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Preface

Facial nerve palsy is frequently encountered by physicians in outpatient departments.
In the post-COVID era, there has been a surge in the number of patients presenting
with this common condition. While it is extremely important to identify clinical cues
indicating the need for further investigation, a good clinical sense, and knowledge

of the causes, can avoid unnecessary investigations and spare patients both cost and
anxiety.

This book aims to improve understanding of facial paralysis, its early diagnosis and
prompt medical management for physicians, neurologists, postgraduate medical
students in medicine and neurology, and physiotherapists. The expression ‘time

is brain, understood by neurologists and physicians worldwide, acknowledges the
importance of early intervention.

In “Medical System to Evaluate the Seventh Cranial Nerve through the Main Facial
Mimic Muscles”, Martinez-Angeles et al. suggest a novel system for quantifying
muscle activity and displaying differential information from both hemifaces.

A multidisciplinary team approach is essential when there is no prospect of further
recovery of facial nerve function. Synkinesis and facial spasm are uncommon sequels
in partially recovered patients. Mingazova et al., in their article “Comprehensive
Rehabilitation of Patients with Facial Expression Asymmetry and Synkinesis with
Botulinum Toxin Type A and Monofilament Mesothreads”, propose a novel rehabilita-
tion technique that uses botulinum toxin in hypertonic muscles on the healthy side.
Facial deformity with impaired function is a sequel in some of the patients.

In their article, “Reanimation of Mouth Corner with Free Gracilis Muscle Flap”, Nasir
and Cirak successfully employ one session of partial thickness free gracilis muscle flap
with innervations from the masseter nerve.

Cheng et al., in “Management of Bell’s Palsy with Phototherapy”, suggest phototherapy
as a safe and promising treatment in conjunction with standard medication. They
emphasize that the use of early phototherapy during the acute and subacute stages of
the illness is more effective than during the chronic stage.

Dr. Pratap Sanchetee, DM (Neurology)
Consultant Neurologist,

Sanchetee Hospital,

Jodhpur, India
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Chapter1
Introductory Chapter: Bell's Palsy

Pratap Sanchetee

1. Introduction

The seventh cranial nerve, commonly known as the facial nerve, is a compound nerve
having motor, parasympathetic, and sensory components. Its motor portion innervates
muscles for facial movement and expression. In addition, it is involved in taste over the
anterior two-third of the tongue. Its parasympathetic component supplies secretomotor
fibers to submandibular and sublingual salivary glands and the lacrimal gland. A small
twig of this nerve carries sensations from the pinna and the external auditory meatus.

Facial paralysis is a common clinical condition that significantly impacts a patient’s
quality of life [1]. Seventh cranial nerve paralysis has been categorized as supranuclear
if the lesion is above its nucleus in the pons and as intranuclear if the lesion is below the
nucleus. This categorization is important from diagnostic, therapeutic, and prognos-
tic points of view and must be made clinically at the initial presentation itself. The
peripheral facial nerve palsy, popularly known as Bell’s palsy, is an acute disorder of the
facial nerve, which produces full or partial loss of voluntary movement on one side of
the face. Less common features are loss of taste sensation over the ipsilateral half of the
tongue, hyperacusis, tingling or numbness of the cheek/mouth, and ocular pain.

2. Historical perspective

James Douglas (1675-1742) in the eighteenth century gave the description of
unilateral facial paralysis. However, Cornelis Stalpart van der Wiel in 1683 first clearly
observed and recorded a case that was later described as Bell’s palsy. Sir Charles Bell
(1774-1842), Scottish surgeon anatomist, and First Professor of Anatomy and Surgery
at the Royal College of Surgeons, London, is credited with the first authentic descrip-
tion of the anatomy of the facial nerve and its association with the idiopathic peripheral
facial palsy in 1821 [2].

3. Emotional vs. volitional facial paresis

Perhaps the most difficult and poorly understood component of facial palsy is the
distinction between voluntary and emotionally driven facial expressions. It must be
appreciated that human facial emotional expression is a complex phenomenon result-
ing from the summation of activity of a large-scale neural network in the cerebral
cortex [2]. Gower’s description provides an early description of a clinical dissocia-
tion between voluntary and emotionally driven facial expressions [3, 4]. Emotional
facial paresis results in impaired activation of face muscles with emotion but normal
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voluntary activation. In contrast, volitional facial paresis such as Bell’s palsy results in
facial weakness on voluntary effort while emotional movements are preserved [5].

4. Diagnosis

A diagnosis of Bell’s palsy is essentially a clinical one and is based on the exclusion
of potential other causes of facial weakness. Thorough clinical evaluations suffice
in most cases, and they do not require elaborate investigations. Risk factors for Bell’s
palsy include pregnancy, preeclampsia, obesity, hypertension, diabetes, and upper
respiratory ailments. The etiology, prognosis, and degree of facial paralysis are quite
variable, and it is not possible to draw a treatment plan which fits to all [1, 6]. Thus,
we must exclude other causes of facial palsy in the first instance.

MRI studies are needed on the suspicion of intracranial lesions such as tumors,
stroke, and demyelination [7]. The role of electrophysiological tests such as nerve
excitability test, maximum stimulation test, electroneuronography, electromyogra-
phy, etc., though limited in diagnosis, is recommended for assessing regeneration of
the nerve and synkinesia.

5. Prognosis

In most instances, patients with Bell’s palsy recover completely within approxi-
mately 6 months without any treatment [8]. However, 20-30% of patients will have
residual facial paresis and disfigurement. Half of such patients (approximately
10-15%) will have moderate-to-severe sequelae such as dysarthria, hemifacial spasm,
abnormal lacrimation while eating (crocodile tears), contractures, and synkinesis.

In general, children have better outcomes [9]. It has been observed that patients
with axonal nerve injury have poorer recovery than those with demyelination.
Electrophysiological studies may help us in identifying such subjects.

6. Treatment

To achieve a good cosmetic, and functional recovery, reduction of neuronal dam-
age and prevention of sequel, medical management for Bell’s palsy can be categorized
into two, i.e., pharmacotherapy and physiotherapy [8]. Surgery is rarely an option for
the management of Bell’s palsy.

Till recently, corticosteroid was the only drug in our armamentarium to tackle Bell’s
palsy. Because of their anti-inflammatory mode of action, they can reduce edema and
inflammation of the facial nerve. American Academy of Neurology guidelines stated
that steroids are highly effective in recovery of facial nerve function in new-onset Bell
palsy [10]. Now we have antiviral therapy, which has improved the outcome. Commonly
used antiviral agents are acyclovir, famciclovir, and valaciclovir [1]. They can be given
concurrently with steroids. The Cochrane review concluded that a small but just signifi-
cant benefit of combination therapy compared with corticosteroids alone in severe Bell’s
palsy [11]. To achieve better results, treatment with steroids and antiviral drugs should
be initiated at the earliest, preferably within the first week of symptom onset.

Physical therapy, such as exercise, massage, biofeedback, laser treatment, electro-
stimulation, and thermotherapy, is the backbone of the management of Bell’s palsy
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[8, 12, 13]. Facial exercises not only hasten recovery during the acute stage but prevent
contractures in paralyzed muscles in long term. However, the Cochrane review and
other meta-analyses have failed to substantiate tall claims made in many studies. It was
concluded that combined physical therapies and steroids plus antiviral drugs may be
associated with a better facial function recovery outcome than any single therapy [8, 12].

Kabat rehabilitation, also known as proprioceptive neuromuscular facilitation
(PNF), involves the facilitation of the voluntary response of an impaired muscle
through the global pattern of an entire muscular section that undergoes resistance
[14]. It has shown to be useful to prevent or treat synkinesis. Steroid plus antiviral
plus Kabat treatment has shown good facial function recovery [8, 14]. Lately, acu-
puncture has also been studied as a supplement to other physical therapies. However,
these trials are mostly inadequate to draw any conclusions [8, 12, 15]. Hyperbaric
oxygen has also been tried to reduce edema over the facial nerve inside the fallopian
canal in the temporal bone without any significant clinical recovery [1]. Botulinum
toxin can be tried in patients with complications of hemifacial spasm, ipsilateral
synkinesis, contralateral hyperkinesis, and facial asymmetry [16].

Most patients with Bell’s palsy have reduced blinking ability and protection of
eyes from drying, irritation, and injury merit close consideration. Artificial tears or
eye ointments or gels, lubricating eye drops, and eye patches are to be used as per the
requirement. In severe cases, tarsorrhaphy can also be considered.

7. Surgery

In the past, decompression surgery during the acute stage was tried to relieve the
pressure on the facial nerve inside the fallopian canal [8]. However, it has not met with
good clinical recovery, and complications such as injury to the facial nerve and perma-
nent hearing loss outweigh the potential benefits. On rare occasions, facial reanima-
tion surgery may be considered in chronic cases for functional and cosmetic benefits.

It can be concluded patients with Bell’s palsy should be subjected to combination
therapy. Steroid plus antiviral plus Kabat treatment, steroid plus antiviral plus electri-
cal stimulation, and acupuncture plus electrical stimulation have shown promising
results in patients with Bell’s palsy [8]. However, high-quality trials are needed to
recommend any one of them for promising results.
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Chapter 2

Medical System to Evaluate the
Seventh Cranial Nerve through the
Main Facial Mimic Muscles

Wendy Liliana Martinez Angeles,
Gregorio Guadalupe-Carbajal Arizaga,
Orfil Gonzdlez-Reynoso and Mario Alberto Garcia-Ramirez

Abstract

Facial palsy is one of the most frequent mononeuropathies expressed in muscular
weakness. The condition is produced by lesions in the seventh cranial nerve that
causes esthetic, functional, and psychosocial alterations. The disorder has a qualitative
diagnosis, and as a consequence, it does hinder the disease timely monitoring. As time
is a key factor for the patient’s recovery, we developed a system capable to quantify
the condition and/or damage in the seventh cranial nerve. It allows us to provide the
best treatment available that offers the best response to each patient. To know the
seventh cranial nerve state is possible due to the connections between whole muscular
system and neurons. The system quantifies the muscles activity and displays the
differential information of both hemifaces. Our proposal features a mask in which an
array of sensors is placed across the frontal, zygomatic minor, risorio, zygomatic
major muscles of each hemiface. The data collected are analyzed and displayed in a
user-friendly interface.

Keywords: facial palsy, algorithm, characterization, Bell’s palsy, rehabilitation and
treatment

1. Introduction

“The facial expressions of human beings fascinate me because they convey
both the lowest, most bestial pleasures and the strongest and gentlest emotions of
the spirit.” This is how Sir Charles Bell described the facial mimic importance [1].
Facial palsy is a disease that reduces the facial symmetry, and as a consequence, it
causes functional and esthetic alterations that affect the person mental health as well
as the activities they perform on daily basis.

Facial palsy is a disorder that, in most cases, is evaluated qualitatively; therefore, it
is essential to find an adequate method to use for diagnosis regardless of the evaluator
perception. In this manner, a system capable to quantify the paralyzed hemiface was
proposed and developed. Our proposal considers the healthy hemiface as the base
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control one for the facial palsy and for a bilateral one, the system will use both to
evaluate the paralysis degree and to provide an accurate and safer diagnosis in contrast
with the nerve conduction diagnosis. Muscular information based on the current
status as well as the muscular evolution movement will be gathered by the set of
sensors array that would be able to measure the acceleration caused by the muscular
movement at each hemiface. As a result of such analysis, it would be possible to
deliver an optimal treatment as well as to execute it for each particular case.

2. Facial palsy

Facial palsy is defined as the control loss of the facial muscles due to a dysfunction
of the seventh cranial nerve (facial nerve). It can be categorized as complete in the
case of the inability to contract the facial muscles voluntarily, hyperacusis, and partial
or total taste loss [2-4]. The person who suffers it has a severe disability as the facial
nerve is the backbone in facial mimic [4-10].

2.1 Pathology description

The facial nerve has a high-frequency damage rate than any other nerve in the
body. It does make peripheral facial palsy the most common cranial mononeuropathy;
however, in some cases, when it is not possible to determine or define the cause of
origin and only when it is the case, it is designated as Bell’s palsy. Although, the origin
is attributed as a result of the swelling or facial nerve entrapment in its bony canal
within the temporal bone [2, 5-14]; usually, only one side of the face is affected. It
might reduce the functionality of both sides. Although, it is uncommon, it is called
bilateral facial palsy [1, 2, 4]. Due to the lack of etiology, the treatment of Bell’s palsy is
deficient in most cases. Fortunately, spontaneous recovery is common [13]. The
clinical picture of peripheral facial palsy lies on the lesion localization. Owing to the
damage, it inhibits the electrical connections among the facial nerve and the muscles
closely related to the affected area. In case that the damage occurs in the nerve conduit
that connects the brain to the facial muscles, it is called central facial palsy.

2.2 Facial nerve

The seventh cranial nerve, also known as facial nerve shown in Figure 1, originates
from the brainstem and travels through the internal auditory and fallopian canals as
well as the large parotid. It innervates the orbicularis oris, salivary glands, lacrimal
glands, and 23 paired facial muscles via the posterior auricular, temporal, zygomatic,
buccal, marginal mandibular, and cervical branches [12].

2.3 Etiology

Facial palsy causes have been encompassed into four possible mechanisms: genetic,
due to hereditary factors that have shown to be important. Vascular, where the edema
occurs due to insufficient blood supply. Infectious causes. Undetermined etiologies
and autoimmune processes. Table 1 lists the peripheral facial palsy, and Table 2 lists
bilateral facial palsy causes found in the literature [2, 11, 12, 16]. Moreover, viral
infections, ischemia, or autoimmune diseases have been postulated as possible
pathomechanisms for Bell’s palsy [2, 4, 14, 17].
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Figure 1.

Schematic diagram that features the facial nerves. The green lines show the parasympathetic fibers. The purple line
is the visceral afferent fibers [15]. The labels states for: (a) lacrimal gland, (b) pterygopalatine ganglion,

(c) trigeminal ganglion, (d) V n, (e) geniculate ganglion, (f) motor nucleus VI n, (g) superior salivatory nucleus,
(h) motor nucleus VII n, (i) fasciculus solitarius, (j) nucleus fasciculus solitarius, (k) VII n, (1) major superficial
petrosal nerve, (m) to nasal and palatine glands, (n) chorda tympani, (o) lingual nerve, (p) submandibular

gland, (q) sublingual gland, and (r) submandibular gland.

Peripheral facial palsy causes

Lesions Nerve compression Infection, inflammation Others
and virus
Autism
SARS-CoV-2 *Asperger
Petrous bone fracture Influenza Melkersson-R

Middle ear surgery

Hansen’s disease

Metabolic damage

Mastoidectomy Mastoiditis

Parotid gland Surgery Tuberculous meningitis ~ Histiocytosis

Odotological Meningioma Leukemia

surgeries Cholesteatoma Nerocysticercosis Lymphoma

Parotid abscess Parotid gland tumor Otitis Parkinson’s

Removal of tumors Metastasis Toxocarosis Preeclampsia

Myasthenia gravis Meningeosis Sarcoidosis Drugs
carcinomatosa

Pontine lesions Facial nerve neuroma Melkersson-Rosenthal *Interferon
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Peripheral facial palsy causes

Lesions Nerve compression Infection, inflammation Others
and virus

*Tegmental pontine Osteoporosis Varicella *Linezolid

hemorrhage

*Ipsilateral pontine Cryptococcosis *Others

Infarction Sarcoidosis Immune system

*Vascular Otitis media diseases

*Tumor Toxocarosis *Multiple sclerosis

*Mumps Meningitis Diabetes
Syphilis *Systemic Lupus
Immunodeficiency *Guillain-Barre
Borreliosis Miller-Fisher

Others
Table 1.

Potential causes for pevipheral facial nerve palsy [2, 4, 11, 12, 14, 16-21].

Bilateral facial palsy causes

Lesions Nerve compression Infection, inflammation and virus Others
Leukemia
SARS-CoV-2 Drugs
Bulbospinal atrophy Borreliosis *Linezolid
fractures
Surgeries Encephalitis Immune system
Pontine lesions Cryptococcal Hansen’s disease Diseases
meningitis
*Gliomas hemorrhage Syphilis *Diabetes
Sarcoidosis *Lupus
Guillain-Barré *Guillain-Barre
Others *Miller-Fisher
Others
Table 2.

Potential causes of bilateral facial nerve palsy [2, 22, 23].

2.4 Syntomatology

One of the main tasks that the facial nerve has is to provide motor innervation. As a
consequence, when it is damaged, the patients can present decreased facial expres-
sion, abnormal muscle tone, syncynesia, hyperacusis, tearing, irritation, dry eyes,
inability to blink, loose lips corners, numbness, pain around the ear and temple,
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temperature variation sensation, altered sense of taste, and flow of saliva out of the
mouth [4, 5, 12, 17, 24, 25]. Those symptoms are closely related to the lesion location
in the facial nerve [11]. Others are produced due to the facial nerve generating a
sensation in one part of the ear. Moreover, the taste is produced at the anterior (two-
thirds) of the tongue via the chorda tympani and to the innervation to the lacrimal
gland and submandibular one [2, 26].

2.5 Diagnosis

The facial palsy is diagnosed by an abrupt facial expression alteration due to
unilateral or bilateral facial weakness of the facial nerve branches. The healthcare
professionals take into account the presence of typical symptoms and signs mentioned
elsewhere [2, 4]. Although, Bell’s palsy diagnosis is reserved to be used when whole set
of peripheral facial palsy causes are excluded. Nevertheless, Bell’s palsy can coexist
with the diseases that cause peripheral facial palsy [2]. In some cases, blood chemis-
tries, cerebrospinal fluid analysis, mastoids, and crane X-rays, magnetic resonance
imaging, or nerve conduction studies for facial nerve prognosis [2]. In contrast,
therapeutic functional evaluation includes patient history, initial photographs or video
recording of facial movements, electromyographic readings, observations of muscle
tone, movement, and synsynesias [5, 12, 27].

Additionally, the weakness progression is evaluated by reviewing old photographs in
order to compare it with the current status. The damage degree can also be assessed by
the conduction of the facial nerve. A nerve conduction study measures the potential
action, amplitude, and latencies through the facial nerve (Table 3). The study can
identify nerve damage, as an example, the damage degree can also be assessed by nerve
conduction of the facial nerve. Decreased muscle-action potentials suggest axon degen-
eration while increased latency suggests nerve demyelination [2, 28]. Along the test,
several electrodes are inserted into the facial muscles. The muscles used to fix the
electrodes are the orbicularis oculi or the oblicularis oris, mentalis, messetere, and
temporalis. Two electrodes are needed for each muscle. The first electrode sends an
electrical stimulation, and the other one is used as an electrical impulse receptor. The
received signal is used to calculate the nerve conduction velocity [29]. However, pro-
spective analyses are needed to assess the relevance of nerve conduction studies [27].

Usually, electromyography is often performed at the same time. The study mea-
sures the muscular electrical activity. It shares the same methodology as the nerve
conduction study. The main difference lies in the electrodes distribution. In here, it
used superficial electrodes while in the nerve conduction study, the electrodes are
invasive. Both studies are searching the damage location in the facial nerve or in the
muscles innervated by it [29].

In addition, magnetic resonance imaging is used to detect lesions in the facial nerve
[30]. Magnetic resonance imaging or MRI is a technique that uses the magnetic field to
generate images of the human body. MRI assesses the underlying disease. In patients
with facial palsy, the MRI is used to measure facial muscle volumes by monitoring the
decease development [31]. Other authors concluded that contrast enhancement of the
paralytic nerve can be indicative of a nerve inflammation. Furthermore, through the
MRI image, it is possible to estimate the recovery [30]. Moreover, older facial nerve
studies have shown that abnormalities displayed by the MRI were not conclusive to
diagnose Bell’s palsy [32]. Nevertheless, in 2000, according to the authors, it was find
an abnormal MRI in bilateral Bell’s palsy [33].



Facial Nerve Palsy - A Practitioner’s Guide

Bilateral facial palsy causes

Bulbospinal atrophy Pontine gliomas Mononucleosis
Borreliosis Pontine hemorrhage Sifilis
Diabetes Infections Sarcoidosis
Pregnancy Leprosy Guillain-Barré
Encephalitis Leukemia Miller-Fisher
Hansen’s disease Systemic lupus erythematosus Moebius
Fractures Cryptococcal meningitis Linezolid therapy
Table 3.

Potential causes of bilateral facial nerve palsy [2, 22, 23].

2.6 Palsy grade analysis

Measurement scales to clinically assess facial palsy severity and population studies
differ among researchers [34]. In order to standardize the paralysis classification,
several scales have been developed such as the Sunderland, Sunnybrook, the
Yanagihara classification system, and the most widely used, the House-Brackmann
system shown in Table 4 [2, 4, 12, 34-39]. The most used systems rely on the resting
symmetry assessment, facial-muscles excursion degree, and triggered synkinesis by
performing voluntary specific movements [2, 40].

The palsy-degrees qualitative descriptions make a clinical evaluation quite compli-
cated. Furthermore, a misunderstood etiology makes the prognosis unpredictable. It
also provokes a sluggish pathological process that as a consequence affects the patient
recovery [13].

2.7 Rehabilitation

Rehabilitation focuses on regaining voluntary muscle contraction, improving
movement quality, synkinesis control, enhancing symmetry, and increasing the per-
centage of facial functionality. It is important to achieve a fast recovery to reach a
complete restoration of muscle function. Literature shows that the faster the recovery,
the less sequelae will be [5, 11, 12, 14, 41]. In addition, the recovery time is key
between the second and the fourth week. Thence, to find the most suitable treatment
for each patient in the shortest time is essential. A facial palsy poorly treated might
cause functional difficulties that decrease the patient’s ability to communicate. Psy-
chological help is also essential as it also generates cosmetic deformities that provide
serious social stigma to the person who suffers it [2, 5, 12, 14].

Peripheral facial palsy rehabilitation is based on treating the underlying disorder.
However, for Bell’s palsy case (unknown etiology), the treatment has been controver-
sial due to the lack of scientific evidence. Moreover, it is possible that the diseases
listed as the triggers for facial palsy are also present in patients with paresis without
being the cause for Bell’s palsy [2, 11, 42]. On the other hand, anti-inflammatories and
antivirals have shown a major recovery index in patients with Bell’s palsy [14, 43, 44].

Balliet in 1982 focused on the study of facial mimic. He proposed a set of key
therapeutic exercises to activate muscles or to evoke localized movements [27, 45]. In
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Grade HBS Y system
(%)

Normal, symmetric functions in all areas. 1 40

Mild weakness on close inspection, complete closure of eyes with minimal effort, 1I 32-38

asymmetrical weakness of smile with maximal effort, weak synkinesis, no contractures

or spasms.

Obvious but not disfiguring weakness of the face, inability to raise the eyebrow, full 111 24-30
and forceful eye closures, asymmetric movement of the mouth with maximal effort,
obvious but not disfiguring synkinesis, mass movement or twitching.

Obvious disfigurement due to weakness, inability to raise the eyebrows, incomplete v 16-22
closure of the eyes, asymmetry of the mouth with maximum effort, severe synkinesis,
mass movements, spasms.

Barely perceptible movement, incomplete closure of eyes, weak movement at the \% 8-14
corner of the mouth, synkinesis, contracture, spasms usually absent.

No movement, low muscle tone, no synkinesis, contracture and spasms. VI 0-6

Table 4.
House-Brackmann (HBS) and Yanagihara classification systems to vate the severity of facial nerve palsy by
evaluating the forehead motility, eyes, nose, and mouth [2, 37].

addition, in order to increase the operative facial movements, inhibit abnormal
movements, maintain trophism, and provide tactile stimulation, techniques such
as neuromuscular retraining, isolated exercises, stimulation of sensory modulation,
acupuncture, application butyllium toxin, electrical stimulation, surgery, massage,
and vibratory therapy are highly used [4, 5, 12]. However, further research is
needed regarding specific indications, duration of rehabilitation and potential
recovery [2, 5, 12, 14].

2.8 Prevalence

The facial palsy incidence is estimated between 11 and 40 cases per 100,000
inhabitants annually [2, 4, 11, 14, 15]. The peak incidence occurs between 15 and
45 years. However, one in 60 people will experience it in their lifetime [15]. The
prevalence of bilateral facial palsy spans from 0.3 to 2%, it increases in pregnant
women, diabetic patients, respiratory diseases, influenza or has attended an extraction
of a tooth root. It is not common in children under 2 years of age [2, 17].

2.9 Prognosis

The people prognosis with paresis depends on two main factors, the paralysis
degree, and the individual age. The younger the patient, the better the prognosis.
When a facial palsy is incomplete, over 94% of patients recover their face functionality
[6, 27, 46-49]. In a facial palsy, if recovery does not occur within the first 6 months, the
long-term clinical picture includes speech distortion, difficulty to eat, syncynesia, atro-
phy, soft tissue adherence, and muscle lengthening [12]. Some patients also mentioned
otalgia or mild retroarticular pain. When the patients present those sequels, their life
quality decreases drastically causing impediments in their work and social life [14]. By
receiving therapy, the rate of facial palsy recovery may improve after 1 year, in contrast
to those who did not receive any treatment [2, 4, 26, 27, 50].

11
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3. COVID-related facial palsy

The SARS-CoV-2 (COVID-19) infection pandemic has been a major public health
issue worldwide. Recent studies have shown that it has an effect on other pathologies
such as neurological syndromes [21, 51, 52]. COVID-19 as well as facial palsy
disrupts the daily life of our society. Those diseases provoke anguish to those who
suffer it due to possible functional and esthetic sequels [21, 51]. Literature has
suggested a possible link between COVID-19 and facial palsy, the coronavirus neuro-
tropic nature [21]. The COVID-19 ability to infect different cell types is determined by
the ACE2 receptors. The ACE?2 inhibitors are located at the endothelial cells of the
blood-brain barrier. The binding between ACE2 and COVID-19 allows it to enter the
central nervous system [52, 52, 55], even facial palsy has been proposed as the first and
only COVID-19 symptom [54, 56].

The COVID-19 incidence has increased along the pandemic development, and
some studies focus on the vaccine trial as facial palsy cause [21]. Although, other
authors do not find significant differences in the incidence of facial palsy [57], the
incidence in pregnant women increases due to the physiological pregnancy stress. This
is why they could be more susceptible to neurotropic invasion by the virus [52]. It has
been reported an unusual amount of children, a cluster of six, that features facial palsy
between March 23 and April 26, 2020 [58]. Despite the low incidence, the bilateral
facial palsy case was reported as an asymptomatic COVID-19 [59]. Later, other bilat-
eral facial palsy studies related to COVID-19 were presented [60, 61].

Authors hypothesize in their works that Bell’s palsy may be a neuro-COVID-19
manifestation. Nevertheless, a few authors have claimed that there is not enough
evidence to establish a clear cause between the two conditions [21, 52, 56, 57]. Other
researchers compile the online databases about COVID-19 and facial palsy, and they
concluded that COVID-19 increases the number of neurological deceases and pointed
out that SARS-CoV-2 infection may be an underlying etiology in patients with
COVID-19, and facial palsy can be the first COVID-19 manifestation [62, 63].

4. Our system proposal

In order to support and help patients that suffer facial palsy as well as the pro-
fessionals who treat them, a system to analyze the illness was developed. Our proposal
features two modules: Wali that is an electronic device that it is responsible for data
aqcuisition and a graphical user-friendly interface called WalL that displays the
processed data.

Wali is a system that features a set of sensors distributed across the face in which
are localized the muscles controlled by the seventh nerve. Figure 1 shows a schematic
image that features the seventh cranial nerve following an axial symmetry. At each
point shown in Figure 2(a), a set of sensors will be distributed on the same spot to
measure each muscle in a differential way.

In order to measure the movement provided by the muscles, eight inertial mea-
surement units that features six freedom degrees were used. The sensors were placed
at the frontal, zygomaticus minor, zygomaticus major, risorius, and the pairs by
following an axial symmetry. The data generated by the muscles and transmitted to
the sensors are sent through several data busses. Although, WalLi (Figure 3) is a
physical array of electronics devices, it needs software to execute a set of algorithms
on the acquired data. The backbone of the software is the acquisition algorithm that is
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Data bus

Output

(b)

Figure 2.

Schematic diagram that features havdware system. (a) The circles show the sensor location on the most
representative muscles of the facial mimic (frontal, minor zygomatic, visorio, and the major zygomatic) and (b)
the data bus that links the sensors to the MCU at the rear.

Frontal

Z. Minor

gcll%;lr;‘;gc diagram that shows the sensors distribution across the both hemifaces over the key muscles.
responsible to gather the data and sending it to the serial port by using a serial
communication protocol.

The facial symmetry is the key principle in which the system is based. This is why,
the backbone of the entire system focuses on the position at which each sensor is
located across the face. In order to keep the position sharp for each sensor, a mask was
developed through the fabrication of positive and negative mold. Once the sensors
were in place on the key spots, the data busses were positioned in order to not
interfere with the facial mimic. Once fixed, the negative mold was used to finish the
mask to keep the whole set of arrays in place.
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Figure 4.

Sc%:’lmatic diagram that shows WalL, the user-friendly interface. In here, it shows the mobility graphs of the frontal
muscle in a healthy person. The left side exhibits a set of menus that the user can utilize. The options to manipulate
ave: (a) patient information; (b) study type; (c) start study; (d) display graphs and hemiface; (e) muscle to show;
(f) thresholds and standard deviation; (g) maximum threshold; (h) minimum threshold, (i) mobility degree; (k)
and (j) standard deviation of left and right hemiface, respectively.

WalL: It is defined as a user-friendly interface that receives, analyzes, and displays
the information obtained from the muscles chosen by the user. Figure 4 shows a
schematic diagram that displays the interface featuring the mobility behavior of a
healthy person.

For the development of WalL, a set of algorithms based on numerical analyses were
used. The interface established a serial communication between WaLi and WaL in order
to collect the data from the serial port. The data are sent through a serial port as a vector.
WalL stores and transforms the vector into a matrix. The columns are classified as a
function of the hemiface, muscle name, and the plane in which the movement was
performed (x, y, and ). Then, the signal is preprocessed to be analyzed later. No human
is symmetrical; hereby, at the interface, the user selects the healthy hemiface. The
option selected by the user will be considered by the algorithm as a reference. The
robustness of the system allows to be used by anyone due to the user-friendly interface.

Another feature that WalL has is the postprocessing feature. A set of statistical
analyses can be performed on WaL such as standard deviation, mean, and correlation
coefficient. Furthermore, another measurement unit was proposed [64]. The mobility
degree (gM) expressed as a percentage of the weakened hemiface as function of the
healthy counterpart is obtained by using the following equation:

M — 100 x ((lzf — azl')

g (1)

ﬂf*ﬂ,’

where a,;: initial component of the weakened hemiface; ay: final component in x, y
or z of the weakened hemiface; a;: initial component of the healthy hemiface; ay: final
component of the healthy hemiface.
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Moreover, WalL is capable to analyze and display the state and the information that
each sensor has as well as auto-calibration, patient information, and the option to safe
the analysis.

5. Statistical and behavioral analysis

In order to show the effectiveness of the system, a study on muscular trajectory
was performed in 18 patients for male and female genders on an age span of 22 and
24 years. Fifteen of the patients were healthy, and three presented peripheral facial
palsy. The protocol to analyze the group of patients was as follows: the test subject sat
in a chair with a straight back making sure that he/she was comfortable. Once the test
subject was in place, he/she put on the mask and adjusted it so that the sensors were
on the corresponding muscle. Immediately WalL started to record. The person
contracted the muscles to be studied as intensely as possible for a couple of seconds
and immediately relaxed them.

The results found from healthy people were used for calibration purposes. The ill
individual results corroborate that our system is capable to quantify the muscle
movement controlled by the seventh cranial nerve. The system is calibrated to take
12,000 samples of the muscular trajectory in 6.06 seconds, with this information, the
standard deviation and the mean for each component are obtained. The correlation
among components of the same muscle such as the thresholds that state the point of
major and minor displacement, the asymmetry facial, and muscle correlation is
expressed as a percentage. The data that the system collected when conducting the
study on the 15 healthy people and three people with facial paralysis were used as a
reference to establish the thresholds that indicate the state of the user’s facial muscles.
The purpose of the system is to provide a tool that contributes with information for an
accurate diagnosis. The collected data can reduce the time to find the ideal treatment
for the patients. The data measured by the system are graphed and normalized in
order to standardize the signal and thus, compare the reaction speed and intensity of
the movement of each hemiface.

5.1 Healthy person muscular trajectory

The central trajectory measurements that appear in Figure 5 correspond to a
healthy 24-year-old woman, weighing 70 kg and 1.74 m tall. The frontal muscle
trajectory shown in Figure 5I has a correlation percentage for all the components of
95.54%, zygomaticus minor (Figure 5II) has a correlation of 94.23%, risorio
(Figure 5IT) of 96.42% and for zygomaticus major (Figure 5IV) it is 92.61%. Although
the study was applied to a healthy person. The asymmetry of the face of this particular
person is accentuated in the zygomaticus minor muscle. Therefore, it can be affirmed
that the muscular response is attenuated by 7.39%.

5.2 Facial paralysis muscular trajectory

The person with facial paralysis is shown in Figure 6. It is observed that the
similarity of the signals decreases in all the muscles. By having a correlation percent-
age of 77.14% for the frontal muscle, 73.30% for the zygomatic minor, 84.60% for the
risorius, and 5.48% for the zygomaticus major.
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Figure 5.

Set of experimental results that shows the muscle movement intensity in a healthy person where the frontal (I),
zigomaticus minor (1), visorius (III), and zigomaticus major (IV) are shown. The signals are normalized and
plotted against time (a) shows the “x” components of the muscle trajectory, (b) the “y” components, and (c) shows
present the components in “z.”
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Figure 6.

Set of measured results that feature the intensity of frontal (I), zigomaticus minor (1), visorius (III), and
zigomaticus major (IV) muscles movement in a person with facial paralysis. The signals were normalized and are
plotted against time wheve (a), (b), and (c) are the x, y, and z components, respectively.
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The signals belong to the injured hemiface that reached the maximum point of
contraction starting from the minimum state in a longer time with respect to the
healthy counterpart. In most cases, the signals are function of the healthy side of the
face by reaching the highest intensity in approximately 1 s while the signals from the
paralyzed side take twice as long.

6. Muscle trajectory analysis

In order to show the trajectory analysis, a set of box plots were used to graphically
represent the scatter, symmetry, and outliers found in the muscle trajectory signal. On
the graph of the healthy person (Figure 7), it can be seen that the upper quartile is
larger than the lower one. In addition, the mean values of both sides are closer to last
mentioned.

The patient that presents facial palsy (Figure 8), it is observed that the
interquartile distribution of the injured half-face with respect to the healthy half-face
is irregular. It does imply that those are not close to any particular quartile. In addi-
tion, outliers are presented in the diagram between the lower quartile and the mini-
mum threshold; likewise, the distance between the outer quartiles and the thresholds
is greater compared with the diagrams in Figure 7.

The outliers denoted by “+” signs outside the quartiles are neither present in the
healthy person (Figure 7) nor in the healthy person half-face with paralysis box plot
(Figure 8a). As the study results show, WalL is effective in quantifying the trajectory
of the frontalis, zygomaticus minor, risorius, and zygomaticus major muscles. The
data obtained from the tests performed on 15 healthy persons and three with facial
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Figure 7.

Muscular trajectory box diagrams in normal state. The names along the x—axis represent the sensor number. (a)
Represents the left hemiface side with sensors 1—4 and (b) the right hemiface side with sensors 5—8. Notches were
added in the diagrams of the healthy hemiface for purposes of distinction.
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paralysis suggest that the facial correlation percentage of a healthy person is in a span
between 89.57% and 97.87%, with a deviation standard between 0.34822 and 0.3433.

Due to the fact that having a healthy face does not guarantee having a symmetrical
face, the system does a precalibration, by showing an error coefficient in order to
express the asymmetry. Under the assumption that all faces are asymmetric, the facial
muscles are normal when the error coefficient is below 10.43%.

According to the graphs generated by the system (Figure 5), when one side of the
face is in a normal state, the average response speed from the point of largest relaxation
to the point of largest contraction is 2.49 seconds while for the injured hemifaces, it was
3.52 seconds. Furthermore, it was observed in the experimental data that when the
correlation is high, the data dispersion marked by the standard deviation increases.

From the analyses shown in Figures 7 and 8, it is observed that if the contraction
muscle time is larger than the relaxation time, the length of the upper quartiles
increase; on the other hand, it decreases if the contraction is lower, so it can be stated
that the length of the quartiles depends on the muscle contraction as well as the mean.
Although the possibility of anomalous values + that appear in the box plots of nor-
malized signals from healthy half-faces is not ruled out, in the 18 studies on which this
research is based, outliers were only present in the normalized paralyzed hemifaces.

The person whose results are shown in Figure 6 was diagnosed with peripheral facial
paralysis. It shows weakness on the left side of the face, which was confirmed by the
system with an average standard deviation of 0.32232 and a facial correlation coefficient
of 72.63%. A value that is outside of the range previously established for healthy people,
which means that the electrical potentials presented the muscles of the left side of the
face were attenuated by 27.37% due to the paralysis, by making it impossible for the
person to perform a symmetrical contraction affecting their muscular excursion.

Paralized subject

= T

s T T 1 1 1 A
B A s O =
L1 | I
05t - [
. | I |
= | - =J
5 " [ 1 r L ‘
ok I 8 i 1 4 4L 4 1 4 F y
x1 1 z1 X2 y2 2 x3 v3 z3 x4 y 4
(a)
1FT d L’ T T &5 T T T T T 7
L ¥ 1 pu
1 \)lll » ] O d ‘
U 00Nne0HO0
I \ v \ |
I [ . - l.J | [ T
obd 4 U I L F 4 ] | 1 1 }
X vS 5 X yE b X 7 7 xE v8 B
(b)

Figure 8.

Muscle trajectory box plots, those represent a person with facial palsy. (a) Shows the components of the left
hemiface side muscles on the left hemiface side and (b) the right hemiface side. In addition, both hemifaces display
an odd behavior (a) and (b), in contrast with a healthy person shown elsewhere (Figure 7).
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7. Conclusions

A full system to quantify the degree of facial palsy that will help to know the
degree of muscle re-education improvement or not with the help of therapy was
proposed and fabricated. By broadening the panorama of possible disease causes and
keeping a timely record. An important point in performing the study with WaLi and
WalL system is the placement of the mask, as the sensors are not located on the muscle
to which they have been assigned, the result will be affected. By accentuating the
degree of error of the system in the axis from which it was erroneously offset with
respect to the point of interest.

For a face to be classified as healthy, it must have a high correlation, which means
that the movement of both sides is very similar in intensity and time. According to the
results provided by the system, healthy faces have a shorter response time between
the largest relaxation point to the longest contraction that causes the difference
between the mean of the signal and the data by increasing the standard deviation. So,
it can be concluded that the greater the deviation, the correlation coefficient, and the
arithmetic mean, the greater the symmetry of the face and the smaller the difference
in reaction time.
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Abstract

Facial neuropathy is a lesion of the facial nerve of various nature happening at
different anatomical levels, which is manifested by unilateral paralysis or paresis of
the facial muscles and is complicated by synkinesis and contractures of the paretic
muscles. The leading clinical symptom of this disorder is mimic asymmetry, which
occurs as a result of a violation of the neuromuscular balance of both hemifaces
(weakness on the side of the lesion and hypertonicity on the contralateral side).
Understanding the special functional state of the unaffected hemiface made it
possible to develop a pathogenetically substantiated method for the treatment of
mimic asymmetry. The effect of botulinum toxin type A on the muscles of the healthy
hemiface contributes to a better restoration of the motor activity of the affected
muscles and the symmetry of the face. Implantation of monofilament mesothreads in
the facial area was used to correct synkinesis. We have proposed a method that creates
arigid mesh frame using mesothreads between the skin and the muscles of facial
expression in the area of synkinesis. This led to a significant decrease in the severity of
clinical symptoms, a decrease in the frequency and amplitude of involuntary muscle
contractions in the face.

Keywords: facial expression asymmetry, botulinum toxin type A, hypertonicity of
contralateral muscles of facial expression, synkinesis, monofilament mesothreads

1. Introduction

The face has a unique nervous system. The nervous system of the face is a single
synergistic system that combines both hemifaces [1-5]. Clinical observations show
that pathological processes in the face are most often unilateral (Bell’s palsy, trigeminal
neuralgia, hemifacial spasm, etc.) [2-7]. However, in recent years, the question of
the influence of the contralateral conditionally healthy hemiface in the pathological
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process has been actively studied [1-4, 8]. The lesion of the muscles of facial expres-
sion in facial neuropathy is also considered as a bilateral process, which involves the
nervous system of both hemifaces. Besides the weakness of the muscles innervated

by the facial nerve on the affected hemiface, there is an absolute hypertonicity of the
muscles of facial expression of the healthy hemiface [1-4, 9]. Normally, in facial neu-
ropathy the healthy hemiface is used for the comparison. However, a special functional
state of the contralateral side, manifested by increased muscle tone, is one of the causes
of facial expression asymmetry (static and dynamic) [3, 8-10]. An EMG analysis of
the muscle tone of the face in the “healthy” hemiface revealed a statistically significant
increase in bioelectrical activity (BEA) in patients with facial nerve neuropathy in
comparison to the control group (p < 0.05) [1, 11]. The data obtained allow us to assert
that the true over action of muscles of facial expression is formed on the “healthy”
side. Activation of the contralateral side is a maladaptive response and requires therapy
[1-4, 8-10]. We have used the method to influence muscle hypertonicity of the healthy
hemiface in neuropathy of the facial nerve using local injections of botulinum toxin
type A. Synkinesis (Greek. syn — together and kinesis —- movement) is the most common
complication of the facial neuropathy. Joint movements, in the form of involuntary
contractions of the facial muscles that occur when performing basic facial expressions,
are observed [12-14]. A patient’s quality of life significantly reduces due to the synki-
nesis. The treatment of synkinesis is very difficult due to the lack of a positive effect of
a traditional pharmacotherapy. A local injection of botulinum toxin type A in the area
of synkinesis can bring a good but temporary effect [11, 14]. However, the weakness

of muscles of facial expression, which develops at the same time, causes a significant
frustration in patients and creates discomfort. A joint work of neurologists and plastic
surgeons allowed us to propose a method for correcting synkinesis using monofila-
ment mesothreads, which are commonly used in esthetic practice.

2. Comprehensive rehabilitation of patients with facial expression
asymmetry

2.1The use of botulinum toxin type A in patients with facial expression asymmetry

The main task of botulinum toxin therapy of facial expression asymmetry in
neuropathy of the facial nerve is to influence the hypertonicity of the muscles of
the healthy hemiface by muscle relaxation. The increased activity of the muscles of
the contralateral (healthy) hemiface is considered to be a mechanism for pathologi-
cal compensation of the functional motor deficit on the side of the lesion and may
prevent or slow down the process of recovery of facial expression activity [1-4].
As aresult of the treatment, after some time (10-14 days), we can observe how the
affected muscles restore their functions. This contributes to the regression of facial
expression asymmetry [1-4, 9]. We observed two groups of patients. In group I, there
were patients in the acute phase of Bell’s palsy (within 1 month after the onset of
the disease), who deliberately refused corticosteroid therapy due to various reasons
(diabetes mellitus, osteoporosis, poor tolerance to corticosteroids in history). Thus,
monotherapy of Bell’s palsy with botulinum toxin type A was carried out. Group II
included patients with facial asymmetry in the late phase of Bell’s palsy. The duration
of the disease in this group of patients ranged from 3 months to 19 years.

The Sunnybrook Facial Grading Scale (SFGS) was used to assess facial symmetry
and synkinesis, while the facial asymmetry was assessed using the House-Brackmann
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Facial Nerve Granding Sale scale (1985), which consists of six levels. The first level
corresponds to the normal function of the facial nerve, and the sixth level corre-
sponds to its complete dysfunction. Static asymmetry was assessed by the displace-
ment of the denervated muscles in relation to the central line due to the traction of
the muscles of facial expression of the unaffected hemiface. Dynamic asymmetry
was assessed according to several criteria: blinking frequency (video recording was
made during a conversation with a doctor), muscle activity during articulation,
and facial expression tests. Clinically, in all patients on the side of the lesion, there
were observed narrowing of the palpebral fissure, shortening of the zygomatic and
buccal muscles, drooping of the ala of the nose, mouth angle, nasal tip deviation, and
displacement of the midline of the lips toward the lesion.

2.1.1 Method of administration of botulinum toxin type A in facial expression asymmetry

To correct (weaken) the pulling effect of the active muscles of the “healthy” hemi-
face, we perform sequential injections of the frontal, glabellar, periorbital areas, the
nasal bridge, the nasolabial fold, the middle of the face, the perioral area, and chin
on one side of the face. The target muscles are determined by the facial expression
tests (to raise your eyebrows up, to frown, to squint, to “wrinkle” your nose, to show
your teeth, to purse your lips). The most active areas of the muscles are injected. After
applying local anesthesia and treating the skin with an antiseptic, the patient is given
local injections of botulinum toxin type A.

The following treatment protocol was used: 100 units of botulinum toxin type
A (botulinum toxin type A complex — hemagglutinin) is reconstituted with 2.0 ml
of sodium chloride injection at a concentration of 9 mg/ml (0.9%). In this case, a
reconstituted colorless solution is obtained with a concentration of 5 units in 0.1 ml.
The solution is injected using a 1 ml syringe with a 30 G needle. In total, 1.25-2.5 units
of the drug is injected into one injection point.

Subcutaneous injections are administered in the following areas of the unaffected
hemiface:

1. frontalis and glabellar muscles (total 3-4 points, 1.25 units in each point), corruga-
tor muscle (total 1-2 points, 5 units in the head of the muscle, 1.25 units in the tail
of the muscle, if necessary), procerus muscle (total 1-2 points with 1.25 units) —
Figures1and 2;

2.periorbital area (only 4-5 points with 1.25 units, in the area of the upper eyelid
the drug is injected into the pretarsal portion of orbicularis oculi muscle) -
Figure 3

3.the midface, the nasal bridge, the nasolabial fold — nasalis muscle (1 point with
1.25 units), levator labii superioris muscle (1 point with 1.25 units), zygomati-
cus minor muscle (1-2 points with 1, 25 units), zygomaticus major muscle (1-2
points with 1.25 U) — Figure 4

4. perioral area — orbicularis oris muscle (only 1-2 points with 1.25 units), m.
depressor anguli oris (1 point with 1.25 units), depressor labii inferioris muscle
(total 1-2 points with 1.25 units) — Figure 5

5. mentalis area — mentalis muscle (only 1-2 points with 1.25 units).
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Figure 1.
Injection pattern of botulinum toxin type A in the frontal region.

Figure 2.
Injection pattern of botulinum toxin type A in the glabellar region.

The number of injected points on the face, on average, is 15-20. During the
procedure, the patient sits on a chair, resting their head against the wall. Patients sign
avoluntary informed consent for medical diagnostic and treatment procedures.
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Figure 3.
Injection pattern of botulinum toxin type A in the periorbital region.

Figure 4.
Injection pattern of botulinum toxin type A in the midface.

2.1.2 Results of botulinum toxin thevapy on facial expression asymmetry

Within 7-10 days after botulinum toxin type A injections, a muscle relaxant effect
occurs as a reduction of muscle activity on the “healthy” hemiface and a decrease
in the displacement of denervated muscles in relation to the central line of the face.
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Figure 5.
Injection pattern of botulinum toxin type A in the perioral region.

Patients begin to notice a tendency of facial symmetry restoration and then a gradual
activity in the denervated muscles. According to our observations, an earlier recovery
is observed in the orbicularis oculi muscle, manifested in lagophthalmos regression,
making it possible to close the eye, which in turn is important for the eyeball protec-
tion. Following, the activity of nasalis muscle and levator labii superioris muscle is
restored. The asymmetry of the smile function is the latest to get restored, due to the
slow recovery of the activity of the zygomaticus major and minor muscles and the
orbicularis oris muscle.

Patients of group I showed the better recovery dynamic due to the treatment.
Fourteen days after the injection of botulinum toxin type A, patients of group I
showed the average decrease of score on the House-Brackmann scale by 1.85 times
(p < 0.05), while in group II patients’ score dropped only by 1.1 times (p > 0.05).
After 1 month the improvement in patients of group I was 2.6 times (p < 0.05), and
in group II it was 1.5 times (p < 0.05). The general condition of the facial muscles
in patients of group I, assessed using the Sunnybrook Facial Grading System, was
3.0 times better than in patients of group II (p < 0.01). It is important to note that
in all subscales (symmetry of rest, symmetry of voluntary movements, synkinesis),
the indicators in patients of group I were better than in group II. The dynamics
of symptoms of static and dynamic facial asymmetry was also more distinct in
patients of group I. Patients of group II showed a less noticeable dynamics, which
prompted repeated injections of botulinum toxin type A (every 3-4 months for
1-3 years). Normally, a single injection of botulinum toxin type A is sufficient for
patients of group I. The ultimate effect is observed after 1 month after the injections.
We observed that the muscles of the affected hemiface get restored well enough to
begin to “pull” the muscles of the “healthy” hemiface, denervated by botulinum
toxin, toward themselves, which is an important detail. In such a case, a temporary
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asymmetry occurs on the opposite side (Figures 6-25). The patients get informed
about this phenomenon prior to the treatment. The effect of botulinum toxin gets
ceased, approximately, within 3-4 months. During this period, paretic muscles
significantly restore their activity. Thus, the data obtained indicate a higher efficacy
of botulinum toxin therapy in patients in the acute phase of Bell’s palsy.

We should note that in some patients suffering from the facial expression asym-
metry, there was observed a poor recovery of the paretic muscles. This was registered
both among patients of group I (20%) and among patients of group II (38%).

Figure 6.
Bell’s palsy. Patient B. before injections.

Figure7.
Patient B, 1 month after injection.
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Figure 8.
Bell’s palsy. Patient B. before injections.

Figure 9.
Patient B, 1 month after injection.

Unfortunately, we were unable to identify predictors of the efficacy of botulinum
therapy for patients with facial neuropathy. However, given the data obtained on

a statistically significant improvement of the condition of the majority of patients
studied, we believe that every patient with a damaged facial nerve should be offered
to receive botulinum toxin injections. Other adverse events of botulinum therapy
include temporary dryness of the eye on the side of the injection, which may occur
after the drug is injected into the orbicularis oculi muscle.
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Figure 10.
Bell’s palsy. Patient B. before injections.

Figure 11.
Patient B, 1 month after injection.

2.2 The use of monofilament mesothreads for the treatment of synkinesis

Patients, suffering from the lesion of the facial nerve, develop the synkinesis and
contractures on the affected side of the face in 4-6 months amid already existing
weakness of muscles of facial expression. Synkinesis is involuntary movements of the
facial muscles of one muscle group in response to voluntary movements of another
muscle group of the face [12, 13, 15]. Currently, there are three hypotheses for the
occurrence of synkinesis. The theory that has received the greatest recognition is that
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Figure 12.
Bell’s palsy. Patient B. before injections.

Figure 13.
Patient B, 1 month after injection.

after damage, axons undergo aberrant regeneration forming the innervation of those
muscles they had not previously been innervated. The second potential pathological
mechanism involves ephaptic signaling, in which neighboring axons in the affected
area stimulate each other, probably as a result of loss of myelin sheath. Finally, some
studies indicate the possibility of a central mechanism of synkinesis origin as a result
of overexcitation of the motor nucleus of the facial nerve [14, 15].

In clinical practice, the most common cases of synkinesis are oculo-oral (move-
ment of the zygomaticus major and minor muscles, the orbicularis oris muscle while
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Figure 14.
Bell’s palsy. Patient B. before injections.

Figure 15.
Patient B, 1 month after injection.

the arbitrary closure of the palpebral fissure) and oral-ocular (narrowing of the
palpebral fissure during mouth movement). To diagnose oculo-oral synkinesis, we
use the “frequent blinking” test, when the patient is asked to blink frequently. In this
case, there is a contraction of the zygomatic, buccal and perioral muscles observed. To
diagnose oral-ocular synkinesis, the “u-e” or “b-p” test is used, which allows to trace
the narrowing of the palpebral fissure on the side of the lesion, which manifests in the
patient “winking” during a conversation.
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Figure 16.
Bell’s palsy. Patient A. before injections.

Figure 17.
Patient A., 1 month after injection.

Due to the fact that synkinesis is usually manifested by interchanging hyper- and
hypokinesis zones, the applied methods of treatment should be aimed both at sup-
pressing excessive muscle activity, depending on the area of the face, and at restoring
mobility. Such physiotherapy methods as physiotherapy exercises, massage, electrical
stimulations are very arduous and often do not bring the desired results, because they
do not influence the pathological “chain of synkinesis,” which is defined by the sequence
of involvement of involuntary muscle contractions on the affected side in response to
voluntary movement [12, 15]. Botulinum toxin type A is used to selectively suppress the
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Figure 18.
Bell’s palsy. Patient A. before injections.

Figure 19.
Patient A., 1 month after injection.

activity of muscle fibers and is effectively used to correct synkinesis [11, 14]. However,
after botulinum toxin therapy, temporary weakness of the facial muscles on the affected
side may develop, which aggravates the asymmetry and causes frustration (anxiety) in
patients. They start feeling as if the symptoms of the disease have reappeared, which
makes many of them to refuse subsequent injections. Additionally, the effect of injec-
tions is short term (2-3 months). There are also known methods of surgical correction
of synkinesis [12, 16], but they require the excision of areas of synkinesis and hospital-
ization in a surgical department. This can lead to persistent weakness of facial muscles
and the formation of muscle contractures [11, 14].
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Figure 20.
Bell’s palsy. Patient A. before injections.

Figure 21.
Patient A., 1 month after injection.

We observed two groups of patients with Bell’s palsy. All patients had oculo-oral
and oral-ocular synkinesis, which developed within a year after the disease. The
first group of patients received injections of botulinum toxin type A in the areas of
synkinesis, while the second group of patients underwent implantation of monofila-
ment mesothreads. The severity of pathological synkinesis was assessed using the
Synkinesis Assessment Questionaire (SAQ, 2007).
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Figure 22.
Bell’s palsy. Patient A. before injections.

Figure 23.
Patient A., 1 month after injection.

2.2.1 Method of implantation of monofilament mesothreads to treat synkinesis
Monofilament mesothreads are among the minimally invasive rejuvenation
procedures in esthetic medicine, which makes it possible to improve the involutional

manifestations of aging. Mesothreads got this name due to their small diameter, com-
parable to the diameter of a needle for mesotherapy. These threads are used to modify
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Figure 24.
Bell’s palsy. Patient A. before injections.

Figure 25.
Patient A., 1 month after injection.

involutional changes in the skin and ptosis of the soft tissues of the face. The visible
lifting effect of the soft tissues is determined by creation of a rigid frame consisting of
alarge number of mesothreads and new collagen fibers forming around them [17, 18].
Clinically, this is manifested by a decrease in the severity of wrinkles and folds and an
increase in skin density and elasticity [17, 18]. Mesothreads are completely bioresorb-
able, often made from polydioxanone - a hypoallergenic, non-toxic material that
undergoes biodegradation in 180-240 days, which gives a long-term preservation
effect up to 1.5-2 years. Mesothreads are applied in different age groups. In patients
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younger than 30 years old, it is used to prevent aging of the skin, in the older age
groups, it is used to reposition the soft tissues of the face [17, 18].

There has been some data documented about the use of polydioxanone threads in
combination with botulinum toxin injections for the treatment of the facial expres-
sion asymmetry [19]. The authors used the implantation of toothed threads in the
subcutaneous plane along the intended trajectory in patients with unilateral sagging
of the face in the late period of facial nerve neuropathy. The authors implanted
patients with unilateral sagging of the face in the late period of facial nerve neuropa-
thy with cogged threads in the subcutaneous layer along the planned trajectory. At
the same time, local injections of botulinum toxin type A were performed to treat
contralateral hypertrophy and ipsilateral synkinesis. As a result, the symmetry of
the face got improved. Due to the lifting effect with the help of threads, there was a
rejuvenation of the sagging hemiface observed, which occurs as a result of prolonged
paralysis of the muscles of facial expression [19].

In our work, we used a completely different approach. We used smooth, monofila-
ment threads (short 3-4 cm, non-cogged threads) in the affected hemiface to correct
synkinesis.

The proposed method allows creating a rigid frame-mesh between the skin and
muscles of facial expression, which helps to counteract their pathological contrac-
tion. The “target” for the implantation of threads is actively contracting muscle
bundles. Usually, they are located in the periorbital region, along the nasolabial fold,
in the projection of the modiolus and mentalis region. Synkinesis in the periorbital
region manifests in muscle contractions in the infraorbital margin, the lateral part
of the orbit, the superciliary arch (in the projection of corrugator muscle), as well
as in the upper eyelid region. It is not possible to install threads in the upper eyelid
region in the projection of levator palpebrae superioris muscle due to the high risk of
thread displacement into the orbital region and muscle injury even when implanted
superficially. Therefore, the use of mesothreads to treat synkinesis in the upper eyelid,
inferior to the orbital rim, is impossible due to the high risk of complications. Threads
are installed in the subcutaneous layer attached to the posterior layer of the dermis in
the area of synkinesis, between the skin and muscles (Figure 26). The injection site
for the introduction of the thread is at a distance of 2-3 cm in each direction from the
synkinesis. The threads are implanted at a distance of 1-1.5 mm from each other and
in the form of mutually intersecting lines (five threads horizontally and five threads
perpendicular or at an angle). The crossing point of the threads should be in the
zone of synkinesis (Figure 27). The thickness and length of the thread are selected
depending on the area of treatment. The qualification and experience of a plastic
surgeon who performs the implantation of mesothreads are key in the successful
procedure. Patients were informed about ongoing medical diagnostic and treatment
procedures. During the visit, each patient signed a voluntary informed consent.

2.2.2 Results of treatment of synkinesis with monofilament mesothreads

In patients of group I (who received botulinum toxin therapy), the effect appeared
only 7-10 days after the administration of the drug. The amplitude and frequency of
synkinesis in patients of group II (who were treated with mesothreads) decreased imme-
diately after the completion of the procedure. A significant effect of implantation of
mesothreads was also registered 7-10 days after the procedure. The amplitude and sever-

ity of synkinesis in the “u-e,” “b-p” test significantly decreased. Patients noted that they
managed to communicate with other people easily. The interlocutors stopped peering,
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Figure 26.
Position of the threads for the treatment of synkinesis.

Figure 27.
Potential areas for the implantation of monofilament mesothreads in the synkinesis region.

trying to discern the involuntary movements of the muscles of the face in patients, which
significantly increased patients’ self-esteem, improved the quality of life.

In1, 3, 6, and 12 months after the procedures, the general condition of the facial
muscles of patients of group II, assessed using the SFGS scale, was 2.0, 2.3, 2.4, and
1.9 times better than in patients of group I (p < 0.01). In 50% of cases, the positive
effect of mesothreads on synkinesis persisted even after 1.5-2 years.

Thus, a comparative analysis of two methods for treatment of motor synkinesis
showed the best result in the group of patients who received monofilament meso-
threads. We observed a significant decrease in the severity of clinical symptoms,
manifested in a decrease of the frequency and amplitude of involuntary muscle
contractions in the face.

The proposed method has limitation. It is likely to develop a hematoma at the
injection sites of mesothreads (especially in the periorbital region). There is a risk
of rejection of the threads within the first 2-3 days (due to the extremely superficial
introduction). In such a case, it is important to remove the thread, holding it by the
tip. It is likely to experience pain after thread implantation (within 1-2 days), as well
as a relatively long rehabilitation period (up to 10 days).

In the later period (6-12 months), it is likely to have a migration of threads and the
formation of a ligature fistula. There have been no such complications in our practice.
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3. Remarks

1. Pathological process of facial nerve neuropathy affects both hemifaces. On the
affected side, a pronounced motor deficit becomes apparent. On the contralateral
side, hyperactivity of muscles of facial expression is determined.

2.Botulinum toxin treatment for facial expression asymmetry, which affects the
neuromuscular apparatus of the “healthy” hemiface, helps to restore the bal-
anced work of both hemifaces. This creates favorable conditions for the correct
joint interaction of facial muscles, increasing the motor activity of the facial
muscles of the affected hemiface.

3. To treat motor facial synkinesis, we created a mesh-frame of monofilament
mesothreads between the skin and facial muscles, and new collagen fibers forming
around them. This helped to significantly decrease the clinical symptoms, which
were expressed by a decrease in the frequency and amplitude of involuntary
muscle contractions in the face.

4, Conclusion

Thus, the signs of facial expression asymmetry in facial nerve neuropathy include
weakness of the facial muscles innervated by the affected facial nerve, as well as hyper-
tonicity of the facial expression muscles of the healthy hemiface. The proposed method
of injections of botulinum toxin type A into hyperactive facial expression muscles of the
unaffected (“healthy”) hemiface in case of facial nerve neuropathy contributes to the
formation of a balance between both hemifaces and the joint work of the nervous struc-
tures of the face. Botulinum toxin therapy is a pathogenetically substantiated method
of restoring facial symmetry. Due to this method, it is possible to achieve an increase
in the motor activity of the muscles of facial expression of the affected hemiface both
in the acute phase of Bell’s palsy, and with remaining effects in the long-term period.
This method is also applicable for the treatment of facial expression asymmetry of
another etiology, for example, as a result of an iatrogenic injury (found in cosmetology,
plastic surgery, and maxillofacial surgery). The efficacy of botulinum toxin therapy
is explained by other impacts besides the local muscle relaxant effect of botulinum
toxin type A. It is known that the action of botulinum toxin type A causes peripheral
deafferentation. This suggests a neuroplastic effect on the segmental, suprasegmental
structures of the facial nerve system when performing injections in the face.

The use of the proposed method for the treatment of pathological synkinesis
using monofilament mesothreads showed a good result. The creation of a mesh-frame
between the facial muscles and the skin in the area of involuntary muscle contrac-
tions reduces the external manifestations of synkinesis. The use of monofilament
mesothreads makes it possible to obtain a longer and more stable clinical effect, which
is manifested by a decrease in the severity and amplitude of pathological muscle
contractions of facial muscles, even in 2 years after the treatment.
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Chapter 4

Reanimation of Mouth Corner with
Free Gracilis Muscle Flap

Serdar Nasir and Alaz Cirvak

Abstract

Gracilis muscle is the most commonly used muscle in facial paralysis. Although
the use of the contralateral buccal branches with the sural nerve graft as the recipient
nerve provides spontaneous smiling, the main disadvantage is the weak contraction
due to insufficient muscle innervation. Although the masseter nerve is a chewing
muscle, it can be used as a recipient nerve to provide a strong contraction. However,
postoperative adaptation of the brain is required to ensure spontaneous smiling. In
this article, I will evaluate the results of the postoperative third-year results of
11 patients with partial thickness gracilis muscle. I carried on the masseter recipient
nerve for oral corner reanimation in facial paralysis.

Keywords: facial paralysis, cranial nerves, facial nerve injuries, facial reanimation,
free gracilis muscle flap

1. Introduction

In complete facial paralysis, the effected parts of the patients’ face are frontalis
muscle, muscles of facial expressions, and platysma muscle in the neck. The inability
that troubles patients the most is the paralysis of the muscles on the effected side
that pull the mouth corner vectorally outward from the center of the face during the
act of smiling. Zygomaticus major muscle and minor muscle, which pull the upper
lip upward and which are the main muscles that function during smiling, combined
with rhisorius muscle, which pull the side of the lip outward, create the function of
smiling. In a study it has been found that children smile 400 times and adults smile
20 times in a day and the importance of the action of smiling in people’s lives in
introducing themselves to their social environment has been shown [1]. In unilateral
facial paralysis, an asymmetrical view is formed during smiling due to the lack of
function in the muscles described above and in bilateral facial paralysis (Moebius
syndrome, etc.), a motionless face is formed, which causes an apathic face appear-
ance. Attempts on gaining the function of smiling constitute the main basis in facial
reanimation operations, which are operations that aim to recreate the function of the
effected muscles in cases of facial paralysis. Attempts on the muscles that close the
eyelids are the second most frequent operations. Functional muscle transfer is done
in attempts to recreate function of smiling. In this article, I am going to mention my
experiences on single session gracilis muscle transfer in which masseter nerve is used
as the recipient nerve.
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2. Materials and method

In this study, 11 patients of at least 3 years of follow-up (between 2011 and 2019)
are included. Following preauricular incision, a pouch is created by lifting the skin
flap at the mouth corner upward and downward. After the outer edge of masseter
muscle is found and after a back parallel line is drawn starting from 1 to 1.5 cm away
from the zygomatic arch, a point is marked on that line 3-3.5 cm away from tragus.
Masseter nerve is found by parallel dissection to muscle fibers between superficial
and deep lobes of masseter muscle, approximately at 1.5 cm deep of superficial
musculoaponeurotic system (SMAS) [2]. Nerve is dissected at its full length, the
branch that goes to deep lobe is preserved, and the superficial branch is determined as
the recipient nerve. On inner side of the thigh, adductor longus muscle is palpated, a
parallel incision to that muscle is made, and gracilis muscle is found positioned medi-
ally to adductor longus muscle (Figure 1). After dissection of the pedicle, markings
on the muscle, 3 cm apart from each other, are made with absorbable sutures, which
are going to define the entrance site of the central predicle (Figure 2). Branch of the
obturator nerve to gracilis muscle is tracked to the site of origin from the main nerve

Figure 1.
View of the gracilis muscle and its pedicle drawn on skin.

Figure 2.
Gracilis free muscle flap marked at 3 cm intervals.
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Figure 3.
Removal of the muscle flap with straight intestinal stapler.

body. About 1/3-2/3 anterior segment of the muscle, 2-3 cm longer than the distance
between zygomatic arch and mouth corner, is taken using a straight intestinal stapler
(Figure 3). The size of the segment that is going to be used is determined according to
the entrance site of the pedicle on the muscle. First of all, to technically facilitate the
procedure, nerve of the gracilis muscle flap is repaired and sutured to the recipient
masseter nerve. Then, flap is transferred to facial artery and vein, which had been
prepared as recipient vessels. Upper end of the muscle is sutured to zygomatic arch
with 2/0 Polydioxanone (PDS). Distal end of the muscle is divided in three parts:
upper part is sutured to the upper side of the lip and to the base of nose, lower part is
sutured to the side of the lower lip, and middle part is sutured to the mouth corner.
After the operation, patient’s mouth corner is sutured as a static strap, in a posi-

tion that muscles stay tight and constricted, symmetrical to the contralateral side.

A drain is placed next to the pedicle, without completely closing the preauricular
incision, bleeding control on the end of the muscle and circulatory control with
Doppler Ultrasound are performed. Patients are immobilized for 5 days in bed. No
anticoagulants were used and only be used local heating with floor lamp. After day 5,
with observation of normal circulation following mobilization, preauricular inci-
sion is closed. Average time that patients start to feel the first muscle contractions is
observed to be around 2 months. After contractions begin, Transcutaneous Electrical
Nerve Stimulation (TENS) device is used on patients for 20 minutes four times in a
day. The traction of the mouth corner is started to be observed around 6-8 months
on average. Patients’ muscle power being increased, maximum muscle strength is
achieved approximately 1.5-2 years on average. After patients start to pull the lip
corner, physiotherapy is started. Advices of practicing control on smiling movements
with a mirror, guidance on patients’ social lives, which may lead to all day smiling,
and advice of watching a comedy movie every other day were made to patients.

3. Results

Pictures of patients were taken after patients were informed about their pictures
were to be used and published in scientific papers. Verbal and written consent has been
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Figure 4.
Preoperative view of the patient.

Figuress.
View of the patient 8 years after the operation.

acquired from patients regarding the use of their pictures in publications. No flap loss

is observed. On eight of the patients, symmetrical smiling to the contralateral side is
observed (Figures 4 and 5), on two of the patients, a pull 1-1.5 cm less than the contra-
lateral side is observed. However, because of patient satisfaction, no muscle plication
attempts aiming augmentation of traction of the lip corner were made. A swollen
appearance on the face is observed on six of the patients due to muscles; however, since
patients are still on follow-up period, a flap thinning procedure has not been performed.

4. Discussion

Although the most common choice is use of gracilis muscle in reanimation of
smiling muscles in facial paralysis [3], free muscle transfers such as serratus anterior
muscle, latissimus dorsi muscle, extensor digitorum brevis muscle, and pedicled
muscle transfers such as temporalis muscle transfers have been used.

In free muscle transfers, the contralateral facial nerve with use of nerve grafts,
ipsilateral hypoglossal nerve (12th Cranial Nerve (CN)), ipsilateral accessory nerve
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(11th CN), or the ipsilateral masseter nerve, which is one of the motor branches of
fifth CN, can be used as the recipient nerves. In the cases where the contralateral
facial nerve is used as the recipient nerve, when an impulse is generated toward

the contralateral side, it passes on the nerve graft and causes contraction of the
transferred muscle, which in the end causes a “spontaneous smile” on the effected
side. This situation is not possible in cases where other cranial nerves except facial
nerve on the same side are used as the recipient nerve. In the beginning of cases,
which are used CV as recipient nerve, in order to generate smiling function on the
operated side, the patient needs to think of an action, which will cause their chew-
ing muscles to work. In the studies carried out, it has been shown that masticatory
center and smiling center in the brain are located close to each other and with certain
exercises accessory neural pathways will be generated between these two centers

[4]. Therefore, it has been stated that smiling function will be performed with use

of these pathways when patients want to smile. Some studies state that simultaneous
stimulation of masticatory center causes action on transferred muscle to generate
smiling action, during the stimulation of the smiling center. It has been stated that
success of the operation is increased with younger patient. When transfer to the mas-
seter nerve operations is performed on patients who were in childhood, spontaneous
smiling is achieved at advanced ages approximately 80% of the patients, compared
with 50-80% of the patients when the operation is done in older ages [5, 6]. There
are important exercises that the patient and the physiotherapist need to perform

in order the neural pathways to be created. Patients are advised to smile constantly

in their social lives. This includes daily life advices from greeting everyone in the
most appropriate way to social lives, to trying to use every opportunity throughout
the day to smile. Patients are advised to watch a comedy movie on alternate days.
Furthermore, one of the most important practices is exercises to be done in front of
a mirror. The goal of these exercises is to increase patients’ comprehension of the
traction strength on the transferred side during smiling and to equalize their smile
with the contralateral side. Therefore, patients are going to make their brains learn the
traction power of the transferred muscle, and they are going to equalize the strength
on both sides of their face during smiling. To start these exercises, it is necessary to
wait until the maximum traction strength of the transferred muscle is achieved and
revision operations regarding muscle traction and tension are completed. On my
cases, I start external electrical stimulus by using TENS devices when patients feel the
first contraction on the transferred muscle, although a clinically visible contraction
has not been achieved. I suggest these external stimuli are given in 20 minute sessions
every 3 hours. Therefore, I believe that the number of new neuromuscular junctions
is increased and direct muscle stimulation is provided during muscle innervation
period, which prevents muscle atrophy. There is a direct proportion between the
number of neurons in the recipient nerve and contraction strength of transferred
muscle. With increased number of neurons in the recipient nerve, the number of
neurons, which reach the transferred muscle and cause contraction, is increased. In
valuable studies carried out, it is stated that buccal branch of the facial nerve contains
approximately 834 +/—285 neurons. When these neurons are used at the paralyzed
side with a sural nerve graft, the axons budded from the recipient nerve need to pass
through two nerve coaptation sites through the nerve graft. In studies carried out,
number of the neurons of buccal nerve is observed to be around 100-200 after these
neurons pass through the nerve graft and reach the transferred muscle. This situa-
tion is because number of neurons of the recipient nerve is few and because neurons
pass through two coaptation sites. The branch of the masseter nerve that is used as
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the recipient nerve contains 1542+/-291 neurons [2, 7], which is much greater than
buccal branch of the facial nerve. Other benefit of using the masseter nerve is, since
neurons are going to pass through a single nerve coaptation site, the decrease in the
number of neurons that reach the transferred muscle is going to be less compared
with when buccal branch is used as the recipient nerve. In a study;, it is shown that
the number of neurons pass to the obturatory nerve from masseter nerve is 10-15
times greater than the neurons pass through sural nerve graft. In my clinical practice,
in the beginning I used buccal branches as the recipient nerves. However, because I
observed muscle traction strength was fairly weak and because a second session was
needed, I have started to transfer partial thickness gracilis muscle to the masseter
nerve as the recipient nerve with a single session operation. The second frequent com-
plaint of patients who had free muscle transfer is the unaesthetic view of the patients’
faces during contraction caused by excessive swelling, following the most common
complaints, which are about traction strength [8]. This is the reason during removal
of the flap from donor site, I use 1/3-2/3 of the muscle according to entrance site of
the pedicle8. I use straight intestinal staplers to remove the muscle flap to be trans-
ferred from the main muscle. Therefore, ends of the muscle flap stay together pre-
venting separation of fibers at the ends of the flap. These titanium staplers facilitate
fixation of proximal end of the flap to zygomatic arch and by preventing fibers from
scattering staplers facilitate division of the distal end to three parts, one for upper
lip, one for lower lip, and one for mouth corner. Therefore, fixation of muscle fibers
to sides of lips and mouth corner, which is among the most important parts of the
operation, can easily be done with the help of staplers. I suggest that if a flap thinning
operation is being planned, it should be performed at late stages after the operation.
Because I believe in the long terms if the muscle is fixated to the recipient site prop-
erly and soundly, it adapts well and a thinning operation is not going to be necessary.
I believe that most of the permanent swellings during muscle contraction are caused
by poor fixation of the muscle to lip corner or to the zygomatic arch or detachment
of the muscle from fixation sites because of poor wound healing or weak adhesion of
the muscle. However, if none of the problems stated above exists and swelling during
contraction is observable, a thinning operation to the nearest parts of the muscle to
the skin can be performed very carefully. It has to be kept in mind that as a result of a
careless procedure, contractions of the transferred muscle can be totally lost.

5. Conclusions

As aresult, I believe reanimation of smiling function in facial paralysis with
one session partial thickness free gracilis muscle flap with the masseter nerve as the
recipient nerve is superior to other techniques despite some disadvantages regarding
spontaneous smiling.
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Chapter 5

Management of Bell’s Palsy with
Phototherapy

Lok Yan Joanne Cheng, Tai Hong Andrew Lung and Shu Yan Ng

Abstract

Bell’s palsy (BP) is a common condition; its incidence rate has increased during the
COVID-19 pandemic. The standard treatment for facial nerve palsy includes cortico-
steroids alone or in combination with antiviral agents. However, the treatment is
contraindicated in some patients, including hypertensive or diabetic patients. Also,
the medication combination may result in inadequate recovery when complementary
and alternative approaches are indicated. This chapter reviewed the literature on
managing BP with different types of photobiomodulation (PBM) therapies. Fourteen
papers were included. The results show that despite the different kinds of photo
energy used, varying laser parameters, and the heterogeneity of patients, the outcome
of PBM was similar among studies. Of interest is that acute and subacute BP respond
more favorably to PBM than chronic cases. Hence, it is suggested to apply PMB as a
complementary treatment in the early stage of the disease to enhance the recovery
rate of BP patients. However, the risk of bias in these studies was relatively high.
Therefore, further randomized, double-blind placebo-controlled studies are needed to
determine the effectiveness of PBM in treating BP.

Keywords: bell’s palsy, facial paralysis, low-level laser therapy, infrared laser,
phototherapy, COVID-19

1. Introduction

Bell’s palsy (BP) is a common condition presented to physicians. It affects 23
people in every 100,000 yearly, and one in every 60-70 people will develop BP in
their lifetime [1]. It is the most common acute facial lesion that unilaterally affects the
facial nerve. It occurs when the facial nerve is swollen or compressed within the
facial canal. The compromised facial nerve results in an array of symptoms,
including temporary weakness or paralysis in the facial muscles, difficulty in
mastication, loss of taste, drooping eyelid or corner of the mouth, drooling, poor
closure of the eye, and pain in the auricular area. With an acute onset, the symptoms
can develop within 72 hours and gradually resolve within weeks or months [2, 3].
However, around 30% of patients may not fully recover and experience residue
dysfunction [2, 4].
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1.1 Etiology of Bell’s Palsy

With the exact cause of BP remaining unclear, a recent review summarized five
potential clinical etiologies of this condition [5]:

¢ Anatomical difference — A smaller diameter of the internal acoustic meatus
and facial canal and a thicker facial nerve are observed in BP patients [6, 7].
These anatomical differences may be a predisposing factor to facial nerve
entrapment.

* Viral infection - Herpes-simplex virus type-1 (HSV-1) is commonly found in BP
patients. The reactivation of the HSV-1 in latently infected patients can induce
demyelination and degeneration in the facial nerve [8-10]. Besides the infection
of HSV-1, an increased incidence rate has been noticed during the coronavirus
infectious disease 2019 (COVID-19) pandemic. Several recent studies have
discussed the potential causal relationship between vaccination or COVID-19
infection with BP [11-13].

* Autoimmune reaction — Autoimmune reaction is regarded as a possible etiology
of BP, as a significantly high level of neutrophil-to-lymphocyte ratio (NLR) and
pro-inflammatory cytokines level are detected in BP patients. Also, the
autoimmune reaction can induce facial nerve demyelination [14, 15].

* Ischemia - Vasospasm in the stylomastoid artery may be another underlying risk
in causing BP. Vasospasm induces ischemia, which can lead to periarteritis and
obliterative endarteritis, which in turn can induce facial nerve sheath fibrosis,
strangulating the nerve [16].

* Cold stimulation responsivity - The incidence rate of BP is higher in cold seasons
[17, 18]. The subcutaneous fat may react to climate change, inducing the
immune-inflammatory response and leading to acute facial nerve demyelination
[19, 20].

However, the actual cause of BP remains unknown and requires further
studies [5].

1.2 Relationship between COVID-19 and Bell’s Palsy

Besides the unknown etiology of BP, a statistically significant higher incidence of
BP is observed in 2020 compared to 2019. The increased incidence is associated with
the COVID-19 pandemic [21]. A systematic review showed significant evidence that
BP is the only major neurological manifestation in COVID-19 patients [12]. Another
systematic review conducted by the same authors reviewed 46 COVID-19 cases.
Around 70% of the cases showed complete recovery from BP symptoms, while over
20% of them had residual symptoms after combination treatment, mainly of cortico-
steroids and antiviral drugs [11]. Although the evidence of BP being the major neuro-
logical symptom in COVID-19 is significant, further studies are required to identify
how the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) exactly
causes the neurological symptoms [11, 12].
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Along with a higher risk of developing BP with COVID-19 infection, BP has also
been recognized as a common adverse event after COVID-19 vaccination. A system-
atic review recognized BP as one of the most common adverse events after mRNA and
viral vector-based immunization [13]. In addition, a study in Hong Kong reported a
significantly increased risk of Bell’s palsy following the vaccination of inactivated
SARS-CoV-2 vaccine but not the mRNA vaccine [22]. However, another systematic
review, which studied 61 vaccinated patients immunized with different vaccines,
reported that more than half of the cases developed BP after vaccination. Interest-
ingly, BP only occurs in patients who received mRNA and viral vector-based vaccines
but not in inactivated SARS-CoV-2 vaccines [23].

Both COVID-19 and COVID-19 vaccination are suspected to be a potential cause of
BP. However, the relationship between COVID-19 and COVID-19 vaccine on BP has
yet to be determined and requires further investigation.

1.3 Prognosis

The current standard treatment for BP includes corticosteroids alone or combined
with antiviral agents, although the condition is considered idiopathic. However,
different studies reported conflicting results [3]. Some studies reported inadequate
recovery from the treatments [24]. Around 70% of BP patients will recover
spontaneously without treatment; 10-29% of patients will have persistent dysfunction
in the facial nerve [24] with an 8% recurrence rate for those who had previous
episodes of BP [3].

Comparing the standard treatment of corticosteroids alone or in combination with
antiviral agents, the effects of corticosteroids alone are found to be no different from
placebo [25], while a higher rate of full recovery is observed with the use of antiviral
drugs in combination with corticosteroids [24]. The recovery rate of using corticoste-
roids alone was reported to be 67% while that of the combination treatment was 78%
[24]. A randomized controlled trial (RCT) indicated that when the medical treatment
was delayed for more than 4 days after the onset of symptoms, the treatment has no
benefit to the patients [26].

However, the treatment of corticosteroids and antiviral agents is contraindicated
in some patients (e.g., hypertensive or diabetic patients) [27]. Alternative and com-
plementary therapies may thus provide other options.

Along with the standard treatment, physicians have been using other therapeutic
methods, for instance, electrical stimulation, facial exercise, massage [28], acupunc-
ture [29], and photobiomodulation (PBM) as supplementary treatments. While the
effects of electrical stimulation, facial exercise and massage were insignificant [28],
acupuncture treatment potentially showed some benefits in patients with BP [30].
However, exercises, electrical stimulation and acupuncture are not recommended to
be used in patients with acute BP in several clinical guidelines due to the lack of good
quality evidence [29].

1.4 Role of Photobiomodulation in Bell’s Palsy

Among these complementary therapies, PBM is a non-invasive treatment, which
has been investigated in recent years for its effect in treating BP. Of the different types
of PBM, low-level laser therapy (LLLT) has been the most studied; it is effective in
regenerating peripheral nerves in the preclinical study [31]. Our study investigates
whether sufficient evidence supports PBM treatment in BP patients.
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2. Materials and methods

Papers were searched in PUBMED, using the Boolean search operators (“Laser”
AND “Bell’s Palsy,” “Laser” AND “Facial Palsy,” “LLLT” AND “Bell’s Palsy,” “Infra-
red” AND “Bell’s Palsy”), covering the year 2012 to June 2022. All titles were then
screened for relevancy. Non-English articles are excluded. We include only studies
conducted on humans. All types of clinical studies evaluating the effectiveness of
phototherapy are included, including case reports, case series, prospective studies,
and controlled clinical trials. A manual search was also undertaken from the refer-
ences of the selected papers.

3. Results

We have identified fourteen relevant papers covering the use of phototherapy in
the management of Bell’s Palsy, including four RCT's [28, 32-34], one prospective
study [35], one case series [36], and eight case reports [29, 37-43], which we review.

Our review shows that the most studied PBM is LLLT [28, 32, 33, 35, 37, 39, 40, 42, 43].
Others include high-intensity laser therapy (HILT) [29, 32, 36, 41], monochromatic
infrared energy (MIRE) [38] and laser acupuncture [34]. Rubis [41] combined PBM
with cervical manipulation. Alayat et al. [32] compared the effectiveness of HILT and
LLLT combined with facial massage and exercise. Ordahan and Karahan [33] studied
the effect of LLLT on top facial exercises. Kuzmici¢ et al. [29] combined HILT with
acupuncture and mirror book therapy, and Shoman et al. [28] compared LLLT with
electrical stimulation.

Most subjects were adults, except for a case report on a pediatric patient [37] and
two case reports on adolescents [40, 42]. We categorized the papers into acute,
subacute, chronic, and unspecified, according to the time patients received PBM
treatments. We defined “acute” as onset within 1 week of consultation, “subacute” as
one to 12 weeks, and “chronic” as cases that present for more than 3 months. We
found different laser protocols were used in the studies. The number of treatments
varies, from as few as two to 45. Most studies last 6 weeks, and PMB treatment was
performed three times a week. Laser parameters, including wavelengths, power,
power density, frequency, and energy density, also differed vastly among studies.
Most studies utilized House-Brackmann Scale (HB Scale) as an outcome measure. It is
a facial nerve grading system that grades upon functional impairment, ranging from I
(normal) to VI (total paralysis) [44]. Facial Disability Index (FDI), a patient-rated
outcome measure, was also commonly used to assess the functional disability and
quality of life in patients with facial palsy [45]. The more recent studies utilized the
Sunnybrook Facial Grading System (SB System), a physician-graded scale, which
includes the synkinesis section. The scale permits recognition of minor improvements
in the range of movement, thus helping quantify the progress feedback to patients
[46]. Other outcome measures included electromyography and nerve conduction
study. Please refer to the table in Appendix 1 for detailed characteristics of the
included papers.

Despite the different types of photo energy used, marked varying laser parameters,
and the heterogeneity of the patients, the outcome of laser treatment was similar
among the studies.

58



Management of Bell’s Palsy with Phototherapy
DOT: http://dx.doi.org/10.5772 /intechopen.106617

4. Discussion

A review of the search results showed that acute and subacute Bell’s palsy respond
favorably to PBM [32, 33, 37-42]. Chronic Bell’s palsy, however, responds less satis-
factory [34, 36, 38]. Therefore, PBM seems to be a good complementary treatment to
the standard treatment with medication. A RCT by Shoman et al. [28] compared the
effectiveness of LLLT with electrical stimulation in conjunction with medicine, facial
massage, and exercise. Results showed that combination treatment with LLLT was
more efficient than electrical stimulation in facial nerve regeneration, as determined
by the nerve conduction velocity measurement and SB System scoring [28]. Several
studies also recruited patients non-responsive to steroids and antivirals to investigate
their response to PBM treatment [29, 36, 38]. Aghamohamdi et al. [35] studied 30
poorly controlled diabetic patients who did not receive other medications for the
palsy, especially corticosteroids, due to their underlying disease. The results showed
complete recovery in 18 patients (60%) and partial recovery in 6 patients (20%) [35],
showing that LLLT could be a safe alternative approach for BP patients with other
medical condition that is contraindicated to traditional medication treatment. How-
ever, more studies are warranted to justify its effectiveness.

4.1 Mechanism of actions

PBM involves the application of red and near-infrared light, with wavelengths
ranging from 600 to 1000 nm, over the area of injury or lesion. It is a non-invasive
and painless therapy for patients contraindicated to corticosteroids or antiviral medi-
cation treatments [32]. PMB has anti-inflammatory effects. Light absorbed by cellular
photo-receptors modulates reactive oxygen species (ROS) and promotes adenosine
triphosphate (ATP) formation. Moreover, it increases micro and macro-circulation,
thus increasing tissues’ oxygen saturation. These improve cellular metabolism and
promote faster regeneration or proliferation of the damaged tissue [47]. Furthermore,
PBM can photo-dissociate the nitric oxide, which inhibits mitochondrial respiration,
thus reversing mitochondrial inhibition [48]. Through these mechanisms, PBM thus
dilates blood vessels, improves oxygenation, and increases immune cell traffic to the
targeted structure [49].

Also, laser therapy is shown to have direct beneficial effects on the regeneration of
peripheral nerves in sensory and motor deficits, such as trigeminal neuralgia, herpes
zoster, and sciatica. The therapy improves the recovery of injured nerves, slows motor
neuron degeneration, and promotes axonal growth and myelination. The treatment
can also lower the pro-inflammatory cytokine level and raise the anti-inflammatory
cytokine level [32, 35, 40]. In addition, evidence shows that the HSV-1 can be effec-
tively suppressed by PBM [50]. Laser therapy is also found to affect tissues differently
depending on the prescribed wavelengths, pulse duration, energy density, delivery
system, and duration of the whole treatment [32].

4.2 Parameters of PBM treatment
Of interest is that Bell’s palsy responds to light therapy with vastly different

parameters, which include wavelengths, power, power density, frequency, and
energy density (Appendix 2). The wavelengths used in the different studies vary
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from 660 nm [37, 43] to 1064 nm [29, 32], with most of the studies using lasers with a
wavelength of 830 nm [32, 33, 42]. Also, the power of the laser used differs signifi-
cantly, with some using low-level laser with a power lower than 500 mW [33, 35,

42, 43] while others use high power laser (up to 3 kW) [32]. The energy density of
laser applied in different studies also varies widely, from 10 J/em? [32, 33, 37] to 120 J/
cm? [39].

Existing evidence suggests that LLLT acts on the mitochondria and cell membrane
chromophores to initiate the biological response [51]. Studies have suggested the pos-
sibility of using defined wavelengths for particular biological responses, hence achiev-
ing specific therapeutic effects [52, 53]. Barbosa et al. [52] compared the effects of
LLLT at 660 nm and 830 nm on sciatic nerve regeneration following crushing injuries
in rat models. They found that laser at 660 nm provided early functional nerve recov-
ery compared to other groups. Another animal study by Lee et al. [53] also showed that
rats with facial nerve injuries responded positively to 633 nm light, with better facial
palsy scores, larger axon diameter, and higher expression of Schwann cells, but not to
804 nm light. One of our included studies used a laser at 780 nm during the early stage
of treatment, aiming for a deeper penetration [37]. Starting from the fifth session, they
changed to a wavelength of 660 nm to accelerate neural recovery. Alternating the two
wavelengths was suggested to balance the stimulatory and inhibitory effects and avoid
plateau situations due to extended use of a single wavelength [37]. However, the
standardization of laser wavelength has yet to be defined, as our review showed that
BP patients respond positively to different wavelengths.

One study showed that HILT is significantly more effective than LLLT in improv-
ing the symptoms of Bell’s palsy [32]. In addition, HB Scale and FDI improved more
with the HILT than with LLLT [32]. Kuzmici¢ et al. [29] reported a case of Bell’s palsy,
which was treated medically with corticosteroid and antivirals 18 months prior with
minimal improvement. They employed HILT, acupuncture, and mirror book therapy
to treat the patient for 7 weeks. Mirror book therapy is an adapted version of the
mirror box method used to treat phantom pain and paralysis. It consists of a bi-fold
mirror to reflect twice the unaffected patient’s face so that the patient sees a full,
unaffected face. The patient then performs a series of facial exercises. The interven-
tion resulted in significant improvement of the facial palsy. The HB Scale reduced
from IV to II, the SB System improved from 24/100 to 71/100, and the FDI improved
from 43/200 to 173/200 [29]. The latter study did not compare the effects of HILT
with LLLT. Also, the combination therapy makes it difficult to draw conclusions
relating to the effectiveness of HILT in chronic Bell’s palsy. Thus, whether HILT is
superior to LLLT in managing Bell’s palsy requires further investigation.

4.3 Irradiation area

Apart from the different parameters of the laser applied, the treatment method
differed in various studies. Six studies used the laser on seven to nine points
(Figure 1) along the facial nerve branches of the affected side [28, 32, 33, 35, 36, 41].
A laser is applied near the mastoid process in the stylomastoid foramen, where the
facial nerve exits. Also, light is used on points along the facial nerve branches, includ-
ing the temporal branch across to forehead, the zygomatic branch along the zygomatic
arc, the buccal nerve in the middle portion of the cheek, and the mandibular branch
along the chin [35, 41]. Ton et al. [34] applied lasers on the acupuncture points; seven
were on the affected face, covering all the facial nerve branches, while two were on
both sides of the extremities. Other than facial nerve branches, some studies irradiate
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Temporal Branch

Zygomatic Branch

Buccal Branch
Mandibular Branch

Figure 1.
Common laser application points along the facial nerves.

the facial muscles. Tanganeli et al. [39] applied laser on ten points, including the
frontal, temporal, zygomatic, buccinator, lip elevator, orbicularis of the lips, lip
depressor, and masseter muscles. Poloni et al. [42] only applied laser at the origin and
insertion of the masseter muscle, and Fornaini et al. [40] also irradiated only the
parotid gland area about the former. Bernal Rodriguez et al. [43] and Fontana and
Bagnato [37] applied laser on 59 points and up to 80 points, respectively, covering all
the area on the affected face. The treatment was applied to many application points
because the laser beam spot is small [37, 43]. In Ng and Chu’s [38] report, the four
pads for MIRE therapy were placed in the post-auricular area, pre-auricular area, the
temple, and the mandibular area of the affected side.

While laser therapy at the site of compression in the facial canal is understandable,
the same applied over the peripheral nerve branches and muscles over the face
requires further justification. Moriyama et al. [54] observed a change in gene expres-
sion in BP with the degree of facial nerve palsy. Most genes in energy and muscle
categories of severe BP (HB Scale V) were downregulated, while they were
upregulated in moderate BP (HB Scale III). The facial nerve conduction is largely
abolished in severe BP, hence there is very little regeneration and energy production
in the affected muscles and nerves [54]. This may partly explain the total or partial
unresponsiveness of patients to medication [36]. On the basis of these molecular
biological findings, treatment to promote muscle regeneration and energy production
is hence considered. Given the ability of PBM to improve cellular metabolism and
promote ATP formation [47], irradiation of the affected facial muscles and nerve
branches could potentially improve the muscle regeneration and enhance the paralytic
condition. Further investigations are required to compare the effects of PBM on
different irradiation areas.
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4.4 Timing of treatment

Also of interest is that the outcome of chronic cases is less favorable than acute and
subacute cases. Ng and Chu [38] described a chronic BP case that only partially
responded to MIRE. The 46 years old lady with systemic lupus erythematosus and BP
for two and a half years was treated by MIRE. After 45 treatment sessions, the patient
reported 50% improvement compared with baseline. Residual facial palsy was still
evident [38]. Pasquale et al. [36] reported similar findings; the researchers applied
HILT to a cohort of 14 patients who were non-responsive to standard treatments. The
number of treatments varied from 6 to 20. Of the fourteen patients, eleven who had
subacute BP improved uneventfully. However, three patients with chronic BP did not
improve [36]. Similarly, Ton et al. [34] showed that LLLT did not improve chronic
Bell’s palsy. Seventeen chronic BP patients were randomized to treatment by laser
acupuncture and sham laser. The patients were treated three times a week for 6 weeks.
The outcome was measured by HB Scale, FDI, and SB System. Results showed that
only HB Scale improved slightly after 3 weeks of laser acupuncture treatment com-
pared to sham laser treatment. No significant differences were detected for HB Scale
and FDI at 6 weeks between the intervention group and the sham laser treatment
group [34]. One study, however, showed that LLLT improved the symptoms of
chronic BP [43]. The female patient had 8 years of history of BP. LLLT treated fifty-
nine points on the face of the affected side; each point was treated for 20 seconds,
with 4 ] per point. The patient was treated three times a week for 8 weeks. After the
treatment, the HB Scale was reduced from IV to II, suggesting a partial response to
LLLT [43]. Kuzmici¢ et al. [29] reported a chronic BP responding to combination
therapy of HILT, acupuncture, and mirror book therapy.

As the outcome of these studies on chronic BP differs significantly, with some
reporting favorable outcomes and others minimal changes, the use of laser therapy in
chronic BP remains undetermined.

Clinically, we suggest combining phototherapy with the standard treatment to
manage acute and subacute cases. Medical practitioners can refer patients to other
healthcare practitioners for PBM treatment while prescribing the medications.
Though chronic BP does not respond as reliably as acute and subacute cases, they
should be treated for three to 6 weeks by LLLT, as some patients may respond
favorably to the treatment [43]. As we are unaware of any studies on the effects of
PBM on BP caused by COVID-19, we cannot provide any recommendations. How-
ever, we consider the method worth trying, particularly when the medication treat-
ment is contraindicated.

4.5 Possibility of self-administered PBM

PBM treatments are time-consuming [55]. Clinical practice usually requires
patients to return for short treatment sessions about three times a week to achieve a
satisfactory result. Although laser treatments administered by trained professionals
were shown to be good options for accelerating the recovery of BP [56], several
studies have proposed the use of “at home” PBM devices [40]. One study prescribed a
patient with a self-administered class II laser device, emitting at 808 nm and 250 mW
output power, to be used twice daily, each for 15 minutes [40]. The patient simply
placed the device in contact with the skin on the designated areas. After 2 weeks of
treatment, the patient reported a complete recovery (HB Scale improved from IV to I)
[40]. Another study reported the effects of MIRE, an array of 60 gallium aluminum
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arsenide light-emitting diodes, on patients with BP; it showed positive results, espe-
cially in acute patients [38]. The pads of this MIRE device could irradiate a larger area
at one time compared with an infrared laser, hence reducing the need for accurate
localization of facial nerve [38]. In both studies, no adverse events were reported for
the devices used, and protective glasses are unnecessary, making them more favorable
for self-application [38, 40]. Nevertheless, patient evaluation by practitioners before
its use remains mandatory.

4.6 Contraindications and adverse effects of PBM

Phototherapy is a generally safe and non-invasive treatment. Yet, the North
American Association for Laser Therapy Conference 2010 issued cautionary state-
ments and stipulated several contraindications [48]. The operator must not point the
laser beam at the eyes, and all participants in the treatment should wear appropriate
safety spectacles. Practitioners must pay extra attention while operating the device as
a low frequency pulsed visible light of less than 30 Hz may trigger a seizure in
photosensitive and epileptic patients.

Also, it is recommended not to apply light therapy on any known primary carci-
noma or secondary metastasis site, as its effects on cancer have not been elucidated
[48]. Animal studies have shown PBM can be detrimental to cancer. However, other
studies have shown that PBM benefits cancer treatment. It can directly damage the
tumor, enhance the effects of cancer therapies, stimulate the host immune system,
and increase cancer patients’survival rate [57]. In addition, if the patient is receiving
chemotherapy or is defined as terminally- ill, PBM can be used to relieve the side
effects of treatment and for palliative relief [48].

The evidence on the use of LLLT on cancer is limited. However, practitioners
should be aware of this in the management of BP. If the patient is suffering from
BP and has a known medical history of cancer somewhere else in the body, other
than directly on the face, we would still consider treating the patient with LLLT.
The adverse effects of the PBM are reported to be no different from placebo
treatment [48].

5. Limitation of the study

Although there is an increasing number of studies investigating the effects of PBM
in treating BP, the number of research in this area is still limited, and the risk of bias in
these studies is relatively high. Therefore, further randomized, double-blind placebo-
controlled studies are required to determine the effectiveness of PBM in treating BP,
including those that are COVID-19 related.

6. Conclusion

The results of the included studies suggest that phototherapy may be a safe and
promising treatment to be used in conjunction with standard medication. Earlier
implementation of phototherapy could enhance the recovery rate of Bell’s palsy
patients. However, further high-quality studies are needed to determine its
effectiveness and establish a standardized treatment protocol for this treatment
option.
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Abbreviation

BP Bell’s palsy

PBM Photobiomodulation

LLLT Low-level laser therapy

HILT High-intensity laser therapy

MIRE Monochromatic infrared energy
HB Scale House-Brackmann Scale

FDI Facial Disability Index

SB System SunnyBrook Facial Grading System
HSV-1 Herpes-simplex virus type-1

NLR Neutrophil-to-lymphocyte ratio
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
ROS Reactive oxygen species

ATP Adenosine triphosphate

NO Nitric oxide

RCT Randomized controlled trials

A. Appendices
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Stage Paper Typeof  Wavelength Output Energy Treatment
photo- (nm) power  density
energy (mW)  (J/em?)
Acute Fontana and LLLT 660 and 780  40-70 10-17.5  Up to 80 points; 15—
Bagnato[37] 30 min; 10 s/point
Ng and Chu MIRE 890 60 mW/ 108 40mins
[38] cm?
Tanganeli et al. LLLT 808 100 120 10 points, 10 s/point
[39] 3.3)/
point)
Fornaini et al. “At-home 808 250 48 Twice a day, each of
[40] PBM” class I1 15mins
laser
Subacute Rubis [41] HILT 910 Up to 47.6 x 17mins; 30-60s/
100,000 10] point
Alayat et al. HILT 1064 Up to 10 8 points; 7 s/point
[32] 3 kW
LLLT 830 100 10 8 points; 125 s/point
Ordahan and LLLT 830 100 10 8 points;
Karahan [33] 2mins/point
Poloni et al. LLLT 830 100 100 2 points; 28 s/point
[42]
Chronic Ng and Chu MIRE 890 60 mW/ 108 45mins
[38] cm?
Bernal LLLT 660 and 808 200 Phase 1: 59 points;
Rodriguez 40.65 Phase 1: 20s
et al. [43] Phase 2: Phase 30s
60.97
Pasquale et al. HILT 808 1000 60 7 points; 60 s/point
[36]
Tonetal. [34] LLLT (Laser 810 Up to 45 9 points; 40/80s for
acupuncture) 150 local/distal
acupuncture points
Kuzmidié et al. HILT 1064 7000 80 —
[29]
Unspecified Aghamohamdi LLLT 980 334 5]/point 9 points; 1 min/point
et al. [35]
Shoman et al. LLLT 850 1 W/em? 8 points; 1 min/point

(28]

Appendix 2.

Laser parameters of the included studies.
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