therapies have 
been reported to be less than 1% and between 2 and 5%, respectively [8].

6.2 Patients undergoing antiplatelet and anticoagulant therapy

Single antiplatelet therapy such as acetylsalicylic acid (aspirin), clopidogrel, 
ticlopidine or ticagrelor did not increased the frequency of bleeding events as com-
pared with control patients [73, 74].

Dual antiplatelet therapy usually using the combination of aspirin and clopidogrel 
may induce a certain risk for post-operative bleeding, which may be managed with 
local haemostatic approaches [75, 76].

The discontinuation of single or dual antiplatelet therapy before any kind of 
periodontal approach including dental implant placement is not recommended by 
current evidence [8].

“Current American Heart Association, American College of Cardiology, Society 
for Cardiovascular Angiography and Interventions, American College of Surgeons, 
and American Dental Association, European Society of Cardiology, American 
College of Chest Physicians Evidence-Based Clinical Practice (AHA/ACC/SCAI/
ACS/ADA/ESC/ACCP) guidelines on perioperative management of antithrombotic 
therapy do not suggest discontinuation of anti-platelet therapy for low bleeding risk 
procedures” [77–79].

No increased risk of bleeding has been associated with oral vitamin K antagonist-
anticoagulant therapy (warfarine, cumarine) in patients receiving dental extraction, 
minor dental procedures or dental implant placement when compared to patients 
discontinuing anticoagulant therapy [80, 81]. However, in comparison with non-vita-
min K patients, a higher post-operative bleeding risk in patients continuing vitamin 
K antagonist-anticoagulant therapy and suffering from minor or higher-risk dental 
procedures have been reported, although post-operative bleeding could be effectively 
controlled with local haemostatic agents [80, 82, 83].

As for novel/direct anticoagulants such as apixaban, rivaroxaban, betrixaban, 
edoxaban, and dabigatran, it seems that the interruption of these drugs is not 
necessary for most dental-periodontal therapies, due to a low incidence of bleeding 
events associated with these drugs and which can be successfully managed with local 
haemostatic measures [84–86]. As a positive advancement in the field, a neutral-
izing agent (idarucizumab) has been developed for dabigatran. However, a higher 
incidence of delayed bleeding (2 days and later) has been reported in patients not 
discontinuing novel/direct anticoagulants in comparison with healthy persons [87]. 
Although, it has been widely used in the past, especially in the era of anti-vitamin K 
anticoagulants, the low molecular weight heparins (LMWH) bridging strategy should 
be avoided in patients treated with novel oral anticoagulants (NOAC) as it increases 
the risk of bleeding, with no benefit on the risk of cardioembolic events. It is reserved 
for patients with mechanical valve prostheses at high thrombotic risk [88].

However, in CVD patients receiving complex antithrombotic medication a strict 
communication with cardiologist is mandatory.
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7. Periodontitis and CVD: recommendations for clinicians and patients

7.1 Recommendations for periodontologists treating patients with CVD

a. Patients with medium or severe generalized periodontitis without known CVD 
should [8]:

• be advised that periodontitis induces a higher risk of CVD and its acute events 
(myocardial infarction and stroke)

• actively manage all their CV risk factors such as smoking, lack of exercise, 
excess weight and blood pressure, lipid, and glucose profile

• receive intensive periodontal therapy and tailored oral hygiene education 
and regimen

• receive a strict scheduled periodontal maintenance

• be referred to the cardiologist for CVD screening if CVD risk factors are 
present.

b. Patients with periodontitis and CVD should:

• be informed that they may be at higher risk for CVD complications

• receive active periodontal treatment and tailored oral hygiene education 
and regimen

• be included in periodontitis regular maintenance and secondary preventive 
regimes.

c. People with CVD should:

• be referred by the cardiologist to the periodontist for a thorough full-mouth oral 
examination and screening

• receive a tailored oral hygiene education and regimen

• be placed on a preventive care regime if no periodontitis is diagnosed and 
monitored regularly (at least once a year) for changes in periodontal status

• be managed as for point b) if periodontitis is diagnosed.

d. Subgingival instrumentation in periodontitis patients with CVD should be 
provided preferably in several 30- to 45-minute sessions to reduce the putative 
acute systemic inflammation.

e. In patients with CVD, surgical periodontal and implant therapy when indicated 
should be provided similarly as in patients without CVD.
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f. In hypertensive patients, high blood pressure above 180/100 indicates to post-
pone periodontal surgical procedures until stabilization of blood pressure.

g. In patients with antiplatelet and anticoagulant therapy

• The periodontist should not modify the patient’s antiplatelet and anticoagulant 
medication to perform periodontal and implant surgeries which are associated 
with a low to medium risk of bleeding.

• A consultation with the cardiologist is advised when doubts are raised.

• Local management of bleeding complications should be considered such as: 
oxidized cellulose, absorbable gelatine sponges, sutures, tranexamic acid 
mouthwashes, compressive gauze soaked in tranexamic acid.

• It has been suggested to discontinue vitamin K antagonist-antithrombotic 
therapy if the Internationalized Normalized Ratio (INR) ≤ 4 for low or medium 
bleeding risk surgeries, but the decision should be considered in consensus 
with the cardiologist. For INR ≥ 3.5 the advice of the responsible specialist is 
 mandatory [8, 89].

• For non-vitamin K novel and direct anticoagulant (NOAC/DOAC) and when 
low bleeding risk periodontal approaches are scheduled, the anticoagulant 
therapy should not be discontinued [8, 71, 72]. Periodontal procedures should 
be undertaken within 18–24 hours after the last intake (depending on a renal 
function assessment for the medication in question) after which medication 
intake should be resumed after 6 hours following treatment.

• For all intentions to adjust antithrombotic therapy to perform periodon-
tal surgeries the periodontologist should consult with the responsible 
cardiologist.

• If discontinuation of antithrombotic therapy is planned for medium bleed-
ing risk periodontal approaches, the decision should be made in agreement 
with the cardiologist.

• In higher thrombotic and ischaemic risk patients (i.e., chronic atrial fibrillation 
or after an acute myocardial infarction or recent coronary stenting) receiving 
combined antiplatelet and anticoagulant therapies, all periodontal treatments 
and antithrombotic change intensions (either of low or medium bleeding 
risk) must be discussed and agreed upon with the responsible cardiologist 
[8, 71, 72]. The periodontal interventions should be eventually delayed.

• Patients under triple therapy (dual antiplatelet and one anticoagulant) or 
one anticoagulant plus one antiplatelet should be individually managed in 
consensus with the responsible cardiologist and eventually referred in dental 
specialized care centres [79, 90].

h. Patients with a risk of endocarditis should be premedicated with antibiotics fol-
lowing current guidelines (such as the European or the American guidelines).
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i. People with CVD who have extensive tooth loss should be encouraged to pursue 
dental rehabilitation to restore adequate mastication for proper nutrition.

j. Diet counseling including low salt consumption could be beneficial for the 
management of both periodontitis and hypertension.

k. CVD including hypertension could benefit from periodontitis primary and 
secondary prevention.

7.2 Periodontitis-related recommendations for physicians and cardiologists

a. Cardiologists should know that periodontitis is a highly prevalent disease that has 
potentially negative influences on CVD development and complications as well 
as that efficient periodontal treatment may positively impact CV status.

b. Cardiologists should advise all CVD patients on the above-mentioned topic 
and to seek periodontal specialized care as part of their ongoing management 
of CVD. Even if no periodontitis is diagnosed initially, an annual oral check-up is 
recommended.

c. For patients already diagnosed with periodontitis, the cardiologist must ensure 
that the disease has been effectively treated.

d. The cardiologist should assist the periodontist in the management of patients 
under antithrombotic therapy before the periodontal surgery, to avoid risks of 
bleeding or ischaemic events.

7.3  Recommendations for patients with CVD or at risk of CVD in relation with 
periodontitis

a. Patients with CVD should know that:

• periodontitis is a chronic infectious disease having the potential to worsen their 
systemic condition

• periodontitis is treatable in most cases but requires lifelong personal manage-
ment and professional supervision

• left untreated periodontitis leads to further bone destruction and finally to 
tooth loss

• periodontitis is a “silent” disease so regular dental-periodontal check-ups 
are advised

• periodontitis treatment has a positive impact on CVD and reduces the risk of 
CV events

• they need to seek periodontal specialized screening for periodontitis and 
eventually care as part of their ongoing management of CVD

• an annual oral check-up is recommended even in the absence of periodontitis.
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b. Periodontitis patients are important co-therapists and without their sustained 
daily involvement, periodontitis resolution is not possible.

c. Patients with CVD and periodontitis, like all the other individuals, must effi-
ciently clean the teeth based on the dental practitioner/periodontist personalized 
advice. The following oral care recommendations should be practiced:

• Tooth brushing twice a day with an electric or a manual toothbrush is recom-
mended; however, electric toothbrushes seem to be more efficient than manual 
toothbrushes in a personalized local hygiene routine.

• Cleaning the areas between teeth using auxiliary oral hygiene aids is manda-
tory since using only conventional toothbrushing is not sufficient for complete 
plaque removal. Interdental brushes, carefully calibrated to fit the size of the 
interdental spaces should be used. Dental floss is an interdental cleaning option 
that can be used whenever the gums fill in the interdental spaces.

8. Conclusions

Periodontitis has been considered a risk factor for CVD, although no causal 
relationship has been demonstrated to this point. Two potential biological mecha-
nisms (periodontal bacteria and endotoxins systemic dissemination and release 
of inflammatory molecules from the affected periodontal sites into the blood 
stream) have been described to link periodontitis and atherosclerosis-induced CVD. 
Periodontitis may increase the risk for hypertension as well as for acute CV events—
myocardial infarction and stroke. In pregnant women, periodontitis may trigger 
adverse pregnancy outcomes and may worsen the chronic vascular changes in relation 
with pre-existing hypertension, which carries high maternal and fetal health risks. 
Periodontal screening in specialized medical care settings should be a component of 
the management of CVD. Periodontologists, cardiologists, and patients should be 
informed on the potentially negative influences of periodontitis on CVD development 
and its complications as well as on the positive impact of periodontitis treatment on 
CV status. All adjustments in antithrombotic treatment in periodontitis-CVD patients 
must be discussed and agreed upon with the responsible cardiologist.
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Chapter 3

Ulcerative Lesions of the Oral 
Cavity
Nelli Yildirimyan

Abstract

Apart from dental and periodontal diseases, oral mucosal lesions are also 
 frequently encountered by both general dentists and dental specialists in outpatient 
clinics. Although these soft tissue lesions may only reveal a localized issue, sometimes 
they may be the only sign of a more serious underlying systemic condition. Thus, oral 
ulcerations pose a unique diagnostic challenge for healthcare providers and should be 
cautiously handled when they last for more than two weeks, even after any possible 
traumatic etiologies are eliminated. There are many different classifications regarding 
oral ulcerations based on their etiologic or clinical features. In order to provide a logi-
cal and simple stepwise guidance to accurate diagnosis, this chapter will categorize 
and explain these lesions based on their clinical properties.

Keywords: oral ulcer, oral mucosa, oral disease, aphthous stomatitis

1. Introduction

Oral ulcerative lesions are defects in the oral epithelia, its underlying connective 
tissue or both. The oral mucosa is considered among one of the susceptible areas in 
the human body to painful ulceration [1, 2]. An oral ulcer is not a disease itself but 
rather a sign of a different underlying condition, therefore it is usually challenging 
to diagnose the accurate etiology [1]. It is important to identify the etiologic factor to 
provide a complete resolution to patients rather than constantly prescribing certain 
medicines to suppress the symptoms [3].

Regardless of the etiology of these lesions, oral ulcerative lesions may be cat-
egorized as minor, major or herpetiform ulcerations. Minor ulcerations are usually 
less than 1 cm in diameter, and they most commonly present on the labial or buccal 
mucosa or the ventral surface of the tongue. Less common locations include the 
dorsum of the tongue, hard palate or the gingiva [4, 5].

Ulcerations that measure more than 1 cm in diameter are referred to as major oral 
ulcerations and have a lower prevalence than minor ones. Among these three types, 
the least common type is the herpetiform ulceration, which unlike what its name 
suggests, is irrelevant to herpetic stomatitis since no vesicle formation is observed in 
advance [5]. These type of ulcerations are multiple and usually are much smaller in 
diameter (1–3 mm) [4].

Another helpful classification is based on the duration of these lesions, which 
may aid clinicians establish a more logical stepwise progression towards an accurate 
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diagnosis. Accordingly, an oral ulcerative lesion is diagnosed as acute if it lasts for 
less than two weeks, chronic if it persists for more than two weeks or recurrent if it 
presents with a history ulcerative episode with intermittent periods of healing [1].

2. Acute ulcerative lesions

A short-lived oral ulcerative lesion which resolves in less than two weeks is con-
sidered as an acute oral ulcer and is commonly referred to as an “aphtha” [1, 2]. This 
word itself is attributed to Hippocrates which was used to describe disorders of the 
mouth in general back in his time (460–370 BC) [3]. In order to accurately diagnose 
and evaluate patients with acute ulcerative lesions, it is crucial that the physician is 
aware of the broad spectrum of possibilities that may cause these lesions. It is recom-
mended to assess the history of the lesions first, meaning to question the patient 
regarding any periodic episodes, in order to exclude conditions which are character-
ized with recurrent oral ulcerations [2].

Clinically acute oral ulcers usually have an oval shape with an erythematous 
periphery due to the dilation of the blood vessels. Although commonly these are pain-
ful lesions, the pain is relatively weaker when the ulcer bed is layered with a yellowish 
fibro-membrane [2].

Most common acute oral ulcerations may be related to trauma (i.e., traumatic 
ulcers), chemotherapy (i.e. chemotherapy induced ulcers), necrotizing sialometa-
plasia, primary herpetic gingivostomatitis, herpes zoster infection, herpangina, 
hand-foot mouth disease, erythema multiforme, necrotizing ulcerative gingivitis, oral 
hypersensitivity reactions or plasma cell stomatitis [1, 6, 7].

Traumatic ulcerations are one of the most common oral ulcerative lesions [8]. If a 
traumatic ulceration is due to the mucosal irritation of natal or neonatal teeth at the 
ventral surface of the tongue, then it is called “Riga-Fede disease”. Ulcerations due 
to thermal and electrical injuries most commonly occur in children and affect the 
lip and commissure areas. On the contrary, malformed or fractured teeth, ill-fitting 
dentures or overheated food are usually encountered in adults (Figure 1) [1, 9]. 
Traumatic ulcerations tend to heal within ten days once the etiologic factor is  
discarded [8].

Figure 1. 
Irritation fibroma of the right vestibular sulcus and an acute traumatic ulceration of the maxillary frenulum due 
to ill-fitting dentures.
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Chemotherapy induced ulcers are commonly observed in oral mucositis, which is 
one of the most frequent complications of chemotherapy in oncologic patients [10]. 
These erythematous and painful ulcerative lesions are due to the detrimental effects 
of chemotherapy on oral mucosal epithelial cells. Patients receiving chemotherapy 
for a malignancy have a 24.8–67% incidence rate for oral ulcerations [11]. This rate 
increases to almost 90% in patients with head and neck cancer, who receive both 
chemotherapy and radiotherapy for their oncologic condition. Cisplatin, 5-fluoruracil, 
docetaxel, paclitaxel, everolimus, tenserolimus, ridaforolimus, cetuximab, pani-
tunumab, erlotinib, gefinitib, afatinib, lapatinib and dacomitinib are among the most 
common chemotherapeutic agents associated with chemotherapy induced oral ulcers 
[12–15]. The risk to develop mucositis rises when a patient receives both chemotherapy 
and radiotherapy. The incidence and the severity of oral ulcerative lesions vary in 
patients with different agents and therapeutic regimen [15]. Besides the overall clinical 
manifestations such as mucosal congestion, edema, and severe pain, co-infection may 
affect these patients’ oral intake and disturb the smooth progress of chemotherapy. 
Co-infection may progress into a more severe systemic infection and cumulatively 
threaten the lives of the patients [11]. Treatments using granulocyte colony-stimulating 
factor, keratinocyte growth factor, honey intake or low-level laser therapy have been 
proposed as preventive measures for chemotherapy induced ulcers however a consen-
sus regarding the most effective preventive option is still not established [10]. Among 
these preventive options, the only drug approved both by Food and Drug Agency 
(FDA) and European Medical Agency (EMA) is palifermin, and it is a keratinocyte 
growth factor. It is advised to administer to patients undergoing high doses chemother-
apy and radiotherapy prior to their oncologic treatment. Once oral ulcerations develop, 
it is important to prevent serious nutritional deficiencies due to inadequate food intake 
and consider parenteral nutrition options [15]. Current guidelines suggest morphine 
to provide analgesia for pain in these patients [16]. Moreover “magic” mouthwashes 
have also been formulated containing anesthetics, antacids and diphenhydramine. 
Formulations with steroids and anti-mycotics are also available [17].

Necrotizing sialometaplasia is a solitary benign condition due to an inflammatory 
reaction of salivary glands. The true etiology is still unknown however local infarc-
tion due to ischemia of the salivary tissue is blamed. Mostly these lesions occur on the 
posterior palate but may rarely observed on the lower lip, retromolar pad, sublingual 
region, tongue and the larynx. Clinically necrotizing sialometaplasia manifests as 
a crater like ulcer with indurated borders. Although it is a self-limiting condition, 
complete healing may take up to 7 weeks [1]. During this period, patients may aid 
supportive treatments focused on pain control. Necrotizing sialometaplasia may 
mimic salivary gland tumors, thus physicians should always question the evolution 
time since in most cases salivary gland tumors do not present such short evolution 
times like necrotizing sialometaplasia [18].

Primary herpetic gingivostomatitis is a viral condition due to Herpes Simplex Virus 
(HSV). It usually occurs in children younger than five years. Oral ulcerative lesions 
associated with primary herpetic gingivostomatitis develop as multiple pin-headed 
vesicles which rupture. These small lesions may merge and manifest as larger 
ulcerations. Systemic symptoms such as fever, nausea, anorexia, submandibular 
lymphadenopathy, halitosis and dysphagia are also noted [1]. Bed rest, fluids, soft diet 
and antipyretics are suggested for the systemic manifestations of primary herpetic 
gingivostomatitis. In order to reduce the spread of infection to other sites, patients 
must be discouraged from touching the ulcerative areas. Systemic antiviral therapies 
may be considered in severe cases or for immunocompromised patients [19].
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Herpes zoster infection is a secondary viral condition due to Varicella Zoster Virus 
(VZV). Clinically it is a painful condition with vesicular eruptions both on the skin 
and the mucosa. Symptoms are unilateral with extreme pain along the course of the 
nerve [20]. The involvement of the trigeminal nerve is rare but painful, with clus-
tered ulcers of less than 5 mm in diameter. Depending on the involvement of specific 
nerves, these ulcers may appear on the hard palate, buccal gingivae or tongue in a 
characteristic unilateral pattern. Antiviral medicine may be required to manage the 
herpes zoster infection whereas the oral ulcerations are self-limiting and usually heal 
within two weeks [1].

Herpangina and hand-foot-mouth disease are both self-limiting and mild viral con-
ditions caused by coxsackievirus commonly affecting children. Herpangina clinically 
manifests with sore throat, fever, blisters and ulcers involving the palate, oropharynx 
and tonsillar pillars [1, 8]. Posterior involvement of the oral cavity may help alarm 
the physicians in diagnosing herpangina. Hand-foot-mouth disease differs from other 
lesions since it simultaneously involves the extremities and oral cavity [8]. Ulcerative 
lesions related to hand-foot-mouth disease usually involve the tongue, hard and soft 
palate, and the buccal mucosa. Both diseases are similarly managed targeting anal-
gesia and fever control. Currently, there are no available medical treatments against 
coxsackievirus infections [1].

Erythema multiforme is an autoimmune mucocutaneous condition with varying 
etiologic factors. Although oral ulcerative lesions are not the only oral symptoms, 
several oral manifestations such as macules and bullae are observed in almost 70% 
of patients with erythema multiforme [1, 21]. Similar to viral infections, erythema 
multiforme also presents with generalized symptoms like fever, lymphadenopathy, 
headache, malaise, cough, and sore throat. Oral ulcerative lesions associated with 
erythema multiforme are usually large, multiple and confluent. Management depends 
on the severity of the condition. Mild forms usually heal within 10–20 days. Liquid 
diet is suggested, analgesics or antipyretics are prescribed, and local wound care is 
applied if necessary [1].

Acute necrotizing ulcerative gingivitis (ANUG) is a bacterial opportunistic infection. 
The most common etiological factors are Fusobacterium and Prevotella species [22]. It 
is a painful and destructive gingival condition that specifically affects the interdental 
gum tissue. Clinically three essential findings help physicians in an accurate diagnosis 
which are (a) halitosis, (b) rapid onset, and (c) ulceration and necrosis of the inter-
dental papillae that look like punched out, crater-like lesions. ANUG is often associ-
ated with poor oral hygiene, low immune system, nutritional deficiency, smoking or 
psychological stress [23]. Proper ANUG treatment should focus on the management 
of the acute symptoms and the prevention of further tissue destruction. Debridement 
of superficial gingival plaques and calculi at the necrotic lesions along with a prescrip-
tion for 0.12% chlorhexidine gluconate mouth rinse twice daily should be considered 
initially. Signs of systemic involvement are fever, malaise or lymphadenopathy [22]. 
Due to its anaerobic activity, the first drug choice is metronidazole 250 mg, three 
times daily; however, penicillin, tetracyclines, clindamycin, amoxicillin, and amoxi-
cillin with clavulanate also show acceptable results and may be considered. On the 
contrary, topical antimicrobials are not recommended [23]. Simultaneous antifungal 
agents should be considered in immunosuppressed patients along with the antibiotic 
therapy. Once the acute phase is managed, scaling and root planning along with 
proper oral hygiene maintenance should be established. Management of any predis-
posing factors should not be disregarded. Additional periodontal surgical procedures 
such as gingivectomy or gingivoplasty may be considered on a case-by-case basis [22].
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Oral hypersensitivity reactions may be associated with a range of allergens including 
food, medications, mouthwashes, gums, toothpastes, restorative or cosmetic materi-
als. Clinically these reactions may manifest as mucosal ulcerations or lichenoid reac-
tions (Figure 2). Ulcerations usually have irregular borders and a red halo. Other oral 
symptoms may include erythema and edema of the oral structures or white patches 
and plaques [24]. Itching of the oral and pharyngeal tissues may or may not be present 
[1]. Clinical data recording is crucial in these patients. In order to accurately identify 
the allergens, the patch test is considered the gold standard. It is recommended to 
order a patch test for all patients when a hypersensitivity reaction is suspected to 
spot the true etiological factor [25]. Once the etiology is revealed, elimination of this 
causative agent often results in the resolution of the symptoms usually within two 
weeks [24]. Patients may aid from topical corticosteroids either as an ointment or 
mouthwash during this period especially if they present with severe symptoms [26].

Plasma cell stomatitis or plasma cell mucositis is a rare benign condition. Although 
its true etiology is still debatable, several theories consider this entity also as a 
hypersensitivity reaction but with polyclonal plasma cell infiltration [27]. Clinically 
epithelial sloughing, desquamation and swelling may be observed besides ulcerations 
(Figure 3). It may affect anywhere on the oral mucosa but the gingivae is the most 
affected site [1]. Chewing gums, cinnamon, qat (a native plant in eastern Africa 
and Arabia), toothpaste or flavored mints have been suggested as possible etio-
logic factors but a specific causative agent is seldom identified [27–29]. Plasma cell 

Figure 2. 
Oral hypersensitivity reaction, three days after switching to a new brand of toothpaste.
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stomatitis is managed with corticosteroids, either topical, intralesional or systemic, 
with additional antimicrobial medications depending on the systemic symptoms of 
the patients. Although complete regression is rare, most patients experience disease 
stabilization. Plasma cell stomatitis is a rare condition however clinically it may easily 
be confused more common benign and neoplastic conditions of oral cavity.

3. Chronic ulcerative lesions

Chronic ulcerative lesions have a slower onset than acute ulcers and last for more 
than two weeks. Several vesiculobullous entities, lupus erythematosus, tuberculosis, 
some mycoses, eosinophilic ulcers and oral cancer are among the most common 
conditions associated with chronic oral ulcerative lesions [6].

Drug induced oral ulcers are associated with mycophenolate (immunosuppres-
sant), tiotropium (anticholinergic bronchodilator), clopidogrel (platelet aggregation 
inhibitor), nicorandil (vasodilator), bisphosphonates, protease inhibitors, some 
antimicrobials and analgesics, antirheumatics and several antihypertensives such as 
labetalol, enalapril or captopril [30]. This type of ulcerations usually presents with 
single, isolated ulcers with an erythematous halo. Most commonly the lateral side of 
the tongue is affected. Once the drug is discontinued, the lesions tend to disappear 
however it is not always achievable. Drug induced ulcers are also resistant to usual 
treatments [6].

Erosive lichen planus is a subtype lichen planus, a chronic condition which affects 
both the skin and the mucosal tissues. It is associated with the attack of cytotoxic 
T-cells on basal keratinocytes, which results in the areas of atrophy, erosion or 

Figure 3. 
Severe epithelial sloughing and erythema on a patient with plasma cell stomatitis.
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ulcerations [6]. The World Health Organization considers lichen planus as a premalig-
nant lesion with 1–5% chance of malignant transformation to oral squamous cell car-
cinoma. Erosive and atrophic forms are particularly considered at high-risk [31]. The 
most characteristic presentation of lichen planus is the Wickham’s striae, which are 
white, lace-like keratotic mucosal configurations, commonly found bilaterally on the 
buccal mucosa (Figure 4) [32]. Several subtypes of lichen planus may simultaneously 
manifest in the oral cavity. Erosive lichen planus is one of the painful subtypes due to 
the ulcerations. These ulcerative lesions are usually covered with a pseudo-membrane 
and are erythematous (Figure 5) [1]. Once lichen planus is confirmed with a biopsy, 
corticosteroids are prescribed as an initial treatment. Drug resistance is common 
particularly in erosive lichen planus, thus topical immunosuppressant therapies, such 
as tacrolimus, aid in the management of this condition via inhibiting cytotoxic T-cell 
mediated response [6].

Pemphigus vulgaris is an autoimmune vesiculobullous mucocutaneous disease due 
to an IgG reaction against desmogleins which are specific proteins in desmosomes 
[6]. Almost 90% of the patients experience oral symptoms and in more than half 
of the cases these are the initial signs of the disease [8]. Clinically oral lesions in 

Figure 4. 
Wickham’s striae: The characteristic white, lace-like keratotic configurations seen in lichen planus.

Figure 5. 
Erosive lichen planus with an ulcerative area covered with a yellowish white pseudomembrane.
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pemphigus vulgaris start as a bulla which quickly raptures in even a slight insult and 
results in a shallow irregular ulcerative lesion which endures for a long period of time 
and ultimately involves larger areas of the oral cavity [1, 8]. Ulcerative lesions of 
pemphigus vulgaris are painful and sometimes bleeding, and they heal with difficulty 
[8]. Buccal mucosa, palate and the gingival tissues are most commonly affected, and 
gingival involvement usually manifests as desquamative gingivitis [1]. Biopsy, and 
direct or indirect immunofluorescence studies confirm the diagnosis. Intraepithelial 
presence of Tzanck cells is a useful diagnostic sign for pemphigus vulvaris [6]. High 
dose systemic corticosteroids are used in the treatment of pemphigus vulgaris [1].

Mucous membrane pemphigoid or cicatricial pemphigoid is another autoimmune 
vesiculobullous disease that presents with subepithelial bullae which evolve spontane-
ously and rupture easily, resulting in painful ulcerative areas [6]. Bleeding into bullae 
results in blood blisters which are among the diagnostic features of mucous mem-
brane pemphigoid [1]. Skin, ocular mucosa, esophagus, nasopharynx and larynx may 
also be involved besides the oral mucosa. Lesions of mucous membrane pemphigoid 
are chronic and persistent, thus often heal with a scar (cicatrix) which is particularly 
observed in lesions of the eye [33]. Contrary to pemphigus vulgaris, palatal mucosa is 
the most affected area within the oral cavity [6]. Buccal mucosa and the gingiva may 
also be affected. Gingival lesions in form of desquamative gingivitis may present as 
the only symptom of mucous membrane pemphigoid in some patients. Depending 
on the severity of the disease, mucous membrane pemphigoid is initially treated 
with either topical or systemic corticosteroids, and with dapsone in case of ocular 
 involvement [1].

Lupus erythematosus is another autoimmune disorder of the connective tissue. 
Clinically oral lesions of lupus erythematosus may include areas of well-demarcated 
erythema, erosion or ulcerations, which tend to bleed. Whitish striae, similar to 
those seen in the oral manifestations of lichen planus, may also be present on the oral 
mucosa. Striae in lupus typically involves the hard palate, whereas in lichen planus 
these lesions are often bilaterally found on the buccal mucosa [6, 32]. Literature 
contains reports of oral lupus lesions transforming to oral squamous cell carcinoma, 
therefore it is crucial to regularly monitor and record the symptoms of these patients 
[34]. Therapeutic options for lupus erythematosus range from antimalarials to 
non-steroidal anti-inflammatory drugs and glucocorticoids, which may be combined 
with conventional immunosuppressive agents. Lately targeted therapies such as 
 belimumab or rituximab are also gaining attention [35].

Linear IgA disease is also an autoimmune mucocutaneous condition that affects the 
sub-epithelium. Most patients with linear IgA disease are between 60 and 70 years 
old, but it may also affect the children. Oral lesions vary from vesicles to painful 
ulcerations or erosions mostly on the hard or soft palate. Topical or systemic cortico-
steroids or dapsone may be prescribed depending of the resistance and severity of the 
lesions [1].

Tuberculosis is a bacterial chronic granulomatous disease. Although rare, some 
tuberculosis patients may experience oral lesions which clinically manifest as solitary, 
deep, irregular and painful ulcers commonly on the lateral side of the tongue. These 
ulcers have a rounded rolled border. Final diagnosis is made via a tissue biopsy [1, 6].

Mycosis-related ulcerative lesions generally affect immunocompromised or 
uncontrolled diabetes patients, and present secondary to other infections. Clinical 
manifestations of different kinds of fungi may vary from painless or painful ulcers 
with indurated borders, areas of erythema, nodules, granuloma formation or areas 
of necrosis [1, 6, 36]. It is important to make a histologic evaluation via biopsy with 
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specific stains to accurately diagnose mycoses because the oral symptoms of fun-
gal infections may easily be confused with malignancies. The choice of treatment 
depends on the type of mycosis and may include antifungal medications with or 
without surgical intervention [36].

Eosinophilic ulcer or traumatic ulcerative granuloma with stromal eosinophilia is a 
benign, solitary ulcer which usually affects patients between fourth and sixth decades 
of life [1]. Its etiology is not well determined but it is associated with trauma in nearly 
half of the patients [6]. Viral and toxic agents, eosinophilic cytokines or chemotactic 
factors, mast cells or other cell-mediated immunity-related factors have also been 
suggested in the literature. Clinically an eosinophilic ulcer develops rapidly and has 
elevated borders with a white-yellow fundus [37]. Although it is a self-limiting condi-
tion, it heals very slowly and may easily mimic malignancies clinically. Eosinophil-
rich inflammatory cell infiltrate also consisting of lymphocytes and mast cells help 
exclude the possibility of a malignancy [6, 37]. These solitary lesions usually respond 
to surgical excision with a rare recurrence rate. Other treatment modalities include 
intralesional or oral corticosteroids, topical antibiotics or cryotherapy [1].

Malignant ulcers may include epithelial neoplasms, solid tumors like lymphomas 
or minor salivary gland malignancies. Oral squamous cell carcinoma is the most 
common malignancy in the oral cavity [8]. It may present as a red white, exophytic, 
endophytic or ulcerative lesion [6]. Ulcerative lesions are usually asymptomatic and 
progressive, with a crater-like appearance and rolled, indurated borders (Figure 6) 
[1]. Biopsy is the only reliable method of diagnosis, and the treatment options vary 
depending on the severity of the disease. Smoking is one of the main risk factors for 
oral squamous cell carcinoma, therefore these patients must be educated properly and 
monitored closely for any suspicious lesion [6].

4. Recurrent ulcerative lesions

Recurrent aphthous stomatitis (RAS) is painful condition of the non-keratinized 
mucosa of the oral cavity. It is the most common inflammatory disease of the oral 
mucosa [1]. RAS has three forms: minor, major and herpetiform. Minor type con-
sists of ulcers with less than 1 cm diameter, whereas the ulcers are larger than 1 cm, 
long-lasting and they heal with scarring in the major type. Herpetiform type consists 

Figure 6. 
Typical “crater like lesion with rolled borders”-look on a malignant ulcerative lesion of the hard palate.
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of ulcers with less than 2 mm diameter, but the lesions are numerous and extremely 
painful [1, 3]. Clinically, round and shallow ulcerations occur repeatedly. These ulcers 
may be solitary or multiple, covered by fibrin and with an erythematous border [1, 8]. 
Although the true etiology is still unclear, it has been associated with stress, hormonal 
imbalances, several systemic diseases, certain vitamin or mineral deficiencies [3]. In 
order to provide a cause-based treatment rather than palliative and temporary man-
agement options, it is essential to determine the true cause of RAS. Among the most 
common causes, iron, zinc, vitamin B12 and folic acid deficiencies, immune distur-
bances such as either HIV or non-HIV immunodeficiencies, gastrointestinal diseases 
such as celiac, gluten-sensitive enteropathies, Crohn’s or ulcerative colitis, or periodic 
fever-aphthae-pharyngitis-adenitis syndrome should be questioned, and medical 
tests should be ordered accordingly. Pain management may be achieved using topical, 
intralesional or systemic corticosteroids, immunosuppressants or pentoxifylline [3].

Recurrent herpetic stomatitis is an oral infection caused by herpes simplex virus 
and may either manifest as recurrent herpes labialis, which affects the lips, or recur-
rent intraoral herpes, which is confined mainly to the keratinized mucosa, especially 
the hard palate [38]. Low immunity, stress, ultraviolet light, cold weather, hormonal 
fluctuations or trauma may trigger these lesions [1]. Recurrent intraoral herpes starts 
as vesicles on the oral mucosa which often rupture and lead to ulcerative lesions. 
Patient history and clinical examination are important to achieve a correct diagnosis. 
Once the diagnosis is made, patients should be educated on the contagious nature of 
the disease. Palliative treatments include ice or lanolin applications, topical or sys-
temic antiviral medications. Prophylactic use of sunscreen with sun protection factor 
(SPF) 15 or higher may be considered for patients suffering from recurrent herpes 
labialis [38].

Herpes-associated erythema multiforme is a challenging diagnosis which requires a 
through patient history and clinical evaluation. Erythema multiforme (EM) is a reac-
tive mucocutaneous disorder usually due to hypersensitivity to drugs or other aller-
gens [39]. It may also be induced by other infectious agents like the herpes simplex 
virus [1, 40]. Herpes-associated erythema multiforme makes up almost the quarter of 
patients with EM. Herpes-associated EM may proceed simultaneously with or within 
several weeks after herpes simplex infection [41]. Hemorrhagic crusts on the lips 
and target lesions on the skin are pathognomonic signs that help make a diagnosis of 
erythema multiforme [39]. Oral lesions present with macules, blisters or ulcerations. 
Bleeding and the involvement of the non-keratinized mucosae are common [40]. EM, 
with mild symptoms, is managed by local wound care, topical anesthetic or analgesic 
agents, whereas patients with more severe symptoms require oral antihistaminic 
medications and topical corticosteroids. Herpes-associated EM may successfully be 
managed with systemic antivirals, if prescribed early. Recurrences are seen in almost 
20–25% of patients with a rate of 2–24 recurrences per year [41].

Cyclic neutropenia is a lethal condition due to defects in neutrophil maturation 
which lead to a periodic decrease in neutrophil counts. Gene mutations have been 
blamed in the etiology of cyclic neutropenia [8, 42]. Recurrent cycles of neutrope-
nia may range from 14 to 35 days and the duration of symptoms also vary between 
patients [42]. Fever, sore throat, cervical lymphadenopathy, gingivitis, oral ulcer-
ations, tonsillitis, fatigue, otitis media or skin infections are among the most common 
manifestations of cyclic neutropenia. Ulcers in cyclic neutropenia may either be 
solitary or multiple, and they heal with scarring [8, 42].

Behçet’s disease is a systemic immune-mediated vasculitis. The classic triad 
of Behçet’s disease includes oral and genital ulcers, ocular lesions such as uveitis or 
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retinal vasculitis, and skin lesions mostly consisting of folliculitis-like rashes, ulcers 
or erythema nodosum [1, 43]. Recurrences occur at least three times a year. Oral 
ulcers are present in more than 90% of patients and may sometimes precede other 
symptoms. The ulcers may be shallow or deep, with slightly raised erythematous bor-
ders. They may appear anywhere within the oral cavity and heal spontaneously [44]. 
Proper management of Behçet’s disease should focus on improving the quality of life 
and maintain the remission of lesions. In case of oral ulcers, pain relief and anti-
inflammatory applications are aimed. Although there is no gold standard treatment or 
management method for oral ulcers in Behçet’s disease, antimicrobial mouthwashes, 
laser treatments, topical corticosteroids, or systemic treatment options including 
colchicine, azathioprine or thalidomide may be considered [45].

5. Conclusions

Cause-based treatment options are more beneficial than palliative management 
options. Therefore it is crucial for physicians to make a sound clinical examination 
and take a through patient history [3]. Biopsy should be considered if an ulcerative 
lesion with an unknown etiology shows no signs of healing after two weeks, or if the 
lesions is not responsive to a treatment aimed at a probable known etiology. Ulcers 
of less than 5 mm diameter are advised to undergo an excisional biopsy, whereas for 
larger ones an incisional biopsy is suggested [6].
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Abstract

Traditionally, a denture base is manufactured using a heat-cured acrylic resin. This 
type of resin was first used in dental labs in 1936, being a great step forward. Because 
of the many disadvantages as increased porosity, high water sorption, polymerization 
shrinkage, allergenic potential and citotoxicity due to the residual monomer, awkward 
flasking and packaging, and difficult processing, alternatives were continuously searched. 
Monomer-free and high-impact acrylics were developed, and gold plating of the denture 
base was experienced, in order to provide an alternative to allergic patients. Once poly-
mers developed, new types of resins, such as polyamides (nylon), acetal, epoxy resins, 
styrene, polycarbonate, vinyl, urethane, polyether ether ketone (PEEK), became available 
on the dental market, accompanied by modern technologies, such as injection. CAD/CAM 
milled and 3D printed denture bases represent the present state of the art in this domain. 
Our chapter aims to present these alternative materials, which are safe to use in cases of 
allergic patients and guarantee a healthy oral environment and a high degree of comfort.

Keywords: denture base, acrylic resin, polymers, polyamides, acetal resin, PEEK, 
allergy, CAD/CAM milling, 3D printing

1. Introduction

Acrylic resins, which represented an important step forward in dentistry, have 
been used in manufacturing denture bases, artificial teeth, orthodontic appliances, 
maxillofacial prostheses, single-tooth or provisional restorations, as well as veneering 
materials, since the middle of the twentieth century [1].

Characterized by low density and thermal conductivity, good resistance to 
chemical solvents, acrylic resins became the most popular material for denture base 
fabrication because of the low fabrication cost, easy repair/reline, low weight, and 
aesthetical properties [2].

The most frequently used acrylic resins in dentistry are heat-cured. They seemed 
very promising at first, but, in time, it turned out that heat-cured acrylics had various 
shortcomings, such as poor resistance, dimensional stability issues, polymerization 
shrinkage, high degradation rate in wet environment, allergenic potential and citotox-
icity due to the residual monomer, difficult processing, due to the awkward flasking 
and packing procedure (Figure 1) [3–6].
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Acrylic resin becomes porous and permeable after prolonged use in the mouth wet 
environment, also being prone to discoloration [7].

The consequence may be denture base fracture, allergic reactions, and improper 
seating [8].

The fracture of the acrylic denture base is a very common clinical problem, partly 
due to its complex geometry, which favors stress concentration in certain areas [9]. 
Most of upper denture base fractures are caused by fatigue and impact, whereas in 
case of the lower denture base, impact and low fracture toughness are the main causes 
[10]. One of the primary problems of acrylics is the impact failure when the denture 
is accidentally dropped on a hard surface and fatigue failure when the unfit denture 
base deforms repeatedly through occlusal forces [11].

According to literature data, 68% of the acrylic dentures break within a few years 
after fabrication [12].

Acrylics are also well known for their allergenic potential, their citotoxicity being 
mainly due to the residual monomer [13, 14].

The adverse reactions of the oral mucosa, in case of conventional acrylic resins, 
may also be induced by porosity (Figure 2), poor hygiene, degradation due to water 
sorption [15–17].

Inadequately cleaned dentures are subject to quick formation of a biofilm on their 
surface [18].

The anaerobic environment, characteristic under poorly cleaned denture bases, 
is associated with the proliferation of certain bacterial species, consequently lead-
ing to a pathogenic biofilm composition and inducing denture stomatitis by plaque 
 accumulation (Figure 3) [19].

The often contaminated dentures of elderly patients may finally result in affecting 
the general health condition [20].

The high relative humidity of the oral environment, constant contact of the den-
ture with saliva, cold and hot food and drinks, enzymes, bacteria, and the varying pH 

Figure 1. 
Flasking and packing of heat-cured acrylic dentures.
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levels can severely affect the physical and mechanical properties of the denture [21]. 
Dental base materials, and especially acrylic resins, are prone to water sorption, as 
they tend to form hydrogen bonds with water molecules, which also leads to deterio-
rated physical and mechanical properties [22].

In order to overcome these disadvantages, various attempts have been made. One 
of the methods considered was gold plating, which has proved to increase the reten-
tion and overcome plaque accumulation. However, the method did not prevail, as the 
adhesion between the acrylic resin and the gold plated layer deteriorates and abrades.

Later on, reinforced acrylic resins, characterized by better resistance and low/
none residual monomer, became available. Alternative polymer systems, such as 
polyamide, epoxy, styrene, acetal, polycarbonate, polyether ether ketone (PEEK), 
or vinyl resins, have been experimented, with promising results [23]. However, the 
desired denture base material has not been developed yet.

2. Alternative materials and techniques

There has been ongoing effort to enhance the strength and fatigue resistance 
of acrylic resins, by means of: reinforcement with the addition of filling materials, 
altering the chemistry of acrylic resins, and manufacturing alternative denture base 
materials [24, 25].

Figure 2. 
Porous acrylic denture base.

Figure 3. 
Microbial flora found on the denture base surface: a. candida hyphae, b. cocci, c. mucinous conglomerate,  
d. trichomonas tenax (ATP Dragan coloration Ob. Im).
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2.1 Reinforced acrylic resins

Previous studies have shown that favorable results in improving mechanical 
properties such as impact and transverse strength were overcome using various types 
of fillers such as glass, carbon, polylactic fiber, plyometric polyamide, ultra-high-
molecular-weight polyethylene, aramid, rayon, ceramic particle (barium titanate, 
zirconium dioxide, silicon dioxide, hydroxyapatite, titanium dioxide, and calcium 
carbonate), and metal plates or wires [26–33].

There are numerous studies focusing on the effect of glass fibers on the mechani-
cal qualities of acrylic resins, which reported improvement of tensile and flexural 
strength and esthetic results [34–39].

Different other materials have been used for reinforcement, such as viscose fibers, 
mica, juta, or vegetable fibers [40–42].

2.2 Alternative types of acrylic resins

Alternative manufacturing technologies for acrylic resins, which aimed at obtain-
ing high-quality dentures, were constantly developed, using dedicated materials. 
These technologies including casting, injection, light curing, microwave polymeriza-
tion, CAD/CAM milling, 3D printing have been more or less utilized [43].

Thermoplastic and CAD/CAM milled acrylates have a high impact rating resis-
tance, long-term stability, being characterized by a dense and smooth surface. It’s 
highly biocompatible, due to the absence of residual monomer, and has very good 
long-term stability because of limited water retention [44].

Acrylic resins have been one of the most common commercial materials used for 
the manufacture of 3D printed denture bases. However, there were some technical 
challenges that hinder the application of polymethyl methacrylate (PMMA), such as 
large shrinkage, low degree of one-time curing, poor mechanical strength, low bacte-
rial resistance, etc., limiting their clinical applications [45].

Nevertheless, great progress has been made in manufacturing alternative resin 
materials with outstanding properties.

2.3 Light-cured urethane-based resins

Urethane-based resins have no allergic potential, due to the absence of methyl, 
ethyl, propyl, and butyl groups. Manufactured by light curing, full and partial 
urethane dentures do not need flasking, packing, and heat curing, which are time-
consuming. The system is extremely efficient and consists of three wax-like types 
of resins: baseplate resin, setup resin, contour resin. A full denture base needs no 
more than 30 minutes to process, starting with complete setting of the master model. 
The “wax-up” is practically made on the denture’s light-cured base, and after try-in, 
esthetic and phonetic approval, the final conditioning and light curing are carried out 
(Figures 4–7) [46].

2.4 Thermoplastic resins

Thermoplastic denture base materials include different types of hypoallergenic 
resins: polyamide (nylon), acetal, PEEK, epoxy, styrene, polycarbonate, vinyl, their 
most prominent advantages being higher elasticity, toxicological safety, and use of 
heat molding instead of chemical polymerization, which prevents polymerization 
shrinkage and related deformation [47, 48].
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Thermoplastic resins are monomer-free and consequently nontoxic and non-aller-
genic, with high biocompatibility. They provide better resistance, esthetic appear-
ance, and lower weight, being much more comfortable for the patient [8, 49, 50].

Their manufacture implies injection by special devices (Figure 8), after preheat-
ing the material (at a temperature of 200–250°C), in granular form, wrapped in 
special cartridges (Figure 9), which prevents dosage errors. The technology excludes 
any chemical reaction [51].

Thermoplastic materials are suitable for the manufacturing of removable partial 
dentures, which totally or partially eliminate the metallic framework and clasps, 
resulting in the so-called “metal-free removable partial dentures.” If desired, any 
combination of the metallic framework or clasps with thermoplastic resin saddles and 
clasps is possible (Figure 10) [52, 53].

Figure 4. 
Baseplate resin before light curing.

Figure 5. 
Attaching the teeth to the cured baseplate, by using the setup resin.
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Figure 8. 
Injection devices for thermoplatic resins.

Figure 6. 
Contour resin, overlaid on the baseplate, exposed setup resin and necks of the teeth, processed using the warm air 
gun to create a smooth surface.

Figure 7. 
Final light curing.
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Their indications include: removable partial dentures, preformed clasps, remov-
able partial denture frameworks, temporary or provisional crowns and bridges, 
full dentures, orthodontic appliances, anti-snoring devices, mouthguards and 
splints [54].

2.4.1 Polyamides

Polyamides (nylon) are the condensation result of a diamine and a dibasic 
acid [55].

In 1950, they were introduced in dentistry, as an alternative to denture acrylic 
base, and are being characterized by different degrees of flexibility, depending on 
the type of polyamide. Their main indications include patients with tissue allergies, 
cases of retentive dental fields (which are normally problematic for the insertion and 
disinsertion of the removable partial denture), and repeated denture fracture, as they 
are unbreakable [56, 57]. A polyamide denture may be bounced off the floor without 
cracking its base.

The types of polyamides include superflexible polyamide (Figure 11), extremely 
elastic, and medium-low flexibility polyamide, a half-soft comfortable material.

Figure 9. 
Thermoplastic grain-like resins, wrapped in cartridges.

Figure 10. 
Combination between thermoplastic resin saddle, metallic and acetal clasps.
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The clasps may be manufactured of the same material as the denture base. In the 
case of medium-low flexibility polyamide, ready-made clasps may be used. Metal 
clasps are also an option. (Figure 12).

2.4.2 Acetal resins

Acetal resins, also known as polyoxymethylene, are formed by the polymerization 
of formaldehyde. They have been used in dentistry since 1986, as alternative materials 
for denture base and clasps (Figure 13). Characterized by superior esthetics, acetal 
resins have been useful for low-weight removable partial dentures framework manu-
facturing in allergic patients [58]. They show high impact strength and elasticity [59]. 
Acetal resins are also indicated for Kemeny-type single unilateral partial dentures, 
provisional bridges, splints, and orthodontic appliances (Figure 13).

2.5 Polyether ether ketone

PEEK is a ketone-based semi-crystalline thermoplastic with excellent mechanical 
and chemical resistance properties, used in dentistry since 2002, for crowns, implant 
superstructures, fixed partial dentures, and removable partial denture frameworks 
and clasps (Figure 14) [60–63].

PEEK is highly biocompatible, insoluble, lightweight, with superior resistance to 
wear and fracture and elasticity comparable to bone. It may be optimized by adding 

Figure 12. 
Superflexible polyamide removable partial denture with metal clasps (right after injection and ready-to-go).

Figure 11. 
Metal-free superflexible polyamide removable partial dentures.
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ceramic nanoparticles. The material may be injected (grains) at 400°C or milled 
(disks) using a CAD/CAM system (Figure 15) [44]. Recently, 3D printing using 
PEEK materials has been utilized. Direct-ink writing 3D printing uses soluble epoxy-
functionalized PEEK (ePEEK) and fenchone, but the most widely used technique is 
fused deposition modeling (FDM), which requires increases in the nozzle and heating 
bed temperatures for PEEK materials [64–66].

2.6 CAD/CAM milled and 3D printed removable dentures

CAD/CAM systems, which enable manufacturing 3D objects, have been used in 
dentistry since 1980, at first for fixed prosthodontic restorations [67].

In the 1990s, the fabrication of removable prosthodontic restorations was 
attempted, using both 3D printing and milling technologies [68, 69].

Figure 13. 
Acetal framework and clasps; acetal splint.

Figure 14. 
Removable partial denture with PEEK framework and clasps.

Figure 15. 
CAD/CAM milled PEEK framework.
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They offer many advantages to both dentists and patients, such as reduced 
number of appointments and easily available spare dentures, as digital data are 
saved [70–72].

Compared with the traditional methods, the lab work can be completed more 
conveniently and cost-effectively. The high initial cost of the milling machine may 
be overcome by referring the data to a milling center, which will handle the actual 
manufacturing.

Currently, both CAD/CAM methods: substractive milling and additive print-
ing, are being used for removable dentures manufacturing [73, 74]. By milling, the 
denture may be obtained as one item, teeth and denture base in a single body [75], or 
separate pieces, the artificial teeth requiring subsequent bonding to the denture base 
[76]. The latter is the most frequently used at present, as it allows using commercially 
available artificial teeth, with better esthetics and physical properties [77, 78].

In case of 3D printing, the light-curing resin used is quickly converted from a 
liquid to a solid under the action of ultraviolet or visible light. The emergence of 
nanomaterials provides a new way to improve the performance of 3D printed acrylics 
[79]. By incorporating TiO2, antibacterial effects have been obtained [80].

Cellulose nanocrystals were attempted to reinforce acrylic resins for 3D printing, 
with improved mechanical and antibacterial properties and no significant cytotoxic 
effect [81].

Figure 16. 
3D printed high-precision models.

Figure 17. 
3D printed working model for manufacturing a removable partial denture.
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Light curing is a green technology and the main molding method involved in 3D 
printing of resin-based dental materials. When irradiated with light, the photosensi-
tive resin undergoes stacking and curing [82].

It consists of three main technologies: stereolithogaphy, digital light processing 
(DLP), and fused deposition modeling (FDM). The distinctive feature of DLP tech-
nology is the diversity of materials, from thermoplastics to resins and ceramics, even 
zirconia paste. FDM, one of the cheapest and most popular 3D printing technologies 
in dentistry, enables using polylactic acid, polycarbonate, polyamide, acrylonitrile-
butadiene-styrene copolymers [83].

Besides full dentures and frameworks for removable partial dentures, 3D print-
ing dental resins are also indicated for crowns and bridges, high-precision working 
models (Figures 16 and 17), splints, custom trays.

3. Conclusion

Long-term deterioration of acrylic dentures in the oral environment is still an 
unsolved problem. Their allergic potential, mainly due to the residual monomer, is 
well known. New choices of resins, with better properties compared with acrylics, 
have been constantly developed for dental applications. Alternative processing tech-
nologies, such as casting, injection, light curing, CAD/CAM milling, and 3D printing, 
have been aiming to improving their qualities.

Choosing the right material for manufacturing full or removable partial dentures 
is very important because it has direct effect on their characteristics and lifetime, 
especially in case of allergic patients.
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Abstract

As all practitioners are aware, the prevalence and incidence of dental caries keep 
increasing constantly and therefore early diagnosis and cessation of further progression 
would greatly help in maintaining the sound tooth structure. One of the earliest signs 
of dental caries is a white spot lesion, which is mostly missed, and only treated when 
the condition worsens. WSL are areas of demineralized enamel that occur due to a 
prolonged period of retained microbial biofilms most commonly associated in patients 
with poor oral hygiene and fixed orthodontic appliances. If caught early and intervened, 
WSLs can be reversed. Therefore, the diagnosis and treatment of WSL are of outmost 
importance, and this chapter will explain in detail various methods of diagnosing WSLs, 
its treatment protocol with the significance of remineralization of the same.

Keywords: dental caries, demineralization, fluorosis, remineralization,  
white spot lesions

1. Introduction

White spot lesion (WSL) is the demineralization of the enamel surface and sub-
surface that is devoid of cavitation [1–3]. They are a result of the imbalance between 
mineralisation and demineralization, which if not intervened, may further lead to 
irreversible damage [1, 2]. In early lesions the mineral content in the affected area is 
reduced, which in turn affects the translucent feature of the enamel, and the colour of 
these areas appear more opaque white, hence, they are termed as white spot lesions. 
They are the first visible findings in caries formation and are considered as initial 
lesions by many clinicians. However, it should be remembered that, for demineral-
ization to be visible, it must have a minimum depth of 300–500 μm implying that a 
considerable amount of damage to sound tooth structure has already begun [4–7].

These lesions are commonly associated with poor oral hygiene and increased 
plaque accumulation. In addition to the above other risk factors such as poor dietary 
habits, high DMFS (Decayed, Missing or Filled Surfaces) index, and lack of preven-
tive measures during orthodontic treatment always prevail.

A white spot may be intrinsic or extrinsic in origin [2], enamel defects such 
as fluorosis, hypomineralisation, hypomaturation of enamel, hypoplastic defects 
can lead to noncarious intrinsic white spots of the enamel. These developmental 
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anomalies are greatly influenced by genetic aberrations, environmental variations, 
metabolic diseases, drug abuse, use of chemicals, radiation and trauma [4]. The 
 differential diagnosis is imperative to the treatment plan.

An early enamel lesion can easily be identified as a white opaque spot when air-
dried and is the most efficient way to detect it [5]. What may appear to be a smooth, 
shiny, non-carious lesion under light may be a rough, opaque and porous lesion on 
cleaning and drying [6]. It is challenging for a clinician to detect these in a regular 
check-up, and the diagnosis can only be established subjective to the clinician. Since 
these discolorations may be a result of several factors, it is usually challenging to 
arrive at an accurate diagnosis for the same.

2. Aetiology/causes

WSL usually has a multifactorial manifestation. It is vital to ascertain the causes, 
before planning and providing treatment options to the patient. This is because the 
results of the treatment will vary depending on the substructure available [8–12].

Causes of WSL include,

• high fluoride intake in childhood

• complications in pregnancy

• trauma

• poor oral hygiene

2.1 Fluorosis

During the phase of enamel mineralisation, if there is excessive fluoride exposure, 
and as a result the enamel would become hypomineralized, leading to a condition 
called fluorosis. Studies conducted by McKay and Black [11] conclude, that fluoride 
can be beneficial or harmful depending on certain factors, like the age, dosage, and 
health of the patient [13]. In preventive measures, many times a dentist uses fluoride 
to reinforce the enamel, hence a controlled dosage is required to make the use of 
fluoride extremely beneficial (Figure 1).

It is observed that fluorosis generally appears symmetrically and can present itself 
in 3 ways i.e., white spots, brown spots or pitting. In milder cases, it presents itself as 
narrow white lines, following the perikymata, cuspal snow capping or snowflaking 
whereas, in severe cases the brown discoloration is apparent due to the infiltration of 
chromophoric proteins [3] (Table 1). In any case, WSL and fluorosis are two different 
entities and can be differentiated as follows [14]:

WSL:

• Occurs due to the hypomineralization of enamel.

• Surfaces appear translucent when the tooth surface is moist and, opaque white 
when the surface is air-dried.

• The surface of WSL is softer and rougher with easy dental plaque formation.
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Fluorosis:

• Occurs due to hypomineralization because of excessive incorporation of fluoride 
during the formation of enamel.

• In the early phase, the surfaces have convergent horizontal white lines leading 
to a “Parchment-like” appearance along with irregular chalky areas. Then the 
colour changes to brown, due to the infiltration of exogenous chromophoric 
proteins.

• Histopathologically, fluorosis occurs on the sub-surface of the external third 
of enamel.

Classification Criteria—description of enamel (teeth not air-dried)

Normal No evidence of fluorosis

Questionable Enamel discloses slight aberrations from the translucency of normal enamel, ranging 
from a few white flecks to occasional white spots. This classification is utilised in those 
instances where a definite diagnosis is not warranted and a classification of ‘normal’ 
not justified

Very mild Small, opaque, paper-white areas scattered irregularly over the tooth involving up to 
25% of the tooth surface. Frequently included in this classification are teeth showing 
up to 1–2 mm of white opacity at the cusp tips of the premolars or second molars

Mild More extensive white opaque areas in the enamel of the teeth involving up to 50% of 
the tooth surface (Figure 1)

Moderate All enamel surfaces of the teeth are affected and are at risk of attrition. Brown stain is 
frequently a disfiguring feature

Severe All enamel surfaces are affected and the hypoplasia affects the general form of 
the tooth. The major diagnostic sign of this classification is discrete or confluent 
pitting. Brown stains are widespread and teeth often present with a corroded-like 
appearance

Table 1. 
Dean’s fluorosis index [12].

Figure 1. 
Mild fluorosis.
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2.2 Traumatic hypomineralization

It is not unusual to find white spot lesions due to trauma in the primary dentition 
stage. An incidence rate of 74.1% is seen [15] following which the succeeding tooth 
may be hypoplastic, or display discoloration (Figure 2).

Traumatic hypomineralization is usually asymmetric in presentation and involves 
a single tooth with unusual patches.

Physical trauma such as a break or fracture of the tooth or chemical trauma such as 
a periapical infection of the primary tooth can cause a severe periapical inflammation 
which disturbs and influences the underlying mineralisation of the tooth, resulting in 
accelerated deposition of minerals. These are commonly seen as punctiform lesions of 
the dental crowns or the incisal one thirds [16].

2.3 Demineralization

Enamel demineralization is a complication associated with poor hygiene during 
orthodontic treatment. When there is prolonged and excessive plaque accumulation, 
in the course of treatment, WSLs are seen along the appliance margins at various sites. 
46–73% is the prevalence rate of demineralization following orthodontic treatment 
and this poses a grave challenge to the clinicians [17]. The subsurface demineraliza-
tion is a predisposing factor to caries formation and is commonly seen around the 
bracket attachments and underneath the molar bands.

These areas are mostly noticed in orthodontic patients who are unable to ade-
quately clean the tooth surface with the toothbrush which later appears as white spots. 
They are white chalky in appearance and unusually located (Figure 3).

2.4 Molar incisor hypomineralization (MIH)

Weerheijm et al. introduced the term molar-incisor hypomineralization (MIH) 
[18], wherein they defined it as a hypomineralization of systemic origin, which pre-
sented itself as a demarcated, qualitative defect of the enamel of 1–4 first permanent 
molars, frequently associated with enamel opacities. In these cases, due to the qualita-
tive defects, the teeth exhibit post-eruptive breakdown of the enamel. This causes 
rapidly progressive caries and severe sensitivity of the teeth.

The causes of MIH are still not clear, it is thought that there is a systemic 
 disruption of amelogenesis which includes, malnutrition, hypoxia, common 
 childhood illness and use of antibiotics before the age of 3 years that causes this 
effect [16].

Figure 2. 
Traumatic hypomineralization.



85

White Spot Lesions and Remineralization
DOI: http://dx.doi.org/10.5772/intechopen.101372

Clinically they are seen as white-creamy or yellow-brown opacities, usually larger 
than 1 mm and post-eruptive breakdown of at least one first permanent molar.

A history of illness in the first three years, difficulty during birthing, or prenatal 
illness helps with the diagnosis.

3. Diagnosis

3.1 Importance

The clinical manifestation of WSL starts as early as 4 weeks in case of orthodontic 
treatment. Unnoticed WSL can lead to the disintegration of enamel surface followed 
by carious lesion which may require aesthetic restorations or in more advanced cases a 
prosthodontic intervention. This is more commonly seen in high caries risk individu-
als. In people with low caries activity, the repair mechanisms help in the potential 
healing of the lesion.

Hence, it is important to plan the treatment according to the caries activity in indi-
viduals after a proper diagnosis. The emphasis given to new technologies has made it 
possible to detect initial lesions before they turn into irreversible cavitation [19].

3.2 Methods

The ideal method for the detection of WSLs should have a high level of sensitivity 
(the ability to detect disease when present) and specificity (the ability to confirm that 
disease is absent).

3.2.1 Conventional methods

The conventional methods of diagnosing WSLs are visual examination, tactile 
examination with probing and digital photographic examination. These methods are 
simple to use, inexpensive, and clinically valid.

Figure 3. 
Demineralization with braces.
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3.2.1.1 Visual examination

For visual examination, the tooth surface must be air-dried for at least 5 s after 
cleaning with pumice under adequate light to visualise the WSLs. The opacities on 
the enamel surface will not be visible and the lesion cannot be distinguished the 
enamel gets wet. Because the micro pores in the surface are filled with water and the 
refractive index of enamel becomes 1.33, which is close to that of healthy enamel. On 
the other hand, after the air drying, the pores within the lesion will be filled with air, 
which has a refractive index of 1.0. Hence, the opaque enamel lesions become evident 
and distinct from the healthy enamel surface [20].

3.2.1.2 Photographic examination

The recommended specifications for taking intraoral images are 100 mm macro 
lens with a small aperture of 25. While taking a photograph the teeth should be inac-
curate axial position i.e. the occlusal plane should be parallel to the horizontal plane. 
Although, these methods are useful in the detection, they do not quantify the depth 
of the lesions [21].

3.2.2 Contemporary methods

They are more consistent and enhanced sensitivity towards lesion diagnosis when 
compared to the conventional methods. This can be classified as:

3.2.2.1 Electric resistance (electronic conductance and impedance)

An intact enamel surface is a good electrical insulator due to its high inorganic 
content. Demineralization causes loss of minerals, resulting in increased porosities 
filled with saliva, this acts as a conductive pathway for electric current. The electric 
conductivity is directly proportional to the amount of demineralization [22].

E.g., Electrical Caries Monitor, Caries Meter L, CarieScan Pro.

3.2.2.2 Fluorescence

The autofluorescence of tooth tissue decreases as the demineralization activity 
increases .This could be attributed to protoporphyrin, a photosensitive pigment 
present in demineralized dental tissues that are generated due to bacterial metabolic 
activity [23].

E.g., Fibre-Optic Transillumination (FOTI), Digital imaging Fibre-Optic 
Transillumination (DIFOTI), Near-infrared digital imaging transillumination 
(NIDIT), Laser fluorescence (LF), Quantitative light-induced fluorescence (QLF), 
and Multiphoton imaging

3.2.2.2.1 Fibre-Optic Transillumination (FOTI)

The concept of transillumination for the detection of WSL is based on the refrac-
tive index of different tooth structures [23]. The refractive index will vary when light 
is passed through different tissues. The demineralized enamel appears as a grey hue 
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whereas dentin gives an orange-brown or a bluish hue. Due to the intra and inter-
observer disparity, Digital imaging FOTI (DIFOTI) was developed in the 1990s. In 
DIFOTI the images are captured and stored by a CCD camera. Another advanced 
method is near-infrared digital imaging transil-lumination (NIDIT). In this technique 
two near-infrared laser diodes are used, which allows superior light to spread into the 
dental tissues and get better picture quality than visible light [23].

3.2.2.2.2 Laser fluorescence (LF)

LF uses a red wavelength of 655 nm for caries detection [23]. It is based on the 
principle when light is applied to the tooth surface, the caries-related changes in the 
tooth tissues lead to an increase in fluorescence. This can be translated into numeric 
values, which can vary from 0 to 99.

For example, in DIAGNOdent pen scores from 0 to 10 are interpreted as healthy, 
while scores above 30 indicate a lesion that requires restorative  treatment [23].

3.2.2.2.3 Quantitative light-induced fluorescence (QLF)

It measures the percentage of fluorescence change in demineralized enamel. This 
technique allows us to detect the lesion activity as well as to predict the lesion progres-
sion. Since demineralized tissue has limited penetration of light, it gives a dark image 
in QLF [24].

3.2.2.2.4 Multiphoton imaging

Unlike conventional fluorescence imaging, it uses two infrared photons 
simul¬taneously to excite a fluorescent compound in the tooth. Caries will appear as 
a dark form within a bright fluorescing tooth. It also helps to collect information from 
carious lesions up to 500 μm of depth [25].

3.2.2.3 Thermography

The concept of thermography for the detection of early enamel caries has 
been discovered by Kaneko in 1999. It measures the lesion activity rather than its 
presence or absence. This is based on the principle of change in thermal radia-
tion energy that occurs when fluid is lost from a lesion by evaporation just as in 
WSLs [25].

E.g., Infrared thermography, Frequency-domain infrared photothermal radiom-
etry and modulated luminescence (PTR/LUM).

3.2.2.4 Terahertz imaging

Terahertz parametric imaging (TPI) has great potential in the diagnosis of WSL 
[25]. Terahertz radiation is located between the high-frequency microwave and 
long-wavelength infrared region of the spectrum. This helps identification of infected 
tissue inside the tooth followed by 3D plotting which can be applied to obtain the 
depth of the demineralized tissue. It can also be used to measure the remineralization 
of enamel [25].
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3.2.2.5 Based on the optical behaviour

3.2.2.5.1 Midwest caries ID probe

It works on the principle of difference in the optical behaviour inside the tooth. 
The probe when placed on the tooth surface emits 635–880 nm wavelength and the 
light reflected from the surface of the tooth converts it to electrical signals [25].

3.2.2.5.2 Optical coherence tomography (OCT)

It is a novel, non-irradiative, non-invasive imaging technique. The concept of OCT 
is based on the differences in the optical absorption and scattering properties of the 
dental tissue. It uses infrared light to produce a real-time cross-sectional image of 
dental tissue. Demineralized tissue can be distinguished from sound tissue based on 
the following principles:

• Increased light scattering in porous demineralized tissue and

• Depolarization of incident light by demineralized tissue.

Enamel caries appear brighter on grayscale OCT images whereas dentin caries 
gives the image a continuous bright area throughout the enamel into the dentin [26].

3.3 Evaluation

Conventional methods: [21]

1. Visual examination: on visual examination, if the lesion is active or inactive 
can also be determined. If the tooth surfaces are chalky and rough, it indicates 
active lesions. If the tooth surfaces are smooth and shiny, it indicates inactive 
lesions. Different methods are used for evaluation on clinical examination. 
They include:

• Ekstrand assessment scale (1995)

• The Nyvad system (1999)

• The Dundee Selectable Threshold Method for Caries Diagnosis (DSTM  
in 2000)

• The International Caries Detection and Assessment System (ICDAS in 
2004) [26].

The scores are given in Table 2.

2. Photographic examination: for the evaluation on photographic examination, 
frontal and lateral photos are taken and it’s done using the Gorelick index. The 
scoring is done on the labial surfaces of incisors, cuspids and buccal surfaces of 
premolars. The inference is given in Table 3.
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Contemporary methods [21]

1. Electrical conductance measurement (Caries meter L):

The tooth surface is inserted with conducting gel and is gently air-dried. Every 
tooth surface is dampened between the measurements to establish proper contact 
between the electrode and tooth surface. The device has colour codes to indicate the 
extent of caries as given in Table 4.

Score Inference

0 No lesion

1 Thin rims of white spot lesion

2 Thick bands of white spot lesion

3 Cavitation due to white spot lesion

Table 3. 
Gorelick index scoring.

Ekstrand system Nyvad system DSTM system ICDAS system

0—no/slight changes in enamel 
translucency after prolonged air 
dry (5 s)

0—healthy tooth G—healthy tooth 0—sound

1—opacity/discoloration distinctly 
visible after air drying, hardly on 
wet surfaces

1—active (intact) W—white spot 
lesion

1—first visual 
change in enamel

2—opacity/discoloration distinctly 
visible without air drying

2—active (surface 
discontinuity)

B—brown spot 
lesion

2—distinct visual 
change in enamel

3—localised enamel breakdown in 
opaque or discoloured enamel and/
or greyish discoloration from the 
underlying dentine

3—active (cavitated) E—enamel 
cavitation

3—localised 
enamel breakdown

4—cavitation in enamel exposing 
the dentine

4—inactive (intact) D—dentine lesion 
(non-cavitated)

4—underlying 
dark shadow from 
dentine

5—inactive (surface 
discontinuity)

C—dentine 
cavity

5—distinct cavity 
with visible dentine

6—inactive (cavity) P—pulp 
involvement

6—extensive 
distinct cavity with 
visible dentine

7, 8, 9—presence or 
absence of caries 
which might be active 
or inactive in the filling 
or restorations

A—arrested 
dentinal decay
F—filled surfaces 
contiguous with 
the upper types of 
lesions

Table 2. 
Different systems for evaluation on clinical examination.
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2. Quantitative light fluorescence (QLF):

According to Rodrigues et al. in 2011, there are two devices used in QLF. They 
are DIAGNOdent device and DIAGNOdent pen. The device consists of a laser diode, 
photo diode and a long pass filter [27]. A tip is placed on the tooth surface at a certain 
angle and fluorescence values are calculated as in Table 5.

3. Light-emitting diode fluorescence:

LED fluorescence is based on the principle of difference in optical property. There 
are two available systems: Midwest caries (MID) and Vista Proof (VP). MID probe is 
a small battery-operated device with a portable handpiece and a probe [27]. When the 
probe touches the demineralized tooth surface there is an audible signal with a colour 
change from green to red as given in Table 6.

4. Frequency-domain infrared photothermal radiometry and modulated lumines-
cence (PTR/LUM) [21]:

A recent technology called the Canary system has been introduced in the year 2011. 
This system consists of a laser tip along with an intra-oral camera. The laser tip is placed 
on the tooth surface that has to be examined and the WSL is recorded based on the scor-
ing from 0 to 100 on the digital display. The scores and inferences are given in Table 7.

Readings Inference

0–14 Absence of caries

15–20 Caries present in enamel

21–99 Caries present in dentine

Table 5. 
Scoring of DIAGNOdent device.

Score Inference

0 Green light without any signal indicates healthy tooth

1 Red light with medium signal indicates enamel caries

2 Red light with rapid signal indicates dentinal caries

Table 6. 
Scoring of Midwest caries device (LED fluorescence).

Colour Inference

Green No caries

Yellow Caries in enamel

Orange Caries in dentine

Red Caries reaching pulp

Table 4. 
Colour codes and inference of caries meter L.
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4. Remineralization and white spot lesions

The pathophysiology of dental caries is a continuous process of demineraliza-
tion and remineralization wherein a net mineral gain is required to prevent lesion 
progression. To achieve this, the balance between the pathological factors such as 
fermentable carbohydrate ingestion, salivary function inhibition, acidogenic bacteria 
and protective factors like antibacterial agents, composition and rate of flow of saliva, 
fluoride and diet needs to be maintained [28]. Fermentation of carbohydrates leads to 
formation of organic acid by acidogenic bacteria that cause diffusion of calcium and 
phosphate ions out of the tooth leading to the formation of white spot lesions at an 
early stage, which further progresses to cavitation if the process continues [5]. This 
can be prevented by remineralization or mineral gain which is defined as the process 
whereby calcium and phosphate ions are supplied from a source external to the tooth 
to promote ion deposition into crystal voids in demineralized enamel [29].

Saliva is the major source of these minerals consists of calcium (Ca), phosphate 
(P), fluoride (Fl) ions in addition to salivary proteins such as proline-rich proteins, 
statherin, histatins which increases the concentration of calcium ions and salivary 
enzymes such as lysozymes and peroxidases. Normally the saliva is supersaturated with 
calcium and phosphate ions but when the pH decreases (<5.5) due to the fermentation 
of carbohydrates, as mentioned above, this equilibrium is lost and demineralization 
starts. To prevent this, saliva acts as a remineralizing agent by providing Fl ions to regain 
homeostasis and thereby acts by preventing demineralization, promoting remineraliza-
tion and having an antibacterial effect. Therefore, a variety of treatment modalities are 
available to treat initial carious lesions also known as white spot lesions based on the 
above theory, which will be discussed in the upcoming treatment modalities [30].

5. Treatment

5.1 Various methods of treatment

There are various treatment options available to treat WSLs depending on their 
extent and severity [31] (Table 8).

5.1.1 Micro-abrasion

Micro-abrasion is the application of an acidic and abrasive compound to the surface 
of the enamel. The micro abrasion process removes small amounts of surface enamel but 
also leaves a highly polished enamel surface. The micro-abraded enamel surface does not 
have the ideal enamel surface appearance as interprismatic spaces would be absent.

Score Inference

0–20 Healthy tooth

21–70 Demineralization and caries

71–100 Advanced caries

Table 7. 
Scores and inference of PTR/LUM.
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The micro-abrasion process abrades surface enamel while compacting calcium and 
phosphate into the interprismatic spaces. This polished surface reflects light differ-
ently than natural enamel. Therefore, a portion of the whitened enamel is removed 
and a portion is camouflaged by the highly polished surface.

Following this procedure, a 4-min 2% sodium fluoride treatment is recommended. 
If the micro-abrasion technique does not produce optimal aesthetic results, and if the 
whitened enamel is still prominent, vital tooth bleaching should be considered [32].

5.1.2 Whitening

Also known as vital tooth bleaching or bleaching. It is the process of lightening the 
colour of enamel. To date, there are two techniques of tooth whitening that have been 
prescribed:

a. Ambulatory—that requires an intraoral device/tray to apply a gel of peroxide, 
which can be done at home and is more cost-effective. It must be kept in mind 
that major changes are not observed before the 7th day.

b. In-office method, which requires a professional to perform the procedure, uses 
photoactivation, where the changes of colour in the enamel can be witnessed 
from the first session [33].

White spot lesion Presentation Treatment options

Fluorosis Can vary from symmetrical lesions, 
presence of white lines, ‘snowflake 
appearance’, to pitting and mottling in 
severe cases

• Whitening

• Micro-abrasion

• Resin infiltration

• Restorations

Traumatic 
hypomineralisation

Presents as a punctiform lesion on 
the incisal 3rd of the crown, usually 
asymmetrical

• Whitening

• Resin infiltration

• Restorations

MIH Condition where there is 
hypomineralised permanent first 
molars along with or without the 
incisors, presenting yellowing of the 
teeth, mottling and post eruptive 
breakdown of molars

• Chemical remineralisation

• Micro-abrasion

• Whitening with/without CPP-ACP

• Restorations

• Extraction

Demineralisation Presents as faint white lesions around 
the orthodontic brackets

• Chemical remineralisation

• Whitening

• Resin infiltration

• Micro-abrasion

WSL (natural) Presents itself as isolated white spots 
with a diameter less than 0.5 mm on 
the incisors

• Whitening

Table 8. 
Various WSLs and their treatment options.
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5.1.3 Resin infiltration

Also known as an ICON (infiltration concept) was designed as a minimally 
invasive resin infiltration system for treating incipient caries in patients of all ages. 
The low viscosity unfilled resin, developed by the company DMG (Germany) camou-
flages white spots using optical manipulation, and no tooth tissue removal is strictly 
necessary (Figure 4).

The clear resin flows into the demineralized enamel, and has similar optical 
properties (similar refractive index) to the enamel, therefore reflecting light to match 
the tooth’s natural shade [34, 35].

5.1.4 Chemical remineralization

CPP-ACP (Casein Phosphopeptide-Amorphous Calcium Phosphate) also known 
as the stabilised ACP, was developed based on the idea that CPP being saliva biomi-
metic solubilises the nano complexes readily, and creates a diffusion gradient that 
allows them to localise in supragingival plaque [36].

Low pH conditions that arise during a cariogenic attack, facilitate the release of Ca 
and P ions, inhibiting demineralization and favours the remineralization of the incip-
ient lesions by precipitation of the released ions. This subsurface remineralization 
pattern produced by CPP-ACP has shown significant improvement in the aesthetics, 
and strength of the remineralized white spot lesion [29]. Some of the commercially 
available products are GC tooth mousse, flouride varnish, nanohydroxyapatite system 
and bioactive glass.

5.1.5 Restorations

Dental restorations also known as dental fillings are treatments used to restore the 
function, integrity and morphology of the missing tooth structure. Dental restora-
tions include glass ionomer cement, composites (light-cured, chemically cured or 
dual-cure), giomers, compomers and veneers.

Restorations are done in cases where aesthetics is of major concern and when 
there are lesser chances of reversing the damage. Restorations are also considered as a 
permanent solution [37].

Figure 4. 
ICON treatment: pre and post treatment.
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6. Prevention

Without a doubt, enamel decalcification/demineralization is a major clinical 
problem. Once the lesions are established, it is hard to achieve complete remineraliza-
tion. Fluoride is a major ingredient that is cariostatic and is capable of arresting the 
lesion. Hence judicious use of fluoridated toothpastes and mouthwashes are advocated. 
Newer agents like CPP-ACP, hydroxyapatite systems, bioactive glasses are also being 
experimented [2]. Optimal oral hygiene is necessary to evade white spot lesions. Regular 
dental visits and the use of oral prophylactic aids are not negotiable. Patients undergo-
ing fixed orthodontic treatment are required to maintain their oral hygiene and use oral 
hygiene products that would help in remineralizing the demineralized enamel.

7. Conclusion

Prevention of enamel demineralization is of utmost importance. Should enamel 
demineralization occur (white spot lesions), early diagnosis and intervention are 
appropriate. Improved brushing with fluoridated dentifrice and over-the-counter 
fluoride rinses would be the first recommended intervention.

Patients may also develop demineralized enamel during orthodontic treatment, 
which exhibits itself as white spot lesions adjacent to brackets and the free gingival 
margin area. As previously discussed, topical fluoride therapy is appropriate to be 
sure remineralization of enamel has occurred. Mild whitened enamel can often be 
camouflaged by bleaching with standard tray-based whitening systems used over-
night or with the hydrogen peroxide-impregnated polyethylene strips. If 2 to 4-week 
bleaching with these regimens is ineffective at camouflaging this whitened enamel, 
microabrasion followed by bleaching is recommended.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Osseointegrated implants have been an optimal treatment option for dental 
rehabilitation of fully or partially edentulous patients. Although peri-implantitis 
remains as the most common local risk factor for dental implant failure, the develop-
ment of oral cancer involving the soft tissue around the titanium may lead to early 
implants loss and impact the quality of life of the patient negatively. Oral squamous 
cell carcinoma (OSCC) is the most common malignancy among head and neck 
tumors. It has higher prevalence in men over 50 years old, and in tobacco and/or 
alcohol users. Unfortunately, oral cancer is often detected in advanced stages, when 
the treatment options are limited. Thus, OSCC typically has poor prognosis. Despite 
the recent advances in oral carcinogenesis understanding, the relationship between 
dental implants and the development of malignant lesions around them is not com-
pletely understood. It has been suggested that the titanium corrosion occurring at the 
top of dental implants causes the release of metal ions. These ions might lead to oral 
epithelial genetic damage and higher susceptibility of normal mucosa to malignant 
transformation. The aim of this chapter was to review the clinical characteristics, 
diagnosis, and the possible carcinogenic mechanisms involved in oral cancer around 
dental implants.

Keywords: oral cancer, carcinogenesis, dental implants, titanium corrosion,  
delayed diagnosis

1. Introduction

Oral cancer remains as a significant cause of mortality worldwide as most of 
these the tumors are detected and treated in late stages. The etiology of oral cancer is 
multifactorial. Tobacco and alcohol are still considered the main risk factors as about 
80% of the patients who develop oral tumors are tobacco and/or alcohol users [1]. 
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Additional etiologic factors have also been suggested such as infection by human pap-
illomavirus (HPV) and other oncogenic viruses, immunosuppression states, genetic 
alterations, and deficient nutrition.

Dental implants are one of the top choices for the oral rehabilitation of partially 
or totally edentulous patients. The stability and comfort provided by the implants-
anchored crowns are among their clinical advantages. Moreover, the success rate of 
dental implants surpasses 94.6% [2]. However, the soft tissue and supporting struc-
tures around the dental implants remain exposed to the oral cavity and may undergo 
pathological changes. The most frequent lesions are those of inflammatory nature 
triggered by the accumulation of bacterial biofilm. When the inflammatory lesion is 
confined to the soft tissue, it is named as peri-implant mucositis. On the other hand, 
when there is loss of supporting bone, the lesion is known as peri-implantitis. Due to 
the high incidence of peri-implant inflammatory diseases, some dental professionals 
treat the lesion but do not send the specimens to the microscopical analysis. About 
3.6% of the lesions are malignant tumors (mainly squamous cell carcinomas, the 
most common malignancy of the oral cavity) [3]. In 2001, the first cases of malignant 
lesions developing around dental implants were published [4–22]. Since then, the 
potential relationship of titanium implants with malignant tumor development has 
been discussed [1, 5, 13].

The aim of this chapter was to offer the readership the most recent information 
regarding the clinical features of oral cancer around dental implants, its differential 
diagnosis, and potential oncogenic mechanisms.

2. Clinical features of oral cancer around dental implants

A review of literature available until September 2021 was conducted in the 
PubMed/Medline database using the term “Oral squamous cell carcinoma around 
dental implants.” Only cases with definitive microscopic diagnosis of OSCC arising 
in the soft tissue around one or more dental implants were included. The literature 
review revealed 43 cases of patients with OSCC around dental implants in the 19 
published manuscripts [4–22]. All clinical and epidemiological information about the 
sample is summarized in the Table 1.

The age of patients with oral cancer around dental implants ranged from 61 to 
75 years old. There was a predominance of females (24 cases - 57.14%) when com-
pared to males (18 cases - 42.86%). The typical clinical appearance of oral cancer 
around dental implants was an exophytic mass (20 tumors—47.62%) with few cases 
presenting as ulcer (4 tumors—9.52%). The bone osteolysis was frequently observed 
in the area of tumor causing the implant loss in some patients. The tumors affected 
mainly mandible (38 cases—90.47%) of the patients with multiples osseointegrated 
implants. Of note, oral cancer around dental implants is frequently clinically mis-
taken as peri-implantitis (Table 1).

Although peri-implantitis is the most common local risk factor for dental implant 
failure, the development of oral cancer involving the soft tissue around the titanium 
also impact the quality of life of the patient negatively. The oral cancer can manifest 
as hypertrophy, erythema, and/or ulcerative lesion of the soft tissue, and these 
features are similar to inflammatory peri-implant diseases such as peri-implantitis 
and/or peri-implant mucositis, as described by others [7, 10, 11]. Furthermore, these 
inflammatory peri-implant diseases frequently present the same epidemiological 
pattern and risk factors for oral cancer, that is, patients older than 60 years old and 
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Author Gender/age Cancer site Lesion Risk 
factors*

Prev. 
Rep. 
CA

Primary 
diagnosis

Block et al. 2001 [4] M/72 Mandible Mimicked PI Yes Yes PI

Shaw et al. 2004 [5] M/67 Mandible Exophytic mass NA Yes PI

F/69 Mandible Mimicked PI NA Yes NA

Czerninski et al. [15] F/52 Mandible Mimicked PI Yes No PI

M/80 Mandible Mimicked PI No Yes PI

Abu El Naaj [16] F/70 Mandible Exophytic white No Yes NA

Schache el al. [17] F/77 Mandible Exophytic mass No No NA

Gallego et al. [18] F/81 Mandible PI mass No Yes OL

Kwok et al. [19] M/71 Mandible “Inflammatory 
process”

Yes No PI

F/67 Mandible Exophytic mass Yes Yes NA

M/62 Mandible Non-healing ulcer Yes No Na

De Ceulaer et al. [20] F/77 Mandible Mimicked PI Yes Yes PI

M/71 Mandible Swelling Yes Yes PI

F/62 Mandible Mimicked PI Yes Yes PI

Meijer et al. [21] F/69 Mandible Exophytic mass No Yes PI

Orhan et al. [22] F/69 Mandible Numb chin 
syndrome, with 
mixed RO-RL 
lesion

NA Yes NA

Pfammatter et al. [6] F/55 Mandible mimicked PI, 
numbness

Na Yes Metastasis

Moergel et al. [7] F/63 Mandible Exophytic mass No Yes NA

F/70 Mandible Exophytic mass Yes Yes NA

M/72 Mandible Exophytic mass No Yes NA

M/57 Mandible mimicked PI Yes Yes PI

M/72 Mandible Exophytic mass NA No NA

F/54 Mandible Exophytic mass No NA NA

M/47 Mandible Ulcer Yes No NA

M/88 Mandible Ulcer No No NA

F/42 Mandible Ulcer NA Yes NA

F/59 Mandible Ulcer NA Yes NA

M/73 Maxilla Exophytic mass Yes Yes NA

M/77 Mandible Exophytic mass Yes No NA

F/68 Mandible Exophytic mass Yes Yes NA

F/69 Mandible Exophytic mass No Yes NA

Marini et al. [8] F/51 Mandible Exophytic mass No No PI

Bhandari et al. [9] F/71 Maxilla Erythematous No No PI

Chainani-Wu  
et al. [10]

F/60 Maxilla Fistula No No PI
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chronic tobacco and/or alcohol consumers [1]. Although there are protocols for 
peri-implantitis treatment, frequently, the peri-implant tissue removed during this 
surgical treatment is not submitted for histopathological analysis [23, 24]. Then, the 
number of reported cases of peri-implant malignancy seems to be low in mouth but it 
may be being underreported by health professionals [24]. Recently, in a study of 111 
biopsies of peri-implant lesions, 3.6% of those had histopathological diagnosis of oral 
squamous cell carcinomas [3]. Another investigation demonstrated that 2.9% of 68 
dental implant-related lesions were oral squamous cells carcinomas [25].

Figure 1 illustrates a case report of an edentulous 64-year-old woman. She had 
an exophytic mass associated with ulcerated area and covered by a yellowish mem-
brane in the anterior region of the mandible. The lesion was surrounded multiple 
osseointegrated implants (Figure 1A). She did not report adverse habits, for example, 
tobacco or alcohol consumption. Periapical radiographic exhibited an ill-defined 
bone destruction underneath the area of the lesion (Figure 1B). The histopathological 
analysis exhibited keratinizing well-differentiated epithelial neoplastic cells, some 
undergoing atypical mitosis, and invading the subjacent fibrous connective tissue 
(Figure 1C). The diagnosis of oral cancer was confirmed.

The early diagnosis of malignant tumors around dental implants is challenging 
because incipient lesions may resemble inflammatory peri-implant lesions [1, 2, 4–7, 
10, 12, 15–18, 21]. In the Table 1, 14 out of 43 cases of oral cancer surrounding dental 
implants (33.33%) had the primary diagnosis of peri-implant lesions. Therefore, this 
clinical misinterpretation might delay the diagnosis of oral cancer facilitating its dis-
semination and resulting in a worst prognosis of the disease. These facts underscore 
how critical is the histological exam of every lesion around dental implants surgically 
removed. Furthermore, the peri-implant lesion that does not present the classical 
features of an inflammatory condition and that does not respond to conventional 
treatment, particularly if the patient has risk factor for oral cancer, should be submit-
ted to the biopsy and histopathological analysis [23–25].

Author Gender/age Cancer site Lesion Risk 
factors*

Prev. 
Rep. 
CA

Primary 
diagnosis

Vadim Raiser  
et al. [11]

F/55 Maxilla White Exophytic 
mass

NA NA OL

F/70 Mandible Erythematous 
mass

NA NA NA

Noguchi et al. [12] F/65 Mandible gingival swelling Yes NA Neoplasia

Malthiéry et al. [13] M/77 Mandible Mimicked PI NA No PI

Granados et al. [14] M/83 Mandible Ulcerous lesion NA Yes NA

M/60 Mandible Verrucous lesion NA NA NA

F/54 Mandible “Gum lesion” NA NA NA

M/64 Mandible Excrescent lesion NA NA NA

M = Male; F = Female; Pre.Rep.CA = Previously reported cancer; PI = Peri-implantitis; OL = Oral lichen planus; 
NA = Not available. * Patients who smokers and/or drinkers were considered.

Table 1. 
Demographic and clinical features of patients diagnosed with oral squamous cell carcinoma around dental 
implants.



103

Oral Cancer around Dental Implants: Are the Clinical Manifestations and the Oncogenic…
DOI: http://dx.doi.org/10.5772/intechopen.101156

3. Risk factors for oral cancer around dental implants

The etiology of oral cancer is multifactorial. OSCC is the most prevalent oral 
malignant tumor and it is associated with lifestyle risk factors such as alcohol con-
sumption and smoking [26]. Curiously, tobacco smoking is also the predictor of dental 
implants failure and more smokers have post-operative infections and peri-implant 
crestal bone loss than nonsmokers [27, 28]. Although the information about lifestyle-
related factors that predispose to oral cancer was incomplete in most of cases included 
in the Table 1, 34.88% of patients diagnosed with squamous cell carcinoma around 
dental implants were smokers and/or drinkers. These overlapping risk factors may 
drive the clinician to attribute the onset of an atypical lesion involving dental implants 
to a deficient or anomalous immune response of a patient who consumes tobacco and/
or alcohol. However, it is essential that the clinicians are aware that the classic signs of 
inflammation persist in such patients and that these features are useful to distinguish 
a benign from a malignant lesion. Additionally, the histopathological analysis remains 
as the gold standard for the diagnosis of lesions located in the oral cavity [23].

A well-defined concept is that patients with previous history of cancer have 
higher risk of developing other tumors. Twenty-three (54.76%) of all cases of 
squamous cell carcinoma around dental implants arose in patients with history of 
cancer. Interestingly, we observed that 19 (82.60%) patients had OSCC previously. 
Furthermore, other patients had lung [6, 15], intestine [15], thyroid [17], and  

Figure 1. 
Clinical and microscopic findings of oral squamous cell carcinoma around dental implants. a) Exophytic ulcer 
covered by necrotic tissue at the anterior-inferior alveolar ridge.b) Periapical radiograph showing an ill-defined 
bone loss in the peri-implant region. c) Neoplastic squamous epithelium-infiltrating subjacent submucosa with 
corneal pearls and discrete pleomorphism. d and e) epithelial cells with atypical mitotic figures infiltrating 
the tissue.
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breast [17, 22] cancer previously. As the development of OSCC has been also associ-
ated with genomic instability and genetic predisposition [1], one can hypothesize that 
a patient who had a malignant lesion are more susceptible to local aggressions such as 
the contact of the soft tissue with dental implant materials.

4.  Carcinogenic mechanisms associated with osseointegrated dental 
implants

Titanium is one of the most common components in implants alloys used in dental 
and medical fields [1, 29]. High biocompatibility, appropriate mechanical proper-
ties, inertness, and corrosion resistance are among the main advantages of titanium 
[25, 29, 30]. When the titanium implant is installed in extra oral sites, where it is 
protected from the contact with the environment, it has inert behavior. On the other 
hand, dental implants are continuously exposed to the oral cavity hostile conditions 
[31]. The area between the implants and the abutment or the prosthetic crown is 
particularly susceptible to the bacterial biofilm accumulation, saliva, pH and tem-
perature changes, and functional micromotion (Figure 2) [31].

When the dental implant surface is exposed to any source of oxygen or nitrogen, 
a chemical reaction takes place and a thin layer of titanium dioxide (TiO2) is formed 
and deposited in the outer surface of the implants. This layer is extremely resistant to 
corrosion. However the chemical agents of the oral cavity can reduce the protection 
of the dioxide deposit and induce the corrosion development [31]. Saliva and other 
chemicals introduced into the oral cavity through feeding or in contact with bacte-
rial biofilms influence the gradual biodegradation of metallic structures including 
the titanium used in dental implants [29]. Furthermore, acidic solution combined 
with mechanical friction strength potentiates the damages to the implants surfaces. 
Interestingly, some studies with cytology have demonstrated the presence of titanium 

Figure 2. 
Illustration of potential risk factors and mechanisms on the development of squamous cell carcinoma around 
dental implants.



105

Oral Cancer around Dental Implants: Are the Clinical Manifestations and the Oncogenic…
DOI: http://dx.doi.org/10.5772/intechopen.101156

particles in the peri-implant tissues [23, 25] regardless of the presence of peri-implan-
titis or peri-implant mucositis. It has been suggested that this material accumulation 
may be the result of the corrosive process of the dental implants [29, 30, 32], implant-
abutment friction at the installation of the implants, and/or implantoplasty [29, 31, 
33, 34]. The degree of titanium corrosion can be influenced by quality and quantity 
of saliva, diet, alloy polishing, genetics, oral hygiene, amount and distribution of the 
occlusal forces, and microbiota [29, 30, 32].

The above data show that titanium is not entirely bioinert as suggested years ago. 
Then, even with their good biological properties, titanium alloys are susceptible 
to corrosion attack with release of metal ions to the surrounding hard and soft 
oral tissues, lymph nodes, peripheral, and even distant organs [30]. Consequently, 
titanium ions have been implicated in the development of oral cancer around dental 
implants [1, 34].

As stated previously, the relationship between titanium dental implants and oral 
cancer has been suggested based on the increasing number of tumors arising in the 
peri-implant tissue. However, as far as we know, there is not any study dedicated to 
unveil the potential carcinogenic mechanisms triggered by titanium ions.

Titanium particles have been shown to induce the expression of breast cancer 
gene 1 (BRCA1) and checkpoint kinase 2 (CHK2) in epithelial cells in vitro [35]. 
These proteins are markers of DNA damage response. Additionally, titanium also 
triggered the generation of reactive oxygen species (ROS) [36, 37]. The chronic 
exposure of the epithelial cells to aggressive factors may increase the probability of 
mutations that might not be detected by the immune system. Indeed, the chronic 
inflammatory response seems to be also modulated by titanium, especially when there 
is accumulation of bacterial biofilm. Higher amounts of titanium ions in peri-implant 
soft tissue with inflammatory process are observed when compared to healthy tissues 
[25, 38]. Accordingly, titanium nanoparticles induced stronger pro-inflammatory 
response in macrophages regardless of the association with lipopolysaccharide from 
Porphyromonas gingivalis [39] and by increasing the secretion of interleukin (IL)-6, 
IL-1β, and tumor necrosis factor-alpha (TNF-α) by macrophages in vitro [38, 40]. 
Taken together, all these disturbances in the peri-implant microenvinoment may 
persist for years and, gradually, predispose the epithelial cells to sequential mutations 
until the malignant state is reached.

In 2006, the International Agency for Research on Cancer (IARC) classified the 
titanium dioxide as a possible carcinogen for humans [41]. However, in view of the 
few case reports of oral cancer around dental implants the authors were unable to 
exclude the existence of other confounding carcinogens as tobacco and/or alcohol 
[1, 7, 19].

5. Conclusion

The literature review showed that most cases of OSCC around dental implants 
had initial clinical features compatible with peri-implantitis. Therefore, this clinical 
misinterpretation of an inflammatory process in peri-implant mucosa may delay 
the diagnosis of oral cancer facilitating the local progression and dissemination of 
cancer cells, resulting in worst patient’s prognosis. Thus, the peri-implant lesion not 
responding to conventional anti-inflammatory treatment, particularly if the patient 
has risk factor for oral cancer, should be submitted to the biopsy and histopathologi-
cal analysis, avoiding delay in the diagnosis of the tumor.
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Chapter 7

Variability of Saliva Viscosity -
Potential Impact
Lara Eltze, Maren Eltze and Antonio Garcia

Abstract

As novel COVID-19 testing develops, saliva has become of increasing interest as an
alternate biological sample for rapid testing. The appeal in saliva-based testing lies
within the ease of which samples are collected, as well as patient comfort throughout
the collection process. With this, it has become increasingly important to delineate the
characteristics of saliva viscosity due to its effects on the movement and interactions
of the substances and molecules found within it. The characteristics that affect saliva
viscosity include the presence of aggregates, variations in temperature, and time
elapsed between sample collection and testing. Understanding how physicochemical
properties and temperature affect saliva’s viscosity are important in generating guide-
lines for proper sample handling in saliva testing to ensure consistent and reliable
results. In this study, passive sampling of saliva was analyzed. This type of collection
ensures a more uniform saliva composition, suggesting that variations in viscosity can
be attributed solely to modifications in saliva handling post-collection. The data
suggested that saliva viscosity is greatest immediately following collection of the saliva
sample, increases with higher quantities of aggregates in saliva, and decreases tre-
mendously when the sample has been frozen and thawed to room temperature. These
findings suggest that to ensure accuracy and uniformity in quantitative saliva-based
test results, protocols should favor the testing of a sample immediately following its
collection. The implications of these results in optimizing saliva testing are far
reaching. The value of saliva based testing extends far beyond COVID-19 or other
disease testing. It is also gaining utility in understanding daily fluctuations in hydra-
tion state and in other wellness applications.

Keywords: saliva, viscosity, point-of-care, diagnostics, Cannon-Fenske, viscometer

1. Introduction

As novel COVID-19 testing develops, saliva has become of increasing interest as an
alternate biological sample for rapid testing [1]. The appeal in saliva-based testing lies
within the ease of which samples are collected, as well as patient comfort throughout
the collection process [2]. Yacoubian Jr., Wish, and Perez (2001) found that the
benefits in the ease of saliva collection were multifaceted. These benefits include the
uncomplicated nature of collection, which, coupled with a low risk of direct contact
and contamination, makes salivary diagnostics an attractive alternative to biological
sample collection where contamination may be more challenging to avoid, such as
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with blood or urine analyses. For these reasons, saliva-based testing has become an
increasingly popular choice in the creation of novel forms of diagnostic testing. With
this, it has become increasingly important to delineate the characteristics of saliva
viscosity due to its effects on the movement and interactions of the substances and
molecules found within it. In the context of this study, viscosity refers to internal
friction of a fluid, which is marked by the resistance of a fluid to flow [3].

While viscosity can affect the interactions and molecules within saliva is important
to note in developing diagnostic tests, salivary viscosity itself can also be seen as an
important factor in maintaining oral and overall health. A study by Katsuhiro Kitada
and Takahiko Oho (2011) found that an increase in saliva viscosity decreases the
bacterial co-aggregation between Streptococcus oralis and Actinomyces naeslundii [4].
Under normal circumstances, co-aggregation can prevent bacterial infection in the
oral cavity, as co-aggregated bacteria may be swallowed before forming attachments
within the oral cavity. The study indicated that increasing saliva viscosity decreased
formation of these co-aggregated bacteria, which may allow for further health prob-
lems, such as pneumonia or other infections that may be brought on by the aspiration
of oral bacteria or microorganisms [4]. The demonstrated health implications sur-
rounding salivary viscosity further suggests the importance of developing protocols to
accurately measure salivary viscosity following saliva collection.

The characteristics of salivary viscosity, namely the presence of aggregates, varia-
tions in temperature, sample handling, and time elapsed between sample collection
and testing, serve as points of interest in the creation of laboratory protocols for
salivary-based rapid diagnostic testing. Understanding how external factors affect
saliva viscosity are important in generating guidelines for proper sample handling in
saliva testing to ensure consistent and reliable results.

Multiple studies demonstrated in the literature reflect the variability of saliva
viscosity. The 1998 Rantonen and Meurman study concluded that salivary viscosity
can be dependent on the method of its production. Particularly, whether secreted by
the submandibular, sublingual, or palatal glands [5]. Although the study demonstrated
that the quantity of mucin within each saliva sample of differing origin did not
change, the species of mucin did. Particularly, it was demonstrated that the saliva
stemming from the sublingual glands demonstrated more elasticity than those of the
submandibular and palatal glands, which would affect the viscosity of the saliva. In
addition, the 2016 study by Antoon Ligtenberg, Erwin Liem, Henk Brand, and Enno
Veerman found that acute exercise correlated with a significant increase of saliva
viscosity when collected shortly thereafter [6]. These findings were parallel with the
Rodica Murineanu, Corina Stefanescu, Agripina Zaharia, Carolina Davidescu, and
Sorin Popsor (2011) study that found medication, general illness, and acrylic dentures
to all correlate with a change in saliva viscosity [7]. This study suggested medication
and disease state may affect saliva viscosity. For example, complete acrylic dentures
were specifically found to correlate with an increase in salivary viscosity. It is also
interesting to note the apparent correlation between salivary viscosity and dental
cavities. A 2014 study by Animireddy et al found that in a sample of 75 school
children, the cavity-free children had on average higher salivary viscosity than their
counterparts [8]. These findings delineate some of the known variability to saliva
viscosity discussed in the literature, which further demonstrate the necessity of qual-
ifying the properties and behavior of saliva viscosity.

Beyond the variability of salivary viscosity, the level of normal viscosity is very
different from that of other commonly used human biofluids in diagnostic testing.
This is an important factor to note in the development of such tests, especially when
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considering technologies previously developed for other biofluids. The viscosity of
normal cerebrospinal fluid, for example, is remarkably close to that of water, which is
1.00 cSt at 20°C [9, 10] Similarly, the kinematic viscosity of urine is 1.07 cSt at the
same temperature [11]. These examples are lower than the kinematic viscosity of
normal blood, which is around 3.65 cSt at 21.2°C [12]. While there is variability within
the viscosities of these human biofluids, they are far lower than what we expect of
human saliva, an important challenge to overcome in developing diagnostic testing.

Due to the interest in point-of-care saliva-based diagnostic testing, and based on the
current literature demonstrating potential variabilities in saliva viscosity and associated
causes, it is rather surprising that the literature on salivary viscosity characterization for
protocol creation is rather sparse. This study hopes to address some of the gaps in the
literature pertaining to salivary properties by exploring how viscosity changes upon
freezing and subsequent thawing, and how it changes over time with consecutive trials,
using the Cannon-Fenske experimental protocol, with the goal of aiding in the devel-
opment of laboratory protocols pertaining to salivary-based diagnostic testing.

Based on the previous literature at hand, the research questions of this study are as
follows:

How does the viscosity of collected saliva change over time with subsequent trials?
How does the viscosity of collected saliva change after freezing and subsequent thawing?

2. Application of research

In the absence of detailed information in the research literature, this study seeks to
better understand the specific properties of saliva viscosity, and how saliva viscosity
reacted to factors that are integral in the creation of lab protocols; specifically, how the
samples are stored. It is not uncommon for biological samples to be frozen or cooled,
and this makes sense with respect to slowing down bacterial contamination and
maintaining biological molecules of interest. It is well understood that many human
proteins, enzymes, vitamins, degrade over time [9] and that the degradation over time
can be diminished by freezing or cooling samples beyond given temperature degra-
dation thresholds, to allow for long-term storage.

Changes within the aggregates commonly found in human saliva, such as mucins,
may also be affected by temperature and shear forces. Enzymes, such as salivary
alpha-amylase, and hormones, such as cortisol, will degrade over time unless this
process is inhibited, typically by freezing samples to �20 degrees Celsius, or below
[10]. However, it is important to determine the effects of sub zero temperatures on
viscosity itself, as the viscosity of the saliva may be impactful in how the aggregates
are measured via point-of-care salivary biosensors. This was reflected in the 2013
Robles et al. study which found that the most consistent and reliable salivary alpha-
amylase biosensor data was obtained from frozen and centrifuged passive saliva
samples, rather than samples that were collected as fresh, passive, drool [11]. The
authors hypothesize this discrepancy to be due to various factors of the saliva itself
(such as mucin molecules), which may interfere with the device in question by
preventing close binding to the sensor surface, as it attempts to detect quantities of
salivary alpha-amylase. Also, this hypothesis reflects the prediction that salivary vis-
cosity is an important factor in molecular measurements. While the aggregation effect
was disadvantageous when in reference to the assessing quantities of the enzyme
salivary alpha-amylase, it may actually be preferable when measuring quantities of
different gases within saliva samples. This further delineates the importance of taking
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a closer look at physical salivary properties, in order to approach proposed handling
methodologies appropriately, depending on the given purpose of the saliva sampling.

3. Protocols

As previously mentioned, we hoped to better understand the properties of saliva
viscosity in regards to different methodologies in sample preservation or usage. For
this reason, two cycles of laboratory trials were conducted, with the aim of determin-
ing how saliva viscosity was affected. The first study aim is to determine how time
alone affects saliva samples. The second trial aims at determining whether freezing
and subsequent thawing affect the viscosity of the sample, as well. Both phases of data
collection were done at a Biomedical Engineering laboratory, at Arizona State Uni-
versity, Tempe, and human saliva samples were collected within this department.

Participants were instructed to not eat within an hour of sample collection, and
were then asked to drink approximately 100 mL of water immediately prior to saliva
collection. This was to prevent short-term dehydration effects from confounding our
variables. In addition, this aided in the ease of saliva collection. Participants were then
asked to collect approximately 15 mL of passive saliva over a span of 25 minutes, into a
plastic vial. The goal for saliva collection included diminishing the amount of air
bubbles trapped within the saliva, by collecting the saliva very carefully, slowly, and
with as little movement as possible. Foam-like saliva that is saturated with small air
bubbles was not included in the overall 15 mL amount of passive saliva collected.

The viscosity of the collected saliva sample was measured using a Size 350 Cannon-
Fenske apparatus, with a capillary radius of 0.045 cm, a shear rate of 2.08 1/s at 10cSt,
and a viscometer constant of 0.5 cSt/s, which was cleaned and dried prior to com-
mencing the viscosity protocol. The saliva sample was then poured into the apparatus,
and allowed to flow through, while efflux time was measured concomitantly, indicat-
ing the time required for the meniscus of the viscous fluid to flow between the
designated markings. This viscometer procedure was replicated 10 times consecu-
tively for each collected sample, after which each sample was frozen and subsequently
thawed the following day, at which point the viscometer procedure was performed
again. A series of viscosity measurements of a 50% glycerol/water control solution was
tested in the same manner to act as a control variable.

The kinematic viscosity of each trial was calculated using the efflux time and
viscosity constant in the following relationship:

Kinematic Viscosity ¼ viscometer constantð Þ x efflux time sð Þð Þ (1)

This procedure reflected the first half of the research questions, as to how
saliva viscosity changes with time [12]. By comparing the time elapsed for the viscos-
ity of human saliva with the glycerol/water solution, we are able to visualize how
viscosity properties may be affected by the presence of the aggregates in unprocessed
human saliva, which are not present in the glycerol/water mixture.

4. Results

Data was collected for each measurement of salivary viscosity. The initial graph
(Figure 1) represents the methodology behind the first research question; how does
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salivary viscosity behave over time? Figure 2 represents the viscosity of saliva (as
average kinematic viscosity), with freshly collected samples of saliva, compared to
with samples that were frozen, and subsequently, thawed for analysis.

Figure 1.
This figure evaluates how salivary viscosity changes with time over subsequent trials following collection. This
arbitrary time is demonstrated in sequential trials, as trials were completed one after the other following collection.
This saliva kinematic viscosity is contrasted with that of a 50% glycerol water solution, acting as a control. In the
passive saliva trials, we see a stark decrease in kinematic viscosity with each subsequent trial, however, the glycerol/
water solution shows a slight variation within an expected range given the experimental apparatus and simple
laboratory control of room temperature (22 C).

Figure 2.
This figure demonstrates the statistically significant discrepancy between fresh and thawed passive saliva samples
at 22 C. each bar represents an average of 10 trials. One outlier was removed from the thawed trial group as it was
handled outside the guidelines of the lab protocol.
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5. Discussion

There are several points of interest with regards to the conclusions drawn from the
experimental design that reflect the difference in how fresh saliva behaves, compared to
fresh saliva, and compared to saliva that had been frozen and re-thawed. Such compar-
isons are reflected in the literature by the 2019 study by Johannsen et al. which found that
salivary viscosity measurements varied depending on whether the saliva was untreated
or subject to magnet-beating prior to viscosity measurements at low shear rates [13].

One aspect that is of interest is whether there is a methodology that can guide how
fresh saliva can be processed in order to have a consistent flow property or ensure that
the major aggregates, presumably due to entangled mucin chains, can be minimized
quickly so that a rapid test can be performed (Figure 3).

Bansil et al. [14] provide a molecular interpretation on how the structure of mucin
leads to entanglements among the biopolymers in solution and create a range of
viscosity effects depending upon concentration and mucin type. They suggest that a
dilute solution of mucin generally has viscoelastic behavior that depends upon shear
rate. A more general approach to the viscosity behavior of biopolymer solutions is
given by Picout and Ross-Murphy [15] who provide experimental verification of the
Cross equation:

η ¼ η∞ þ ηo � η∞ð Þ= 1þ λmγmð Þ½ � (2)

with lambda being a time constant and gamma the shear rate.
Comparing the Cross equation to the data shown in this study in Figure 2 suggests

that repeated shearing with a Cannon-Fenske viscometer is a cumulative effect, so one
may conjecture the following modified forms of the Cross equation could explain the
apparent viscosity change in saliva after repeated shearing due to the capillary flow
within the viscometer.

η ¼ η∞ þ ηo � η∞ð Þ=
Xk

n¼0
1þ k λmγmð Þ½ � (3)

Figure 3.
This figure demonstrates the cross equation fit, using the limits of η∞ and η0. The independent variable is
demonstrated to be 1/(1 + aT).
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or

η ¼ η∞ þ ηo � η∞ð Þ= 1þ λmγmð ÞT½ �f g (4)

where n is an integer and k is the number of repeat measurements in the first
equation and T is the total elapsed time of shear for the combined repeat measure-
ments. It is not as important to determine which equation may be better at predicting
data than to understand how to use the concept to prepare saliva samples in a variety
of ways rather than relying solely on freezing or centrifugation which can be cumber-
some and time consuming.

The potential utility of these modified Cross equations is in determining a way to
rapidly shear saliva samples using a simple microfluidic device or mixer, rather than
subjecting the saliva to freezing or flowing the saliva through a longer tube to simulate
the cumulative shear thinning shown in Figure 2. The shear rate experienced in the
Cannon Fenske viscometer used for these experiments is on the order of 2 s�1, so
based on the Figure 2 data of approximately a total time of 80 seconds of shearing is
needed in order to reach a stable and minimum kinematic viscosity a device capable of
deliver a shear rate of 200 s�1 which is well within the reach of portable and low cost
homogenizers [16–19].

6. Conclusions

Salivary viscosity can be an important parameter to consider when designing
diagnostic devices for rapid testing. Consideration should be given to the fact that not
only is saliva viscoelastic, but its apparent viscosity can change by mild shearing over a
period of time. Shearing at rates as low as 2 s�1 can decrease its kinematic viscosity by
more than half, which could change some kinetics of enzyme action, sensor signal
development, or diffusive transport. After approximately a total time of 80 seconds of
shearing at 2 s�1 can lead to a stable and minimum kinematic viscosity. The concept of
biopolymer viscosity behavior being modeled by the Cross equation suggests that a
device capable of delivering shear rates of 200 s�1 and above may be able to modify
the mucin superstructure sufficiently to provide saliva samples with consistent
apparent viscosities. Microfluidic devices or low cost handheld homogenizers could
very quickly deliver the needed shearing action in order to provide a more consistent
saliva sample, in terms of its viscous properties.
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Chapter 8

Metabolomics Distinction of
Cigarette Smokers from
Non-Smokers Using
Non-Stationary Benchtop Nuclear
Magnetic Resonance (NMR)
Analysis of Human Saliva
Benita C. Percival, Angela Wann, Sophie Taylor, Mark Edgar,
Miles Gibson and Martin Grootveld

Abstract

Implementations of high-field nuclear magnetic resonance (NMR) facilities into
metabolomics studies are unfortunately restricted by their large dimensions, high
costings, and specialist technical staff requirements. Therefore, here the application
and practical advantages offered by low-field (60 MHz), compact NMR spectrometers
for probing the metabolic profiles of human saliva was explored, as was their value in
salivary metabolomics studies. Saliva samples were collected from cigarette smoking
(n = 11) and non-smoking (n = 31) human participants. 1H NMR spectra were
acquired on both low-field (60 MHz) and medium-field (400 MHz) spectrometers.
Metabolomics analyses were employed to evaluate the consistencies of salivary
metabolite levels determined, and their abilities to distinguish between smokers and
non-smokers. Low-field 1H NMR analysis detected up to 15, albeit permitted the
reliable quantification of 5, potentially key diagnostic biomolecules simultaneously
(LLOQ values 250–400 μmol/L), although these were limited to those with the most
prominent resonances. Such low-field profiles were also found to be suitable for
salivary metabolomics investigations, which confirmed the successful discrimination
between smoking and non-smoking participant sample donors. Differences observed
between these groups were largely ascribable to upregulated salivary levels of metha-
nol, and its metabolite formate, in the smoking group, but higher smoking-mediated
concentrations of acetate, propionate and glycine may arise from a diminished sali-
vary flow-rate in these participants. In conclusion, determination of salivary biomol-
ecules using low-field, benchtop 1H NMR analysis techniques were found to be
valuable for bioanalytical and metabolomics investigations. Future perspectives for
the applications of this non-stationary NMR technique, for example for the on-site
‘point-of-care’ testing of saliva samples for diagnostic oral disease screening purposes
at dental surgeries and community pharmacies, are considered.
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1. Introduction

‘State-of-the-art’ developments of novel devices and facilities for the metabolic
screening of biofluids through ‘omics’ strategies provide an encouraging and thor-
oughly emerging outlook for future healthcare management prospects, including
those focused on the diagnosis of diseases and/or their prognostic stratification [1].
Indeed, high-field (HF) nuclear magnetic resonance (NMR) facilities are routinely
used for metabolomics investigations in order to rapidly recognize unusual metabolic
patterns in patients suffering from a wide range of diseases. However, deployments in
healthcare settings have been prohibitively impacted by the large sizes and costs of the
instrumentation required for these purposes [2].

Imbalances in the human metabolome have long been associated with health-
mediated disturbances, with ancient societies employing very crude methods to assess
biofluids [3], including the smell and taste of urine samples to detect urinary ketone
bodies and glucose, respectively, in cases of diabetes, for example. However, more
recently there have been many notable developments in this research area, and these
have given rise to the development of multicomponent metabolic profile analysis by
many researchers since the early 1970s [4–7]. Whilst tandem liquid-chromatographic-
and gas-chromatographic-mass spectrometric methods (LC-MS and GC-MS, respec-
tively) can be employed for the reliable and sensitive determination of low concen-
trations of metabolites in biofluids, these approaches suffer from issues associated
with matrix effects, and both are destructive techniques, which usually require a
substantial knowledge of sample composition, and the likely identities of key bio-
marker analytes, prior to analysis [8]. Conversely, high-resolution NMR-based
metabolomics analysis offers a highly selective means of simultaneously identifying a
wide range of biomolecules present in complex biofluids at a minimal detectable
concentration of ≤5 μM, providing an untargeted methodology ideal for the analysis of
a very large number of biomolecules simultaneously [9] (up to 120 or so and ca. 80 in
human urine and saliva, respectively at operating frequencies of ≥600 MHz). There-
fore, the multicomponent 1H NMR analysis of biofluids such as blood plasma, urine
and saliva, and tissue biopsies, offers a high level of potential regarding the investiga-
tion of metabolic processes, and when coupled with conventional and/or newly-
developed multivariate (MV) data analysis techniques, serves as an extremely power-
ful means of probing the biochemical basis of human disease aetiology [1–5]. Indeed,
this form of combined multianalyte-MV analysis is generally classified as
metabolomics, and has been extensively applied in a very wide range of biomedical
and clinical investigations, including the identification of diagnostic or prognostic
biomarkers for a very wide range of diseases.

Although previous applications of low-field (LF) rather than HF NMR spectros-
copy to the multicomponent analysis of intact or near-intact biofluids, or other bio-
logical media, have been severely limited, our laboratory has paved the way forward
for the performance of such studies. Indeed, one of our recent investigations explored
the ability of a LF (60 MHz) NMR spectrometer to provide valuable urinary
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metabolite data for the monitoring of type 2 diabetes (T2D) in humans [10]. Indeed,
this application displayed a high level of chemopathological classification success,
although this is perhaps not completely unexpected, since uncontrolled or poorly
controlled T2D samples all contain quite high levels of glucose (both 1H NMR-
distinguishable α- and β-anomers), along with the ketone bodies acetoacetate, acetone
and 3-D-hydroxybutyrate, whereas little or none of these biomolecules are normally
detectable in healthy control samples. However, one of the major advantages of the 1H
NMR technique is that it can simultaneously detect and monitor abnormal levels of a
range of further metabolites involved in human disease pathology and associated co-
morbidities, for example excessive urinary creatinine concentrations arising from
kidney dysfunction and damage in T2D, together with hypoglycaemic drugs such as
metformin [11].

Saliva serves as a multifunctional biofluid which plays important roles in facilitat-
ing the chewing, swallowing and tasting of foods, and also the regulation of oral flora;
hence, it is of much importance for the maintenance of overall health in humans.
Indeed, human saliva comprises an agglomerate hypertonic ‘solution’ which contains
oral mucosal exudates, salivary acini and gingival crevicular fluid (GCF) [12]. Since
this biofluid is readily accessible, it offers much potential as a medium for the identi-
fication and monitoring of established or potential biomarkers for human diseases,
particularly oral health conditions, but not exclusively so. Indeed, it’s collection can be
self-performed by participants with minimal training and without clinical supervision.
Therefore, here we have employed optimized LF NMR-based metabolic profiling
strategies for the global analysis of human saliva in order to assess the viabilities of
these compact instruments for biomedical applications in metabolic profiling,
metabolomics, oral health assessments, and potentially future screenings of the effi-
cacies of oral healthcare products. Coupling of this LF salivary analysis technique to
MV analysis strategies may indeed serve to facilitate the development of favourable
outcome strategies for such investigations, and therefore here we also demonstrate,
for the first time, the applications of LF NMR-based metabolomics protocols to the
distinction of saliva samples collected from non-smoking and tobacco cigarette-
smoking subjects. The future clinical monitoring applications of this novel technique
are discussed.

2. Materials and methods

2.1 Saliva sample collection from human participants

Whole mouth saliva samples (n = 61) were collected from healthy human
participants (n = 42, age range 21–65 years, 14 male/28 female), of whom 31 were non-
smokers, and 11 were regular ‘mild-to-heavy’ smokers of tobacco cigarettes (an aver-
age of 3 to ≥20 cigarettes per day, with 44% of these smoking ≥20 per day). These
non-smoking and tobacco-smoking participant groups were age-matched, with their
mean � SEM ages being 42.52 � 2.25 and 41.91 � 2.70 years respectively. All ethical
considerations were in accord with those of the Declaration of Helsinki 1975 (7th
amendment made in 2013). All samples were collected with informed consent and
approved by the Faculty of Health and Life Sciences Research Ethics Committee, De
Montfort University, Leicester, UK (reference no. 1082). Participants were fasted for
a 12-h period prior to providing saliva specimens. All participants were requested to
refrain from all oral activities, including eating, drinking, tooth-brushing and
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smoking, etc. throughout this period, including the short, ca. 5 min. duration between
awakening and sample donation. They were also requested not to consume any alco-
holic beverages 24 h prior to the sample collection time-point. A range of 1–3 samples
were collected from each participant, and those donating >1 sample provided these on
separate daily a.m. ‘wake-up’ episodes. All samples were collected in sterile plastic
universal containers and were transferred to the laboratory on ice. These were then
immediately centrifuged at 3500 rpm at 4°C for a period of 15 min, and following
sample preparation as outlined below, the clear human salivary supernatants (HSSs)
arising therefrom were then stored at �80°C for a maximal duration of 72 h until
ready for NMR analysis.

2.2 Sample preparation and 1H NMR analysis

All reagents and chemicals were purchased from Sigma-Aldrich (Gillingham, UK)
unless otherwise stated. Aliquots (500 μL) of HSS samples were treated with 60 μL of
pH 7.00 phosphate buffer (1.00 mol/L) containing 0.04% (w/v) sodium azide, and
50 μL of 2H2O containing 0.05% (w/v) sodium 3-(trimethylsilyl)propionate-2,2,3,3-
d4 (TSP) (final added HSS concentration 238 μmol/L). TSP served as an internal
chemical shift reference and quantitative calibration standard; sodium azide acted as a
microbicidal preservative in order to protect against the artefactual generation and/or
consumption of microbial catabolites during the sample transport and preparation
stages; phosphate buffer served to control sample pH values; and 2H2O acted as a field
frequency lock. Admixtures were then homogenized and transferred to 5-mm diame-
ter NMR tubes (Norell, Morganton, NC, USA). LF 1H NMR spectra were acquired on a
60 MHz Magritek Spinsolve Ultra Benchtop spectrometer (Magritek GmbH,
Philipsstr. 852068, Aachen, Nordrhein-Westfalen, Germany) with 64 and/or 384
scans, acquisition and repetition times of 6.4, and 10 or 15 s respectively, and a
pulse angle of 90°; the H2O/HOD presaturation frequency was optimized at
δ = 4.80 ppm using the programmed 1D PRESAT function. For the calibration and
metabolomics studies described here, scan number and repetition time were stan-
dardized at 64 and 10 s respectively. Notwithstanding, total analysis times of <15 min
per sample were possible. These samples also underwent medium-field (MF) 1H NMR
analysis at an operating frequency of 400 MHz (Bruker Avance-I 400 spectrometer
(Bruker AXS, GmbH, Östliche Rheinbrückenstr. 49 76187, Karlsruhe, Germany,
Leicester School of Pharmacy facility, De Montfort University, Leicester, UK),
operating at a frequency of 400.13 MHz, and using the noesygppr1d pulse sequence
for water suppression (H2O, δ = 4.80 ppm); 32 k data points were acquired in 128
scans, with 2 dummy scans, a sweep width of 4844 Hz, and an automatically-adjusted
receiver gain.

1H NMR resonances present in each HSS spectrum acquired were routinely
assigned by a consideration of chemical shift values, coupling patterns and coupling
constants with reference to literature sources, and where required, two-dimensional
1H-1H correlation and total correlation (COSY and TOCSY respectively) spectra were
acquired to confirm these assignments. Median 1H NMR signal-to-noise (STN) ratios
were determined from the formula STN = 2.50A/Npp, where A represents resonance
height, and Npp the highest peak-to-peak noise difference determined at each chem-
ical shift region selected. Lower limits of detection and quantification (LLOD and
LLOQ respectively) values were computed as 3- and 10-times these median STN
values. HSS spectral resonances were manually-bucketed, and their intensities deter-
mined using ACD/Spectrus Processor 2019 software; that of residual H2O/HOD was
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removed prior to performing univariate (UV) or MV statistical analysis. Salivary
biomolecule levels were determined from calibration plots of ratios of their pre-
selected resonance intensities to that of internal TSP against their known concentra-
tions in a series of analytical calibration standard solutions.

Calibration and Bland-Altman dominance plots of the 1H NMR-determined con-
centrations of acetate, propionate, formate, glycine and methanol featured matched
analysis sample datasets, with determinations made on these salivary metabolites at
both 60 and 400 MHz operating frequencies. All determinations which were found to
have none detectable (nd, specifically those with values <LLOD) at both operating
frequencies utilized, were removed from the datasets. As recommended [13],
corresponding 1H NMR profiles of blank samples, which were prepared as outlined
above, but with HPLC-grade water in place of HSSs, were acquired, and their ‘noise’
intensities at the appropriate δ values were included in these calibration plots. Spectra
were acquired on replicate (n = 3) preparations of such blank samples for these
purposes.

2.3 UV and MV statistical and metabolomics analyses

2.3.1 UV analysis

A paired sample t-test was applied to test for any differences between LF 60 MHz
spectra acquired with relaxation delays of 10 or 15 s, and an XLSTAT2020 software
module was employed for this purpose.

An analysis-of-covariance (ANCOVA) experimental design was employed to test
the statistical significance of the ‘between-smoking status’ source of variation, along
with the potential effects of essential demographic variables recorded on participant
sample donors, on salivary acetate, formate, propionate, glycine and methanol con-
centrations (Eq. (1)). Overall, this model evaluated the influences of the ‘between-
participant’ (random) effect P(k)l, and the ‘between-participant ages’ (Ai), ‘between-
participant-genders’ (Gj), and’between-smoking status’ (Sk) sources of variation (all
fixed) on these five sets of 1H NMR-determined levels. Moreover, the statistical
significance of the age � gender, age � smoking status, and gender � smoking status
first-order interaction effects (AGij, ASik and GSjk respectively) were also assessed.
ANCOVA was performed using XLSTAT2014 and 2020 software modules.

yijklm ¼ μþ Ai þGj þ Sk þ P kð Þl þ AGij þ ASik þ GSjk þ eijklm (1)

An additional ANCOVA model explored the significance of any differences
between the two operating frequencies in the non-smoking group only, and in this
experimental design, the ‘between-ages’, ‘between-genders’ and ‘between-
participants’ sources of variation were also evaluated, as was the age � gender first-
order interaction effect (Eq. (2)). In this design, Ok represents the ‘between-
spectrometer operating frequencies’ effect (fixed).

yijklm ¼ μþ Ai þ Gj þOk þ P kð Þl þ AGij þ eijklm (2)

2.3.2 MV metabolomics analysis

Principal component analysis (PCA) was primarily employed to identify any pos-
sible outlier samples present in the 60 MHz operating frequency 1H NMR dataset, and
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in total 8 of these were found and classified as such, and then subsequently removed
prior to the performance of further MV analysis. PCA was then employed to deter-
mine the reproducibility of replicate salivary metabolite determinations made on the
LF benchtop spectrometer, and this check was performed with n = 9 duplicated
salivary samples randomly selected from the smoking group of participants, with all
the above five metabolite variables included, and not non-smokers in view of the
restricted availability of data on salivary methanol and, to a lesser extent, formate
concentrations above their LLOQ indices. For this PCA analysis, salivary metabolite
concentrations were not constant sum-normalized (CSN), nor transformed, and nor
auto- or Pareto-scaled.

For the major objective of this study, a LF benchtop 1H NMR-based metabolomics
investigation featured a comparison of saliva specimens collected from the non-
smoking and tobacco-smoking participants, and for this purpose all the above 5
potential predictor variables, determined via TSP-normalization as described above,
were incorporated. For these purposes, the dataset was product quotient normalized
(PQN), generalised log10 (glog)-transformed, and Pareto-scaled prior to MV analysis,
which involved PCA, partial least squares-discriminatory analysis (PLS-DA),
orthogonal partial least squares-discriminatory analysis (OPLS-DA), random forest
(RF) and agglomerative hierarchical clustering (AHC) techniques (MetaboAnalyst 5.0,
University of Alberta and National Research Council, National Institute for
Nanotechnolgy, (NINT), Edmonton, AB, Canada). Distinctions found between the
two groups with the above PLS-DA and OPLS-DA strategies were cross-validated with
determination of Q2 statistics, and also permutation tests with 2000 permutations. A
Q2 value of ≥0.50 was considered as a significant discriminatory cut-off threshold
[14].

PQN converts 1H NMR metabolomics profiles according to an overall estimate of
the most probable ‘dilution’ influence [15], and for saliva this includes reductions in
salivary flow-rate (SFR), which has been reported to be significantly reduced in
cigarette smokers [16]. This strategy usually involves the subtraction of a mean or
median column-bucketed reference spectral profile from those of either all or a sub-
set of study samples, and for this investigation the non-smoking control group was
employed for this purpose.

At an operating frequency of 60 MHz, some missing data in the MV datasets were
unavoidable in view of resonance overlap complications. Therefore, for this
metabolomics model, these randomly missing values, ca. 9% of the total available 1H
NMR-determined concentrations, were estimated and imputed using the non-linear
iterative partial least squares (NIPALS) approach (XLSTAT2020) [17], since this
method is considered appropriate for MVmetabolomics datasets such as that analyzed
in the current study. For UV data analysis, these imputations were accompanied by a
corresponding decrease in degrees of freedom available for the parametric statistical
evaluations conducted. Metabolite concentration values below the detection limit
(i.e., zero analyte values or ‘less-thans’) were replaced using the simple multiplicative
replacement approach described in Ref. [18], specifically as 65% of their metabolite
LLOD values.

Multivariate ANOVA (MANOVA) was performed using XLSTAT2014 software.
The non-parametric RF analysis featured 1000 trees and 2 predictor variables selected
at each node following tuning. The dataset was randomly split into training and test
sets comprising ca. two-thirds and one-third of the samples respectively. The training
set was used to construct the RFs model and determine an out-of-the-bag (OOB) error
value in order to assess classification performance.
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3. Results

3.1 Outline of 1H NMR analysis results: detection and quantitative determination
of salivary biomolecules at 60 MHz operating frequency

Figure 1 shows the 60 MHz 1H NMR profile of a typical human salivary superna-
tant (HSS) sample obtained with 384 scans, a process which took 60 min to acquire.
This spectrum contains clear 1H resonances assignable to acetate (signal 7) and meth-
anol (signal 14), which are both ascribable to their dCH3 groups. Further prominent
resonances in the spectra acquired were those of propionate (both dCH3 and dCH2

functions, signals 1 and 8 respectively) and glycine (α-CH2 protons, signal 15),
together with that of the single 1H NMR-detectable proton (H-CO2

�) of formate
(signal 20). Further, albeit weak signals were those assignable to dimethyl- and
trimethylamine, the terminal-CH2 groups of amine species such as lysine and 5-
aminovalerate, and the >NdCH3 group of creatinine/creatine, together with two
aromatic resonances (one a composite phenylalanine/tyrosine one), although all these
biomolecules predominantly had salivary concentrations below their LLOQ values. A
full list of all resonances identified in the 60 MHz 1H (superscript 1) NMR profiles of
HSS samples analysed is provided in Table 1.

Acceptable benchtop 60MHz spectra were also obtained with only 64 scans, which
involved a 10 min acquisition time, although all 1H NMR resonances therein were,
however, notably affected by significantly lower signal-to-noise (STN) parameters, as
expected. All carboxylic acid anions detectable represent oral microbial catabolites,
and the simultaneous 1H NMR measurement of their salivary concentrations in this
manner may offer significant potential regarding the provision of valuable diagnostic
and prognostic screening information for dental surgeons and oral healthcare special-
ists alike, especially those regarding conditions such as dental caries and periodontal
diseases, as previously noted in studies performed with conventional specialist NMR
laboratory-based medium- and high-resolution 400 and 600 MHz operating fre-
quency spectrometers respectively [19, 20]. Moreover, amino acids detectable such as
glycine are potentially derived from the actions of proteolytic bacteria on salivary
proteins, although there are, of course, also host sources of this metabolite [21], as
indeed there are for some of the organic acid anions, such as acetate.

Figure 1.
Experimental 60 MHz 1H NMR profile of a HSS sample acquired with 384 scans. Numerical assignment codes
correspond to those in Table 1. TSP represents the 3-(trimethylsilyl)propionate-2,2,3,3-d4 chemical shift
reference and internal quantitative 1H NMR standard, and H2O/HOD the residual water signal.
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Although the 60 MHz spectral profiles of HSS specimens investigated are largely
dominated by the highest intensity resonances therein (i.e. those assigned to biomol-
ecules of the highest salivary concentrations such as acetate and propionate), this
technique also lent itself to the assignment of lower intensity signals, and the quanti-
fication of salivary metabolites present at significantly lower concentrations. Indeed,
the singlet resonances of formate, methanol and glycine were clearly resolved from
potential overlapping signals, and therefore appeared suitable for quantification pur-
poses. As previously documented [23], one major source of salivary methanol in
humans is the ingestion of cigarette smoke. However, in some HSS specimens, the

Resonance
code

Chemical shift
(multiplicity)

Assignment

1 0.00 (s) 3-Trimethylsilyl-(2,2,3,3-2H4)-1-propionate (TSP)-Si(CH3)3: internal
chemical shift reference and quantitative integration intensity

calibration standard

2 1.06 (t) Propionate-CH3

3 1.13 (d) Propane-1,2-diol-CH3
*

4 1.18 (t) Ethanol-CH3
*

5 1.33 (d) Lactate-CH3

6 1.48 (d) Alanine-CH3

7 1.92 (s) Acetate-CH3

8 2.18 (q) Propionate-CH2

9 2.23 (t) 5-AV-α-CH2

10 2.41 (s) Succinate-CH2

11 2.75 (s) Dimethylamine-N(CH3)2

12 2.90 (s) Trimethylamine-N(CH3)3

13 3.04 (m) Creatinine-N(CH3)/Creatine-N(CH3)/Lysine-ε-CH2/5-AV-δ-CH2

14 3.37 (s) Methanol-CH3
*

15 3.57 (s) Glycine-α-CH2

16 3.67 (m) Ethanol-CH2
*

17 6.91 (d) Tyrosine aromatic ring protons-CH

18 7.22 (d)/7.30–7.45
(all m)

Tyrosine/phenylalanine aromatic ring protons-CH

19 7.91 (s) Histidine imidazole ring-CH

20 8.45 (s) Formate-CH

Abbreviation: 5-AV, 5-aminovalerate.
*Indicates resonances of molecules which may also arise from exogenous sources, e.g., propane-1,2-diol and methanol from
tobacco smoking [23], and ethanol from alcoholic beverage ingestion [19].

Table 1.
Assignments for resonances present in the 60 MHz 1H NMR spectra shown in Figure 1 (coupling patterns for these
are also provided). Resonances highlighted in red are visible in both LF (60 MHz) and HF (400 MHz) 1H NMR
profiles, whereas those in blue are observable but not readily quantifiable at the lower operating frequency in view
of overlap with or close localization to other biomolecule signals, or being below the lower limits of quantification
(LLOQ) values for their assigned metabolites. The identities of selected signals were confirmed via reference to
[22].
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lactate-CH3 function doublet resonance at δ = 1.33 ppm was also clearly visible in
60 MHz spectra, most especially those with quite high millimolar salivary levels.
Although highly variable, reported mean levels for salivary lactate in adults are 0.1–
20.3 mmol/L [24]. However, our previously reported overall mean lactate concentra-
tion in saliva samples collected from a pre-fasting healthy control population was
found to be 13.3 mmol/L, although those of replicate samples from n = 20 participants
also varied substantially, i.e. from 0.08 to 100.9 mmol/L [18].

TSP was present in HSS analyte solutions at an added level of only 238 μmol/L (i.e.
a 238/9 = 26.44 μmol/L single 1H nucleus equivalent value), and because this was also
one of the most intense signals present in the spectra acquired (s, δ = 0.00 ppm),
concentrations of <60 μmol/L were also readily visible in spectra of chemical model
systems containing this internal standard. However, since this intense resonance
arises from a total of 9 protons (i.e. 3 equivalent Si-CH3 units), it is conceivable that
many salivary and perhaps other biofluid metabolites containing only single, or one or
more magnetically-distinguishable dCH3 functions with singlet resonances (for
example, acetate) are clearly detectable and potentially also quantifiable at concen-
trations of ≤150 μmol/L in this complex, multicomponent biofluid matrix, although
further investigations are required to explore this. Moreover, for such dCH3

function-containing analytes, a LLOD value of ca. 100 μmol/L was estimated for HSS
samples (i.e. 3 � the mean spectral noise intensities at their specified chemical shift
values in water blank solution spectra acquired under the same experimental condi-
tions, or a SNR value of 3). Such LLOD values will also be influenced by further
factors, such as T2-dependent resonance line-widths (the potential influence of which
will be much greater at LFs), the dependence of noise on chemical shift values,
saturation effects, digital resolution and baseline slants, etc. Notwithstanding, further
key experiments are required to determine these LLOQ values (with SNR = 10) for
key biomolecules present within LF salivary spectra, particularly oral disease-linked
biomarkers of interest.

The relaxation delay employed for acquisition of LF 60 MHz 1H NMR spectra, i.e.
10 or 15 s, did not give rise to any differences in the estimated salivary concentrations
of acetate, propionate, formate, glycine and methanol (paired sample t-tests
performed on untransformed datasets, n ≥ 10 matched spectra for each biomolecule).
These data demonstrated that a relaxation delay of 10 s was sufficient for full T1

relaxation of the 1H environments involved.

3.2 Comparative evaluations of the 1H NMR profiles of human salivary
supernatants at 60 and 400 MHz operating frequencies

All resonances detectable in the above 60 MHz 1H NMR profiles were, of course,
also readily detectable in corresponding 400 MHz spectra, and as expected, median
resonance STN values were much greater, and hence corresponding LLOQ and LLOD
parameters were substantially lower with this MF spectrometer. Indeed, signals
arising from metabolites with detectable but not quantifiable signals in the 60 MHz
profiles acquired, for example the malodorous amines DMA and TMA, and the amino
acids phenylalanine and tyrosine, were readily quantifiable at the 400 MHz operating
frequency. Additionally, in view of the much improved spectral resolution and
quality, metabolites which were only detectable but unquantifiable, or completely
undetectable at 60 MHz, were also detectable and predominantly quantifiable at MF,
and these included leucine (dCH3 (t), δ = 0.96 ppm); valine (dCH3s (both d),
δ = 0.98 and 1.03 ppm); alanine (dCH3 (d), δ = 1.48 ppm); glutamate (γ-CH2 (m),
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δ = 2.34 ppm); glutamine (γ-CH2 (m), δ = 2.44 ppm); taurine (dCH2NH3
+ and

dCH2SO3
� (both t), δ = 3.23 and 3.47 ppm respectively); n-butyrate (dCH3, dCH2-

and CH2CO2
� (t, m and t), δ = 0.94, 1.55 and 2.15 ppm respectively); 2,2-dimethyl-

succinate (dCH3s (s), δ = 1.22); 3-D-hydroxybutyrate (dCH3 (d), δ = 1.24 ppm);
lactate (dCH3 and dCH (d and q), δ = 1.33 and 4.13 ppm respectively); 5-
aminovalerate (β/γ-, α- and δ-CH2s (m, t and t), δ = 1.63, 2.23 and 3.05 ppm respec-
tively); pyruvate (dCH3 (s), δ = 2.39 ppm); succinate (dCH2s (s), δ = 2.405 ppm);
choline (dN(CH3)3

+ head group (s), δ = 3.21 ppm); ethanol (dCH3 and dCH2OH (t
and q), δ = 1.18 and 3.66 ppm respectively); carbohydrates such as glucose and sucrose
(C1H anomeric protons located at 4.66/5.25 for the former (both ds), and 5.41 ppm
(d) for the glycosidic proton of the latter, respectively), where detectable; dihy-
droxyacetone (dCH2OH (s), δ = 4.46 ppm), and N-acetylsugars and N-acetylamino
acids, both high- and low-molecular mass (broad and narrow dNHCOCH3 signals
respectively (s), δ = 2.01–2.08 ppm); aromatic amino acids (aromatic ring
resonances of tyrosine (2 � d, δ = 6.88 and 7.25 ppm), phenylalanine (3 � m,
δ = 7.32, 7.38 and 7.43 ppm) and histidine (2 � s, δ = 7.07 and 7.81 ppm); and those
assignable to a number of pyrimidine, or nicotinate and nicotinamide pathway
metabolite(s).

Plots of salivary acetate, glycine and methanol concentrations determined on the
LF 60 MHz NMR facility versus those obtained on the HF 400 MHz instrument were
all linear (r = 0.990, 0.987 and 0.995 respectively), and these results confirmed good-
to-excellent correlations and agreements between these two methods of 1H NMR
analysis for these biomolecules. However, this correlation was found to be less strong
for formate (r = 0.927). Moreover, for propionate, despite a strong linear correlation
between these two forms of NMR analyses (r = 0.973), 95% confidence intervals (CIs)
for its regression coefficient were found to be significantly greater than the 1.00 value
expected for good agreement between these values (i.e. 1.22–1.41). This observation is
explicable by potential interferences arising from further 1H NMR resonances located
within the δ = 0.92–1.18 ppm chemical shift range spanned by the propionate-CH3

signal at 60 MHz (15.3 Hz in total: J = 7.67 Hz for this signal). These potential
interfering signals are those assignable to the terminal-CH3 functions of both long-
and alternative short-chain fatty acids (including that of n-butyrate at δ = 0.94 ppm
and those of branched-chain amino acids such as valine). Therefore, the apparent
propionate concentration determined at 60 MHz was significantly inflated by a mean
value of approximately 1.32-fold over those determined at the more conventional
400 MHz operating frequency.

In order to explore the significant LF spectral overestimations of propionate fur-
ther, the complete chemical shift span of its -CH3 function triplet at 60 MHz (0.92–
1.18 ppm) was integrated in the corresponding 400 MHz spectra acquired, and
apparent propionate concentrations obtained in this manner were then plotted against
those determined at 60 MHz (Figure 2). As expected, this plot was found to display a
much-improved agreement between the two estimated concentration values, with
95% CI values for the regression coefficient and y-intercept both covering unity and
0.00 respectively (r = 0.985). However, a comparison of these bioanalytical calibra-
tion plots indicated only a relatively marginal interference from the above potentially
overlapping, albeit minor signals for the direct determinations of propionate at
60 MHz when its salivary level was ca. ≤1.0 mmol/L. Therefore, for the LF NMR
determination of salivary propionate, one possible solution is that samples with con-
centrations greater than this value are first diluted to levels close to or below this limit
in order to facilitate its quantification.
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Nevertheless, a novel statistical approach was employed for determining the
maximal concentration determinable at this operating frequency. Firstly. an
alternative ANCOVA model (model 2) was designed and employed for statistical
analysis of the non-smoking participant group only (Eq. (2)), and this included a
consideration of variance contributions from differential ages, genders, participants
and spectrometer operating frequencies, plus the age � gender first-order interaction
effect. Secondly, p values for the statistical significance of the fixed ‘between-
operating frequencies’ (Ok) effects were isolated for a series of these ANCOVA
models arising from sequential removal of the highest or highest remaining estimated
salivary propionate concentration, i.e. [propionate]max (at 60 MHz), starting from a
prior sample size of n = 30 observations (i.e. with coupled 60 and 400 MHz 1H NMR
determinations for each of n = 15 participants), down to only n = 6 (with coupled
measurements made for only n = 3 participants); as expected, these p values
increased with decreasing sample size, i.e. the degree of statistical significance
between the two operating frequencies tested decreased. Thirdly, �log10
transformations of these p values were then plotted as a function of [propionate]max

value (Figure 3), and the ordinate axis value of this curve set at p = 0.05 served to
provide an estimate for the latter value’s limit for bioanalytical purposes, i.e. that
at which the difference observed between salivary concentrations determined at
60 and 400 MHz operating frequencies became statistically insignificant at the 5%
level. This limit was therefore estimated as 1.2 mmol/L for salivary propionate
concentrations determined at 60 MHz, a value similar to the 1.00 mmol/L limit
proposed above.

Figure 2.
Comparison of a plot of the estimated salivary concentrations of propionate determined at 60 MHz with that from
spectra acquired at 400 MHz for its dCH3 function resonance encompassing its chemical shift span i.e. 2 �
7.67 = 15.34 Hz at both operating frequencies, and equivalent to 0.256 and 0.038 ppm at 60 and 400 MHz
respectively (red data-points and regression line), with that obtained from employment of the corresponding
60 MHz 0.256 ppm bucket span for integration purposes at 400 MHz, i.e. 0.92–1.18 ppm (blue data-points and
regression line).
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3.3 PCA and MANOVA assessments of the bioanalytical precision of metabolite
determinations at 60 MHz operating frequency

Subsequently, principal component analysis (PCA) was utilized to monitor
the precision of duplicate, ‘between-assay’sample analyses with this facility in a model
containing 5 LF NMR-detectable salivary metabolites with quantifiable concentrations
(acetate, propionate, formate, glycine and methanol). For this purpose, n = 9 dupli-
cate sets of samples were randomly drawn from the tobacco-smoking group, and
analyzed in different assay batches conducted with LF 60 MHz spectral acquisitions
made on separate work-days. With the exception of two sets of matched analyses,
there was a good agreement of both PC1 and PC2 scores obtained for all duplicate
samples analyzed (Figure 4). Moreover, MV analysis-of-variance (MANOVA) of
these experimental data found that the ‘between-replicates’ and the participant �
replicate interaction effects were both statistically insignificant (p = 0.80 and 0.97
respectively), although there was a very highly significant difference observed
‘between-participants’ (p = 5.50 � 10�4), as expected.

Figure 3.
(a) Polynomial plot of -log10 p value obtained for the significance of the ‘between-operating frequencies’ mean
square of the ANCOVA model of Eq. (2) as a function of decreasing maximal salivary propionate concentration
([propionate]max) with sample size, the latter diminishing via the sequential removal of the [propionate]max,
value (from n = 15 to n = 3 matched duplicate samples, one determination made at 60 MHz, one at 400 MHz 1H
NMR operating frequencies). The horizontal black line represents the �log10 p index arising from a p value of
0.05, i.e. the minimal level required for statistical significance; its crossing with blue polynomial plot yields a
[propionate]max value of 1.2 mmol/L. The quadratic equation fitted to the experimental data was �log10
p = 0.603 + 1.261[Propionate]max + 0.226[Propionate]max

2 (R2 = 0.9795), which was an improved fit over that
obtained with a standard linear relationship.
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3.4 UV evaluations of metabolic differences between smoking and non-smoking
participants

Mean � SEM salivary levels of acetate, propionate, formate, glycine and methanol
determined using the LF 60 MHz benchtop spectrometer for both the non-smoking
and smoking groups are provided in Table 2. Univariate statistical analyses of these
data revealed that the salivary concentrations of methanol, glycine and acetate were
all significantly higher in smokers, the substantial upregulation in methanol observed
being concordant with results previously acquired by Percival et al. [23].

The above model 1 experimental design featured the ‘between-age (Ai), -gender
(Gj) and -smoking status (Sk)’main factors (fixed effects), the ‘between-participants’
random effect (P(k)l), and the AGij, ASik and GSjk first-order interactions effects.
Results from this factorial analysis are shown in Table 3. Overall, the participant age
factor was not significant for any metabolite; the gender predictor variable was only
close to statistical significance for glycine, with males having higher concentrations
than females; cigarette smoking exerted highly significant effects on acetate, glycine
and, of course, methanol. For the first-order interactions investigated, only the GSjk
effect was statistically significant, but only for acetate and glycine, i.e., non-additive
responses to the four differential gender-smoking status combinations were observed.
The random sP

2 effect confirmed very highly significant differences ‘between-
participants’ for all metabolites investigated.

Figure 4.
PCA scores plot of PC2 versus PC1 for duplicate LF NMR determinations of 5 metabolites in saliva specimens
collected from n = 9 tobacco smoking participants at an operating frequency of 60 MHz. This plot demonstrates
that, with the exception of samples 1 and 4, there was a satisfactory agreement between the repeated
determinations. Abbreviations: n_1 and n_2 refer to the first and second duplicate determinations made on sample
n, and so on.
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3.5 Distinction between non-smoking and smoking participants using LF
NMR-based MV metabolomics analysis

1H NMR-based metabolomics analysis was, for the first time, utilized to determine
the value of LF benchtop NMR analysis to discriminate between the salivary 1H NMR
profiles of the cigarette smoking versus non-smoking sampling groups. Therefore, the
above 1H NMR-detectable and validated 5 biomolecule variables, i.e. acetate, propio-
nate, formate, methanol and glycine concentrations, as determined on the LF 60 MHz
spectrometer, were employed to explore any MV differences between these. PCA,
partial-least squares discriminatory analysis (PLS-DA), orthogonal partial least
squares-discriminatory analysis (OPLS-DA), and agglomerative hierarchal clustering
(AHC) techniques were used for this purpose, as was analysis using a RF model.

Metabolite

Effect Status Acetate Propionate Formate Glycine Methanol

Age Fixed ns 0.114 ns ns ns

Smoking Status Fixed 0.044 0.127 0.086 0.041 0.00093

Gender Fixed ns ns ns 0.057 0.094

Age � gender Fixed ns ns ns ns ns

Age � Smoking Status Fixed ns ns ns ns ns

Gender � Smoking Status Fixed <0.05 ns ns <0.01 ns

sp
2 Random 0.00032 0.00014 0.00072 0.00010 0.0000039*

Abbreviations: sp
2, ‘between-participant’ component of variance; ns, not significant.

*As expected, this difference was statistically significant for only the smoking participants and not the non-smoking group,
and this p value corresponds to that cohort only.

Table 3.
Statistical significance (p values) of all main sources of variation (both fixed and random), and first-order
interaction effects, from ANCOVA analysis of the model 1 salivary metabolite dataset.

Metabolite Non-smokers (mmol/L) Smokers (mmol/L)

Acetate 5.54 � 0.95 (range 0–30.92) 11.20 � 2.00 (range 0–30.20)*

PropionateϮ 1.89 � 0.18 (range 0–5.59) 2.43 � 0.35 (range 0–4.95)

Formate 0.14 � 0.04 (range 0–0.95) 0.37 � 0.09 (range 0–1.27)

Glycine 0.34 � 0.04 (range 0–1.04) 0.80 � 0.17 (0–2.49)*

MethanolϮϮ 0.00 � 0.00 (range 0–0.20) 0.48 � 0.11 (0–1.58)**

ϮPropionate levels were determined at an operating frequency of 400 MHz in view of resonance overlap complications
observed at 60 MHz.
ϮϮAt an operating frequency of 60 MHz, this agent was 1H NMR-quantifiable in n = 3 samples only in the non-smoking
participant cohort.
*p < 0.05 for differences between the mean values of non-smokers and smokers; **p < 10�3 (test performed for
determining the significance of the ‘between-smoking status’ mean square in the model 1 ANCOVA model design
delineated in (Eq. (1))).

Table 2.
Mean � SEM concentrations of salivary biomolecules determined by LF 60 MHz 1H NMR analysis of HSS
samples in non-smoking and smoking sampling groups (sample sizes were n = 33 and 19 for these groups
respectively; ranges are provided in brackets).
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Figure 5(a) and (b) show three-dimensional (3D) PLS-DA, and a two-dimensional
(2D) OPLS-DA scores plots, arising from these forms of MV analysis, and both
revealed that it was possible to achieve a satisfactory level of distinction between these
two groups. Cross-validating Q2(R2Y) values for these analyses were found to be high
(0.721(0.803) and 0.709(0.786) respectively), and permutation tests performed for
these models with 2000 permutations were very highly significant indeed (p < 5.0 �
10�4 in both cases). These analyses revealed that only methanol and its potential
in vivo metabolite formate were important discriminatory variables for this compari-
son, which were both significantly upregulated in the smoking group (PLS-DA vari-
able importance parameter (VIP) values of 1.88 and 0.81 respectively), with
corresponding values for acetate, propionate and glycine being only 0.06, 0.64 and
0.63 respectively, i.e. acetate offered no discriminatory potential whatsoever. These
values were reflected by the PCA strategy applied, which had very strong PC1 positive
loadings for methanol and formate (0.52 and 0.79 respectively), whereas those for
acetate, propionate and glycine were negative, but only weakly so (�0.02, �0.08
and �0.32 respectively). These loadings vectors are fully consistent with PC1 being
derived from a cigarette tobacco smoking source only: in addition to being an oral
microbiome catabolite, formate is an important in vivo metabolite of cigarette smoke-
containing methanol, the route proceeding through a toxic formaldehyde intermedi-
ate [33]. However, it also appears that 2 or more of the non-smoking group of
participants are classifying or clustering as cigarette smokers. In view of this observa-
tion, it remains a possibility that self-reporting bias may be involved in such cases, as
further discussed in Section 4 below.

Similarly, AHC analysis confirmed an at least partial distinction between these two
HSS sample classifications (Figure 5(c)). However, despite a reasonable-to-good level
of discrimination, 2 of the samples donated by non-smoking participants appeared
within the smoking group cluster, and 5 of the smoking ones are clustered with the
non-smoking cohort. This is possibly explicable by self-reporting bias in the former
case, but for the latter, it is possible that the participants concerned smoked their last
cigarette some considerable period of time prior to sample collection.

Figure 5.
(a) 3D PLS-DA scores plot of PC3 versus PC2 versus PC1 showing evidence for distinctive clusterings of tobacco
cigarette-smoking and non-smoking participant classifications (green- and red-coded respectively). For this model,
PC1, PC2 and PC3 accounted for 42.5, 23.5 and 10.4% of the total model variance respectively. (b) OPLS-DA
plot of orthogonal T score {1} versus T score {1} also revealing a high level of distinction between the tobacco-
smoking and non-smoking groups. (c) AHC analysis dendogram of this dataset, revealing an at least moderate level
of differentiation between the smoking and non-smoking groups, with notable sub-clusterings within each
classification. Two misclassified non-smoking participant sample donors may arise from a self-reporting smoking
bias, whereas the five misclassified smoking participants may result from prolonged durations between sample
collection and their last smoking episode. Eight potential outlier samples detected in a provisional PCA were
removed from the dataset prior to analysis.
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Finally, an RF model demonstrated that 88 and 95% of the non-smoking and
smoking participant donor samples were correctly classified (91% classification suc-
cess rate overall). Hence, these MV comparisons demonstrate, for the first time, an
important 1H NMR-based metabolomics application which employs a non-stationary
LF benchtop spectrometer. Four of the non-smoking participants were misclassified
as smokers, whereas only one of the smokers was classified as a non-smoker with this
analysis strategy.

3.6 Potential clinical and diagnostic significance of salivary metabolite tracking
with LF benchtop NMR devices

In this study we have demonstrated the rapid, virtually non-invasive analysis of
human saliva using a compact, LF 60 MHz benchtop NMR spectrometer. The major
aim of the pilot investigations described here was to establish the abilities of LF NMR
spectrometers to effectively perform the simultaneous quantitative analysis of a series
of biomolecules in human saliva, and to consider their potential future value as
trackable agents for the monitoring of selected oral diseases. We also critically exam-
ined limitations of the applications of this technique and their potential outcomes.
Moreover, for the first time we have also applied ‘state-of-the art’ NMR-linked
metabolomics techniques to distinguish between saliva samples donated by both non-
smokers and tobacco cigarette-smoking participants in a case study.

Overall, we have shown that 60 MHz 1H NMR measurements can be employed to
reliably determine selected salivary metabolite concentrations, with potentially much
scope for future diagnostic and prognostic applications to oral health conditions. The
authors are fully aware of issues related to resonance overlap at low magnetic fields in
view of the dependence of resonance frequencies on static magnetic field strength, in
which 1H NMR signals appear to be broader, and with a spectrally-wider chemical
shift range for all multiplets, with decreasing spectrometer operating frequencies.
Such studies are therefore highly challenging in view of these inherent analyte selec-
tivity considerations, along with potential sensitivity issues expected at such lower
magnetic field strengths. However, we found that complications arising from
overlapping resonances in complex biofluid samples such as saliva were minimal, or
were circumventable, for the most common prominent resonances, and also for those
located within relatively interference-free spectral regions. The ability of this LF NMR
technique to detect exogenous agents present in this biofluid should also be consid-
ered, for example the detection of drugs and other xenobiotics in saliva within speci-
fied time zones following their oral ingestion by humans.

Intriguingly, human saliva may afford a transference-dependent ‘diluted picture’ of
chemopathological changes occurring throughout the human body, in addition to
more concentrated, localized metabolic features within the oral environment itself,
since a large number of biomolecules, and disease biomarkers (of a range of specific-
ities) have the ability to transfer to this biofluid from blood via intra-, extra-, trans-
and pericellular pathways, which highlight active transport or passive diffusion within
the gingival sulcus and salivary glands [25]. Indeed, researchers are now increasingly
promoting the employment of saliva as a clinical diagnostic medium [26], and such
applications have significant widespread potential. Correspondingly, salivary (partic-
ularly parotid salivary) metabolomic and proteomic modifications appear to mirror
those observed in human blood [27–29].

In 2002, the study reported by Silwood et al. [19], was described in Ref. [9] as the
very first untargeted metabolomics investigation of human saliva. This unique
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investigation successfully identified a total of 63 biomolecules therein using 600 MHz
1H NMR analysis, and quantified 11 key microbial-derived catabolites, 9 of which
displayed very highly significant ‘between-participant’ components of variance. These
markers included acetate and lactate, with excessive levels of their corresponding
acids being viewed as primary end-point biomarkers involved in the aetiology of
dental caries [30]. However, formic and pyruvic acids (both present at millimolar or
near-millimolar concentrations in human saliva, the former being higher in smokers
as found here) are stronger acids than lactic acid, and therefore may also exert pro-
cariogenic activities. Hence, the LF 60 MHz NMR detection and quantification of
salivary formate demonstrated in the current study may indeed offer some diagnostic
and/or prognostic monitoring potential. However, propionate, along with n- and iso-
butyrates, are considered to be primary microbial catabolites involved in periodontal
disease progression [31, 32]. Correspondingly, salivary short-chain organic acids/
anions serve as biomarkers for the growth, preponderance and catabolic activities of
micro-organisms, and hence species-dependent patterns of these agents may serve as
biomarkers of pathologically-mediated alterations to the salivary microbiome [19, 33].

Furthermore, whilst modifications in salivary formate concentrations have been
previously linked to between-gender differences (i.e. elevated concentrations in
males) [28], which we did not find here, our data provides evidence that one potential
source for it is the oxidative metabolism of methanol as an ingested and/or inhaled
environmental toxin. Indeed, salivary methanol levels are markedly upregulated via
tobacco smoke inhalation [23], and/or alternative exogenous sources such as dietary
ones. In our study, although salivary formate levels were ca. 2-fold greater in males,
which may arise from the impaction of an increased smoking frequency for this
gender in our smoking cohort, this difference was found not to be statistically signif-
icant (Table 3).

Interestingly, the study reported in [28] found that salivary citrate, lactate, pyru-
vate and sucrose levels were significantly upregulated in saliva samples collected from
smokers over those of non-smokers, and formate was downregulated therein. More-
over, although salivary methanol concentrations were ca. 3-fold greater in smokers
than in non-smokers in this study, as might be expected from the current one, this
difference was found not to be statistically significant. Similarly, cigarette humectant-
derived propane-1,2-diol levels were higher in samples collected from smoking par-
ticipants in Ref. [28], although again this difference was found not to be significant.
Additionally, that investigation detected and determined glucose and sucrose in saliva
samples. However, in those collected following the rigorous overnight fasting protocol
involved in the current and our other studies, little or none of these carbohydrates are
1H NMR-detectable in HSS samples collected from participant cohorts. Therefore, it
appears that the quite limited pre-collection participant restrictions instigated in the
study described in [28] was unsuccessful in completely precluding dietary-derived
agents from the saliva samples analyzed. Indeed, participants were only required to
not consume alcohol on the day of sample collection (and not also the evening before),
and these samples were only collected at least 1 h following the last meal, which in our
view is insufficient to remove interferences arising from dietary agents, along with
those from alcoholic beverages consumed the previous day. Even with a protocol
requesting that all participants refrain from the consumption of alcoholic drinks 24 h
prior to the sample collection time-point (Section 2.1), traces of ethanol remain 1H
NMR-detectable in our saliva specimens when detected at operating frequencies of
≥400 MHz. Notwithstanding, generally ethanol consumed at time-points ≥ 24 h was
not found in 60 MHz salivary 1H NMR profiles in view of the lowered sensitivity of
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this approach. However, our pilot studies have also shown that if participants drank
alcoholic beverages such as a beer, their salivary ethanol levels were indeed detectable
and quantifiable using a 60 MHz benchtop NMR facility at least several hours or more
thereafter. This observation clearly offers a high level of potential regarding future
forensic investigations.

Likewise, citrate is only very rarely 1H NMR-detectable in our HSS samples col-
lected according to our rigorous overnight fasting protocol, and therefore its direct
derivation from human diets (which serve as rich sources of this metabolite), and
insufficient periods of fasting in Ref. [34], remains a strong possibility.

4. Limitations of the study

One major limitation of the application of LF salivary 1H NMR analysis is inherent
resonance overlap problems experienced at this operating frequency, which is much
lower than those of more traditional MF or HF spectrometers coupled with
restrictively-sized superconducting magnets (for example, those of 400–750 MHz
operating frequencies). Hence, these resonance superimposition problems clearly give
rise to major analytical limitations, notably in complex multianalyte biofluid spectra.
Therefore, for future prospective studies involving the quantification of salivary bio-
molecules and/or xenobiotics, at least some level of caution should be applied when
employing such devices. Unfortunately, these complications increase substantially
when integrating resonances of higher first-order and more complex coupling pat-
terns, which may markedly hinder such intensity determinations. Nevertheless, with
the exception of the propionate-CH3 resonance, these interference problems may be
considered minimal for the determination of major, high concentration salivary
metabolites, specifically those with prominent resonances in LF spectra obtained.
Indeed, these signals have only low or negligible levels of superimposition with lower
intensity signals, or appear in relatively ‘spectroscopically clean’ regions of the spectra
acquired, for example formate. Therefore, although the LF 60 MHz 1H NMR profiles
of HSSs are largely commanded by resonances of the highest intensity and with simple
coupling patterns and orders, and/or those arising from metabolites of high concen-
trations, in principle this novel NMR strategy potentially offers valuable quantitative
information for those detectable at lower levels, most notably with the advent of
higher-field compact benchtop instruments which operate at frequencies of 80 or
100 MHz.

As observed and further explored in Ref. [10], an additional limitation of 1H NMR-
based metabolomics studies featuring LF NMR spectrometers is the intensity-
diminishing effects of the H2O/HOD signal presaturation protocol, notably for signals
located close to its chemical shift value (δ = 4.8 ppm). However, although such effects
substantially influence the C1-H resonances of both the α- and β-glucose anomers
(δ = 5.25 and 4.63 ppm respectively), such hurdles may be surmounted by the use of
rigorous calibration processes with biomolecule standard solutions, and by the possi-
ble integration of alternative resonances derived from the agents affected, namely
those with δ values sufficiently distant from the H2O/HOD secondary irradiation one.
An additional limitation arises from some significant differences between intramolec-
ular 1H relaxation times for a number of salivary metabolites, and also some long-
range coupling phenomena, results which will be reported in detail elsewhere.

Finally, for the prima facie metabolomics investigation conducted here, data avail-
able in Figure 5 indicates that this study may involve a small but significant level of
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self-reporting bias, since two, or perhaps more, of the non-smoking participant sam-
ples appeared to co-cluster with the tobacco-smoking cohort in PCA, PLS-DA and
OPLS-DA scores plots, and AHC dendograms, as did those of five of the smoking
cohort with the non-smoking group. These apparent erroneously-clustered non-
smoking participants may represent those with only a limited or very limited smoking
preference, but who preferred to report themselves as ‘non-smokers’ in this investi-
gation in view of their low smoking incidences and/or smoking irregularities, for
example those known as ‘closet smokers’. Further investigations to explore this are
currently in progress in our laboratories.

5. Conclusions

In this study, we have evaluated the viability of low-field (LF) benchtop 1H NMR
analysis technologies for metabolomics investigations of human saliva. This novel,
convenient and near-portable technique was used to detect and/or potentially quan-
tify and hence monitor up to 15 potentially healthcare-impacting oral metabolites in
healthy human saliva, a strategy prospectively offering much potential for the direct
‘on-site’ testing of biofluids from patients affected by oral health or related conditions
at clinical locations.

We report the detection of typical salivary metabolites, including propionate,
acetate, succinate, glycine, dimethylamine, trimethylamine, methanol, formate and
aromatic amino acids all at an operating frequency of only 60 MHz. However, quan-
tification of the salivary levels of biomolecules was limited to only five of those with
the most prominent 1H NMR signals, although succinate (singlet signal,
δ = 2.405 ppm) could also be considered if not significantly quantitatively impacted by
salivary pyruvate (s, δ = 2.388 ppm) and/or glutamine (m, δ = 2.42 ppm) resonances.
Indeed, since the singlet resonances of formate, methanol and glycine did not suffer
from significant resonance overlap issues, and were therefore quite clearly resolved,
the direct LF NMR determination of these biomolecules was possible. Excessive sali-
vary levels of organic acid anion catabolites may serve as key biomarkers of the
pathogenesis and development of dental caries [19, 20, 30] and periodontal diseases
[19, 32], and herein it was found that both salivary acetate and propionate, which
represent biomarkers of dental caries and periodontal diseases respectively, could be
readily quantitated in this biofluid, despite some bioanalytical concentration limit/
interference problems encountered with the latter.

This study also demonstrated for the first time that LF 1H NMR-linked
metabolomics analysis could be employed to discriminate between the salivary bio-
molecular profiles of tobacco-smoking and non-smoking participants. When detect-
able at sufficient salivary concentrations, these analyses may be transferable to the
detection and perhaps quantification of exogenous agents such as ingested drugs in
this biofluid. Moreover, the approach outlined here may indeed offer some forensic
applications involving the identification of illicit drugs in human saliva samples col-
lected at crime scenes, provided that such analytes have resonances present in
spectrally-clear regions unaffected by overlapping signal interferences arising from
endogenous species.

Notwithstanding, currently the authors recommend that future LF NMR investi-
gations of human saliva and oral diseases should focus on the more prominent reso-
nances present in spectra acquired, most notably those with relatively simple first-
order coupling patterns (i.e., singlets, doublets, triplets, etc.) for quantification
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purposes, with the exception of those in which the targeted analyte has resonances(s)
located in ‘spectroscopically-clear’ regions. However, future developments in LF
benchtop NMR technologies operating at higher frequencies may serve to provide
effective solutions to these issues.

The authors also suggest that this technique may also serve valuable diagnostic
and/or prognostic tracking purposes in a clinical context for a range of human dis-
eases. In principle, this non-stationary multi-analytical technique may be employed as
a sensitive means of monitoring the salivary metabolic status of patients suffering
from oral diseases, and potentially also physiologically-remote conditions, directly at
dental surgery and primary healthcare sites, hospitals and hospital laboratories, and
perhaps also community pharmacies. In this manner, such patient-contact sites may
offer significant diagnostic and monitoring potential for oral health practitioners.
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Abstract

Streptococcus mutans (S. mutans) is the most prevalent and most associated with 
dental caries. Here we aim to identify, through an in silico study, potential bioactive 
molecules against S. mutans. Twenty-four bioactive molecules with proven action 
against S. mutans were selected: 1-methoxyficifolinol; 5,7,2′,4′-tetrahydroxy-8-lavan-
dulylflavanone (sophoraflavanone G); 6,8-diprenylgenistein; apigenin; artocarpesin; 
artocarpin; darbergioidin; dihydrobiochanin A; dihydrocajanin (5,2′,4′-trihydroxy-
7-methoxyisoflavanone); erycristagallin; Erystagallin; ferreirin; fisetin; kaempferol; 
licoricidin; licorisoflavan A; licorisoflavan C; licorisoflavan E; luteolin (3′,4′,5,7-tet-
rahydroxyflavone); malvidin-3,5-diglucoside; myricetin; orientanol B; quercetin; and 
quercitrin. Moreover, we selected nine important target proteins for the virulence of 
this microorganism to perform as drug targets: antigen I/II (region V) (PDB: 1JMM); 
Antigen I/II (carbox-terminal region) (PDB: 3QE5); Spap (PDB: 3OPU); UA159sp 
signaling peptide (PDB: 2I2J); TCP3 signaling peptide (PDB: 2I2H); ATP-binding 
protein ComA (PDB: 3VX4); glucanosucrase (PDB: 3AIC); dextranase (PDB: 3VMO), 
and Hemolysin (PDB: 2RK5). Five molecules were revealed to be the best ligands for 
at least three target proteins, highlighting the following compounds: 11 (erystagallin), 
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10 (erycristagallin), 1 (methoxyficifonilol), 20 (malvidin-3,5-diglucoside), and 
2 (sophoraflavanone G), which indicates a possible multi-target action of these 
compounds. Therefore, based on these findings, in vitro and in vivo tests should be 
performed to validate the effectiveness of these compounds in inhibiting S. mutans 
virulence factors. Furthermore, the promising results of these assays will allow the 
incorporation of these phytoconstituents in products for oral use for the control of 
tooth decay.

Keywords: dental caries, docking molecular, drug planning, phytochemicals, 
virulence

1. Introduction

The planning and development of new drugs require high-risk and high-cost 
investments [1]. This process can involve, for example, studying about 5000–10,000 
compounds, a period of 7–12 years, and spending about $800 million for a single drug 
to be marketed [2]. Thus, alternatives that optimize the process and reduce these costs 
are considered promising [3].

Nevertheless, there are other issues to the success or failure of drugs that must be 
considered. The main factors responsible for the lack of success in the production of 
possible drugs during clinical trials are pharmacokinetic factors, such as absorption, 
distribution, metabolism, excretion, and toxicities [4].

With the evolution of biotechnology and bioinformatics, promising new 
approaches for drug planning and optimization have become possible [5]. To reduce 
costs, risks and have greater efficiency in the production process, the pharmaceuti-
cal industry has increasingly used in silico analysis, which enables the performance 
of various analytical tasks, such as the quantitative structure-activity relationship of 
a drug, definition of pharmacophores (region of a ligand molecule that is strongly 
bound to its receptors), and other forms of modeling [6].

The in silico approach to drug development assesses the properties and interac-
tions of a given molecule using computational algorithms [7]. Research in the areas 
of “omics” (proteomics, genomics, and transcriptomics) has increased due to the 
use of computational analysis through spectrometry, crystallography, and magnetic 
resonance techniques, which allows detailed access to the structure of the mol-
ecule, thus enabling the planning of medications and also predict their effects [8]. 
Molecular docking, an in silico approach, has been widely used for the planning and 
 development of new drugs [3].

In 1984, the Lock-Key model, proposed by Fisher, explained the theory of ligand-
receptor interaction. The model suggested that the interaction between two corre-
sponding structures (ligand and receptor) was due to geometric and energy affinity. 
In this model, both ligand and receptor were considered rigid structures. The Lock-
Key model contributed to the understanding of the mechanism of action of drugs. 
Nonetheless, it does not explain the interactions in the environment or changes in the 
spatial conformation of the molecules. Considering these modifications is extremely 
important, as the conformation of structures can change before and after bonding. 
Consequently, modern molecular docking tools consider these factors.

Molecular docking assesses the interaction and recognition between macro-
molecules, in general proteins and ligands [9]. Besides, the algorithm can predict 
what would happen if these structures interacted in a microenvironment [10]. 



147

Molecular Docking of Phytochemicals against Streptococcus mutans Virulence Targets…
DOI: http://dx.doi.org/10.5772/intechopen.101506

Prediction of these interactions allows for the creation of structure-based drug 
design, an advance in drug development as it allows screening of specific molecules 
for specific targets [11].

Therefore, computer-aided drug design (CADD) uses high-performance compu-
tational algorithms to design and optimize molecules to become new drugs. The use 
of CADD in drug development optimizes the development process, increasing success 
rate, decreasing laboratory and personnel costs, in addition to producing quick 
results [3].

Several drugs, currently available for use, have been discovered and improved 
with the aid of in silico tools, such as molecular dockings, zanamivir [12], imatinib 
[13], nelfinavir [14], and erdafitinib [15]. With the evolution of bioinformatics, bio-
technology, and molecular biology, including the determination of protein structures 
by using X-ray crystallography or nuclear magnetic resonance (NMR) spectroscopy, 
it has become increasingly easier to use in silico tools to predict functioning drugs. 
Thus, in the last 20 years, more than 60 different molecular docking software were 
developed by universities and companies [16].

Molecular docking programs have different approaches and their characteriza-
tion is according to incremental construction approaches, including shape-based 
algorithms, genetic algorithms, the Monte Carlo method, and systematic search 
techniques [17–20].

Despite the evidence of the effectiveness and advantage of using molecular 
docking for drug discovery, studies in this area are still incipient for oral diseases [5], 
which justifies the performance of new studies. Streptococcus mutans (S. mutans), a 
gram-positive, aciduric, and acidogenic bacterium, is the most prevalent in the dental 
biofilm [21] and the most studied [22]. This microorganism has relevant virulence 
factors that enable colonization of the tooth surface, including its high capacity to 
form biofilms, causing the development of carious lesions [23]. The dominant defense 
systems of S. mutans for biofilm formation and caries development are its ability to 
adhere to the surface of teeth and produce acids, associated with its resistance to this 
environment without suffering damage [24]. Thus, preventing the formation of this 
microbial complex is one of the most targeted strategies for caries control [23].

Additionally, natural products have been a promising source of positive molecules 
for drug development over the years [25]. Therefore, plants are a promising source 
of new chemical compounds (phytochemicals) with high biological potential. 
Phytochemicals are a class of organic compounds synthesized in small amounts from 
secondary plant metabolism and are related to plant defense, growth, reproduction, 
and adaptation, among others. Its main classes of compounds are terpenes, alkaloids, 
and phenolic compounds [26, 27].

In consequence, in this chapter, we performed, by molecular docking, a screening 
of molecules from plants that showed results of in vitro antimicrobial activity against 
S. mutans, to verify the possibility of interaction and inactivation of virulence factors 
of this bacteria.

2. Molecular docking between phytochemicals and S. mutans targets

2.1 Selection of the ligands

Ligands were selected from a literature search on phytoconstituents or plants with 
antimicrobial activity, in vitro, against S. mutans. The search was performed in the 
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Pubmed database (http://www.ncbi.nlm.nih.gov/pubmed), using the following terms 
as keywords: S. mutans, natural products, and anti-cariogenic effects, without lan-
guage specification or deadline. All articles that addressed the antimicrobial activity 
of phytoconstituents (isolated molecules) with action on S. mutans, or with activity 
related to the reduction of cariogenic dental biofilm, were considered relevant. After 
these filters, 24 articles remained that had defined chemical structures of molecules 
with an inhibitory effect against S. mutans. The molecules identified and selected for 
the study in these articles are shown in Figure 1.

2.2 Selection of protein targets in S. mutans

The first inclusion criterion was the selection of S. mutans target proteins with 
high relevance for the virulence of this microorganism [28]. The availability of the 
crystallographic structures resolved and available in the Protein Data Bank (PDB) was 
the second inclusion criterion. The protein targets (receptors), their functions, PDB 
identifiers, and grid box coordinates are presented in Table 1.

2.3 Molecular docking analysis

Molecular modeling was performed as described by Rodrigues et al. [29]. Using 
Hyperchem v. 8.0.3, the chemical structures of all compounds of interest (ligands) 
were drawn and their geometric structures were optimized using the MM+ force 
field. Subsequently, a new geometry optimization was performed based on the AM1 
semi-empirical method (Austin Model 1). The optimized structures were subjected 
to conformational analysis using Spartan software for Windows 10.0. The Monte 
Carlo computational method with 1000 interactions, 100 optimization cycles, and 
10 conformations with the lowest energy level was selected. The dihedral angles were 
evaluated by rotation according to the standard conditions (default) of the program, 
in which the number of simultaneous variations was 1–8, acyclic chains were sub-
jected to rotations from 60 to 180°, and the torsion rings, to rotations from 30 to 120°. 
The conformations with the lowest minimum energies were selected and saved in .sdf 
format. Receivers (protein target) were obtained from the PDB. Receiver, PDB id, and 
selected three-dimensional coordinates for docking are described in Table 1. Docking 
simulations were performed in AutoDock 4.2 software. The preparation of receptors 
and ligands was performed using VEGA ZZ 3.0.1 and MOLEGRO Molecular Viewer 
2.5 software. Initially, ligand and receptor structures were saved in .pqbqt format to 
be used in docking calculations. Then, PyRx 0.9 software was used to assist in the 
docking steps and the analysis of the results. The “grid maps”, which represent the 
boxes with three-dimensional coordinates determined for each receiver, were calcu-
lated with AutoGrid. Each ligand was docked inside its “grid” with the Lamarckian 
algorithm implemented in the AutoDock software. The genetics-based algorithm ran 
12 simulations per ligand with 2,500,000 energy ratings and a maximum number 
of 54,000 generations. The crossover rate was increased to 0.8, the gene mutation 
rate was 0.02, and the number of individuals in each population was 200. All other 
parameters were left with the default AutoDock settings. The results for each calcula-
tion were analyzed to obtain the affinity energy of docking score (Edock) in kcal/mol 
values for each ligand conformation in its respective complex; structure inaccuracies 
were ignored in the calculations. To verify the number and positions of hydrogen 
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bonds and non-covalent interactions between each ligand conformation and the 
catalytic residues of the receptors, the software PyMOL 1.4 and Molegro Molecular 
Viewer 2.5 were used.

Figure 1. 
Selected compounds for molecular docking in S. mutans target proteins.



Oral Health Care - An Important Issue of the Modern Society

150

3. Molecular docking screening results

Molecular docking is an in silico methodology that makes it possible to simulate 
the orientation and conformations (poses) of a ligand near the active site of a target 
macromolecule, evaluating intermolecular forces, such as hydrophobicity, Van der 
Waals forces, hydrogen bonds, interactions electrostatic, and ionic bonds. Moreover, 
this methodology provides the energy of interaction (docking scores), the types of 
interaction, and the amino acid residues involved in the formation of the ligand-
receptor complex [30].

The scores are used as a reference to rank the most stable poses of the ligand. 
Therefore, the lower the score value, the stronger and more stable the interaction with 
the selected target. The role and functioning of each of the nine selected S. mutans 
target proteins are briefly presented below, along with the presentation of the three 
best ligands for each of the proteins.

3.1 Adhesins

3.1.1 Region V of antigen I/II (PDB id: 1JMM)

The protein-antigen AgI/II is an adhesin present in the cell wall of S. mutans, 
which recognizes and binds to salivary glycoproteins on the tooth surface, enabling 
the formation of dental biofilm [31, 32]. Anti-AgI/II antibodies block the adhesion 
and colonization of S. mutans in the oral cavity [33, 34], justifying the interest in this 
adhesin in studies aimed at the development of an anticaries therapy [35].

AgI/II adhesin exhibits a functional supramolecular architecture on the cell 
surface [36], as well as an unusual tertiary structure, where a central variable domain 
(V-domain) appears like the tip of a formed stem by intertwined and flanked 

Classification Macromolecule 
(receiver)

PDB id Coordinates Ray (Å)

Function X Y Z

Adhesin Antigen I/II 
(V-region)

1JMM 34.77 20.04 −7.82 20

Adhesin Antigen I/II 
(carboxy-terminal)

3QE5 74.38 44.62 141.82 25

Adhesin Spap 3OPU −20.85 53.58 6.16 15

Signaling proteins 
(quorum sensing)

Signaling peptide
UA159sp

2I2J 16.12 −1.42 3.73 15

Signaling proteins 
(quorum sensing)

Signaling 
peptideTCP3

2I2H 11.9 −3.45 0.99 15

Signaling proteins 
(quorum sensing)

ATP binding protein 
ComA

3VX4 35.31 35.17 13.77 15

Exoenzyme Glucanosucrase 3AIC 192.19 44.63 197.26 15

Exoenzyme Dextranase 3VMO 8.71 −13.02 −0.67 15

Exoenzyme Hemolysin 2RK5 13.57 36.99 17.83 30

Table 1. 
Names of macromolecules (receivers), identifier in the Protein Data Bank (PDB id), and selected three-
dimensional coordinates for docking.
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regions rich in alanine and proline [37]. The carboxy-terminal domain (C-domain), 
connected to a small N-terminal domain that attaches to the cell wall through an 
anchoring region [38]. AgI/II binding sites for DMBT1 agglutinin are located in the 
V-domain and C-domain [39].

Docking identified as the best ligands for antigen I/II (V-region) PDB id: 1JMM 
were the compounds: maldivin-3,5-diglucoside (20) (Edock = −160.78 kJ/mol), licori-
soflavan C (17) (Edock = −151.50 kJ/mol), and erystagallin (11) (Edock = −139.85 kJ/
mol). Common steric interactions in the complexes formed between Ser818 and 
Ser697 residues and compounds 17 and 20 were observed. As well as between residue 
Trp818 and compounds 11 and 17 (Figure 2).

3.1.2 Antigen I/II (carboxy-terminal) (PDB id: 3QE5)

The carboxy-terminal domain of antigen I/II, as well as other proteins in this fam-
ily, can bind salivary glycoproteins, extracellular matrix molecules, and ligands from 
other bacteria. This category of proteins is not exclusive to S. mutans. Homologous 
proteins subsist in other Streptococci [40].

The I/II antigen is highly conserved and may be associated with M protein in 
other streptococcal species. The carboxy-terminal region (with 800–1540 amino acid 
residues) includes proline-rich (P) repeats, conferring hydrophobicity, a transmem-
brane domain (with 1537–1556 amino acid residues), and an LPXTG motif required 
for anchorage to the cell wall catalyzed by sortase [32, 41].

The phytochemicals with the most promising linkages with the antigen I/II 
(carboxy-terminus) PDB id: 3QE5 were: erycristagallin (10) (Edock = −128.98 kJ/
mol), sophoraflavanone G (2) (Edock = −105.77 kJ/mol), and erystagallin (11) 
(Edock = −105.16 kJ/mol). All compounds had in common hydrogen bonds with the 
Lys1120 residue and steric interactions with the Thr1118 residue, thus indicating that 
these amino acids are important for minimizing the binding energies and stabilizing 
the complexes (Figure 3).

3.1.3 Spap (PDB id: 3OPU)

The Spap protein, also called P1, is a multifunctional adhesin that mediates the 
sucrose-independent adhesion of bacteria to salivary film glycoproteins on the tooth 

Figure 2. 
Representations of the interactions between the three best ligands (compounds 20, 17, and 11) and the amino acid 
residues of the antigen I/II (V-region) PDB id: 1JMM. Blue dashed lines represent hydrogen bonds and red dashed 
lines represent steric interactions.
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surface. Like other extracellular proteins, this adhesin can produce amyloid, which, 
in turn, is present in dental biofilms. Thus, this protein directly interferes with the 
facilitation and adhesion of cariogenic bacteria [21, 42].

The best interactions with Spap PDB id: 3OPU occurred with the com-
pounds: sophoraflavanone G (2) (Edock = −136.98 kJ/mol), erystagallin (11) 
(Edock = −134.89 kJ/mol), and licorisoflavan (18) (Edock = −129.64 kJ/mol). The 
common interactions between these ligands and the active site of the protein, which 
contributed to the low values of the scores of these molecules, are the steric interac-
tions with residues Lys1261 and Pro1210, and hydrogen bonds with residue Asp1208 
(Figure 4).

3.2 Quorum sensing-associated signaling proteins

3.2.1 Signaling peptide UA159sp (PDB id: 2I2J)

The peptide-mediated quorum sensing in S. mutans is well conserved and regu-
lates its genetic competence [28, 43, 44]. This signaling circuit plays regulatory roles 
in biofilm formation [43, 45, 46], stress response [47], and bacteriocin production, 
which are important virulence factors of this bacterium [43, 48].

Figure 4. 
Representations of the interactions between the three best ligands (compounds 2, 11, and 18) and the amino acid 
residues of Spap PDB id: 3OPU. Blue dashed lines represent hydrogen bonds and red dashed lines represent steric 
interactions.

Figure 3. 
Representations of the interactions between the three best ligands (compounds 10, 2, and 11) and the amino acid 
residues of antigen I/II (carboxy-terminal) PDB id: 3QE5. Blue dashed lines represent hydrogen bonds and red 
dashed lines represent steric interactions.
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Quorum-sensing allows bacterial communication, providing benefits during 
host colonization, defense against competitors, and adaptation to the environment 
[43, 49]. The chemical details of the signaling molecules of this system in S. mutans 
are known and only UA159sp has been identified as a signal peptide in wild-type 
S. mutans strain [44].

In a study, conducted by Syvitski et al. [50], peptides in which three or more 
residues were deleted from the C-terminal region of the signaling peptide UA159sp 
did not induce genetic competence and inhibited, by competition, the quorum 
sensing activated by UA159sp. Disruption of the amphipathic α-helix by replac-
ing Phe-7, Phe-11, or Phe-15 residues with a hydrophilic residue resulted in a 
significant reduction or complete loss of peptide activity. In contrast to peptides 
truncated at the C-terminal region, these peptides with amino acid substitutions 
did not compete with UA159sp to activate quorum sensing, suggesting that disrup-
tion of the hydrophobic face of the α-helix structure results in a peptide that is not 
capable of binding to the receptor. Therefore, residues of the C-terminal region of 
the signaling peptide in the quorum-sensing system of streptococci are extremely 
important.

Quorum-sensing inhibitor drug design enables the development of more specific 
treatments for biofilm-dependent infectious diseases [51]. A benefit of using quorum 
sensing inhibitor drugs is that they are less susceptible to antimicrobial resistance 
than other antimicrobials, as they exert a lower selective pressure and do not directly 
kill bacterial cells [52].

Docking with the signaling peptide UA159sp PDB id: 2I2J identified as the best 
ligands the compounds: erystagallin (11) (Edock = −84.98 kJ/mol), erycristagal-
lin (10) (Edock = −83.99 kJ/mol), and methoxyficifolinol (1) (Edock = −79.76 kJ/
mol). In all ligands, the presence of hydrogen bonds with the Ser14 residue and steric 
interactions with the Ala18 residue is indicative of their importance for the stability of 
the interaction of these compounds with the active site (Figure 5).

3.2.2 Signaling peptide TPC3 (PDB id: 2I2H)

TPC3 peptide is a signal peptide synthesized by the mutant strain of S. mutans 
JH1005 that also can activate the quorum-sensing system.

For the signaling peptide TCP3 PDB id: 2I2H the best ligands were: erycristagallin 
(10) (Edock = −-99.74 kJ/mol), sophoraflavanone G (2) (Edock = −93.23 kJ/mol), and 
methoxyficifolinol (1) (Edock = −88.16 kJ/mol). As can be seen in Figure 6, hydrogen 

Figure 5. 
Representations of the interactions between the three best ligands (compounds 11, 10, and 1) and the amino acid 
residues of the signal peptide UA159sp PDB id: 2I2J. Blue dashed lines represent hydrogen bonds and red dashed 
lines represent steric interactions.



Oral Health Care - An Important Issue of the Modern Society

154

bonds and steric interactions with Ala18 and Leu10 residues contributed to the energy 
reduction of these complexes, especially of the best ligands.

3.2.3 ATP binding protein ComA (PDB: 3VX4)

Quorum sensing is mediated by a signaling molecule autoinducer [53]. This 
system in some streptococcal species such as S. mutans is the ComABCDE pathway, 
in which inducing peptides are processed from the ComC precursor and exported 
to the extracellular space by ComA and ComB [43, 54]. ComA is a bifunctional 
ATP-binding cassette transporter comprising three domains: an N-terminal pep-
tidase domain (PEP), a transmembrane domain, and a C-terminal nucleotide 
linker domain [55–57]. PEP is a peptidase belonging to the cysteine protease family 
[55, 58–60].

Docking with the ATP binding protein ComA PDB id: 3VX4 identified as the best 
ligands the compounds: licorisoflavan A (16) (Edock = −-132.56 kJ/mol), licoricidin 
(15) (Edock = −128.75 kJ/mol), and methoxyficifolinol (1) (Edock = −127.50 kJ/
mol). When observing the interactions of the best ligands in the formed complexes, 
it was observed that hydrogen bonds with residues Thr568 and Ser563 and steric 
interactions with Lys567 are common, indicating that these interactions contrib-
uted to the reduction of the interaction energy and stabilization of the complexes 
(Figure 7).

Figure 7. 
Representations of the interactions between the three best ligands (compounds 16, 15, and 1) and the amino acid 
residues of the ATP binding protein ComA PDB id: 3VX4. Blue dashed lines represent hydrogen bonds and red 
dashed lines represent steric interactions.

Figure 6. 
Representations of the interactions between the three best ligands (compounds 10, 2, and 1) and the amino acid 
residues of the signal peptide TCP3 PDB id: 2I2H. Blue dashed lines represent hydrogen bonds and red dashed 
lines represent steric interactions.
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3.3 Exoenzymes

3.3.1 Glucanosyucrase (PDB id: 3AIC)

Glucansucrases or glycosyltransferases (GTFs) are extracellular enzymes, pro-
duced by various bacteria, including S. mutans, that cleave sucrose into glucose and 
fructose and build sticky biofilm chains. The growth of the glucan chain was associ-
ated with adherence of one bacteria to another and the dental surface. Furthermore, 
modulate the diffusion of substances through the biofilm, which could occasionally 
serve as an extracellular energy reserve [61].

The glucanosucrase in S. mutans allows the metabolism of sucrose into lactic 
acid, which reduces the pH around the tooth, facilitating the dissolution of calcium 
phosphate from tooth enamel, which induces tooth decay [62]. These characteristics 
make the S. mutans glucanosucrase as one of the main and most studied targets for 
the development of new agents useful in the prevention of dental caries.

The best ligands that interacted with glucansucrase PDB id: 3AIC in the docking 
simulation were: erycrystagallin (10) (Edock = −145.72 kJ/mol), malvidin-3,5-diglu-
coside (20) (Edock = −138.84 kJ/mol), and erystagallin (11) (Edock = −136.44 kJ/
mol). Hydrogen bonds with residues Asp480, Asp481, Asn537, and steric interac-
tions with residues Leu433, Glu515, and Trp517 are common to the two best ligands 
and seem to be important for reducing the energy of formation of these complexes 
(Figure 8).

The docking study conducted out by Kim et al. [63] between rubusoside and S. 
mutans glucanosucrase (PDB id: 3AIC), identified residues Leu 433, Leu434, Ala478, 
Asp480, Glu515, Trp517, and Tyr916 as the main ones involved in the stabilization of 
the complex, and validated these residues as important anchoring sites for potential 
inhibitors of this enzyme.

Bhagavathy, Mahendiran, and Kanchana [64], performed molecular docking 
between seven phytochemical isolates of Psidium guajava and S. mutans glucano-
sucrase (PDB id: 3AIB) and demonstrated that the main residues involved in the 
formation of the complexes were Thr426, Ile427, Gln553, and Tyr978. These residues 
diverged from those identified in this study.

Figure 8. 
Representations of the interactions between the three best ligands (compounds 10, 20, and 11) and the amino acid 
residues of the glucanoscarase PDB id: 3AIC. Blue dashed lines represent hydrogen bonds and red dashed lines 
represent steric interactions.
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Opposing, Islam et al. [65] performed a molecular docking study between epigal-
locatechin gallate (EGCG) and the same S. mutans enzyme, glucanosucrase (PDB id: 
3AIB). The results showed that the main interactions that stabilize the complex of the 
ligand (EGCG) with the enzyme occurred between the amino acid residues Glu515 
and Trp517, which were the same residues identified in our work, reinforcing the 
importance of these residues for the stabilization of the complex.

3.3.2 Dextranase (PDB id: 3VMO)

S. mutans dextranase is an enzyme that hydrolyzes the α-1,6 bonds of dextran 
and produces isomalto-oligosaccharides of different sizes for metabolic use [66, 67]. 
This protein is composed of 850 aa residues with a molecular mass of 94.5 kDa, but it 
has multiple native and recombinant forms [68, 69]. According to the sequencing of 
several enzymes in this family, dextranases are divided into five regions: a signal pep-
tide sequence (N-terminal with 24 aa), a variable N-terminal region (Ser25-Asn99), 
a conserved region (Gln100-Ala615), a glucan binding site (Leu616-Ile732), and a 
C-terminal variable region (Asn733-Asp850) [70, 71].

Some biochemical studies, based on the comparison of amino acid sequences 
with other glycosyltransferases, revealed that the Asp385 residue is essential for the 
catalytic reaction [72]. Besides, it was observed that Asp270 from cycloisomalto oli-
gosaccharide glucanotransferases from Bacillus circulans T3040 [73] and Asp243 from 
endodextranase from Thermotoga lettingae TMO [74], corresponding to Asp385 from 
dextranase from Streptococcus mutans, were recognized as S. mutans residues 
catalytic.

Molecular docking performed with the dextranase PDB id: 3VMO identified as 
the best ligands: licorisoflavan A (16) (Edock = −138.02 kJ/mol), malvidin-3,5-diglu-
coside (20) (Edock = −136.94 kJ μg/mol), and licoricidin (15) (Edock = −129.73 kJ/
mol). Compounds 15 and 16 showed steric interactions in common with residues 
Tyr257 and Ala559 and showed steric interactions and hydrogen bonds with the key 
residue Asp385 which has already been identified as essential for catalytic reaction. 
Diglucoside 20, on the other hand, had a lower energy conformation distinct from 
compounds 15 and 16 and interacted with other amino acid residues in the active site 
of the enzyme (Figure 9).

Figure 9. 
Representations of the interactions between the three best ligands (compounds 16, 20, and 15) and the amino acid 
residues of dextranase PDB id: 3VMO. Blue dashed lines represent hydrogen bonds and red dashed lines represent 
steric interactions.
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3.3.3 Hemolysin (PDB id: 2RK5)

Hemolysins are exotoxins capable of promoting erythrocyte lysis. They are toxins 
produced by some species of streptococci [75] and contribute to the virulence process 
of S. mutans [76]. In S. mutans, alpha- and gamma-hemolytic strains are described 
[77], as well as beta-hemolytic [78].

Docking with hemolysin PDB id: 3VMO identified as the best ligands the 
compounds: erycristagallin (10) (Edock = −112.64 kJ/mol), erystagallin (11) 
(Edock = −104.10 kJ/mol), and methoxyficifolinol (1) (Edock = −100.63 kJ/mol). 
The steric interactions and hydrogen bonds with Asn21, Asn24, and Asp30 residues 
were common for compounds 10 and 11, and seem to be important for the stabiliza-
tion of the complexes. Compound 1, despite belonging to the same chemical class 
as compounds 10 and 11, showed a more stable conformation in another position of 
the active site, consequently, is stabilized by interactions with different amino acid 
residues, but which contributed less to the stabilization of the complex (Figure 10).

4. Concluding remarks

In the research phase for phytochemicals with activity against S. mutans, carried 
out in the present study, no specific research was carried out for the classes of phy-
toconstituents. However, surprisingly, all isolated and identified chemical structures 
(24 compounds) belonged to the class of phenolic compounds, more specifically the 
class of flavonoids (2, 3, 4, 5, 6, 7, 8, 9, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 23, 24) and 
isoflavonoid derivatives (1, 10, 11, and 22).

Five phytocompounds evaluated were elected as one of the three best ligands for 
at least three target proteins, highlighting the following compounds: 11 (erystagal-
lin) (highlighted for 6 targets), 10 (erycristagallin) (highlighted for 5 targets), 1 
(methoxyficifonilol) (highlighted for 4 targets), 20 (malvidin-3,5-diglucoside), and 2 
(sophoraflavanone G), which provided indications of a possible and desirable multi-
target action of these compounds.

Based on these findings, these selected compounds should have theirs in vitro and in 
vivo activities evaluated, to validate the efficiency of these compounds in inhibiting the 
virulence factors of planktonic S. mutans and in biofilms. The positive results in these 
tests will allow the incorporation of these phytoconstituents in toothpaste, mouthwashes, 
among others, and could be an effective alternative for the control of tooth decay.

Figure 10. 
Representations of the interactions between the three best ligands (compounds 10, 11, and 1) and the amino acid 
residues of hemolysin PDB id: 2RK5. Blue dashed lines represent hydrogen bonds and red dashed lines represent 
steric interactions.
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Abstract

Knowledge about the importance of oral health and oral hygiene practices, 
attitudes, and behavior among young adults shows the association of insufficient or 
irregular oral hygiene with the occurrence of gingival/periodontal diseases, caries, 
and consequently systemic disease occurrence including cardiovascular disease, 
cancer, diabetes mellitus, infections of the respiratory tract, adverse pregnancy out-
comes, and neurological disorders. Public health dentists should be trained for oral 
health needs assessments as well as for the evaluation of community-based oral health 
improvement strategies among different population groups.

Keywords: oral health, oral hygiene, young adults, caries, periodontal disease

1. Introduction

Knowledge about the importance of oral health and oral hygiene practices, 
attitudes, and behavior among young adults shows the association of insufficient or 
irregular oral hygiene with the occurrence of gingival/periodontal diseases, caries, 
and consequently systemic disease occurrence including cardiovascular disease, 
cancer, diabetes, respiratory infections, adverse pregnancy outcomes, and neurologi-
cal disorders [1–8].

Periodontal diseases are highly prevalent and can affect up to 90% of the world-
wide population [9]. Periodontal disease is an inflammatory disease, followed by 
pathologic loss of tooth-supporting tissues (periodontal ligament, gingiva, cemen-
tum, and alveolar bone).

Dental caries affects approximately 36% of the worldwide population and is still 
one of the major causes of tooth loss and pain in industrialized countries [10–12]. 
Dental caries is a multifactorial disease in which the signs of carious demineraliza-
tion can be seen on the hard dental tissues [13]. It could cause pain, discomfort, and 
anxiety, if dental caries is untreated, cause the development of infection and tooth 
loss [14]. This condition may not only affect an individual’s ability to eat and speak 
properly but may also result in lost work and school hours and affect the individual’s 
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overall well-being. The crucial role that a healthy oral microbiome plays in preventing 
caries and promoting oral health is also being increasingly recognized. Caries preven-
tion has traditionally relied on fluoride exposure, diet control, thorough oral hygiene, 
and antibacterial measures [15].

The most common forms of periodontal diseases in young adults are gingivitis 
and periodontitis [16]. Gingivitis is characterized by gingival inflammation, swollen 
and bleeding gums. In the absence of causal therapy, it may progress to periodontal 
disease, with the appearance of the periodontal pocket, tissue destruction, and bone 
resorption [17].

Dental caries, in young adults, is associated with bad oral hygiene habits, more 
gingivitis, higher consumption of sugar, as well as acidic beverages [18].

2. Oral biofilm

The primary etiologic factor responsible for the initiation and progression of 
periodontal disease, as well as dental caries, is microbial dental biofilm [19, 20].

Oral biofilm is an organic deposit, which consists of—bacteria, leukocytes, 
immunoglobulins, inorganic substances, mucins, fungi, desquamated epithelial 
cells, and low-molecular substances. The qualitative and quantitative composition 
of oral biofilm microorganisms is different in each person, but one gram contains 
up to 22 × 109 bacteria [21]. The role of microorganisms in the development of 
periodontitis is very important, the percent of damage of periodontal tissues is a 
consequence of the interaction of microbiological factors and the immune-host 
response [22].

The main periopathogens are Aggregatibacter actinomycetemcomitans, Prevotella 
intermedia, Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythensis. 
Oral health is critically dependent upon the maintenance of good oral hygiene [23].

The oral biofilm is also highly resilient, and it is reorganized into remarkable 
similar communities following perturbations, such as daily brushing and flossing or 
professionally administered oral prophylaxis. It takes very large and sustained per-
turbations to disturb this resilience, particularly smoking, antibiotic use, and certain 
systemic diseases [24].

Also, local and systemic etiological factors have an impact on the initiation and 
progression of periodontitis. There is a number of local and general factors that have 
an impact on the pathological processing speed of periodontal disease [25–28].

The various local factors that facilitate and accelerate the accumulation of oral 
biofilm include the following:

1. Anatomical anomalies

2. Food impaction

3. Bad habits

4. Dental caries

5. Iatrogenic factors

6. Gingival lesions
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The systemic factors included that reduced the general organism resistance 
and accelerate the action of the harmful agents of oral biofilm. Due to its effect, 
the destruction was much more severe. These risk factors are subdivided into two 
subgroups:

1. Invariant risk factors—genetic predisposition, race, and sex;

2. Variable risk factors—intercurrent diseases, use of drugs, diet, age, stress, and 
smoking [8, 19, 29].

The main causative agents of oral biofilm for the development of dental caries are 
acidogenic species Streptococcus mutans, including members of the mitis, anginosus 
and salivarius groups of streptococci, Enterococcus faecalis, Actinomyces naeslundii, 
Actinomyces viscosus, Rothia dentocariosa, Propionibacterium, Prevotella, Veillonella, 
Bifidobacterium, and Scardovia [30, 31].

3. Treatment

Periodontal treatment consists of—causal therapy (scaling and root planning), 
antiseptic rinses, and occasionally systemic antibiotics and surgical interventions. 
Aims at preventing further periodontal disease progression with the intention to 
reduce the risk of tooth loss, minimize symptoms and perception of the disease, 
possibly restore loss of periodontal tissue, and provide information on maintain-
ing a healthy periodontium. Therapeutic intervention includes the introduction of 
techniques to change behavior, such as individually tailored oral hygiene instructions, 
a smoking cessation program, dietary adjustment, subgingival instrumentation to 
remove plaque and calculus, local and systemic pharmacotherapy, and various types 
of surgery.

Periodontal treatment, because of the chronic nature of the periodontal disease, 
is a lifelong commitment to basic therapy and intricate oral hygiene techniques, 
which, when properly implemented, will minimize the risk of disease initiation and 
 progression [32, 33].

Dental caries is preventable with simple procedures, such as tooth brushing with 
fluoride toothpaste or professional applications of topical fluoride treatments [34]. 
The aim of therapy is to preserve tooth structures and prevent their further destruc-
tion. Whether the carious lesion is cavitated or noncavitated dictates the treatment 
plan. A dental restoration or dental filling with dental restorative material (dental 
amalgam, composite resin, porcelain, and gold) is used to repair the function, integ-
rity, and morphology of missing tooth structure [35]. Also, the use of antimicrobial 
peptides for the prevention and treatment of dental caries is justified [36].

4. Discussion

An association between insufficient or irregular oral hygiene with the occurrence 
of dental caries, gingival/periodontal diseases, and consequently general diseases has 
been established. The frequency of brushing teeth, interdental cleaning as well as 
regular examinations are important determinants of periodontal health. Educational 
level is by far the most important factor of good oral behavior [37].
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Numerous studies have been conducted on young adults around the world to 
assess oral hygiene habits. Interviews on oral hygiene habits were conducted and 
analyzed in Europe [38–43], North America [44, 45], Africa [46–49], Asia [50–63], 
and South America [64–66].

Muthu investigated 282 dental students (63 male and 219 female), ages 18–22, 
and showed the following results—of the total, 38% had never visited a dentist and 
brushed their teeth only once a day; 56% visited the dentist only when they were 
experiencing pain; 49% ignore the color of their teeth; 62% do not pay attention to 
the color of their gums, while 20% reported bleeding from the gums during brushing. 
Only 64% were satisfied with the color and appearance of their teeth and gums. Male 
students preferred hard toothbrushes and mouthwash [67].

Brushing twice a day is recommended in industrialized countries [68], but in some 
other countries, it is far from achieved [49]. Also, Rimondini et al. showed that 81.6% 
of Italian students used one toothbrush for less than 3 months [68], while Kirtiloğlu and 
Yavuz found that 49% of Turkish students used one toothbrush for less than 3 months 
[69]. Rimondini et al. conclude that a strategy to promote the use of dental services for 
prevention may be useful for improving oral health in the young Italian population [68].

Peltzer, Pengpid have conducted a survey of 3344 university students from five 
countries (Indonesia, Malaysia, Thailand, Vietnam, and Myanmar) [70]. The mean 
age of the respondents was 20.5 years. Regarding brushing, the following results were 
obtained—in Indonesia, 95.2% of respondents; in Malaysia 83.2%; in Thailand 93.2%; 
while in Vietnam 76.3% and 48.2% in Myanmar brush their teeth two or more times a 
day. Then, 29% of respondents never went to the dentist, 51.1% went once a year, and 
19.9% more than once a year (Indonesia); 25.7% have never visited a dentist, 35.7% 
once a year, and 38.6% several times a year (Malaysia); 29.4% never went to the den-
tist, 46.5% once a year, and 24% several times a year (Thailand); 28.3% never, 47.4% 
once a year, 24.3% more than once a year (Vietnam); 49.8% never go to the dentist, 
1.7% once a year, and 48.5% more times a year (Myanmar).

Agrawal et al. conducted a very interesting study on 223 juvenile detainees, aged 
6–18 years [71]. The results showed that the detainees’ oral hygiene status was poor, 
with only 28.1% of respondents having good oral hygiene. The findings confirmed 
that detainees in the juvenile detention center have poor oral hygiene and an increased 
prevalence of periodontal disease compared to a population of similar age in the 
general population.

Ohshima et al. compared periodontal health status and oral health behavior 
between Japanese and Chinese dental students [72]. The study was conducted on 118 
students of the Faculty of Dentistry of Nihon University and 92 students of the Dental 
School of Nanjing Medical University. An occult blood test of saliva was performed 
to classify whether subjects could have periodontal disease. Further questionnaires 
were given to assess different lifestyles and habits of oral hygiene. The positive test 
rate for occult blood of saliva was 13.6% among Japanese dental students and 43.5% 
among Chinese dental students. Bleeding from the gingiva as a subjective symptom 
was as follows: Japanese 7.6%; Chinese 37.0%. Japanese dental students brushed 
their teeth for 13.5 min each day and Chinese students for 4.6 min. Japanese students 
(33.1%) used interdental means, while Chinese 7.6%. It is believed that the recorded 
differences between Japanese and Chinese dental students are the main reason for the 
appearance of periodontitis, which indicates the need to improve hygiene measures 
in the city of Nanjing. It is proposed to establish and strengthen education on oral 
hygiene, including the importance of brushing teeth for the prevention of gingival/
periodontal diseases.
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Group 1 (n = 523) Group 2 (n = 357)

Do you brush your teeth?

Depends 11 2.10% 5 1.40%

Sometimes 1 0.19% 14 3.92%

Every day 511 *97.71% 338 94.68%

χ2 = 18.10, df = 2, p = 0.0001

How many times per day do you brush your teeth??

Once 57 10.90% 14 3.92%

Twice 247 47.23% 191 53.50%

Three times 183 34.99% 147 41.18%

After every meal 36 6.88% 5 1.40%

χ2 = 30.33, df = 3, p < 0.001

When do you brush your teeth?

In the morning 503 *96.18% 330 92.44%

Before dinner 33 6.31% 35 9.80%

After dinner 425 81.26% 304 85.15%

Before getting out 265 50.67% 196 54.90%

χ2 = 4.20, df = 3, p = 0.2407

Do you use teeth brush?

Sometimes 1 0.19% 15 4.20%

Every day 522 99.81% 342 95.80%

χ2 = 19.12, df = 1, p < 0.001

Do you use toothpaste?

Depends 1 0.19% 4 1.12%

Sometimes 4 0.76% 1 0.28%

Every day 518 99.04% 352 98.60%

χ2 = 0.37, df = 1, p = 0.5375

Do you use toothpaste with fluoride?

Yes 271 51.82% 204 57.14%

No 18 3.44% 7 1.96%

Dont know 206 39.39% 121 33.89%

Sometimes 28 5.35% 25 7.00%

χ2 = 5.44, df = 3, p = 0.1426

Does the toothpaste with fluoride could protect the teeth of caries?

Yes 272 52.01% 246 ***68.91%

No 31 5.93% 3 0.84%

Dont know 220 42.07% 108 30.25%

χ2 = 32.45, df = 2, p = p < 0.001

Do you use: toothpicks, floss, interdental brushes?

Never 107 ***20.46% 14 3.92%

Rarely 106 20.27% 51 14.29%
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Kaira et al. surveyed 111 nursing students at Rohilkhand Hospital, Bareilly, India 
[73]. Most of the respondents had good oral hygiene, which included brushing their 
teeth twice a day with a brush and toothpaste for 2–3 min. Almost 87% of them 
knew that oral biofilm causes gingival inflammation and consequently periodontitis. 
Almost half of the participants visited the dentist solely because of the pain. However, 
most of them gave the same importance to dental health as to general health. They 
concluded that the knowledge, attitude, and practice of oral health care students are 
adequate, but that further improvements can be encouraged.

Sharda surveyed 825 participants (577 men, 248 women) from six different 
professions belonging to the non-medical, paramedical, and medical categories of 
the survey [74]. The knowledge was significantly higher among medical students 
compared to those who were not. Attitude scores were significantly lower for the 
non-medical category compared to the other two categories. The results indicate that 
knowledge was not sufficient to influence oral health-related behaviors.

Bojović et al. investigation supplied a new understanding of oral health risk factors 
among students in the University of Niš medical programs [75]. Namely, the results 

Group 1 (n = 523) Group 2 (n = 357)

Depends 24 4.59% 77 21.57%

Sometimes 238 45.51% 174 48.74%

Every day 48 9.18% 41 11.48%

χ2 = 101.34, df = 4, p < 0.001

Do you use mouthwash?

Never 80 *15.30% 35 9.80%

Rarely 82 15.68% 67 18.77%

Depends 36 6.88% 16 4.48%

Sometimes 137 26.20% 98 27.45%

Every day 188 35.95% 141 39.50%

χ2 = 9.00, df = 4, p = 0.0610

Do you use electrical toothbrush?

Never 431 82.41% 310 86.83%

Rarely 44 8.41% 24 6.72%

Depends 0 0.00% 2 0.56%

Sometimes 17 3.25% 8 2.24%

Every day 31 5.93% 13 3.64%

χ2 = 3.81, df = 3, p = 0.2824

Attribute variables are given as frequencies and percentages.
*p < 0.05, **p < 0.01, ***p < 0.001 (χ2 test).
The daily frequency of brushing teeth is 2 and 3 times more common in group 1 with statistically significant difference 
between the groups (p<0.001). Morning tooth brushing was statistically more represented in group 1 (p<0.05). There 
is a statistically significant difference between the groups in the frequency of using a toothbrush (p<0.001). The groups 
did not differ in the use of fluoride toothpaste, but differed in the opinion that fluoride toothpaste protects teeth from 
caries (p<0.001), which is a consequence of the statistically more frequent confirmatory opinion of group 2 respondents 
(p <0.001). Groups of respondents differ statistically significantly in the frequency of use of toothpicks, floss and 
interdental brushes (p<0.001). But, mouthwash, statistically more often never used by subjects of group 1 (p<0.05).

Table 1. 
Oral hygiene practices among students.
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of this research indicate that students in the clinical medical program have better 
knowledge about oral hygiene issues compared with students in the preclinical medi-
cal program. The authors suggested that it is necessary to educate preclinical students 
to raise awareness of the importance of oral health.

Bojović investigated risk factors for oral health conditions by examining oral 
hygiene practices, attitudes, and behaviors among the students in the medical pro-
gram of the University of Niš, collecting data using questionnaires [76]. The study 
included 880 students of medicine, dentistry, pharmacy, and vocational studies. 
Students were divided into two groups—those who were in preclinical (group 1) 
and those who were in clinical subjects (group 2). Prior to the clinical examina-
tion, subjects completed an anonymous survey, which contained four aspects—(1) 
sociodemographic data; (2) oral hygiene habits and behaviors; (3) health risk 
behaviors, disorders, drug use, parafunctional habits; (4) maintaining oral health. 
Oral hygiene, as expected, showed that a high percentage of respondents brush their 
teeth daily (97.22%). The largest percentage of all respondents (45.45%) sometimes 
use interdental brushes/floss/toothpicks. Tooth brushing lasted 3 min in 39.39% of 
subjects (Table 1).

Today, in the world, there is a tendency to evaluate, analyze, and propose educa-
tion programs for medical students, but also for students of other study programs 
[75–100]. Also, there is a need for other groups of the population (chronic patients, 
diabetics, pregnant women, patients with blood dyscrasias, oncology patients, etc.) 
to be educated, acquired and adopted knowledge, attitudes, and brhaviors about 
oral health.

5. Conclusion

Oral health education and promotion through dentists, electronic media, print 
media, and public health programs are needed to improve oral hygiene practices 
among young adults as well as the general population. Regular visits to the dentist 
for prevention, prophylaxis, and professional referral to oral hygiene are key to the 
prevention of oral diseases [75].

Public health dentists should be trained to assess the need for oral health, 
implement and evaluate strategies to improve oral health among different popula-
tion groups.
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Abstract

Breathing is essential for life in all of its stages. Cellular, mitochondrial respiration 
requires an adequate supply of oxygen, provided by the air we breathe, after airway 
conduction, treatment by the lungs, and transport to tissues. At different stages of life, 
pediatric dentists and orthodontists can intervene in the upper airway, expanding it, 
which helps with ventilation. The greater airway space, if used, contributes in dif-
ferent ways to the child’s development and the recovery of respiratory problems and 
should always be present as a weapon that physicians and the population should know. 
The value of the techniques becomes even more important when applied to children 
and young people with disabilities who can significantly improve their development 
and performance. Rapid Maxillary Expansion and Extraoral Traction Appliances 
are two important pediatric resources to treat these children. Clinical practice of the 
authors, is discussed, emphasizing the importance of early intervention and the need 
for multi and interdisciplinary collaboration in the follow-up of disabled people.

Keywords: pediatric dentistry, effects, health, development, disabled persons, 
syndrome, obstructive sleep apnea, neuromuscular diseases, rapid maxillary 
expansion, extraoral traction appliances, airway obstruction, congenital muscular 
dystrophy, palatal expansion technique, maxillary retrusion

1. Introduction

This chapter analyses the effects of Rapid Maxillary Expansion (RME) and 
Extraoral Traction Appliances (ETA) on children with a high prevalence of specific 
otorhinolaryngologic pathology like persistent nasal obstruction and/or repeated 
upper respiratory infections (three episodes over six months or four episodes in a year 
nasal obstruction).

This type of obstructive symptomatology is common in Down syndrome (DS) 
children [1] but may occur in children with other syndromes or diseases, and even in 
healthy persons.

Other possible causes of breathing difficulty are related to muscle weakness. If 
we look to the population that uses Noninvasive Ventilation (NIV), we identify the 
significant groups of risk, where respiratory muscles are weakened, or the airway is 
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obstructed: Obstructive sleep apnea (OSA), Neuromuscular disorders (ND), Cystic 
fibrosis, Children with Obesity and Down syndrome (DS).

Upper airway obstruction may have several causes, and accumulated secretions 
augment the obstruction. Adenoidectomy and tonsillectomy are common to remove 
the obstruction, but many times, not enough. Another cause related to obstruction, 
often forgotten, is a constricted and/or retruded maxilla. In most cases, we find the 
presence of lateral crossbite and/or evidence of maxillary compression.

A diminished transverse dimension of the maxilla reduces the nasal cavities, 
thereby reducing the airflow into the lungs [2].

The nasal respiratory space represents a vital role in the craniofacial skeleton 
growth and development (the most important stimuli for the growth of the midface is 
ventilation by the nose).

The respiratory pattern can determine an altered mandibular posture, allowing 
compensatory oral ventilation. When the tongue does not occupy a stable position 
in the oral cavity, the entire balance that keeps the teeth in their typical situation 
changes, allowing the occurrence of malocclusion.

The occlusion between the maxilla and mandible is essential to choose the type of 
therapy to use.

Based on scientific evidence and clinical practice, this chapter supports a better 
understanding of these treatments that improve oral functions and the child’s general 
development.

2. Rapid maxillary expansion

RME is a widespread orthodontic practice [3]. It is a dentomaxillofacial orthopedic 
treatment process commonly adopted in young patients to treat narrowed maxilla 
(Figure 1) [4]. This procedure is used for handling structural and functional prob-
lems in the middle of the face [5]. It involves applying an intraoral screw mechanism 
anchored on selected teeth (Figure 2) or bone that produces orthopedic forces to 
the mid palatal suture, with the forces dispersing through the circum-maxillary and 
cranial sutures [6].

In particular, RME enlarges the nasal cavity base and the maxilla [7, 8]. RME is 
used to fix the constricted transverse diameter [9], expanding the arch perimeter 
that will deliver more space for the correct positioning of crowded teeth and permit 
crossbite correction [10].

Figure 1. 
Severely narrowed maxilla and first ERM appliance. Anterior and posterior crossbite before and after the first 
RME appliance.
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When we open the midpalatal suture, we get a diastema between central incisors 
(Figure 2) that is closed per se without an appliance procedure.

The RME device is a fixed appliance that does not require from parents or children 
intense cooperation. It is easily cleaned and works in a short period, between two and 
four weeks [11].

Palatal enlargement in children increases nasal flow and diminishes nasal 
 resistance [12].

The treatment of mouth breathing is multidisciplinary, and the patient should be 
sent to the otorhinolaryngologist as treatment should be initiated after the trigger-
ing condition of oral breathing is resolved. RME is the recommended therapy in the 
interception phase [13].

After RME, improved resistance and nasal flow were documented in patients in 
the supine position, who had a posterior and anterior obstruction. Smaller changes 
were observed in isolated forms of obstruction and in the orthostatic position. In 
nasal airway obstruction with maxillary constriction, RME has proved effective for 
improving nasal breathing in children via an enlargement effect on the nasopharynx 
[14]. Pharyngeal airway pressure during inspiration is decreased with the reduction 
of nasal resistance [15].

In intermaxillary, internasal, frontonasal, frontomaxillary, and maxillonasal 
sutures, RME produces significant width increases, whereas the zygomaticotempo-
ral, frontozygomatic, pterygomaxillary, and zygomaticomaxillary sutures showed 
nonsignificant changes; forces elicited by RME affect mainly the anterior sutures 
(maxillary frontal nasal and intermaxillary interfaces) compared with the posterior 
(zygomatic interface) craniofacial structures [16]. Cephalometry showed increased 
maxillary width after RME [10].

The RME substantially increases interglenoid chamber distance and mandibular 
condyle displacement at six months in growing patients compared to a control group. 

Figure 2. 
After the first ERM appliance, a diastema appeared between central incisors, showing that the midpalatal 
suture opened.
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RME is effective during growth, enlarging the interglenoid fossa space and the lateral 
positions of the condyles and eventually expanding the nasal cavity without produc-
ing asymmetry [17].

After RME, substantial improvement in the transverse dimensions of the maxillary 
basal bone, the nasal cavity, and the midpalatal suture opening happened, with the 
highest growth in the midpalatal suture followed by nasal cavity and basal bone [18].

Considerable alterations in the space of the pharynx may be obtained in Class II 
patients through both RME and mandibular advancement devices with the capacity 
of palatal expansion [19].

RME improved the mucociliary clearance in children with maxillary narrowness, 
positively affecting nasal physiology and improving nasal cavity volume [20].

3. Extraoral traction appliances

There are different ETA, bone or teeth anchored (Figure 3) that, if used well, 
cause anterior traction of the upper jaw.

One can have a maxillary retrusion, a mandibular prognathea, or a mixture of the 
two. Respiratory problems can arise with maxillary retrusion when the maxillary is 
back positioned and encroaches on the nasopharyngeal airway.

Research conducted over the past decade has shown associated improvements in 
airway size with maxillary protraction [21].

Existing controlled clinical studies on humans show that ETA for skeletal Class 
III intervention might be related to broader airway proportions, mostly minor in 

Figure 3. 
Rapid maxillary expansion, prepared for traction, if necessary.
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magnitude [22]. Positive stable changes in the airway dimensions of Class III subjects 
were obtained by treatment with RME and ETA [23].

Maxillary protraction is a complement of RME. It is used only if necessary; only 
those with problems in the sagittal plane may need ETA when anteroposterior dimen-
sion mismatch between the maxilla and the mandible. Most cases that require RME 
do not require ETA. The best time to use ETA is immediately after finishing the RME, 
taking advantage of the lack of union of the sutures and superior displacement of the 
bones, as they are less trapped.

While RME is responsible for the transverse maxillary increase, ETA becomes 
important in the anteroposterior dimensions.

4. Obstructive sleep apnea and obstructive sleep apnea syndrome

A small-scale upper jaw and/or mandible can predispose kids to sleep-disordered 
breathing, which is a continuum of gravity from snoring to OSA. Related health 
consequences, such as cardiovascular and neurocognitive functions, have not yet been 
systematically referred [24].

OSA often goes undiagnosed and affects approximately 5% of the population. 
Obstructive Sleep Apnea Syndrome (OSAS) is a more serious form of OSA where 
there is evidence of both a disruption of standard breathing patterns during sleep, 
and symptoms such as excessive sleepiness in the daytime. OSAS occurs in approxi-
mately a quarter of those with OSA [25, 26]. Within the upper airway, the pharynx, 
particularly the oropharynx and hypopharynx, is the region where most obstructive 
processes leading to OSAS are found [27]. It is characterized by episodes of partial 
or complete obstruction of the upper airway during sleep, interrupting (apnea) or 
reducing (hypopnea) the flow of air, followed by brief awakening that leads to the 
restoration of upper airway permeability. The descriptions may eventually become 
redundant in the context of rapid technological advances in breathing measurement 
and other signal acquisition [28].

OSAS prevalence is supposed to rise with the present obesity epidemic. If not 
treated, it is related to significant morbidities such as growth collapse, endothelial dys-
function, neurocognitive impairment, and pulmonary and systemic hypertension [29].

OSAS during infancy results in significant physical and neuropsychomotor dis-
orders. Therefore, it must be recognized and treated as soon as possible to prevent or 
mitigate the chronic problems associated with OSA, harmful to child development. 
Adenoidectomy and, in some circumstances, continuous positive airway pressure 
(CPAP) have been the chosen therapies for OSAS in pediatric patients, but they are 
unsuccessful in ultimately improving the condition. RME in kids with OSAS seems a 
successful cure for this condition [5, 30, 31].

The dentist’s role is pivotal in children when identified with OSA; initiating dental 
therapies in the course of growth can aid patients, protecting them from malocclusion, 
and intervening in dentofacial structural development can help escape therapies such 
as CPAP and different surgeries. Proper evaluation and treatment may avoid compro-
mised quality of life, delays in treatment, morbidity, and, in some cases, mortality [32].

RME treatment positively affected kids with chronic snoring and OSA, producing 
growth of the nasal cavity and nasopharyngeal airway volume, with enlargement of 
the maxillary and nasal osseous size. Enlarged nasal width at the posterior nasal spine 
(PNS) plane improved nasopharyngeal volume. The enlargement of the maxillary 
width is directly correlated with the increase in respiratory tract volume, resulting in 
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functional enhancement. RME treatment may reestablish and enhance a regular nasal 
airflow with the disappearance of OSA [33].

A better apnea-hypopnea index and lower O2 saturation were observed in OSA 
children treated with RME [34]. As indicated by improvement in oximetric param-
eters, RME would appear effective for treating slight or moderate OSA. It might be 
efficacious as a coadjuvant treatment to adenotonsillectomy (AT) in severe situations 
of pediatric patients with maxillary constriction [35].

OSA can lead, if left untreated, to severe medical complications, growth 
disorders, behavioral changes, and reduced quality of life. Synergy allows pedi-
atric OSA detection, diagnosis, and treatment in an interactive and collaborative 
approach between ENT, orthodontists, pediatric dentists, pneumo-allergologists, 
sleep doctors, endocrinologists, speech-language pathologists, and myo-func-
tional orofacial therapists to improve the short, mid, and long-term results [36].

OSAS is associated with neurobehavioral and cardiovascular abnormalities, 
growth, and inflammation. The treatment results in enhancements in attention, 
behavior, and likely improvement in cognitive skills [37]. RME can be a helpful 
methodology in pediatric patients with OSAS and malocclusion, as the effects of such 
treatment persist 24 months after the end of treatment [38].

Determining apnea-hypopnea index (AHI) per hour of sleep is essential. The 
greater the index, the more serious the OSA is. The onset of anomaly is 1.5AHI/h for 
children and 5AHI/h for adults. This syndrome has consequences far from negligible, 
potentially affecting mood problems, learning disabilities, growth abnormalities, and 
delayed neurocognitive development; it can even affect metabolism [39].

Adenotonsillar hypertrophy, in children, continues the main anatomical risk factor 
of OSA. AT and orthodontic treatment were more successful together than separately 
to cure OSA in children [40]. After undergoing both treatments, there was a more 
significant reduction in AHI and respiratory disturbance index and a major increase 
in the lowest O2 saturation and the O2 desaturation index [41].

RME devices reduce AHI in pediatric patients with OSAS making RME therapy a 
correct alternative treatment decision for these patients [42, 43].

RME has positive effects on nose breathing, natural head position, OSAS, nocturnal 
enuresis, and conductive hearing loss. RME can be considered the last treatment choice 
for those with normal occlusion when other possible interventions in nose breathing, 
nocturnal enuresis, OSAS, and conductive hearing loss have been unsuccessful [44].

Repetitive hypoxia seen in obstructive sleep apnea syndrome (OSAS) may affect 
bone metabolism, increasing the risk for secondary osteoporosis [45].

5. Down syndrome

In Trisomy 21, the rate of otolaryngologic infection (otitis media, amygdalitis, and 
adenoiditis) decreased significantly before and after RME when compared to controls, 
regarding breathing obstruction symptoms (p < 0.01), audiometric and tympanometric 
progress, and various factors considered by speech pathologists such as articulation of 
speech sounds and tongue mobility (p < 0.01). RME offers a considerable decrease in 
upper airway obstruction, hearing loss, and enhanced tongue mobility and articulation 
in pediatric patients [46]. RME results in decreased hearing loss, the annual rate of ENT 
infections, parentally considered symptoms of upper airway obstruction, and enhanced 
articulation, tongue mobility, and intelligibility. Breaking the cycle of mouth breathing 
and growing the area for nasal ventilation may deliver an answer for some respiratory 
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issues, a decrease of tongue projection and drooling, as well as the high incidence of 
repeating respiratory infections and the high rates of crossbites and compression. The 
parents relate that RME produces an esthetic improvement. By putting the tongue in 
its natural place, speech is enhanced, thus enabling integration into society, because of 
the higher esthetics and self-confidence of the child. This appliance should be part of 
the recommendation to parents’ organizations of children who have Trisomy 21. These 
outcomes are possibly associated with enlarged oronasal space due to RME [47].

After the expansion of palatal suture by RME, conductive hearing impairment 
enhancement was due to the renovated normal function of the openings of the audi-
tory tubes [48].

6. Adverse effects of noninvasive ventilation

In ND, DS, and other diseases, it is frequent to use noninvasive ventilation to 
help children ventilation. Masks, type bilevel positive airway pressure (BiPAP), 
continuous positive airway pressure (CPAP), and similar are generally supported 
on the maxilla. However, if used in the tender bone of young children and for a long 
time, these appliances (BiPAP, CPAP, or similar) may produce retrusion of the face. 
The deleterious facial effects of noninvasive ventilation [49] are described in a girl 
with neuromuscular dystrophy, an example of these rare diseases (Figure 4). And 
the necessity of an interdisciplinary team is essential for successful treatment.

Figure 4. 
Extraoral traction appliance (face mask) in a child with neuromuscular dystrophy.
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In the same way, RME may be used to restore the compressed maxilla of Carey 
Fineman Ziter syndrome, a very rare genetic muscular disorder present at birth 
(congenital myopathy), and ETA may reestablish the correct relationship between 
maxilla and mandible. In Figure 4, we may find maxillary constriction in conjunction 
with anterior and bilateral posterior crossbites in a child with Carey Fineman Ziter 
syndrome that used a BiPAP from the age of four months.

Congenital nemaline myopathy is another rare disease that may benefit from 
pediatric dental treatment, as oral maxillofacial dystrophy is highly dysfunctional 
(Figure 5) and needs intervention and special care from birth.

Figure 5. 
Maxillary constriction in conjunction with anterior and bilateral posterior crossbites in a child with Carey 
Fineman Ziter syndrome that used a BiPAP from the age of 4 months.

Figure 6. 
Severe dentomaxillofacial pathology in a boy with congenital nemaline myopathy with one of the known 
mutations, nebulin. In addition to the compressed jaw, the maxilla has enormous retrusion, affecting several 
essential functions, from breathing to swallowing, chewing, and speaking.
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Anyway, this is just one of the phases of the multidisciplinary treatment that may 
help oral functions in a moment of life, but that always needs to be complemented by 
other professionals, including pediatric surgeons, speech therapists, myofunctional 
physiotherapists, ENT, and others (Figure 6).

7. Other syndromes

RME proved to be a beneficial treatment in a patient with Turner syndrome. 
Followed by an esthetic rehabilitation of dental morphology proved feasible to 
achieve facial and smile harmony [50].

Also, in patients affected by imperfect osteogenesis and treated with bisphospho-
nates, RME could be performed with a standardized protocol without complications 
after a follow-up of one year [51].

In the case of a child with Schwartz-Jampel syndrome, severe OSA, constricted 
maxilla, and moderate tonsillar hypertrophy, who could not tolerate the initially pre-
scribed CPAP, following RME therapy, as the pressure setting decreased, the patient 
showed better compliance with CPAP [52].

Rapid blood cell turnover and bone marrow expansion produced by beta-thalas-
semia (βT) lead to dentoalveolar and craniofacial abnormalities. The recent literature 
proposes early interceptive orthodontics to reduce dentoskeletal anomalies, severe 
malocclusion, and soft tissue imbalance. Therapy includes dental-maxillomandibular 
orthopedic and functional management with dental-maxillary treatment, preventing 
orthosurgical procedures later or minimizing their extent. So, an interdisciplinary 
approach involving a pediatrician, a hematologist, an orthodontist, and a pediatric 
dentist may enhance the patient’s quality of life [53].

Also, ETA proved beneficial in causing significant improvement in patients 
having combined cleft lip and palate [54]. These children’s conductive hearing loss 
and middle ear effusion improved significantly during RME and after six months 
of follow-up [55]. Also, a study showed that the correction of the palatal anatomy 
through RME had a positive and statistically significant effect on improving hearing 
and middle ear function in patients without cleft and with bilateral cleft lip and pal-
ate, with normal hearing levels and with mild conductive hearing loss. Likewise, RME 
significantly influenced voice quality in patients without cleft but had no significant 
effect in patients with bilateral cleft lip and palate [56].

8.  The role of the pediatric dentist and orthodontist and the importance of 
early intervention

Early treatment of Class III syndrome resulted in better skeletal modifications 
with less dental compensation [57]. Early intervention with class III protraction 
facemask was less likely to need orthognathic surgery than untreated controls. Early 
class III ETA decreases the need for orthognathic surgery [58].

Starting orthodontic treatment as soon as symptoms occur is essential to enhance 
the effectiveness of therapy. Integrated medicine is necessary [5].

Besides, early intervention stimulates and improves several functions in children, 
young people, and adolescents.

The dentist must instruct these techniques to medical colleagues for the benefits they 
can bring to the general population and, specifically, to children with disabilities [1].
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The dentist must check certain aspects of the child’s ventilation, articulating with 
the pediatrician and the ventilatory difficulties team.

Pediatric dentists and orthodontists play a progressively more important role in 
handling breathing problems and snoring with oral appliances, including RME [59].

Overall, parent satisfaction with their children’s RME therapy is significantly higher 
when supplied by pediatric dentists than orthodontists. Factors related to the doctor-
patient relationship and situational aspects (i.e., office place and project, appointment 
waiting, and treatment length) substantially affected parent satisfaction [60].

9. Discussion

RME can be used to treat problems associated with the growth of the middle face 
and can produce positive side effects on the patient’s overall health. The RME and 
ETA procedures allow an increase of the whole nasal pyramid, causing benefits for the 
oral and general health of disabled children, seen in clinical evaluation and related by 
caregivers. Overall, esthetics and function improve significantly (Table 1).

The upper airway problem may be congenital, hereditary, or acquired, interfering 
in the size and position of the maxilla and in the greater or lesser tonus and synchrony 

Effects

Orofacial skeletal modifications: expansion of the 
maxilla, the opening of the midpalatal suture, and 
the skeletal structures like the nasal cavity [34].
Improvement on nasal symptomatology, rhinorrhea, 
and allergy and increase the area for nasal ventilation 
(nasal width) [9–11, 21, 33, 35, 38, 61, 62].
Better airway—increase in total upper [11, 31, 33, 
50, 63] airways volume [64, 65].
Improves nasal permeability, mucus drainage, better 
drainage of secretions [10, 11, 50].
Otologic symptomatology: resolution from the 
serous otitis, hearing, decreased nasal edema, 
reduced mucosal inflammation, and improvement of 
an audiogram and tympanogram [10, 11].
Progress on mouth breathing, return of nasal 
breathing [4, 10, 11, 30, 31, 38].
Tongue mobility and positioning, more space in 
the oral cavity for the tongue, reduction of tongue 
protrusion and drooling [10, 11, 33, 35, 50, 62, 66].
Improvement on bruxism [4] Improvement on 
halitosis [4] Better skin*

Esthetics***

Respiratory (with better breath), better ventilation 
[11, 31, 33, 50, 64, 65].
Decreases the number of upper airway infections [11].
Improvement in chewing (more firmly and quickly**) 
[50, 66].
Improvement on swallowing [66] Drinking  
(faster)** [50].
Improves several parameters analyzed by speech 
therapists (sound modification—alteration of voice 
quality, word articulation, intelligibility, speech/
diction) [10, 11, 50, 65, 67].
Improvement of AHI [4, 8, 31, 33, 35, 38, 40–42, 64, 
68–70].
Improvement on snoring, reduced and quieter 
[10, 38, 70, 71].
Improvement of sleep, without nightmares and 
sudden waking with startle [4, 10, 38, 41].
Nocturnal sweating ceased [41, 70] Improvement on 
dribbling [10, 72].
Less sleepiness/fatigue during the day, irritability, 
tiredness, headaches, an increase of attention and 
activity [4, 11, 38, 41, 70].
Performance in school improved [38, 41, 70].
A smaller number of hours lost by family in medical 
consultations [11, 50].
Better general health and development [11, 50, 70].
The self-confidence of the individual enables his 
integration into society [10, 11, 66].

*Clinical experience (not published).
**Caregivers’ testimony.
***All treatments improve esthetics.

Table 1. 
Reported effects of rapid maxillary expansion.
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of the ligaments and muscles, including the vascular and nervous components of the 
organs in which it is integrated.

Some severe cases of respiratory disease may include the obligatory use of non-
invasive ventilation during a high period of time and sometimes beginning in the 
first months of life. This required helpful device may have different consequences, 
depending on the time of use, the direction of the forces, type of appliance, place 
where the force takes effect, and hardness of the structure.

As we have seen, the absence of treatment for this situation can have serious 
consequences, and there are multiple treatment approaches. Among the different 
possibilities, the doctor must not forget the devices we are talking about, among many 
others with beneficial effects.

When we opt for any orthodontic techniques, we have to consider that the child may 
not be able to collaborate in the placement or use of the device, which is a limitation.

Furthermore, when expansion is achieved in children who are used to mouth 
ventilation, the collaboration of a myofunctional therapist may be imperative to 
teach and encourage nasal ventilation, meaning space is not enough. We have to train 
muscles to the desired function.

Usually, in children, we use tonsillectomy and adenoidectomy to free up some 
space so that the child breaths better. RME is an alternative treatment to AT because 
it reduces nasal resistance and makes air passage through the nose easier. Besides 
enhancing the quality of nasal breathing, RME benefits the growth of the maxillary 
dental arch and thus enhances the tongue position, allowing proper sealing of the 
lips [13, 37, 73–76].

Children submitted to RME revealed an augment in the total nasal volume from 
the initial symptoms to after treatment that persisted over time. Besides, RME 
substantially increases nasal volume, P < 0.05, compared to the control group; these 
outcomes are constant through the retention period [3].

OSA children with maxillary constriction had no clinical complaint after treat-
ment with RME. Also, clinical evaluations (orthodontic and otolaryngological) 
remain normal at the 12-year follow-up period. There was a substantial reduction of 
the AHI and its duration and a significant increase of SpO2 [31, 59]. Children with 
OSA, with dental malocclusion and treated with RME, improved AHI significantly, 
respiratory symptoms and nasal resistance diminished, and nasal breathing returned 
in almost 80% of the children [59].

It remains crucial to understand if RME alone is sufficient for treating mild OSA 
if significant adenotonsillar hypertrophy is present or if surgery is necessary. When 
combined with the two techniques, it will not be relevant which treatment is started 
first as both will be necessary. Still, in some circumstances, there will be the possibil-
ity that one treatment performed first solves the problem [74].

The long-term evolution of RME treatment suggests that a reappearance of elderly 
symptoms is possible, so follow-up is recommended to avoid recurrence [75].

Remember that relapse is always possible and a retention period, sometimes 
forever (fixed contention), is necessary.

Beckwith-Wiedemann, Marfan’s, Crouzon, or Down Syndrome are characterized 
by a specific phenotype and OSA prevalence [9–11, 40, 76–80].

Applying these techniques always requires a prior individualized study, holistically 
considering the patient, evaluating their ability to collaborate and the child’s different 
family, social, cognitive, and developmental aspects. And some pathologies do not get 
better with ERM, like Solitary Median Maxillary Central Incisor Syndrome [81] that 
does not benefit from RME despite the typical nasal and maxilla anomalies.
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The different conditions may present with their specifications or integrate with 
other pathologies, making it difficult to differentiate the treated problem. So, we 
need to get better definitions of each condition, which may appear as technology 
gets better.

If we want an increase in the oronasal and pharyngeal space, we depend on the 
children’s occlusion before and after treatment.

The generality of studies are about mechanical effects of fixed appliances and do 
not aim at general health, not approaching themes such as cardiovascular risk, neuro-
cognitive impairment or quality of life and the consequences to child’s development.

The importance of the intervention of the pediatric dentist and the techniques 
used are poorly known among physicians and pediatricians, so its dissemination to 
family doctors and other specialties is essential, and hospital teams that include the 
different professionals should be rapidly implemented.

10. Conclusions

Despite being very well documented, this technique is often unremembered. It is 
vital to maintain the studies involving RME and ETA in disabled children, analyz-
ing the differences before and after the treatment regarding clinical outcomes and 
personal development.

More studies need to address these positive effects on disabled children.
Regardless of the importance of this treatment for the child’s development, the 

intervention should have an interdisciplinary team (oral, dentomaxillary, pediatric, 
ENT, total myofunctional rehabilitation) to improve these children’s quality of life 
and should be mainly focused on functions.
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Abstract

The most prevalent oral diseases such as tooth decay and chronic periodontitis, are 
the main responsible for tooth loss, this causes a disability in the chewing function, 
which alters the selection of food, the pleasure of eating, and the state of nutrition. 
Even the use of total prostheses to replace this loss is not always satisfactory. In the 
emotional sphere, poor oral health causes discomfort and a decrease in self-esteem. 
Unfortunately, this continues to occur in older people despite the great scientific and 
technological advances in dentistry today. Health promotion, which includes health 
education and prevention, must be present in the course of people’s lives. In the 
prevention of oral diseases, consider not only biological factors as the only causes, but 
also alleviate and modify the social determinants of the disease. All those involved 
in the care of the older adults must promote prevention as the most important tool in 
favor of oral health, and make older people enjoy life with quality. Oral health is an 
invaluable asset and reward at this stage of life.

Keywords: oral health, prevention, older adults, health promotion, socioeconomic 
determinants

1. Introduction

Population aging is a human success story. A reason to celebrate the triumph of 
public health, medical advancement, and economic and social  development over 
the diseases, injuries and early deaths that have limited human life spans throughout 
history. Globally, there were 703 million people aged 65 and over in 2019. In the next 
three decades, the number of older people in the world is projected to double, reach-
ing more than 1.5 billion in 2050. All regions will see an increase in the size of their 
older population between 2019 and 2050.

There are not only improvements in life expectancy at birth, but also even faster 
improvements in life expectancy at later ages. Globally, a 65-year-old could expect 
to live 17 more years in 2015-2020 and 19 more years by 2045-2050 [1]. The World 
Health Organization (WHO) notes that life expectancy in older age is increasing at a 
much faster rate in high-income countries than in lower-resource settings  conditions. 
See Figure 1 [2].



Oral Health Care - An Important Issue of the Modern Society

204

This demographic transition is a major challenge for health authorities around 
the world, particularly as disease patterns will change at the same time. With age, the 
risk of losing years of healthy life is compounded by low individual resistance, poor 
nutritional status, chronic diseases, and adverse socio-environmental conditions [3]. 
Responding to this challenge requires the whole society.

One of the most important strategies we have to control and lessen the danger 
that this represents is the promotion of health. Health promotion uses education, 
prevention and health protection. This is of particular importance among developing 
countries where economic resources are scarce and where the largest growth in the 
older adult population is taking place in the world [4]. All these efforts to keep away 
older people from suffering and physical, emotional and social limitations as a result 
of disease must include the maintenance of oral health.

2. Health promotion and the prevention of health risks in older adults

In the last decades of the 20th century and the beginning of the 21st, a global 
agenda has been disseminated on the implementation of public policies that reduce the 
burden of disease in the older adults. For example, since 1995, in response to the global 
challenges of population aging, the WHO launched a program on aging and health. 
This was designed to promote knowledge about health care in old age through specific 
research and training activities, information dissemination, and policy development.

In 1998 in the World Health Report, WHO reported the need to strengthen health 
promotion among older people. The health implications of aging should be bet-
ter clarified and understood. Later, in 2000, WHO reiterated the priority of older 
people’s health through the “Aging and Life Cycle” program, which focused on the 
concept of “active aging”. In 2002, WHO published a document entitled “Active 
Aging: A Policy Framework”, which outlines essential approaches to achieving healthy 
aging. The proposed policy framework was based on three basic pillars: health, social 
participation and security [4].

2.1 The burden of oral diseases in old age

The WHO in its report on aging and health, 2015, emphasized: “Oral health is a 
crucial and often neglected area of healthy aging” [5].

Figure 1. 
Changes in life expectancy from 1950, with projections until the year 2050, by region of the WHO and worldwide [2].
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In this regard, oral health is a key component in maintaining and promoting 
a healthy body and a high quality of life [6]. The growing body of scientific evi-
dence confirms that good oral health is integral and essential to a person’s overall 
health. Oral health and disease are closely related to health and disease in general. 
Unfortunately, older people are representative of a vulnerable population group that 
suffers heavily from oral diseases.

Given the comorbidities associated with the chronic disease profiles of older 
people, poor oral health further compromises healthy aging. The literature consistently 
describes oral health as a significant determinant of an individual’s quality of life [7].

Health authorities around the world now face a growing public health problem, 
including an increasing burden of oral disease among older people. Globally, poor 
oral health in this age group has been shown particularly in high levels of tooth loss, 
decay tooth, periodontal disease, xerostomia, and oral cancer [2].

In oral health, global inequalities persist both within and between regions and 
societies and undermine the fabric, productivity and quality of life of many com-
munities of the world [8]. Despite advances in prevention, restorative techniques, 
and dental materials, tooth loss remains a reality in both industrialized and develop-
ing countries [9]. While there have been significant improvements in oral health in 
the last 30 years, inequalities persist and a marked social gradient in oral health is 
observed similar to that of general health [8].

According to the WHO Oral Health Database, high levels of decay tooth are found 
in national surveys of older people; regionally, the average number of teeth affected 
by decay varies from an average of 9 teeth in the countries of the African region to an 
average of 24 teeth in Europe. In all regions, the experience of decay tooth in older 
people led to tooth loss, while the number of teeth treated after decay is quite limited, 
especially in the countries of the African region.

Regarding periodontitis, globally, surveys have reported that the percentage 
of older people with deep periodontal pockets is within the range of 5–30%. Data 
from Madagascar reported that 17.1% of people aged 65 to 74 had superficial or deep 
periodontal pockets, while these conditions were observed in 55.5% of Chinese older 
adults [10].

Poor oral health negatively affects the daily performance of older people, this con-
dition can lead to reduced chewing performance, limited food choices, weight loss, 
poor communication, low self-esteem and well-being. Obviously, these conditions 
influence the quality of life. The increase in life expectancy without a better quality 
of life has a direct impact on government spending on health, and is becoming a key 
public health problem in the most developed countries. It will also be of great concern 
to developing countries and countries with high population density and emerging 
economies, such as China and India [2].

2.2 Oral health promotion in older adults: preventive strategies

At all ages, a healthy natural dentition and a pleasant dental appearance contribute 
to quality of life. Bad breath and tooth decay can promote social isolation, limit par-
ticipation in social activities, and influence our judgments about personality traits [9].

Older people in good health can contribute to society, their families, their commu-
nities and economic productivity through formal or informal channels, e.g. through 
volunteer work, etc. [11]. Searching for effective, systematic and wide-ranging 
interdisciplinary solutions aimed at the current and future burden of oral diseases in 
our older people will be a great challenge and opportunity in the 21st century [6].
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Goals in dentistry cannot be achieved solely on the basis of providing clinical 
treatment alone. As for any age, health promotion and self-managed disease preven-
tion measures are important to achieve better oral health outcomes. Health promotion 
interventions are key to improving oral health in old age, as it encourages older people 
to be proactive about their health [11].

Through the Ottawa Charter, WHO, 1986, health promotion was defined as: “the 
process of allowing people to increase control over their health and improve it”. To 
achieve a state of complete physical, mental, and social well-being, an individual or 
group must be able to identify and realize aspirations, satisfy needs, and change or 
cope with the environment [12].

Failure to prevent or control the progression of oral disease can increase the risk of 
adverse health outcomes. A recent systematic review in Cochrane found evidence that 
periodontal disease treatment improved metabolic control among people with type 
2 diabetes. Also, it was shown that better care of oral hygiene can prevent respira-
tory infections and death from pneumonia. in older people in hospitals and nursing 
homes. Furthermore, frequent tooth brushing was reported to be associated with 
lower levels of cardiovascular disease [13].

The literature also indicates that health promotion activities should include the 
active participation of stakeholders in their planning, implementation, and evalua-
tion. This will ensure that health promotion activities are based on the target group’s 
own goals and needs.

Greater efforts should be made to identify opportunities for health promotion 
activities and the development of community models that encourage older people 
to improve and maintain their oral health. Ignoring health promotion and disease 
prevention opportunities in these groups is unfair and can increase inequalities in 
health standards [11].

2.2.1 Health education for older adults

Health promotion uses education, prevention and health protection. This is of par-
ticular importance among developing countries where economic resources are scarce 
and where the world’s largest population growth is taking place [3].

Health literacy, which is within the framework of health promotion and preven-
tive strategies, is necessary to counter oral diseases. Health literacy has been defined 
as “the cognitive and social skills that determine people’s motivation and ability to 
access, understand, and use information in a way that promotes and maintains good 
health.” In the case of older people, it is important to take into account, in addition 
to health literacy, functional literacy. Health professionals should consider literacy 
difficulties among older people than younger adults, if they associate aging with 
visual and/or cognitive impairments, or think that older cohorts had more likely to 
have missed school as children. Therefore, they need to provide clear or improved oral 
instruction to older people [14].

2.2.2 Preventive strategies for oral diseases, WHO recommendations

In recent years, the WHO developed a series of essential principles for the preven-
tion of oral and general diseases and the quality of life, which must be followed by all 
actors involved in the health care of older people. In the report on health in the world 
of 2015, the strengthening of health promotion and the creation of healthy environ-
ments adapted to the older adults are highlighted in the first place. Promote a healthy 
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diet and nutrition, especially less sugar consumption and increased consumption of 
fruits and vegetables, in accordance with the “WHO Global Strategy on Diet, Physical 
Activity and Health, and Reduction of Malnutrition.”

One of the most relevant recommendations of this report is to emphasize the 
importance of educating caregivers about oral health knowledge, to dependent 
older people, in addition to involving their families, it is extended to independent 
older adults. As well as, to “other important people”, which can be interpreted as the 
entire team that cares for older people. A relevant point is to ask that care models be 
developed thinking of older people with primary oral health care capacity. As well as, 
nursing homes and institutions for dependent older people in order to meet the needs 
of the many people neglected.

On the other hand, the economic cost of treatments is identified as a barrier 
to oral health care in older people. So it is requested to improve social security for 
this age group, and to establish health care financially fair mouthpiece for the older 
adults. Attention is paid to evidence-based medicine, and this report calls for the 
implementation of national evidence-based public health programs to achieve better 
oral health, general health, and quality of life. Finally, within these principles of the 
WHO, the surveillance of the oral health of the older adults and important risk fac-
tors is recommended [10].

2.2.3 Educational action plans

Meeting the oral health needs of the growing older population will require a 
diverse and capable dental workforce. A two-pronged approach is required, focusing 
both on (a) new entrants to the profession through dental schools and (b) existing 
dentists. The latter will be achieved through the continuing professional development 
of most dentists, but there will also be a greater need for postgraduate education and 
training. Undergraduate education is the hotbed of conscientious professionals, so it 
is important to place appropriate emphasis on oral health care for older patients in the 
undergraduate curriculum [15].

In this regard, the group made up of The common Task and Finish of the European 
College of Gerodontology (ECG) and the European Society of Geriatric Medicine 
(EUGMS), proposes a series of educational training actions aimed at dentists, and 
non-dentists in order to improve dental care for the older adults. They call this strat-
egy “Educational Action Plans”, and which in our opinion are of such importance for 
the prevention of oral diseases in older adults that we underline them.

According to this proposal, educational action plans should involve dental and non-
dental health care providers, giving them the opportunity for interprofessional training, 
practical training and improvement of attitudes towards the promotion of oral health. 
Better training for dental professionals in oral care for frail dependent older people.

Non-dental health professionals should receive education at the undergraduate, 
graduate and specialty levels, in the evaluation and promotion of oral health. This 
includes physicians, nurses, nursing assistants, physical therapists, occupational 
therapists, medical assistants, pharmacists, dietitians and others. It is proposed that 
these health providers should recognize oral health as part of multimorbidity. Also 
relate medication to the impact on oral health, initially assess oral health status, and 
demonstrate oral hygiene measures for the older adults and their caregivers. All this 
by developing strategies to overcome barriers to maintaining oral health and access 
to dental care, deciding when to refer to the dentist, and supporting collaborative 
practice [16, 17].
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2.2.4 Educational interventions in oral health

As the population ages, one of the main challenges for the future will be to trans-
late existing knowledge and strong experiences in disease prevention and health 
promotion into appropriate programs [3]. Educational interventions on oral health 
in older people have shown their potential benefit to improve the level of knowledge 
and their application in preventive oral care measures. The most remarkable result to 
emerge from the data is the significant decrease in the O’Leary index and in the index 
of tongue coating [18].

Educational interventions have shown to significantly reduce the number of 
plaque-covered teeth and improve prosthetic hygiene in older people who require the 
care of a home health nurse. However, multiple approaches based on individual needs 
are required to improve the oral health of vulnerable older people, including integrat-
ing preventive dental care into the daily care plan carried out by home care nurses. It 
is important to consider the functional capacity and cognitive function of the older 
adult, as it has been associated with poorer oral hygiene [19]. Oral hygiene education 
programs for institutionalized older people caregivers have shown a positive impact 
on improving this condition of residents. The ratio of residents to caregivers should be 
considered, as it could play an important role in the provision of oral hygiene services, 
and has received little attention in the literature [20].

Unfortunately, oral health competence and attitudes towards oral care have been 
reported to be inadequate in nursing home care. Poor oral health has been reported 
for people most dependent on care, showing the need for preventive actions [21].

3. The social gradient and biological factors as causes of oral diseases

Considering only biological factors as the cause of oral diseases is not enough to 
explain the social differences in oral health. Consequently, addressing these factors 
alone, has led to reductionist approaches to prevention and treatment. Unfortunately 
there is a lack a sound theoretical basis and which, in general, have also failed to 
reduce the burden of oral diseases, and oral health inequalities [22].

In this regard, as reported by Link & Phelan, 1995, it is necessary to “contextual-
ize risk factors” and understand the “fundamental social causes” of the disease. 
“Contextualize” risk factors based on the individual means that it is required (1) 
use an interpretive framework to understand why people become exposed to risk or 
protective factors and (2) determine the social conditions under which individual risk 
factors are related to disease [23].

3.1 Social determinants of oral diseases

In the case of oral health, there is considerable evidence of the influence of the 
social gradient on the oral health status of individuals. We know that many oral dis-
eases are associated with socioeconomic status, which is linked to family income, edu-
cational level, employment status, housing, physical health, and mental health [23].

The fundamental social causes of disease essentially involve the resources that 
determine the degree to which people can avoid the risks of morbidity and mortality. 
Resources broadly can include money, knowledge, power, prestige, and the types of 
interpersonal resources incorporated into the concepts of social support and social 



209

Oral Health and Prevention in Older Adults
DOI: http://dx.doi.org/10.5772/intechopen.101043

network. Variables examined by medical sociologists and social epidemiologists, such as 
race/ethnicity and gender, are linked to resources such as money, power, prestige and/or 
social connection that should be considered as possible root causes of the disease [24].

3.2 Biological risk factors and the social gradient of oral disease in old age

Oral diseases share the same determinants and risk factors as the major Non-
communicable Diseases (NCDs), which include heart disease, cancer, chronic 
obstructive pulmonary disease, diabetes, dementia, and stroke [23]. For NCDs, risk 
factors have been identified and many are related to lifestyle. Risk reduction is associ-
ated with smoking cessation, diet control (including reducing excessive consumption 
of calories, saturated fat and salt), moderate alcohol consumption, and exercise. 
Furthermore, many of these risk factors are important for the development of oral 
diseases. Table 1, resumes both biological and social risk factors [25].

3.2.1 Age as a risk factor

It is important to recognize that in the older adults, there are risk factors, biologi-
cal and social that favor the prevalence of oral pathologies such as tooth decay and 
chronic periodontitis [26]. These diseases continue to appear in old age. Global data 
indicate that the incidence of untreated tooth decay shows an upward trend after age 
60. It was suggested that this was due to the development of root decay among older 
people. Similarly, periodontal diseases and their sequelae are highly prevalent among 
older people. The age-standardized prevalence and incidence of severe periodontitis 
showed a slight increase worldwide during 1990-2010, with a peak incidence in the 
fourth decade of life [27].

From a biological perspective, the etiology of periodontal disease has consistently 
been related to the interaction between the microbial plaque and the host’s immune 
response. Previous research shown, although periodontal conditions are initiated by 
dental plaque, the perpetuation of inflammation and the severity and progression of 
the disease depend on the effectiveness of the innate immune response to the bacterial 
biofilm. For its part, tooth decay is an essentially diet-mediated disease, in which host 
factors such as immune components in the microbial biofilm and saliva contribute to 
its progression [22].

Biological risk factors Social risk factors

Interaction between the microbial plaque and the host’s 
immune response
Aging of oral tissues: Changes in the healing capacity of cells 
and tissues

Related to lifestyle:
Smoking, alcohol consumption,
Diet: excessive consumption of 
carbohydrates

Decreased salivary gland secretion; xerostomia Socioeconomic status

Medical conditions:
Disabling musculoskeletal disease
Cognitive and functional impairment
Frailty syndrome
Depression

Educational level

Ethnicity and gender

Table 1. 
Biological and social risk factors of oral disease in old age.
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Age can affect both oral diseases directly. When analyzing national studies of 
older people from the USA and Germany to observe, among other issues, the vulner-
ability to periodontitis and tooth decay in this population. The results showed that 
changes in susceptibility to periodontitis with age could be explained by exposure to 
pro-inflammatory conditions and changes in the healing capacity of cells and tis-
sues [26].

The greater severity of periodontal diseases with age has been related to the 
length of time that periodontal tissues have been exposed to dentogingival plaque 
and is considered to reflect the accumulated oral history of the individual. However, 
the susceptibility of the periodontium to microbial plate induced periodontal degra-
dation can be influenced by the aging process or by health problems specific to the 
aging patient. Differences in eating habits, increased flow of gingival exudate from 
the inflamed gum, and possible age-related changes in salivary gland secretions can 
similarly alter the conditions for growth and multiplication of microorganisms in  
the biofilm [28].

On the other hand, due to accumulated periodontal destruction, the number of 
surfaces at risk of tooth decay increases. The sequelae of restorative treatment con-
tribute to an increased susceptibility to tooth decay development. Risk indicators for 
root decay include tooth decay experience, number of surfaces at risk, and poor oral 
hygiene [26].

With regard to tooth decay and the immune system and the impact of aging, a 
systematic review showed that studies are still in an early stage. A small number of 
studies have reported components of innate and adaptive immunity that affect the 
composition of dental saliva and biofilms with possible impacts on caries progression. 
Some conclusions could, at this stage, be considered more theoretical [29].

3.2.2 Medical conditions and their relationship with oral disease in old age

The general health of older people involves a variety of medical, cognitive and 
functional conditions and/or limitations that can have a direct effect on the onset and 
progression of oral diseases. And, by extension, the self-sufficiency of older people 
with respect to the performance of oral hygiene and the search for timely professional 
dental care [27].

3.2.3 Musculoskeletal conditions and oral health

In general, obtaining medical or dental care is known to be a problem for many 
older people with impaired functional status, especially those who are homebound or 
reside in long-term care facilities. People with disabling musculoskeletal conditions 
are likely to be among those affected in this way.

It is estimated that 10% of the world’s population aged 60 years or older have sig-
nificant clinical problems attributable to osteoarthritis, a condition that is associated 
with joint pain, limited movement and sensation and occurs most frequently in the 
knee, hip and joints of the hands [30]. While the prevalence of rheumatoid arthritis is 
lower, it also affects a large number of people and is associated with aging [31].

Many people with these conditions, osteoarthritis and arthritis in the hands, can-
not maintain proper oral hygiene, causing plaque and stone buildup, increasing the 
likelihood of tooth decay and periodontal disease. The limitation of mobility resulting 
from these diseases, particularly in the lower extremities, makes it difficult for those 
affected to visit dental offices for both routine hygiene and treatment [32].
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3.2.4 Cognitive and functional impairment, risk factors for oral care

Although cognitive impairment has not yet met the diagnostic criteria for demen-
tia, people with mild cognitive impairment have been found to have poorer oral 
hygiene, a high gingivitis score, and more impaired root surfaces than those with 
intact cognition [33]. Tooth loss was reported to be independently associated with the 
development of cognitive impairment among older people living in the community. 
This finding supports the hypothesis that tooth loss may be a predictor or risk factor 
for cognitive decline [34].

Frail older patients in hospitals and long-term care homes, who depend on others 
for oral hygiene care, are at risk of poor health due to impaired functional and cogni-
tive abilities. They are at high risk for tooth decay because foods containing sugar 
and refined carbohydrates remain in contact with the teeth for long periods between 
brushing [35].

3.2.5 Xerostomia: risk of caries and chronic periodontitis

One of the oral conditions that affect the quality of life of the older adults is 
xerostomia. A high prevalence of xerostomia and hypofunction of the salivary glands 
has been found in vulnerable older people. Etiologic factors include polypharmacy 
(especially with antihypertensives, antidepressants, and antipsychotics), poor general 
health, female sex, and advanced age. People with dry mouth require preventive 
measures against the consequences of the absence of saliva, including tooth decay, 
periodontal disease, and candidiasis [36].

3.2.6 Depression is a risk for oral care

Older people with depressive symptoms are less likely to make self-care, including 
oral hygiene and preventive dental care, a priority - many older people experience a 
chronic course of depressive symptoms. Depression in old age and depressive symp-
toms may be associated with poor nutrition, decreased salivary flow, distorted taste, 
increased oral lactobacillus counts, dental caries, advanced periodontal disease, and 
oral discomfort [37]. Older people with tooth loss were shown to be at increased risk 
of depressive symptoms [38].

3.2.7 Risk factors for oral cancer

Oral cancer poses a great threat to the health of adults and the older adults in high- 
and low-income countries [36]. Oral cavity cancer can be easily prevented and treated 
if it is diagnosed early [39].

It includes cancer of the lip, oral cavity, and pharynx, and is the eighth most 
common cancer worldwide. Incidence and mortality rates are higher in men than in 
women. The prevalence increases with advancing age, and oral cancer is of particular 
concern among people over 65 years of age. Variations between countries are attrib-
utable to differences in risk profiles and the availability and accessibility of health 
services, among others [36].

Oropharyngeal cancers, a subset of head and neck cancers, have the human papil-
lomavirus (HPV) as a major risk factor. Modifiable lifestyle behaviors, such as smok-
ing and alcohol use, are implicated in the etiology of oral cavity cancers. Previous 
studies demonstrated that smoking was associated with a 2-fold increased likelihood 
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of oral cavity cancers among those who had never drunk alcohol and binge drinking 
was associated with a higher likelihood of oral cancers among those who never had 
they had smoked [40].

Other risk factors are the consumption of betel quid and areca nuts, poor oral 
hygiene, poor nutrition, a weakened immune system, genetic and immune predispo-
sition. In most cases, it is preceded by visible painless changes in the mouth known as 
precancerous lesions, such as a whitish (leukoplakia) or reddish (erythroplastic) dis-
coloration of the mucosa, an ulcer, or a swelling. The self-examination of the mouth 
serves for prevention and early detection. It is an easy to perform, non-invasive 
method, and low-cost [39].

4. Social determinants of health and life-course related to oral health

In the context of social determinants in health, as mentioned above, these have 
a significant influence on health inequalities. It will modulate people’s health and 
disease during the life course. Returning to the concept of the WHO [41], which 
defines them as “the combination of the social conditions in which the individual is 
born, grows and the ages that affect his health”. Cueto et al. [42] in a deeper analysis 
revealed two edges in this matter. In first place, older adults linked to work have less of 
time to go to a dentist appointment. They commonly attend when there is an emer-
gency or pain that affects their job performance or social life. On the other hand, the 
older adults that are unemployed, or not perceive a pension are more likely to suffer 
damage to their health by the psychic instability that this condition entails, leading to 
a deterioration of their oral health.

An unhealthy lifestyle appears to be the most relevant SDH in older adults [43].
Kuh and Ben-Shlomo [44] defined life-course epidemiology as the “study of long-

term effects on chronic disease risk of physical and social exposures during gestation, 
childhood, adolescence, young adulthood and later adult life”. In other words, it links 
exposure to risk factors and consequences by considering the importance of the dura-
tion and timing of the development of the illness.

The sum in the biological systems could be influenced by independent and 
individual exhibitions. Specifically, the person is vulnerable to the risk factors, a series 
of separated situations at different phases of life and this combination increases the 
illness risk in later life. This is the “accumulation risk model”. From this model follows 
the framework of “chain of risk”, in which a negative or beneficial exposure guide to 
another negative or beneficial exposition. This version suggest a synergy between 
intrinsic factors (behavioral resources, self-esteem, conflict-solving abilities and cop-
ing methods) and extrinsic factors (family, sociocultural connections and material 
circumstances).

As stated by the WHO [45] clinically, oral diseases are caused by bad oral habits 
such as poor oral hygiene, high consumption of sugars, the use and abuse of alcohol 
and tobacco and a lack of fluoride. Moreover, it is well known that oral illnesses 
share behavioral risks with non-communicable diseases. For instance, a diet high 
in added sugars is the principal cause of dental decay and it is related to obesity and 
overweight.

Heilmann et al. [46] proposed a theoretical framework for oral health. In which 
they integrated a life course perspective, with the models of the social determinants 
of oral health illness and their effect on the usual risk factors that link general health 
and oral health. The model highlights the significance of socioeconomic factors in the 
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infancy and adulthood, like as education and salary. These elements are affected by 
economic, political and social variables at the societal level. In this sense, the model 
shows the degree in which infancy socioeconomic status will influence adulthood 
socioeconomic status. For example, the advancement of dental decay over the course 
of life follows different patterns directions, to be specific caries levels calculated at 
one age predicts dental caries levels al later ages.

In 2010, Sheiham and Sabbah [47] reported in their study that the presence of car-
ies in the infancy is a strongly precursor of caries in permanent dentition. Likewise, 
Hallet and O’Rourke [48] the incidence and severity of dental decay in the primary 
dentition is linked to the individual, together with socio-economic aspects just as 
income and maternal education.

However, this is not particularly surprising given the fact that the most significant 
outcome of enamel defects is a high susceptibility to dental decay. Seen from the chain 
of risk framework, smoking and low birth weight are an example that early stressors 
of life, lead to enamel defects, which are related to a higher risk to dental caries at later 
ages [49].

5. The relationship between oral health and general health

Caries and periodontal disease are thus more common than other chronic health 
conditions and increase in older age. Good oral health is an important aspect of 
general health and wellbeing contributing to self-esteem, dignity, social integration 
and nutrition.

5.1 Oral health and nutrition

Aging is a physiological process that affects in unique ways to each person. It is 
influenced by different factors such as social, economic, environmental conditions 
and lifestyle of the individual developed through the course of life. It represents a 
challenge for the professional due to the oral cavity is the first place of the body where 
the signs of the nutritional deficiencies are manifested clinically [50].

According to the WHO [51] malnutrition refers to “deficiencies, excesses or imbal-
ances in a person’s intake of energy and/or nutrients”. Who enlists some of the causes 
that lead to malnutrition in older adults. See Figure 2.

It is important to highlight the fact that polypharmacy, chronic diseases and 
aspects associated to mental health also affect the nutritional status, circumstances 
that are frequently present in older adults. Poor oral health conditions in this group 
are associated with discomfort, pain and a reduced appetite, which lead to an inap-
propriate selection of aliment, with a low or none nutritional content. There is a 
reduced intake of harder foods, fruits, proteins, vegetables, fiber, vitamins and min-
erals and a high intake of cholesterol and saturated fat, which alters the nutritional 
status [52].

Dental loss is related to the reduction of masticatory ability, affecting the maxi-
mal biting force and leading to problems in bolus formation. As the number of teeth 
present in mouth diminishes, the bolus size increases, generating a swallowing 
dysfunction. This decline can impact seriously in older adult’s health, resulting in 
of chronic disease like cardiovascular problems, diabetes, frailty, sarcopenia and 
an increased risk of malnutrition [53]. This last condition increases the risk of oral 
infections.
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5.2 Oral health and frailty

Frailty is defined as a state, highly prevalent in older adults, of diminished functional 
reserves that lead to an increased vulnerability to stressors and adverse health results. 
It includes falls, reduced strength, mortality, growing dependency, a reduced ability 
to recover from tension situations and increased health care usage [54]. When taking 
care for frail people is important to be aware of seemingly minor issues. Clegg et al. [55] 
declared “an apparently small insult (e.g. a new drug; “minor” infection; or “minor” sur-
gery) results in a dramatic and disproportionate change in health state: from indepen-
dent to dependent; mobile to immobile; postural stability to falling; lucid to delirious”.

As mentioned by Castrejón-Pérez et al. [56] the relation that lies between oral 
health and frailty is considerable and it comes from different pathways:

• nutritional, as dentition impact the nutritional status

• biological, through the relation with chronical inflammatory answer in the body

• psychological, by the impact of oral health on depression and self-esteem.

Hakeem et al. [54] study demonstrated that frailty index was associated with peri-
odontal disease and tooth loss in older adults. Poor nutritional status contributes to 

Figure 2. 
Oral health and nutrition risk factors enlisted by the WHO [51].
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the progression of many morbidities involved in the complex and multiple etiology of 
frailty. This low nutritional intake leads older adults to an increased risk of oxidative 
stress, malnutrition, inflammation and frailty. There is a strong association between 
oral health and frailty. This last condition affects the oral status through loss of func-
tions, which guide older adults to complications to take care of their oral hygiene and 
access to dental services [57].

6. Barriers to accessing dental care

The concept of vulnerability can be described as that subject who will not neces-
sarily experience damage, but who is in fact more susceptible since it has higher 
inequalities. This condition is specially associated with individual and community 
situations and contexts. Aging involves an augmented risk for the development of 
vulnerability, since it is a process of variations that influence on life and health condi-
tions of the individual [58].

Vulnerable groups commonly experience barriers to access oral health and are 
affected by oral diseases. The World Dental Federation [FDI] made a classification of 
this barriers [59]. See Table 2.

On a previous study, we found some different barriers that affect how older 
adults take care of their health. Lack of time, was reported as the main concern. 
Older adults sometimes have up to three jobs, because of their working record, since 
they do not count with a pension. Another example of lack of time is that some older 
adults (e.g. wife, mother) are caregivers of their partner or parents and therefore no 
time left for themselves. This is more rooted in women as part of the sociocultural 
inheritance and traditions; women are more tended to be a caregiver, which affects 
their social life and self-esteem, increasing stress factors and physical and mental 
fatigue.

On the other hand, education plays an important role too. Even knowing the con-
sequences of not having good habits, older adults let the time go by without receiving 
oral health attention and only assist to the dentist in case of an emergency and when 
the pain is unbearable [60].

Moreover, is important to identify that some subjects experience accumula-
tive challenges as they relate to simultaneous vulnerable groups. For example, an 
unemployed adult with physical disabilities living in a non-urban community, 
from a native group. In this way, more efforts are needed to facilitate access for this 
groups and specially be focused in address the complicated nature of the barriers 
meted [61].

Main causes Examples

Individuals 
themselves

Low income, lack of perceived need, psychological reasons such as fear and anxiety

Dental profession Lack of sensitivity or compassion to patient’s attitude, inappropriate work team 
resources, difficult location access

Society Lack of public support to healthy attitudes, low support for research and inadequate 
dental health work team planning

Table 2. 
Barriers for access on oral health services.
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7. Oral health and healthy aging

As mentioned by the WHO, healthy aging is described as “the process of fostering 
and maintaining the functional capacity that enables well-being in old age. Functional 
capacity consists of having the attributes that allow all people to be and do what is 
important to them” [62]. Oral health is an important element of healthy aging as the 
mouth influences the whole body through the course of life. A healthy mouth contrib-
utes to good nutrition, promotes a safer swallowing and prevents infections [63].

Poor oral health conditions could be inescapable in the aging process, but through 
prevention, patient care and education, these objectives can be achieved. Therefore, 
professional clinicians and researchers should work together to develop behavioral 
interventions for the promotion of dental health in family, community and health 
care settings [64].

A growing body of literature has analyzed that keeping a healthy natural dentition 
in old age has many benefits including the psychosocial, functional and structural 
point of view. Knowing this, the goals of mouth healthcare should be targeted to treat 
and prevent oral infection, promote oral health related to quality of life and give the 
resources to restore oral health function where necessary and guarantee an acceptable 
dental appearance [9].

8. Conclusions

Among the great challenges that humanity is facing, there is the aging population. 
Promoting healthy aging is a task of the whole society. Oral health is part of general 
health, and participates in a relevant way in the quality of life. Proper oral health 
promotion activities are essential to protect the oral health of the population.

Understanding the pathways through which social determinants and biological 
risk factors interact over the life course and shape oral health inequalities can help 
achieve healthy aging.

Oral health care for older people should begin with interprofessional education, 
and the exchange between different health care providers for older people should be 
expanded. The older person, and their family, should be included. Knowing the risks 
involved in oral diseases allows us to prevent them.
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Chapter 13

Oral Aspects and Dental 
Management of Special Needs 
Patient
Pinar Kiymet Karataban

Abstract

Individuals with special needs are the most underserved regarding healthcare needs 
in almost all populations. Special needs patients with intellectual disability have muscle 
coordination disorder, impaired oral motor function, drooling, weak muscles that cause 
chewing and swallowing problems. Also, soft diet consumption makes this population 
more prone to dental disease. They have more caries, missing teeth, orthodontic and 
periodontal problems. Besides more difficulties obtaining professional dental care than 
other segments of the population. Though many countries developed community-based 
systems to improve oral health for people with special needs, providing good oral health 
mainly depends on the effort of the families. Therefore the education of the caregiver 
about oral hygiene provision is also critical for the special needs patient to enjoy a 
lifetime of oral health the same as other members of the society.

Keywords: disability, dentistry for special needs patient, cerebral palsy, autism, down 
syndrome, intellectual disability

1. Introduction

According to the WHO World report on disability 2011, About 15% of the world’s 
population lives with some form of disability, of whom 2–4% experience significant 
difficulties in functioning. The global disability prevalence is higher than previous 
WHO estimates, which date from the 1970s and suggested a figure of around 10%. 
This global estimate for disability is on the rise due to population aging and the rapid 
spread of chronic diseases, as well as improvements in the methodologies used to 
measure disability.

Individuals with disabilities have generally poorer health, lower education, fewer 
economic opportunities, and higher rates of poverty than people without disabilities. 
This is mainly due to the obstacles they face in their daily lives and the lack of services 
available to them. Regarding oral health and access to dental care, the same obstacles 
are of concern. Oral health is mostly ignored, oral hygiene is neglected, and dental 
treatments are postponed after other health issues. As a result, individuals with spe-
cial needs present more dental caries, periodontal problems, orthodontic anomalies, 
and are more prone to dental diseases compared with the healthy population.
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2. Dental management of special needs patient

2.1 Cerebral palsy

Cerebral palsy is a non-progressive movement, posture, and tone disorder charac-
terized by the impairment of motor activities in the developing fetal or infant brain. 
Motor disorders are often accompanied by sensory, perception, communication, and 
behavioral disorders, epilepsy, and musculoskeletal problems [1]. In these patients, 
muscle weakness or paralysis, unbalanced and irregular gait, uncoordinated move-
ments, sudden seizures, mental retardation, emotional disorders, learning, speech 
communication disorders, and weakness of swallowing, and coughing reflexes are 
seen. Because brain development continues during the first 2 years of life, cerebral 
palsy may develop as a result of brain damage occurring in the prenatal, perinatal, or 
postnatal periods [2]. However, more than 80% of cases are due to problems in the 
prenatal period.

Etiologically, in the prenatal period; maternal diseases, trauma, genetics, drug 
use, bleeding, consanguineous marriage, radiation, in the natal period; premature/
late birth, birth trauma due to inappropriate position, low/high birth weight, cord 
entanglement, lack of oxygen, multiple pregnancies, difficult birth, birth trauma, in 
the postnatal period; febrile diseases, trauma, hyperbilirubinemia, hypoglycemia, 
seizure, and cerebral hemorrhage are risk factors for cerebral palsy [3].

2.1.1 Oral findings of patients with cerebral palsy

It has been reported that the rate of drooling in children with cerebral palsy is 
10–58% [4]. Although drooling is normal in infants and young children, it is con-
sidered pathological after 4 years of age. Most children with cerebral palsy, who 
are drooling, are unable to swallow normal saliva due to oral-motor dysfunction, 
although not much saliva is produced. Perioral eczema, infection, and dehydration 
occur as a result of drooling out of the mouth [5].

Bruxism, especially in the “Spastic” type, is commonly observed in individuals 
with cerebral palsy [6]. It has been reported that 36.9–51% of children with cerebral 
palsy have bruxism. In addition to bruxism, the presence of parafunctional habits 
such as pacifier-finger sucking, biting objects have also been detected [7].

Periodontal diseases occur more often in children with cerebral palsy due to physi-
cal inadequacies, malocclusions, poor oral hygiene, chewing, swallowing difficulties, 
and consumption of soft food with high carbohydrate content. Besides, the use of 
phenytoin for seizure control causes gingival hyperplasia [8].

Caries formation is observed at a high rate in children with cerebral palsy. The most 
important reason for this situation is poor oral hygiene. Other risk factors for caries 
formation are mouth breathing, the effect of drugs used, and enamel hypoplasia [8]. 
Differences in food form, increased duration of food consumption, difficult coopera-
tion, and structural defects in the teeth cause an increase in the prevalence of dental 
caries in children with cerebral palsy, and it has been reported that there are more 
extracted and untreated teeth compared with healthy children [9].

Malocclusions are observed two times more when compared with healthy indi-
viduals, and these patients have unilateral crossbite with excessive overbite and 
overjet. It has been reported that patients with cerebral palsy have a higher prevalence 
of malocclusion than healthy individuals, but the severity of malocclusion varies 
according to the degree of neurological disorder. In these individuals, musculoskeletal 
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anomalies, altered cranial base relationships, premature tooth eruption, mouth 
breathing, and inadequate lip closure, as well as increased overjet and overbite, can be 
observed [10, 11].

It has been reported that cerebral palsy is not an etiological factor for erosion, but 
an increase in erosion since gastro-esophageal reflux is frequently observed in these 
individuals [12]. It has been reported that in children with cerebral palsy accompanied 
by gastro-esophageal reflux, especially in the quadriplegia type, the risk of dental 
erosion is considerably increased and the incidence of oral diseases is quite high [13].

2.1.2 Oral hygiene challenges for individuals with cerebral palsy

Neuromuscular problems specific to cerebral palsy affect oral health in differ-
ent ways. Changes in the orofacial region cause nutritional problems as well as the 
development of parafunctional habits and difficulties in maintaining oral hygiene 
[14]. In addition, dyskinetic movements cause pathological oral reflexes such as sud-
den biting or nausea. Gastric reflux associated with a blended diet, often rich in sugar, 
further puts these patients’ oral health at risk. Neuromuscular problems also prevent 
the patient from brushing their teeth correctly [15]. Patients with cerebral palsy have 
difficulty in chewing and swallowing due to changes in tongue, cheek, and lip motil-
ity. In these patients, there is an imbalance in the oral microbiota, which favors the 
proliferation of acidogenic bacterial species, which initiate the caries process [15].

2.1.3 Dental management of patients with cerebral palsy

Treatment sessions should be kept brief for patients with cerebral palsy. Patients 
may need to be moved from a wheelchair to a dental chair. The patient should be 
placed in the middle of the dental chair with arms and legs as close to the body as 
possible. After the patient is placed properly in a dental chair, the patient should be 
checked whether he/she is comfortable and the position of the extremities is correct. 
To keep the airway open, the patient should be seated at a 45-degree angle, but not in 
the supine position. The dental chair should be moved slowly, and the light reflector 
should be turned on slowly to prevent spastic muscle movements and to eliminate the 
risk of seizure. Myorelaxant agents should be used when necessary.

During dental treatment procedures, it is crucial to balance the patient’s head at all 
stages. Various mouthguards should be used to control involuntary jaw movements and 
accidental bites. The airway should be controlled, and frequent breaks should be given 
to allow the patient to relax and breathe normally. To minimize the startle reflex, the 
patient should be warned at every stage. The use of stimuli such as sudden movements, 
sounds, and lights should be avoided. Efficient, fast treatment should be done, and 
chair time should be minimized to reduce muscle fatigue. In patients with more com-
plex situations, sedation or general anesthesia may be an option [15–17].

2.2 Down syndrome/trisomy 21

Down syndrome, defined by Down in 1866, is an autosomal anomaly associated 
with the trisomy of the 21st chromosome pair. Its incidence in the population is 1/800, 
and it is the most common chromosomal change. There is an extra 21st chromosome 
(trisomy) in 95% of cases. In some cases, there are 46 normal chromosomes, but 
the 21st chromosome has been replaced with another chromosome [18, 19]. Mosaic 
Down syndrome, on the other hand, is caused by the inability of chromosomes to 
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fully divide during cell division in the embryonic period. Some cells of the mosaic 
type have 47 chromosomes, while others have 46 chromosomes [19]. Individuals 
with Down syndrome represent learning difficulties, neuropsychiatric disorders, 
and behavioral problems as well as congenital cardiac anomalies, thyroid problems, 
seizures, visual and hearing disorders, early-onset dementia, and frequent infections. 
Also, some individuals with Down syndrome are hepatitis B carriers, and leukemia 
can be seen in patients with Down syndrome [20].

The only factor known to cause Down syndrome is the age of the mother during 
pregnancy, the risk increases in pregnancies over the age of 35. However, because 
young women, in general, have more babies, 75–80% of children with Down syn-
drome are babies of young mothers. There is no difference between country, national-
ity, or socioeconomic status [21].

2.2.1 Oral findings of patients with down syndrome

Craniofacial features of individuals with Down syndrome include brachycephaly, 
broad and short neck, maxillary hypoplasia, sloping palpebral fissures, short ears, 
midface hypoplasia, curved eyes, narrow, flat nose [22].

Palate: Compared with the mandible, the middle face of the patients shows less 
development. As a result, the palate has not completed its development in terms of 
length, height, and depth [23].

Lips and mouth opening: The corners of the lips are located below due to hypotonic 
muscles. Due to mouth breathing, a predisposition to angular cheilitis, chronic 
periodontitis, and respiratory infections develops [23].

Tongue: The tongue is fissured and hypotonic. Majority of the individuals with 
Down syndrome present macroglossia. With the abnormal pressure on the teeth due 
to macroglossia, traces of teeth in the form of a white round border can be observed 
on the tongue, either bilaterally or unilaterally. In addition, diastemas, tongue thrust-
ing, tongue sucking are also observed due to macroglossia [23].

Microdontia: Microdontia is observed in the primary and permanent dentition 
in 35–55% of children with Down syndrome. Clinical crowns are generally conical, 
short, and smaller in size [23].

Hypoplasia: Hypoplastic defects are usually the result of significant systemic 
disease or prolonged febrile illness [23].

Dental agenesis: Congenital tooth deficiency is 10 times more common in Down 
syndrome patients than in the healthy population. The transfer of genetic codes is 
held responsible for this situation. The most prevalent teeth agenesis is the third 
molar, second premolar, lateral incisors, and mandibular incisors, respectively. Boys 
are more affected than girls, the mandible is more affected than the maxilla, and the 
left side of the jaws is more affected than the right side [24].

Delayed tooth eruption: Tooth eruption is usually delayed in the primary dentition, 
especially in maxillary and mandibular anterior teeth and first molars [25].

Dental caries: The prevalence of caries in Down syndrome children is lower than in 
healthy children. Many factors such as delayed tooth eruption, congenitally missing 
teeth, high salivary pH and bicarbonate levels, and shallow fissures on the teeth play a 
role in the formation of this situation [26].

Periodontal problems: Diffuse gingivitis and rapid periodontal destruction are 
observed in children with Down syndrome compared with healthy children with 
similar plaque levels. The most common periodontal diseases are as follows: marginal 
gingivitis, acute necrotizing ulcerative gingivitis (ANUG), aggressive periodontitis, 
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gingival recession, horizontal and vertical bone loss, exposure of bifurcations, or 
trifurcations in molars, mobility and tooth loss especially in the incisor region of the 
mandible [27].

Occlusion: Occlusion and orthodontic problems such as Class III malocclusion, maloc-
clusions due to mouth breathing, bruxism, shifting of the maxillary midline, anterior 
open bite, Temporomandibular Joint (TMJ) dysfunction, hypotonic ligaments of the 
mandible, and developmental disorders of the maxilla are encountered in children with 
Down syndrome [28].

2.2.2 Oral hygiene challenges for individuals with down syndrome

Although individuals with Down syndrome have usually a cooperative personality, 
providing sufficient oral hygiene depends on the family’s knowledge and education 
level. Down syndrome children might also experience anxiety or fear of dental visits 
and parents are usually not aware of the dental problems of their children. Also, 
Down syndrome children using medical agents suffering from seizures experience 
dry mouth due to a decrease in the salivary flow rate, which may lead to xerostomia 
preparing a suitable environment for caries and periodontal problems [29, 30]. In 
addition, high levels of tooth wear are observed in these patients. This is mainly due to 
bruxism and the acidic oral environment (reflux and vomiting) [22].

2.2.3 Dental management of patients with down syndrome

The behavior management skills of the dental professional are the key factor in 
a child’s acceptance of dental treatment [19]. Before determining the right approach 
to the Down syndrome child, the dentist should consider the level of the mental, 
emotional, and social development of the child [31]. Most Down syndrome children 
are affectionate and cooperative for their dental treatment and can be treated easily 
with the tell-show-do technique [32].

When treating Down Syndrome children, the need for prophylaxis of subacute 
bacterial endocarditis and the patient’s compliance level should be considered [22]. 
During treatment, the gag reflex can be reduced by behavioral management tech-
niques, as comforting and distracting patients. It can also be reduced by intraoral 
massage and pharmacological or non-pharmacological interventions [33]. The recalls 
should be planned frequently, and preventive dental treatments should be included in 
the treatment plan. The education of caregivers is crucial for sufficient oral hygiene 
provision and follow-ups. Mild sedation may be used in children with moderate 
anxiety. Extremely resistant patients may require general anesthesia [17].

2.3 Autism spectrum disorder (ASD)

Autism was first described in 1943 by an American child psychiatrist, Leo Kanner. 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder, characterized by 
difficulties in communication, social relationships, and limited and repetitive behav-
iors [34, 35].

Individuals with ASD have characteristics such as stereotypical or repetitive motor 
behavior (flapping, rocking back and forth), repetitive use of objects (turning coins, 
putting objects in order), or making repetitive speeches. Many patients adhere to 
rigid routines in their lives and may have a more rigid thinking pattern. They react 
negatively to even minor changes or transitions [36].
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No specific etiology has been identified for ASD. However, studies indicate a com-
bination of genetical and environmental factors before and after birth, such as parental 
age, fetal environment (e.g., sex steroids, maternal infections/immune activation, 
obesity, diabetes, hypertension, or ultrasound examinations), perinatal and obstetric 
events (e.g., hypoxia), medication (valproate, selective serotonin reuptake inhibitors), 
smoking and alcohol use, nutrition (e.g., short inter-pregnancy intervals, e.g., vitamin 
D, iron, zinc, and copper), vaccination, and toxic exposures (air pollution, heavy met-
als, pesticides, organic pollutants) and low birth weight [37, 38].

2.3.1 Oral findings of patients with autism spectrum disorder

Bruxism: It has been reported that bruxism and dental wear due to bruxism are 
seen in one of every five children with ASD [39].

Xerostomia: One of the possible side effects of medications, such as central nervous 
system stimulants (methylphenidate), antihypertensives (clonidine), antidepressants 
(fluoxetine), anticonvulsants (carbamazepine and valproate), and antipsychotics 
(olanzapine and risperidone), which are often prescribed for the symptomatical relief 
of autism is xerostomia [40].

Delayed tooth eruption: Phenytoin is commonly prescribed for people with ASD. 
The tooth eruption may be delayed due to phenytoin-induced gingival hyperplasia.

Self-injury: ASD children may present self-injurious behavior and damaging oral 
habits such as picking at the gingiva or biting the lips; and pica—eating objects and 
substances such as gravel, cigarette butts, or pens. Self-injury to oral tissues results in 
ulcers, periodontitis, gingivitis, and self-extraction [41].

In addition, problems such as tongue thrusting, erosion, hyperactive gag reflex, 
and some malocclusions such as anterior open bite and maxillary retrognathia were 
also reported in these individuals [42, 43].

2.3.2 Oral hygiene challenges for individuals with autism spectrum disorder

Clinical conditions that ASD children present, such as sensorimotor and attention 
deficits, anxiety and related emotion regulation, comprehensive difficulties, and gen-
eral speech disorders, create various difficulties for families, educators, and dentists in 
the provision of oral health care of these children [44]. Besides, parents face difficulties 
in brushing the teeth of the ASD children due to the sensory sensitivities of their chil-
dren and the unpredictable or aggressive behavior that may require physical restraints.

In the literature, the caries experience of ASD individuals is controversial. 
Research reports state that ASD children are more prone to dental caries due to the 
consumption of sugar-containing food [45–47]. Besides, insufficient chewing and 
prolonged time of food staying in the mouth also increase caries formation [48]. The 
fact that autistic individuals are more difficult to accept oral and dental health care 
than healthy individuals and that their hand skills are not sufficiently developed and 
that they cannot perform adequate and effective tooth brushing is also effective in the 
formation of caries [49].

2.3.3 Dental management of patients with autism spectrum disorder

The impaired behavioral activities and complicated medical conditions make 
the dental management of patients with ASD challenges. Children with ASD have 
remarkable difficulties in establishing relationships with other people, understanding 
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and the following information, and dentists may be insufficient in providing coopera-
tion during the dental treatment process [40]. Furthermore, the invasive nature of 
dental treatment procedures along with the hypersensitivity of children with ASD to 
sensory stimulation (sound, touch, and light) may trigger undesired responses during 
dental treatment.

In the dental treatment of autistic individuals, many basic behavior management 
techniques such as tell-show-do, desensitization, and voice control behavior manage-
ment can be successfully applied [50].

The dental treatment sessions of autistic individuals should be kept short and the 
sensory stimulation should be minimized. However, it has been reported that in many 
cases it may be necessary to use advanced behavior management techniques including 
sedation and general anesthesia [51, 52]. Also, a dental office filled with unpleasant 
smells, sounds, and colors can be an overstimulating environment for patients with 
autism [53].

To minimize anxiety and uncooperative behavior pattern, soothing light, rhythmic 
music with or without headphones, and having minimal visual stimuli on the walls 
should be considered. It may also be beneficial to improve cooperation by having the 
same dental professional in the same operating room at all sessions [54].

If traumatic ulcers or lesions are observed on oral mucosa or gingiva, a mouth 
guard may be prescribed for patients who have problems with self-injurious behavior 
or bruxism.

2.4 Intellectual disability

The term intellectual disability (ID) is generally used to describe mental retar-
dation. The most widely used current definition of disability is the World Health 
Organization’s (WHO) International Classification of Functioning, Disability and 
Health (ICF), which incorporates the complex interactions between health condi-
tions, environmental factors, and personal factors. Regarding a person with an ID, 
this definition would consider how their factors, health condition, and environment 
affect their lives (WHO 2001). Three elements are common for people with ID:

1. Significant impairment of intelligence,

2. A resultant significant reduction in adaptive behavior/social functioning and

3. The development of the condition (which persists throughout life) before the age 
of 18 years.

Mental retardation is a developmental disorder that occurs before the age of 18. In 
addition to having significant retardation in normal functions, there is an inadequacy 
in the adaptive skills necessary to maintain daily life. Adaptive skills cover skill areas 
such as self-care skills such as feeding, dressing, bathing, home life skills such as 
housekeeping, speaking and understanding language, as well as communication 
skills, social skills, social usefulness, and professional skills [55].

Intellectual disability may be caused by a problem that starts any time before a 
child turns 18 years old—even before birth. It can be caused by injury, disease, or 
a problem in the brain. For many children, the cause of their intellectual disability 
is not known. Some of the most common known causes of intellectual disabil-
ity—such as Down syndrome, fetal alcohol syndrome, fragile X syndrome, genetic 
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conditions, birth defects, and infections—occur before birth. Others occur during 
or soon after birth. Besides, other reasons for intellectual disability do not occur 
until a child is older; these include serious head injury, stroke, or certain infec-
tions [56].

2.4.1 Oral findings of patients with intellectual disability

Patients with intellectual disability associated with a syndrome may present typi-
cal facial appearance; e.g., in these individuals, the tongue is placed in a protruding 
position due to macroglossia with micrognathia. Malocclusion, enamel defects, short 
conical roots, delayed eruption of teeth, congenital tooth agenesis, and tooth malfor-
mation are other common intraoral findings [57]. Due to certain genetic conditions 
or a history of high fever, children with disabilities may have their enamel defects or 
malformation and thus be more prone to dental caries.

These individuals also have inadequate lip closure, impaired tongue movement, and 
destabilization of the chewing muscles [55]. Salivary flow rate alterations due to the use 
of multiple medications along with poor oral hygiene may increase dental plaque and 
calculus formation, which may lead to dental and periodontal disease and halitosis.

Due to early loss of teeth, speech disorders may also be observed in these individu-
als [58]. Individuals with intellectual disabilities often consume a cariogenic and soft 
diet. Besides, individuals consuming daily medicine in the form of syrup constantly 
have a high risk of caries due to the high sugar content.

It has been shown that individuals with MR (mental retardation) aged 4–18 pres-
ent significantly higher mean DMFT and dental erosion scores than healthy individu-
als [59].

2.4.2 Oral hygiene challenges for individuals with intellectual disability

Individuals with severe intellectual disability present impaired oral motor func-
tions and weakened muscles, which cause chewing and swallowing problems. These 
patients often consume a soft diet including puree or semi-solid foods. In addition, 
individuals with an intellectual disability usually need the help of their caregivers to 
consume liquids and do not benefit enough from the washing and cleansing effect of 
liquids because they consume less liquid than healthy individuals. Oral hygiene proce-
dures such as tooth brushing, which require manual dexterity, may not be performed 
adequately due to varying degrees of motor dysfunction as well as cognitive deficien-
cies in mentally retarded individuals [55].

2.4.3 Dental management of patients with intellectual disability

Medical history is quite essential to assess the degree and type of ID and associated 
medical problems [60]. Complete information should be obtained from the parents/
caregivers about the medical background, the medicine consumption, the level of 
communication of the child, the daily functions she/he can perform individually, and 
if there are behavior problems at home/institution [61].

It may be helpful to familiarize patients and/or caregivers with the clinical environ-
ment without any treatment at the first appointment. Dental office and instruments 
should be introduced patiently, and the tell-show-do method may be also introduced.

In the next session, the dental instruments that may cause anxiety are introduced, 
and then treatment may start. It is essential to keep the sessions short. The treatment 
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session should begin with the easy-to-tolerate procedures and no pain stimulus should 
be created during the first procedure.

Behavior management with positive direction and distraction with movies or 
music may be applied. Perception difficulties are observed in patients with MR. 
In these patients, directions and explanations should be short and simple and the 
instructions should be repeated. General anesthesia or sedation should be considered 
in patients who do not comply and cannot cooperate [55].

2.5 Physical disability

2.5.1 Hearing loss/(deaf)-visional disorder/(blindness)

Visual impairment was defined as visual acuity less than 20/40 in the better eye. 
Hearing impairment was defined as the pure-tone average air-conduction hearing 
threshold worse than 25-dB hearing level (dB HL) in the better ear, averaged over four 
frequencies: 500, 1000, 2000, and 4000 Hz. [62] Hearing loss can be mild, moderate, 
moderate, severe, or profound and can affect one or both ears.

Major causes of hearing loss include congenital or early-onset childhood hearing 
loss due to various chronic middle ear infections, noise-induced hearing loss, age-
related hearing loss, and ototoxic drugs that damage the inner ear [62]. Hereditary 
hearing loss can be conductive, sensorineural, or mixed and is sometimes the result of 
a genetic trait passed down from a parent.

Children with hearing loss experience social isolation, loneliness, and frustration, 
and delayed language development due to the loss of ability to communicate with 
others [62].

Visual impairment is usually defined as a best-corrected visual acuity worse than 
20/40 or 20/60 [63]. Visual impairment, or vision loss, is a degree of reduced vision 
that causes problems that cannot be corrected by general methods, such as with 
glasses [64]. The term blindness is used for complete or near-complete loss of vision. 
Physical injury risks such as falling, hitting, and traumatic injuries are reported higher 
in visually impaired children. Besides, their conceptual development and cogni-
tive skills may be delayed, and they have challenges especially in skills that require 
abstract thinking [65].

The most common causes of visual impairment are globally uncorrected refractive 
error (43%), cataracts (33%), and glaucoma (2%). Refractive errors include myopia, 
hypermetropia, presbyopia, and astigmatism. Cataracts are the most common cause 
of blindness [66]. Other disorders that may cause visual problems include age-related 
macular degeneration, diabetic retinopathy, corneal clouding, childhood blindness, 
and several infections [67]. Visual impairment can also be caused by problems in the 
brain due to stroke, premature birth, or trauma, among others [68].

2.5.2 Oral findings of patients with hearing loss, visual impairment

Visual impairment may have a negative impact on an individual’s oral hygiene. As 
a result of the inability to remove the microbial dental plaque appropriately, visually 
impaired individuals experience more dental caries, calculus, and gingivitis compared 
with healthy individuals [69]. Reluctance to consume solid foods due to prolonged 
infantile swallowing patterns and poor oral hygiene may be the main reason for the 
oral health problems. Besides, enamel hypomineralization has been identified as a 
possible oral manifestation in visually impaired children.
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Visually impaired children are more prone to traumatic dental injuries, especially 
in the anterior teeth is also a predisposing factor. Visually impaired people generally 
require a high level of orthodontic treatment due to the increasing prevalence and 
severity of malocclusions [70].

Hard tissue anomalies such as enamel hypoplasia and higher rates of demineraliza-
tion in the teeth are seen in patients with hearing impairment. Also, a high incidence 
of bruxism is one of the problems that occur especially when the individual has both 
hearing loss and visual impairment [71].

Due to the difficulties of providing oral hygiene, diet type, and problems of acces-
sibility to the routine dental check-ups, dental caries are quite often seen in patients 
with hearing impairment [72]. The prevalence of gingivitis is also higher in these 
individuals due to poor oral hygiene and mouth breathing, and they are more prone to 
develop periodontitis early in life [73, 74].

2.5.3 Oral hygiene challenges for individuals with hearing loss, visual impairment

Visually impaired individuals experience difficulties maintaining oral hygiene 
since they cannot visualize plaque on the tooth surface and adequately assess whether 
dental plaque is removed effectively. This leads to the progression of dental caries and 
also to oral inflammatory diseases [74].

Compared with healthy children, individuals with hearing impairment may have 
a higher risk of experiencing oral diseases, including dental caries or periodontal 
disease, as they have difficulties maintaining good oral hygiene [75].

2.5.4 Dental management of patients with hearing loss, visual impairment

Individuals with hearing impairment should be informed about the procedures to 
be performed at the first appointment, and an individual method should be devel-
oped for the communication during treatment sessions.

The degree of hearing loss should be noted in the patient’s medical history. In the 
first appointment, it is necessary to avoid exaggerated facial movements and mimics 
when communicating with the patient, not to cause difficulty to read lips. Comforting 
the child patient and increasing the sense of trust by smiling will help to establish 
confidence and healthy communication with the dental professional.

Before starting the dental treatment session, the instruments should be introduced 
using the show-tell-do method. If the hearing-impaired patient feels that she/he is 
unable to understand directions, she/he may show fear or aggression. For this reason, 
communication should be facilitated by reducing external sounds such as high-speed 
air turbines, dental aspirator, and radio or TV as much as possible. Mirrors, models, 
pictures, and written information should be used to establish communication [71].

In visually impaired individuals, treatment should be explained using the senses 
of touch, taste, and smell instead of the tell-show-do technique. The environment 
should be introduced, and necessary definitions should be made before each treat-
ment. The dental professional should speak to the patient in a clear, warm tone of 
voice and should use a descriptive manner to explain the procedures. Also, patients 
should be informed about how the equipment may feel and sound and how the proce-
dures will be performed before the instruments are inserted into the mouth.

The dental restorative materials should be placed in small pieces as the sharp taste 
may irritate the patient. Since such patients cannot see and remove dental plaque, 
tooth brushing should be explained by the dentist by holding the brush together with 
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the patient. Oral hygiene education and motivation should be given by the doctor to 
whom he is accustomed to the treatment of the patient [70, 75].

3. Conclusions

Special healthcare need patients are literally special patients who need special 
attention by means of healthcare provision including dental care. The major chal-
lenges they have with their overall health may create barriers to access to proper oral 
healthcare. Oral healthcare for this special group is often neglected or down the list, 
and as a result, they often attend to dental clinics with emergency.

Individuals with special needs are the most underserved regarding healthcare 
needs in almost all populations. Due to the challenges of nutrition and insufficient 
oral hygiene provision, this population is usually more prone to dental caries, 
periodontal disease, and orthodontic problems. Besides, they face more difficulties 
accessing professional dental care than other segments of the population.

The field of special care dentistry is attracting more interest of pediatric dentists 
and general dental practitioners. The inclusion of the specialty programs in the 
dentistry faculty curriculum may initiate the ideal treatment procedures and regular 
recalls of these special patients, which may facilitate the access to sufficient dental 
care provision and regular check-ups for this special group.

Though many countries developed community-based systems to improve oral 
health for people with special needs, providing good oral health mainly depends on 
the effort of the families. Therefore the education of the caregiver about oral hygiene 
provision is also critical for the special needs patient to enjoy a lifetime of oral health 
the same as other members of the society.
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Abstract

To improve the efficiency of the dental care service system in Thailand. To 
 synthesize content from Khon Kaen University (KKU) staffs and students’ research 
and presentations from 1984 to 2020 about oral health hygiene and related diseases. 
Sixteen publications and presentations by KKU staffs and their students about oral 
health problems and management were retrieved, reviewed and analyzed. Poor oral 
health of people in the northeast of Thailand is found in every age group: children, 
adults and the aging, both male and female. There are still many oral health problems 
of Thai people in the northeast. KKU Field Works, Projects and Research were able 
to help reduce these oral health problems. An appropriate preventive oral health 
program needs to be developed and implemented in Northeastern Thailand.

Keywords: Oral health problems, Oral health management, Khon Kaen University, 
Dental care service

1. Introduction

Khon Kaen University (KKU), Thailand has carried out field work to improve the 
health, including oral health of the population in the northeast of Thailand and other 
rural areas. KKU has an important mission to produce graduates with essential knowl-
edge, skills and attitudes to be able to help in national development, especially in the 
northeast of Thailand, and has been actively pursuing this duty and responsibility 
since 1984.

The KKU field practice course began in 1984 for health sciences students in KKU 
and the College of Asian Scholars. These students will have direct experience in solv-
ing problems in rural areas under the supervision of our staffs in related fields. They 
gain the experiences of working together with other students for sustainable health 
development.



Oral Health Care - An Important Issue of the Modern Society

240

2. Objective

The objective of this study was to synthesize knowledge about oral health hygiene 
and related diseases from KKU staffs and their students’ projects and research presen-
tations during 1984 to 2020.

3. Methodologies

The populations were 16 publications and presentations by KKU staffs and 
their students during 1984 to 2020 (Tables 1 and 2). The researches reviewed was 
approved by the Ethics Committee for Human Research at Khon Kaen University, 
Thailand [HE522167, HE532173, HE571074, HE591188, HE591199, and HE621269]. 
Most of the research was secondary data. Those who volunteered had signed a 
consent form.

Data and results about oral health problems and management were retrieved from 
16 paper publications and presentations by KKU staffs and their students during 1984 
to 2020 (Tables 1 and 2).

Study 
No.

Title Ref. Study Design Age Group 
(year old)

Sample size 
(Sex) (Data 
from)

Findings Year of 
pubn.

1[N.] Betel Quid 
Chewing and 
Oral Health of 
Women

[1] Descriptive 
Study and 
Analytical 
Study

31–86 
women

2,253 F
Data from
(1992–1994)

Betel Quid 
Chewing 
associated with 
Periodontitis, 
Tooth Loss and 
Aging

2007

2 [I.] ECO and 
Smoking 
Status

[2] Cross-
Sectional 
Study and 
Analytical 
Study,

15–70
smokers

420
Adults

ECO for Older 
=7 ppm, ECO For 
Younger = 8 ppm

2008

3 [I.] ECO an Oral 
Health Status 
in Smokers 
active and 
passive 
smokers

[3] Cross-sectional 
Analytical 
Study

30–72
workers

296 Adults
(Data from 
2007)

No Relationship 
between ECO and 
smoking

2011

4 [I.] Periodontitis, 
ECO Level 
and Oral 
Health

[4] Cross-sectional 
Analytical 
Study

30–89 rural
33–86 rural

625 (M) 
(1990–1991)
1,218 (M) 
(1992–1994)
Adults

Tobacco smoking 
as a risk indicator 
for Periodontitis

2009

5 [I.] Tooth Loss 
due to Dental 
Carries

[5] In-depth 
Interview and 
Cross-sectional 
Analytical 
Study

19–53
workers

457 Adults [283 
(M),174 (F)]
11 for in-depth 
interview

Causes from Lack 
of Knowledge & 
Time, Negative 
Attitudes, 
Inability to 
support cost of 
dental treatment

2012
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Study 
No.

Title Ref. Study Design Age Group 
(year old)

Sample size 
(Sex) (Data 
from)

Findings Year of 
pubn.

6 [I.] Dental and 
Jaw Injuries

[6] Descriptive 
and Analytical 
Study

Thai boxing 
rural, urban

260 (M)
(2009–2010)

Muay Thai boxing 
lead to dental & 
jaw injuries

2016

7 [I.] Factors 
related to 
Tooth Loss

[7] Descriptive 
Study and 
Analytical 
Study

19–25
urban

1,500 Adults
[621 M,879F]
(data from 
2014)

62.2% had Tooth 
Loss, 60.0% 
Tooth Loss caused 
by Dental Carries

2017

8 [I.] ECO and Age [8] Descriptive 
Study
Analytical 
Study and 
ECO Level 
measured

16–70 
workers

875 volunteers 
[584Non 
Smokers, 
291Smokers]
(data from 
2009)

Smokers: 
Mean ECO 
Level = 11.24 ppm 
Non Smokers: 
Mean ECO
Level = 2.25 ppm 
Optimal ECO 
Cut-Off Level 
varied by age

2017

9 [I.] Smoking 
status and 
best ECO cut-
off level and 
oral health 
conditions

[9] Descriptive 
Study, 
Analytical 
Study, 
ECO Level 
Measured

19–53
workers

455
workers
(data from 
2009 to 2010)

Direct association 
between ECO 
Level > = 4 ppm
and Periodontitis

2018

I, index journal; N, non-index journal; P, poster presentation; lr, literature review; Rw, research waiting for 
publication.

Table 1. 
Summary of Oral health problems related to diseases from KKU staff and their students’ publications and 
presentations during 1984–2020.

Study 
No.

Title Ref. Study Design Age Group 
(years old)

Sample 
size (Sex)
(Data 
from)

Findings Year of 
pubn.

10 [R] Dental Clinic at 
PCU Samliaum of 
Srinagarind Hospital

[10] In-depth 
Interviews and 
Descriptive 
Study

Age above 18 400 Adults Most of 
villagers need 
to have a dental 
care clinic at 
PCU Samliaum 
of Srinagarind 
Hospital and 
were able to 
pay dental care 
treatment at 
1,000 Baht on 
each visit.

2011

11 [I.] Dental care services 
at industrial estates

[11] Analytical 
Study

Age 19–25 1,500 
Workers 
from 16 
Factories
[621 M, 
879F]

Only 36.1% 
used Dental 
care services 
while 63.9% 
could not in 
previous year

2015
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Study 
No.

Title Ref. Study Design Age Group 
(years old)

Sample 
size (Sex)
(Data 
from)

Findings Year of 
pubn.

12 [I.] Health 
Consciousness to be 
Young Dentist

[12] Descriptive 
Study

Students 
Grade11 from 
two Schools in 
Kalasin Provn.

660 
Students 
(During 
2010)

320 were Peer 
leaders.
The peer 
leader scores 
were higher 
than Non-peer 
leaders in all 
domain.

2013

13 [I.] Youth Participation 
Towards health 
promotion

[13] Mixed Methods
1. Situations 

Analysis
2. Model 

Synthesis
3. Model 

Effectiveness

Students 
Grade 9–11

1,192 
Samples for
Analytical 
Study
35 Subjects 
for In-depth 
Interview

103 of them 
were Peer 
volunteers.
The CHANYA 
Model was 
supporting 
youth 
participation 
towards 
oral health 
promotion

2017

14 [P] Poster Presentation: 
“Maelong Volunteer 
for Long Term Care”

[14] Trained 
the Health 
Volunteers and 
Evaluated of 
their KAP

Health 
Volunteers at 
Maelong
Village

28 Health 
Voluntrs. 
[1 (M), 27 
(F)]

Increase 
awareness 
of “Long 
Term Care” 
Gain more 
knowledge
Need repeat 
training every 
year

2018

15 [Ir] Masticatory 
Function and related 
effects

[15, 16] Literature 
Reviews

Paper 
publishing 
and
Textbooks

36 Papers 
and
Textbooks

One paper 
[16] presented 
that 83% of 
dentures were 
still in use after 
5 years, Only 
50% were still 
in use after10 
years

2020

16 
[Rw]

Chronic Gingival 
Inflammation 
leads to Esophageal 
Cancer

[17] Analytical 
Study

105 EC
105 Control

Case 
[M = 60%, 
F = 40%], 
Control
[M = 47%, 
F = 53%]
(2007–2017)

Campylobacter 
infection, 
tobacco 
smoking and 
poor oral health 
were associated 
with esophageal 
cancer in 
Northeastern, 
Thailand

2020

I, index journal; N, non-index journal; P, poster presentation’; lr, literature review; Rw, research waiting for 
publication.

Table 2. 
Summary of Oral health care management by KKU staff and their students during 1984–2020.
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To synthesize oral health problems and related diseases, included in the programs 
of health prevention and promotion from the 16 publications and presentations by 
KKU staffs and their students, we use two diagrams as follows:

Figure 1. 
Oral health problems: Causes and effects leading to related diseases.

Figure 2. 
Procedure for the KKU preventive program for rural dental health care management of people in the Northeast of 
Thailand.
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1. Oral health problems: Causes and Effects leading to related diseases (Figure 1).

2. Procedure for the KKU preventive program for rural dental health care manage-
ment of people in the Northeast of Thailand (Figure 2).

4. Results

In thirty-seven years of KKU field practice and research, it has been found that 
most students and staff had a good attitude towards practice in the community with 
other students and staff from various faculties. Each year, more than six hundred stu-
dents and sixty staff participate in KKU field work. They provide oral health care and 
other health promotion work to the people in villages, and follow- up the work with 
those villagers after five years. Reports of follow-up studies have indicated that people 
in those communities have better health awareness, and the community leaders have 
discussed with KKU staff about other projects to implement in their community in 
later years. The KKU field practice has achieved its aim in equipping students with 
essential competency in sustainable health development for rural communities, while 
lessons learned had been discussed and distributed widely to the public [18–23].

Besides KKU field practice, the Department of Community Medicine, KKU has 
performed much more researches to develop the health status of the people in villages. 
Maternal and Child Health research studied children below 5 years and their mothers 
in two villages (Ban Had and Ban Nongtao) of Khon Kaen province [24].

Another two “excellence” projects have involved KKU staff which were 1) The 
Green Esarn Project which studied KAP of villagers in BanSum village, Mahachanachai 
district, Yasothorn province about oral health related to their environment [25], and 
2) The Rural School Health Development Project: The School of the Royal Initiative of 
Her Royal Princess Mahachakri Sirindhorn studied KAP of villagers and dental treat-
ment of the students in Nong Song Hong School, Khon Kaen province [26].

The results of these various studies show that poor oral health hygiene, smoking 
habits, betel quid chewing, and Muay Thai kickboxing of the Thai population still lead 
to many problems in all age groups (children, adults, workers, smokers, women who 
chew betel quids, Muay Thai kickboxing athletes, and the aging), both male and female. 
The studies indicates that bad oral hygiene leads to diseases such as oral health problems, 
exhaled carbon monoxide (ECO) levels, dental carries, tooth loss, and chronic gingival 
inflammation leading to esophageal cancer, and insufficient dental treatment (Figure 1).

The KKU Projects and other related projects show that after the projects had been 
performed by KKU staffs and their students from 1984 to 2020, the villagers had more 
awareness of their oral hygiene than in the previous year.

From Figure 1, we see that oral health problems: have 4 included variables; sport, 
knowledge, attitudes, and behaviors as follows:

1. Sport:

It was seen that 23.5% of 260 Thai boxing athletes had dental and jaw injuries. The 
popularity of this sport is still increasing in Thailand [6].

2. Knowledge:

In particular, people lacked knowledge of dental care and lacked health education. 
The results showed that 63.9% of 1,500 workers did not use dental care services 
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during the previous year, mostly because they had no time to see the dentist and 
were unable to pay the cost of dental treatment [11].

3. Attitudes:

It was found that 62.2% of 457 adults had tooth loss due to dental carries. From 
in-depth interview of 11 subjects, this was caused by 1) Lack of time to visit the 
dentist, 2) Negative attitude towards dental treatment, and 3) Inability to support 
the cost of dental treatment [7].

4. Behaviors:

Betel Quid Chewing:

It was found that most aging women in Thailand chew betel quid during the day. 
The results from 2,253 women, aged 31–86 years old showed that there was an as-
sociation between betel quid chewing and periodontitis, and also tooth loss [1].

Incorrect Brushing Technique:

It was found in Nong Song Hong School that 75% of 67 students had oral health 
problem such as toothache and 58.5% of them were absent from class because of 
toothache, 17.9% had dental carries, but none of them had tooth loss [26].

Smoking:

Findings from multivariable logistic regression showed that tobacco smoking was a 
risk indicator for periodontitis from 1,218 males, aged 33–86 years residing in rural 
areas of Khon Kaen Province during 1990–1991 [4].

Chronic Gingival Inflammation leading to Esophageal Cancer Findings of multi-
variable logistic regression indicated that Campylobacter infection, tobacco smok-
ing, and poor oral health were associated with esophageal cancer in people in the 
northeast of Thailand [17].

5. Discussions

Dental Carries is believed to be a rapidly increasing oral health problem in 
developing countries. KKU Studies of tooth loss due to dental carries [5], factors 
related to tooth loss [7], dental care services at PCU [10], and dental care services at 
industrial estates [11] were similar to the study of Ahlberg et al. [27], which sug-
gests that there should be dental services in industrial estates in order to prevent 
dental carries and its sequelae. Our finding suggest that utilization of dental care 
services varies by person, place, and time. It can be categorized into two factors e.g. 
economic factors and non-economics factors. The economic factors indicated the 
ability to pay for dental care treatment. Non-economic factors present awareness 
of oral health problems. People who use dental care services regularly will not have 
tooth decay.

Findings of KKU studies of ECO and smoking status [2], ECO and oral health 
status in active and passive smokers [3], ECO and age [8], and smoking status and 
best ECO cut-off level and oral conditions [9] were similar to prior studies [28, 29], 
which supports that the level of carbon monoxide in the exhaled breath might be used 
as an indicator of smoking status.
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Findings of periodontitis associated with tobacco smoking [4] were similar to 
prior studies [30, 31], which found that tobacco smoking was related to periodon-
titis. Our findings from both data sets suggest that tobacco smoking is directly 
associated with periodontitis, and thus enhances the possibility of increased tooth 
extraction.

Results of KKU studies about betel quid chewing and oral health problems [1] 
were similar to Mehta et al. [32], which found the relationship of betel leaf chewing 
and periodontal disease. Our findings indicated that although betel quid chewing may 
reduce dental caries, betel quid chewing is a risk indicator of periodontitis enhancing 
the risk of increasing tooth loss.

KKU reports of dental and jaw injuries [6] were similar to the prior studies 
[33, 34], which have reported occurrences of injuries to the body as well as to oral 
cavity and jaw. We found that the location of boxing camps in the upper northeast of 
Thailand as well as boxing camps in rural area were directly related to dental trauma 
and injuries among these Thai boxing athletes.

6. Conclusions

The results from those projects and research indicate that these projects were suc-
cessful because of the co-operation from the leaders of the schools, the leaders of the 
communities, health care providers in their districts, health volunteers in the villages, 
awareness of the students and the villagers, follow-up studies by KKU staffs and their 
students at least twice, one-year follow-up for evaluation of the outcome of villagers’ 
health and oral health, as well as a five-year follow-up to evaluate the sustainability 
of the development under the supervision and funding support from the director 
of Khon Kaen University and all Faculties related in KKU and the College of Asian 
Scholars.

From the KKU projects and research above it was seen that Thai people faced oral 
hygiene and oral health problems. The KKU field practice course is useful to reduce 
this problem. There should be a policy of protection programs for Muay Thai athletes 
by the Muay Thai Committees. There should be a dental clinic provided near com-
munities which can give them oral health education programs. Services and welfare 
for dental treatment should be provided, or there should be a dental clinic in the 
workplace eg. on an Industrial Estate. Preventive programs should be established to 
stop people chewing betel quids.

KKU field works, projects and research by KKU staffs and their students were 
able to assist the public and the related organizations that have the duty to deal with 
these problems. Some of them are effective in reducing oral health problems of stu-
dents and villagers eg. PCU Samliaum of Srinagarind Hospital, Khon Kaen province, 
Nong Song Hong School, Khon Kaen province, and Ban Sum village, Yasothorn 
province.
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Chapter 15

Management and Prevention 
Strategies for Treating Dentine 
Hypersensitivity
David G. Gillam

Abstract

The clinician faces numerous challenges when confronted with patients 
 complaining of oro-facial pain, which can involve both dental and non-dental causes. 
Perhaps one of the most enigmatic clinical conditions that a clinician may encounter 
is that of dentine hypersensitivity (DH), dentine sensitivity (DS) or root sensitivity 
(RS), which is both problematic to identify and difficult to treat and may have a major 
effect on the patient’s quality of life (QoL). Ideally, the clinician needs to prevent or 
minimize these effects to reduce any unnecessary discomfort for the patient and this 
may be accomplished through preventive strategies, the provision of the required 
information about the procedures both pre- and post-treatments as well as reassuring 
the patient in the event of any subsequent discomfort. Furthermore, it is important 
for the clinician to be able to correctly diagnose the exact cause of the patient’s 
discomfort and have the confidence to successfully manage the problem. This chapter 
aims to cover the relevant aspects for both diagnosing and managing DH with an 
emphasis on adopting a preventive strategy that will attempt to minimize or eliminate 
the problem, thereby enabling the patient to have an improved quality of life.

Keywords: dentine hypersensitivity, management, in-office (professionally applied), 
over-the-counter (OTC) (at home), prevention strategies, quality of life (QoL)

1. Introduction

According to Gillam [1], one of the challenges facing the clinician when  examining 
a patient complaining of different types of dental pain is that the patient may be 
suffering from both physical or emotional discomfort. This may be very traumatic 
to them in terms of being unable to cope, resulting in the loss of sleep and work as 
well as in an economic cost to the health care provider [2–4]. This in turn may pres-
ent difficulties for the clinician in determining a correct diagnosis of the cause of the 
patient’s pain. The importance of differentiating these different types of oro-facial 
pain based on the patient’s presenting clinical features and a thorough medical 
and dental history is a key to the successful management of the patient’s pain [1]. 
Furthermore, it should be recognized that pain is subjective in nature and is pertinent 
to the individual’s own perception of pain, which may also be influenced by several 
factors such as a previous history of pain, anticipation, or fear of the proposed dental 
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treatment. Although dentine hypersensitivity (DH) may not be as severe as some 
of the other oro-facial conditions, it is a relatively common condition, which has an 
impact on the individual patient’s well-being and quality of life (QoL) [5]. There have 
been concerns regarding the awareness and confidence of clinicians to diagnose and 
successfully manage DH [1, 6, 7]. To address these concerns, several management and 
preventive strategies have been suggested to provide practical guidelines for clinicians 
[6, 8–10]. These guidelines include identifying the cause of the patient’s presenting 
problem based on a good medical and dental history with a thorough clinical exami-
nation using the appropriate diagnostic tests when distinguishing DH from other 
forms of oro-facial pain. Recommendations for the management of DH also included 
the importance of removing the aetiological and pre-disposing features to prevent 
further episodes of pain associated with DH to alleviate the impact on the patient’s 
QoL. The use and/or recommendations of the appropriate in-office (professionally 
applied) or over the counter (OTC; at-home) products and/or techniques depending 
on the severity of the problem should also be included in the clinician’s management 
strategy. The importance of a management plan that includes both a preventive 
strategy to reduce further damage to both the hard and soft tissues of the mouth, and 
with a monitoring component within the plan cannot be overstated [10]. This chap-
ter, therefore, covers the relevant aspects for diagnosing and managing DH with an 
emphasis on adopting a preventive strategy that will attempt to minimize or eliminate 
the problem, thereby enabling the patient to have an improved QoL.

2. Prevalence and awareness of dentine hypersensitivity

2.1 Prevalence of dentine hypersensitivity

The published prevalence figures for dentine hypersensitivity range from approxi-
mately 1% to over 70% depending on how the figures are collected. For example, data 
from questionnaire studies report a higher prevalence of the condition, whereas data 
from clinical studies that examine the patient provide lower prevalence figures. The 
information from these types of studies may also depend on the location (university 
or hospital clinics, general dental practice, or specialist practice such as restorative or 
periodontics) and the country or culture of the population. For example, the traditional 
prevalence figures for DH per se are estimated to be 10% with an average of 33% across 
studies as reviewed by Cuhna-Cruz and Watana [11], whereas the prevalence figures for 
root sensitivity (RS) due to periodontal disease or its treatment is considerably higher 
(60–98% [12, 13]). DH/RS may therefore affect individuals over all age groups; how-
ever, from the literature, the peak prevalence is between the ages of 30 and 60 years with 
females numerically more affected than males [12]. There is also evidence from the pub-
lished studies that the buccal (facial) tooth surfaces are most likely to be affected and 
there appears to be an association between DH/DS and gingival recession. According to 
the West et al.’s [14] study in young European adults aged 18 to 35 years, there is a link 
between a so-called healthy erosive diet, lifestyle and tooth wear with DH/RS.

2.2 Awareness of dentine hypersensitivity by clinicians

According to the findings of the Canadian Advisory Board on Dentin 
Hypersensitivity [6], 14 knowledge gaps were identified from the survey of par-
ticipating clinicians, and these were classified as relating to either the causes and 
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diagnosis or the management of the condition. It was evident from these findings 
that the prevalence of DH was underestimated, and this was due in part to the lack of 
routine screening for the condition by clinicians. Less than 50% of the participants 
considered a differential diagnosis to eliminate other dental conditions with similar 
pain characteristics to those of DH. There was also confusion regarding the nature 
of the predisposing factors associated with DH as well a misunderstanding of how 
desensitizing products work (mechanism of action). Furthermore, about 50% of the 
participants indicated that they lacked confidence in treating DH effectively with a 
similar percentage indicating that they would try to modify any predisposing factors 
prior to further treatment. A recent review of questionnaire studies on the awareness 
of DH by clinicians indicated that there are still areas of concern in the understanding 
of the underlying principles involved in the management of DH [7].

3.  Mechanisms, aetiology, predisposing factors, and clinical features  
of dentine hypersensitivity

3.1 Mechanisms

The currently accepted mechanism associated with DH as proposed by 
Brännström and Åström is hydrodynamic in nature [15]. This theory relies on minute 
fluid movements within the dentinal tubules in response to an external stimulus such 
as cold air or water to initiate pain in the dental pulp. There is also in vitro evidence 
that in areas of clinically identified sensitive dentine there are a greater number of 
open dentinal tubules compared to non-sensitive areas. Underpinning this theory 
is the presence of open dentinal tubules on the exposed root surface (cervical area), 
which in turn affects the degree of fluid flow through the tubule. This theory pro-
motes two basic approaches for treatment: (1) by occluding the exposed open dentine 
tubules in the cervical region of the exposed root surface, which in turn reduces any 
stimulus-evoked fluid movements within the dentinal tubules and effectively pre-
vents the transmission of the external stimulus (such as a cold stimulus) to the pulp, 
and (2) by potassium ion diffusion within the dentinal tubule to reduce intra-dental 
nerve excitability and prevent any nerve activation [16]. The question whether the 
hydrodynamic theory is also associated with root sensitivity has been questioned due 
to the presence of dental plaque on the root surface, which may encourage the ingress 
of bacteria within the dentinal tubules [12, 16].

3.2 Etiology and predisposing factors

The etiology of DH/RS is multifactorial in nature, and it is evident that the structure 
of dentine is altered because of a combination of the associated pre-disposing factors, 
which may include anatomical factors such as tooth position, quality of the buccal plate, 
and so on. For example, once the overlying hard and soft tissues have been removed 
exposing the underlying dentine surface through gingival recession, tooth surface 
loss through attrition, abrasion and possibly abfraction, over-zealous toothbrushing 
techniques, the effects of periodontal disease and its subsequent treatment, then these 
factors may play a part in widening the open dentinal tubules through erosion with the 
combination of over-zealous toothbrushing techniques. An epidemiological study in a 
population of young adults aged 18–35 years by West et al. [14] reported that there was 
a link between a healthy erosive diet and lifestyle and toothwear with DH.
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3.3 Clinical presentation

Pain associated with DH is considered transient in nature and once the initiating 
stimulus, such as cold air from a dental air syringe or a cold drink, has been removed, 
the problem will have been resolved. The clinical features of DH as reported in the 
published literature primarily deal with the features associated with DH in patients 
with a well-maintained oral hygiene rather than clinical features associated with RS 
per se. It is reasonable, however, to acknowledge that some of the aetiological and 
predisposing factors will be similar (Figure 1). For example, the combination or 
synergistic effects with attrition, abrasion, erosion, and so on, together with over-
zealous tooth brushing on exposed dentine in the cervical/root area of a tooth may 
accelerate the tooth wear process. The loss of gingival tissue due to the impact of the 
above factors or because of periodontal disease and/or periodontal therapy may also 
expose the underlying dentine resulting in DH/RS. The importance of the underly-
ing bone texture, thickness of the buccal plate as well as the thickness of the gingival 
(periodontal) biotype may also result in gingival recession (loss of attachment), 
particularly following scaling procedures in shallow pockets (≤4 mm). Although 
DH/RS may affect any tooth or tooth surface, the intra-oral distribution involves the 
buccal (facial) surfaces of incisor, canine, premolar, and molar teeth RS, which may 
also affect the interdental, palatal, and lingual surfaces. Non-carious cervical lesions 
(NCCL) with or without DH/RS may also be present.

3.4 History taking and clinical evaluation

It is important to recognize that two broad categories of patients attend a dental 
clinic: (1) patients who are regular attenders and have an established relationship with 
the clinician, and (2) patients who have not been previously attending a dental prac-
tice but may have decided to attend due to a dental problem such as toothache, esthetic 
concerns, or other dental problems which have arisen. In the first category of patients, 
the clinician will be aware of their personal medical and treatment history and to some 
extent, the consultation period including the examination may be straightforward. 
For example, a patient who has recently received dental treatment such as restoration 

Figure 1. 
Clinical features of a patient with gingival recession and dentine hypersensitivity (Acknowledgement N. 
Pandya [17]).
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of a tooth or had their teeth professionally cleaned may be experiencing discomfort 
from these procedures and such a problem can be swiftly identified and treated [16]. 
Patients who have not previously attended a dental practice, however, may require a 
more prolonged consultation to obtain the relevant medical, dental, and social history 
prior to the clinical examination and subsequent diagnosis of DH.

For patients with a more obscure orofacial problem, a persistent idiopathic facial 
pain (PIFP) may require a more extensive examination and it is advisable for the clini-
cian to refer these patients to a Specialist Oral Medicine/Pain clinic [16].

Prior to a clinical examination, the clinician should obtain medical, dental, social, 
and dietary histories to supplement the information collected during the clinical 
examination and any subsequent tests such as radiographs. During the initial con-
sultation, it is important to ask the patient why they have arranged the appointment. 
Toothache is one of the most common of oro-facial pains that prompts a patient to 
visit a dentist and where possible the clinician should determine the nature of the 
problem, the location of the pain (if the patient is able to pinpoint the exact location), 
duration, intensity, and any factors that may intensify or relieve the pain. For exam-
ple, the clinician can ask if the patient is able to continue their daily activities such as 
eating, drinking, brushing their teeth without any discomfort. One suggestion would 
be to use visual analogue scale (VAS) scores (0-10), verbal descriptors, or Quality 
of Life Questionnaires (QoL) to determine the severity of the discomfort the patient 
is experiencing, and any impact DH/RS may have the patient’s QoL [5]. The clinical 
examination will involve a thorough evaluation of the patient’s oral status including a 
Basic Periodontal Examination (BSP) and a Basic Erosive Wear Assessment (BEWE) 
to determine the degree of tooth surface loss [10].

During the clinical examination, clinicians will use a dental explorer probe and 
air from a triple air syringe to screen any sensitive areas on the exposed cervical/root 
region. If the patient is prone to DH, then this mechanical or evaporative/thermal 
stimulus will elicit a response from the patient [1]. The response to these stimuli will 
be varied depending on the individual’s pain threshold and subjective perception 
of pain. This pain should be transient in nature, in that once the stimulus has been 
removed, the pain will be resolved. If the pain, however, is continuous in nature, then 
this may indicate that the problem is related to other dental problems such as dental 
caries, which will require more extensive testing using an ice stick, ethyl chloride, 
pulp testers, and so on to evaluate the status of the dental pulp (pulp vitality testing). 
A simple test at this stage of the initial evaluation for DH is to (1) ask the patient to 
indicate their perception of the pain they are experiencing with DH following blow-
ing cold air on the tooth (or teeth) in question using a VAS score, (2) apply a varnish 
to the affected site of the identified tooth (or teeth), and (3) retest the tooth (or teeth) 
in question using cold air from a dental air syringe and ask the patient to indicate 
their pain perception using a VAS score. If there is an improvement in the VAS scores, 
then this may indicate that the initial diagnosis of the patient’s problem was DH (see 
management section).

3.5 Diagnosis and differential diagnosis of Dentine hypersensitivity

3.5.1 Diagnostic evaluation including special investigations

According to Gillam [7], there are a variety of methodological approaches used in 
the dental clinic to identify (diagnose) DH such as tactile, evaporative, and thermal 
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stimulation using cold air from a dental triple syringe as well as the patient’s self-
reporting (VAS, patient history, etc.). An example of the range of methodological 
approaches recommended or used by clinicians can be observed in Figure 2 [18]. The 
use of these methodological approaches may, however, be difficult to justify [19].

A useful device to aid clinicians in determining both a provision and definitive is 
the use of mnemonics such as ‘LOCATE’ or ‘SOCRATES’. This will help to ascertain 
the relevant information to identify the patient’s problem by asking the following 
questions:

• Pain characteristics: What were the symptoms relating to pain experienced by 
the patient?

• Location of the pain: Was the pain localized or generalized in nature and can the 
patient point to the site of the problem?

• Pain onset: Was the patient able to relate to the clinician when the pain started?

• Pain duration: Was the pain transient or long lasting in nature?

• Pattern of pain: Was the patient able to recall the pattern of the pain?

• Pain severity: What was the severity of pain and did it vary?

• Relieving factors: Are there factors that relieve or worsen the pain such as 
the application of cold or heat, medication, changing position (lying down), 
and so on?

• Associated factors: Are there any other factors that you might be aware of when 
you are experiencing pain?

Figure 2. 
Diagnostic steps used by clinicians to identify DH (Acknowledgement Exarchou et al. [18]).
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The clinician, however, should be aware that depending on the longevity and 
severity of the patient’s pain, and particularly from severe toothache, they may have 
difficulties recalling some of these features due to being unable to cope with pain 
before attending the clinic [2].

3.5.2 Diagnosis of dentine hypersensitivity

The classic definition of DH was based on specific wording as ‘pain derived from 
exposed dentine in response to chemical, thermal tactile or osmotic stimuli which 
cannot be explained as arising from any other dental defect or disease’ [6]. In other 
words, DH is in essence a diagnosis of exclusion based on both the history of the 
problem and a clinical examination to exclude other forms of oro-facial pain and as 
such a thorough clinical examination together with a medical and dental history of 
the patient should enable the clinician to come to a correct diagnosis [1, 20].

There are, however, several problems facing the clinician when investigating 
oro-facial pain, for example, the time taken to identify the areas in the mouth causing 
the discomfort as well as the highly subjective nature of the pain response [20]. The 
clinician is, therefore, reliant not only on the patient’s self-reporting of the history of 
DH but also on the information that they have accumulated through their own analysis 
of the problem (medical, dental, and social history together with a thorough clinical 
examination, which may require further evaluation). For example, patients who have 
recently received restorative, bleaching, and periodontal procedures within the last few 
weeks before attending the clinic may in fact be suffering from post-operative sensitiv-
ity and this should be relatively easy to identify and reassure the patient that the pain 
should resolve within 4-6 weeks and if not to return for further investigation. For new 
patients or those with a recent complaint of DH, the clinician will spend more time 
discussing the problem with the patient, trying to determine the history of the problem 
using some of the diagnostic tests indicated in Figure 2. The clinician should be aware 
that as DH is an exaggerated response of the normal pulp-dentine, the patient may 
only be aware of the problem once an external stimulus such as a cold stimulus (cold air 
from a dental triple syringe, suction from a high-volume suction, etc.). The evidence 
identified during this process may enable to provide a provisional diagnosis of DH.

3.5.3 Differential diagnosis of dentine hypersensitivity

According to the Canadian Advisory Board on Dentin Hypersensitivity [6], there 
is a major problem in the diagnosis of DH where ≤50% of the clinicians participat-
ing in the survey considered using a differential diagnosis to eliminate other dental 
conditions with similar pain characteristics to those of DH. Other studies have also 
reported on the apparent reluctance by clinicians to consider in this aspect of the 
management of DH [7].

One of the reasons for this reluctance in making a definitive diagnosis of DH may 
be the complexity and time required to eliminate the other dental conditions that have 
similar pain characteristics to DH such as reversible and irreversible pulpitis, dental 
abscess, cracked tooth syndrome, periodontal disease, pericoronitis, idiopathic oral 
facial pain, and post-operative sensitivity [18] (Figure 2). It is, therefore, important 
for the clinician to make a definitive diagnosis of DH before undertaking any treat-
ment of the patient’s problem. A useful summary of selected oro-facial conditions 
with their pain characteristics and presenting features is shown in Table 1 [20].
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4. Clinical management of dentine hypersensitivity

Once a definitive diagnosis has been determined, the clinician can then formulate 
a management strategy to treat the condition. The complexity of this treatment plan 
will depend on (1) on the extent and severity of the problem, (2) the willingness of the 
patient to comply with the recommendations provided by the clinician, and (3) the 
ability of the clinician to successfully diagnose the problem and provide the appropriate 
treatment including preventative strategies. Broadly speaking, the initial treatment will 
be either (1) professionally applied (in-office treatment) such as a fluoride varnish or 
more invasive strategy (composite, laser, periodontal surgery) for localized severe DH, 
or (2) patient applied/at home [over the counter treatment (OTC)] such as an OTC 
toothpaste for a mild-moderate discomfort (see Table 2 for examples). The clinician 
should also be aware of the impact of DH on the QoL of the patient and it is important 
for the clinician to monitor whether the recommended treatment has improved the 
patient’s QoL. For example, can the patient continue their daily routine of eating, 
drinking and oral hygiene practices without any interruption to their daily activities.

Several investigators have recommended treatment algorithms to help the clinician 
mange DH successfully [6, 8, 10]. An example of one of these algorithms is dis-
played in Figure 3 based on the recommendations from a UK Guidelines workshop, 
London, UK [10]. An important aspect of these guidelines was the recognition that 

Gingival recession Tooth wear Periodontal treatment

Clinical evaluation

• Clinical measurement of the Gingival 
Recession defect

• Take study casts and clinical 
photographs to monitor condition 
over time

• Check and Monitor periodontal 
health

• Identification and correction of 
predisposing or precipitating factors

• Use of pain scores to assess and 
monitor DH (e.g., visual analogue 
scores)

Clinical evaluation
• Identify cause of tooth 

wear (enamel loss)
• Record severity of lesions, 

if possible, using a 
recognized index (Smith 
& Knight 1984, Bartlett 
et al. 2008)

• Take study casts and clini-
cal photographs to monitor 
condition over time

• Check and Monitor 
periodontal health.

• Use of pain scores to assess 
and monitor DH (e.g., 
visual analogue scores)

Clinical evaluation

• Periodontal disease or 
periodontal treatment as the 
primary cause of exposure of 
dentine and associated DH.

• Check and Monitor periodon-
tal health (6-point pocket 
charting)

• Use of pain scores to assess 
and monitor DH (e.g., visual 
analogue scores)

Patient education (including preventive 
advice)

• Show patient the affected site(s)

• Explain probable cause for recession.

• Explain factors triggering sensitive 
teeth episodes

• Encourage patients to modify their 
oral hygiene regimen in order to 
reduce damage to gingivae (e.g., 
reducing brushing force, correction 
of toothbrush technique)

• Reduce excessive consumption of 
acid foods and drinks

Patient education (including 
preventive advice)

• Show patient the site(s) 
and explain probable cause 
of the tooth wear lesion(s)

• Recommend an oral 
hygiene regimen to 
minimize risk of further 
tooth wear.

• Where appropriate recom-
mend reducing frequency 
of consumption of acidic 
food & drink.

Patient education (including 
preventive advice)

• Reinforce the need for good 
oral hygiene

• Show patient the site(s) 
affected by periodontal disease 
and explain probable cause of 
the exposed dentine

• Guide the patient to improve ‘at 
home’ oral hygiene regimen.

• Instruction on measures of 
reducing periodontal risk 
factors for example diabetes, 
smoking, obesity.
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Gingival recession Tooth wear Periodontal treatment

Corrective clinical outcomes

• Reduce excessive consumption of 
acid foods and drinks

• Manufacture of silicone gingival 
veneers

• Orthodontic treatment

• Restorative correction of recession 
defect and sub-gingival margins of 
fillings and crowns

• Polymers: Sealants/varnishes/resins/
dentine bonding agents

• Laser obturation of dentinal tubules

• Use of Desensitizing polishing pastes

• Pulpal extirpation (root canal 
treatment)

Corrective clinical outcomes

• Provide high fluoride 
remineralizing treatment 
(pre-emptive phase)

• Provide professional 
desensitizing treatment to 
relieve DH

• Encourage patient to 
seek advice from medical 
practitioner, if tooth wear 
caused by working envi-
ronment or reflux/exces-
sive vomiting (Psychiatric 
evaluation may also be 
appropriate)

• Restorative correction in 
the form of composite 
build-up, crowns may also 
be appropriate

Corrective clinical outcomes
Initial phase
Non-surgical periodontal 
procedure(s).
DH treatment (including 
desensitizing polishing pastes/
Fluoride varnishes)
Re-evaluation
Follow-up assessment on 
periodontal status and dentine 
hypersensitivity
Corrective phase

• Surgical periodontal 
procedure(s), for example, 
guided tissue regeneration, 
Coronally Advanced Flap + 
Enamel Matrix Derivatives, 
Connective Tissue Graft (flap), 
Free Gingival Graft (acellular 
dermal matrix allograft)

• DH treatment (including 
desensitizing polishing pastes/
Fluoride varnishes)

Follow-up management
Maintenance phase

• Supportive periodontal therapy

• Ongoing monitoring of 
periodontal health

• Dentine hypersensitivity treat-
ment (including desensitizing 
polishing pastes/Fluoride 
varnishes)

• Oral hygiene advice

Recommendations for home use 
(including toothpaste/mouth rinses)

• Oral hygiene implementation as per 
recommendation

• Strontium chloride/strontium acetate

• Potassium nitrate/chloride/citrate/
oxalate

• Calcium compounds:

• Calcium carbonate and arginine and 
Caesin Phosphopeptide+Amorphous 
Calcium Phosphate

• Bioactive glass

• Nano/hydroxyapatite

• Fluoride in higher concentration 
(2800/5000 ppm F[prescription])

• Amine/sodium/sodium monofluoro-
phosphate/ stannous fluoride

Recommendations for home 
use (including toothpaste/
mouth rinses)

• Oral hygiene imple-
mentation as per 
recommendation

• Toothpastes and 
mouth rinses (see 
Recommendations for 
gingival recession)

Recommendations for home use 
(including toothpaste/mouth 
rinses)

• Oral hygiene implementation 
as per recommendation

• Regular brushing with an 
antibacterial toothpaste to aid 
plaque control.

• Short period, the use of a 0.2% 
chlorhexidine solution for 
plaque control

• Use of a desensitizing mouth 
rinse twice daily for DH 
control (when appropriate)

Table 2. 
Overall management strategy options for treating DH (Acknowledgement Gillam et al. [10] modified).
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the management of DH should be based on the presenting features of the problem 
rather than simply providing a blanket treatment plan to cover all aspects of DH. For 
example, three categories were presented for the clinician to consider: (1) patients 
with gingival recession in a well-maintained mouth, (2) patients with a tooth wear 
problem, and (3) patients with a periodontal problem (Table 2) [10]. This concept 
was utilized and developed by Gillam and Koyi [21] covering six clinical case sce-
narios in dealing with oro-facial pain with specific clinical presentations.

The management of DH can therefore involve both simple and complex cases 
to treat and it is important that the clinician is aware of both their expectations of 
success and the patient’s expectation of resolving their pain. There may be times 
when this aspiration can only be partially met to the satisfaction of both parties. 
The clinician should avoid simply handing out or recommending a treatment or 
technique without identifying the aetiological factors that initiated the problem in 
the first place. One of the concerns from the Canadian Advisory Board on Dentin 
Hypersensitivity [6] was whether clinicians had the confidence in the products that 
they recommended for treatment. This concern has also been highlighted by several 
investigators and it appears that this issue is still a matter of concern [7, 19].

Depending on the severity of the problem, the following products and techniques 
can be suggested (see Table 2). The question as to whether these products or tech-
niques are effective in the treatment of DH has been the subject of several systematic 
reviews and meta-analysis [22–25].

5. Preventive strategies

The importance of a preventive strategy for minimizing further episodes of DH 
cannot be overstated. It is not enough to simply provide a patient with a treatment 
such as a toothpaste or composite restoration without first eliminating or at least 
minimizing the aetiological or predisposing features that initiated the problem in the 
first place. This aspect will involve reviewing the clinical features implicated with 
the condition such as patients with a healthy mouth or patients with a periodontal or 

Figure 3. 
Selected responses from participants on what other dental conditions should be excluded when determining a 
differential diagnosis (Acknowledgement Exarchou et al. [18]).
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restorative problems. For example, patients with a healthy, plaque-free mouth may be 
over-zealous, or an enthusiastic brusher with a healthy diet that may include acidic 
drinks will need advice on modifying their tooth brushing technique and minimizing 
the effects of dietary acids. The patient with a periodontal or restorative problem will 
require more extensive and prolonged treatment and perhaps one way of initially alle-
viating post-operative pain following this treatment would be to apply a desensitizing 
polishing paste or dental varnish [16].

Traditionally, clinicians expect their patients to change their health behavior, 
which is a philosophy based on a top-down approach (clinician directed) where the 
patient was provided information that was considered beneficial to them by the 
clinician. This philosophy, however, not only failed to empower the patient but was 
also ineffective in motivating the patient to initiate any behavior changes to improve 
their health and well-being. It is, therefore, important for the clinician to adopt 
management strategies and goals that will effectively encourage the patient to take 
individual responsibility to initiate these behavioral changes in the lifestyle of their 
patients. According to Gillam and Ramseier [26], the introduction of patient-centred 
approaches such as Motivational Interviewing is ideal for motivating patients in 
dental practice. It is acknowledged, however, that for many clinicians, this approach 
may be difficult to implement, due to time constraints, although the process could be 
continued over several visits as in the periodontal maintenance phase [27]. There are 
several factors to consider when developing a strategy using this approach, for exam-
ple, (1) the extent and severity of the patient’s problem, (2) acquiring the patient’s 
permission to discuss any proposed changes, (3) the availability of the patient and 
their willingness to engage with the consultation process, (4) the rapport between 
the patient and clinician, (5) the willingness of the patient to reflect on the proposed 
changes and to weigh up the advantages/disadvantages and decide whether to accept 
or reject these proposals, (6) the patient’s motivation to initiate these changes and 
subsequently adhere (comply) to the recommended changes to their behavior, and (7) 
the frequency of monitoring during the maintenance phase and subsequent reinforce-
ment strategy in monitoring the patient’s progress [26, 27].

6. Summary and take-home message

According to Gillam ([20] modified), the following key points may be useful in 
ascertaining whether a patient has DH and how much it impacts on their QoL and 
should enable the clinician not only to manage the problem in a structured manner 
but also to encourage to take personal ownership of their oral health by making the 
necessary changes/modifications in their behavior.

• Ask patients if they have a history of DH

• Ask patients if it is a current problem

• Does it impact on their QoL? If ‘Yes’, ask them to elaborate on the extent and 
severity of the problem

• Examine the patient for DH, particularly the buccal (facial) surfaces of the 
standing teeth using a probe and an air-blast from a dental triple syringe.
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• A good history of the complaint is important, listen to the patient and examine 
areas where the dentine is exposed, identify any aetiological and predisposing 
factors. Listen to the patient; they will give you the diagnosis.

• The use of diet sheets will help in identifying potential risk factors in the diet 
(diet analysis).

• Have a basic understanding of the mechanisms associated with dentine 
hypersensitivity, in particular, the Hydrodynamic Theory and its importance 
in choosing a suitable OTC/professionally applied product when treating the 
patient.

• Educate the patient, indicating where they can reduce the impact of DH on their 
QoL, modifying their toothbrush technique, using a less abrasive toothpaste 
and avoiding consuming acidic food and drinks particularly around the time of 
brushing.

• Encourage the patient to take ownership of their oral health to allow for any 
behavior changes to reduce the impact of DH on the QoL when undertaking their 
day-to day activities (Consider the use of Motivational Interviewing).

• Remember there is no one treatment or procedure that will resolve all your 
patient’s problems and that simply providing a toothpaste or in-office procedure 
alone without correcting or modifying any underlining predisposing features 
that initiated the problem will not resolve the problem in the long term.

• Apply the guidelines outlined in this chapter; in your practice, monitor patients 
DH within your practice’s recall procedure(s), avoid simply handing out or 
recommending dental products expecting the problem to resolve, without any 
further intervention by the clinician.

• Use the algorithm (or similar examples; see references) illustrated in this chapter 
to aid you in the management of DH. It may be that despite all your efforts the 
patient still has oro-facial pain. The steps outlined in the algorithm will enable 
you to revisit the diagnosis of DH, which may result in further investigations to 
determine the cause (reversible/irreversible pulpitis) or a referral to a specialist 
oral medicine clinic if the problem is of a non-dental origin such as idiopathic 
facial pain (PIFP).

7. Concluding remarks

DH is an enigmatic dental condition that is often discounted or underdiagnosed 
by clinicians who may fail to appreciate its impact on the QoL of their patients, and 
therefore, screening for the problem should be included in a clinical examination.

Clinicians should recognize it is a diagnosis of exclusion and all other possible 
causes of the pain should be ruled out. This will require the clinician to collate 
the relevant medical, dental, social, and diet history from the patient, which will 
supplement the clinical examination. It is important for clinicians to acknowledge 
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Chapter 16

Preventive Methods  
and Treatments of White Spot 
Lesions in Orthodontics
Elif Nadide Akay

Abstract

The aim of orthodontic treatment is to improve the esthetics of the teeth and face, 
to provide a beautiful smile, and an adequate and permanent chewing function. In 
individuals with insufficient oral hygiene, demineralization begins in the mouth with 
a very low pH value, and as a result, white spot lesions formed by decalcification 
of the enamel layer can be seen during orthodontic treatment. Since lesions are the 
first stage of caries formation, it is possible to stop caries development at this stage. 
Many methods, such as improving oral hygiene, regulating diets, fluoridated agents, 
laser, casein phosphopeptide, and microabrasion, are used in the treatment of white 
spot lesions. Preventive methods are of great importance in terms of preventing 
future tooth loss and reducing the treatment process. The purpose of this article is to 
manage white spot lesions in orthodontic treatment and to examine risk factors and 
 preventive methods based on the latest evidence.

Keywords: white spot lesion, orthodontic treatment, conservative methods, 
demineralization

1. Introduction

The improvement of modern living conditions, the increase in life expectancy, 
and the propensity of looking younger and more beautiful have led to an increase 
in the need for esthetic treatments. Thanks to the orthodontic treatment, as long as 
the periodontal tissues are healthy, an esthetic smile can be served in all age groups 
of individuals. Regarding the esthetic involvement in the orthodontic practice as 
well as the treatment outcomes metallic colored brackets, tooth-colored brackets, 
lingual brackets, and aligner treatments have been performed in the clinical prac-
tice. Attachments and appliances used in the treatment create an area for plaque 
 involvement at various levels.

Enamel discoloration and initial caries lesions are the most prominent clinical 
problems in patients undergoing orthodontic treatment. As a result of the decrease 
in the oral pH value, the diffusion of calcium and phosphate ions from the enamel 
becomes easier and a color change occurs on the enamel surface as a result of 
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decalcification. Irregular surfaces of brackets, wires, bands, and other attachments 
limit naturally occurring self-cleaning mechanisms, such as the movement of saliva 
and its intraoral muscles. Increased incidence of these lesions has been found in 
patients after orthodontic treatment due to long-term plaque accumulation and 
inadequate oral hygiene [1]. In order to prevent the formation of white spot lesions 
that cause both demineralization and discoloration of the teeth, and to prevent their 
progression by treating them at an early stage, it is recommended to take the neces-
sary precautions before and during the treatment and to choose the appropriate 
diagnostic methods and apply the necessary treatment methods [2].

2. Etiology of demineralization

2.1 Oral hygiene

The presence of orthodontic attachments in the mouth paves the way for plaque 
formation on the tooth surface and makes tooth cleaning more difficult [3]. The 
plaque develops as a result of bacterial infection, modified from dietary carbohy-
drates and saliva. In the presence of carbohydrates, demineralization begins when the 
pH of the mouth drops below 5.5 and creates white spot lesions. Streptococcus mutans 
and lactobacilli bacteria are mainly effective in colonization and also caries develop-
ment [4]. The plaque on the tooth surfaces prevents the remineralization of the 
enamel layer with calcium and phosphate ions. In addition, it facilitates the produc-
tion of acid from the sugar taken with food. It is observed that the amount of decalci-
fication is also higher in the brackets and near the gingiva, where plaque accumulation 
is greater in orthodontic patients [5].

2.2 Diet

It has been stated that frequent consumption of carbohydrate-rich, sugary foods 
and beverages facilitates the formation of caries. During 20 minutes following sugar 
intake, the pH of the plaque drops below the critical level of 5.5°. In addition, another 
factor is the difficulty in removing food residues from the teeth due to orthodontic 
attachments [6].

2.3 Appliance type and design

The larger the area covered by orthodontic attachments on the enamel surface, the 
more difficult it is to clean the remaining tooth surface. Archwire design also affects 
the accumulation of plaque and food debris [7].

In a study evaluating the difference in white spot lesion (WSL) formation between 
conventional bracket treatments and aligner treatments, it was reported that approxi-
mately 1.2% of aligner patients developed WSL compared to 26% of conventionally 
treated patients. The number of developing WSL is also significantly (P < 0.001) 
less in aligner patients. In patients treated with conventional braces, moderate or 
poor pretreatment oral hygiene, worsening of hygiene during treatment, preexisting 
WSL, and longer duration of treatment (P < 0.05) significantly increased the risk of 
developing WSL during the treatment [8].

In a randomized prospective controlled study, aligner and conventional bracket 
treatments were compared with quantitative light-induced fluorescence. According 
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to the results, WSL formation was observed in both treatments. In aligner treat-
ments, the lesions are shallower and cover a larger area. Traditional braces had deeper 
lesions, but their area was smaller. Plaque accumulation is also greater with conven-
tional brackets [9].

According to a study examining the difference in WSL between lingual brackets 
and labial conventional brackets, patients treated with lingual brackets had signifi-
cantly less development of WSL [10].

Figure 1 shows different orthodontic appliances.

2.4 Bonding technique

Composite resin remaining around orthodontic attachments prepares the ground 
for plaque accumulation. Therefore, the composite resin around the bracket must be 
cleaned [7, 11].

3. Diagnostic methods

It is very important to detect enamel demineralizations associated with orth-
odontic treatment at an early stage. Pitts [12] stated that the tools and methods used 
in the diagnosis of caries lesion should be easy to apply, reliable, reproducible, and 
noninvasive.

Diagnostic methods can be classified as follows [13]:

1. Traditional methods: visual inspection, Sonde examination, and radiographic 
examination.

Figure 1. 
Different appliance designs used in orthodontic treatment. (1) Traditional buccal metallic brackets,  
(2) transpalatal arch appliance, (3) clear aligner, and (4) lingual brackets.
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2. Current technologies: laser fluorescence, digital radiography, electrical conduc-
tivity, and fiber-optic transillumination (FOTI).

3. Newly developed technologies: alternating current impedance spectroscopy, 
quantitative laser light-induced fluorescence, and ultrasonography.

3.1 Traditional methods

3.1.1 Visual inspection

It is an intraoral examination under light with the help of a mirror. In addition to 
being a frequently used method, it is insufficient to diagnose caries formations at the 
initial stage [14].

3.1.2 Examination with probe

In addition to light and mirror, it is the examination made by contacting the 
caries surface with the probe [15]. However, probe examination can cause iatrogenic 
damage by accelerating the progression of occlusal caries in the initial stage or by 
carrying caries-causing bacteria from the infected area to other areas. Probing with 
light pressure could cause cavitation in white, opaque lesions. The use of blunt-
tipped periodontal probes is recommended to control the surface structure of the 
lesion [16].

3.1.3 Radiographic examination

Caries lesions can be easily recognized at an early stage due to the increase in 
radiological density on X-ray [17]. Panoramic X-ray examination before orthodontic 
treatment is shown in Figure 2.

3.2 Current technologies

Today’s diagnostic methods measure physical signals. These physical signals are 
X-rays, laser light, visible light, electrical current, ultrasound, surface changes, etc., 
which can be obtained using the following methods [18].

Figure 2. 
Decayed tooth that can be identified on panoramic X-ray.
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3.2.1 Digital radiography

Digital radiographs have been indicated as an effective method in the diagnosis 
of caries without a cavity. In addition, the radiation dose received by the patient is 
reduced, archiving and reproducing images becomes easier [14].

3.2.2 Laser fluorescence

Developed to detect and numerically measure occlusal caries. Working with the 
laser fluorescent method, the commonly known brand is DIAGNOdent (DD) (KaVo 
Dental Corporation, East Main Street Lake Zurich, IL) [19].

3.2.3 Electrical conductivity

This technique is based on the difference in conductivity in healthy and decayed 
tooth tissues. The electrical conductivity of the tooth tissue is sensitive enough to 
vary even in the case of demineralization but no loss of material on the surface [20]. 
Electronic caries monitor (ECM) and caries meter L devices operating based on 
electrical conductivity have been developed [14].

3.2.4 Fiber-optic transillumination (FOTI)

With the fiber-optic transillumination device, light scattering is prevented, and 
the tooth can be examined in detail due to the use of strong white light. DIFOTI 
(digital fiber-optic transillumination; Electro-Optical Sciences, Irvington, New York) 
method is a method in which FOTI and digital camera are combined to reduce the 
shortcomings of FOTI. DIFOTI includes two handpieces. One of them is used for 
caries detection on occlusal surfaces and the other on flat surfaces. Although it cannot 
be used to determine the depth of lesions, it gives as good results as radiographs in 
detecting approximal caries [21].

3.3 Newly developed technologies

3.3.1 Alternating current impedance spectroscopy

This method measures with a large number of frequency sweeps. It is reported 
that it has 100% sensitivity even in the diagnosis of enamel lesions without cavitation 
due to the use of the electrical property of the tooth [22].

3.3.2 Quantitative light-induced fluorescence

Benedict was the first to state in his research that the organic components of 
human teeth show fluorescent properties. In addition, he also mentioned the dif-
ference between the fluorescent properties of healthy and carious enamel in his 
studies [23]. The purpose of the QLF device is to determine caries at an early stage. 
This device can also be used for imaging lesions in remineralization treatments. The 
resulting image can be saved by transferring it to the computer. On the other hand, it 
is insufficient in imaging lesions in the approximal area [24].



Oral Health Care - An Important Issue of the Modern Society

272

3.3.3 Ultrasonografi

The basic principle of ultrasound is the application of high-frequency waves 
(1–20 MHz) generated by the device to the biological tissue, the returning waves 
are absorbed and converted into electrical impulses and detected as echoes. Each 
tissue has a unique internal echo level. Changes recorded at the echo level of the 
tissue indicate that pathological changes have occurred in the tissue [25]. It has been 
shown by studies that ultrasonic methods give good results in the diagnosis of early 
caries [26].

4. Studies evaluating the prevalence of white spot lesions

According to the first studies in this area, buccal and lingual surface lesions were 
found to be higher in individuals who received orthodontic treatment than in indi-
viduals who did not receive treatment. On the other hand, no significant difference 
was observed in the number of caries [27].

In another study, it was stated that the prevalence of decalcification among 
patients ranged from 2 to 96%. The reason for this great difference; the variety of 
methods used to assess the presence of decalcification, the presence of idiopathic 
lesions, and the use of a fluoride agent during treatment are indicated. Because in 
cross-sectional study design (orthodontic patients after treatment compared with 
another group of patients who have not had orthodontics), it is difficult to differenti-
ate between idiopathic white spots and decalcification, which artificially increase the 
prevalence [7].

Though Zachrisson et al. [28] was the one who examined newly formed white spot 
lesions with the prevalence ranging from 15 to 89. In the study using photo reviews in 
assessment [29, 30], the prevalence of WSL was found to be 0–24%. The distribution 
of affected teeth has been studied [31] and has found that the maxillary incisors and 
the mandibular first molars to be the teeth with the highest prevalence. In another 
study [32], it has been stated that the lesions are concentrated in the cervical and 
middle third of the vestibule surface. In another study, the prevalence of WSL was 
found to be highest in permanent first molar teeth [33]. Contrary to these findings, 
in another study [34], it was stated that maxillary lateral and canines were affected 
too much.

In the literature, the effect of the material used to bond orthodontic bands on 
enamel has been investigated, but it has been stated that the main reason for WSL 
formation is the loss of cement integrity and the accumulation of bacteria in the 
area [35].

Gorelick et al. conducted a study on the incidence of white spot lesions at 6 and 
12 months in patients undergoing orthodontic treatment. In their study using the 
visual examination technique, they reported that 50% of the patients had one or more 
BNL at the end of the treatment [31]. Boersma et al. [36] investigated the prevalence 
of white spot lesions after orthodontic treatment using quantitative light fluoroscopy 
and reported that 97% of patients had one or more lesions. A total of 38% of the 
patients had BNL 6 months after the treatment. It was stated that this rate increased 
to 46% in the 12-month group. Only 11% of the control group had at least one occur-
rence of WSL. Most patients undergoing orthodontic treatment had at least one white 
spot lesion in a mild form, however, a few patients presented with moderate or severe 
demineralization.
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5. Preventive and therapeutic methods of white spot lesion

After the completion of the orthodontic treatment process, demineralization is 
expected to slow down. Although demineralized enamel surfaces may partially remin-
eralize after treatment, white spot lesions have been noted to be irreversible. Figure 3 
shows white spot lesions after orthodontic treatment. However, WSL formation can 
be prevented by ensuring the oral hygiene of the patients during the treatment [2]. 
Once WSL is diagnosed, it is important to treat the cause. Social, medical, and dental 
histories of the patients should be taken, and caries risk assessment should be done.

While taking anamnesis; systemic and topical fluoride intake, dietary habits, 
snacking frequency and foods consumed between meals, bottle use, reflux, vomiting 
and eating disorders, salivary flow, drugs used by the person or the effect of health 
status on saliva flow, socioeconomic status, information status about dental diseases, 
dental treatment needs, value given to oral health, efforts to change habits, dental 
history, regular check-ups, and the amount of caries should be evaluated [37].

Numerous studies have been conducted to ensure oral hygiene of patients undergo-
ing orthodontic treatment and to increase the resistance of teeth to demineralization. 
In these studies, fluorine mouthwashes, fluorinated gels and polishes, chlorhexidine 
mouthwashes, chlorhexidine polishes, and gels, fluorine or non-fluoride sealants 
covering the enamel surface around the bracket, xylitol lozenges, fluorine-releasing 
elastomers, and fluorine-releasing bracket bonding materials were used [38–40].

In the study investigating the effects of resin-based sealant, fluorine-containing 
sealant, fluorine polish, and glass ionomer cement on the initial caries lesions and 
the proximal surface of the adjacent tooth, it was determined that the most effective 
material was glass ionomer cement. The effectiveness of the other materials was 
determined as fluorine polish, fluorine-containing sealants, and sealants, in order 
from most effective to less effective [41].

The risk of enamel demineralization in patients undergoing fixed orthodontic 
treatment can be reduced or prevented by the following:

1. Plaque control methods

•  Mechanical plaque control methods and improving the patient’s oral hygiene

• Chemical plaque removal

• Reducing plaque retention by the appliance

Figure 3. 
White spot lesion in individuals after orthodontic treatment.
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2. The use of various agents containing fluoride

• Mouth rinsing

• By increasing enamel resistance to microbial acid with topical fluoride

• Fluoride containing etchant

• Fluoride containing bonding adhesives

• Fluoride releasing modules

3. Teeth whitening

4. Pit and fissure sealers

5. Argon-laser tooth enamel surface weakening

6. Microabrasion

7. Use of amorphous calcium phosphate of casein phosphopeptides [7].

5.1 Plaque control methods

5.1.1 Mechanical plaque control

It is very important to use the right brushing technique to control dental plaque. 
Flossing as a modification of the standard toothbrush can help patients achieve oral 
hygiene. Compared to a manual toothbrush, using an electric toothbrush in conjunc-
tion with a manual toothbrush or regular washing with water could be a more effec-
tive way to prevent dental plaque. On the other hand, no evident superiority has been 
found for electric brushing [42, 43].

Bracket attachment with direct attachment exposes proximal surfaces to enamel 
demineralization due to the difficulty of maintaining oral hygiene with the archwires 
in place. Flossing has been proven to be helpful in interproximal cleaning. The floss 
threader would also be used to thread the floss under the archwire. The soft rubber 
interdental stimulator could also be helpful in interproximal cleaning and massaging 
the interproximal areas [44].

5.1.2 Chemical plaque removal

The material to be used for plaque removal by the chemical method should not 
support resistant microorganisms and should not be toxic in order not to disturb the 
balance of the oral microflora. Chlorhexidine antiseptic, one of the chemical plaque 
prevention methods, is the most effective, because of its absorption onto the acquired 
pellicle, which prolongs its presence and effect in the mouth.

Given these stringent requirements, it is surprising that any product has been 
developed as a chemical antiplaque agent. However, long-term use of chlorhexidine 
causes brown staining on the teeth.
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Lundstrom and Krasse (1987) investigated the effect of chlorhexidine mouthwash 
on Streptococcus mutans in patients receiving fixed orthodontic treatment and stated 
that they found the use of chlorhexidine less beneficial [45].

5.1.3 Reducing plaque retention by the appliance

The larger the area covered by orthodontic attachments on the enamel surface, the 
more difficult it is to clean the remaining tooth surface. Archwire design also affects 
the build-up of plaque and food debris [5].

5.2 The use of various agents containing fluoride

5.2.1 Mouth rinsing

Two approaches have been developed to protect the enamel surface. The first is 
aimed at strengthening enamel and reducing acid solubility, that is, the use of topical 
fluoride agents during and after orthodontic treatment. The second involves the use 
of materials that protect the tooth surface around and below the orthodontic attach-
ment with a protective coating [5].

In another study, mouthwashes containing 250 ppm fluoride twice a day were 
used to provide remineralization of the initial lesions on the approximal surfaces to 
patients undergoing orthodontic treatment. It has been reported that this method 
significantly increases remineralization [46].

Thuy et al. Lari, on the other hand, reported that the remineralization amount of 
solutions containing fluorine increased the effect of each other when used together 
with strontium (Sr) [47]. Tange et al. Lari stated in their in vitro study on primary 
teeth that when xylitol and sodium fluoride are used together, they increase the 
remineralization effects of each other [48].

5.2.2 Increasing enamel resistance using topical fluorides

The use of fluoride agents has been shown to be effective in preventing WSL 
formation. The use of fluoride in reducing caries; acting as a kind of catalyst that 
promotes the formation of high-quality hydroxyapatite; by assisting remineralization 
during pH fluctuations, it acts by inhibiting the glycolysis of plaque bacteria [49]. 
The cariostatic effect of topical fluoride is mainly based on calcium fluoride (CaF) 
depending on the formation. Oral hygiene maintenance combined with daily topical 
fluoride use has been shown to significantly reduce enamel decalcification.

In patients who have received fixed orthodontic treatment, high concentration 
fluoride application provides remineralization in the superficial layer of enamel, 
yet it is not effective in the deeper layers. Low-concentration fluoride application is 
recommended as it allows slower penetration of calcium and fluorine ions from saliva 
following orthodontic treatment [50].

Applying fluoride polishes to the tooth surface surrounding the bracket to protect 
the enamel surface from the acid attack has been suggested as another technique 
to prevent enamel demineralization [51]. A split-mouth design study reported that 
Ultraseal XT Plus clear sealant provided a significant reduction in enamel deminer-
alization in individuals undergoing fixed orthodontic treatment. After the study, six 
lesions were observed on the sealant applied surfaces, while 22 lesions were observed 
on the non-applied surfaces. Of the teeth detected with white spots, 19 lesions (68%) 
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were found in the maxillary arch, and nine lesions (32%) were found in the mandibu-
lar arch. The highest white spots were seen in maxillary laterals and canines without 
sealant. It has been stated that this product effectively seals the enamel surfaces 
adjacent to orthodontic brackets and resists mechanical wear and is recommended for 
use by clinicians [52].

In a study by Derks et al., it was observed that the use of toothpaste, gel, or these 
materials containing 1500–5000 ppm fluorine together with chlorhexidine can inhibit 
demineralization. It was observed that coating the brackets with polymeric material 
did not have an inhibitory effect on demineralization [53].

5.2.3 Fluoride containing etchant

Thornton (1986) et al. stated that the addition of fluoride to phosphoric acid etch 
had little or no protective effect in an in vitro study. Because it dissolves on the enamel 
surface and does not show any permanent effect when rinsed [54].

5.2.4 Fluoride containing bonding adhesives

Fluoridated glass ionomer and composite resin materials are used to reduce 
demineralization [55]. It has shown that glass ionomer cement protects the under-
lying enamel, as well as around an orthodontic attachment from decalcification. 
However, it has been shown that the glass ionomer has a weaker bond strength than 
the composite but the retention is sufficient [56].

5.2.5 Fluoride releasing modules

The study of Marini et al. [57] was carried out by placing an intraoral material 
that releases 0.04 mg of fluoride per day during the orthodontic treatment. It was 
observed that caries and white spot lesions did not occur within 6 months. In another 
study, it was determined that the lesions were reduced by 54% at the end of 4 weeks 
in those using a high amount of fluorine-containing topical gel (12,500 ppm F) 
and toothpaste (1450 ppm F), while there was a 44% reduction in those using only 
toothpaste. However, no statistically significant difference was found [58].

5.3 Teeth whitening

Teeth whitening demineralization is not a therapeutic method, however, if topical 
fluoride application does not produce the esthetic results desired by the patient after 
orthodontic treatment, vital teeth whitening should be considered. In white spot 
lesions, this process would make the lesions less apparent [50].

5.4 Pit and fissure sealers

It has been stated that light-curing pit and fissure sealants applied to the enamel 
surface adjacent to orthodontic brackets are effective in preventing enamel deminer-
alization without the need for patient compliance. Benham and colleagues reported 
that micro-abrasion resistant and highly filled flowable composites greatly reduced 
white spot lesions when applied to pits and fissures [52].

Salar et al. examined 45 extracted third molars by dividing them into three 
groups. Conventional sealant without fluoride (Group 1), fluoride-releasing sealant 
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(Group 2), or glass ionomer sealant with high fluoride release (Group 3). According 
to the results, ProSeal provided increased demineralization inhibition compared with 
a conventional sealant containing no fluoride, but less than that observed by a glass 
ionomer sealant [59].

5.5 Argon-laser tooth enamel surface weakening

Argon laser can be used to prevent enamel decalcification by changing the crystal 
structure of enamel. It has been reported that when argon laser is applied to the 
enamel surface. Argon laser causes the surface properties of the enamel to change 
by creating micro-voids that stabilize the ions on the enamel surface during the acid 
attack. Phosphate, calcium, and fluoride ions in saliva could subsequently precipitate 
into these cavities, increasing the resistance of tooth enamel to demineralization and 
increasing mineral uptake from saliva [60].

5.6 Microabrasion

The esthetic appearance of WSL, which has been going on for a long time, can be 
improved with the microabrasion method. It has been suggested to use the micro-
abrasion technique in the treatment of white spot lesions that occur during dental 
treatment [61]. Researchers stated that when a mixture of 18% hydrochloric acid, 
pumice, and glycerin was applied to the tooth surface for 3–5 minutes with an electric 
toothbrush, mild lesions disappeared completely, while severe lesions reached a 
satisfactory color. They also stated that the brown-yellow discoloration on the tooth 
surface disappeared, and smooth enamel surfaces were obtained.

5.7 Amorphous calcium phosphate of casein phosphopeptides

Another material used for the remineralization of decalcifications on the enamel 
surface is casein phosphopeptide, which is obtained from the milk protein casein. The 
solution form, which is prepared by dissolving in water, acts by stabilizing calcium 
and phosphate ions.

In an alkaline medium, casein phosphopeptide combines with calcium phosphate 
to form CPP-ACP compound. Today, this compound is combined with fluorine 
ions and used as CPP-ACFP (casein phosphopeptide-amorphous calcium fluoride 
 phosphate) [62].

Researchers working on the remineralization of fluorine and CPP-ACP have 
shown that toothpaste containing 2% CPP-ACP provides a similar remineralization 
amount to toothpaste containing 2800 ppm fluoride. In addition to 2% CPP-ACP, it 
was determined that the best results were obtained in the toothpaste with 1100 ppm 
fluoride added [63].

In a study, the higher amount of remineralization effect of CPP-ACP applied topi-
cally to the initial lesions for 14 days was visualized with an electron microscope, and 
it was found to be statistically significant [64].

In the study on the remineralization of initial enamel lesions, a 7% reduction in 
lesion depth was observed when toothpaste containing fluoride (1100 ppm) was applied 
alone, and a 10% reduction was observed when using toothpaste containing CPP-ACP. 
It was observed that there was a 13% reduction in lesion depth when toothpaste contain-
ing CPP-ACP was applied after the use of fluoridated toothpaste. Since casein is a milk 
protein, care should be taken in its use in patients with milk allergies [65].
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6. Conclusion

White spot lesions could be detected at an early stage with various diagnostic 
methods, and the formation of lesions could be prevented with appropriate treat-
ments. Studies have shown that none of the caries diagnostic methods developed 
today is as effective as clinical examination and radiographic examination. It would 
be more beneficial to use these two diagnostic methods together. In the first months 
of orthodontic treatment, it is of great importance to evaluate the oral hygiene of 
patients and to apply preventive measures to stop demineralization. In the treatment 
of white spot lesions, the factors affecting the formation of the lesions should be 
eliminated first, and patient education and information should be emphasized. In 
the treatment of white spot lesions, it is aimed to occur remineralization in the lower 
layer of the lesion. For this purpose, improvement of oral hygiene, regulation of 
diet, calcium, fluoride, milk proteins, laser beams, chemical, and mechanical abra-
sion methods should be applied. If white spot lesions are not treated, cavitation may 
occur in the lesions and cause esthetic problems. Effective prevention, diagnosis, 
and treatment of lesions will minimize caries formation and tooth discoloration and 
also provide an esthetic smile. The most appropriate, cheapest, and easiest-to-apply 
 treatment method should be preferred for the patient.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

As dental implant treatment has become a part of mainstream dental therapy, 
it is imperative to implement dental implant maintenance guidelines to achieve the 
long-term success of implant prostheses. Earlier, the success of a dental implant was 
mainly focused on the surgical phase to achieve good primary stability, with time, 
this belief has taken a major paradigm shift towards implementing and ensuring a 
periodic recall and following a maintenance phase for dental implants to achieve 
long-term success. As the dental team strives to attain and maintain the long-term 
success of implant prostheses, the patient should also recognize that their contribu-
tion towards the success of implant prostheses is also equally indispensable. This 
chapter highlights the importance of maintaining oral hygiene in implant rehabili-
tated patients and enumerates the implant maintenance protocol to be followed 
along with the different in-home and in-office procedures which can be imple-
mented to achieve long-term success of the implant and peri-implant structures.

Keywords: dental implants, oral hygiene, maintenance phase, implant survival,  
oral health

1. Introduction

The dental implant market value globally is expected to increase at a Compound 
Annual Growth Rate (CAGR) of 11% from 2021 to 2028 [1]. This increase in demand 
for dental implant market size could be attributed to the numerous applications 
of implants along with the patient acceptance for implant prostheses. Despite the 
multitude of advancements made in surgical and technical fields of implant den-
tistry, the complications faced are still too high [2]. In an observational study that 
was conducted to evaluate the patient’s perception towards implant treatment and 
maintenance, it was concluded that most people were made aware of the importance 
of implant oral hygiene measurements and recall, however, the knowledge about 
implant-related complications and failures was dissatisfying. Although the patients 
were instructed about the importance of maintaining oral hygiene around implants, 
only 40.4% had reported having tried cleaning tools for maintenance [3].

We must acknowledge that implant placement requires a multidisciplinary 
treatment approach wherein a Maxillofacial surgeon, Prosthodontist, Periodontist, 
Oral Radiologist, Dental Hygienist, and the patient must work as a team to achieve 
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long-term implant success. Hence, patients are considered as co-therapists in main-
taining and achieving long-term implant success [4].

As the ideology of long-term implant success has taken a paradigm shift from 
attaining primary stability to implementing and ensuring periodic recall and main-
tenance, it is the responsibility of the dental team to convey the importance of oral 
hygiene maintenance and regular recall visits to the patients which can help them 
achieve long-term maintenance health of implant and the peri-implant structures.

Although there is scarce information available in the literature about 
 dental implant maintenance protocols, in this chapter, we intend to compile in toto 
a detailed description of the various parameters which need to be examined and 
the measures to be implemented for achieving long-term implant success.

2. Risk factors that contribute to implant failures

The success of a dental implant depends primarily on the level of marginal bone 
loss, absence of mucosal inflammation, and probing depth. Risk factors that under-
mine the above criteria for long-term implant success should be explained to the 
patient and a comprehensive treatment plan must be presented to them. This compre-
hensive treatment plan must include all recommended dental therapy, possible alter-
native treatment options, the clinical risk which can be faced during the surgery, and 
the cost of the treatment. This discussion between the practitioner and the patient 
will help the patient understand why and how the procedure will be carried out.

Patient-specific risk assessment should include an extensive examination of the 
candidate and detailed medical and dental history. This will help the practitioner 
weigh the pre-operative and post-operative risks with implant placement. It is ideal 
and recommended to classify the implant patients according to their medical condi-
tion and associated co-morbidities using the American Society of Anesthesiologists 
Physical Status Classification System (ASA PS Classification) and co-relate their 
ASA PS status with the Type of dental treatment (Table 1) and their associated risk 
type (Table 2).

Sr. no Dental treatment Procedures

1. Type 1 [5] Examinations, radiographs, study model impressions, oral 
hygiene instruction, supra-gingival prophylaxis, simple 
restorative dentistry

2. Type 2 [5] Scaling, root planning, endodontics, simple extractions, 
curettage, simple gingivectomy, advanced restorative 
procedures, simple implants(endodontic root forms)

3. Type 3 [5] Multiple extractions, gingivectomy, quadrant periosteal 
reflections, impacted extractions, apicoectomy, plate form 
implants, multiple root form implants, ridge augmentation, 
subantral augmentation, unilateral subperiosteal implants

4. Type 4 [5] Full arch implants, ramus frame implants, full-arch 
endosteal implants, orthognathic surgery, autogenous bone 
augmentation, bilateral subantral augmentation

Table 1. 
Type of dental treatments.
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3.  Diagnostic parameters to evaluate during implant maintenance protocol

The success of any dental prosthesis begins with its maintenance and recall phase. 
Similarly, after the implants have been placed in the edentulous region, routine recall, 
evaluation, radiographs, and maintenance are necessary to achieve its long-term suc-
cess. It is, therefore, the responsibility of the dental team to understand the etiology, 
provide appropriate preventive treatment and be well-versed with the maintenance 
protocol which should be performed at regular intervals that will assist the patient to 
maintain implant health.

The implant maintenance protocol consists of two phases:

3.1 Phase 1: assessment phase

The dentist will assess the patient’s medical condition, analyze the risk factor/s 
which may pose as an etiology for the implant failure (Table 3). Along with the 
medical condition, the dental history of the patient should also be evaluated as it 
may provide us with information about the patient’s oral hygiene and peri-implant 
status. It has been documented in multiple studies [37–39] that edentulous patients 
with high plaque scores before implant placement had experienced more implant 
failures than those with lower plaque scores. Furthermore, it has also been proven 
that patients treated for their periodontal conditions are more likely to experience 

ASA PS 
status

Description Type of dental treatment Risk of 
implant 
placementType 1 Type 2 Type 3 Type 4

ASA II [6] A patient with mild systemic 
disease who has no functional 
limitations and well-controlled 
disease, whose BMI is under 
35, is a social drinker or smokes 
cigarettes, or has well-
controlled hypertension

+ Sedation and 
Stress reduction 
protocol

IV sedation and 
stress reduction 
protocol

Mild

ASA III [6] A patient with severe 
systemic disease that is not 
life-threatening and includes 
functional limitations caused 
by the disease, poorly treated 
hypertension or diabetes, renal 
failure, morbid obesity, stable 
angina, or pacemaker.

+ IV sedation
Stress reduction 
protocol
Physician

Hospitalization Moderate

ASA IV [6] A patient with severe systemic 
disease that is a constant threat 
to life that includes functional 
limitations as a result of severe 
systemic disease, unstable 
angina, poorly controlled 
COPD, symptomatic CHF, 
recent MI, or stroke less than 3 
months prior

+ Postpone all elective surgeries Severe

Table 2. 
Inter-relationship between ASA PS classification, type of dental treatment, and risk of implant placement.
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Sr. no Systemic risk factors Influence on implant placement Contra-indication References

1. Neuropsychiatric 
disorders: Epilepsy, 
schizophrenia, 
dementia, Parkinson’s 
disease, Alzheimer’s 
disease, Huntington’s 
disease

a. Difficult to maintain oral hygiene 
predisposing them to periodontal and 
soft tissue problems

b. Accidental swallow of dental 
instruments

c. Difficult to understand the proce-
dure, follow medical instructions, 
and provide consent

d. Alzheimer’s disease has shown an 
association with peri-implantitis [8].

Absolute [7, 8]

2. Recent myocardial 
infarction or 
cerebrovascular accident

Can trigger post-ischemia complications 
like cardiogenic shock, myocardial rupture, 
pericarditis, or chronic ischemic heart 
disease as observed in 75% of previous 
myocardial infarction affected patients.

Absolute [9, 10]

3. Valvular prosthesis 
placement

Can cause prosthetic valve endocarditis as 
observed in 1–3% of patients

Absolute [9, 11]

4. Bleeding disorders 
and patients under 
anticoagulants for 
cardiovascular disorders.

a. Can trigger mild thrombocytopenia 
which may produce abnormal post-
operative bleeding

b. Major post-surgical bleeding, 
spontaneous bleeding of the mucous 
membrane.

Absolute [9, 12]

5. Cancer and 
chemotherapy

a. May affect osseointegration due to 
bone vascularity reduction and cause 
dental implant failure.

b. Chemotherapy found to jeopardize 
bone metabolism.

c. Intensive chemotherapy can cause 
lower bone mineral density and a high 
risk of bone fracture.

Absolute [7, 13–15]

6. Respiratory disease a. Can cause airway 
hyperresponsiveness

b. Can perpetuate asthma if the dental 
implant surgery is done in a supine 
position.

c. Local anesthetic to be used cautiously 
in patients with COPD.

d. Vasoconstrictors are an absolute 
contraindication for COPD patients.

Relative [7, 16–18]

7. Liver disorder:
decompensated hepatic 
disorder, cystic fibrosis, 
liver cirrhosis

a. May cause reduced or trouble  
in producing coagulation  
factors.

b. Due to reduced platelet count can 
result in uncontrollable hemorrhage 
in the surgical site.

c. Can result in portal hypertension due 
to hepatic fibrosis during the surgery

Relative [7, 19]
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Sr. no Systemic risk factors Influence on implant placement Contra-indication References

8. Endocrine disorders:
diabetes mellitus, 
thyroid disorders, 
parathyroid disorders, 
other hormonal 
disorders.

a. Delayed wound healing, repressed 
bone formation, and enhanced 
bone resorption may be seen around 
implants in diabetic patients.

b. Thyroid storm can be induced due 
to emotional stress, trauma, and 
infection in hyperthyroidism patients.

c. Patients with hypothyroidism may 
have abnormal bone metabolism 
which may increase the risk of 
implant failure.

d. Women going through menopause 
have a higher incidence of periodon-
titis and osteoporotic alveolar bone 
which may lead to delayed healing 
and difficult to achieve success in 
dental implantation.

Relative [7, 20, 21]

9. Immunosuppression Several case report studies suggest no 
relationship between HIV and implant 
failure. It has been proven safe to place 
implants in patients with controlled HIV

Relative [22–25]

10. Osteoporosis a. No scientific evidence confirms 
contraindication or implant failure in 
patients with primary osteoporosis

b. In secondary osteoporosis due to 
accompanying illness or systemic 
conditions chances of implant 
failure is more

Relative [26]

11. Smoking a. Increase of implant failure rate 2.5 
times more in smokers compared to 
non-smokers

b. In maxilla the chances of implant 
failure have been reported to be 18% 
in smokers as compared to 7% in 
non-smokers

c. Smoking cessation before implant 
placement appears to improve results

Relative [27, 28]

12. Age Many studies have concluded that age is not 
a significant factor for implant failure unless 
associated with a systemic disease that may 
result in bone loss

Relative [29]

13. Interleukin-1 genotype a. No studies to support co-relation 
between implant failure and IL-1 
genotype

b. However, a synergistic effect is 
present between smoking and IL-1 
genotype

c. Odds ratio of tooth loss increased 
to 7.7% when smoking and IL-1 
genotype is present as opposed to 
2.9% when only smoking is present

Relative [29]
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implant complications compared to non-periodontal treated patients [40–42]. Hence, 
to achieve long-term implant survival and success, patients with a previous history 
of aggressive periodontitis must undergo Supportive Periodontal Therapy (SPT) and 
diligently follow the regular maintenance phase and recall visits.

A typical maintenance phase should last for 1 h and should be scheduled every 
3 months. The following are the parameters that are evaluated during the assessment 
phase of the implant maintenance protocol.

3.1.1 Peri-implant diagnostic parameters

The diagnostic parameters used to evaluate and monitor oral implants during the 
maintenance phase should have high specificity and sensitivity. We shall discuss the 
various peri-implant diagnostic parameters with modified dental indices that will be 
used during the assessment phase.

3.1.1.1 Plaque and mucosal assessment

Mombelli et al. [43] and Apse et al. [44] modified the plaque and mucosal assess-
ment indices for peri-implant marginal mucosa and plaque evaluation (Table 4).

3.1.1.2 Peri-implant bleeding on probing

Similar to natural teeth conditions, the absence of bleeding on probing around 
peri-implant mucosa suggests a healthy implant soft tissue. In a study conducted by 
Lang et al. [45], it was concluded that healthy peri-implant sites were characterized 

Sr. no Systemic risk factors Influence on implant placement Contra-indication References

14. Medications:
bisphosphonates

a. Increased risk of developing 
osteoradionecrosis of the jaw known 
as Bisphosphonate-related osteoradi-
onecrosis of the jaw (BRONJ)

b. Oral bisphosphonates have been 
associated with an increased risk of 
implant failure

Absolute [30–32]

Anticancer drugs May cause bone marrow toxicity, 
immunosuppression which may result in 
infection, hemorrhage, mucositis, and pain.

Absolute [9]

Anticoagulants a. Chances of experiencing post-opera-
tive bleeding problems have been seen 
only in patients who take high doses 
of anticoagulants.

b. Risk of developing uncontrolled 
bleeding or life-threatening bleeding 
is very low.

c. Discontinuing anticoagulant therapy 
before implant placement may also 
account for increased probability of 
thromboembolic events

Relative [33–36]

Table 3. 
Lists the different systemic conditions that can pose as a risk factor for implant placement.
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by absence of bleeding on probing i.e. 0% whereas peri-implant mucositis reported 
67% and peri-implantitis reported 91% of bleeding on probing. To avoid false-pos-
itive readings for bleeding on probing, Gerber et al. have recommended a minimum 
pressure of 0.15 N to be applied during the examination [46].

3.1.1.3 Peri-implant probing depth

Probing is an important and realistic diagnostic indicator for monitoring the 
peri-implant tissues. The probing force required is around 0.2–0.3 N [47] and should 
always be measured using a periodontal probe from the mid-aspect of the mesio-
buccal, buccal, distobuccal, mesiolingual, lingual, and distolingual surfaces of the 
implant. Probing depth for an implant having a supraosseous platform with healthy 
mucosa is around 2–4 mm [48]. If the implant had been placed infrosseoulsy the 
probing depth may be slightly higher. However, an increase in clinical probing depth 
associated with bleeding on probing should be viewed as signs of peri-implant disease.

3.1.1.4 Width of peri-implant keratinized mucosa

The influence of keratinized tissue around implants is still a controversial issue 
as there is no consensus in literature regarding the long-term success of implants and 
the presence or absence of keratinized tissue. However, numerous studies have been 
conducted which revealed a relationship between lack of keratinized tissue and plaque 
accumulation [49–52], bone loss [49, 53], increase in soft-tissue recession [51, 52, 54], 
bleeding on probing [50–53], and greater gingival inflammation [50–53].

3.1.1.5 Peri-implant sulcus fluid analysis (PISF)

PISF has a substantial amount of biochemical mediators which act as a non – inva-
sive host marker for identifying underlying peri-implant diseases. There have been 
studies conducted which show a positive correlation with PISF and plaque accumula-
tion [55], degree of peri-implant soft tissue inflammation [55], and also the amount 
of bone resorption [56].

3.1.1.6 Suppuration

Suppuration is a confirmatory indicator of the disease activity and hence immedi-
ate anti-infective therapy is recommended [57].

Score Peri-implant plaque assessment index Peri-implant marginal mucosa index

Mombelli et al. [43] Apse et al. [44]

0 No plaque detected Normal mucosa

1 Plaque is detected only when a probe is run 
through the smooth marginal surface of the 
implant

Minimal inflammation and mucosa color change present 
with mild edema

2 Plaque can be seen by the naked eye Moderate inflammation with redness, edema, and glazing

3 Abundance of soft matter detected Severe inflammation with redness, edema, ulceration, 
and spontaneous bleeding without probing

Table 4. 
Peri-implant plaque and mucosal indices.
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3.1.2 Evaluation of food impaction around implants

Food impaction is one of the most common risk factors for developing peri-
implant diseases [58]. Food impaction around implants can cause bleeding, edema, 
inflammation, halitosis, bone loss, pocket formation, implant mobility, and finally 
implant failure. The following is a classification for food impaction given by Chopra et 
al. [59] which will help us diagnose the cause for food impaction.

Class I: Food impaction present between either an implant supporting crown/
fixed dental prosthesis (FDP) and the adjacent natural tooth.

Class II: Food impaction present between either an implant supporting a single 
crown/FDP and a tooth with caries/faulty restoration/crown/FPD.

Class III: Food impaction present between two adjacent implants with either a 
single crown/FDP.

Class IV: Food impaction below the pontic of an implant with FDP.
Class V: Food impaction around implant-supported/retained dentures.
Class I–Class V has additional sub-categories based on the etiology of food lodge-

ment [59].

3.1.3 Evaluation of implant mobility

Test for implant mobility is a primary factor for identifying the longevity of 
implant health. Implant mobility can be tested either by the conventional method or 
by using automated devices. The conventional method uses two rigid instruments 
that apply a labiolingual force of 500 g around the implant fixture to test its rigidity. 
The automated devices currently in use are Periotest and a non-invasive device that 
works on the principles based on Resonance Frequency Analysis (RFA).

The amplitude of implant mobility can be assessed using the Implant mobility 
scale given by Misch [60] (Table 5).

3.1.4 Occlusal evaluation

Occlusal evaluation must be done at regular intervals. Any deflective or premature 
contacts that may cause loosening or fracture of abutment screws, implant, or pros-
thetic failure must be evaluated and corrected. Parafunctional habits if present must 
be documented and treated accordingly as they may cause rapid bone loss [47].

3.1.5 Crestal bone loss and radiographic evaluation

Loss of crestal bone is a significant indicator of any ongoing peri-implant disease. 
After the prosthesis delivery, crestal bone loss around implants can be a primary indicator 

Scale Description

0 Absence of clinical mobility in any direction when 500 g force is applied

1 Slight detectable horizontal movement with 500 g force

2 Visible moderate horizontal mobility up to 0.5 mm when a force of 500 g applied

3 Severe horizontal movement of more than 0.5 mm is seen when a force of 500 g applied

4 Moderate to severe horizontal movement along with any visible vertical movement

Table 5. 
Clinical implant mobility scale.
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of the need for initial preventive therapy. Marginal bone loss of 0 to 0.2 mm after the 
first year of function is common and acceptable [61–63]. However, a bone loss of 0.5 to 
1 mm after the abutment is connected and during the first few years of the prosthesis in 
function is an indicator of excessive stress at the crestal implant-bone interface [64]. The 
dentist should evaluate and reduce the cause of stress at the implant-bone interface which 
could be due to deflective occlusal contacts, cantilever length, or parafunction.

At-home implant 
care

Types Description

Brushing [65] 1. Manual

2. Automated/sonic brush

3. Motorized/power brush

4. End tufted brush

5. 5. Tapered rotary brush

a. To be performed twice daily for effective plaque 
removal around implants.

b. Patients should be instructed to follow the BASS 
technique of brushing.

c. To access the interdental or under the implant bar 
or connector region, a tapered rotary brush can 
be used.

d. Automated/ Sonic brushes are superior to manual 
brushes in that they effectively remove plaque, 
provide improved interproximal cleaning without 
damaging the peri-implant tissue, and can be used 
by patients with limited dexterity.

e. In difficult to access regions especially the posterior 
area, end tufted brushes or tapered rotary brushes 
can be used.

Interproximal 
cleaning aids [65]

1. Floss
plastic, braided, satin, woven, 
yarns, dental tapes, tufted, 
coated

a. Should be used in a ‘shoe-shine rag’ fashion.

b. Along with the mesial and distal surfaces, the facial 
and lingual surfaces should also be cleaned using 
the looping technique for effective debridement.

c. Patient should be instructed to place the floss sub-
gingivally until resistance is met.

d. Dental floss can also be used to deliver antiseptic 
agents to the implants on daily basis.

2. Interproximal cleansers:
Foam tips, interproximal 
brushes, disposable wooden 
picks

a. Chosen based on the size of the interproximal area.

b. Caution to be excised in cases where the inter-
proximal brush has an exposed metal tip which can 
damage the peri-implant soft tissue and also the 
abutment’s surface.

c. Chemotherapeutic agents can be delivered to the 
implant surface using the proxy and foam tip 
interdental brushes.

3. Water irrigation:
Hydro floss, Oracura

a. Water stream should be directed interproximally 
and horizontally between implants or can cause 
damage to the peri-implant tissue

Chemotherapeutic 
agents [65]

Povidone iodine, 
Chlorhexidine gluconate, 
lasers, photodynamic therapy, 
or plant alkaloids

a. Can be used in patients who have recurrent tissue 
inflammation in the form of rinses, gels, lozenges.

b. However, chlorhexidine gluconate has been proven 
to alter the surface topography of implants, and 
cause cell cytotoxicity thereby affecting the re-
osseointegration potential of implants [66]

Table 6. 
At-home oral implant hygiene care aids.
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A preventive maintenance appointment should be scheduled every 3 to 4 months and 
a periapical/ bitewing radiograph should be made every 6 to 8 months. The periapical/
bitewing radiograph must be compared with the baseline radiographs to evaluate the 
crestal bone changes that have/have not occurred in the early stages of loading.

After 1 year, the previous radiographs must be compared with the recent bitewing 
radiograph and evaluated for further bone loss. If no changes are observed, a radio-
graphic examination must be scheduled every 3 years, however, if there are noticeable 
unfavorable changes or crestal bone loss present, a radiographic evaluation must be 
carried out every 6–8 months along with stress reduction and hygiene maintenance 
protocol [60].

3.2 Phase 2: hygiene phase

Following the systematic assessment phase arduously performed by the clinician, it 
is now the responsibility of the patient, a co-therapist, to meticulously and habitually 
follow the implant oral hygiene protocol instructed by the clinician. After the implant 

In-office implant 
care

Types Description

Scaling [65] Scalers made from 
plasteel (resin); 
hi-tech plastic; 
graphite-reinforced 
nylon etc.

a. Metallic instruments should be avoided as they can 
scratch, contaminate or produce galvanic reactions at 
the implant-abutment interface.

b. If the prostheses limit the access to manual scalers, sonic 
or ultrasonic scalers with plastic or graphite-reinforced 
nylon tips may be used.

c. Depending on the sites of deposits, either horizontal, 
oblique, or vertical short working strokes with light 
pressure should be used to prevent inadvertent damage 
to the peri-implant tissues.

Polishing [65] Non-abrasive 
polishing pastes like 
aluminum oxide, 
tin oxide, APF 
free prophy paste, 
and low abrasive 
dentifrice

a. Coarse abrasive polishing pastes and air polishing of 
implant components are contraindicated.

b. Air polishing may cause chipping of the porcelain or 
composite material.

c. May result in unwanted pitting or surface irregularities 
on the implant components and cause detachment of 
soft tissue from the implant surface due to air pressure.

Chemotherapeutic 
agents [65]

Dentomycin, 
PerioChip, Atridox, 
or subgingival 
irrigation using 
chemotherapeutic 
agents.

a. Plastic irrigation tip may be used to introduce the 
antiseptic agents to the base of the implant sulcus.

b. Neutral sodium fluoride may be used instead of other 
fluorides which may have an acidic pH and thereby alter 
the implant surface

Intraoral camera 
[65]

a. Can be used to educate the patient about the effect of 
their oral hygiene care.

b. Based on the outcome of their previous oral care, any 
changes required can be implemented. This will help 
the patients to self-analyze their regular oral hygiene 
methods and motivate them to make necessary changes 
or continue with the same.

Table 7. 
In-office oral implant hygiene care aids.
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placement, patients usually have improper oral hygiene practice either due to the fear of 
damaging the implant or because of overzealous oral health care practice. Hence, as cli-
nicians, it is important to convey both verbally and visually the different oral health care 
aids that can be practiced safely by the patients to achieve long-term implant success.

The following are the agendas to be covered in the hygiene phase:
Directing the patient to control the underlying medical conditions which may 

cause peri-implant diseases and gradually implant failure.
Educating the patient about the importance of maintaining implant oral health 

and recall visits.
Training the patient to use different In-home hygiene products for the mainte-

nance of implant oral health.
Oral implant hygiene methods can be broadly categorized as At-home implant care 

(Table 6) and In-office implant care (Table 7).

4. The implant health scale

The success of an implant should not focus on the implant fixture alone but also 
on the success of the entire implant prosthesis. A natural tooth in the oral cavity is 
not described as a success or failure, instead, a health scale is used to determine the 
condition and survival of the tooth.

Similarly, the implant health scale was introduced by James and further modified 
by Misch in the year 1993 [67, 68]. The Internation Congress of Oral Implantologists 
(ICOI), in Italy Consensus Conference, Pisa, on 5th October 2007, further modified the 
James-Misch Implant scale and approved a health scale with four categories for endos-
teal implants that describe their clinical conditions i.e. implant success, implant survival 
(satisfactory and compromised), and implant failure [69] (Table 8).

Implant 
quality scale

Clinical conditions Prognosis Treatment planning

I. Implant 
success

a. No pain or tenderness during 
any function

b. 0 mobility

c. <2 mm bone loss from initial 
surgery period

d. No history of exudates

Very good to excellent 
prognosis

Normal maintenance

II. Satisfactory 
survival

a. No pain on function

b. Zero mobility

c. 2–4 mm of radiographic 
bone loss

d. No history of exudates

Good to excellent 
depending on the 
condition of the crestal 
bone

a. Evaluate for stresses

b. Keep shorter intervals 
between hygiene 
evaluation

c. Yearly radiographs

III. 
Compromised 
survival

a. May have sensitivity during 
function

b. No mobility

c. Radiograph shows bone loss 
of >4 mm (less than ½ of 
implant body)

d. Probing depth of >7 mm

e. May have a history of exudate

Good to guarded 
prognosis depending on 
the ability to reduce the 
stresses once surgical 
corrections have 
improved the soft and 
hard tissues health.

a. Evaluate for stresses

b. Start with antibiotics, 
topical chemotherapeu-
tic agents

c. Surgical reentry

d. Evaluate the prosthesis 
for change/ addition of 
a new implant
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After the final implant assessment phase, the clinician should categorize the 
implant health based on the assessed clinical condition of the implants.

5. Conclusion

The immediate outcome of implant dentistry for patients is usually esthetics and 
function. But long-term implant prosthesis success depends on an array of factors 
such as implant quality, implant surgery procedure, peri-implant health, implant/
prosthesis mobility, pain, exudate, etc.

A systematic review [70] was conducted to evaluate the different implant oral 
hygiene methods that are available and are in use by the general public and the dental 
team for the debridement of plaque and maintenance of implant oral health. It was 
concluded, that the knowledge that exists among the clinicians and the general 
public about oral hygiene maintenance is concerning natural teeth and no particular 
protocol or regimen were being followed [70]. Hence, academics and private clinics 
must start spreading awareness both verbally and visually about the different implant 
oral hygiene aids which can be used to achieve long-term implant success.

The only elucidation to achieve long-term successful implant prosthesis is frequent 
maintenance recalls, regular professional and at-home implant hygiene care, as well 
as treating any peri-implant pathology at its earliest. In this chapter, we have meticu-
lously compiled in toto the dental implant maintenance protocol and hope that the 
information provided will be helpful for the implant interdisciplinary team to guide 
the patient, educate them and simultaneously work with them to achieve long-term 
implant success.
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Implant 
quality scale

Clinical conditions Prognosis Treatment planning

IV. Failure 
(clinical or 
absolute)

Any of the following:

a. Pain

b. Mobility

c. Radiographic bone loss 
of more than ½ length of 
the implant

d. Uncontrolled exudate

e. No longer in mouth

Very poor prognosis a. Whether a clinical or 
absolute failure, the 
implant should be 
removed.

b. Sleper implants, surgi-
cally removed implants, 
or exfoliated implants 
fall under this category.

Table 8. 
Dental implant health scale, international congress of oral implantologists, Pisa, Italy consensus conference, 2007.
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Chapter 18

Herbs and Oral Health
Zuhair S. Natto

Abstract

Herbal medicine has long been used to prevent and control disease, and it can 
minimize the potential side effects of chemical products. However, side effects 
from herbs do exist. Most of the challenges with herbal medicine revolves around 
inadequate information about the effect of herbs in the oral cavity, the mechanism 
of action, and potential side effects. There are several herbs described in this chapter 
have anti-inflammatory, anti-bacterial, anti-viral, anti-fungal in oral micro-organ-
isms. It includes aloe vera, ginger, clove, cinnamon, garlic, neem, miswak, turmeric, 
tulsi, green tea, chamomile, fenugreek, anise plant, peppermint, bloodroot, caraway, 
eucalyptus, phyllanthus emblica, black seed, myrrh, rosemary, sage, and thyme; some 
may act as an alternative management option to current treatments for oral conditions 
such as caries prevention, gingivitis, periodontitis, oral burn, ulcers and inflamma-
tion, after extraction, dry mouth, pain reduction, anesthesia, intracanal medications, 
ill-fitting dentures, peri-implant mucositis and peri-implantitis. It can be used in 
several forms such as mouthwashes, toothpastes, topical agents or local drug delivery 
devices. However, more research is needed to understand their mechanisms and 
potential side effects.

Keywords: bacterial plaque, herbs, oral health, gingiva, periodontal disease, caries

1. Introduction

Herbs is defined as “any plants that lack the woody tissue characteristic of 
shrubs or trees” [1–7]. Several herbs have shown positive effects against a variety 
of inflammatory medical problems, such as dysphagia, gastric ulcers, wound heal-
ing, and sore throat. It is the core component of the complementary and alternative 
medicine (CAM) [1–7]. It has been used to manage blood problems and eliminate 
waste, stimulate body and blood circulation, minimize irritation [1–7]. It has several 
forms such as tablets, syrups, or it can be used externally as a dressings, or topical 
 application [1–7].

Herbs could have a potential beneficial effect in the dental field, such as with 
gum swelling, specifically, and in oral healthcare overall. However, few studies have 
scientifically reviewed these topics. In this chapter, the most common herbal supple-
ments that can be used in dentistry (i.e., neem, ginger, clove, aloe vera, eucalyptus, 
garlic, miswak, turmeric, tulsi, charcoal, and cinnamon) are reviewed. Evidence-
based findings will be presented to support or refute the use of these agents in 
oral care.
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2. Most common herbs used in dentistry

2.1 Aloe Vera

Aloe vera is effective in periodontal disease conditions [1]. It is available in several 
forms, such as a mouthwash, toothpaste, or gel [1]. In a recent systematic review, 
aloe vera as a mouthwash was effective in all included studies in reducing plaque and 
gingival inflammation (Table 1, [2]). Moreover, aloe vera had no or very minimal 
side effects compared to other chemical mouthwashes [2]. It has a strong detoxifying 
agent, a neuro-sedative properties and immune booster [1, 2]. It can act as a mercury 
scavenger and antioxidant. It accerlated healing after surgical extraction including the 
third molar [1, 2].

Aloe vera toothpaste is another form that is effective on periodontal index and gin-
gival scores and that can be used as an alternative to traditional toothpaste [3]. Aloe 
vera gel has inhibitory activities on some cariogenic organisms (Streptococcus mutans) 
[4], such as periodontopathic (Aggregatibacter actinomycetemcomitans, Porphyromonas 
gingivalis) and an opportunistic periodontopathogen (Bacteroides fragilis) [4]. It can 
be used as intracanal medicaments against Enterococcus faecalis (Table 1, [5]). It can 
be used to manage antiviral infection such as herpes simplex and herpes zoster, or as 
an antifungal agent against candida albicans [3–5].

There are several other uses for aloe vera such as aid in chemical burns, dry 
sockets, relief of aphthous ulcers, canker sores, lichen planus, pemphigus, desquama-
tive gingivitis, migratory glossititis, and burning mouth syndrome [1–5]. It can helps 
in reducing the information related to ill-fitting dentures [1–5]. It can also be used in 
peri-implant mucositis and peri-implantitis [1–5].

2.2 Ginger

Ginger, which is scientifically named Zingiber officinale roscoe, can be used as 
a pain killer and is as effective as ibuprofen [6]. It can be used as an alternative for 
ibuprofen [6]. Combined with non-surgical periodontal therapy in chronic periodon-
titis cases among the type 2 diabetes population, ginger can help [7]. The reducing 
colony forming unit (CFUs/uL) of S. mutans is comparable to other oral rinses, such 
as chlorhexidine, and is also effective against Lactobacillus (Table 1).

Ginger may be a promising anti-cariogenic against Streptococcus mutans and 
Streptococcus sobrinus [7]. It contains phenolic compounds such as gingerol and shogaol, 
hydrocarbons, and oleoresins. These compounds have been investigated and shown to 
be effective anti-inflammatory, anti-bacterial, and antioxidant agents in oral micro-
organisms, which can help in disease prevention [8]. Moreover, ginger can help to 
reduce costs and side effects, and can introduce a safe inhibitory agent compared to 
conventional mouthwash [9]. It can be used also as an intracanal dressing, and in cases 
with recurrent apthous stomatitis and denture stomatitis [6–8]. However, it can lead to 
gastrointestinal irritation, heartburn, or diarrhea [6–8]. It can interfere with warfarin 
and inhibit platelet aggregation [6–8].

2.3 Clove

The principal phenolic components of clove, which is known scientifically as 
Syzygium aromatic (S. aromatic), are volatile oil, eugenol, and eugenyl acetate. It 
has some physical properties that have an adverse effect on surface roughness and 
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Herbs Main dental use Main oral targeted organism

Aloe vera Periodontal index, gingival scores, inhibitory 
activities on some organisms, intracanal 
Medicaments, oral medicine, after extraction, ill 
fitting denture, around implants complications.

Streptococcus mutans, Aggregatibacter 
actinomycetemcomitans, Porphyromonas 
gingivalis, Bacteroides fragilis, 
Enterococcus faecalis

Ginger Pain killer, anti-inflammatory, anti-bacterial, 
intracanal dressing, recurrent apthous 
stomatitis and denture stomatitis

Streptococcus mutans, Streptococcus 
sobrinus, Lactobacillus

Clove Inhibit the decalcification and promote the 
remineralization, topical agent, anti-bacterial

S. mutans, Porphyromonas gingivalis, 
Prevotella intermedia, Candida albicans, 
Herpes Simplex virus 1 and 2

Cinnamon Endodontic irrigate solution, antimicrobial 
properties against cariogenic bacteria and 
fungicidal activity .

E. faecalis, Candida tropicalis and 
Candida glabatra

Garlic Inhibition of the growth of the periodontal 
pathogens, Endodontic irrigate solution.

Aggregatibacter actinomycetemcomitans, 
P. gingivalis, Fusobacterium nucleatum, 
Streptococcus mutans and Lactobacillus 
acidophilus

Neem Endodontic irrigation soluation, 
antiviral, antibacterial, antisclerotic and 
antiinflammatory properties. A local drug 
delivery system, inhibition of oral epithelial cell 
carcinoma.

E. faecalis, P. gingivalis, S. mutans, 
S. faecalis, S. salivarius, S. mitis, and 
S. sanguis

Miswak Reduction of plaque, bacterial oral germs, 
prevent cavities, halitosis. Dentifrice, chronic 
periodontitis, mouthwash,remineralization 
effects, anti-cariogenic, whitening properties, 
and orthodontic chain preservation.

Porphyromonas gingivalis and Herpes 
simplex virus-1.

Turmeric Antibacterial, antitumor, antioxidant, anti-
inflammatory and analgesic properties. Mouth 
rinse, erythematous halo, ulcer size, and pain, 
oral submucous fibrosis

Aggregatibacter actinomycetemcomitans, 
Porphyromonas gingivalis, and Tannerella 
forsythia.

Tulsi Antimicrobial agents. Toothpaste or mouthwash A. actinomycetemcomitans, P. gingivalis 
and P. intermedia

Green tea Antibacterial properties. Minimize bone loss 
in periodontal disease cases, mouth rinse, local 
drug delivery, and chewing gum.

Streptococcus mutans, Streptococcus 
sobrin, P. gingivalis and P. 
melaninogenicus.

Chamomile Anti-inflammatory property, mouth rinse for 
gingivitis and periodontal disease, management 
of burning mouth syndrome, irrigant solution.

Porphyromonas gingivalis

Fenugreek Gingival index, plaque index, bleeding on 
probing, pocket depth, and clinical attachment 
levels.

Anise plant Antibacterial properties, mouth rinse, increase 
healing process

E. corrodens and Prevotella spp.

Peppermint Toothpaste or mouth rinse, antibiofilm 
properties. Topical analgesic and reduces pain. 
Treatment of gingivitis, periodontitis, oral 
mucosa of viral, bacterial, fungal and protozoal 
etiology. Decrease the treatment time, faster 
tissue regeneration, faster relieved pain and 
swelling, and improved the patients’ quality of 
life. Mouthwash.

Streptococcus mutans
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hardness, as well as transverse strength [10–13]. A high dose of clove oil can cause 
serious problems, such as sore throat, vomiting, toxicity, damage to the kidney and 
liver, epilepsy, and difficulty breathing. In small doses, it can inhibit decalcification 
and promotes remineralization (Table 1, [14]). It can be used as a topical agent, as 
a benzocaine before needle insertion, and has similar pain scores [15]. The crude 
extract of S. aromaticum (clove) has shown inhibitory activity against periodontal 
oral pathogens, including S. mutans (Table 1, [16]).

Other potential dental uses include antibacterial activity against Porphyromonas 
gingivalis and Prevotella intermedia [13]. It minimize several cytokines and factors 
such as IL-6, COX-2 and TNF-α. It has antifungal activity against Candida albicans 
[10–16], and antiviral activity against Herpes Simplex virus 1 and 2 [10–16]. It can 
be used as mouthwashes, toothpastes, topical agents and local drug delivery devices 
[10–16]. Clove and its components are generally considered as “safe”. However, it has 
been demonstrated as a cytotoxic agent towards fibroblasts and endothelial cells in 
vitro studies [10–16]. Moreover, hepatotoxicity, generalized seizures and dissemi-
nated intravascular coagulopathy has been reported as severe side effects [10–16]. 
Other potential side effects include skin irritation, ulcer formation, contact dermati-
tis, tissue necrosis, and delayed healing [10–16].

Herbs Main dental use Main oral targeted organism

Bloodroot Periodontal disease, toothpaste or other oral 
hygiene products.

P. gingivalis.

Carawa Mouth wash in gingivitis or periodontal 
disease. Flavor component in toothpaste and 
mouthwash products.

Fusobacterium nucleatum, early and late 
bacterial colonizers .

Eucalyptus Anti-bacterial, antibiotics and oral infections 
prevention, dissolve root canal sealer

A. actinomycetemcomitans and 
P. gingivalis, Streptococcus mutans, 
Lactobacillus acidophilus

Phyllanthus 
emblica

Antimicrobial, antioxidant, antiresorptive and 
antiinflammatory activity. Locally delivered gel

Group of bacteria

Black seed Suppresses pro-inflammatory cytokines, anti-
bacterial, and decrease oral halitosis.

Porphyromonas gingivalis, 
A. actinomycetemcomitans and Prevotella 
intermedia, S. mutans, Enterobacter 
cloacae, Streptococcus oralis, Streptococcus 
anginosus, Staphylococcus epidermide.

Myrrh Antimicrobial properties, immune enhancer. 
Topical or a mouth wash, manage pharyngitis, 
tonsillitis, gum swelling, aphthous ulcers, 
intramucosal wounds, gingivitis and ulcers. 
Anti-inflammatory activity such as IL-1β, IL-6, 
and TNF-α.

Streptococcus mutans, Lactobacillus 
spp, Porphyromonas gingivalis, 
A. actinomycetemcomitans, Treponema 
denticola, and Tannerella forsythia

Rosemary Antioxidant, antibacterial, antifungal, 
anticancer.

Staphylococcus aureus, Staphylococcus 
albus, Vibrio cholerae and Escherichia coli

Sage Mouthwash or gargle, sore throat, gingivitis, 
antibacterial, antifungal.

Streptococcus mutans, Lactobacillus 
rhamnosus, Actinomyces viscosus, Candida 
albicans

Thyme Spasmodic, whooping cough, oral herpes, 
chronic candidiasis and halitosis.

S. aureus, E. coli, C. albicans Streptococcus 
mutans

Table 1. 
The most common herbs used in dentistry and the dental application.
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2.4 Cinnamon

Cinnamon is commonly referred to Cinnamon Zeylanicum or Cinnamon cassia. It 
can be used as an endodontic irrigant to minimize the E. faecalis, which is comparable 
to 3% of sodium hypochlorite [17]. Cinnamon has good antimicrobial properties 
against cariogenic bacteria such as S. mutans and Lactobacillus casei [18], as well as 
fungicidal activity against Candida tropicalis and Candida glabatra (Table 1, [18]).

Chewing gum containing cinnamon may help in the management of halitosis cases 
by minimizing volatile sulfur compounds inside the oral cavity [19]. The toothpaste 
that contained Cinnamomum zeylanicum showed anti-bacterial activity against peri-
odontal pathogens (Table 1, [20]). It can be used in the dental unit water lines, which 
minimized bacterial count [21].

There are potential side effects such as tooth discoloration with high exposure to 
cinnamon [17–21], allergic reaction such as swelling, inflammation, burning, soreness 
of the mouth and lips [17–21].

2.5 Garlic

Several in vitro studies found that the inhibition of the growth of the periodontal 
pathogens can happen with the aqueous extract, allicin [22], and diallyl sulfide  
of garlic [23]. The targeted pathogens are Aggregatibacter actinomycetemcomitans,  
P. gingivalis, and Fusobacterium nucleatum (Table 1, [24]).

When used as an irrigant, it is an effective, safe, and natural product, and is 
comparable to sodium hypochlorite after using it for a period of 12 months follow-
ing root canals of primary molars [25]. The maximum zone of inhibition against 
cariogenic bacteria, such as Streptococcus mutans and Lactobacillus acidophilus, 
was in hard neck garlic extract, followed by chlorhexidine mouthwash [26]. The 
 methanolic component of garlic had no anti-bacterial effects on S. aureus and  
P. aeruginosa [27].

Unpleasant breath or body odor is the most common side effects of garlic use 
[22–27]. Other side effects include heartburn, burning in a mouth or throat [22–27]. 
Patients need medical advice before garlic use if he/she is taking the following medi-
cations: acetaminophen; birth control pills; or warfarin [22–27].

2.6 Neem

Neem is scientifically known as Azadirachta indica and can be used as an 
 endodontic irrigation solution to minimize the E. faecalis, which is comparable 
to 3% of sodium hypochlorite [17]. It has antiviral, anti-bacterial (S. mutans,  
S. faecalis, S. salivarius, S. mitis, and S. sanguis), anti-sclerotic, and anti-inflammatory 
properties. A local drug delivery system using 10% neem oil chip statistically 
reduced P. gingivalis and all clinical parameters in periodontal-diseased patients 
(Table 1, [28]).

The highly pure neem leaf extract has proven potential inhibition of oral epithelial 
cell carcinoma through downregulation of intra tumor pro inflammatory pathways 
[29]. However, it was less effective in plaque scores reduction among orthodontic 
patients compared to Salvadora persica miswak-based mouthwash [30]. It has Anti-
candidial activity against C. albicans, and it inhibits S. mutans and E. faecalis which 
cause root canal failure in endodontic procedure [17, 28–30].
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2.7 Miswak

Salvadora persicahas have potential benefits in reduction of plaque, bacterial oral 
germs, cavity prevention, and halitosis [31]. It contains high amounts of calcium, 
chloride, phosphate, and thiocyanate, which, as a consequence, can affect saliva 
and oral health [32]. When used in the dentifrice, it can lead to significant reduc-
tion in plaque index scores compared to conventional dentifrice [33]. The miswak 
raw extract is effective against Porphyromonas gingivalis and herpes simplex virus-1 in 
chronic periodontitis patients (Table 1, [34]).

The mouthwash form has been investigated as an effective method for plaque 
reduction [35]. It can also be used as a chewing gum, mouthwash, and chewing stick 
[31–35]. It has remineralization effects following dental caries. Miswak can accelerate 
the wound healing after oral/periodontal surgery or extraction. It has potential anti-
cariogenic, whitening properties and orthodontic chain preservation [35].

2.8 Turmeric

Curcumin (Turmeric) has shown anti-bacterial, anti-tumor, antioxidant, anti-
inflammatory, and analgesic properties [36]. It can be used as a topical application, 
mouthwash, subgingival irrigant or local drug delivery system to treat periodontal 
diseases, with equivalent or even higher efficacy compared with chlorhexidine in 
periodontopathic bacteria reduction such as Aggregatibacter actinomycetemcomitans, 
Porphyromonas gingivalis, and Tannerella forsythia (Table 1, [36]).

The extract gel can be used as a treatment for erythematous areas, ulcers, and pain 
[37]. It can help in cases with oral submucous fibrosis, leukoplakia, lichen planus 
and it gave better results compared with the systemic form alone, or antioxidants 
(Table 1). It has anticancer activity as well [36, 37].

Although it considered safe, it may cause gastric irritation, nausea, diarrhea, 
allergic reaction, and interfering with blood-clot formation [36, 37].

2.9 Tulsi

Tulsi is released in several metabolites found in these plants, which have antimicro-
bial agents. It can be used in toothpaste or mouthwash [38]. It is similar to chlorhexidine 
in its antimicrobial property, and as an alternative in patients who cannot use chlorhex-
idine [39]. Tulsi extracts have antimicrobial activity against A. actinomycetemcomitans, 
P. gingivalis, and P. intermedia, with different inhibition zones (Table 1, [40]).

2.10 Green tea

Green tea and its principal compound (flavonoid epigallocatechin-3-gallate) are 
responsible for protective effects against several diseases and has anti-bacterial 
properties [41]. They can minimize bone loss in osteoporosis and periodontal dis-
ease cases by inducing apoptotic cell death of osteoclasts and osteoclasts-like cells 
(Table 1, [41]).

Green tea extract rich in epigallocatechin gallate minimizes alveolar bone loss in 
rats with periodontal disease [42]. It can be used in different forms, such as mouth-
wash, local drug delivery, and chewing gum. It has catechins that is anti-bacterial 
against Streptococcus mutans, Streptococcus sobrin, P. gingivalis, and P. melaninogenicus 
(Table 1, [42]).
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2.11 Chamomile

Chamomile, known as Matricaria recutita, contains volatile oils, flavonoids, 
apigenin, luteolin, and quercetin [43]. It has an anti-inflammatory property that is as 
effective as a mouthwash for gingivitis and periodontal disease. There was a zone of 
inhibition when tested against P. gingivalis (Table 1, [44]). However, eucalyptus oil 
was the most effective, followed by tea tree oil, chamomile oil, and turmeric oil [45]. 
It can be used in management of burning mouth syndrome cases and as an irrigate 
solution (Table 1, [46]). It can be used topically in the treatment of eczema [43–46]. 
In fact, a randomized clinical trial found it to be equivalent to hydrocortisone cream 
[43–46]. However, it can cause allergic reactions which included bronchial constric-
tion and skin reactions [43]. It is controversial to use with a pregnant women since it 
caused a newborn death in a single case report.

2.12 Fenugreek

There was a significant reduction in several parameters, such as gingival index, 
plaque index, bleeding on probing, pocket depth, and clinical attachment levels, 
when fenugreek was used clinically (Table 1, [47]). It has antibacterial activity 
against S. mutans, biofilm formation and acid production [47]. It was able to increase 
the salivary pH up to 7.83 and decreased the demineralization of the tooth’s outer 
surface [47]. Fenugreek is considered unsafe to use during pregnancy, breastfeeding 
and for children. Do not use this product without medical advice if you are pregnant 
[47]. It can interact with blood sugar levels and cause hypoglycemia), or cause bleed-
ing/blood clotting disorders [47].

2.13 Anise Plant

Anise has potent anti-bacterial properties due to the presence of anethole [43]. It 
has a strong effect against Staphylococcus aureus, as well as some gram-positive and 
gram-negative microorganisms. In the oral cavity, it works on anaerobic and faculta-
tive aerobic periodontal bacteria such as E. corrodens and Prevotella spp (Table 1, [43]). 
When used as a mouthwash, it was comparable to chlorhexidine in reducing bleeding on 
probing and increasing the healing process [43]. Anise is likely safe for most adults [43].

2.14 Peppermint

Mentha piperita can be used in a toothpaste or mouthwash, which showed anti-
biofilm properties against Streptococcus mutans and dental plaque (Table 1, [48]). It 
can be used topically as an analgesic and to reduce pain. It can also reduce a toothache 
[48]. It showed antimicrobial, analgesic, anti-inflammatory, immunomodulatory, and 
astringent properties. It can be used in treatment of gingivitis, periodontitis, and oral 
mucosa of viral, bacterial, fungal, and protozoal etiology (Table 1). It can lead to a 
decrease in treatment time, faster tissue regeneration, faster relieved pain and swell-
ing, and improved quality of life for the patients. It has also been used as a mouthwash 
[48]. It can be used safely in most of the cases [48]. However, it may interfere with 
iron absorption [48]. It can cause burning and gastrointestinal distresses in some 
cases. It is contraindicated in patients with chronic heartburn, severe liver damage, 
gallbladder inflammation or obstruction [48], and peppermint oil should be avoided 
in any facial application on children and infants [48].
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2.15 Bloodroot

Bloodroot is an alkaloid known as Sanguinaria canadensis. It has been used for 
periodontal disease due to its ability to inhibit the growth of oral bacteria such as P. 
gingivalis (Table 1, [43]). It’s available in toothpaste or as other oral hygiene products, 
and it is safe in long-term use. However, a recent report found that dental prepara-
tions with bloodroot may be associated with leukoplakia which is a precancerous 
lesion [43]. It is contraindicated in children, pregnant or lactating women [43]. The 
overdose can lead to stomachache, diarrhea, visual impairment, glaucoma, miscar-
riage, paralysis, and heart disease [43].

2.16 Caraway

The main components of Carum carvi are carvone and limonene. It can be used 
as a mouthwash in gingivitis or periodontal disease (Table 1, [43]). It can also be 
used as a flavor component in toothpaste and mouthwash products. It can target 
Fusobacterium nucleatum and early- and late-bacterial colonizers on tooth surfaces 
[43]. However, it should not be used in children under 2 years old because it may be 
cause irritation to the skin and mucous membranes [43].

2.17 Eucalyptus

Eucalyptus is effective against A. actinomycetemcomitans and P. gingivalis (Table 1). It 
can be used as a promising alternative to antibiotics and oral infections prevention [49]. 
It can stimulate the innate cell-mediated immune response, tumor chemotherapy [50]. 
Eucalyptus oil has the ability to dissolve root canal sealer (Table 1, [51]). It has anti car-
iogenic activity against Streptococcus mutans and Lactobacillus acidophilus [49–51]. There 
are several potential side effects associated with the use of Eucalyptus such as: allergy, 
rashes, burning sensation, drowsiness, difficulty in breathing, cardiovascular collapse 
and multi-organ failure due to substantial ingestion of eucalyptus mouthwash [49–51].

2.18 Phyllanthus Emblica

Emblica officinalis has several properties, such as cytoprotective, antimicrobial, 
antioxidant, anti-resorptive, and anti-inflammatory activity. It can be used as a locally 
delivered gel and as an adjunct to scaling and root planning, which will reduce the 
periodontal inflammation in chronic periodontitis cases compared with scaling alone 
[52]. It can reduce all strains of yeasts stick in the buccal epithelial cells compared 
with normal saline solution [53]. It can be used a mouthwash to treat mouth ulcers, 
and aphthous [52, 53]. It is the best remedy for scurvy due to vitamin C contents and 
pain reliefs [52, 53]. Even though Phyllanthus has been used as traditional medicine 
for long term, side effects may include stomach upset and diarrhea [52, 53]. It should 
be avoided in children, pregnant women, breastfeeding mothers, and patients with 
Wilson’s disease [52, 53]. It can inhibit blood clotting and should not be used plavix 
(clopidogrel) because it increased bleeding [52, 53].

2.19 Black seed

Miracle herb, or Nigella sativa, can reduce nitric oxide levels and inhibit pro-
inflammatory cytokines such as IL-1b, IL-6, TNF-α, IFN-c, and PGE2. It can also 
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increase the anti-inflammatory IL-10 [54, 55]. It works against Porphyromonas gingi-
valis, A. actinomycetemcomitans, and Prevotella intermedia (Table 1). It also decreases 
oral halitosis [54–58]. The black seed were found to have a bactericidal effect surface 
inhibition against S. mutans [54–58]. It can be used as an intracanal antisepsis in 
root canal therapy due to its activity against Enterobacter cloacae, Streptococcus oralis, 
Streptococcus anginosus, and Staphylococcus epidermides [54–58]. It has beneficial 
effects on oral ulcerations, oral mucositis, bone and wound healing after extraction or 
surgery [54–58].

2.20 Myrrh

Commiphora molm has three components: the resin, the gum, and the volatile 
oil. It has antimicrobial properties and immune enhancer [59–61]. It can be used as 
a topical or a mouth wash to manage pharyngitis, tonsillitis, gingivitis and ulcers 
with 2–3 times per day [59–61]. There is no known side effects with its used [62–65]. 
It works against caries bacteria such as Streptococcus mutans and Lactobacillus spp, 
and periodontal disease microbes such as Porphyromonas gingivalis, A. actinomy-
cetemcomitans, Treponema denticola, and Tannerella forsythia (Table 1, [62–65]). It 
has anti-inflammatory activity through proinflammatory cytokines reduction such 
as IL-1β, IL-6, and TNF-α [66]. It can be used in cases with gum swelling, aphthous 
ulcers, and intramucosal wounds [62–66]. It can lead to significant reduction 
in plaque and gingival inflations compared with 0.2% Chlorhexidine Gluconate 
mouthwash [64].

2.21 Rosemary

Rosmarinus officinalisy has antioxidant activity and effective as an antibacterial 
and antifungal agents [43]. It can inhabit cancer development in animal studies 
[43]. It works against Staphylococcus aureus, Staphylococcus albus, Vibrio cholerae and 
Escherichia coli (Table 1, [43]). However, it should be avoided during pregnancy to 
minimize the risk of abortion [43]. It can lead to iron deficiency in same cases as 
well [43].

2.22 Sage

The main components of Salvia officinalis are alpha and beta-thujone, rosmarinic 
acid, camphor, tannins, flavonoids, and cineole [43]. It can be used as mouthwash 
or gargle several times to treat a sore throat and gingivitis [43]. It has antibacterial 
(Streptococcus mutans, Lactobacillus rhamnosus, and Actinomyces viscosus), and anti-
fungal (Candida albicans) (Table 1, [43]). The long term used can increased heart 
rate, caused mental confusion and convulsions [43]. It should be avoided during 
pregnancy and cases with fever [43].

2.23 Thyme

Thymus vulgaris is one of the most commonly recommended herbs in Europe in 
spasmodic and whooping cough [43]. It can be used to treat oral herpes, chronic can-
didiasis and halitosis [43]. It targeted S. aureus, E. coli and C. albicans [43]. Patients 
with orthodontic brackets can used it as varnish to reduce Streptococcus mutans near 
the bracket (Table 1, [43]).
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3. Conclusions

Herbal medicine can be beneficial in the dental field in dental caries, periodontal 
disease, candida and viral infection, oral ulcers and lesions. It has several advantages 
such as easy accessibility, natural products, low cost and toxicity, and faster healing 
time. However, it can lead to serious problems if used inappropriately. Therefore, a 
physician consultation is required before any dental use to avoid any potential compli-
cations or drug interaction, and a deeper investigation, preclinically and clinically, is 
needed before official herbal medicine use is highly recommended.
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Chapter 19

The Contrasting Effects between 
Caffeine and Theobromine on 
Crystallization: How the  
Non-fluoride Dentifrice Was 
Developed
Tetsuo Nakamoto, Alexander U. Falster  
and William B. Simmons Jr

Abstract

Caffeine and theobromine are members of the xanthine family. Coffee and soft drinks 
contain caffeine, whereas, in cacao, theobromine is the main ingredient. The mineral 
contents of the tooth which sucked the caffeine-containing dam’s milk were decreased. 
To determine if caffeine would affect enamel, dams were fed with a caffeine and pups 
were killed and first and second molars were extracted. Enamel was exposed to the acid 
solution and dissolved minerals from the enamel were measured. Calcium, phosphorus 
and magnesium from the first molars of the caffeine group were significantly dissolved. 
To determine why minerals were released, enamel was separated. The crystallite size of 
the enamel from the caffeine group showed decreased. If the pups with the same dietary 
regimen, but given a cariogenic diet, the caffeine group should show a higher incidence 
of dental caries. The caffeine group revealed higher caries scores. An in vitro experiment 
to grow apatite crystals was conducted, adding the various members of the xanthine. 
Theobromine produced larger crystal sizes than caffeine. Theobromine was added to 
the maternal diet. Dissolution experiments revealed that these minerals were far less 
dissolved. Comparative studies of the various parameters between theobromine and 
fluoride were conducted. Theobromine was superior to fluoride in every aspect.

Keywords: caffeine, crystallization, developing teeth, fluoride,  
growth and development, non-fluoride dentifrice, theobromine

1. Introduction

Caffeine (1,3,7-trimethylxanthine) is the substance most frequently consumed 
in our daily life. For example, coffee, most of the soft drinks and over-the-counter 
medications contain caffeine [1]. On the other hand, cocoa contains theobromine 
(3,7-dimethylxanthine). The main source of theobromine which is daily consumed 
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by humans from childhood to adult is chocolate. Cocoa produces no adverse effect, in 
normal dosage [2]. These two similar families of xanthine, but the opposite properties 
on the crystal formation of the hydroxylapatite (HAP) of the teeth were discovered 
accidentally. Fluoride is the only known chemical that affected the HAP of the enamel 
by converting it to fluorohydroxylapatite.

In the dental community, fluoride has been used not only as the main ingredient of 
dentifrice but is also used in many others. However, recently fluoride was designated 
as one of the developmental neurotoxicants as more adverse effects of fluoride are 
revealed [3]. Although besides the developmental neurotoxicants, fluoride is also 
known to affect the pineal gland [4] and thyroid gland [5] and there is even some 
evidence between bone disease and fluoride exposure [6].

In addition, there are many reports [7–12] that infants, newborns and young chil-
dren were exposed to fluoride and fluorosis among them is common. Unfortunately, 
in dentistry, fluorosis was mainly considered as an esthetic problem to which no 
more serious consideration is paid attention. Recently, it was proposed that fluoride 
exposure in early life may become a root cause of the disease in later life [13].

Pups’ teeth were affected by the sucking milk of lactating dams which were given 
a caffeine-containing diet [14]. (In each animal experiment described, we obtained 
the permission to use the animals from the animal care committee at the LSU Health 
Sciences Center.) Then, eventually, non-fluoride dentifrices were developed.

2. The effect of caffeine on enamel

2.1 Dissolution studies

Further studies were conducted to determine whether the effects of caffeine come 
from either enamel or dentin, or both. If certain effects come from enamel, it would 
be an extremely interesting phenomenon, because the only chemical known to affect 
the HAP of the enamel is fluoride. In addition, any changes in the HAP on the enamel 
by caffeine might be linked to possible incidences of future dental caries.

Using the method described [15] on how to study the enamel surface of the teeth 
which were affected by the nutritional deficiency, the condition of the enamel was 
studied. The samples from the first or second molars were obtained at postnatal day 
22 which is the end of lactation. The teeth were exposed to weak acid for 80 minutes 
and four fractions were collected at 20 minutes intervals. The experimental proce-
dures were described in detail [16, 17]. The enamel surface of secondary electron 
photomicrographs are shown in the control (Figure 1) and caffeine group (Figure 2).

The apparent effects of crystallization by caffeine on the enamel of first molars 
where calcium, phosphorus and magnesium were released more of the teeth in the 
caffeine exposed offspring (Table 1). The first molars showed a statistically signifi-
cant amount of dissolution in the caffeine group of the respective ions measured for 
80 minutes compared to the non-caffeine control group [16].

On the other hand, there is no significant difference between caffeine and the 
control group in each mineral dissolved in the second molars.

This difference in the caffeine’s effects between first and second molars can be 
explained as follows. The first stage of development is called the hyperplastic growth 
period which is primarily an increase of DNA of the organ. Synthesis of DNA and 
cell division at first take place rapidly [18], but thereafter, slow down. Further tissue 
growth can occur by cytoplasmic enlargement.
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The measured DNA content as an index of cell number distinguishes growth by an 
increase of cell number (hyperplasia). Cell division eventually ceases will be seen to 
determine when the organ is no longer vulnerable to nutritional stress. If nutritional 
stress, such as caffeine exposure in the early part of life were applied hyperplastic 
growth period, the organ or body would never recover to the original condition. 
Therefore, this period is called a critical growth period.

The second stage is a gradual decrease in cell number and a slow increase of cell 
size in the organ. The third stage is primarily an increase in cell size, which is called 
the hypertrophic growth period. If the nutritional stress were applied in this period, 
organ or animal grows back normally, provided that enough nutrition is given 
[19, 20].

During the period of growth and development, the critical period of growth is the 
most important concept. For example, the huge increase of DNA in the brain occurs 
primarily during gestation and early lactation period whereas an increase of the DNA 
of the heart continues until adulthood [21]. This indicates that the critical period of 
growth is different among the organs, therefore, the effects of the nutritional stress 
on each organ is different, depending upon when the stress is applied.

Likewise, caffeine exposures for the growing period were different between the 
first and second molars, indicating that the critical period of growth during caffeine 
exposure was different between the first and second molars. First molars are affected 

Figure 1. 
Left: Before acid exposure in the control. Right: 80 minutes after the acid exposure.

Figure 2. 
Left: Before acid exposure of the caffeine group. Right: 80 minutes after the acid exposure.
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by caffeine intake by the offspring during this period. Therefore, the experiments 
were conducted only using the first molars.

2.2 Crystallization studies of HAP

To find out what is happening to the enamel of the first molars, samples that were 
not used in the studies were powered and enamel was separated from dentin [22]. 
Then a pure enamel sample was run for 4 hours on a Gandolfi X-ray powder camera. 
Also, various other aspects of the samples were studied in detail [17].

The filmstrip run on the Gandolfi camera recorded more diffuse lines for the 
samples of the caffeine group compared to the control (Figure 3).

X-ray diffraction analysis on enamel samples by the Gandolfi X-ray camera 
showed the caffeine supplementation in the maternal diet affected mineralization of 
enamel, as broader lines indicated smaller crystallites of enamel. Smaller crystallites 
increase susceptibility to dissolution.

This explains why the caffeine group of the teeth showed the higher dissolution 
of each ion from the surface of enamel throughout the experimental period [16].

2.3 Cariogenic studies

Because the teeth were affected by caffeine it is natural to make a simple assump-
tion, that is, is it possible to produce in vivo dental caries in the caffeine group [16].

First molar Second molar

Control Caffeine Control Caffeine

20 min

Ca 5.23 ± 0.33 8.63 ± 1.07* 7.45 ± 1.29 7.36 ± 0.86

P 2.67 ± 0.36 5.66 ± 1.07* 4.09 ± 0.98 4.41 ± 0.89

Mg 0.20 ± 0.02 0.44 ± 0.07* 0.28 ± 0.04 0.31 ± 0.04

40 min

Ca 10.74 ± 1.17 16.83 ± 1.10* 13.59 ± 1.15 13.63 ± 0.92

P 7.34 ± 0.77 12.49 ± 1.40* 10.03 ± 1.45 8.68 ± 0.95

Mg 0.39 ± 0.06 0.72 ± 0.06* 0.45 ± 0.04 0.55 ± 0.05

60 min

Ca 12.36 ± 1.22 18.19 ± 1.12* 14.68 ± 1.15 14.85 ± 1.19

P 8.03 ± 0.78 14.72 ± 1.98* 10.47 ± 1.15 10.42 ± 0.97

Mg 0.43 ± 0.04 0.74 ± 0.06* 0.49 ± 0.03 0.55 ± 0.05

80 min

Ca 13.68 ± 1.30 19.64 ± 1.19* 15.21 ± 1.22 15.94 ± 0.91

P 9.39 ± 0.91 18.12 ± 2.62* 11.05 ± 1.10 12.88 ± 1.80

Mg 0.42 ± 0.04 0.71 ± 0.05* 043 ± 0.05 052 ± 005

Each value is an average of seven determinations.*Significantly different from the control at P < 0.05.

Table 1. 
Mean amount of minerals dissolved from first or second molars during each time interval (μg/four first or second 
molars; mean ± SEM).
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Thus, the experiment was conducted by raising the offspring the same way as 
above. At weanling on postnatal day 22, offspring were fed the cariogenic diet until 
day 50 (a total of 28 days) to see whether the caffeine group show a response in dental 
caries using the methods described [23]. The caffeine group showed significantly 
higher caries scores than that of the non-caffeine control (P < 0.05) (3.36 ± 0.33 
versus 2.65 ± 0.22) (mean ± SEM) [24].

Therefore, the hypothesis turned to be true as is shown in Figures 4 and 5. The 
amount of caffeine that was added to the maternal diet was 2 mg/100 g bodyweight 
of the dam. The equivalent comparison between the caffeine in the rat and human is 
based on metabolic body weight (kg0.75) [25]. (Metabolic rates are expressed in terms 
of metabolic body size—i.e., kg0.75, the point at which the dependence on different 
body sizes disappears.) The human caffeine intake is comparable with slightly more 
than two cups of coffee daily.

This is the normal amount of caffeine consumed by humans. Although extrapola-
tion from rat data to human dental caries incidence requires extreme caution, neverthe-
less present data indicate that caffeine exposure during the early growth period impairs 
the structure of the enamel crystal formation of the developing teeth. Particularly, it 
may require attention where the offspring born from a pregnant woman who habitually 
consumes caffeine-containing soft drinks and/or coffee drinkers may develop teeth 
that are prone to dental caries of the offspring in the future. It seems clear that caffeine 
exposure during the critical growth period affects the amelogenesis of the enamel, 
affecting the crystal size of the HAP during mineralization.

Figure 3. 
Top: control. Bottom: caffeine group.
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3. In vitro study for other xanthine family members

3.1 HAP formation

A series of caffeine studies on crystallization research required more than several 
years. Thus, a simple in vitro study was conducted to see whether other xanthine fam-
ily members could reveal if any, other different crystallization value(s) from caffeine.

Figure 5. 
Secondary electron image of control at day 50 (left) and the caffeine group (right).

Figure 4. 
Molar of the control at day 50 stained with 0.06% murexide in 70% ethanol for 16 hours (top), the caffeine group 
(bottom).
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All the solutions contained 0.01 molar CaCl2 and Na3PO4. Several sets of experi-
ments were conducted with the addition of each of methylxanthine at low concentra-
tions, 50 mg, and 200 mg/L. The effect of the xanthine compounds was compared 
with a control solution containing CaCl2 and Na3PO4 only. Solutions were mixed 
at 25°C, and pH adjusted to 9–9.5 with 0.1 molar NaOH and left to crystallize for 
20 days. The crystalline was washed five times with distilled water and prepared for 
X-ray diffraction (Figure 6).

All the data from the various members of the xanthine family on the effects of 
crystallization were already reported [26, 27].

To our surprise, the value of theobromine was much lower than caffeine. 
Specifically, 1-methylxanthine values were lower than the caffeine group but not as 
low as the theobromine group.

Caffeine (small crystal size) and theobromine (large crystal size) with the lack of 
one position of the methyl group, crystal size was opposite. Therefore, it should be 
further investigated how the methyl position 1 alone can influence the crystallization. 

Figure 6. 
The (300) reflection was scanned to investigate crystallinity. FWHM (full width-half maximum peak height) 
divided by maximum peak height (FWHM/M) and for the (300) reflection is given in Table 2.

FWHM/M of apatite grown in vitro

Additive mg/L FWHM/M

Control 0 0.75

Caffeine 200 1.00

Caffeine 50 0.90

Theobromine 200 0.15

Theobromine 50 0.19

1-methylxanthine 200 0.60

1-methylxanthine 50 0.68

Lower values of the ratio indicate better crystal size.

Table 2. 
Hydroxylapatite which was grown in vitro of three xanthine families, caffeine, theobromine and 
1-methylxanthine are shown.
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The crystal size of position 1 alone did not have much effect on the crystal size. See 
the chemical formulae (Figure 7).

The crystal size of the theobromine group taken by an electron microscope 
was shown below and the size was four times bigger than that of the control group 
(Figure 8).

3.2 Theobromine and oral application

Theobromine and caffeine contents of the average commercial sweet chocolates 
are approximately 8:1 ratio [28]. The half-life of theobromine and caffeine is different 
and that of theobromine is longer than caffeine.

Figure 8. 
(Left) Theobromine group: 200 mg/L, Crystal size: 2 μm. (Right) Control group: Crystal size: 0.5 μm.

Figure 7. 
The chemical formula of three xanthines.
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The inhibitory effect of cocoa which contains theobromine on plaque accumula-
tion and cariostatic activity has been suggested [29]. However, its anticaries activity 
is not strong enough to suppress significantly cariogenic activity [30]. On the other 
hand, the addition of a water-soluble extract of cacao powder significantly reduced 
caries scores in specific pathogen-free rats infected with Streptococcus sobrinus 6715 
[31]. Theobromine-based dentifrice had the added benefits of increasing the salivary 
pH and decreasing the S. mutans levels [32].

4. In vivo study exposed theobromine

4.1 In vivo crystallization studies

The amount of theobromine added to the maternal diet in the study was 1 mg/100 g 
body weight. If this amount is converted by the metabolic body weight (kg0.75) [25], 
this corresponds approximately to slightly more than one to three bars of 1 oz milk 
chocolate for a 65 kg human. After raising the offspring fed with a maternal diet 
containing theobromine, molars were extracted and studied the following aspects.

4.1.1 X-ray diffractometry

A consistent relationship of higher crystallinity, i.e., larger crystallites, in the 
whole molars from the rats exposed to theobromine, compared to the control and/or 
caffeine group was observed in the X-ray diffractometry [27].

4.1.2 Microprobe analysis

Calcium and phosphorus concentrations were determined in the enamel of molars 
extracted from theobromine exposed rats or control rats by an “ARL-SEMQ”™ electron 

Figure 9. 
Calcium (upper left), phosphorus (upper right) and magnesium (bottom) theobromine group were significantly 
∗ (P < 0.05) less than the control.
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microprobe analysis. The instrument was operated at an acceleration potential of 15 kV 
and a beam current of 1.0 × 10−7 A. Fluorapatite from Cerro de Mercado, Mexico, was 
used as a standard. The results obtained are shown in our previous report [26, 27].

This study was conducted to see whether the composition of crystallites of the 
enamel formed by theobromine is different from the control group. The overall 
content of CaO and P2O5 appears to be comparable within the expected margin of 
error. This suggests that the composition of crystallites of the enamel between control 
and experimental groups are the same.

4.2 Dissolution studies

The same experimental procedures, as was in the caffeine study [16], were 
conducted. The molars from the offspring whose dams were fed with the diet supple-
mented with theobromine were extracted. The dissolution studies were done. The 
result showed decreased dissolution (Ca, P, and Mg) of the ions from this group due 
to the larger crystal size (Figure 9) [27].

5. Comparison of theobromine and fluoride

5.1 Microhardness test

The unique roles of theobromine were accidentally discovered during the caffeine 
study. Because previously only fluoride has been known to affect the enamel, the next 
steps were to investigate the comparative studies between theobromine and fluoride 
on the effects of the enamel in a similar environment using the in vitro system.

If remineralization occurs, then the increased enamel is associated with increased 
microhardness [33]. The microhardness test was conducted using theobromine [34]. 
An in vitro study confirmed that theobromine increased the microhardness of the 
enamel [35–37].

The enamel of human teeth with varying concentrations of theobromine vs. 
sodium fluoride vs. control groups (distilled water) was performed. Scanning elec-
tron microscopy (SEM) and Knoop Microhardness Testing (NMT) were conducted. A 
Knoop microhardness instrument was used. Knoop Microhardness tests were per-
formed every day for a period of 8 days on each sample and the data were recorded. 
Day 1 represents the baseline hardness.

On day 8, it was not tested to avoid interfering with the surface of the tooth before 
taking the scanning electron photomicrographs. The hardness data are shown at the 
end of the 8th day and the results were published [26]. Figure 10 shows SEM photo-
micrographs of the enamel of control, fluoride and theobromine.

In general, the teeth that were coated with theobromine appeared to be cleaner, 
smooth and excellent mineralization was observed under the electron microscope 
especially when compared with control group teeth.

5.2 Acid dissolution study

Samples were covered with small uniformly cut circles of double-stick tape.
The tooth was covered in nail polish and the tape was removed to expose a fairly 

uniform enamel surface on each tooth.
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Each tooth was immersed in either 0.15% w/v fluoride ion solution or theobro-
mine 100 mg/L solution for 30 minutes. Then, each tooth was exposed to a 0.001 N 
HCl acid solution for 10 minutes to determine how much calcium is released from 
the enamel. The amount calcium (ppm) released from the surface of the enamel in 
the F-0.15% was an average of 0.930 whereas theobromine-100 mg was 0.848. The 
fluoride group of teeth released 9.66% more calcium compared to the theobromine 
group, suggesting that the pre-exposures by theobromine solution is more effec-
tive to make the enamel surface of teeth more resistant than fluoride solution. 
Theobromine is reported as an effective remineralizing agent [38].

5.3  Clinical hypersensitivity studies with either theobromine  
or fluoride-containing toothpastes

Hypersensitivity is a short and sharp pain arising from exposed dentin by an 
external stimulus [39]. The prevalence of hypersensitivity varies [40]. The therapeu-
tic approach is to occlude dentin tubules [41].

Figure 10. 
Upper left: control group. Upper right: 0.15% w/v fluoride ion. Bottom: theobromine group: 500 mg/L.
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Clinical studies were conducted in four different samples. The detail of the experimen-
tal design has been already described [26, 42]. Importantly theobromine-based toothpaste 
has shown that the hypersensitivity disappeared within a week [42]. On the other hand, 
fluoride-based toothpastes indicated practically no effects to alleviate sensitivity without 
much occlusion on the dentinal tubes during this experimental period of 1 week.

5.4 Preventive effect of dental caries by theobromine

A study using an established in vitro caries pH cycling model [43] was conducted [44]. 
Treatment with theobromine results in resistance to acid attack. A recent study has shown 
that theobromine gel had more effective remineralizing potential than fluoride gel [45].

In the oral environment, remineralization and demineralization are happening 
constantly. The hardness test conducted on the enamel surface [26] clearly showed 
that theobromine was much more effective than fluoride. However, in another study 
using pH cycling method, theobromine does not appear to offer any anti-caries 
benefits [46]. Applied theobromine to the demineralized enamel surface caused 
recrystallization and increased surface microhardness.

Crystallite size is the main factor that controls the dissolution of HAP. Small crystallites 
have a much higher surface area/volume ratio compared to larger crystallites. Dissolution 
is more rapid on smaller crystallites than on larger ones. Thus, larger crystallites of HAP in 
the enamel resist dissolution under cariogenic conditions better than smaller ones.

From the comparative studies between theobromine and fluoride each parame-
ter measured indicated that theobromine is superior to fluoride. Recently, a clinical 
study on the evaluation of the anticaries activity of either theobromine or fluoride-
based toothpaste against plaque S. mutans in children of age group from 6 to 
9 years was conducted [47]. It was concluded that theobromine-based toothpaste is 
beneficial as a safe anti-cariogenic agent. Furthermore, theobromine showed more 
antimicrobial effects against S. mutans, Lactobacillus acidophilus, and Enterococcus 
faecalis in the in vitro study. Theobromine showed greater zones of inhibition than 
other commercially available fluoridated children’s toothpastes [48].

In addition, a recent in vitro study indicated that theobromine is an effective cari-
ostatic agent and a safe alternative to fluoride in preventive dental care [36, 49]. The 
theobromine group is superior compared to the fluoride group in each parameter studied.

6. How did Ancient Mayans embed round jade inlays?

In ancient times in the Mayan culture, cocoa was used only among the wealthy 
and even until recently, in certain countries, cocoa was used to exchange wealth. 
What is surprising about the skull is that jade was embedded as an inlay into each 
tooth (Figure 11), which required drilling the enamel surface of the tooth.

However, drilling the precise hole to embed the jade would have been difficult if 
not impossible. It seems that somehow after placing the jade into each tooth, they 
must have had the knowledge to fix the jade within the hole.

A simple experiment was conducted by us [26] to determine how ancient Mayan 
knew the unique role of cocoa 1100 years ago. We have experimented with the knowl-
edge obtained in the past years with theobromine. One can see the study presented in the 
previous report [26]. Thus, the mystery of how ancient Mayan placed jade in the front 
teeth was solved. We know now that theobromine which was extracted from cocoa was 
used to fill the marginal space around the jade and initiate mineralization to fix the jade 
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insert on the teeth. These results are strong evidence that ancient Mayans knew the role 
of theobromine in cocoa on the mineralization of hard tissue over 1100 years ago.

It is also interesting to note that the strong and unusually heavy-looking mandible 
of this skull supports the finding that theobromine also plays a role in the growth and 
development of bones [27]:

7.  Why the present finding of the role of theobromine is so revolutionary?

7.1 Adverse effects of fluoride

In the past, fluoride is the one that was solely used in the dental profession to 
prevent dental caries and added to most of the toothpaste. In addition, fluoride has 
been used a high amount of varnish solution [50] and glass-ionomer cement [51].

Fluoride has been described as the same category of alcohol, nicotine, and lead and 
advised to avoid them during pregnancy [52]. Fluorosis [53, 54] is very common.

Maternal exposure to fluoride during pregnancy was associated with lower IQ scores 
in children aged from 3 to 4 years [55]. This is the first report describing the possible 
effects of lower IQ scores of offspring as a result of maternal fluoride intake. Previously, 
numerous studies associated with fluoride exposures and lower IQ scores of children 
were already reported. This phenomenon was observed despite the parents’ education 
and family income in China [56], India [57] and Taiwan [58]. Cognitive alterations in 
children born from exposed mothers to fluoride could start in early prenatal stages of 
life and appear later at school age; and likely continue into adulthood [59].

One of the neurodevelopmental disabilities is autism [60] and the decreased secretion 
of melatonin from the pineal gland alters circadian rhythms and sleep patterns [61].

Another interesting aspect is the relationship between caffeine-containing drinks 
and fluoride. The higher fluorosis severity was associated with soft drinks and coffee 
consumption, as most soft drinks contain caffeine [62]. This was explained that the 
presence of fluoride would remain longer due to the ingestion of caffeine-containing 
beverages [63].

Figure 11. 
Mayan skull was reported to be 1100 years old. Note that Jades were embedded.
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7.2 Fluoride exposures in early life

A 6 oz. container of 1500 ppm fluoride toothpastes contains 254.7 mg of fluoride. 
A one-year-old (8.14 kg) child ingesting less than one-fifth of the contents of the 
container would possibly exceed a toxic dose [9]. It has been well known that coro-
nary heart disease and related disorders such as stokes, diabetes and hypertension 
may originate during fetal development [64]. As further examples, overfeeding of 
newborns tend to lead to obesity in later adult life. Caffeine exposures during the 
gestation and lactation periods appeared reduced locomotive activity in the later 
ages of animals [65]. By the undernourishment in utero, intrauterine programming 
during this period could contribute to the risk of osteoporotic fractures in later life 
[66]. “Programming phenomena” in the body of early life [67] is explained as nutri-
tional stress during the critical period of growth that causes permanent or long-term 
changes in the structure or function of the organ.

Unfortunately, certain areas of the U.S. have an incidence of fluorosis of about 
70% [54] to 80% [53] in children. These examples stipulate very high incidences of 
possible fluoride’s effects on growing children.

Consider each step. Fluorosis of teeth is a result of the effect of fluoride on 
ameloblasts cells. The other parts of the organs as well could have been affected by 
this chemical. Excess fluoride exposures have already been known to cause various 
diseases described above.

The exposure of fluoride must be not only the excess dose of fluoride but also the 
duration of exposure and timing [52] such as the critical growth period as explained. 
Fluorosis has been reported to be associated with the lower performance of neuropsy-
chological tests [68]. Developmental enamel defect is twice as frequently with mental 
retardation [52]. However, there are not many studies that investigated the relationship 
between fluorosis in teeth and systemic diseases at the same time. For example, is the inci-
dence of fluorosis related to specific diseases? To answer this question, there is a need for 
close clinical cooperation between dentistry and medicine in future studies of fluoride.

Patients with fluorosis may develop certain diseases in later life. The growth and 
development of organs or bodies on the surface could have been minor. However, 
genetic influences could have already occurred, possibly resulting in a slight alteration 
of structure or function at the cellular levels [67].

Despite little difference in average levels of tooth decay between fluoridated and 
unfluoridated water of the same country [69], there are still areas in the US where 
water is fluoridated and water fluoridation may add a small amount of fluoride into 
the bodies.

In the body, continuous formation and breakdown have been happening through-
out the life cycle. If the periods of the formation far exceed breakdown such as the 
rapid growth period, minor changes of cellular levels might not appear readily. When 
the period of breakdown is exceeded in the later stages of life, diseases associated with 
fluoride exposures in early life could become a root cause of disease in later life [13].

We do not know at this time what kind of diseases, if any, might appear in later 
life by fluoride exposures in early life. However, early nutritional stresses on the 
developing fetus cause various diseases [64–66]. The current concept on the number 
of fluoride exposures in early life and root causes of disease in the future is not an 
unrealistic hypothesis. If this were proven to be true by future epidemiological studies 
and/or even one could argue “do we need to wait until such time”. The time might 
have come now to reexamine the routine use of fluoride in dental practice from a 
fundamental aspect.



331

The Contrasting Effects between Caffeine and Theobromine on Crystallization…
DOI: http://dx.doi.org/10.5772/intechopen.101116

7.3 Development of non-fluoride dentifrice

During the study of caffeine on the effects of developing teeth, we have acciden-
tally discovered that one of the xanthine family, theobromine, showed the opposite 
effects from caffeine on the crystallization of hydroxylapatite (HAP). Theobromine 
combined with calcium and phosphorus which is called “rennou” was added to 
accelerate the crystal formation of non-fluoride dentifrice.

Cacao contains theobromine. Chocolate which comes from cacao has been con-
sumed without any ill effects by humans in the past. Cacao has an interesting history. 
In 1753, Swedish taxonomer Carl Linnaeus named the cacao plant “theo-broma” 
which translates to “food of gods”. He was a believer in the power of cacao. Ancient 
Mayans at least 1100 years ago already knew the unique roles of cacao on crystalliza-
tion and possibly used it to fix jade inside of the enamel. The specific characteristics 
of theobromine led to the formation of fluoride-free toothpastes.

Theobromine-based dentifrice is revolutionary. This is because space travel in our 
future, military or even camping where the water supply is most often limited, it is 
not needed to rinse the mouth with water or just spit after brushing teeth. However, 
most importantly, even if one swallows it, there are no adverse effects. Theobromine 

Figure 12. 
The flow chart shows how non-fluoride dentifrice was developed.
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changes the crystallization dynamics of apatite group species, resulting in fewer and 
larger crystallites. It likely interacts with ions being deposited at the growing HAP 
crystal surface. Thus, the ratio of surface area versus volume of the crystals is lowered 
and dissolution is not as rapid or pronounced as in smaller crystals.

In conclusion, non-fluoride-based dentifrice was introduced for the replacement of 
fluoride-based toothpastes. Further studies of theobromine-based dentifrice have to be 
examined as a reliable alternative of the safe replacement of fluoride-based dentifrice. 
This requires vigorous basic and clinical studies by scientists and clinicians.

So far, all the evidence presented shows that the theobromine is superior to 
that of fluoride and most importantly, the use of theobromine is safe. The current 
development of non-fluoride dentifrice is most timely. The flow chart in Figure 12 
was added to summarize the development of this non-fluoride dentifrice.
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Abstract

In the field of dentistry, diagnoses based on data obtained using medical  imaging 
modalities such as digital panoramic radiography and cone beam computed tomog-
raphy (CBCT) have been widely recommended for advanced dental care. In Lao 
People’s Democratic Republic (Laos), there are place where advanced dental imaging 
devices are available in only one university dental hospital. The establishment of 
an information and communication technology (ICT) system has been expected as 
telemedicine system, for sharing medical imaging data among medical institutions in 
Laos. Recently, regional medical cooperation using telemedicine has been developed 
in Japan, and medical imaging data have been provided and shared among medical 
institutions, by using a mobile tablet terminal application. Therefore, we have carried 
out the empirical research on the telemedicine system with the university in Laos. The 
technologies and research results from our project will be presented in this chapter.

Keywords: osteoporosis, medical ICT, cone beam CT, teleradiology, Lao People’s 
Democratic Republic

1. Introduction

Telemedicine has great potential to address some challenges faced by both developed 
and developing countries in providing accessible, cost-effective, high-quality health 
care services [1]. It has been developed by such information and communication 
technologies (ICTs) in medical fields (medical ICT) [2–8]. However, there are few stud-
ies on the effect of ICT on dentistry in areas with low medical supply from a long-term 
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perspective. To build sustainable health care as set forth by the United Nations, it is 
necessary to conduct and present a case study on the role of ICT in medical care.

Therefore, this chapter reports the results of an international joint project that 
medical ICT was effective on clinical introduction of the digital imaging system 
in dentistry in Laos. The report of this project activity will state the importance of 
continuing human resource development in the field of international health care in 
the long term.

2. Medical ICT in telemedicine

ICTs have great potential to address some challenges faced by both developed 
and developing countries in providing accessible, cost effective, high-quality health 
care services [1]. Based on expertise, telemedicine uses medical ICTs to overcome 
geographical barriers and increase access to health care services. In Japan, at a broad 
level, telemedicine is divided into two types [9].

2.1 Telemedicine for patients

Medical treatment is provided to patients by the physician in charge. A patient 
at home interacts with the physician in charge located in a remote medical facil-
ity through the video telephone system. Simultaneously, based on the transmitted 
information, the physician in charge determines the physical and mental condition of 
the patient and the patient’s medical treatment. This type of telemedicine is some-
times referred to as “telecare.” “Telenursing” is an example of this type, where a nurse 
performs a key role and aids patients in home care.

2.2 Telemedicine between health care providers

This telemedicine is conducted primarily between the physician in charge and 
medical specialist and is referred to as “narrow sense telemedicine.”

Besides, it is mainly classified into teleradiology, telepathology, teledermatology, 
and telepsychiatry. In WHO report, each field is defined as follows.

• Teleradiology is the use of ICT to transmit digital radiological images (e.g., X-ray 
images) from one location to another for the interpretation and/or consultation.

• Telepathology is the use of ICT to transmit digitized pathological results (e.g., 
microscopic images of cells) for interpretation and/or consultation.

• Teledermatology is the use of ICT to transmit medical information concerning 
skin conditions (e.g., skin tumors) for interpretation and/or consultation.

• Telepsychiatry is the use of ICT for psychiatric evaluations and/or consultation 
via video and telephony.

Of the four fields of telemedicine that were highlighted in the survey, teleradiol-
ogy has the highest rate of established service provision. Teleradiology is built on the 
medical ICT system of diagnostic imaging studies from one location to another for 
conferences or consultations.
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In Japan, the teleradiology system is well used to support underserviced hospitals 
in the depopulated area to have timely access to a radiologist. Recent telemedicine 
research has developed the system that integrates functions of telemedicine and video 
conference (Figure 1).

3. Digital image processing of dent-maxillofacial radiographs

Digital panoramic radiography (DPR) and cone-beam-type of computed tomog-
raphy (CBCT) were developed and patented by Nihon University School of Dentistry 
in the late 1980s and 1990s, respectively [10] (Figure 2). These technologies were 
transferred to Morita Corporation (Kyoto).

Regarding CBCT, Nihon University School of Dentistry obtained the Kinki Bureau 
of International Trade and Industry Regional New Industry Creation Technology 
Development Subsidy (1997–1999) to develop a commercial machine and pharma-
ceutical approval in 2001. CBCT allows three-dimensional diagnostic imaging of 
the teeth and inner ear. The National Health Insurance has covered it since 2012 in 
Japan, and since then, it has become an essential diagnostic imaging in dental care. 
Presently, CBCT machines are available at a rate of 1 per 10,000 people in Japan. We 
have installed the Veraviewepocs R100, a model of CBCT, at the University of Health 

Figure 1. 
Rapid application development system (RAD) developed by ViewSend ICT. ViewSendRAD provides a real-time 
3-in-1 telemedsolution for telemedicine, tele-radiology, and videoconferencing. This product is designed to be a 
real-time software solution –collaboration, consultation, or training. These functions were advantageous to sharing 
information and deepening understanding of imaging data in the joint research.

Figure 2. 
Schematic diagram of the CBCT device used in this study. Left: measurement principle. Right: maxillofacial 
tomographic image. These figures are taken from Ref. [10].
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Sciences (UHS). Veraviewepocs R100 can be used to perform panoramic tomography 
and CBCT. This CBCT has four types of fields of view (FOV): diameter of 4 cm and 
height of 4 cm, 4 cm × 8 cm, 8 cm × 8 cm and 10 cm× 8 cm. The optimal size of FOV 
was selected according to the purpose of diagnosis.

When FOV with a diameter of 4 cm and height of 4 cm is used, its dose is several 
times that of panoramic tomography but only approximately 1/100 that of conven-
tional CT.

The spatial resolution of CBCT is calculated via the modulation transfer function 
using the wire method. It was as good as >10% at 2.0-line pair/mm. It was few times 
higher than that of conventional CT.

As described above, this device was characterized by low radiation dose and 
high resolution. It was optimized for dental practice. Currently, it has been further 
improved and provides detailed views of very fine anatomical structures in the head 
and neck, such as the temporal bone, paranasal sinus, eye sockets, jaw, and skull base. 
Consequently, it can be used for ENT (ear, nose, and throat) and plastic surgery, and 
all dental indications.

4. Digital medical imaging in Laos

Lao People’s Democratic Republic (hereinafter referred to as Laos) is an 
Association of Southeast Asian Nations member country with a population of 
approximately 6.49 million (as of 2019) in a land area (approximately 240,000 km2) 
equivalent to Japan’s mainland [11]. There are 429 dentists in Laos. Among these, 153 
have dental clinics in Vientiane city, and 72 work in the UHS (as of 2019). Compared 
to neighboring countries, there are scarce medical personnel and resources, causing 
delay of home medical care system for the elderly population.

Currently, as life expectancy increases, the needs for dentistry for the elderly 
population have become apparent (i.e., oral tumors, and periodontal disease) in the 
world [12]. Diagnostic imaging is becoming essential in the field of dentistry from the 
viewpoint of medical safety.

The DPR and the CBCT images have been widely used for diagnosing diseases in 
the complex maxillofacial area and have become indispensable for safe and secure 
medical care in the dental field [13, 14]. However, in Laos, DPR and CBCT are expen-
sive, so only one pair of DPR and CBT devices are installed at the University of Health 
Sciences (UHS), which is the only medical university in the country. Thus, there has 
been an unsolved problem in the effective utilizing of the digital medical imaging 
devices in community medicine in Laos.

The establishment of medical ICT system has been expected to solve these prob-
lems of sharing digital imaging data among medical institutes.

Recently, regional medical cooperation using medical ICT has been developed in 
Japan [15, 16], and medical imaging data have been provided and shared using a mobile 
tablet terminal application among medical institutions [17]. Therefore, we were inspired 
to take advantage of medical ICT to solve the inconvenient situation of the CBCT in Laos, 
as the joint research project between Nihon University and UHS (Duration 2011–2020).

The outline of the project is as follows.

• Purpose: Our project aims to provide DPR and CBCT images to dentists by con-
structing the medical ICT network using smartphones and tablet type terminals 
(data terminal equipment) from UHS in Vientiane city.
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• Based on the sustainability of effective utilization of this medical ICT, likewise, 
we have developed an approach of sharing information on digital medical imag-
ing among dentist in Laos.

• Significance: Our project is important to demonstrate the accessibility of provid-
ing and sharing image data information between different medical institutions 
using medical ICT in Laos. As a result, the foundation of a medical ICT system 
utilizing data terminal equipment will be established in the Southeast Asian 
region, and a model for building the spread and deployment of Japanese-style 
medical care overseas will be created.

• Contents: We conducted technical training on medical ICT using data terminal 
equipment for university faculty members and then examine the problems 
and solutions to diagnostic situations based on medical ICT with them in Laos. 
Furthermore, we verify the economic effects of medical ICT in the country in 
collaboration with local dental institutions.

From the perspective of sustainability in the application of dental diagnostic 
imaging in Laos, we decided to gradually start technology transfer to clinical dentists 
through joint research among researchers. Our project started from the stage of clini-
cal research as the first phase to empirical research as the second phase, utilizing the 
medical ICT system.

In this joint research project, we first trained clinical researchers for digital image 
on maxillofacial radiology in Laos. In the next stage, we supported researchers to 
create an environment where they could train radiology professionals.

5. Diagnostic imaging research (first phase)

5.1 Research purpose

Clinical research planning was conducted to clarify changes in the development 
and aging of the jawbone of Lao people by digital imaging via telemedicine. The 
research theme was a morphological study on the cortical bone of the mandible in Lao 
people, using digital panoramic images.

Osteoporosis is a major public health problem confronting both developed and 
developing countries [18, 19]. Osteoporosis can affect both children and adults and 
is especially detected in postmenopausal women. The typical clinical presentation of 
osteoporosis is the radiographic detection of bone fractures, largely in the absence of 
causative trauma. These fractures occur due to a reduction in bone mineral density 
and general reduction in bone mass. Osteoporosis is usually diagnosed by measuring 
bone mineral density of the spine or femur. Dual energy X-ray absorptiometry (DXA) 
is recommended for precise diagnosis of low bone mass. No DXA equipment is cur-
rently available in Laos. Recently, it has been reported that mandibular cortical bone 
thickness is associated with bone mineral density and can be an effective indicator for 
the diagnosis of bone litigation. Therefore, we are conducting joint research to create 
a standard mandibular cortical wide (MCW) in Laos. Our diagnostic imaging study 
aimed to establish the diagnosis technology for osteoporosis using digital imaging 
of the jawbone. To proceed with this study, an ICT system for diagnostic imaging 
between Japan and Laos was required.
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5.2 Utilized ICT system

In most countries, such a medical ICT system has been developed with Picture 
Archiving and Communication System and enterprise communication in teleradiol-
ogy fields.

We have already installed the teleradiology system (View Send ICT, Tokyo) 
between Japan and Laos (Figure 3). The definition of a network with built security 
complied with the Japanese Ministry of Health, Labour and Welfare “Guidelines 
for Security Management of Medical Information Systems” using Virtual Private 
Network encryption. We designed a system that does not cause information leakage. 
Under these research conditions, we conducted clinical research on dental imaging.

5.3 Outline of research projects

A conference was held in real time between researchers in Japan and Laos by 
sharing image information and using a TV monitor, utilizing the medical ICT func-
tion. Researchers shared information on morphological measurement of the teeth and 
jawbones on images (Figure 4).

In 2015, as part of a quality assessment of our teleradiology collaboration, 
Matsumoto et al. [20] evaluated the validity of patient information gathered dur-
ing teleradiology, panoramic imaging technique at the Lao PDR UHS, and ability of 
Laotian oral and maxillofacial radiologists to interpret images and detect temporo-
mandibular joint (TMJ) abnormalities [20]. A total of 2446 joints from 1223 radio-
graphs were evaluated for TMJ abnormalities to compare the image interpretation 
abilities of Laotian and Japanese radiologists. They reported that the kappa coefficient 
was 0.836 for the comparison of the judgments of the two observers in detecting TMJ 
abnormalities on radiographs (P < 0.01), which was considered very good agreement. 
Based on these results, we started research on osteoporosis between Japan and Laos 
using digital imaging data as materials.

Figure 3. 
Network overview of teleradiology in the first phase.
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In the same year, Sisounthone et al. also established the average MCW in 519 
Laotian subjects (age, 7–79 years; mean, 38.21 years) [21] (Figure 5). According 
to these results, the average MCW showed significant differences between all 
age groups. The average MCW in the youngest age group of 7–19 years was 
2.90 ± 0.81 mm (range, 1.50–5.80), which was higher than the data obtained for the 
4–6 years age group in this study. They also described a statistically significant sexual 
dimorphism in overall average MCW. In summary, the MCW of Laotian children aged 
4–6 years increases slightly, but changes were more significant following adolescence.

In 2018, Souksavanh et al. established MCW standards for Laotian preschool chil-
dren (4–6 years) at Vientiane [22]. According to their study, MCW increased slightly 
with increasing age but had no significant difference between age groups.

Moreover, the positive correlation between MCW and height was significant, 
but no significant correlation was noted between MCW and weight, suggesting that 
MCW in this period is not a useful indicator for the diagnosis of osteogenesis in chil-
dren. They concluded that further studies were needed to examine if other panoramic 
radio morphometric indices could be more relevant in children.

In this way, the introduction of the medical ICT system has been shown to be effec-
tive tool in promoting international joint research in the field of medical imaging, indi-
cating the possibility of effective calibration of image reading among dentists in Laos.

Figure 5. 
Changing in MCW in Laotian people. Left: measurement of MCW. Yellow bars indicate MCW. Right: Changing 
of MCW in Lao people. These figures are taken from Ref. [21].

Figure 4. 
Diagnostic imaging using medical ICT.
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6.  Clinical training for diagnostic imaging utilizing medical ICT  
(second phase)

6.1 Purpose of educational development

After previous research achievements, the foundation for clinical research using 
dentistry images was formed in Laos. We determined that the diagnostic imaging 
technique was shared between Japan and Laos, based on research achievements. As 
the second step, the educational system was developed to support the diagnostic 
imaging technique utilizing telemedicine for dentists in Laos.

The purposes of the medical ICT systems in the second phase were as follows.

• To determine the symptoms of stomatognathic lesions on digital images 
accurately.

• To operate medical ICT equipment correctly.

• To explain the symptoms to the patient using digital images adequately.

6.2 Utilized telemedicine system

Medical ICT is known to be developed to the point where image data can be shared 
with mobile tablet terminals/smartphones that use data terminal devices.

Recently, many studies confirmed the effect of tablet terminals in medical educa-
tion. The use of mobile tablet terminals has an impact on how medical residents 
approach medical education, clinical practice, and patient education [23, 24]. The 
educational tool may be useful in collecting data on mobile tablet terminals used by 
other graduate medical education programs.

In 2018, as a clinical training tool, therefore, we adopted new ICT system, using 
the mobile tablet (View Send ICT, Tokyo). This system allows dentists to receive 
image data from a university hospital on a mobile tablet terminal in Vientiane city. 
This system created an environment in which the dentist who requested the diagnosis 
could view the image data anywhere in the city (Figure 6).

6.3 Project activities

The workshop was held with the Laotian collaborators who participated in the first 
phase as the main members. The purpose of the workshop was to transfer the tech-
niques of digital image reading and telemedicine operation for faculty members.

A total of 72 faculty members enrolled in the digital medical imaging class in 
the Faculty of Dentistry, UHS (hereinafter referred to as the Faculty of Dentistry). 
Following the lecture of radiology, a hands-on seminar on medical ICT was held 
(Figure 7). In the seminar, the digital panoramic images were sent and downloaded 
as teaching materials from the medical image database of the Faculty of Dentistry of 
the UHS to the tablet terminal (iPad Ⓡ), and the participants will be informed about 
the operative method of diagnostic imaging. Participants had the training of read-
ing images using tablet terminal. Ten clinically experienced dentists were selected 
from the seminar participants. The dentist requests the dental radiology room of the 
Faculty of Dentistry to perform image examination by DPR or CBCT for the patient, 
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and always shares the image data with the tablet terminal. The dentist explained 
regarding oral diseases to the patient with a tablet terminal. The demonstration 
experiment period was 90 days.

6.4 Effect of clinical training

A total of 171 medical ICTs were used in all clinical departments in 3 months  
(66 actual days excluding holidays). Of these, the numbers of requests for CBCT and 
DPR imaging were 126 and 45, respectively. Medical ICT has been used in approxi-
mately 700 cases (January 2021). The average daily medical ICT utilization rate for 
all clinical departments was 2.6 cases/day. For example, in the case of dental hospitals 

Figure 7. 
Medical ICT system using the tablet terminal. Left: Digital image data (A) are transferred through PC server (B) 
to the tablet terminal (C). Right: Workshop for dentists (teachers).

Figure 6. 
Overview of the medical ICT system in phase 2.
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of Nihon University, telemedicine is used approximately 10 cases a month. Because 
of the difference in medical conditions in Japan and Laos, it is not possible to simply 
compare them, but the number of telemedicine cases in Laos tended to be larger. 
These results suggested the possibility that the use of DPR and CBCT in university 
hospitals has a positive effect on access to dental imaging in Laos. After this 90-day 
test period, we interviewed 10 hospital faculty members about the advantages and 
problems of telemedicine using the questionnaire (Table 1).

Respondents listed three points, “accuracy of diagnosis”, “improvement in patient 
satisfaction”, and “increase in the number of patients” as the effect of using telemedi-
cine. The evaluation of medical ICT seemed to be positive. Use of tablet terminals 
may promote the sharing of digital medical imaging data between university hospital 
and dentists or dentists and patients, in the dental fields.

However, they pointed out three problems, “communication speed”, “image accu-
racy”, and “complexity of operations and the system”. The reasons of these problems 
were the internet environment (low capacity) and operation of the mobile tablet 
terminal (inexperienced).

All respondents answered “Yes, I think so very much” for the question on the 
usefulness of telemedicine in their country. They seemed to understand the need for 
telemedicine through clinical training.

Given these results, we continued discussions to improve the problems of medical 
ICT in the hospital. As a result of the discussion, we were able to agree on problem 
extraction and countermeasures (Figure 8). As a future development, we will support 
the spread of digital medical imaging diagnosis by improving medical ICT under the 
plan-do-check-act cycle.

Question 1 Which is the effect of using telemedicine? Case

a. Accuracy in diagnosis 6

b. Increase in number of patients 2

c. Improvement in patient satisfaction 5

d. Others () 0

e. No change 0

Question 2 What are the problems to be solved in telemedicine system?

a. Image data accuracy 2

b. Communication speed 6

c. Operation and system complexity 2

d. Number of imaging cases 0

e. No problem 0

Question 3 Do you think this telemedicine service is useful in Laos?

a. Yes, I think so very much 10

b. Yes, I think so 0

c. No, I do not think so 0

d. No, I do not think at all 0

Table 1. 
Advantages and problems of telemedicine.
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Outcome of this project that lasts 10 years suggest an importance to share the com-
mon goal of training specialists under the international collaboration.

For the introduction of medical ICT in community medicine, it is necessary to 
further examine the clinical evidence. As the further step, we will continue to develop 
the network of teleradiology in order to contribute sustainable oral health in Laos.

7. Conclusions

The results of our project show that information sharing of dental images by tablet 
terminals is effective in Laos. In this project, both Laotians and Japanese shared the 
common goal of training specialists. We concluded that teleradiology can usefully 
improve dental services in Laos.
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