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Preface

Ultrasound technology has revolutionized the way medicine is practiced by 
providing an easy-to-use, available, cost-effective, and non-invasive means of 
making diagnoses. It complements other methods of physical examination  
such as palpation, visual inspection, auscultation, and percussion. This book, 
Ultrasound Imaging - Current Topics is a hybrid resource capturing current topics 
in ultrasound imaging and CT scanning. It highlights contemporary topics in 
what would otherwise be considered a well-researched discipline.

The book begins with a review of anatomy and dimensional variations in major 
organs like the spleen, and further highlights the use of ultrasound in pediatric 
gastrointestinal emergencies. It goes on to describe the applications of ultrasound 
in the evaluation of musculoskeletal disorders and nerve imaging, training models, 
and the newer concepts of molecular sonography.

The book explains complex topics from the viewpoint of experienced authors, 
thus making it indispensable for individuals desiring both clinical and theoretical 
information. It is written in simple, easy-to-understand language and has appeal to 
those looking for additional resources in the diverse field of ultrasound imaging.

As a compendium of scientific evolution in ultrasound imaging, this book is 
recommended for students and practitioners alike.

Felix Okechukwu Erondu
Department of Radiography and Radiation Sciences,

Gregory University,
Uturu, Abia State, Nigeria
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Chapter 1

Anatomy, Sonographic Features, 
and Dimensional Variations of 
Spleen among Individuals with 
Different Sociodemographic  
and Anthropometric Measurement
Solomon Demissie, Mulatie Atalay and Yonas Derso

Abstract

The spleen is a vital lymphoid soft organ located in the left hypochondrium 
region. It is a multi-dimensional organ that enlarges in all dimensions during 
some disease conditions. Recently, splenomegaly prevalence has been increasing 
throughout the world. Due to the lack of attention in clinical practice, splenomegaly 
has become quite a common problem in all parts of the world. The detection of the 
spleen by palpation is not approval of enlarged spleen because normal spleen may 
be palpable. A detailed knowledge of morphometric variations of the spleen is of 
great value in diagnosing splenomegaly clinically, radiologically, and for surgical 
procedures. Measurement of spleen size by sonography is important as it gives 
true result than splenic palpation and for identification of disorders present with 
enlargement or reduction of the spleen. Therefore, this study aimed to assess the 
anatomy, sonography, and dimensional variation of spleen among individuals with 
different sociodemographic and anthropometric measurements. The current study 
reviews different types of literature conducted on spleen all over the world. The 
result from overall spleen dimensions review shows measurements vary: spleen 
length (7–14 cm), spleen width (2–7.5 cm), spleen thickness (2–7 cm), and spleen 
volume (20–350 cm3). The literature revealed that spleen dimensions are affected 
by geographical differences, races, nutritional status, physical exercise, and anthro-
pometric measurements. The result from reviews shows that spleen dimensions 
are larger in males than females. As age increases, spleen dimensions significantly 
decrease. Spleen dimensions positively correlate with height, weight, body mass 
index, and body surface of individuals. The spleen dimensions were higher in males 
than in females and have significant positive correlation with height, weight, body 
mass index, and body surface area. Clinicians, radiologists, and surgeons should 
confirm splenomegaly by both palpation and sonography. Spleen dimensions varia-
tion due to geographical sex, age, and other anthropometric measurements should 
be taken into consideration during their clinical investigation. Radiologists should 
measure all dimensions of spleen rather than the length to rule out splenomegaly 
correctly.

Keywords: spleen, anatomy, sonography, dimensional variation
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1. Introduction

The spleen is the largest lymphoid soft organ that lies in the left hypochondrium 
between the fundus of the stomach and the diaphragm [1]. Its long axis extends 
from 9th to 11th ribs on the left side with its long axis running parallel to the 10th 
rib (Figure 1) [2].

The shape of the spleen is ovoid-like pulpy mass about the size + shape of one’s 
fist with a convex outer diaphragmatic surface and an indented inner visceral 
surface [3]. The diaphragmatic surface of spleen is convex and smooth to fit the 
concavity of the diaphragm, while the visceral surface is irregular and related to the 
stomach, left kidney, left suprarenal gland, and left colic flexure [4]. The medial 
end (apex) lies in line with the spine of 10th thoracic vertebra about 4 cm from the 
midline, and the lateral end (base) does not descend beyond the midaxillary line [5].

The functions of the spleen are centered on the systemic circulation [6]. It 
contains two functionally and morphologically distinct compartments: the red pulp 
and the white pulp. The red pulp functions as a blood filter that removes foreign 
material and damaged erythrocytes, and the white pulp initiates immune responses 
to blood-borne antigens (Figure 2) [7].

The spleen is involved and enlarged in a variety of clinical conditions. Its size is 
mostly affected by infections, hematological disorders, infiltrative states, and immu-
nological and malignant diseases [8, 9]. A variety of diseases condition alters spleen 
dimensions, where splenomegaly and its consequence become a primary clinical 
concern in developing countries [10]. It is commonly seen in about 63% of patients 
with pulmonary arterial hypertension [11], infectious mononucleosis [12], malaria 
[13], lymphoma [14], kala-azar [15], typhoid fever [16], liver disease (hepatitis and 
cirrhosis) [17], hematological diseases, metabolism diseases, and cancer [18]. The 
altered splenic dimensions and structure during these diseases result in asymptom-
atic enlargement and complications such as hematoma formation, rupture, hyper-
splenism, ectopic spleen, and torsion that affect other adjacent organs [19].

Splenic atrophy is also another common problem seen in diseases like sickle cell 
anemia, where progressive atrophy as a result of repeated attacks of vaso-occlusion 
and infarction caused by these diseases leads to auto splenectomy [20].

Figure 1. 
Spleen anatomical location.
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The dimension of the spleen is evaluated using conventional radiography, 
ultrasonography, scintigraphy, computed tomography, and magnetic resonance 
imaging [21]. However, ultrasonography is a non-invasive, safe, quick, and accurate 
method for measurement of spleen size [22]. On sonography spleen is characterized 
as crescent-shaped with outer convexity is smooth, whereas the inner margin is 

Figure 2. 
Spleen histological features.

Figure 3. 
Spleen sonographic comparison with kidney and liver.
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indented. Its echo structure is homogeneous and more echogenic than healthy liver 
tissue and markedly hyperechoic compared to kidney tissue (Figure 3) [23].

The average dimensions of the spleen are 12.5 cm, 7.5 cm, and 2.5 cm in length, 
width, and thickness, respectively, and 150–200 g in weight, but its dimensions 
vary considerably [20]. The literature revealed that spleen dimensions are affected 
by geographical differences, races, nutritional status, and anthropometric measure-
ments [21–23]. The following are types of literature reviewed.

2. Literature reviews

2.1 Overall morph metric evaluation of normal dimension of spleen

Average overall dimension of spleen varies from race to race and region to 
region. The study designed to evaluate splenic size by ultrasonography (US) of 
healthy Turkish men found the average splenic length to be 10.76 (±1.84) cm 
[24]. Study conducted in Istanbul Turkey found that the mean spleen volume 
(SV), splenic length (SL), width (SW), and thickness (ST) were 198 (±88) cm3, 
9.96 (±2.1) cm, 8.87 (±1.6) cm, and 4.58 (±0.8) cm, respectively [25]. In another 
study conducted on North Indian adult population, splenic dimensions were 10.67 
(±1.62) cm in length, 6.26 (±1.66) cm in width, and 4.86 (±1.22) cm in thickness 
[26]. Recent study conducted in North West Ethiopia also found that the mean 
dimensions of spleen, the mean splenic length, width, thickness, and volume with 
(±SD), were 9.95 cm (±1.12), 4.3 cm (±0.7), 3.8 cm (±0.8), and 92.0(±38.4) cm3, 
respectively [27].

2.2 Normal spleen dimensions in correlation with sex

Different literature states that spleen dimension varies in relation to sex, with 
more studies indicating that males have larger spleen dimensions than females. 
Ultrasound assessment of spleen size in collegiate athletes conducted in Kentucky, 
USA, shows that spleen length and width (cm) 9.91 (±1.27) cm, 4.74 (±0.91) cm 
and 11.29 (±1.49) cm, 5.54 (±1.28) cm in female and male, respectively. The study 
concludes that men have larger spleen size than females [28].

In a study conducted on Saudi Arabian adult, the average splenic volume of 
males was 196.95 (±48.70) cm3 and that of females was 196.95 (±26.97) cm3. The 
study concludes that a significant difference was found between sex [29].

In a study conducted on sonological evaluation of the spleen in an adult Southern 
Nigerian population, lengths of the spleen were 9.62 (±1) cm and 9.12 (±1.22) cm for 
the males and females, respectively. A significant difference (p < 0.05) was found 
between the sex, and it is significantly larger in the males [30].

Measurement of normal spleen dimensions in adult Sudanese using ultrasonog-
raphy revealed that the mean values of spleen length, width, thickness, and volume 
were 10.3 (±1.2), 3.3 (±0.4), 3.9 (±0.6), and 73.3 (±23) respectively for males and 
9.2 (±0.9), 3.1 (±0.3), 3.6 (±0.6), and 56.5 (±18.0) respectively for female. The study 
concludes that men have larger spleens than females in relation of spleens to sex [31].

2.3 Normal spleen dimensions in correlation with age

The study conducted in Pakistan to determine the normal spleen parameters in 
adults shows that the mean spleen sizes of the participants were 9.81 ± 1.73 cm, and 
a significant positive correlation was observed between age and spleen size of the 
individuals (r = 0.053, p = 0.012) [32].
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The splenic dimension study conducted in Western Nepal revealed that in age groups 
of 16–30, 31–45, 46–60, and 61–75 years, respectively, revealed that spleen length for 
males (10.07 ± 0.7 cm, 10.1 ± 0.54 cm, 9.5 ± 0.7 cm, and 9.0 ± 0.43 cm, respectively) and 
for the females (9.83 ± 0.53 cm, 9.58 ± 0.58 cm, 9.2 ± 0.64 cm, and 8.8 ± 0.36 cm, respec-
tively). The spleen thickness for males (4.1 ± 0.5 cm, 4.05 ± 0.58 cm, 3.43 ± 0.38 cm, 
and 3.0 ± 0.36 cm, respectively) and for the females (4.06 ± 0.47 cm, 3.78 ± 0.48 cm, 
3.38 ± 0.35 cm, and 2.29 ± 0.23 cm, respectively). The results show that the splenic 
length and thickness decreased with increase in age in both males and females [33].

In a study conducted on adults of Tripura, India, with age groups of (15–30 years), 
(31–45 years), (46–60 years), (61–75 years), and (>75 years), the spleen lengths were 
9.00 ± 1.07 cm, 8.79 ± 1.44, 9.15 ± 1.04, 8.63 ± 1.55, and 7.64 ± 1.06 cm, respectively. 
Correlation analysis showed that spleen length was negatively correlated with age in 
all adults. So, with increasing age, spleen length was found to be decreasing, which is 
significant (p < 0.05) [34].

A study conducted to establish the normal range of the splenic dimensions in 
North Indian adult population revealed that the splenic length, width, and thick-
ness decreased with increase in age in both males and females. The results show that 
in both males and females, the splenic length decreased at a slow rate up to the age 
of 50 years, after which it decreased rapidly; the splenic width decreased with age 
up to 30 years; thereafter, it remained relatively constant up to the age of 50 years 
and after that the splenic width decreased. It also shows that in both males and 
females, splenic thickness was constant up to the age of 50 years, after which there 
was a fall in the splenic thickness [35].

The studies from Rajasthan, India, revealed that the length was 8.69 ± 0.93 cm in 
adults and 9.64 ± 0.64 cm in older subjects. The width was 3.59 ± 0.55 cm in adults, 
while in older subjects, the width was 3.38 ± 0.38 cm [36].

2.4  Normal spleen dimensions in correlation with height, weight, BSA,  
and BMI

In a study conducted in Saudi in Jordanian population, ultra-sonographic 
assessment of splenic volume revealed that splenic dimensions were 10.72 ± 1.37 cm 
in length, 7.40 ± 1.52 cm in width, 4.40 ± 1.47 cm in depth, and 184.15 ± 79.56 cm3 
in volume. Moderate positive linear relationships were found between the splenic 
dimension and body height, weight, BSA, and BMI (r > 0.3). This correlation was 
statistically significant (p < 0.0001) [37].

Study conducted in the United States revealed that spleen length and volume 
were associated with body height in which body height alone accounted for 17.3% of 
spleen length variability and 14.9% of spleen volume variability [38].

Sonographic evaluation of spleen size in athletes conducted in Canada 
revealed that the mean splenic dimensions were 11.4 ± 1.7 cm length (range, 
8.2–16.1 cm), 10.8 ± 1.4 cm width (range, 8–14 cm), 5.0 ± 0.8 cm in thickness, and 
333.6 ± 116.1 cm2 in volume. All splenic measurements correlated better with height 
than weight [39].

Assessment of dimensions of spleen in normal adult Kashmiri population 
revealed that the mean length of the spleen was 10.20 + 1.40 cm and the width was 
8.63 + 1.57 cm. The study found a statistically significant correlation of splenic 
dimensions with body weight and BMI [40].

3. Dimensional measurement on sonography

The dimension of spleen is measured as follows.
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Figure 5. 
Spleen sonographic length and width measurement.

Figure 6. 
Spleen thickness sonographic measurement.

Spleen length: the maximum distance measured in longitudinal plane at hilum 
between the dome of the spleen and the splenic tip.

Apparently healthy individual: individuals with no signs and symptoms of disease.
Spleen width: the maximum dimension measured in a plane perpendicular to 

the length at hilum between the medial and lateral borders of the spleen.
Spleen thickness: the maximum AP dimension measured on the transverse section.
Spleen volume: calculated using the standard ellipsoid formula (length × width ×  

depth × 0.523); this formula is frequently used for estimating the volume of many 
irregularly shaped organs (Figures 4–6) [41].

Figure 4. 
Spleen length and width measurement.
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4. Discussion

This study describes the morphometry of spleen dimensions and compares the 
presence of a significant difference between sex and age as well as dimensional cor-
relations with anthropometric measurements. The sonography assessment of spleen 
dimensions provides essential inputs for clinicians in daily clinical practice for the 
proper diagnosis of splenomegaly [33, 35, 42]. This study provides estimates of 
spleen to help radiologists for the diagnosis of diseases related to splenomegaly and 
atrophy, also used by hematologists and immunologists for the diagnosis of various 
gastrointestinal and hematological diseases, in addition to forensic studies [43–45].

The result from overall spleen dimensions review shows that measurements 
vary as follows: spleen length (7–14 cm), spleen width (2–7.5 cm), spleen thickness 
(2–7 cm), and spleen volume (20–350 cm3). The average dimensional difference 
between studies is probably due to age group differences, geographical differences, 
nutritional status, physical exercise, and race differences, which were stated in 
different literature [25, 42, 45–48].

In most of studies reviewed, the spleen dimensions were lower in females than males. 
This is due to histological and genetic differences of spleens between males and females. 
On histological studies, females have fewer total red cell mass, when compared to males 
[38, 49]. Studies conducted in Turkey, Saudi, Nigeria, Sudan, and Ethiopia support 
this idea [30, 31, 45, 50, 51]. But, one study conducted in Egypt showed the length was 
higher among females than males. This may be due to nutritional status where Egyptian 
culture recommends women to gain weight for fertility purposes [52, 53].

In most of the study reviewed, as age increases the spleen length, width, thick-
ness, and volume are reduced. This is from the fact that as age increases, the number 
and size of B cell follicles of the white pulp of the spleen decrease. This implies 
a decrease of germinal center of spleen, which reduces overall spleen dimension 
[54–56]. This review is supported by the studies conducted in Iraq, Nepal, and India 
[33, 35, 36, 42, 57]. But, this summary of review does not agree with the studies 
conducted in Pakistan, Jordan, and Nigeria [32, 37, 51, 58]. The difference is maybe 
due to nutritional status where larger anthropometric measurements and obesity 
were observed in the studies of Pakistan, Jordan, and Nigeria.

Physiological studies indicate that as individual’s height, weight, BMI, and BSA 
increase, the blood volume increases. This increase of blood volume requires larger 
spleens for filtration. This fact is supported by most of literature reviewed where 
all dimensions were positively correlated with height, weight, BMI, and BSA. The 
studies conducted in Jordan, the United States, India, Sudan, and Ethiopia were 
some of the studies that support this idea [26, 37, 38, 59].

5. Conclusion

This chapter gives baseline information for clinicians as well as for academicians 
about the morphometric variation of spleen dimensions. Hence, it helps in diagnos-
ing pathological cases associated with spleen, both splenomegaly as well as splenic 
atrophy. Therefore, clinicians should consider this variation during their diagnosis. 
Radiology professionals also should measure all dimensions rather than the length 
alone to rule out splenomegaly correctly.
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Chapter 2

Ultrasound of the Pediatric 
Gastrointestinal Emergencies
Ercan Ayaz

Abstract

With recent technologies, ultrasound has become an extremely useful imaging 
modality for evaluating children with acute abdominal symptoms. Higher fre-
quency transducers can be used in children than in adults, owing to their small body 
size, the presence of less fat tissue in the abdominal wall and peritoneal cavity lead-
ing to higher resolution than computed tomography in many circumstances without 
exposure to ionizing radiation. Real-time ultrasound imaging provides information 
about motion such as peristalsis, and newly developed harmonic imaging enables 
improved resolution with decreased artifacts. Beyond gray-scale ultrasound, 
color Doppler ultrasound provides information on vascularity which increases in 
inflammatory processes. Point-of-care examination includes ability to focus on the 
symptomatic area of the patient while performing real-time ultrasound imaging. 
Ultrasound is sufficient for the diagnosis of several gastrointestinal diseases that 
cause acute abdominal pain in pediatric patients helping to an accurate patient 
management in the emergency settings. Common gastrointestinal indications for 
abdominal ultrasound in children are hypertrophic pyloric stenosis, acute appendi-
citis, intussusception, inflammatory bowel disease, malrotation, midgut volvulus, 
hernia, and necrotizing enterocolitis. In this chapter, typical sonographic findings 
of aforementioned diseases, and possible differential diagnoses were discussed.

Keywords: Acute appendicitis, intussusception, inguinal hernia, necrotizing 
enterocolitis, hypertrophic pyloric stenosis, inflammatory bowel disease

1. Introduction

Non-traumatic acute gastrointestinal (GI) disorders are common causes of 
presentation in the pediatric emergency department. Children have wide range of 
potential diagnosis, different from adults including congenital and acquired lesions. 
The causes of acute abdomen vary according to ages of the children. Since children 
are unable to give reliable history, have atypical presentations and accompanying 
extra-abdominal manifestations; evaluation and establishing the correct diagnosis 
is challenging.

Traditionally, pediatric abdominal ultrasound (US) examination focuses 
exclusively on parenchymal organs, putting less interest on the gastrointestinal tract 
[1]. However, recent US technologies and new transducers are able to perform a 
detailed examination with great contrast resolution of each section of the digestive 
system in pediatric age because of their smaller body size and less impaired by gas 
content and adipose tissues. The other well-known advantages of US, particularly 
its lack of ionizing radiation, easy access, low-cost and without need of patient 
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preparation, makes this imaging modality an ideal one for the evaluation of pedi-
atric population in the emergency settings. Currently in many places, US is the 
first line of imaging over computed tomography (CT) and radiography for patients 
with acute abdominal pain. The main role of diagnostic imaging with US and color 
Doppler in the emergency is to determine whether the acute abdomen is due to a 
surgically or medically treatable disease, even though the exact pathology has not 
been diagnosed.

This chapter presents the basic aspects of US for evaluating the pediatric GI 
tract, including techniques, equipment, patient preparation and the anatomy. 
Then indications and sonographic findings of frequently encountered acute 
 non-traumatic GI diseases in neonates, infants and children are highlighted with 
some exemplary cases. Acute traumatic GI tract injuries, oncologic emergencies, 
acute abdomen due to hepatobiliary or urogenital diseases are beyond the scope of 
this chapter.

2. Ultrasound technique and appropriate equipment

New generation ultrasound equipment including the wide spectrum frequency 
probes provides high quality images of the gastrointestinal system, adjacent 
mesentery and related structures. Children’s small body habitus and the presence 
of less fat tissue in the abdominal wall enable examination with high frequency 
transducers. Therefore US is increasingly used as the initial and follow-up study for 
investigating gastrointestinal tract pathologies in children and it is sufficient for the 
radiological diagnosis in majority of cases.

The contrast resolution of an US probe is dependent on the frequency, the 
velocity of sound in tissue and the number of cycles in the US pulse [2]. Depending 
on the age and size of the patient, a large convex-array (1–5 MHz) or smaller 
convex-array transducer (5–8 MHz) is a good option for beginning the examina-
tion for overview of the entire abdomen [3]. Following initial overview, a detailed 
analysis of the bowel wall and adjacent structures should be evaluated with a high 
frequency (10–18 MHz) linear-array transducer [1]. Tissue harmonic imaging is 
newly developed imaging software to increase resolution of the superficial parts of 
the field-of-view. It should be used to improve the delineation of bowel wall layers 
[2]. While evaluating anxious children in the acute setting, dynamic range should 
be lowered and the number of foci should be reduced to increase frame rate [4]. To 
demonstrate peristalsis, normal or abnormal motility, and motion of air bubbles in 
perforation or necrotizing enterocolitis; extended field-of-view can be helpful and 
cine clips should be recorded [5].

Doppler US evaluation is essential in GI system imaging, especially when look-
ing at inflammatory diseases or neoplastic conditions. Doppler should be per-
formed with a low wall filter and pulse repetition frequency should be adjusted as 
low as possible to prevent aliasing [6]. Power Doppler is a good method to overcome 
motion artifact in uncooperative children. As there are modern equipment and soft-
ware, newer vascular imaging techniques, such as B-flow and superb microvascular 
imaging are brought into use by different vendors which are able to assess smaller 
vessels in the bowel wall [4].

US elastography is an emerging US technique to assess the stiffness of a tissue 
[5]. There are some studies in the literature regarding the usage of elastography 
for GI tract diseases, particularly in inflammatory conditions [7, 8]. The bowel is 
a hollow viscus with a lumen containing gas and fecal contents. The anatomy of 
the bowel is not ideal for US elastography as solid organs (e.g. liver or kidney). 
However, bowel wall thickening due to inflammation or tumor often reduces 
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motility and luminal contents that enable to perform US elastography more reliable 
[2]. Some studies suggest using US elastography in inflammatory bowel disease to 
differentiate inflammatory and fibrotic stenosis [9, 10].

Contrast enhanced US (CEUS) can be used to evaluate bowel wall vascularity 
and perfusion in real time [5]. It is performed after the intravenous injection of 
microbubbles that resonate and give rise to more intensely reflected signals [2]. 
Enhancement pattern, contrast quantification at peak intensity and dynamic 
contrast enhancement can be analyzed with CEUS [11, 12]. Enhancement pattern 
following bolus injection is used as a qualitative parameter. For example, patients 
with absent bowel wall enhancement can be separated from those with detected 
enhancement [2]. It can also be used in patients with complicated GI disorders 
when trying to differentiate a phlegmon from an abscess [13].

US examination of GI system must involve a systematic approach. While evalu-
ating large bowel, the transducer is applied to the right iliac fossa to identify the 
cecum. Afterwards, colon can be followed through the ascending colon, transverse 
colon, descending colon, sigmoid colon and finally the rectum. Since the rectum 
is visualized behind the bladder, filled bladder is better to evaluate rectum and 
sigmoid colon. Longitudinal placement of the transducer is often better to identify 
the haustrations of colon segments [2]. The examination of the small intestine 
begins with the identification of ileocecal valve and the terminal ileum at the right 
iliac fossa. The examiner should identify the appendix, often inferior to the termi-
nal ileum and follow the ileum as far as possible. Tracking the whole small bowel 
is generally not possible, therefore the abdomen should be scanned cranially and 
caudally parallel scans covering the whole abdominal area. The scanning approach 
may differ according to clinical scenario. For surgical disorders or trauma, a faster 
and a targeted approach are preferred, whereas for general and nonspecific com-
plaints, more detailed examination can be performed.

Graded compression is a simple, essential and effective technique to push away 
gas filled bowel segments or intraabdominal fat [3, 4]. It decreases the distance 
between the transducer and target organ and enables to reach deeper with high 
frequency transducers. Although it was introduced for the diagnosis of acute 
appendicitis by Puylaert [14], now it has been performed for detection of bowel 
thickening and compressibility, and for specific diseases such as diverticulitis and 
colonic polyps [15, 16].

3. Patient preparation and clinical indications

As a general principle, no preparation of the patient is required to perform 
gastrointestinal US, particularly in the emergency setting. However, to decrease the 
amount of food and gas in the gut, and to examine the gallbladder and biliary tree, 
a fasting period of 3 hours in newborn and 5 hours in children is recommended [1]. 
Physical activity also reduces the splanchnic flow, therefore patients should avoid 
from extensive activity before the examination [2]. Since the cold gel is one of the 
major complaints of children, gel warmer to warm the coupling gel can be used. If 
the infants or neonates are anxious and reluctant to be scanned; examiner can sit 
them on their mother’s lap, get her lie down on the couch along with the child.

For stomach and pyloric examination, oral fluid intake or fluid ingestion via 
nasogastric tube is useful [4]. The distention of colon with anechoic fluid (water) 
ingestion, or with oral administration of hyperosmotic solutions allows the detailed 
examination of the haustration of colonic wall and adjacent structure [2]. The scan-
ning of small intestine following the ingestion of iso-osmolar polyethylene glycol 
(PEG) solution is called US enterography or small intestine contrast US (SICUS). 
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Since the PEG solution is non-absorbable in the small bowel, retained fluid distends 
the intestine and induces the wall contractility. The PEG solution moves distally 
and distends whole loops of the entire small bowel. Following PEG ingestion, small 
bowel lumen diameter > 30 mm and wall thickness > 3 mm is abnormal [17].

Before beginning a US examination, examiner should be familiar with the 
abdominal symptoms, clinical presentations and laboratory findings of acute GI 
diseases. The most common presentations are pain, vomiting, diarrhea, fever, 
hematochezia and melena. Although some diseases have peculiar clinical find-
ings, majority of cases have non-specific symptoms and clinical appearances [3]. 
US is generally suggested as the first line imaging modality in children with acute 
abdomen. Most common indications for gastrointestinal US in children are acute 
appendicitis, intussusception, hernia, hypertrophic pyloric stenosis, inflammatory 
bowel disease, and volvulus. Further indications involve necrotizing enterocolitis, 
duplication cysts, malrotation of the bowel [4]. Also US is widely performed for 
the disease of other intraabdominal structures such as mesenteric lymphadenitis, 
lymphoid hyperplasia of the appendix, infectious enterocolitis, omental infarct, 
epiploic appendagitis, specific inflammations such as tuberculosis, colitis with 
hemolytic uraemic syndrome and Henoch-Schönlein purpura [4]. The recent 
COVID-19 pandemic associated multisystem inflammatory syndrome in children 
(MIS-C) can also manifest with gastrointestinal system dysfunction which has been 
also a novel US indication since 2020 [18].

4. Challenges of GI ultrasound

Major challenges of US is based on its operator-dependency and reproducibility 
[5]. The European Federation of Societies for Ultrasound in Medicine and Biology 
(EFSUMB) suggests to set standards of training and education curriculum for GI 
system US to provide high quality performance in clinical practice [2]. According 
to EFSUMB recommendations; the operator should be able to recognize the nor-
mal anatomy of small intestine and large bowel initially. Following recognizing 
normal appearance of normal GI tract, the investigator should be able to perform a 
complete scanning of the gut; evaluation for focal or diffuse diseases, the presence 
of diverticular disease and its complications (perforation and obstruction), the 
peritoneal cavity, the mesentery, and the omentum for the inflammatory, infectious 
or malignant diseases [2].

There are other challenging factors related to the patient such as noncollabora-
tion, obesity and interposition of large amount of gas [5]. Particularly retroperito-
neal, paraaortic and retroduodenal areas are often danger zones that are not well 
delineated on US. If the graded compression technique is ineffective to eliminate 
gas interposition and US findings are unremarkable; intravenous contrast enhanced 
CT should be performed in patients with acute abdominal pain, especially if there is 
suspicion of gut perforation.

5. Normal anatomy

While examining normal anatomy of GI structures; position, size, wall thick-
ness and stratification should be evaluated. Many GI disorders appear as bowel wall 
thickening but normal bowel wall thickness may vary depending on peristalsis and 
the degree of distention [3]. Recent studies with high frequency transducers suggest 
that both normal small and large bowel wall thickness should be <2 mm when dis-
tended [19]. The exceptions are the pylor/duodenal bulbus and rectum wall which 
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should be < 3 mm and < 4 mm respectively [20]. If the measurements were made 
from collapsed bowel wall, it should be reported since the wall of collapsed bowel is 
shown as thicker [2].

When examined with high frequency transducers, five sonographic layers of 
the bowel wall can be seen. When imaging the anterior wall (closer to transducer); 
the innermost echogenic layer is called as the mucosa-lumen interface which is 
not a part of actual GI wall. The second hypoechoic layer correspond to the deep 
mucosa, the third hyperechoic layer is submucosa which is most prominent in the 
colon [3]. The muscularis propria is the hypoechoic fourth layer which is most 
pronounced in the stomach. The outermost hyperechoic layer is the interface 
between muscularis and serosa. As the interface are hyperechoic and located distal 
to the real tissue, correspondence of histology and US layers are slightly different 
in the dorsal wall [2]. Therefore, evaluation of the layers should be made from 
the anterior bowel wall in diffuse inflammatory diseases. Bowel wall thickness 
measurement should be made perpendicular to the wall from innermost to the 
outermost echogenic layers [2].

The small intestine has three segments. The duodenum passes into the jejunum 
at the ligament of Treitz located in the left upper quadrant. The jejunum is often 
located in the left upper quadrant and usually collapsed with prominent folds, also 
known as valvula conniventes. They decrease and shorten from jejunum to ileum 
and best demonstrated at the fluid filled loops [2]. The ileum is located at the right 
lower quadrant and frequently involves fluid in normal patients. Sometimes cecum 
may be located intraperitoneal in variable positions even at the left lower quadrant 
of abdomen. The cecum and ileocecal valve is important landmarks to identify 
appendix which is usually below to the ileocecal valve. Although appendix is typi-
cally seen over the iliopsoas muscle medial to the cecum, lateral elevation or retro-
cecal course are not infrequent [2]. The normal appendix can be visualized in about 
70% of healthy children with graded compression and it may increase depending on 
the experience of examiner and the resolution of transducer [21].

6. Acute appendicitis

Acute appendicitis accounts for 80% of all abdominal surgical emergencies in 
pediatric population [22]. It is most frequently seen in second decade and is rare 
in children under two years of age, probably due to the funnel shape of appendix in 
infancy, which reduces the possibility of obstruction [23, 24]. Possible predisposing 
factors include lymphoid hyperplasia (due to past viral infection), dehydration, 
and low dietary intake of fiber [24]. Although the typical clinical presentation is 
acute onset of abdominal pain that may occur in the periumbilical area, radiating to 
the right lower quadrant, one-third of children have atypical clinical findings and 
symptoms, especially younger ones [23]. Other clinical signs are; fever, elevated 
acute phase reactants, nausea, vomiting and leg pain. Diarrhea is not present unless 
there is perforation and peritonitis, more frequently occurs in young children and 
confused with gastroenteritis [24]. Following clinical assessment and laboratory 
findings, imaging is the third component while evaluating the patients with sus-
pected appendicitis. The routine US examination in suspected appendicitis reduces 
the negative appendectomies 50% and decreases the surgical complications and 
costs [25].

In patients with localized pain, transducer is applied to the point of maximum 
tenderness or pain. Self-localization facilitates the scanning, especially in patients 
with an aberrantly located appendix, and reduces the time of examination. If the 
patient cannot localize the pain or uncooperative; systematic evaluation starts in 
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transvers plane to identify ascending colon. Lowermost part of the ascending colon 
is the cecal pole and medial to the cecum ileocecal valve can be demonstrated. The 
most common origin of the appendix is 2–3 cm below to the ileocecal valve [26]. 
Pressure is gradually increased to displace gas and fecal materials in the cecal lumen 
to adduct appendix to the transducer. In obese children, a left oblique body position 
or an upward graded compression technique may be useful to displace the fat tissue 
of the abdominal wall [27]. Anatomical variations require a systematic approach to 
evaluate appendix and experience plays an important role in examination. There are 
several US features to distinguish between normal and inflamed appendix which 
are valid for both children and adults (Table 1) [25, 26, 28, 29].

The inflamed appendix is shown as a fluid-filled non-compressible distended 
aperistaltic tubular structure with a blind end (Figure 1). In the axial plane, it has 
a target appearance with thickened echogenic mucosal interface and hypoechoic 
muscular wall. Appearance of an appendicolith, which is an echogenic focus with 
a posterior acoustic shadowing, is supportive finding for the diagnosis (Figure 1C) 
[23]. However, intraluminal air is also echogenic and can mimic appendicolith 
(Figure 1D). A heterogeneous mass around appendix representing phlegmon, and 
a walled-off fluid collection representing abscess are often the signs of complicated 
appendicitis and perforation [23]. Complicated appendicitis can occur either as a 
gangrenous appendicitis (focal or diffuse necrosis of the wall) or as a perforation. 
There is continuous transition from phlegmonous uncomplicated to gangrenous 
appendicitis during the disease course. The most important indicator of gangre-
nous appendicitis is the loss of normal hyperechoic mucosa-lumen interface [30]. 
Other ancillary finding is the lack of vascularity on color Doppler. The rate of 
perforation following acute appendicitis is around 60% for a 3-year-old child, 50% 
for a 5-year-old child, and this incidence reduces with increasing age, because of 
limited ability to communicate and define complaints in little ones [31]. Moreover, 
small children are more prone to peritonitis and abscess formation, rather than 
phlegmon, following perforation due to underdeveloped omentum which confines 
purulent material [24].

Non-visualization of the appendix is an important problem while evaluating 
appendicitis. The major reason for false-negative scanning is inexperience examiner 
in GI US. Other challenging situations are retrocecal or pelvic position of appendix, 
thick abdominal fat tissue in very obese patients, or focal appendicitis confined 
to distal tip that account for 5% of cases [25]. Thus, the entire appendix should 
be delineated clearly [32]. In perforated appendicitis, an abscess may be misinter-
preted as a gas-containing bowel loop. In these cases, indirect signs of appendicitis 
should be scrutinized around cecum [33].

Primary US findings of acute appendicitis Secondary US findings of acute 
appendicitis (adjacent structures)

Maximum outer diameter > 6 (6–8 mm indicates 
borderzone)

Hyperechoic periappendiceal fat tissue

Maximum tenderness over the thickened appendix Complex fluid collection (pericecal abscess)

Incompressibility of the inflamed appendix Mesenteric / pericecal lymphadenopathy

Appendicolith (fecalith) within the appendix lumen Periappendiceal reactive fluid

Hypervascularity in color Doppler in uncomplicated cases

Loss of stratification and normal appearance of appendix 
wall in gangrenous appendicitis

Table 1. 
Primary and secondary sonographic features of acute appendicitis.
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Recent publications confirm the mild forms of appendicitis which is spon-
taneously resolved under antibiotic therapy without need for surgery [34]. 
Unfortunately, there are not any reliable criteria to differentiate mild courses on 
US that probably not require surgery [25]. Other pitfalls that lead to a false-positive 
diagnosis of acute appendicitis are; incorrect identification of the terminal ileum 
as inflamed appendix, Meckel’s diverticulitis, cecal diverticulitis, dilated Fallopian 
tube or gonadal vein thrombosis [25]. Contrarily, appendiceal thickening can occur 
by other conditions such as Crohn’s disease, infectious enterocolitis, peritonitis, 
ascites and appendiceal tumors such as mucocele, cystadenoma or carcinoid [25].

Over the last decades, the sensitivity of US for the diagnosis of appendicitis 
has reached to 95%, with specificity above 90% [23, 35, 36]. The accuracy of US 
is currently equivalent to CT and magnetic resonance imaging (MRI), even more 
accurate particularly in small children with less intraabdominal fat tissue. Point-
of-care ultrasonography (POCUS) is increasingly done by emergency physicians 
for the diagnosis of appendicitis, but US is a highly operator dependent tool that 
requires experience and sufficient equipment. Consequently, adequate equipment, 
structured training program and quality control should be provided before clinical 
application. Consistent preoperative use of US for right lower quadrant pain can 
decrease the additional CT/MRI examinations to a low fraction [35, 37]. When ini-
tial US is inconclusive, second US following an observation period, or an additional 
MRI or CT examination can be considered. In children, MRI should be performed if 
possible to support the ALARA (radiation as low as reasonably achievable) prin-
ciple. Some guidelines recommend several scoring systems for US to diagnose acute 
appendicitis [38]. Since these scoring systems roughly estimate the likelihood and 
do not prove appendicitis, they are not obligatory to use in routine practice [25].

Figure 1. 
Three different cases with acute appendicitis. Ultrasound images of an 8-year-old boy demonstrate longitudinal 
(A) and transverse (B) section of inflamed appendix (arrow) with a diameter of 8.7 mm, and hyperechoic 
inflamed periappendiceal fat tissue. Ultrasound image of a 9-year-old boy (C) shows appendicolith 
(dashed arrow) within the appendix lumen, fluid level (asterisk) and dilatation distal to the obstruction. 
Ultrasound image of a 5-year-old girl (D) demonstrates inflamed appendix with a diameter of 8.6 mm and 
periappendiceal reactive fluid. Despite the inflammation, lumen is filled with air seen as echogenicity with 
dirty posterior shadow (thin arrows).
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7. Hypertrophic pyloric stenosis

Hypertrophic pyloric stenosis (HPS) is the most common cause of surgery in 
vomiting infants due to the failure of relaxation of the pyloric sphincter of stomach 
[39]. The disease usually appears between 2nd and 12th week of life and commonly 
affects white males [2, 39]. The typical complaint is non-bilious, projecting vomit-
ing by a previously healthy infant after feeding. HPS is not an actual emergency 
unless severe dehydration or excessive electrolyte loss occur. HPS can be palpated 
as a pyloric mass in the epigastrium on physical examination (olive sign) [22]. 
Preoperative US is the gold standard radiologic modality for the diagnosis of HPS 
with sensitivity, specificity and accuracy of approximately 100% if adequate 
 equipment is provided [40].

The US scanning begins with placing the baby in a supine or right lateral decu-
bitus position. A high-frequency (10–18 MHz), linear-array transducer should be 
applied from sub-xiphoid area to the right paramedian area to search for pylorus 
[1]. If adequate fluid is not present in the stomach, breast feeding or oral sugar 
contained water can be given in order to displace the air in the stomach and to 
see the passage of the fluid [41]. Normal position of the pylorus can be demon-
strated between the liver and the head of the pancreas, medial to the gallbladder. 
If abundant air present in the gastric antrum, the patient should be moved into 
the right lateral decubitus position, to displace air into the fundus and to move 
pylorus anteriorly [3]. To confirm the HPS, pyloric canal length and thickness 
of the pyloric muscle should be measured [1]. Pyloric muscle thickness > 3 mm, 
canal length > 17 mm, and antero-posterior diameter of pylorus >12 mm confirm 
the diagnosis of HPS with high accuracy (Figure 2) [1, 3, 22]. By the way, pylorus 
is a dynamic structure and muscle thickness may change due to peristalsis during 
a real-time US examination. Therefore, imaging for a sufficient time is needed 
to exclude pylorospasm from HPS, which is a transient phenomenon [41]. Other 
ancillary findings to diagnose HPS are the prolapsed mucosa into the gastric antrum 
(antral nipple or cervix sign) and trapped fluid within the crevices of mucosa. The 
main reason of false-negative result is the overdistention of stomach that moves 
antra-pyloric canal posteriorly [3]. To overcome this issue, gastric content can be 
aspirated via nasogastric or orogastric tube.

Figure 2. 
(A) Normal appearance of pylor in a 25-day-old baby and (B) hypertrophic pyloric stenosis in a 30-day-old 
boy. Hypertrophic pylor (arrows) is thicker and longer than normal (dashed arrows) that does not permit the 
passage of gastric content into the duodenum.
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8. Intussusception

Intussusception is the penetration of the bowel segment, either the small intes-
tine or colon, into the distal lumen and propulsion as luminal content. It is the most 
common etiology of small bowel obstruction in infants, with a reported incidence 
of 56 cases per 100,000 hospitalizations per year in the United States [24]. More 
than 90% of cases present in the first two years after birth and peak age between 
3 and 9 months [1, 3, 22]. Depending on the localization, there are two subtypes; 
ileo-cecal (or ileocolic) comprises 90% of cases and ileo-ileal occurs in about 10% 
[42]. The most common symptoms are recurrent abdominal pain, vomiting and 
currant jelly stool. Additionally, previous episodes of infection in the upper respira-
tory tract or gastroenteritis may occur in the patient’s clinical history. Most common 
localization of ileocecal intussusception is the subhepatic region, followed by upper 
abdominal midline and left upper quadrant [3]. It consists of three bowel segments; 
the inner prolapsing and returning limbs of the bowel are terminal ileum (called 
as intussusceptum) and attached mesentery and lymph nodes is dragged between 
these limbs [3, 39]. Outermost bowel receiving intussusceptum is the colon (called 
as intussuscipiens). Due to the compromised vascular supply, the thickest ileal 
segment is the returning limb of the ileum [3].

The diagnostic accuracy of US have verified with the several studies with a 
sensitivity of 97–100% and a specificity of 88–100% [24]. Thus, US has become 
as the primary modality of choice, replacing the contrast enema, in patients 
with suspected intussusception. Transverse section of intussusception appears 
as an oval or round mass with concentric rings and hypoechoic rim, described 
as ‘doughnut’ or ‘target’ configuration on US [1]. The crescentic shaped, hyper-
echoic, mesenteric fat can be seen in the center of the mass (called as ‘the crescent 
in doughnut sign’) (Figure 3A and B). The longitudinal appearance of intus-
susception is called as ‘pseudo-kidney’ or ‘sandwich’ sign (Figure 3C). On color 
Doppler US, double rings sign between the layers can be seen (Figure 3B) and 
absence of blood flow may indicate ischemia or irreducibility [22]. US can also be 
performed safely and accurately to monitor the hydrostatic reduction. Successful 
hydrostatic reduction rates are approximately 80% with a very few complication 
rates (2.7%to 4.26%) [24]. Some findings on US are useful to predict the success 
of enema or hydrostatic reduction such as; reduced vascular flow, thickened 
outer wall (>10 mm), trapped fluid and/or large (>1 cm short axis) lymph nodes 
within the intussusceptum [1, 3]. The appearance of intramural or subserosal air, 

Figure 3. 
A 5-month-old boy with intussusception. (A) Transverse section demonstrates “target sign” composed of 
intussusceptum (thin arrow), intussuscipiens (thick arrow) and a lymph node (dashed arrow) within the 
trapped mesenteric fat tissue. (B) Doppler shows swirling of arteries and veins within intussusception. 
(C) Longitudinal section shows typical “sandwich” or “pseudokidney” sign (arrows).
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manifested as echogenic foci, indicates the risk of necrosis and perforation, for 
those enema/hydrostatic  reduction is contraindicated [1].

The US can identify pathologic lead points in approximately two third of cases, 
particularly in older age group [43]. Similarly pathologic lead points may occur in 
younger than expected age group as < 3 months of age [24]. Common lead points 
are; Meckel’s diverticulum, duplication cyst, lymphoma or polyp. Cystic fibrosis, 
Henoch-Schonlein purpura, or polyposis syndrome may cause recurrent intus-
susceptions. Lead points or underlying disease should be searched elaborately in 
a patient with unusual age, abnormal localization of intussusception, recurrent 
disease and long duration of symptoms [3].

Small bowel intussusception comprises 10% of cases and is usually transient and 
asymptomatic. Common locations are the periumbilical area, left upper or lower 
quadrant of the abdomen. Most cases are due to small bowel hyperperistalsis. They 
are usually smaller than ileocecal intussusception (<1 cm diameter) and involve 
shorter bowel segment. If small bowel intussusception is persistent and symp-
tomatic or involving longer segment (>3.5 cm), the patient should be scrutinized 
carefully to identify pathological lead point [3].

9. Intestinal malrotation and volvulus

Intestinal malrotaton is not an infrequent phenomenon with a prevalence of 0,2–
0,5% of live births. While the most patients are asymptomatic, 3–8% of malrotated 
bowel is symptomatic in the first year of life with bilious vomiting, pain and malab-
sorption [1]. The normal midgut rotates 2700 counterclockwise in utero around the 
axis of superior mesenteric artery (SMA). Incomplete rotation of bowel during fetal 
period results in short mesenteric root, abnormal positioning of duodeno-jejunal 
junction and ileocecal valve and close proximity of duodenum and cecum [3]. 
Twisting of malrotated small bowel around its mesentery may cause obstruction and 
volvulus, an emergent situation that requires prompt surgical intervention [44].

The well-known sonographic finding of intestinal malrotation is the inversion of 
the SMA and superior mesenteric vein (SMV). Patients should be lay supine while 
US evaluation and transducer applied at the upper midline to recognize SMA at its 
point of origin on the abdominal aorta [1]. SMV can also be identified tracing from 
the main portal vein to the midline after giving branch of splenic vein. Normally, 
the SMV is found on the right side or anterior to the SMA. If SMV located ventrally 
or left to the SMA, it is an abnormal location, which raises suspicion but do not 
always indicate malrotation [3]. For evaluating duodenum and to see the passage 
or beak sign of acute volvulus, oral water instillation may be useful. In suspected 
malrotation patients, when US findings are abnormal or inconclusive, an upper GI 
study should be performed, as a gold standard, to confirm the diagnosis [45].

Midgut volvulus is a fatal complication of malrotation, and 90% of cases occur 
in the first year of life, even %75 of cases occur in the first month. The typical sono-
graphic feature of volvulus is the ‘whirlpool sign’, which is the swirling of SMV and its 
tributaries around the SMA in clockwise direction, best appreciated on color Doppler. 
Associated US findings of malrotation are proximal duodenal dilatation with distal 
tapering, duodenal wall thickening (> 2 mm), fixed midline bowel, intraabdominal 
free fluid, dilatation of the distal SMV and increased resistive index on SMA [3, 39].

Off-midline scanning due to inappropriate position of the transducer may 
demonstrate SMV and SMA as an abnormal relation which is the most common 
cause of the false-positive diagnosis of malrotation. Another reason for false-
positive diagnosis is the ‘whirlpool’ sign occurs due to normal counterclockwise 
rotation. False-negative diagnosis may also be observed due to severe abdominal 
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distension, abdominal guarding, abundant bowel gas, and/or an inexperienced 
operator. If there is strong clinical suspicion, an emergency upper GI study should 
be performed to clarify the diagnosis [3].

10. Necrotizing enterocolitis

Necrotizing enterocolitis (NEC) is one of the most common and lethal gastroin-
testinal emergencies of neonates, usually affecting the terminal ileum and ascend-
ing colon [22]. Although it affects primarily preterm babies, NEC can also be seen in 
term infants. The clinical presentation ranges from feeding intolerance, abdominal 
distention, emesis, diarrhea, rectal bleeding to more severe systemic findings 
including respiratory failure and fulminant shock [41]. Bowel necrosis occurs in 
NEC without any precise cause, which compromises the mucosal integrity [6]. 
Pathogenic organisms become dominant in the gut flora, leading to the pneumatosis 
intestinalis, which subsequently leads to portal venous gas and consequently leads 
to perforation and pneumoperitoneum. While the disease progresses, both early 
and late clinical signs and laboratory tests are often non-specific for diagnosis of 
NEC, therefore imaging plays crucial role for accurate diagnosis.

Radiographs are still primary modality of choice for evaluation of neonates 
suspected of having NEC [46]. Plain abdominal radiographs demonstrate pneuma-
tosis, increased thickness of bowel wall, free intraperitoneal air and portal venous 
air [22, 46]. The role of US has been increasingly appreciated, owing to its higher 
sensitivity than plain films in the detection of early changes such as wall thickening, 
intestinal pneumatosis, portal venous air and disturbed bowel wall perfusion on 
color Doppler [5, 46]. Recent publications stated that diagnostic performance of 
US for detecting NEC is accurate with sensitivity of 100% and specificity of 90%. 
However, role of US in the follow-up of NEC is uncertain [6].

In the early phase of the disease, US can show the bowel wall thickening due to 
inflammation. Whereas, bowel wall thinning (<1 mm) may occur as it becomes 
necrotic and progresses toward perforation [47]. Similarly, Color Doppler may 
display hyperemia in the early stages due to inflammation, and avascular wall in 
the advanced disease with bowel wall necrosis [6]. Pneumatosis intestinalis is seen 
as punctate or granular echogenic foci with ‘dirty’ posterior acoustic shadowing or 
linear echogenic ring within the bowel wall. The gas bubbles create twinkling arti-
fact on color Doppler which is useful in equivocal cases. To differentiate intramural 
gas from intraluminal air, nondependent bowel wall should be evaluated. Moreover, 
true pneumatosis would not change with the motion of the patient, whereas intralu-
minal air is freely mobile. Placing the patient in multiple positions may be useful to 
observe movement of the air. For the detection of pneumatosis, US is more sensitive 
than plain radiography [48].

Portal venous gas manifests on US as the presence of curvilinear or punctate 
mobile echogenic foci within the portal venous system. It is commonly seen in 
the neonates after umbilical catheterization, and may occur in different neonatal 
diseases. Therefore, in the absence of pneumatosis intestinalis, other etiologies 
should be considered rather than NEC. In the case of NEC, fluid-filled dilated 
bowel, complex hyperechoic intraperitoneal free fluid, focal fluid collections are 
suggestive of perforation and have been correlated with a poor clinical outcome 
[47, 49]. Evaluation of bowel peristalsis by real-time examination is an important 
component of US in infants with suspected NEC, because necrotic or inflamed 
bowel segments have decreased or absent motility [6]. US may also be considered in 
the follow-up to decide the appropriate time to restore oral feeding and to evaluate 
post-enterocolitis stenosis [5].
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11. Inflammatory and infectious bowel diseases

Inflammatory bowel disease (IBD) is a general term that covers a series of acute 
and non-acute diseases which do not require surgical treatment, ranging from self-
limiting focal disorders to the debilitating and/or chronic diseases [1]. Diagnosis 
can be challenging due to nonspecific or atypical clinical presentation with 
extra-intestinal manifestations. US is useful in the diagnosis of IBD, especially in 
children by assessing bowel wall, peristalsis and surrounding mesentery with high-
frequency transducers. Moreover, color Doppler increases the diagnostic accuracy 
and estimates the disease activity by showing vascularity. Presence of extra-intesti-
nal complications such as abscess, fistula can also be evaluated with US.

While evaluating IBD, the thickening of the bowel wall can be divided into two 
categories according to US appearance [1]. ‘Layered thickening’ is shown as hyper-
echoic and organized wall thickening corresponds to mucosal inflammation with 
indirect involvement of submucosa. Whereas ‘non-layered thickening’ character-
ized by the loss of normal structure seen as a diffuse hypoechoic thickening without 
any reflective echoes. Based on the thickening type and localization, possible 
diagnoses are presented in Table 2.

Crohn disease is the most common IBD that requires frequent imaging because 
of its extensive involvement of GI tract, and phases of exacerbations and remissions 
[1, 6]. It is characterized as a chronic transmural inflammation of an unknown 
cause and can affect any part of GI tract. In 20% of cases, the disease first becomes 
symptomatic during childhood [39]. Although, the role in the diagnostic algorithm 
is emerging, bowel US in its current form cannot replace with CT or MRI but can 
provide complementary information in the evaluation of disease. The diagnostic 
performance of US for identifying lesions of Crohn disease has sensitivity of 
75–94% and specificity of 67–100% [6]. The primary imaging features of Crohn 
disease are bowel wall thickening and loss of stratification. Affected segments 
are non-compressible, hypoperistaltic and have hypoechoic wall with a minimal 
thickness of >3 mm [6, 39]. The hallmark of active disease is increased vascularity 
of thickened bowel wall segments (> 5 mm) with 88% specificity and 95% positive 
predictive value [49]. Moreover, SMA flow volume is higher but resistive index is 
lower with active disease [6]. Remarkable extramural manifestations that can be 
seen on US include thickened, hyperechoic mesentery (‘creeping fat’ sign) and 
enlarged mesenteric lymph nodes (Figure 4). Strictures, fistula, phlegmon and 
abscess are common complications of Crohn disease that can be depicted on US 
but requires further evaluation with CT or MRI. On US strictures are identified in 

Ileum involvement Colon involvement

Layered 
thickening

Infectious ileitis (Campylobacter 
or salmonella)

Infectious colitis (E.Coli, salmonella, shigella)

Early Crohn disease Chronic intestinal infectious disease (CIID)

Non-layered 
thickening

Henoch-Schönlein Purpura Ischemic colitis prodromal of hemolytic uremic 
syndrome (HUS)

Tuberculosis ileitis Advanced IBD (ulcerative colitis or Crohn 
disease)

Protein-losing enteropathy, Celiac 
disease

Pseudomembranous colitis

Advanced Crohn disease Neutropenic colitis

Table 2. 
Sonographic pattern and location of common inflammatory bowel diseases.



25

Ultrasound of the Pediatric Gastrointestinal Emergencies
DOI: http://dx.doi.org/10.5772/intechopen.99759

70–79% of cases as a narrowed bowel segment accompanying dilatation and hyper-
peristalsis at the proximal part [6]. Fistulas are less common in children than adults, 
and US is not a reliable modality to depict fistulas with the sensitivity of 31–87% 
in different publications [50]. An abscess can be delineated with US as an irregular 
thick-walled aperistaltic fluid collection including internal echoes and sometimes 
air. The sensitivity of US for the diagnosis of abscessranges from 83–91% [51]. An 
abscess may mimic a bowel loop, but bowel segments are thin-walled and peristalsis 
of bowel can be seen on real-time imaging.

Henoch-Schönlein Purpura (HSP) is the most common pediatric vasculitis that 
frequently involve GI tract [3, 39]. The pathogenesis of the disease originated from 
the thrombosis of small vessels, which in turn can cause ischemia of the small bowel 
[39]. Bowel wall thickening and edema can be seen on US in 50–60% of cases [52]. 
Although typical skin lesions are the hallmark of the disease, bowel wall thickening 
in duodenum and proximal small bowel may occur before the appearance of skin 
lesions. However, HSP can affect any segment of the bowel. The most common US 
feature is diffuse circumferential bowel wall thickening (Figure 5). Focal intramu-
ral hemorrhage can be revealed as a hyperechoic lesion in the mucosa or submucosa. 
With intramural hematoma, bowel wall thickening may increase up to 9–10 mm 
and multiple skip lesions can be demonstrated [3]. In HSP patients with obstructive 
symptoms such as vomiting or hemorrhagic stool, one or more intussusception can 
be seen with intramural hematoma as a lead point [53]. In the active stage of the 
disease, hypervascularity on color Doppler imaging may present. Other less com-
mon vasculitides involving the bowel may also occur with a variable presentation 
but similar findings on US.

Figure 4. 
An active Crohn’s disease in an 11-year-old girl. Longitudinal (A) and transverse (B) section of inflamed 
bowel segments demonstrates layered wall thickening, increased echogenicity and prominent thickening of 
mesenteric fat tissue.

Figure 5. 
An 8 year-old-girl with Henoch-Schönlein Purpura. (A) Ultrasound shows diffuse thickening of the intestinal 
wall (arrow). (B) Color Doppler demonstrates increased vascularity. Gray scale ultrasound from another part 
of abdomen (C) reveals hyperechoic mesenteric fat tissue (dashed arrows).
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Bacterial enterocolitis can occur by a wide variety of pathogens, including E. 
Coli, Salmonella, Shigella and Campylobacter. Common location is ileocecal region 
and US features are similar to other inflammatory disease, such as bowel wall thick-
ening, increased echogenicity, reactive mesenteric lymph nodes, and mild intraab-
dominal free fluid. Viral gastroenteritis generally does not increase the thickness 
of the bowel wall; however enlarged lymph nodes and free fluid may be present 
[41]. Tuberculosis may also present with bowel wall thickening along with hepa-
tosplenomegaly, omental thickening, and typical internal echoes and septations 
within ascites [54]. Parasites can be revealed by US as mobile, tubular hypoechoic 
structures with hyperechoic rim in Ascariasis infection, with parallel echogenic lines 
representing digestive system [41].

Neutropenic colitis, also known as typhilitis, is a necrotizing inflammatory 
process of cecum and terminal ileum usually seen in severe neutropenic and immu-
nocompromised patients [39]. The typical US features are asymmetric, prominent 
wall thickening, with decreased echogenicity and loss of layering due to transmural 
inflammation. Echogenic foci can be seen in the bowel wall caused by circum-
scriptive hemorrhages or intramural air suggestive of anaerobic infection [55]. In 
thyphilitis, increased wall thickness may have correlation with a worse prognosis of 
the disease [41].

Pseudomembranous colitis is caused by the superinfection with C. difficile, often 
following a prior course of antibiotic treatment or rarely associated with shock, 
uremia, heavy metal intoxication or severe cardiovascular disease. The enterotoxin 
of C. difficile leads to severe inflammatory reaction within the colon between 1 and 
6 weeks after the antibiotic treatment [24]. The common clinical findings are severe 
generalized abdominal pain, watery diarrhea, fever, and leukocytosis. The disease 
causes marked mucosal thickening of the colon, even thicker than other infectious 
colitis. On US, apart from thick hypoechoic mucosal layer, narrowing of the gut 
lumen and thickened hyperechoic submucosa can be demonstrated. In the major-
ity of patients, the hypoechoic muscularis layer, which is outer than hyperechoic 
submucosa, appears normal and relatively thin. Intraabdominal free fluid is present 
in up to 77% of cases [24].

12. Mesenteric lymphadenitis

Mesenteric lymphadenitis is a benign, self-limiting inflammatory condition 
that affects the mesenteric lymph nodes, more frequently pericecal ones. It may 
either occur as a primary inflammatory disease or may arise secondarily due to an 
abdominal disease. Clinically, this condition is commonly mistaken for appendici-
tis, since the symptoms are quite similar [22]. As the lymph node enlargement is the 
only finding on US, the diagnosis is made by excluding other possible etiologies of 
abdominal pain.

Various nomograms for normal ranges of mesenteric lymph node size have been 
reported and short axis of > 5 mm for lymph nodes are very common in healthy 
children [3]. Simanovsky et al. [56] suggested that, in the setting of normal appen-
dix, cluster of > 3 lymph nodes with short axis of > 10 mm should be diagnosed as 
mesenteric lymphadenopathy. Enlarged lymph nodes are often oval and perinodal 
fat tissue may appear hyperechoic (Figure 6). A preserved fatty hilum is seen as 
a hyperechoic area at the center with vascular pedicle on color Doppler imaging. 
If the shape of enlarged lymph nodes is round rather than being oval, cortex is 
eccentrically thickened and there is loss of fatty hilum, neoplastic process should be 
suspected [3].
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13. Epiploic appendagitis and omental infarction

Epiploic appendagitis is the inflammation of epiploic appendages arise from 
the serosal surface of the large bowel. Torsion of the appendages results in venous 
occlusion, ischemia and inflammation [39]. Although predominantly encountered 
in adults, it is also described in children and should be kept in mind in the dif-
ferential diagnosis of acute appendicitis because the treatment is supportive rather 
than surgery. Characteristic US feature is hyperechoic, fixed non-compressible oval 
mass-like lesion at the anti-mesenteric side of the bowel. CT is generally needed to 
confirm the exact diagnosis [57].

Figure 6. 
Ultrasound (A,B) and color Doppler ultrasound (C) of the right lower quadrant of a 5-year-old girl diagnosed 
as mesenteric lymphadenitis. There are enlarged lymph nodes anterior to the iliac vessels. Color Doppler (C) 
demonstrates vascular supply from hilum of the lymph node.

Figure 7. 
Ultrasound image (A) of an 11-year-old boy demonstrates thickened hyperechoic mass (asterisk) with 
indistinct border beneath the anterior abdominal wall. Intravenous contrast enhanced axial CT (B) and 
sagittal reconstructed image (C) shows hyperdense omentum (white circles), hyperdense dot at the center of 
lesion (arrows). The dot can be followed on the contiguous images as a linear tortuous hyperdense structure 
consistent with twisted vein. Surgical removal of necrotic tissue confirmed the diagnosis of omental infarct.



Ultrasound Imaging - Current Topics

28

Omental infarction is a rare cause of acute abdomen in children, even though 
15% of all omental infarct cases occur in the pediatric population [3]. As the 
patients are commonly present with right-sided abdominal pain, it mimics appen-
dicitis. However, associated nausea and vomiting is less frequent than appendicitis 
[24]. Predisposing factors include obesity, strenuous activity, coagulopathy and 
history of trauma to the affected region. The characteristic US feature is an ovoid 
or triangular hyperechoic mass located between the abdominal wall and the bowel, 
frequently in the right upper quadrant (Figure 7) [3]. In some cases, avascular 
hypoechoic tubular structure can be seen corresponds to a twisted vein. Although, 
some centers recommend conservative treatment, others prefer surgery to remove 
the necrotic tissue [24].

14. Inguinal hernia

In the setting of a groin mass or swelling, possible diagnoses are hernia, fluid 
collection, enlarged lymph nodes, and cryptorchidism, and for those US can be per-
formed to differentiate. The most common type of inguinal hernia in children is the 
indirect inguinal hernia in which hernia sac protrude into the inguinal canal [41]. 
Inguinal hernia is more common in preterm neonates and more frequently occurs 
on the right side because the right processus vaginalis closes later than the left. 
One-third of all infants with hernias become symptomatic before 6 months after 
birth, and males are affected more than females with a ratio of 6:1 [58]. Hernia sac 
frequently includes fluid in the processus vaginalis with or without bowel loops and 
other abdominal structures such as omentum, testes, ovaries, bladder and fallopian 
tubes. If hernia sac contains intestine and other abdominal structures; possibility 
of spontaneous regression reduces and incarceration risk increases. Hence, early 
diagnosis and surgery is very important in order to prevent complications and pos-
sible damage to the ipsilateral testis [6, 58].

The diagnostic accuracy of US to detect inguinal hernia is 97% in surgically con-
firmed cases with the sensitivity of 92.7% and the specificity of 92.7% [6]. Internal 
inguinal canal diameter > 4 mm is 95% diagnostic for indirect inguinal hernia. 
Real-time imaging on US is the biggest advantage among other modalities, with the 
patient performing a Valsalva maneuver (or provoke to cry in infants or babies) in 
both supine and upright views that enlarge the hernia sac and protrude through the 
inguinal canal with increased intraabdominal pressure. US can also be able to reveal 
peristalsis of herniated bowel segment with dynamic scan. Large inguinal hernias 
may lead to testicular ischemia by compressing the gonadal vessels within the inguinal 
canal [59]. Therefore, ipsilateral testis should be evaluated with US and color Doppler 
to assess intratesticular blood flow in the setting of inguinal hernia. While, evaluating 
a patient with an inguinal hernia, US should be performed to both inguinal canals 
because a clinically occult contralateral hernia can be found in 88% of cases [58].

Incarceration is a remarkable complication of indirect inguinal hernia and 
occurs with a frequency of 31% in children [58]. The most common incarcerated 
contents of hernia sac are the bowel, ovaries, and fallopian tubes. An incarcerated 
inguinal hernia may gradually progress to a strangulation, in which vascular supply 
is compromised and the necrosis of incarcerated contents occur. On US, incarcer-
ated bowel shows circumferential thickening of the wall, aperistalsis, fluid level in 
the herniated loop, free fluid in the hernia sac and intraabdominal bowel dilatation 
(Figure 8). Incarcerated or strangulated hernias may not demonstrate clear continu-
ity with abdominal bowel loops. Color Doppler may demonstrate absent vascularity 
in the hernia sac as a late finding of strangulation [41]. The presence of peristaltic 
activity in the herniated bowel loop is strong evidence against strangulation.
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15. Foreign bodies and gastric bezoar

Coins are the most common foreign material ingested, and most of them are not 
able to reach intraabdominal GI tract [41]. Two-third of those is located at the level 
of cricopharyngeus muscle that requires urgent endoscopic removal. In the radio-
logic evaluation of the ingested foreign body, plain radiographs are frequently the 
modality of choice. Nevertheless, all foreign bodies are not visible on plain films, 
depending on composition of the material and location within the body. US may 
provide additional information about the foreign bodies trapped in the intraabdom-
inal GI tract [60]. However, diagnostic performance of US to detect intraabdominal 
foreign body is not known to date. Most of the foreign bodies in bowel appear as 
fixed, hyperechoic structure that often demonstrate posterior acoustic shadow-
ing with a cleaner shadow than bowel gas [6]. Linear, high frequency transduc-
ers should be used with graded compression to evaluate intraluminal contents. 
Administration of 200–300 mL of oral water before the examination may facilitate 
the detection of foreign bodies within the stomach [41].

A bezoar consists of ingested foreign objects that cluster within the GI tract. 
The most common types are trichobezoars (composed of hair) and phytobezoars 
(composed of greengrocer fibers) and they usually accumulate in the stomach [39]. 
Sometimes enlarged bezoars reach to the small bowel and cause obstruction. Prior 
history of gastric surgery is an important predisposing factor to develop bezoar due 
to delayed gastric emptying [41]. On US, regardless of the originated fiber, bezoar 
is shown as an intraluminal mass with hyperechoic arc-like (curved or “inverted U” 
shape) anterior surface and prominent acoustic shadowing (Figure 9). Color Doppler 

Figure 8. 
Ultrasound of an indirect inguinal hernia of an 8-week-old baby (A,B,C). Along with bowel, blind ending 
appendix (arrow) is herniated into the inguinal canal, called as Amyand hernia. (B) There is some fluid 
(dashed arrow) within the hernia sac and (C) transverse section of distal appendix is seen at the same level 
with penile shaft (asterisk).

Figure 9. 
A 12-year-old girl with a history of compulsive trichophagia disorder. Upper abdomen sonography with 
convex-array transducer (A) and linear-array transducer (B), demonstrates curvilinear echogenicities beneath 
the anterior wall of the stomach (arrow) and duodenum (dashed arrow) with clear, marked black posterior 
shadow. On endoscopy (C), trichobezoar was removed from her stomach and proximal duodenum.
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can be used as a supportive modality which demonstrates ‘twinkling artifact’ behind 
the hyperechoic surface [39]. Bowel obstruction and proximal dilatation may be 
revealed as associated features.

16. Conclusion

While evaluating the etiology of acute abdominal pain in pediatric patients, 
US should be the initial imaging modality, as US is sufficient to diagnose several 
diseases that cause abdominal pain, far beyond only appendicitis and intussuscep-
tion. Even if the underlying cause has not been identified, US will show indirect 
signs that indicate the need for a surgical exploration or provide supplemental 
information for CT and MRI. Therefore, it is crucial to be aware of the full potential 
of targeted bowel US with proper selection of the transducers, optimal positioning 
and the application of graded compression technique. Good quality examination 
requires experience, training, time and attention to perform a detailed evaluation 
of as many bowel loops as possible, minding their morphological features and their 
functional characteristics. Radiologists should be familiar with the sonographic 
appearance of both the normal and abnormal GI tract in order to provide the 
optimal treatment options for pediatric patients with acute abdominal diseases.
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Abstract

Gallbladder polyps (GBP) are defined as developed masses inside the wall of the 
gallbladder; most of them (90%) are nontumor lesions. Abdominal ultrasound is 
the main and the first line radiological modality for their diagnosis and their risk 
lamination. We conducted a 12 year retrospective study between 2009 and 2020, 
which included patients who had preoperative transabdominal ultrasonography 
showing gallbladder polyps and had undergone cholecystectomy, and for whom 
postoperative pathology results were available, as well as patients who had at least 
one polyp discovered on the histopathological exam and who were not determined 
preoperatively. A total of 70 patients were identified. Preoperative diagnosis of 
vesicular polyp by ultrasound was carried in 82.9% of patients. The number of 
ultrasounds performed per person was 1.2 ± 0.47. The polyps’ size in mm was on 
average 6.14 ± 2.6 with extremes between 3 and 13 mm. On anatomopathological 
examination, a polyp was objectified in 33.3% of cases. In our series, abdominal 
ultrasound had a low sensitivity at 36.4%. We aim to provide the accuracy of 
abdominal ultrasound for the diagnosis of GBP, as a low-cost modality, and to 
evaluate the concordance of preoperative ultrasound imaging with postoperative 
pathology.

Keywords: gallbladder polyps, abdominal ultrasound, sensitivity, cholecystectomy, 
management

1. Introduction

Gallbladder polyps (GBP) are defined as developed masses inside the wall of the 
gallbladder; most of them (90%) are nontumor lesions [1]. They have been firstly 
classified in 1976 as benign tumors, pseudotumors, and malignant tumors [2].

Abdominal ultrasound is the main and the first line radiological modality for 
their diagnosis and their risk lamination [3]. It has been proven in the literature, the 
superiority of ultrasound by comparing it to other imaging techniques such as CT 
scan [4].

Ultrasound diagnosis of GBP is founded on two criteria—the lack of posterior 
acoustic shadow and immobility when changing the patient’s position [1, 5]. 
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Transabdominal ultrasound represents also an essential modality for the follow-up 
of GBP [6].

Nowadays, plenty of radiological modalities, such as transabdominal ultraso-
nography, endoscopic ultrasonography, magnetic resonance imaging (MRI), CT 
scan, or PET-CT have been employed for the diagnosis of GBP [7].

GBP are potentially malignant lesions so that it is mandatory to be precise 
whether the polyp is a high or low risk of malignancy and to lead undoubtedly to 
their perfect management [8].

We aim to provide the accuracy of abdominal ultrasound for the diagnosis 
of GBP, as a low-cost modality, and to evaluate the concordance of preoperative 
ultrasound imaging with postoperative pathology.

2. Methods

We conducted a 12 year retrospective study between 2009 and 2020, which 
included patients who had preoperative transabdominal ultrasonography showing 
gallbladder polyps and had undergone cholecystectomy, and for whom postop-
erative pathology results were available, as well as patients who had at least one 
polyp discovered on the histopathological exam and who were not determined 
preoperatively.

Epidemiological, clinical, morphological, and ultrasound data were then  
collected, as well as data from anatomy pathology interventions and reports.

3. Results

A total of 70 patients were identified. The sex ratio (male:female) was 0.34. The 
average age was 53.4 years with extremes ranging from 28 to 78 years. A total of 35 
patients had a medical history, such as high blood pressure (25.7%), dyslipidemia 
(11.4%), and diabetes (8.6%). A total of 45 patients had a surgical history. The ASA 
score was 1 in 62.9%, 2 in 34.3%, and 3 in 2.9%.

Abdominal ultrasound was performed in all patients.
Preoperative diagnosis of vesicular polyp by ultrasound was carried in 82.9% 

of patients. Either due to symptoms in 68.6% of cases—right hypochondrium pain 
(48.4%), liver colic (35.5%), vomiting (9.7%) or fortuitous discovery in 8.6% of 
cases during an abdominal ultrasound for other pathology, or systematically in 5.7% 
of cases (four cases) as part of the preoperative assessment of an umbilical hernia.

In 17.1% of cases, the polyp was discovered perioperatively.
The number of ultrasounds performed per person was 1.2 ± 0.47.

Characteristics

Age (years) 53.4

Symptoms, (%) 68.8%

Diabetes mellitus 8.6%

Size of gallbladder polyp (mm) 6.14 ± 2.6

No. of polyps per patient 1.59 ± 0.79

Coexistin ggallstones 4

Table 1. 
Demographic and clinical characteristics of the study population.
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The number of gallbladder polyps per patient was 1.59 ± 0.79.
The polyps’ size in mm was on average 6.14 ± 2.6 with extremes between 3 

and 13 mm. Gallbladder polyp and gallbladder stones were found in four patients 
(Table 1).

Other additional tests were performed: abdominal CT scan in 17.1% of cases, 
MRI in 5.7% of cases, upper endoscopy in 14.3% of cases, especially before  
gastric pain.

The surgical indication was retained especially when there were symptomatic 
polyps whatever the size, which was in 67.6% of cases.

Figure 1. 
Correlation between the size of the polyp on the abdominal ultrasound and the presence of polyp on the piece of 
cholecystectomy.

Positive if >= Sensibility Specificity

2.00 1000 1000

3.35 667 944

3.85 667 889

4.25 333 778

4.75 333 722

5.25 333 611

5.75 333 556

7.00 333 333

8.25 000 167

9.75 000 111

12.00 000 056

14.00 000 000

Table 2. 
Sensibility and specificity of the abdominal ultrasound in function of the size of the polyp.
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Cholecystectomy was performed by laparoscopy in 82.9% of cases.
On anatomopathological examination, a polyp was objectified in 33.3% of cases. 

The average size was 8.83 ± 10.8 mm. Dysplasia was found in 72.7% of all polyps.
In 22.7% of cases, cholesterolosis was noted.
In our series, abdominal ultrasound had a low sensitivity at 36.4%.
Using the ROC curve (Figure 1) to study the correlation between the size of the 

polyp on the abdominal ultrasound and the presence of polyp on the piece of chole-
cystectomy, we found that the area under the curve was 0.315, which corresponds to 
a low discriminating power.

The study of the coordinates of the curve showed that a size of 7 mm would have 
the best specificity and sensitivity (Table 2).

4. Discussion

This cohort study is based on the effectiveness of transabdominal ultrasound on 
the detection of GBP.

GBP is the frequent vesicular lesions, which are found frequently on abdominal 
ultrasonography [8]. Asymptomatic GBP is present in 5% of adults [9].

The abdominal ultrasonography presents the first line radiological means for the 
diagnosis of gallbladder diseases and the perfect examination for diagnosing polyps 
[4, 8]. Considering that it has the lower cost-effectiveness, convenient accessibility, the 
lack of radiation, and because of its higher sensitivity 93% and specificity 95.3% [8–10].

On the ultrasound, GBP appears as an elevated, immobile lesion of the wall, it 
has a posterior acoustic shadow, and it appears as a sessile lesion [11, 12].

Despite the routine use of ultrasound, it seems that its positive predictive value 
in diagnosing polyps is still low [13].

It can present some limitations because it is operator-dependent [14], and it can 
provide errors in the determination of polyps, their numbers, and their size [8].

As an example, a gallstone can be easily mistaken for a polyp on ultrasonography 
[15], as it can be only identified on ultrasound if it measures over 5 mm [15].

Many hypotheses have been studied to explain the poor sensitivity of ultrasound 
in determining true polyps, Kratzer proposed in this case, that the initial diagnosis 
of a polyp might be incorrect [7]. As seen in the Cochrane review that the cause of 
false diagnoses by ultrasound was generally a result of misinterpretation of gall-
stones as polyps [10].

However, Ostapenko [13] has concluded that seven patients of 34 with GBP did 
not have a detectable polyp, supporting the argument that the initial diagnosis was 
a false positive.

In our series, ultrasound had a sensitivity of 36.4%. Several factors could explain 
this result. Since ultrasound is a dependent operator examination, gall bladder 
stones, especially those of small size, could be taken on account of a polyp. The 
polyp’s migration to the bile ducts could be another explanation and would prob-
ably be the cause of the hepatic colic. The absence of polyp on the histological 
examination could also be explained by the manipulation of the gallbladder during 
cholecystectomy.

In case of diagnostic difficulties, and mainly when malignancy is suspected, 
other complementary investigations can be more helpful [14, 16, 17] presenting by:

Contrast-enhanced sonography: which is an ultrasound enhanced by the 
injection of a medium non-irradiating ultrasonic contrast (microbubbles), is 
more specific in the study of vascularity, showing hyper-echoic contrast during 
the arterial phase and iso-echoic images during the venous phase. So, it is more 
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useful to identify gallbladder polyps of multiple stones and from other polypoid 
lesions [9, 14].

Magnetic resonance imaging (MRI): It is a particular modality used in the 
differentiation between gallbladder polyps from other polypoid lesions, especially 
adenomyomatosis [14].

Positron emission tomography (PET): It is used to evaluate the malignancy 
diagnosis in polyps rising more than 10 mm by hypermetabolism [14].

Endoscopic ultrasound (EUS): It is determined to be better than ultrasound, 
it is the best modality in diagnosing gallbladder polyps [15], especially when 
there is suspicion of regional lymph nodes, providing the staging of polypoid 
lesions [14, 15].

Conventional ultrasound is sufficient to investigate GBP compared to other 
modalities, however, it has been proven in some studies that endoscopic ultrasound 
is more specific and exact, especially in the differentiation between true and 
pseudopolyps [11].

Guo [8] confirmed the accuracy of ultrasound for polyps diagnosis which 
was 78.8% in their work, and its accuracy for differentiation between benign and 
malignant polyps, which was confirmed in the Cochrane review [10]. Our results 
are in line with these cohort studies.

On ultrasonography, the polyp echogenicity is used to distinguish between true, 
pseudopolyps, and gallstones [18].

Its main role is to identify prematurely the progression of polyps to malignant 
carcinomas [13]. Polyps size is considered the main indicator of potential malig-
nancy [16].

According to the guidelines, an arbitrary cut-off of 10 mm is confirmed to 
indicate cholecystectomy, which is justified by the increased incidence of gallblad-
der carcinoma in the polyps rising sharply from 10 mm and upwards [11, 16, 18, 19].

Polyps can cause symptoms and the relationship between symptoms and risk of 
malignancy is still controversial according to the literature, so cholecystectomy is 
wisely indicated when GBP are symptomatic [11].

Many factors that influence the therapeutic strategy of GBP were studied, 
including mainly the polyp size on radiological findings [18].

Referring to the literature (recent guidelines by the ESGAR group), the 
main factors that determine malignancy included primarily—the size greater 
than 10 mm, the sessile morphology, the presence of symptoms, the age 
50 years and older, the Indian ethnicity, and the associated primary sclerosing 
cholangitis (Figure 2) [14, 18, 20].

Several retrospective studies showed controversial results about factors influ-
encing malignancy and indicating cholecystectomy, which are—concomitant 
gallstones, elevated CA 19-9 marker, rapid polyp growth, and the number of 
polyps [14, 18, 20].

Gallbladder polyps are generally diagnosed and monitored by ultrasonogra-
phy which is debated in the literature, discussing its accuracy [16]. Some studies 
confirmed its failure for the diagnosis, seen the absence of polyps at numerous 
histological examinations [16].

Several series have studied the correlation between ultrasound findings and 
histopathology results, concluded significant conjunction for the size determination 
between both modalities [15].

Elmasry [16] showed a significant number of gallbladder polyps that were not 
seen at histological examination postcholecystectomy, with an incidence of 16.4% 
of all histological results. This can be explained that polyps may be destroyed by the 
mechanical action of the gallbladder wall [7].
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Nonresected GBP which are smaller than 10 mm are recommended to be fol-
lowed up regularly with serial ultrasound imagery [15], every 6 months–1 year for 
those under 5 mm, every 3–6 months for those with a dimension of 5–10 mm [1].

Follow-up strategy of GBP is not yet based on any consensus on the size of pol-
yps, neither on its frequency or duration. Recently, the guidelines of ESGAR states 
recommend that polyps of 6–9 mm should be supervised prudently than polyps of 
less than 6 mm [18]. So that the measurement of polyps size is mandatory during 
the follow up of GBP—it was found that 6.9% of polyps increased their size during 
the monitoring period [12].

It has been proven that there was no evidence data published to define the 
increasing size of the polyps during surveillance, which may be an indicator for 
cholecystectomy [2].

5. Conclusion

Preoperative diagnosis of GBP distinguishing malignant from benign lesions is 
challenging. Literature has highlighted the accuracy of ultrasound as the key modal-
ity for GBP detection.

It is used to be the gold standard, seeing it has relatively low-cost, low-risk, and 
widely available techniques. However, many studies discussed its ineffectiveness in 
polyp diagnosis, despite its major role in European guidelines. Leading to the essen-
tial role of other modalities such as magnetic resonance imaging, and endoscopic 

Figure 2. 
Management algorithm for gallbladder polyps [11].
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ultrasound. In the upcoming, studies should investigate more on the utility of these 
newer imaging techniques to enhance a new multimodal strategy to gallbladder 
polyp investigation.
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Chapter 4

Perspective Chapter: Recent 
Advances in Musculo-Skeletal 
Ultrasound
Felix Okechukwu Erondu

Abstract

Medical imaging specialists continue to explore better ways of demonstrating 
pathology and anatomy of the musculo-skeletal system. The continuous quest is 
fuelled by the desire to improve diagnostic yield, perform procedures more quickly 
and accurately, reduce risks to patient or operator, achieve better cost efficiency and 
utilize less complex methodologies. In many instances, musculoskeletal ultrasound 
acts as a screening, diagnostic tool but also guide and monitor therapeutic interven-
tions. The paper outlines the use of ultrasound in the imaging of peripheral nerve 
disorders, traumatic and atraumatic joint disorders, Doppler techniques such as 
super micro vascular Imaging and sono-elastography. Refinements in probe tech-
nology and application of digital and novel proprietary software, have continued 
to improve the resolution of ultrasound images and with finer details on a scale not 
previously possible. With increasing experience and standardization of protocols, 
Musculoskeletal ultrasound will continue to play a great role in the diagnostic work-
up and treatment of related disorders.

Keywords: medical imaging, musculoskeletal, ultrasound, nerve imaging

1. Introduction

Medical imaging specialists continue to explore better ways of demonstrating 
pathology and anatomy of the musculo-skeletal system. The continuous quest is 
fuelled by the desire to improve diagnostic yield, perform procedures more quickly 
and accurately, reduce risks to patient or operator, achieve better cost efficiency and 
utilize less complex methodologies. The use of ultrasound in diagnosis of muscu-
loskeletal disorders follows the same pattern; becoming an important and effective 
tool for the diagnosis and follow-up management of various disorders affecting the 
joints and soft tissues [1, 2].

Ultrasound meets the basic criteria for accuracy, safety, affordability and 
efficiency. The ability to perform studies in real time and thus possible correlation 
of physico-clinical features of disease entities are even more pertinent reasons to 
choose ultrasound. Furthermore, it holds a great potential in providing guide to 
therapy, allowing effective follow-up to be performed. It has also provided learning 
opportunities for a variety of practitioners in multiple specialties such as radiology, 
primary care, orthopedic surgery, podiatry and physiotherapy [3].

For physical therapists in particular, ultrasound provides a unique opportunity 
to have a real-time assessment of musculoskeletal system to identify changes in 
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function, isolate pain following an injury and provide guide to useful interven-
tions that can improve outcome [3]. In many climes, it can be argued that MRI is 
the mainstay modality in the evaluation of musculo-skeletal disorders. Its high 
cost, unavailability especially in developing and resource limited countries and the 
degree of sophistication required for its operation, remain reasons to explore ultra-
sound. Even when an MRI is available, diagnostic Ultrasound findings continue to 
play a complementary role in the diagnostic work-up.

Thankfully, the capabilities of ultrasound appear to have been enhanced by the 
presence of improved probe technology, better data acquisition and digital image 
processing techniques. Ultrasound has great potential for the imaging of tendons, 
nerves, ligaments, muscle tissue and adjoining joints [3–5].

The chapter is dedicated to reviewing various innovations and techniques of 
Musculo-skeletal ultrasound and promises to be useful to a wide range of readers.

2. The use of high resolution ultra-high frequency transducers

The improved diagnostic yield from ultrasound studies continues to fuel its 
utilization in the work up of various disease processes. In Particular, high resolu-
tion ultrasound is a requirement for musculo-skeletal imaging. To ensure that these 
requirements are in place, continuous research and development efforts are geared 
towards rapid advancements in electronics, computing, and transducer technol-
ogy. Combined with sophisticated signal processing techniques, ultrasound has 
acquired the degree of spatial and contrast resolution required for musculo-skeletal 
imaging. The use of high-frequency transducers in the range of 12–18 MHz has 
become the mainstay in MSK ultrasound. The improved resolution afforded by 
this, allows evaluation of subtle changes in nerves, tendons, and ligaments [1, 4, 6]. 
Improvements in the design of ultrasound transducers has resulted in the develop-
ment of those with very high frequency in the range of 20–70 MHz. This may have 
spatial resolution in the range of 50–100 μm, which permit detailed anatomy of the 
extremities. The higher the frequency, the better the spatial resolution and the less 
the penetrative ability of the resulting sound waves. Fortunately, deep penetration 
is not a critical requirement for superficial structures, thus ultra-high-frequency 
transducers are ideal for evaluating superficial musculoskeletal structures. In 
principle, what we lack in penetration, we gain in detail and spatial resolution. This 
sort of detail is invaluable when imaging the nerve fascicles by ultrasound [6–8].

3. Tendon/ligament imaging

Tendons are uniquely positioned to connect muscle tissue to bones. This is 
due to the high collagen content as well as the arrangement of fibers. Generally, 
the collagen macro-molecules are grouped into fibrils; an arrangement which 
is both layered and complex in nature. This in turn are bundled into fibers and 
fascicles surrounded by vascularized connective tissue endotendon. Each tendon 
is surrounded by a tendon sheath, made of two layers of synovium. Each tendon 
is uniquely suited to its function, and explains why the orientation of the fibers 
change, depending on how much tension it’s expected to bear. Sometimes, the 
collagen is majorly aligned along the long axis of the tendon, as seen in the patella. 
In other tendons, particularly those with origins from more than one muscle such 
as the Achilles tendon and quadriceps tendon, the fibers run as discrete bundles. 
Although, healthy tendon bundles exhibit good tensile strength, repetitive stress 
may result in trauma to the tendon and tendinopathy. This is common in athletes, 
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where acute inflammatory response may result in Paratenonitis or tenosynovitis. 
In contrast, ligaments are important in connecting two bones, and contain more 
proteoglycan and water, as well as a relatively lower collagen content. Furthermore, 
the connective tissue structure of ligaments are less uniform and consists of poorly 
ordered, interlaced and weaving pattern. Injuries to a ligament may cause further 
restriction of joint movement and therefore is associated with joint derangement. In 
imaging the ligament, it must be appreciated that the tension of each ligament may 
be determined by the extent of movement at the adjacent joint. The lesions which 
result from ligamental injury therefore depends on the position of the joint at the 
time of injury. The imaging of tendons and ligaments represents one of the best 
applications of musculoskeletal Ultrasound. It is not only accurate, but the timely 
diagnosis allows early intervention using conservative measures thereby delaying or 
reducing the likelihood of surgery) [9].

It is also possible to guide minimally invasive interventional treatments, which 
improves outcome and reduce the potential for post-intervention complications. 
In addition to all other advantages of ultrasound, the imaging of tendons is attrac-
tive due to a relatively high lesion detection rate [10]. The introduction of high-
frequency, high resolution transducers, use of Doppler techniques and increasing 
information in this area, have improved the ability of ultrasound to detect fine 
textural abnormalities of these structures as well as to identify a variety of patho-
logical conditions [11]. Ultrasound In tendon imaging, can evaluate the presence 
of dislocations, degenerative changes and tendon tears, longitudinal splits, partial 
and complete rupture, inflammatory conditions and tendon tumors. It is also 
invaluable as a tool to monitor healing after surgery and to identify post-surgical 
complications.

4. Nerve imaging

Imaging of the nervous and peripheral structures remain a challenge with 
conventional modalities such as X-rays and Computed tomography. Ultrasound 
provides an alternative and effective technique for imaging tendons and nerves. 
Its attraction is due to the fact that it is painless, has no known side effects and 
can actually be done in real-time examination. Non pathologic nerves are seen as 
continuous bundles of neuronal fascicle, which are separated from surrounding 
connective tissue [11, 12]. Ultrasound of the Neuro muscular tissues continue to 
define the diagnostic and treatment pathways for peripheral neuropathy [12]. The 
use of Standard transducers, will ensure imaging of a small proportion of nerve fas-
cicles. This is seen as series of multiple hypoechoic parallel linear areas separated by 
echogenic bands, representing the fascicle and epineurium respectively. The latter 
is the outermost layer of dense irregular connective tissue surrounding a peripheral 
nerve. It usually surrounds multiple nerve fascicles as well as blood vessels which 
supply the nerve. When diseased, there are identifiable changes in the structure of 
the nerve tissues including disruption of the connective tissue, loss of parallel/linear 
hypoechoic fascicular architecture and swelling/increase in diameter. Compression 
of the nerve fascicles may occur with presence of cysts, tumors or aneurysmal 
dilatation of support vessels [11, 12].

A very common application of this technique is the evaluation of the relation-
ships of median nerve anatomy in carpal tunnel syndrome, which may explain the 
cause of nerve compression or impingement. Sonographic changes include increase 
in the cross-sectional area of the nerve just proximal to the site of compression, 
loss of hyperechoic intensities within nerve as well as a reduction in mobility of the 
structures which it supplies [13, 14]. Ultrasound information supports clinical and 
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electrophysiological testing for detection of compressing lesions caused by nerve 
entrapment in a variety of osteo-fibrous tunnels of the limbs and extremities. It is 
also possible to evaluate Congenital anomalies, nerve tears, and neurogenic tumors. 
Generally speaking, ultrasound has many advantages which include dynamic 
assessment, non-invasiveness, absence of pain and low cost of service. It there-
fore qualifies as both a screening, diagnostic as well as monitoring tool [12]. MRI 
provides a wider field of view, with 3- dimensional images when evaluating nerve 
entrapment, and the use of intravenous contrast, can diagnose persistent median 
artery. It is however more expensive, complex and time consuming. It may also have 
less diagnostic yield in children and patients with claustrophobia [12–14].

5. Sono-Elastography

Sono elastography has become increasingly useful in the evaluation of muscu-
loskeletal disorder injuries and provides a non-invasive method of obtaining both 
qualitative and quantitative information of mechanical and structural properties 
of tissues [15]. When a tissue is subjected to a force within a defined cross-sectional 
area, it can experience changes in its structure or deformation. The degree of defor-
mation is a function of how stiff the tissue is. The Tissue stiffness is expressed using 
a physical property called Young’s modulus, or modulus of elasticity. Theoretically, 
Young’s modulus is defined as the ratio of stress (the force per cross-sectional area) 
for a certain material and the strain (i.e. deformation; in this case, tissue deforma-
tion). The study of the elastic properties of tissues using ultrasound is called Sono-
elastography. It gives both qualitative and quantitative distribution of biological 
tissue strains and elasticity, and finds application in various clinical settings. There 
are two major applications Strain or Quasi-static elastography (QSE): This involves 
physical compression and displacement of tissues by the sonographer, which in turn 
induces a slow mechanical stress (strain) on tissues [15].

Both quantitative and qualitative assessment and comparison of the resulting 
stress is performed for tissues at rest and under compression. In order words the 
degree of stiffness, which is indicated by the range of tissue displacement is esti-
mated. The degree of stiffness is represented quantitatively by a value and qualita-
tively in a color scale/mosaic that identifies the “softest” and “hardest” tissue areas. 
Strain sono-elastography provides a color map of tissue elasticity that is superim-
posed on the real-time greyscale ultrasound image. The stiffer the tissue, the more 
likelihood of being malignant. Consequently, in the breast, invasive cancers present 
as areas of higher stiffness compared to benign or normal tissues. A number of 
scoring systems have been developed to compare the presence, size and distribution 
of areas of elasticity within the supposed abnormality seen on a gray-scale image. 
This method appear to be more effective for superficially located structures such 
as breast and soft tissue masses. Shear wave elastography: This is a new method 
which combines the radiation force induced in a tissue by an ultrasonic beam and 
an ultrafast or supersonic imaging sequence which synchronizes the real- time 
propagation of the resulting shear waves. Typically, Shear waves cause particulate 
moves recorded with high-frequency imaging (5000 to 30,000 Hz), from which the 
system calculates color shades or elastograms in real-time (quantitative analysis).

This shear wave velocity enables the production of a two-dimensional map of 
shear elasticity. The technique is performed using a conventional linear array or 
special matrix probes. The effectiveness of shear wave elastography stems from the 
fact that the radiation force is automatically generated by the probe rather than the 
strain induced by an operator in conventional sono-elastography. Consequently, 
shear wave elastography is more reproducible than conventional or quasi-static 
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elastography. Once an area has been mapped out by the cursor as region of interest 
(ROI), the values representing the mean and maximum stiffness are produced. The 
region corresponding to areas of stiffness can thus be mapped in a fairly reproduc-
ible, and quantitative manner. Benign lesions tend to be soft, while malignant 
lesions are generally stiffer. Applications include assessment of the degree of 
hepatic fibrosis and characterization of liver lesions, kidney, breast masses, prostate 
cancer detection, thyroid lesions and imaging of tendons.

6. Doppler studies

The application of Doppler principles in ultrasound imaging has a long history. Its 
use in the demonstration of blood vessels and patterns of flow have been copiously 
reported. Consequently, Doppler studies finds extensive clinical use in assessment 
of pregnancies, gynecology, cardio-vascular system, neonatalogy, surgery and small 
parts. The question of whether flow exists or not in a lesion is an important tool in 
resolving Dilemmas and recognizing or characterizing disease processes. It must be 
recognized that the increased use of ultrasound in musculo-skeletal imaging relate 
to the capability and ease of using real-time Doppler US [15]. The amount of flow in 
the tissue under investigation can be compared with the normal to make diagnosis 
easy. Doppler is particularly useful when evaluating tumor masses, inflammatory 
changes related to the joints, tendinopathies and some forms of neuropathies. It is also 
important when differentiating a ganglionic lesion from sarcoma, and in synovitis 
[15, 16]. The need to differentiate between acute synovitis (pannus) and chronic 
fibrotic synovium, is made possible by the demonstration of increased blood flow in 
the former. In fact, the presence of increased blood flow which is present in proliferat-
ing pannus fairly correlates with active joint destruction and symptom development. 
Consequently, ultrasound can make valuable judgment about the prognosis of active 
sinovitis and pathological sequel of aggressive and destructive changes in the joint. 
The deployment of Superb Microvascular Imaging in current studies has improved 
the resolution and sensitivity compared to conventional methods such as Power 
Doppler. It is known that superb microvascular Doppler technology allows the opera-
tor to detect low-grade inflammation, which was hitherto impossible with Power 
Doppler. The consequence of early detection of active inflammation, is the prospect 
of early intervention and impact on treatment outcomes [17].

7. Ultrafast Doppler ultrasound

There is an increasing interest in studying the function of human brain using 
neuro-imaging techniques [18]. In particular, ultrasonic waves which are transmit-
ted at extremely high or ultrafast frame rates, have shown promise in detecting 
blood flow signals in very small vessels such as those that perfuse the brain [18]. 
This has been experimented in rodents with advantages of high spatial and tempo-
ral resolution, improved penetration and ability to detect microvascular changes 
associated with brain functions [18].

The advantages are further enhanced due to its portability and possibility of 
bedside use. Over the past one decade, bold attempts at applying the technique 
in preclinical imaging, creates room for wider possibilities in neonates, during 
operative surgery, or better still, the development of non-invasive brain machine 
interfaces [19]. The clinical application of this technique opens a new vista in the 
understanding of brain hemodynamics, changes following brain insult, and options 
for preserving neurological function [18, 19].
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8. Conclusion

Refinements in technology continue to expand the capabilities and application 
of medical ultrasound in many clinical frontiers. One of the areas that has received 
significant acceptance is in its application to musculoskeletal and Neuro vascular 
disorders. This has further brought together a variety of clinical specialties such 
as orthopedics, vascular surgery, podiatry and physical therapy and rehabilitation 
medicine. The improvement in probe technology has allowed the development of 
ultra-fast high frequencies, with amazing results in spatial resolution, finer details, 
increased sensitivity and accessibility to obscure locations. The challenges of opera-
tor dependence and lack of standardized protocols have gradually been addressed 
due to increasing experience and applications by imaging experts [20].

Deployment of Doppler techniques such as Super micro vascular imaging, elas-
tography, ultrafast Doppler and skilled maneuvers allow distinctive visualization of 
tissues such as joint capsular ligaments, tendons retinacula, fasciae and nerves all 
of which involve tiny mesenchymal structures whose diameters are in fractions of 
millimeters [11]. One more critical area of application is in the diagnostic evaluation 
of obscure masses [21]. These are essentially lesions in locations where conventional 
imaging modalities are less effective due to poor access. Such lesions include the 
perineum, vulva/labial regions, skin surfaces, abdominal walls and scalp [21]. The 
result is better diagnosis, improvement in patient navigation, quicker and easier 
treatment, less hospital stay, lower cost of health care and better prognosis. It is 
obvious that the future continues to hold better prospect for the ultrasound imaging 
of musculoskeletal systems.

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

Musculoskeletal ultrasound had gained more and more importance lately  
and there is no doubt now about its role in the diagnosis and management of rheu-
matic diseases such as rheumatoid arthritis, spondyloarthritis, osteoarthritis and 
crystal related arthropathies. We can say that now, US is a widely available, non-
invasive, and cost-effective technique suitable for the evaluation of the articular and 
periarticular structures, such as joints, tendons, muscles, ligaments, and bursa. The 
real-time capabilities of the US allow continuous observation of those structures 
during movement and of the needle placement during musculoskeletal interventions. 
More than this, recently, ultrasonography (US) has gained its rights in the evaluation 
of Sjogren syndrome and giant cell arteritis. Thus, US can detect changes secondary 
to both inflammatory joint diseases, like synovitis, tenosynovitis or enthesitis, and to 
degenerative disease, like osteophytes or tendinosis. US can identify calcium pyro-
phosphate and urate deposits at the level of the cartilage and tendons and to recognize 
the changes at the level of the salivary glands in the context of the Sjogren’s syndrome 
and the ones at the level of the temporal artery, secondary to giant cell arteritis.

Keywords: rheumatology ultrasound, musculoskeletal, synovitis, enthesitis, nerve

1. Introduction

Ultrasonography (US) has become an integral part of the clinical rheumatology 
practice. It provides relevant information in many aspects of patient management, 
both diagnostic and therapeutic. It is a safe, non-invasive and readily accessible 
imaging modality, with a lack of contraindications. In this respect, US carries sig-
nificant advantages over other imaging tests, such as CT or MRI. Musculoskeletal 
ultrasound provides the physician with a real-time evaluation, allows for a dynamic 
view of target areas and simultaneous scanning of multiple anatomical structures. 
It is fairly easy to apply imaging techniques, although it requires a prolonged period 
of training to achieve expert-level assessments. Musculoskeletal ultrasound (MSUS) 
allows for a fast examination of small and large joints and can guide further diagnostic 
tests. One of the most important benefits of MSUS is early diagnosis of articular and 
periarticular inflammation; this is especially the case in rheumatoid arthritis and 
psoriatic arthritis where diagnostic delay from symptom onset can lead to significant 
structural progression and poor outcomes. US evaluation is included in the EULAR 
(European League Against Rheumatism) recommendations for use of imaging in 
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disease management for both RA and Spondyloarthritis (SpA) [1, 2]. Also, standard-
ization of US procedure is provided through the EULAR standardized procedures for 
US imaging [3] and OMERACT (Outcome Measures in Rheumatoid Arthritis Clinical 
Trials) definitions of US pathology [4]. Apart from inflammatory and degenerative 
joint disease, US can also aid the rheumatologist in the diagnosis and management 
of connective tissue diseases such as systemic scleroderma, Sjögren’s syndrome or 
vasculitis [5–7].

2. Principles of ultrasound examination in rheumatology

Ultrasonography enables detailed examination of anatomical structures, 
periarticular soft tissue and also blood flow using Doppler modalities. The 2017 
EULAR standardized procedures for US [3] recommend the use of high-resolution 
linear transducers with a working frequency between 6 and 14 MHz for deeper 
structures and a frequency of ≥15 MHz for superficial areas. Probe compression 
can be used to distinguish compressible from non-compressible tissue, but should 
be avoided when examining blood flow. Images acquired in the long axis should be 
oriented with the proximal aspect to the left of the screen, while in the short axis, 
the structures of interest will be aligned just as the examiner is looking at the patient.

US evaluation can assess bone surface, cartilage, tendons, ligaments, synovial 
proliferation and bursal effusions. Additionally, soft tissue US will include exami-
nation of blood vessels, skin, adipose tissue, peripheral nerves for entrapment or 
tumors (Figure 1) and muscles that can be scanned for inflammation, lesions or 
fluid collections [8].

Figure 1. 
Ultrasound GS images of a median nerve neuroma (a – Longitudinal, b - transverse) and a peroneal 
schwannoma (c - longitudinal). Arrowhead – Median nerve, arrow – Neuroma, asterisk – Peroneal nerve, 
S – Schwannoma.
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The study of blood flow is important in detecting inflammatory activity and this 
can be performed using color Doppler or power Doppler modalities [9]. Because in 
the musculoskeletal US, the blood flow is very slow in the small new vessels formed 
by inflammatory angiogenesis, the pulse repetition frequency used is low, under 
1KHz. Nevertheless, some small vessel blood flow is difficult to detect because the 
signal intensity can be lower than movement artifacts and will be filtered out [10].

Ultrasonography is examiner-dependent, thus a good clinical experience, 
knowledge of anatomy, good image acquisition and reading of the ultrasound 
images, together with pitfalls recognition are needed requirements for a quality 
examination. The OMERACT task-force group has developed standardized defini-
tions to promote uniformity between US examiners’ reports (see Table 1).

Additional information during US imaging can be obtained through sono-
elastography and contrast-enhanced ultrasonography (CEUS) [11–15]. These 
two US techniques have been studied and proven their usefulness in certain 
rheumatic diseases, but nevertheless, they are not so widely used as conventional 
gray scale (GS) and Doppler modalities. Sonoelastography is used for measuring 
and quantifying tissue stiffness. This can be applied in various situations such 
as tendon lesions, myositis, and analysis of soft tissue formations such as gout 
tophi or rheumatoid nodules [16, 17]. Also, promising results are seen in studies 
of systemic scleroderma, where skin involvement is correlated with loss of dermal 
elasticity [5]. CEUS can assess joint inflammation and provides a view of the exact 
vascular patterns, which can also be visible in inflamed sacroiliac joints [10, 18]. 
Some studies report the superiority of CEUS compared to power Doppler US in 
detecting synovial hypervascularity [14, 15]. Compared to the known risks of 
using contrast agents in MRI and CT, contrast agents used in CEUS have no proof 
of significant side-effects.

Further use of ultrasonography in rheumatology practice resides in the ability to 
guide local procedures. These include synovial fluid aspiration, therapeutic injec-
tion, nerve blocks or soft tissue biopsy [19]. US guided infiltrations have proven 
to significantly increase the accuracy of medication placement when compared to 
infiltration guided by anatomical landmarks [20]. This is also the case in aspiration 
of small fluid effusions or fluid cavities which have multiple septa. Besides the accu-
racy of therapy injection, US-guided procedures have a reduced risk of damaging 
nearby nerves, tendons or blood vessels.

Bone Erosion A step-down intraarticular discontinuity of the bone surface is visible in 2 
perpendicular planes.

Synovial Fluid Abnormal displaceable and compressible, hypoechoic or anechoic (in comparison to 
subdermal fat) intraarticular material, that does not exhibit Doppler signal. To note 
that sometimes it may be isoechoic or hyperechoic

Synovial 
Hypertrophy

Abnormal non-displaceable, but poorly compressible, hypoechoic intraarticular 
tissue (relative to subdermal fat), that may sometimes be isoechoic or hyperechoic. 
The Doppler signal might be present.

Tenosynovitis The thickened tendon sheath, with hypoechoic or anechoic material inside, which 
is seen in 2 perpendicular planes, and which may exhibit Doppler signal. Also, fluid 
might be present.

Enthesopathy Thickened tendon or ligament at its bony attachment, with loss of normal fibrillar 
architecture, looking abnormally hypoechoic (may contain calcifications, seen 
as hyperechoic foci and/or bony changes including enthesophytes, erosions, or 
irregularity), identified in 2 perpendicular planes. It may exhibit a Doppler signal.

Table 1. 
OMERACT definitions of ultrasound lesions [4].
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Despite being highly sensitive to inflammatory features, sometimes US can-
not discriminate between underlying diseases, especially when suspecting septic 
arthritis. Here, arthrocentesis can aid the diagnosis through fluid analysis in Gram 
stain, culture, as well as polarized microscopy.

3. Pathology

3.1 Rheumatoid arthritis

Musculoskeletal ultrasound is frequently used in clinical practice when 
approaching a patient with joint pain or during the management of a patient with 
an established diagnosis of RA. US examination can provide valuable informa-
tion and is often essential for differential diagnosis. Gutierez et al. established in 
a study on 204 patients with undifferentiated arthritis that US can help fulfill the 
ACR 2010 criteria and led to a modified diagnosis in 42.1% of cases [21]. This is 
very insightful because it points out to a significant proportion of patients, mainly 
seronegative cases with limited joint involvement that could be underdiagnosed 
within the first months from symptom onset. The 2013 EULAR recommendations 
for imaging in RA have taken this into account and highlighted the importance of 
early detection of inflammation and structural damage in patients with arthritis in 
at least one joint [1]. 9 out of 10 recommendations included the use of ultrasound. 
This stands for the potential benefit of US in the whole disease spectrum: detection 
of subclinical inflammation, prediction of progression, differential diagnosis and 
disease monitoring [22, 23].

The US features seen in RA include: synovial proliferation, joint effusion, cortical 
bone erosions (Figure 2c and d) and tenosynovitis. Among these, the presence 
of erosions and synovial proliferation are considered more specific (Figure 2). 
Moreover, synovial thickening with an increased power Doppler signal can dif-
ferentiate between active and inactive inflammation [24]. The presence of active 
inflammation on US and bone marrow edema on MRI can predict risk for radiologi-
cal progression even in asymptomatic joints. The potential for predicting erosive 
damage has also been proven for features of tenosynovitis [25].

There is significant evidence related to residual inflammation in clinical remis-
sion which in this case could be considered an unstable remission [26]. This can pre-
dict a disease flare or structural damage in asymptomatic cases within one year [27].

A more accurate evaluation of inflammatory features detected in RA patients 
will include a semi-quantified scoring system. This has proven to be correlated with 
disease activity and can aid the clinician in follow-up visits. The OMERACT study 
group provided grading systems for synovitis in both gray scale and Doppler mode 
[4] (see Table 2). In 2017, the EULAR-OMERACT study group integrated them into 
a combined scoring system for synovitis (see Table 3) [28].

For practical reasons, a physician should limit the number of joints included in 
one ultrasound examination. The exact number of joints that should be assessed 
will certainly depend on clinical presentation, but some studies have provided 
guidance for a more efficient imaging session. Naredo and colleagues proposed the 
examination of 12 joints using power Doppler which can provide an overall assess-
ment of joint inflammation. The sites included bilateral wrists, second and third 
MCPs, and second and third PIPs of hands and knee joints [30]. In 2009, Backhaus 
and colleagues proposed a more limited number of joints which formed the German 
US7 score. This score included the wrists, II and III MCPs and PIPs, II and V MTPs 
joints of the clinically dominant hand and foot [31].
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Musculoskeletal ultrasound has proved a strong correlation with other disease 
activity markers such as the DAS28 score, ESR or CRP levels [32]. Nevertheless, 
detection of US inflammation is still possible in the context of DAS28 remission and 
this could influence treatment decisions [12]. US features are sensible to RA-specific 

GS Grade 0: Normal joint (no synovial hypertrophy, no joint effusion)

Grade 1: Minimal synovitis (minimal synovial hypertrophy, with or without minimal joint 
effusion)

Grade 2: Moderate synovitis (moderate synovial hypertrophy, with or without minimal or 
moderate joint effusion)

Grade 3: Severe synovitis (severe synovial hypertrophy, with or without severe joint effusion)

Power- 
Doppler

Grade 0: No vessels in the synovial membrane

Grade 1: Up to 3 single color spots or 1 confluent spot plus other up to 2 single spots

Grade 2: Doppler signal in <50% of the synovium

Grade 3: Doppler signal in >50% of the synovium

Table 2. 
OMERACT scoring system for synovitis [4].

Figure 2. 
Synovitis in GS (left images) and with power Doppler (right images) at the level of the wrist (a) and 
metacarpophalangeal joints (c-f). e – Erosions, ext. – Extensor tendons, mcp - metacarpal bone, p – Phalanx, 
asterisk – Synovitis.
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therapies and this has also been proven for local intraarticular steroid injections 
[24]. Thus, ultrasound is a helpful tool for monitoring treatment response.

3.2 Spondyloarthritis

Imaging tests commonly used in patients with axial spondyloarthritis are based 
mainly on the detection of sacroiliitis through conventional radiology or MRI. The 
use of ultrasound in SpA patients becomes relevant in peripheral involvement and 
especially in patients with psoriatic arthritis (PsA). US features seen in SpA patients 
include: arthritis, tenosynovitis, enthesitis and dactylitis. As in RA, Doppler mode 
is useful to confirm active inflammation in the articular and periarticular struc-
tures. Compared to RA, tenosynovitis (Figure 3) is more prevalent, while enthesitis 
and dactylitis are considered specific features of SpA.

The presence of the lesions on US can help differentiate PsA from early RA. 
Moreover, psoriatic arthritis patients have proven some other discriminative 

Figure 3. 
Ultrasonography of the tibialis posterior (Tp) tenosynovitis (a-c, asterisk) and at the level of extensor carpi 
radialis brevis (ECRB) and extensor pollicis longus (EPL). mm – Medial malleolus.

Grade 0: Normal joint No synovial hypertrophy (SH) in GS and no PD signal (within the synovium)

Grade 1: Minimal 
synovitis

Grade 1 SH in GS and ≤ Grade 1 PD signal

Grade 2: Moderate 
synovitis

Grade 2 GS synovial hypertrophy and ≤ Grade 2 PD signal or Grade 1 SH in GS 
and a Grade 2 PD signal

Grade 3: Severe 
synovitis

GS grade 3 SH and ≤ Grade 3 PD signal or Grade 1 or 2 synovial hypertrophy in 
GS and a Grade 3 PD signal

SH – synovial hypertrophy; PD – power Doppler.
In addition, erosive changes have also been integrated into a 0–3 scale for each individual erosion, based on the 
maximum length. The scoring ultrasound structural erosion (ScUSSe) system is used as follows: 0 = no erosion, 
1 = <2 mm, 2 = 2–3 mm, 3 = >3 mm [29].

Table 3. 
EULAR-OMERACT combined scoring system for synovitis [28].
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features such as peritendon extensor digitorum tendon inflammation (Figure 4) 
and central slip enthesitis at the PIP joints [33].

The 2015 EULAR recommendations for the use of imaging in the diagnosis and 
management of SpA [2] have included ultrasound in three recommendations for 
peripheral SpA regarding diagnosis, monitoring activity and monitoring structural 
changes, as follows:

• Recommendation 2 for peripheral SpA

Peripheral arthritis, tenosynovitis and bursitis may be detected by US or 
MRI. Furthermore, those imaging techniques may be used to detect peripheral 
enthesitis, which might support the diagnosis of SpA.

• Recommendation 5 for peripheral SpA

US with high-frequency color or power Doppler and MRI may be used to 
monitor disease activity in peripheral SpA, the decision on when to repeat 
US/MRI depending on the clinical circumstances.

• Recommendation 6 for peripheral SpA

When the clinical scenario requires monitoring of structural damage in 
peripheral SpA, MRI and/or US might provide additional information, 
besides conventional radiography.

The OMERACT Ultrasound Task Force published in 2013 a consensus regarding 
ultrasound score for tenosynovitis (see Table 4). A four grade-semiquantitative 
scoring system is proposed for both gray-scale (grade 0, normal; grade 1, minimal; 

Figure 4. 
Ultrasonography of the metacarpophalangeal joints in GS mode (left) and power Doppler (right), with 
periextensor tendon inflammation (PTI pattern - asterisk). mcp – Metacarpal bone, p – Phalanx, ext. – 
Extensor tendon.

grade 0 no Doppler signal

grade 1 focal Doppler signal within the widened synovial sheath, identified in two perpendicular planes, 
excluding normal feeding vessels

grade 2 multifocal Doppler signal within the widened synovial sheath, seen in two perpendicular planes, 
excluding normal feeding vessels

grade 3 diffuse Doppler signal inside the widened synovial sheath, seen in two perpendicular planes, 
excluding normal feeding vessels

Table 4. 
OMERACT ultrasound task force scoring system for tenosynovitis using Doppler mode [30].
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grade 2, moderate; grade 3, severe) and Doppler mode (grade 0, no Doppler signal; 
grade 1, minimal; grade 2, moderate; grade 3, severe) [30].

Enthesitis is broadly defined as inflammation of the fibrocartilaginous tissue 
located at the insertion points of tendons (Figure 5), ligaments and the joint capsule 
on bone surface. US features related to enthesitis that have met the 2018 OMERACT 
consensus [34] include: hypoechogenicity, increased thickness of enthesis, erosions 
and calcifications/enthesophytes and Doppler signal at insertion. Increased tendon 
thickness, hypoechogenicity and shadowing of the fibrillar pattern are seen in earlier 
phases of enthesitis, while cortical bone changes, in the form of erosions and enthe-
sophytes, are related to later stages [35]. Moreover, lesions should be restricted to 
<2 mm from cortical bone [34]. Nevertheless, distinguishing physiologic entheseal 
changes in active adults from disease-related lesions may be difficult. Also, lower 
extremity entheses are prone to mechanical loading, especially in obese patients [36].

When examining enthesis sites for inflammation, a selective approach is 
required. This will take into account the more accessible areas, present symptoms 
and potential confounding factors. Various research groups have proposed different 
sets of enthesis scoring systems. These include the: GUESS - Glasgow Ultrasound 
Enthesitis Score [37], MASEI - Madrid Sonography Enthesitis Index [38], GRAPPA 
US - proposed entheseal sites by the GRAPPA Ultrasound Working Group [39] and 
OMERACT US - proposed entheseal sites by the OMERACT Ultrasound Enthesitis 
Working Group [34].

New research revealed other areas in which we can find structures that can be 
assimilated to enthesis. Thus, we can consider as functional enthesis the areas of 
tendons or ligaments that are wrapped around by pulleys, without being attached 
to them and as articular fibrocartilaginous entheses, the synovial joints lined with 
fibrocartilage [40]. Inflammation of those entheses can be identified by US and can 
explain pain in specific areas.

Dactylitis, one of the more complex inflammatory lesions seen in SpA, is a pandigi-
tal disease that involves joint arthritis, tenosynovitis of the flexors, enthesitis of the 

Figure 5. 
Ultrasonography of the tibialis posterior (a, b – Longitudinal aspect) (Tp) enthesitis (arrow) at the level of the 
navicular tuberosity (N) in GS (left) and power Doppler modes (right) and enthesitis of the patellar tendon 
(c – longitudinal, d – transverse). PT – Patellar tendon, T – tibia.
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superficial flexor of the finger, functional enthesitis, proximal to metacarpophalangeal 
joint (periextensor tendon inflammation) and soft tissue edema (Figure 6) [36, 41].  
Of this spectrum of lesions, tenosynovitis (Figure 5) is considered the primary cause 
for the characteristic dactylitis or sausage-like appearance of the fingers. Flexor 
tenosynovitis and joint synovitis are the most frequent features seen in 90% of cases 
[11]. US lesions related to dactylitis evolve over time. Earlier phases are marked by 
tenosynovitis and lack of joint inflammation, while in later stages, joint synovitis is 
more prevalent in comparison to an absent or minimal tenosynovitis [42].

Dactylitis has a relevant role in the early diagnosis of PsA and has also been used as 
an outcome measure in clinical trials. This has prompted the development of sono-
graphic scores for dactylitis, such as the DACTOS score. It is a composite score which 
includes the following: peritendinous inflammation of the extensors (PTI), evaluated 
in GS and PD at the MCP and PIP joints levels (with the maximum score of 4); soft 
tissue oedema; flexor tenosynovitis evaluated in GS and PD noted in the most severely 
affected area of the digit (with the maximum score of 6 for each); the combined score 
for synovitis (evaluated according to EULAR-OMERACT definitions) at the MCP, PIP, 
and DIP joints (maximum score of 9) [41]. DACTOS score is sensitive to treatment and 
correlates well with Leeds Dactylitis Index basic, as well as VAS for pain and functional 
impairment [43].

3.3 Crystal deposition disease

Gout and chondrocalcinosis are the two main forms of crystal deposition disease 
in which crystals of different compositions accumulate in the intraarticular space and 
periarticular soft tissue. In gout, raised uric acid levels in the serum to lead to deposi-
tion of monosodium urate (MSU) crystals. Chondrocalciosis, also called pseudogout, 
is characterized by the deposition of calcium pyrophosphate dihydrate (CPPD) crys-
tals. Apart from the different chemical compositions, the both disorders have specific 
imaging features on ultrasound [17]. MSU crystals in gout generate a characteristic 
hyperechoic band on the cartilage surface [44], known as the “double contour sign” 
(Figure 7). The dynamic evaluation of the joint reveals the urate hyperechoic band 
moving together with the bone, thus confirming the belonging to the bone cartilage. 
This is observed in the majority of gout patients and is reversible with treatment.

MSU deposits can precipitate in the synovial membrane, in the joint cavity 
within synovial effusion (Figure 8a–c), in tendons, bursae and soft tissues. Gout 
tophi appear as a heterogeneous mass with intermittent hyperechoic foci and can 

Figure 6. 
Ultrasound image of a volar aspect of the finger, showing changes specific to dactylitis. pp – Proximal phalanx, 
mp – Medial phalanx, flt – Flexor tendon, asterisk – Synovitis, e - soft tissue oedema, arrow - enthesitis of the 
superficial flexor tendon, arrowheads – Flexor tenosynovitis.
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be distinguished from lipoma or rheumatoid nodules which are more hypoechoic 
and homogenous. Features of MSU crystal deposition inside tendons and joints 
and even tophi (Figure 8d) can be detected in the setting of asymptomatic 

Figure 7. 
“Double contour sign” (arrow head) in US of the metacarpophalangeal (a, b) and knee joints (c, d), in 
longitudinal (a, b, d) and transverse section (c). mcp – metacarpal bone, p – phalanx, f – femur, pat – patella, 
asterisk – hyalin cartilage.

Figure 8. 
a–c. Ultrasound images of gouty synovial effusion at the level of the posterior knee – Popliteal cyst (a - transverse,  
b - longitudinal) and of the olecranon bursa, with the aspect of the “snowstorm” (anechoic area with 
hyperechoic spots). d. Gouty tophus (arrowhead), with posterior acoustic shadowing (asterisk).
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hyperuricemia. EULAR and ACR recommendations support the use of ultrasound 
in gout and CPPD due to its high sensitivity and specificity [45–47]. The 2015 
EULAR/ACR gout classification criteria recognize ultrasound and dual-energy 
computed tomography as the main imaging modalities used to accurately identify 
urate deposition [46].

The 2011 EULAR recommendations for calcium pyrophosphate deposition disease 
(CPPD) highlight the diagnostic potential of ultrasound with a high diagnosis likeli-
hood ratio and possibly even better sensitivity than those of conventional x-rays [47]. 
The paper of Filippou demonstrated US to be an accurate tool for discriminating CPPD 
[48]. The OMERACT US group for CPPD has defined in 2017, the ultrasonographic 
characteristics of CPPD, in both joints and periarticular tissues [49, 50]. In contrast 
to gouty deposits appearance, at the surface of the cartilage, in CPPD the deposits are 
present inside the hyaline cartilage. The most important joints in which we can find 
CPPD deposits are the wrist (at the level of the triangular fibrocartilage), the knee 
(meniscus and hyaline cartilage) (Figure 9), acromioclavicular and hip joint [50].

3.4 Osteoarthritis

Features of degenerative joint disease are easily recognizable by ultrasound 
examination. Lesions related to osteoarthritis include varying degrees of cartilage 
damage and osteophyte formation. Although, conventional x-ray is also com-
monly used in osteoarthritis diagnosis, it can be fairly limited in earlier phases 
and lacks the capacity to directly visualize the articular hyaline cartilage. One of 

Figure 9. 
Ultrasound images of calcium pyrophosphate deposits (arrowheads) in CPPD, inside the knee hyaline cartilage 
(a, c) and in the triangular fibrocartilage complex (b). F – Femur, TFCC - triangular fibrocartilage complex, 
asterisk – Hyaline cartilage.
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the hallmarks of osteoarthritis US features is the diminished cartilage thickness. 
Normally, the hyaline cartilage appears as a well-defined anechoic band, due to 
increased water content, which lacks internal echoes [17]. US has proven to have 
higher sensitivity compared to conventional x-ray in the assessment of osteophytes 
and space narrowing. Early features of OA visible through US include: loss of the 
sharp contour, asymmetric thinning and changes in echogenicity of the cartilage 
matrix. Additionally, some forms of OA can display erosive and inflammatory 
changes [51]. Osteophytes are defined as step-up bony prominence seen in two 
perpendicular planes (Figure 10).

The presence of cortical bone irregularities and bony erosions can lead to dif-
ficulties in distinguishing osteophyte formations. Upon detection of osteophytes 
various scoring systems can be applied. This can be a simple semi-quantitative 
grading scale, as follows: 0 = No osteophyte, 1 = Marginal osteophyte, 2 = Medium 
osteophyte, 3 = Large osteophyte. Mortada and colleagues proposed a more detailed 
scoring system for the severity of knee osteoarthritis (see Table 5) [52].

The musculoskeletal US can also be applied for therapeutic purposes in degen-
erative diseases. Patients with OA can benefit from intra-articular infiltration 
with hyaluronic acid or glucocorticoid and this can be more accurately performed 
through ultrasound-guided injections. Besides the immediate release of synovial 
fluid visible during joint aspiration, inflammatory features have also proven to 
decrease posttreatment. Hence, ultrasound has become a useful tool in both local 
treatment and monitoring disease activity.

Figure 10. 
Ultrasound images of step-up bony prominences, at the level of the interphalangeal (a) and femurotibial  
(b) joints, suggestive for osteophytes. pp – proximal phalanx, dp – distal phalanx, F – femur, T – tibia,  
m – meniscus, arrow - osteophyte.

Grade 0 No osteophytes; regular end of femoral condyle without any projections.

Grade 1 Minor osteophyte; just a small projection from the femoral condyle.

Grade 2 2A Small osteophytes; a projection from the femoral condyle that appears to have an 
inferior part in the joint space zone.

2B Large osteophyte appears to be separated from femoral condyle and to have an 
inferior part in joint space zone.

Grade 3 Large osteophyte appears to be separated from femoral condyle and to have an inferior 
part in joint space zone with small superior extension parallel to femoral bone.

Grade 4 Mainly superior osteophyte parallel to the femoral bone with or without an inferior 
part in joint space zone.

Table 5. 
Ultrasonographic grading scale for severity of primary knee osteoarthritis by Mortada et al. [52].
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3.5 Scleroderma

One of the most important clinical features of patients with systemic sclerosis 
(SSc) is the skin thickening. The extent of skin features in SSc is divided clinically 
into diffuse and limited involvement and is usually quantified using the Rodnan 
skin score. In addition to this, high-frequency ultrasound can also allow for a 
detailed assessment of skin involvement. The target measurement is the dermal 
thickness. For a correct assessment, the following interfaces need to be identified: 
surface–epidermis, epidermis–dermis and dermis–subcutis [53]. Skin features in 
SSc vary in time and this is detectable also through US. In the edematous phase, 
increased thickness associated with low echogenicity is seen due to water content. 
In time, fibrosis leads to increased echogenicity. Ultrasound measurements cor-
related well with histopathology, Rodnan skin score and EUSTAR disease activity 
index [5, 54]. Hongyan and colleagues defined an optimal cutoff point of 7.4 mm for 
skin thickness, with a sensitivity of 77.4% and specificity of 87.1% [54]. Quantitative 
studies of skin stiffness using sonoelastography yielded promising results. Research 
by Yang and colleagues indicates that Shear Wave Elastography can discriminate 
between SSc patients and controls (Figure 11), has good reliability and correlates 
well with skin thickness and modified Rodnan skin sore [55].

3.6 Sjögren’s syndrome

Primary Sjögren’s syndrome (pSS) is an autoimmune disease of the exocrine 
glands, which manifests mainly as hyposecretion of salivary and lacrimal glands. 
The diagnosis approach is generally focused on the detection of specific autoanti-
bodies, positive ocular tests and findings of characteristic histopathological abnor-
malities. Sialography and scintigraphy are considered invasive and rarely used in 
everyday practice, while limited accessibility and the high cost of MRI also hinders 
its use. Studies on ultrasound have produced promising results for the assessment 
of major salivary glands (Figure 12) of pSS patients and offer a more accessible 
and less time-consuming alternative to other imaging tests. Still, the established 

Figure 11. 
Elastography of the finger volar aspect that shows the increased hardness of the epidermis and dermis, as shown 
by the blue color and the hardness percent.
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diagnostic criteria developed up until now for pSS have not included ultrasonogra-
phy as a recommended diagnostic tool.

The parotid and submandibular glands can be easily examined for certain 
structural abnormalities, such as: parenchymal inhomogeneity, hypo-anechoic 
or hyperechoic areas (Figure 12b and c) (produced by cysts or calcifications), 
surface irregularities and changes in glandular size, intra- or periglandular lymph 
nodes [56].

Additionally, the use of Doppler modes can identify glandular hypervascu-
larization which has been consistently observed in pSS patients. In early phases, 
US is marked by an increase in glandular volume and high vascularity, while in 
later stages reduced volume and hypovascularization are characteristic [57]. 
Parenchymal inhomogeneity is the most recognizable term used in the development 
of numerous grading systems.

Research carried out by De Vita et al. [58], Hocevar et al. [59] and Salaffi et al. 
[60] provided some of the well-known semiquantitative scoring systems. All of 
these US scores proved high sensitivity and specificity for pSS. De Vita et al. devel-
oped a 0-3 scale for parenchymal inhomogeneity, while Hocevar et al. added 0-3 
scales also for the number of hypoechogenic areas, hyperechogenic reflections and 
clearness of salivary gland border. Salaffi et al. proposed an extended 0-4 scale for 
parenchymal inhomogeneity which includes all of the features previously men-
tioned (see Table 6) [60].

Minor salivary gland biopsy remains the gold standard for diagnosis and is 
recommended in most patients with suspected pSS, especially in cases with posi-
tive autoantibodies. Studies evaluated the predictive value of salivary gland US for 
histopathology abnormalities. Miedany et al. [61] found a significant correlation 
between US score and histopathological score (r = 0.82). This supports the use of 
US when biopsy cannot be performed or in order to stratify the at-risk patients 
before ordering a biopsy.

Figure 12. 
a. Normal aspect of a parotid gland. b, c. Parotid gland US in GS (b) and PD (c) modes, with the 
inhomogeneous aspect, with multiple hypoechoic areas, suggestive for glandular inflammation.
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3.7 Large vessel vasculitis

Ultrasound imaging can detect signs of arterial involvement in giant cell arte-
ritis and Takayasu disease. The characteristic US features of large vessel vasculitis 
include the presence of a hypoechoic swollen artery wall which is surrounded by 
oedema, known as the halo sign (Figure 13).

The use of US has been studied more extensively in giant cell arteritis. Detection 
of the typical patchy inflammation seen in temporal arteritis can benefit greatly 
from ultrasound examination. Besides wall thickening, large vessel vasculitis can 
display lack of compressibility, stenosis and vessel occlusion [6]. Importantly, giant 
cell arteritis can spare the temporal arteries in some cases, and thus US examina-
tion should also include other large vessels such as the axillary or carotid arteries. 
The diagnostic value of US has been highlighted by its adoption in the 2018 Update 
of the EULAR recommendations for the management of large vessel vasculitis. 
Ultrasound examination is included in the imaging tests used to confirm the diag-
nosis when large vessel vasculitis is suspected [62].

Grade 0 normal US aspect of the glands

Grade 1 regular contour, small hypoechoic areas, without echogenic bands, normal or increased 
glandular volume (with mean values 20 + 3 mm for the parotids and 13 + 2 mm for the 
submandibular glands) and badly defined posterior border (definite echogenic border with 
respect to the neighboring structures)

Grade 2 regular contour, numerous dispersed hypoechogenic areas of variable size (<2 mm), without 
echogenic bands, normal or increased glandular volume and badly defined posterior border

Grade 3 irregular contour, multiple, moderate in size (2–6 mm), circumscribed or confluent 
hypoechogenic areas and/or multiple cysts, with echogenic bands, regular or decreased 
glandular volume and no visible posterior border

Grade 4 irregular contour, multiple, large (>6 mm), circumscribed or confluent hypoechogenic areas, 
and/or multiple cysts or multiple calcifications, with echogenic bands, resulting in severe change 
of the glandular architecture, decreased glandular volume and posterior glandular border not 
visible

Table 6. 
Ultrasound semiquantitative scoring system for parenchymal inhomogeneity by Salaffi et al. [60].

Figure 13. 
Ultrasonography of the temporal artery showing a swollen hypoechoic wall – Halo sign (asterisk).
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3.8 Muscular disease

Various muscle pathologies can be assessed using ultrasonography. It can detect 
partial and complete muscle ruptures, fluid collections, muscle infarctions or 
development of muscle tumors. Features of posttraumatic lesions vary by severity. 
Milder intensity trauma leads to interstitial hemorrhage which appears as poorly 
defined hyperechoic areas. In more severe trauma, an intramuscular hematoma can 
develop, and echogenicity will vary based on time of lesions, with a visible muscle 
blunt, with a “bell tongue” aspect (Figure 14).

On US examination, normal muscle is slightly hypoechogenic with hyperechoic 
septa and fascia [17]. In transverse plane, muscle tissue will normally have a “starry 
night appearance”, while in long axis fibers run parallel to each other and at an angle 
towards the muscle insertion. Patients with inflammatory myopathies, such as 
polymyositis, dermatomyositis and inclusion body myositis, will display changes in 
muscle echogenicity. In acute phases, muscle edema will cause thickening and only 
slight increase in echogenicity which proves reversible to treatment [63]. In later 

Figure 14. 
Ultrasonography of the pectoralis major muscle with a lesion. Asterisk – Effusion secondary to the hemorrhage, 
arrow – The pectoralis muscle blunt (“bell tongue” aspect).

Figure 15. 
Ultrasonography of the rectus femoris in a patient with polymyositis, that shows increased echogenicity and 
lack of the starry night appearance in GS mode (a), and decreased elasticity as showed by the blue color in 
elastography and the hardness percent (b).
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stages, ultrasound will detect markedly increased echogenicity, muscle atrophy and 
reduced elasticity (Figure 15).

Studies have observed correlations between US and histopathology and also 
significant changes in muscle stiffness when applying elastographic modalities. 
Patients with active myositis display increased stiffness and this will be gradually 
reduced as more severe muscle weakness develops [64].

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



72

Ultrasound Imaging - Current Topics

References

[1] Colebatch AN, Edwards CJ, 
Østergaard M, van der Heijde D, 
Balint PV, D'Agostino MA, et al. EULAR 
recommendations for the use of imaging 
of the joints in the clinical management 
of rheumatoid arthritis. Annals of the 
Rheumatic Diseases. 2013;72(6):804-
814. DOI: 10.1136/annrheumdis-2012- 
203158

[2] Mandl P, Navarro-Compán V, 
Terslev L, Aegerter P, van der Heijde D, 
D’Agostino MA, et al. EULAR 
recommendations for the use of imaging 
in the diagnosis and management of 
spondyloarthritis in clinical practice. 
Annals of the Rheumatic Diseases. 
2015;74(7):1327-1339

[3] Möller I, Janta I, Backhaus M, 
Ohrndorf S, Bong David A, Martinoli C, 
et al. The 2017 EULAR standardised 
procedures for ultrasound imaging in 
rheumatology. Annals of the Rheumatic 
Diseases. 2017;0:1-6

[4] Wakefield RJ, Balint PV, 
Szkudlarek M, Filippucci E, 
Backhaus M, D’agostino M-A, et al. 
Musculoskeletal ultrasound including 
definitions for Ultrasonographic 
pathology. The Journal of 
Rheumatology. 2005;32(12):2485-2487

[5] Chen C, Cheng Y, Zhu X, Cai Y, 
Xue Y, Kong N, et al. Ultrasound 
assessment of skin thickness and 
stiffness: The correlation with histology 
and clinical score in systemic sclerosis. 
Arthritis Research & Therapy. 
2020;22(1):197. DOI: 10.1186/
s13075-020-02285-x

[6] Schmidt WA. Ultrasound in the 
diagnosis and management of giant cell 
arteritis. Rheumatology. 
2018;57(suppl_2):ii22-ii31

[7] Jousse-Joulin S, Milic V, Jonsson MV, 
Plagou A, Theander E, Luciano N, et al. 
Is salivary gland ultrasonography a 

useful tool in Sjögren’s syndrome? A 
systematic review. Rheumatology. 
2016;55(5):789-800

[8] Vreju FA, Ciurea ME, Popa D, Popa F, 
Parvanescu CD, Chisalau BA, et al. 
Ultrasonography in the diagnosis and 
management of non inflammatory 
conditions of the hand and wrist. 
Medical Ultrasonography. 2016;18(1): 
90-95

[9] Vreju F, Ciurea M, Roşu A, 
Muşetescu A, Grecu D, Ciurea P. Power 
Doppler sonography, a non-invasive 
method of assessment of the synovial 
inflammation in patients with early 
rheumatoid arthritis. Romanian Journal 
of Morphology and Embryology. 
2011;52(2):637-643

[10] Zhao C-Y, Jiang Y-X, Li J-C, Xu Z-H, 
Zhang Q, Su N, et al. Role of contrast-
enhanced ultrasound in the evaluation 
of inflammatory arthritis. Chinese 
Medical Journal. 2017;130(14):1722

[11] Bakewell CJ, Olivieri I, Aydin SZ, 
Dejaco C, Ikeda K, Gutierrez M, et al. 
Ultrasound and magnetic resonance 
imaging in the evaluation of psoriatic 
dactylitis: Status and perspectives. The 
Journal of Rheumatology. 2013;40(12): 
1951-1957. DOI: 10.3899/jrheum.130643

[12] Sifuentes-Cantú C, Contreras-Yáñez I, 
Saldarriaga L, Lozada AC, Gutiérrez M, 
Pascual-Ramos V. The added value of 
musculoskeletal ultrasound to clinical 
evaluation in the treatment decision of 
rheumatoid arthritis outpatients: 
Physician experience matters. BMC 
Musculoskeletal Disorders. 2017;18(1): 
1-10

[13] Klauser A, Halpern EJ, Frauscher F, 
Gvozdic D, Duftner C, Springer P, et al. 
Inflammatory low back pain: High 
negative predictive value of contrast-
enhanced color Doppler ultrasound in 
the detection of inflamed sacroiliac 



73

Musculoskeletal and Nerve Ultrasonography
DOI: http://dx.doi.org/10.5772/intechopen.102640

joints. Arthritis and Rheumatism. 
2005;53(3):440-444. DOI: 10.1002/
art.21161

[14] Klauser A, Demharter J, De 
Marchi A, Sureda D, Barile A, 
Masciocchi C, et al. Contrast enhanced 
gray-scale sonography in assessment of 
joint vascularity in rheumatoid arthritis: 
Results from the IACUS study group. 
European Radiology. 2005;15(12): 
2404-2410

[15] Liu H, Huang C, Chen S, Zheng Q, 
Ye Y, Ye Z, et al. Value of contrast-
enhanced ultrasound for detection of 
synovial vascularity in experimental 
rheumatoid arthritis: An exploratory 
study. The Journal of International 
Medical Research. 2019;47(11):5740-
5751. DOI: 10.1177/0300060519874159

[16] Alfuraih AM, O’Connor P, Tan AL, 
Hensor EMA, Ladas A, Emery P, et al. 
Muscle shear wave elastography in 
idiopathic inflammatory myopathies: A 
case-control study with MRI 
correlation. Skeletal Radiology. 
2019;48(8):1209-1219

[17] Kang T, Horton L, Emery P, 
Wakefield RJ. Value of ultrasound in 
rheumatologic diseases. Journal of 
Korean Medical Science. 2013;28: 
497-507

[18] Ren J, Zhu J, Li D, Li W, Liu F. The 
value of contrast-enhanced 
ultrasonography to detect the sacroiliac 
joint for predicting relapse after 
discontinuation of anti-tumor necrosis 
factor therapy in patients with 
ankylosing spondylitis. Quantitative 
Imaging in Medicine and Surgery. 
2019;9(6):1110

[19] Balea AM, Streba L, Vreju AF, 
Schenker M, Săndulescu DL, Bondari S, 
et al. Left gluteal metastasis from a 
hepatocellular carcinoma - an unusual 
finding. Romanian Journal of 
Morphology and Embryology. 
2018;59(2):549-555

[20] Kane D, Grassi W, Sturrock R, 
Balint PV. Musculoskeletal 
ultrasound—A state of the art review in 
rheumatology. Part 2: Clinical 
indications for musculoskeletal 
ultrasound in rheumatology. 
Rheumatology. 2004;43(7):829-838

[21] Gutierrez M, Bertolazzi C, 
Castillo E, Reyes-Long S, 
Clavijo-Cornejo D, Santos-Moreno P. 
Ultrasound as a useful tool in the 
diagnosis of rheumatoid arthritis in 
patients with undifferentiated arthritis. 
Journal of Clinical Rheumatology. 
2019;25(5):203-208

[22] Barbulescu AL, Ciurea PL, Mitran C, 
Chisalau BA, Parvanescu CD, 
Firulescu SC, et al. High frequency 
ultrasonography of the hand versus 
anti-RA33 evaluation in early rheumatoid 
arthritis - a pilot study. Medical 
Ultrasonography. 2017;19(2):166-171

[23] Di Matteo A, Mankia K, 
Azukizawa M, Wakefield RJ. The role of 
musculoskeletal ultrasound in the 
rheumatoid arthritis continuum. 
Current Rheumatology Reports. 
2020;22(8):41. DOI: 10.1007/
s11926-020-00911-w

[24] Iagnocco A, Ceccarelli F, 
Perricone C, Valesini G. The role of 
ultrasound in rheumatology. Seminars 
in Ultrasound, CT and MRI. 
2011;32(2):66-73

[25] Lillegraven S, Bøyesen P, 
Hammer HB, Østergaard M, Uhlig T, 
Sesseng S, et al. Tenosynovitis of the 
extensor carpi ulnaris tendon predicts 
erosive progression in early rheumatoid 
arthritis. Annals of the Rheumatic 
Diseases. 2011;70(11):2049-2050

[26] Vreju FA, Filippucci E, Gutierrez M, 
di Geso L, Ciapetti A, Ciurea ME, et al. 
Subclinical ultrasound synovitis in a 
particular joint is associated with 
ultrasound evidence of bone erosions in 
that same joint in rheumatoid patients 



Ultrasound Imaging - Current Topics

74

in clinical remission. Clinical and 
Experimental Rheumatology. 
2016;34:673-678

[27] Płaza M, Nowakowska-Płaza A, 
Pracoń G, Sudoł-Szopińska I. Role of 
ultrasonography in the diagnosis of 
rheumatic diseases in light of ACR/
EULAR guidelines. Journal of 
Ultrasonography. 2016;16(64):55

[28] D’Agostino M-A, Terslev L, 
Aegerter P, Backhaus M, Balint P, 
Bruyn GA, et al. Original article: 
Scoring ultrasound synovitis in 
rheumatoid arthritis: A EULAR-
OMERACT ultrasound taskforce—Part 
1: Definition and development of a 
standardised, consensus-based scoring 
system. RMD Open. 2017;3(1):428

[29] Døhn UM, Terslev L, Szkudlarek M, 
Hansen MS, Hetland ML, Hansen A, 
et al. Detection, scoring and volume 
assessment of bone erosions by 
ultrasonography in rheumatoid 
arthritis: Comparison with CT. Annals 
of the Rheumatic Diseases. 2013;72(4): 
530-534. DOI: 10.1136/annrheumdis- 
2011-201114

[30] Naredo E, D’Agostino MA, 
Wakefield RJ, Möller I, Balint PV, 
Filippucci E, et al. Reliability of a 
consensus-based ultrasound score for 
tenosynovitis in rheumatoid arthritis. 
Annals of the Rheumatic Diseases. 
2013;72(8):1328-1334

[31] Backhaus M, Ohrndorf S, Kellner H, 
Strunk J, Backhaus TM, Hartung W, 
et al. Evaluation of a novel 7-joint 
ultrasound score in daily rheumatologic 
practice: A pilot project. Arthritis and 
Rheumatism. 2009;61(9):1194-1201. 
DOI: 10.1002/art.24646

[32] Damjanov N, Radunovic G, 
Prodanovic S, Vukovic V, Milic V, Simic 
Pasalic K, et al. Construct validity and 
reliability of ultrasound disease activity 
score in assessing joint inflammation in 
RA: Comparison with DAS-28. 

Rheumatology (Oxford, England). 
2012;51(1):120-128. DOI: 10.1093/
rheumatology/ker255

[33] Zabotti A, Salvin S, Quartuccio L, 
De Vita S. Differentiation between early 
rheumatoid and early psoriatic arthritis 
by the ultrasonographic study of the 
synovio-entheseal complex of the small 
joints of the hands. Clinical and 
Experimental Rheumatology. 
2016;34(3):459-465

[34] Balint PV, Terslev L, Aegerter P, 
Bruyn GAW, Chary-Valckenaere I, 
Gandjbakhch F, et al. D'Agostino MA; 
OMERACT ultrasound task force 
members. Reliability of a consensus-
based ultrasound definition and scoring 
for enthesitis in spondyloarthritis and 
psoriatic arthritis: An OMERACT US 
initiative. Annals of the Rheumatic 
Diseases. 2018;77(12):1730-1735.  
DOI: 10.1136/annrheumdis-2018-213609

[35] Gutierrez M, Filippucci E, De 
Angelis R, Filosa G, Kane D, Grassi W. A 
sonographic spectrum of psoriatic 
arthritis: "the five targets". Clinical 
Rheumatology. 2010;29(2):133-142. 
DOI: 10.1007/s10067-009-1292-y

[36] Kaeley GS. Enthesitis in  
psoriatic arthritis (part 2): Imaging. 
Rheumatology. 2020;59 
(Supplement_1):i15-i20

[37] Balint PV, Kane D, Wilson H, 
McInnes IB, Sturrock RD. 
Ultrasonography of entheseal  
insertions in the lower limb in 
spondyloarthropathy. Annals of the 
Rheumatic Diseases. 2002;61(10): 
905-910. DOI: 10.1136/ard.61.10.905

[38] Macía-Villa C, Falcao S, Medina J, 
De Miguel E. Ultrasonography of 
enthesis in psoriatic arthritis: A 
descriptive and reliability analysis of 
elemental lesions and power Doppler 
subtypes. Scandinavian Journal of 
Rheumatology. 2019;48(6):454-459. 
DOI: 10.1080/03009742.2019.1602881



75

Musculoskeletal and Nerve Ultrasonography
DOI: http://dx.doi.org/10.5772/intechopen.102640

[39] Tom S, Zhong Y, Cook R, Aydin SZ, 
Kaeley G, Eder L. Development of a 
preliminary Ultrasonographic Enthesitis 
score in psoriatic arthritis - GRAPPA 
ultrasound working group. The Journal 
of Rheumatology. 2019;46(4):384-390. 
DOI: 10.3899/jrheum.171465

[40] Benjamin M, McGonagle D. The 
anatomical basis for disease localisation 
in seronegative spondyloarthropathy at 
entheses and related sites. Journal of 
Anatomy. 2001;199(Pt 5):503-526

[41] Zabotti A, Sakellariou G. Tinazzi I, 
et alNovel and reliable DACTylitis 
glObal sonographic (DACTOS) score in 
psoriatic arthritis. Annals of the 
Rheumatic Diseases. 2020;79:1037-1043

[42] Girolimetto N, Giovannini I, 
Crepaldi G, De MG, Tinazzi I, 
Possemato N, et al. Psoriatic Dactylitis: 
Current perspectives and new insights 
in ultrasonography and magnetic 
resonance imaging. Journal of Clinical 
Medicine. 2021;10(12):2604

[43] Girolimetto N, Zabotti A, Tinazzi I, 
Possemato N, Costa L, Batticciotto A, 
et al. Sensitivity to change and clinical 
correlations of the novel DACtylitis 
glObal sonographic (DACTOS) score in 
psoriatic arthritis. Rheumatology. 
2021;60(9):4103-4111

[44] Grassi W, Meenagh G, Pascual E, 
Filippucci E. “Crystal clear”-
sonographic assessment of gout and 
calcium pyrophosphate deposition 
disease. Seminars in Arthritis and 
Rheumatism. 2006;36:197-202

[45] Christiansen SN, Østergaard M, 
Terslev L. Ultrasonography in gout: 
Utility in diagnosis and monitoring. 
Clinical and Experimental 
Rheumatology. 2018;36:S61-S67

[46] Neogi T, Jansen TLTA, Dalbeth N, 
Fransen J, Schumacher HR, 
Berendsen D, et al. 2015 gout 
classification criteria: An American 

College of Rheumatology/European 
league against rheumatism collaborative 
initiative. Annals of the Rheumatic 
Diseases. 2015;74(10):1789-1798

[47] Zhang W, Doherty M, Bardin T, 
Barskova V, Guerne PA, Jansen TL, et al. 
European league against rheumatism 
recommendations for calcium 
pyrophosphate deposition. Part I: 
Terminology and diagnosis. Annals of 
the Rheumatic Diseases. 2011;70(4):563-
570. DOI: 10.1136/ard.2010.139105

[48] Filippou G, Scanu A, Adinolfi A, 
Toscano C, Gambera D, Largo R, et al. 
Criterion validity of ultrasound in the 
identification of calcium pyrophosphate 
crystal deposits at the knee: An 
OMERACT ultrasound study. Annals of 
the Rheumatic Diseases. 2020;80(2): 
261-267

[49] Filippou G, Scirè CA, Damjanov N, 
Adinolfi A, Carrara G, Picerno V, et al. 
Definition and reliability assessment of 
elementary ultrasonographic findings in 
calcium pyrophosphate deposition 
disease: A study by the OMERACT 
calcium pyrophosphate deposition 
disease ultrasound subtask force. The 
Journal of Rheumatology. 2017;44(11): 
1744-1749

[50] Filippou G, Scirè CA, Adinolfi A, 
Damjanov NS, Carrara G, Bruyn GAW, 
et al. Identification of calcium 
pyrophosphate deposition disease 
(CPPD) by ultrasound: Reliability of the 
OMERACT definitions in an extended set 
of joints - an international multiobserver 
study by the OMERACT calcium 
pyrophosphate deposition disease 
ultrasound. Annals of the Rheumatic 
Diseases. 2018;77(8):1195-1200

[51] Amorese-O’Connell L, Gutierrez M, 
Reginato AM. General applications of 
ultrasound in rheumatology practice. 
Federal Practitioner. 2015; 
32(Suppl. 12):8S

[52] Mortada M, Zeid A, Al-Toukhy 
MAE-H, Ezzeldin N, Elgawish M. 



Ultrasound Imaging - Current Topics

76

Reliability of a proposed Ultrasonographic 
grading scale for severity of primary knee 
osteoarthritis. Clinical Medicine Insights: 
Arthritis and Musculoskeletal Disorders. 
2016;9:161-166

[53] Moore TL, Lunt M, McManus B, 
Anderson ME, Herrick AL. Seventeen-
point dermal ultrasound scoring 
system—A reliable measure of skin 
thickness in patients with systemic 
sclerosis. Rheumatology. 2003;42(12): 
1559-1563

[54] Li H, Furst DE, Jin H, Sun C, 
Wang X, Yang L, et al. High-frequency 
ultrasound of the skin in systemic 
sclerosis: An exploratory study to 
examine correlation with disease 
activity and to define the minimally 
detectable difference. Arthritis Research 
& Therapy. 2018;20(1):1-8

[55] Yang Y, Qiu L, Wang L, Xiang X, 
Tang Y, Li H, et al. Quantitative 
assessment of skin stiffness using 
ultrasound shear wave Elastography in 
systemic sclerosis. Ultrasound in 
Medicine & Biology. 2019;45(4): 
902-912. DOI: 10.1016/j.ultrasmedbio. 
2018.11.015

[56] Carotti M, Salaffi F, Di Carlo M, 
Barile A, Giovagnoni A. Diagnostic 
value of major salivary gland 
ultrasonography in primary Sjögren’s 
syndrome: The role of grey-scale and 
colour/power Doppler sonography. 
Gland Surgery. 2019;8(Suppl. 3):S159

[57] Lee KA, Lee SH, Kim HR. 
Diagnostic and predictive evaluation 
using salivary gland ultrasonography in 
primary Sjögren’s syndrome. Clinical 
and Experimental Rheumatology. 
2018;36:S165-S172

[58] De Vita S, Lorenzon G, Rossi G, 
Sabella M, Fossaluzza V. Salivary gland 
echography in primary and secondary 
Sjögren’s syndrome. Clinical and 
Experimental Rheumatology. 
1992;10(4):351-356

[59] Hočevar A, Ambrožič A, Rozman B, 
Kveder T, Tomšič M. Ultrasonographic 
changes of major salivary glands in 
primary Sjögren’s syndrome. Diagnostic 
value of a novel scoring system. 
Rheumatology. 2005;44(6):768-772

[60] Salaffi F, Carotti M, Iagnocco A, 
Luccioli F, Ramonda R, Sabatini E, et al. 
Ultrasonography of salivary glands in 
primary Sjögren’s syndrome: A 
comparison with contrast sialography 
and scintigraphy. Rheumatology 
(Oxford, England). 2008;47(8): 
1244-1249

[61] El Miedany YM, Ahmed I, 
Mourad HG, Mehanna AN, Aty SA, 
Gamal HM, et al. Quantitative 
ultrasonography and magnetic 
resonance imaging of the parotid gland: 
Can they replace the histopathologic 
studies in patients with Sjogren’s 
syndrome? Joint Bone Spine. 
2004;71(1):29-38

[62] Hellmich B, Agueda A, Monti S, 
Buttgereit F, De Boysson H, Brouwer E, 
et al. 2018 update of the EULAR 
recommendations for the management 
of large vessel vasculitis. Annals of the 
Rheumatic Diseases. 2020;79(1):19-30

[63] Albayda J, van Alfen N. Diagnostic 
value of muscle ultrasound for 
myopathies and myositis. Current 
Rheumatology Reports. 2020;22(11):82

[64] Botar-Jid C, Damian L, Dudea SM, 
Vasilescu D, Rednic S, Badea R. The 
contribution of ultrasonography and 
sonoelastography in assessment of 
myositis. Medical Ultrasonography. 
2010;12(2):120-126



77

Chapter 6

Value of Breast Ultrasound in the 
Clinical Practice of the Surgeon
María Eugenia Aponte-Rueda and María Isabel de Abreu

Abstract

In recent years, breast surgeons have been increasing the use of ultrasound as a 
reliable and useful tool in their practice to assist in managing patients and the oper-
ating room. An appropriate clinical and sonographic correlation can define diag-
nostic workup, provide immediate reassurance to the patients, and perform one-site 
diagnostic needle interventions. Particularly, it has a significant role in low-middle 
income countries, where imaging services are scarce due to its high cost, main-
tenance needs, and limited availability of trained personnel. Therefore, training 
and accreditation of surgeons who perform and interpret ultrasound are required 
interventions to influence the provider’s knowledge, accomplish optimal practices, 
complete diagnostic examinations of the breast, and improve the patients’ quality 
of care. This review aims to serve as an educational resource regarding the up-to-
date value of breast ultrasound for surgeons.

Keywords: Breast Ultrasound, Breast Imaging, Interventional Radiology,  
Breast Cancer, Intraoperative Ultrasound, Low and Middle Income Countries, Breast 
Surgeon

1. Introduction

Ultrasound (US) is a reliable and helpful tool in evaluating, diagnosing, and man-
aging breast disease improving the patients’ quality of care. In recent years, with the 
increasing quality of the ultrasonography equipment, the surgeons have escalated its 
use, particularly by breast surgeons in their clinical practice and operating room, which 
has led to the enhanced provision of care for women with breast disease [1, 2].

Breast ultrasound allows immediate identification and characterization of 
localized breast symptoms, palpable abnormalities noted on physical breast 
examination; and nonpalpable abnormalities identified on other breast imaging 
modalities. Hence, an appropriate clinical and sonographic correlation can define 
diagnostic workup, provide immediate reassurance to the patients, and perform 
one-site diagnostic needle interventions. In addition, it has the advantages of being 
low-cost, more affordable, portable, safe, and requires minimal maintenance. It 
has a significant role in low-middle income countries, where imaging services are 
scarce due to its high cost and limited availability of trained personnel [3]. In these 
settings, capacities on local referral chains are minimal; therefore, the use of US by 
breast surgeons offers significant appropriateness to the patients by allowing them 
to obviate the high threshold needed to reach referral services.

Breast surgeons can acquire comprehensive skills and competence in US tech-
niques and their indications in the outpatient setting under the supervision of a 



Ultrasound Imaging - Current Topics

78

US-experienced radiologist or surgeon, enhancing the multidisciplinary care of 
breast patients. Also, participation in training courses guided by local proficiency 
standards [1] allows the successful incorporation of breast ultrasound and ultra-
sound-guided breast procedures into clinical practice, which can then be translated 
into the operation room. Training and accreditation of surgeons who perform and 
interpret ultrasound is an intervention that influences providers’ behavior for opti-
mal patient outcomes. Hence, the surgeon who assists in managing breast patients 
has to design a rational plan of action based on their knowledge, available resources, 
and patient needs to ensure adequate and safe breast care [4–6].

The purpose of this review is to serve as an educational resource for the value 
of breast ultrasound in the clinical practice of the surgeon by providing the under-
standing of its applications for the evaluation, management, and monitoring of 
breast diseases; and the recognizing of its indications for interventional breast pro-
cedures in order to improve the decision-making process and enhance patient care.

2. Indications of breast ultrasound

Breast ultrasound is valuable in several clinical situations, including but not 
limited to the following [4, 5, 7]:

• Identification and characterization of localized breast symptoms, palpable 
abnormalities noted on clinical breast examination, and nonpalpable abnor-
malities identified on other breast imaging modalities.

• Initial Imaging evaluation of localized breast symptoms and palpable abnor-
malities in patients under 40 years of age who are not at risk of developing 
breast cancer and in lactating or pregnant women.

• Evaluation and characterization of abnormalities associated with breast 
implants.

• Guidance for breast interventional or surgical procedures.

• Preoperative evaluation of the breast and axilla in diagnosed breast cancer.

• Evaluation and assessment of the breast after surgical or medical therapy.

• Intraoperative ultrasound-guided breast surgery and intraoperative assessment 
of lumpectomy margins.

3. Breast ultrasound overview

Breast Ultrasound is a diagnostic tool that makes the whole imaging assessment 
more specific and expedited. Alongside clinical information, US characterization 
allows imaging correlation to define further imaging workup and recommend inter-
ventional procedures for diagnostic and therapeutic purposes. Ultrasound is called 
hand-held or manual when the probe is manually moved on the breast surface 
(HHUS). In automated whole breast ultrasonography (ABUS), the probe scans the 
whole breast in a standard fashion, gathering and storing a set of images for later 
review by physicians interpreting the findings [8].
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3.1 Reporting system

The Breast Imaging Reporting and Data System® (BI-RADS®) is a manage-
ment system developed for imaging that contains: (1) a lexicon of descriptors, i.e., 
a dictionary of specific imaging features; (2) a standardized reporting structure-
including final assessment categories with accompanying recommendations; (3) a 
framework for data collection and auditing. This system aids communication and 
comprehension of imaging findings by all members of the multidisciplinary breast 
care team: surgeons, pathologists, oncologists, radiologists, and other health care 
providers. BI-RADS final assessment categories and their recommendations have 
become the standard by which physicians determine breast care, allowing uniform 
drafting of reports, facilitating the research, and performance evaluation [9].

These categories, currently are as follows [10]:

• Category 0: Incomplete. Need additional imaging evaluation or previous 
images for comparison to determine appropriate management and final 
assessment.

• Category 1: Negative. There is no US imaging abnormality. Routine screening.

• Category 2: Benign Findings. Negative for malignancy. No further investigation 
is required based on the imaging finding. Routine screening.

• Category 3: Indeterminate/Probably Benign Finding. Lesions with less than 2% 
risk of malignancy. Should recommend initial short-interval follow-up.

• Category 4: Suspicious Abnormality. Lesions with >2% but <95% likelihood of 
malignancy. Diagnostic tissue sampling through biopsy should be performed 
in the absence of clinical contraindication— 4A (low suspicion for malignancy, 
>2% but ≤10% likelihood of malignancy), 4B (moderate suspicion for malig-
nancy, >10% but ≥50% likelihood of malignancy), and 4C (high suspicion for 
malignancy, >50% but <95% likelihood of malignancy).

• Category 5: US findings highly suggestive of malignancy. More than 95% 
likelihood of malignancy. Diagnostic tissue sampling through biopsy should be 
performed in the absence of clinical contraindication.

• Category 6: Known biopsy-proven malignancy. Reserved for US examinations 
performed for cancer staging or monitoring of neoadjuvant therapy.

Similarly, in the UK, the Royal College of Radiologists Breast Group (RCRBG) 
[11] has developed a five-point scoring system to classify breast images, using 
a similar rationale to the American College of Radiologists’ development of the 
BI-RADS®. However, this classification does not specify the probable cancer risk of 
each category. This five-point system is Normal (category 1)- there are no signifi-
cant imaging findings. Benign findings (category 2)- the benign imaging findings 
are not indicated for further investigation. Indeterminate / probably benign (cat-
egory 3)- low risk of malignancy, and further investigation through needle biopsy 
is indicated. Findings suspicious of malignancy (category 4)- show a moderate risk 
of malignancy, so further investigation is indicated through a needle biopsy. Highly 
suspicious findings of malignancy (category 5)- high risk of malignancy; further 
investigation is indicated through a needle biopsy.
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3.2 Imaging quality

The US is a highly operator-dependent technique due to a lack of repetitiveness 
and a strong reliance on specialists’ abilities and judgment to capture the right 
image to be documented in the report. Although the ACRIN 6666 trial has proposed 
a model, no standard US acquisition technique exists yet [12]. A specialist with 
competence and experience should perform breast ultrasound [13, 14], correlating 
clinical signs or symptoms, mammographic studies, and other breast imaging. If 
the ultrasound has been performed previously, the current examination should be 
compared with a previous ultrasound, as appropriate.

3.3 Setting

The correct application of the vocabulary depends on the quality of the ultra-
sound equipment, ultrasound technique, and an adequate compression of the breast 
anatomy. Breast ultrasound should be performed with high-resolution linear array 
transducers from 7.5–8 (at least) to 15–18 MHz. Higher frequency is recommended 
for less depth penetration (superficial details or small breasts). Lower frequency 
should be used for deeper areas or very large breasts (4 to 8 MHz) [5]. An acoustic 
stand-off pad is useful for superficial images. It is critical to document and capture 
appropriate imaging for actionable cases by optimizing focal zone selections, gain 
settings, and view fields. When a potential finding is located, turn the transducer to 
assess if it persists and better characterize it. A wide-band linear matrix transducer 
offers better resolution by focusing on the short axis.

3.4 Positioning

The patient should be lying in the supine position placed with the chest 
undressed. There are two breast survey patient positions: a medial position with the 
ipsilateral arm overhead or with arms flexed behind the head to flatten the breast, 
and an oblique position with a wedge supporting the back for scanning the lateral 
part of the breast and the axilla. Scan techniques should allow systematic explora-
tion of the entire breast, whether grid scanning or radial scanning patterns.

3.5 Labeling

Images should be labeled as right or left breast and should be reported the transducer 
orientation. The localization of the findings is described by quadrant -upper external, 
lower external, lower internal, upper internal- and retroareolar region; or according to 
the clock-wise position (distance from the nipple). Distance from the nipple to the lesion 
should not be measured from the areola’s edge since the areolar width is variable [5]. A 
large lesion can be captured in a single image by Panoramic Imaging (Extended Field of 
View –FOV-) and traced the lesion back to the nipple for an accurate distance reporting.

3.6 Measurements

All lesions are measured in three dimensions, including length, width, and height 
unless shadowing disguises the accurate height measurement. Dimensions must 
register with the greatest millimeter or centimeter accuracy. The first measurement 
represents the longest axis. The following measurement is perpendicular to the long 
axis, and the last measurement is from an orthogonal projection to the first image 
(representing a different plane from the former two images). It is necessary to 
capture two sets of lesion images (one with calipers and one without) [6, 10].
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Solid masses diagnosed as benign pathology may safely have periodic surveil-
lance if the volume growth rate is less than 16% per month in women under 50 years 
and less than 13% per month in women 50 years or older. An acceptable mean 
change for three dimensions during a six-month interval is 20% for all ages [15].

3.7 Documentation

Accurate documentation is essential for high-quality patient care. Ultrasound 
report is only as good as the images on which it is based. Images and reports are part 
of the patient’s medical record. Each image should have the facility name, date of 
examination, patient’s first and last name, identification number, and birth date. 
It should display identification of left or right breast and lesion’s location. It should 
indicate transducer orientation within the breast (radial, antiradial, oblique, trans-
versal, or sagittal), distance from the nipple, and three orthogonal measurements. 
Breast ultrasound document must contain the following sections [5, 6, 10]:

• Indication of breast ultrasound.

• Description of the scope and technique of breast ultrasound.

• Brief description of the overall composition of the breasts.

• A detailed description of important findings.

• Comparison with prior relevant imaging studies and correlation with signs 
observed during the clinical examination.

• Assessment and management recommendations.

• Report of ultrasound-guided interventional procedures should include the 
location of the lesion, the approach, the type of prep and local anesthesia, 
the skin incision, the type of device used, the number of cores taken, and the 
type of clip placed, if any. Whenever specimen radiographs or sonograms are 
performed, they should be recorded in the report.

4. Breast ultrasound lexicon

Descriptors for breast tissue composition (background echotexture) are correlated 
to mammographic breast densities. These are homogeneous-fat, homogenous-
fibroglandular, and heterogeneous. In Homogeneous-fat background, fat lobules and 
echogenic bands of supporting structures comprise the bulk of the breast tissue. In 
the Homogeneous-fibroglandular background, a dense zone of the homogeneously 
echogenic bands of fibroglandular parenchyma is present beneath the thin hypoecho-
genic layer of fat lobules. Heterogeneous background echotexture is characterized by 
multiple small areas of increased or decreased echogenicity, either focal or diffuse.

For the identification and characterization of the masses, the number of char-
acteristics to be described are seven: shape (oval, round, and irregular), orientation 
(parallel and not parallel), margins (circumscribed and not circumscribed, indistinct, 
angular, microlobulated, and spiculated), echo pattern (anechoic, hyperechoic, 
complex cystic and solid, hypoechoic, isoechoic and heterogeneous) posterior acoustic 
features (no posterior acoustic features, enhancement, shadowing and combined pat-
tern), calcifications (in or outside of a mass, and intraductal) and associated features.
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Associated features include architectural distortion; edema; duct changes; skin 
changes (skin retraction, skin thickening-focal and diffuse-); vascularity (absent, 
internal, and vessel in rim), and elasticity assessment. Elasticity assessment of tis-
sue stiffness (elastography) explores modifications of the US image of a lesion after 
applying a manual compression (strain) or introducing ultrasonic energy (shear 
wave). Applicable descriptors are color-codes tissue hardness. The elasticity assess-
ment is a feature available on many modern US units and included in the last BI-RADS 
edition. The World Federation of Ultrasound in Medicine and Biology (WFUMB) has 
published guidelines in characterizing breast lesions as benign or malignant, although 
this fact cannot be misinterpreted as an entire endorsement of the clinical validity 
of elasticity assessment. Therefore, the elastography should be integrated for patient 
management alongside the more predictive ultrasonic morphologic features of malig-
nancy (shape, margin, and echogenicity). Currently, the share-wave elastography is 
used as a valuable preoperative predictor of chemotherapy response [16].

It is essential to analyze several features, rather than just one, for lesion catego-
rization as benign or malignant. Benign and malignant solid masses can equally be 
well-differentiated on ultrasound. Benign US features include an oval shape, well-
circumscribed margins, and parallel orientation to the skin. Suspicious US features 
include irregular margins, marked hypoechogenicity, post-acoustic shadowing, and 
non-parallel orientation to the skin (Figure 1).

5. Identification and characterization of palpable breast symptoms

5.1 Nipple discharge

Clinical workup of nipple discharge includes a detailed patient medical history, 
recently recorded trauma, careful physical examination, and the most suitable 
breast imaging modality. The evaluation and management aim of nipple discharge 
is to identify the causative condition accurately, distinguishing between “patho-
logic” causes from those with “benign or physiological” causes, and consequently 
diagnosing cancer when it is present.

The discharge’s clinical characteristics should describe color, whether uni or 
bilateral or associated with nipple stimulation or breast compression, whether it 
originated from a single duct or multiple ducts [17]. Benign nipple discharge is 
traditionally considered bilateral, non-spontaneous, emanating from multiple ducts 

Figure 1. 
Ultrasound characteristics of breast lesions. (a) Circumscribed, oval, anechoic mass with parallel orientation 
and posterior enhancement consistent with a simple cyst. (b) Circumscribed, round, heterogeneous mass with 
lateral shadowing. The pathological diagnosis by biopsy was Fibroadenoma. (c) Irregular, noncircumscribed, 
hypoechoic mass with posterior shadowing: Invasive Breast Carcinoma by biopsy.



83

Value of Breast Ultrasound in the Clinical Practice of the Surgeon
DOI: http://dx.doi.org/10.5772/intechopen.100520

after manipulation or stimulation; varies in color from white to yellow to green to 
brown. Pathologic discharge is considered unilateral, spontaneous, persistent, clear, 
serous, serosanguinous, or bloody from a single duct [18].

Breast imaging identifies and characterizes any lesion in these patients and 
assists subsequent percutaneous biopsy in achieving a histopathologic diagnosis 
[19]. Magnetic resonance imaging (MRI) may be useful in pathologic nipple 
discharge when lesions cannot be localized with other diagnostic imaging [20]. 
However, MRI is limited, and it is not yet a generalized practice because it is expen-
sive and not readily available in all areas [21].

In patients with nipple discharge, the sensitivity of mammography in detecting 
an abnormality is low. The ability of mammograms to identify intraductal lesions is 
limited since they are generally small and lack microcalcifications. In mammogra-
phy subareolar region usually shows increased density. The sensitivity and specific-
ity of ultrasound vary from 36 to 83% and 12–84%, respectively. Several factors 
can explain this wide range, including differences in the criteria used to distinguish 
between pathologic from benign discharge and differences in ultrasound technol-
ogy employed [22]. Breast US is useful for visualizing ductal structures, localization 
of the lesions that cause the nipple discharge, and the subsequent accomplishment 
of imaging-guided percutaneous biopsy to determine whether a malignant lesion 
is the cause of the pathologic nipple discharge. US-guided core needle biopsy in 
patients with pathologic nipple discharge, who had negative findings on mammog-
raphy but had positive findings on US have reported 15.1% of cancer detection [23].

Breast US is capable of visualizing ductal structures located in the subareolar 
region. The BI-RADS® categorizes ductal changes as associated features. Duct 
changes are manifested by:

• cystic dilatation of a duct or ducts comprising irregular calibers or arboriza-
tion. Dilated retroareolar duct is defined as duct ectasia, i.e., a duct with a 
diameter over 3 mm;

• extension of ducts to or from a malignant lesion; or

• intraductal mass, thrombus, or debris. Intraductal masses are assessed as 
category 4a, pointing out a requirement for biopsy because these have a risk of 
malignancy that cannot eliminate (Figure 2) [10, 24].

Figure 2. 
(a) Single galactophere duct ectasia without any filling defect (calipers); (b) 49-year-old female with uniorificial 
serous nipple discharge. US: duct ectasia with echogenic content filled with thick secretion; (c) 46-year-old female 
with uniorificial bloody nipple discharge. US: single dilated duct with isoechoic endoductal mass with an ill-defined 
outline representing an intraductal papilloma by pathology report; (d) 39-year-old female with right uniorifical 
serosanguineous discharge. US: irregular intraductal mass arising from a dilated duct due to carcinoma in situ.
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At present, there are no clear guidelines on which radiographic or clinical vari-
ables in patients with nipple discharge can predict malignancy. The malignancy rate 
in patients with nipple discharge ranges from 9.3–23% [18, 25–29]. However, these 
data were derived from studies made before improvements in breast ultrasound and 
the imaging-guided percutaneous biopsy. Most studies included patients referred 
to surgery departments or specialty breast centers [18, 25–27] or only those who 
underwent duct excision [28, 29].

Currently, less invasive diagnostic procedures affect the decision-making process 
about surgical management. For patients with pathological discharge and negative 
imaging evaluation (negative mammography results and negative features on breast 
US), surgical treatment has traditionally been indicated to eliminate symptoms and 
rule out breast carcinoma [24–28]. Although based on the low risk of underlying 
carcinoma, several studies have proposed conservative clinical follow-up and have 
shown that short-term monitoring would appear to be a reasonable approach in 
these patients [30, 31] Sabel et al. [31] suggested short-term observation with repeat 
imaging and clinical exam for low-risk patients (those without a strong family 
history or personal history of cancer). Ashfaq et al. [30] proposed a close clini-
cal follow-up comprising a physical examination and breast ultrasound every six 
months for 1 to 2 years, or until the discharge resolved, whichever came first, plus 
annual mammography according to the screening guidelines. Patients who refuse 
to watch and wait as a clinical approach or report discomfort by the symptom or 
discharge after two years should consider the surgical treatment (Figure 3).

5.2 Inflammatory breast disease

Ultrasound examination is essential in evaluating patients with breast inflam-
mation to identify fluid collections in the affected area by the inflammatory 

Figure 3. 
Workflow for the management of women presenting with nipple discharge.
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process and distinguish between cancer-related and non-cancer-related breast 
inflammation (since their clinical presentation can be misleading). Inflammatory 
breast disease manifests clinically by the cardinal signs of inflammation: redness, 
heat, and pain. It is classified as an infectious origin (generally bacterial) or non-
infectious origin.

Breast US cardinal signs of infectious inflammatory breast disease are [32]:

• Skin thickening.

• Reticulated network of irregular hypoechoic lines, located at the interface 
between the dermis and subcutaneous fat, representing either dilated 
 lymphatics or interstitial fluid.

• Increased echogenicity of surrounding fat tissue. Hyperechoic area extension is 
variable and depends on the degree of inflammation.

• Subcutaneous dilated vessels. Doppler signal demonstrates increased vascularity 
associated with hyperemia.

• Reactive lymphadenopathy: Enlarged axillary lymph nodes, regular cortical 
thickening, smooth borders, and visible central hilum.

• Ductal ectasia with thickened walls and echoic content into the duct 
(Galactophoritis).

• Breast abscess presents as round, oval or irregular; generally hypoechoic with 
multiples internal echoes, sometimes with fluid-debris level; usually with pos-
terior acoustic enhancement. The walls may appear thickened with indistinct 
margins to the surrounding hyperechoic fat. An evident hypoechoic sinus tract 
probably extends the skin surface (Zuska’s disease) [33]. It is a rare disease 
characterized by repeated and recurrent episodes of inflammatory abscesses 
and fistulae that is usually open on the edge of the areola or in the breast tissue 
close to it.

Ultrasound can be used to guide percutaneous sampling procedures and 
 complete drainage of the fluid collection. If the collection is large (sizes >3 cm)- or 
if it remains or recurs-placing a percutaneous drainage catheter guided by US is the 
optimal course of the management [34]. In the unusual event of inadequate percu-
taneous drainage, surgical drainage should be an option.

Non-infectious inflammatory breast disease includes Granulomatous Mastitis 
and Diabetic Mastopathy. Diabetic Mastopathy appears as a hypoechoic mass with 
ill-defined margins and marked posterior shadowing.

Granulomatous Mastitis is a diagnosis of exclusion, and it is hardly made based 
on clinical signs and imaging findings. Clinical presentation is a firm to hard mass 
localized or diffused involvement of the entire breast with skin thickening, ery-
thema, and inflammation (peau d’ orange) that can clinically mimic carcinoma. 
In addition, the presence of draining sinus tracts and regional adenopathy are 
frequent. The diagnosis is established by histological analysis showing a granulo-
matous inflammatory response containing multinucleated giant cell granuloma. It 
is mainly seen in developing countries [35, 36]. Breast US signs in granulomatous 
mastitis are:

• Skin thickening



Ultrasound Imaging - Current Topics

86

• Heterogeneously hypoechoic mass with poorly defined borders, with internal 
tubular hypoechoic structures.

• Parenchymal heterogeneity and architectural distortion with or without 
acoustic shadowing in the absence of a definite mass. Increased surrounding 
parenchymal vascularity on Doppler ultrasound.

• Enlarged axillary lymph nodes with reactive cortical thickening.

• Fluid collections with low-level internal echoes and hypoechoic sinus tracts 
extending to the skin in advanced cases (Figure 4).

5.3 Mass in breast skin

Lesions in the breast skin that arise within the dermal layer are considered 
generally benign. Most dermal lesions are palpable, providing the reason for 
imaging evaluations. Although occasionally, they are detected at screening 
imaging. This lesion includes dermal cysts, specifically sebaceous cysts and 
epidermal inclusion cysts (after a mammoplasty), for which routine surveillance 
is recommended..

Ultrasound findings of dermal lesions are [37]:

• An echogenic dermal layer surrounds lesions.

• A tract-to-skin from the lesion represents an extension of the hair follicle from 
the dermis through the epidermis.

• An acute or right angle (90 degrees) with the dermal line. A claw of hyper-
echoic tissue wraps around the lesion’s margin.

• Round well-circumscribed nodule or non-circumscribed-when inflammation 
is present-depending on its contents. The internal echotexture varies from 
anechoic to hypoechoic and heterogeneous (Figure 5).

Figure 4. 
45-year-old female with redness, heat, and pain in the right breast. US: (a) Hypoechoic mass with 
heterogeneous content, poorly defined borders, and acoustic shadowing. Thickening of the dermal layer. 
Fat hyperechogenicity around the mass. (b) Image using Doppler signal reveals increased surrounding 
vascularization. (c) US-Guided Percutaneous Biopsy: Granulomatous Mastitis.



87

Value of Breast Ultrasound in the Clinical Practice of the Surgeon
DOI: http://dx.doi.org/10.5772/intechopen.100520

6.  Evaluation and characterization of abnormals associated  
with implants

In addition to the clinical examination, ultrasound is a useful diagnostic test to 
examine breast implant alterations, mainly ruptures. The breast implant is anechoic 
with an echogenic shell of a three-layered appearance (an anechogenic line between 
two echogenic lines). Small radial folds and a small amount of periprosthetic fluid 
are considered normal findings. US is very specific in evaluating breast implant 
integrity, albeit not very sensitive. The probability of rupture is highly suspected in 
US, but a rupture is still possible, even if it cannot be visible in US [7].

Alterations of the implant structure, classically, are capsular contracture or cap-
sular fibrosis and ruptures. Capsular contracture is the capsule developed around the 
implant as the body’s overreaction to a foreign device, leading to the hardening and 
deformation of the implant. There are three typical findings for capsular contrac-
ture or fibrosis: (1) deformity, not well evaluable with ultrasound (due to the narrow 
field of view), (2) increased number of radial folds, creating an undulated implant 
surface; and (3) thickening of the fibrous capsule, an echogenic line superficial to the 
implant shell, separated only by an anechoic line [38].

Ruptures are subdivided into intracapsular (implant envelope is broken, but 
containment remains inside the capsule) and extracapsular (when containment leaks 
out of the broken capsule) type [39]. The classic finding of extracapsular rupture of 
silicone implant on US is the snowstorm appearance, i.e., a highly echogenic pattern of 
scattered and reverberating echoes with a well-defined anterior margin. This appear-
ance can also see in the axillary nodes containing free silicone. Intracapsular silicone 
implant rupture finding is the stepladder sign, characterized as a sequence of horizon-
tal echogenic straight or curvilinear lines inside the collapsed implant shell [40]. If the 
prosthesis is saline, the collapsed implant shell will be evident by ultrasound.

According to the American College of Radiologists [41], breast implants 
evaluation varies on patient age, implant type, and symptoms. For patients less 
than 30 years with rupture of saline implants, ultrasound is the imaging choice. 
Mammography or US may be used for patients from 30 to 39 years of age with 
rupture of saline implants, and mammography is preferred for those 40 years and 
older. MRI without contrast or US is preferred for patients less than 30 years with 

Figure 5. 
57-year-old female with epidermal inclusion cyst located on the breast skin after mammoplasty. US: (a) 
hypoechoic well-circumscribed mass contained within the dermis. The dermal layer is thickened (white arrow) 
and extended into the hypodermis. A tract extends to the epidermal skin surface (red arrow). (b) The claw sign 
(white dashed line): dermal tissue wrapping around the margin of the lesion forming an acute angle.
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rupture of silicone implants. MRI without contrast, mammography, or US may be 
used for those 30 to 39 years of age, and for those 40 years and older, MRI without 
contrast or mammography is used. Patients with unexplained axillary lymphade-
nopathy and silicone implants (current or previous) are assessed with the axillary 
US. Patients with suspected breast implant-associated anaplastic large-cell lym-
phoma should be recommended breast US, regardless of age or implant type.

7. Guidance for percutaneous and interventional procedures

Interventional breast procedures are guided by the clinical examination or 
image-detected nonpalpable breast abnormalities to characterize the lesion 
histologically and plan therapeutic management [11]. Clinical guidance may be 
sufficient in palpable lesions, but image-guided biopsy allows more precise acquisi-
tion with high diagnostic accuracy. Ultrasound-guided procedures are accessible 
without needing ionizing radiation or intravenous contrast but are rather minimally 
invasive and less expensive than surgical biopsies [42].

Training and accreditation of surgeon-performed US are essential steps for 
increasing the use of percutaneous biopsy to diagnose breast pathologies, avoid-
ing additional surgeries and diagnostic delays, particularly in resource constraint 
settings. Breast surgeons, who perform the percutaneous biopsy, must understand 
its indications, have technical skills for performing them, and be experienced 
operators to avoid misleading and harmful procedures, resulting in missed cancer. 
They should record complications and adverse events during ultrasound-guided 
interventional procedures and regularly review them to recognize circumstances 
and opportunities to improve patient management quality. In the same way, sur-
geons should monitor false-negative rates and inadequate tissue samples of these 
interventional procedures to audit their practice [9].

US-Guided interventional procedures include fine-needle aspiration cytology 
(PAAF), core needle biopsy (CNB), vacuum-assisted needle biopsy, placement of 
brachytherapy devices, and breast tissue ablation.

7.1 US-guided fine-needle aspiration cytology (US-FNAC)

FNAC uses a disposable needle (usually 18 to 27- gauge) connected to a vacuum 
syringe. It is technically simple, widely available, and easy to plan in outpatient clin-
ics. It can be performed with a low risk of complications. It is an accurate technique 
and affordable in resource constraints settings [43]. Quality depends on the aspira-
tor’s competence and the pathologist’s proficiency and expertise in determining its 
interpretation. FNAC is more appropriate for patients on anticoagulants for lesions 
adjacent to the skin, close to the chest wall or close to vessels, or patients with 
implants, or with very small lesions and those with small/thin breasts [44].

Ultrasound-guided needle aspiration puncture is mainly recommended for 
the aspiration of simple symptomatic cysts. If the aspiration fluid is clear, yellow, 
greenish-black (no atypical features), it can be discarded and not require further 
evaluation [45]. In case that the fluid is bloody, it must be sent for cytological analy-
sis. If it looked purulent, it must be sent for culture and gram stain. If suspicious, 
atypical, or mucin results are found in cytology, re-biopsy or excision of the lesion 
should be performed. The patient should accomplish a follow-up ultrasound in 4 to 
6 weeks when the cyst has been completely evacuated. Whether the cyst recurs, the 
re-biopsy of the lesion is mandatory [46].

Although core needle biopsy is currently advocated as the standard procedure 
in most breast centers in developed countries, FNAC continues to be an acceptable 
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and reliable procedure for diagnosing suspicious breast lesions in low and middle-
income countries. Two meta-analyses assessed the accuracy performance of FNAC 
[46, 47]. The meta-analysis of Yu et al. [48] included 46 studies showing pooled 
sensitivity of 92.7% and specificity of 94.8%; however, the pooled sensitivity and 
specificity for eleven studies that reported unsatisfactory samples was 92.0% and 
76.8%, respectively. The meta-analysis by Wang et al., [47] compared the sensitivity 
and specificity of CNB and FNAC in twelve studies; the pooled analysis showed 
that the sensitivity of CNB is better than that of FNAC (87% vs. 74%). However, the 
specificity of CNB was similar to that of FNAC (98% vs. 96%).

7.2 Ultrasound-guided core needle biopsy (CB)

Ultrasound-Guided Core Needle Biopsy involves 14G–16G spring-loaded auto-
mated needles with an excursion throw that allows small cylinders of tissue (speci-
men) to be cut and collected within the notch of the needle. The needle is extracted 
from the breast to recover the breast tissue and then re-inserted for further samples. 
False-negative rates range from 0% [49] to 9% [50], and underestimation rates 
range from 3.4–100% in atypical ductal hyperplasia, radial scars, papillary lesions, 
lobular carcinoma in situ (LCIS), and phyllodes tumors [51].

7.3 US vacuum-assisted biopsy (VAB)

VAB is commanded with suction and a rotating cutter. This device uses needles 
ranging from 7 G to 12 G. Vacuum aspiration pulls lesion tissue samples for col-
lection into a sampling window without removing the needle from the biopsy site 
[50]. VAB is commanded with suction and a rotating cutter. This device uses needles 
ranging from 7 G to 12 G.

Currently, there is an increasing interest in using US-guided vacuum-assisted 
devices for the complete removal of a probably benign lesion [52, 53], with low 
rates of residual masses, particularly for lesions <1 cm in size [54]. Additionally, 
successful excision of intraductal masses has been reported in women with nipple 
discharge [55].

7.4 Guided ablative techniques

Tumor destruction techniques are by heat (hyperthermia) or by cold (cryother-
apy) means. Several technologies using hyperthermia are available: radiofrequency, 
microwaves, interstitial laser, and electroporation [42]. The percutaneous radio-
frequency device utilizes five small radiofrequency-enabled wires deploy from the 
wand (capture basket) to circumscribe the lesion. Radiofrequency passes through 
the expanded basket, sectioning and coagulating the breast tissue. The device can 
remove entire lesions up to 25–30 mm [56].

Cryotherapy involves the use of argon gas to generate an ice sphere around 
the lesion. Ultrasound is used in real-time to visualize the growth of the ice ball 
around the lesion; this is an outpatient procedure that can be performed under local 
anesthesia [2].

7.5 Indications for excisional biopsy

Currently, the percutaneous imaging-guided biopsy is the standard for the 
diagnosis of most breast lesions. However, there are still indications when excisional 
surgical biopsy should be recommended. The acquaintance of such indications is 
essential to adopt the multidisciplinary approach and provide the best patient care. 
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Adequate radiology/histology/clinical correlation is essential, in addition to the cau-
tious post-biopsy surveillance for immediate detection of false-negative results, to 
prevent delays in cancer diagnosis. Clinical situations where open excisional biopsy 
should be recommended include [57]:

• Discordance between imaging findings and histopathology.

• Suspicious interval changes in a lesion previously diagnosed as benign pathology.

• High-Risk Lesions: Atypical Ductal Hyperplasia; Lobular carcinoma in Situ; 
Atypical Lobular Hyperplasia.

• Flat epithelial atypia, radial scar, or radial sclerosing lesion.

• Papillary lesions with atypia. Columnar alteration with cytologic atypia.

• Lesions not amenable to percutaneous biopsies include lesions close to the 
chest wall or immediately adjacent to the implant, inadequate breast tissue, 
patient intolerance to lie flat, and lesions superficially located within the skin.

• Lack of adequate retrieval of calcifications (as judged by the radiologist) when 
calcifications are targeted.

8. Preoperative evaluation of the breast in diagnosed breast cancer

The tumor size obtained by imaging is an important factor in the preoperative 
planning of breast cancer, whether it is the type of surgery or whether it initiates 
with neoadjuvant chemotherapy (NAC). Thus, mammography has been consid-
ered the standard imaging tool for detecting and assessing tumor size. Currently, 
the high-resolution US and MRI have been included in the diagnostic flowchart 
to achieve higher sensitivity [56], underscoring the surgeons’ need to know the 
accuracy of each test to attain affordable breast cancer patient care.

Several studies [57–68] assess mammography, US, and MRI accuracy for 
measuring preoperative tumor size in patients who do not receive neoadjuvant 
chemotherapy. These studies showed correlations between ultrasonographic tumor 
size and pathologic tumor size ranging from 0.40 to 0.93, suggesting that breast 
ultrasound accurately predicts tumor size for those patients.

Although many studies have evaluated the value of preoperative magnetic 
resonance imaging (MRI) in invasive breast cancer, its role in clinical practice is still 
controversial, failing to show surgical outcome benefits [69–71]. A meta-analysis 
by Houssami and colleagues [69], which included 3,112 patients with breast cancer, 
found a significant increase in mastectomy rates in the MRI group (16.4% and 
25.5%, respectively) with the non-MRI group (8.1% and 18.2%, respectively). 
This meta-analysis failed to show a surgical outcome benefit because there was no 
difference in re-excision rate following an initial breast-conservation, with 11.6% 
in the MRI group compared with 11.4% non-MRI group (P = .87). The authors 
suggest that a routine MRI in breast cancer patients could do more harm than 
good by identifying foci of disease beyond the lumpectomy bed that would have 
been eradicated by adjuvant radiation. Two prospective randomized trials [70, 71] 
assessed the effect of MRI on surgical outcomes in patients with breast cancer, with 
a primary end-point of reoperation rates (re-excision and conversion to mastec-
tomy). The United Kingdom (UK) randomized trial (COMICE) [70] evaluated the 
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role of breast MRI in 1,625 women who had recently been diagnosed with primary 
breast malignancy. The trial showed no significant difference in the reoperation rate 
between the MRI group (18.7%) and the non-MRI group (19.3%). A twenty-eight 
percent increase in mastectomy rates was considered pathologically avoidable in 
the MRI group. The MONET trial [71] randomized 418 women with a nonpal-
pable suspicious mammographic or sonographic finding (BIRADS 3 to BIRADS 5 
lesion) to receive preoperative MR Imaging versus usual care (mammography and 
ultrasound followed by biopsy). One hundred sixty-three women were diagnosed 
with breast cancer. There was a paradoxical increase in the re-excision rate in the 
MRI group (34%) and no difference in conversion to mastectomy (11%) compared 
with the re-excision rate in the non-MRI group (12%, P = .008) and conversion to 
mastectomy (14% P = .49).

9. Preoperative evaluation of axilla in diagnosed breast cancer

Ultrasound is the primary imaging technique to evaluate morphological abnor-
malities in the lymph nodes. It is a moderately sensitive method (between 26 and 
80%) and can be very specific (ranges from 88 to 98%) [72, 73] when a morphologi-
cal sign that indicates alterations is used as a diagnostic criterion such as general 
shape, the aspect of the cortex, the hilum and vascularization, rather than size 
[72–74]. A normal axillary lymph node sizes less than 10 mm, has a smooth and well-
defined contour with an echogenic hilum (constitutes the majority of the node), and 
is surrounded by a thin and uniform hypoechoic cortex measuring less than 3 mm 
[75]. The ultrasound aspects of tumor infiltration in a crescent order of specificity 
are diffuse cortical thickening (> 3 mm); focal cortical bulge; eccentric cortical 
thickening; rounded hypoechoic node; partial or complete effacement of the fatty 
hilum; non-hilar blood flow on color Doppler; partial or total replacement of the 
node with an ill-defined (or irregular mass) and microcalcifications in the node [76]. 
The last step of the tumoral infiltration is spread to the perinodal fat [74, 76–78].

Axillary Ultrasound (AUS) and needle biopsy of abnormal-appearing nodes 
can appropriately allocate a positive predictive value for detecting nodal metastases 
[79, 80]. The use of ultrasound and biopsy in an abnormal lymph node improves 
sensitivity (88% vs. 61%), specificity (100% versus 85%), positive predictive value 
(91% versus 73%), and negative predictive value (100% versus 77%) compared to 
US alone [73–75]. The approach for identifying axillary metastases in women with 
T1 or T2 invasive breast cancer ranges from axillary imaging only in patients with 
suspicious findings (from physical examination of the axilla) [74] to axillary imaging 
being performed in all patients [5–7]. The identification of axillary disease on preop-
erative ultrasound was considered a reliable indicator for preoperative identification 
of axillary metastases, allowing the surgeon to proceed directly to axillary lymph 
node dissection (ALND) and omission of sentinel lymph nodes biopsy (SNB) [81].

However, the clinical utility of preoperative axillary imaging evaluation in 
women with T1 or T2 invasive breast cancer has changed with the American College 
of Surgeons Oncology Group (ACOSOG) Z0011 study [82] and International Breast 
Cancer Study Group (IBCSG)23–01 [83]. These randomized controlled trials have 
established that women with clinical T1–2 invasive breast carcinoma and clinically 
negative axilla with 1–2 positive sentinel lymph nodes (SLNs) can safely spare 
ALND without impacting overall survival, disease-free survival, or locoregional 
recurrence. Hence, several studies have attempted to evaluate whether it can man-
age patients without palpable adenopathy but with positive axillary nodes identified 
by ultrasound according to Z0011 criteria [84–87]. These studies have reported 
that between 43% and 51.9% of patients with nodal metastases on imaging had 
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pN1 disease at surgery, suggesting that a cohort of patients with axillary metastases 
detected by imaging alone can be candidates for the omission of ALND based on 
minimal nodal disease. Although a considerable percentage of patients with image-
detected positive nodes have pN1 disease, multiple abnormal lymph nodes on 
axillary imaging were associated with a high likelihood of having pN2–3 disease and 
worse survival [88–90]. Axillary ultrasound seems to be more suited to exclude high 
axillary burden than quantifying the nodal disease volume in the event of abnormal 
axillary lymph nodes detected on preoperative axillary imaging.

In patients with clinically abnormal lymph nodes on physical exam, further 
evaluation of axilla with AUS with/without needle biopsy should consider appro-
priating to neoadjuvant chemotherapy, given the high nodal pathologic completed 
response (PCR) rates of 21 to 65% [91, 92]. Studies support the use of SNB for 
surgical staging of the axilla with false-negative rates of 8.4 to 14.2% [93–95]. 
Consequently, the de-escalation of axillary surgery for patients with metastatic 
axilla may not eliminate the need for the axillary US, but it certainly may make its 
use more selective.

10. Evaluation of the breast after surgical therapy

Breast imaging is a challenge in evaluating postoperative changes in breast 
cancer breast due to the wide range of imaging changes after surgery and the 
risk of recurrent disease. Ultrasound findings depending on the type of surgery 
performed: mastectomy, breast-conserving therapy, and breast reconstruction; 
whether radiation therapy has been performed; and the period elapsed from 
the end of treatment. Breast Ultrasound should perform in addition to, not as 
a replacement for, mammography [96, 97], for women who have undergone 
breast-conserving surgery and for the surgical site in patients with mastectomy. 
There are no post-mastectomy imaging guidelines since they are followed clini-
cally with serial physical examinations. In the absence of breast reconstruction, 
the chest wall, subcutaneous fat, and skin can be evaluated with ultrasonogra-
phy [98]. Cutaneous recurrence in patients after mastectomy may be palpable 
superficial mass.

Understanding the postsurgical imaging findings and their correlation is essen-
tial to ensure an accurate interpretation and recommendation. The most common 
changes in US imaging after breast-conserving surgery are:

• Skin thickening (more than 2 mm) and parenchymal edema, characterized 
by increased echogenicity and reticular enlargement of breast parenchyma 
(represented by dilated lymphatics or interstitial fluid). Those findings should 
start reducing six months after completing radiation therapy and returning to 
normal by two years of surgical treatment [99].

• Postsurgical scar or fibrotic dermal tissue after skin incision. Postsurgical scar 
appears as a discrete area of architectural distortion or hypoechoic interruption 
of the normal parenchyma with an irregular shape, not parallel orientation, 
strong acoustic shadowing, and absent vascularity. Fibrosis increases up to 
18 months and then stabilizes. Therefore, after that period, the tissue that 
enhances the distortion must be considered suspicious, and biopsy should be 
considered.

• Postoperative fluid collections in the surgical bed have variable echogenicity 
(hypoechoic, hyperechoic, or anechoic). The anechoic lesions have a thin wall, 
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sometimes with debris or septa. Hematomas may be ill-defined or present as 
a mass with distal acoustic enhancement or shadowing and internal complex 
echoes [10]. Postoperative fluid collection decreases by six months, though, in 
a few patients, these may persist for years [100].

• Fat necrosis appears as hypoechoic or heterogeneous irregular mass, with 
acoustic shadowing. These findings may be misinterpreted as suspicious for 
malignancy. Therefore, in this case, correlating mammographic findings and 
tissue sampling is indicated (Figure 6).

11. Evaluation and assessment of the breast after medical therapy

Radiological and clinical evaluation of residual tumor size after neoadjuvant 
chemotherapy (NAC) is vital for decision-making in breast surgical planning. 
Physical examination, mammography, and ultrasound are not accurate in assessing 
the tumor response to NAC. Chagpar et al. [101] examined the accuracy of clinical 
methods of tumor size assessment (physical examination, mammography, and 
ultrasound) in evaluating the tumor response to chemotherapy. The correlation 
coefficients for residual tumor size were estimated for physical examination of 
0.42, ultrasound 0.42, and mammography 0.41. Interestingly, clinical measure-
ment estimated by each of these modalities in only 66–75% of cases was within one 
centimeter of the pathologic tumor size. Likewise, Peintinger et al. [102] showed 
higher accuracy (89%) with the combination of mammography and sonography 
in predicting pathological residual tumor size after neoadjuvant chemotherapy, 
but a moderate agreement (69% of patients) in predicting pathologic tumor size 
within 0.5 cm.

Therefore, breast ultrasound for clinical evaluation of tumor size is moderately 
useful for patients receiving chemotherapy first [7]. However, breast MRI has 
shown an equal or better correlation for these patients and offers the best per-
formance in assessing patients’ response and predicting pathological tumor size 
non-invasively [103, 104].

Figure 6. 
US Postoperative changes in Breast Conservation Treatment. (a) Parenchymal Edema, represented by reticular 
enlargement of breast parenchyma with dilated lymphatics (calipers) and interstitial fluid; (b) Postsurgical 
Scar, a discrete area of hypoechoic distortion with strong acoustic shadowing; (c) Postoperative Fluid Collection 
in surgical bed; (d) Fat Necrosis: Heterogeneous mass with acoustic shadowing.
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12. Intraoperative ultrasound (IOUS) in breast surgery

Intraoperative US (IOUS) is a non-invasive procedure that enables the surgeon 
to perform intraoperative localization and guided excision of a nonpalpable breast 
lesion, as well as ultrasound-guided operation of traditional palpation-guided 
surgery [105–109].

Widespread preoperative malignant lesion localization strategies for surgery 
are wire-guided localization (WGL) and radio occult lesion localization (ROLL)-
guided surgery to ensure the whole removal of imaging findings and allow margin 
clearance [110–112]. Rahusen et al. [110] reported that IOUS (89%) is superior to 
wire-guided surgery (55%) concerning tumor-free resection margins. A retrospec-
tive multicenter study [113] demonstrated that IOUS for nonpalpable invasive 
breast cancer was more accurate in obtaining adequate margins with the lowest rate 
of positive margins in the IOUS group (3.7%) than in the wire-localization group 
(21.3%) and radioguided occult lesion group (25%). Snider et al. showed a reason-
able rate of tumor-free resection margins using IOUS (82%) with a smaller excision 
volume of healthy breast tissue than wire-guided surgery [114].

A meta-analysis [111] of patients with nonpalpable breast cancer treated 
with IOUS vs. wire-guided localization (WGL) showed that the rate of involved 
surgical margins for IOUS varies 0–19%. There was a statistically significant 
difference between IOUS and WGL regarding tumor-free margins favoring IOUS 
(OR = 0.52; 95%CI: 0.38–0.71). In the meta-analysis of Pan et al. [112], IOUS 
is an accurate method for localizing nonpalpable and palpable breast cancers 
by obtaining a high proportion of negative margins and adequate resection 
volumes in patients undergoing breast-conserving surgery. Thirteen studies 
were included. Eight were eligible for the impact of IOUS on the margin status of 
nonpalpable breast cancers; four were suitable for palpable breast cancers, and 
one was for both nonpalpable and palpable breast cancers. This meta-analysis 
showed a statistically significant increase in the rate of negative margins using 
IOUS for both nonpalpable and palpable breast cancers. IOUS-guidance enabled 
a significantly higher negative margin rate for non-palpable breast cancers 
than WGL-guidance (RR =1.26, 95% CI =1.09–1.46 from 6 prospective studies; 
OR = 1.45, 95% CI =0.86–2.43 from 2 retrospective studies). For palpable breast 
cancers, the relative risk (RR) for IOUS associated negative margins was 2.36  
(95% CI =1.26–4.43) in 2 prospective studies, and OR was 2.71 (95% CI = 1.25–5.87)  
in 2 retrospective studies.

Breast surgeon-performed IOUS-guided excision does not depend on the 
radiology or nuclear medicine department. This procedure avoids the need for an 
additional localization procedure preoperatively, is non-stressful for the patients, 
and allows accurate intraoperative targeting and immediate confirmation of lesion 
removal with tumor-free margins. The use of this technique allocates hospital 
resources efficiently in resource-constraint contexts.

IOUS has demonstrated benefits in patients with palpable early-stage primary 
invasive breast cancer to completely excise the tumor with negative margins and 
small excision volumes, improving the result. COBALT-trial [107] was a multicenter 
randomized controlled trial for palpable cancer, comparing IOUS with palpation-
guided surgery (PGS). Results of this trial showed a difference in tumor-involved 
margin of 3% of tumor-involved margins for the invasive component in the 
IOUS-group compared to 17% in the PGS-group, and thus a significant decrease 
in additional treatment required in the IOUS group (2% re-excision and 9% boost 
in IOUS vs. 7% mastectomy, 4% re-excision and 16% boost in the PGS group). 
Furthermore, secondary results of this trial showed IOUS had smaller odds of 
 having worse cosmetic outcomes than PGS (OR = 0.51, P = 0.045).
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Chapter 7

Accuracy and Efficacy of 
Ultrasound-Guided Pes Anserinus 
Bursa Injection
Jong Hwa Lee, Jae Uk Lee and Seung Wan Yoo

Abstract

The term “pes anserinus tendinobursitis (PATB)” is generally used to describe 
the inflammatory condition of pes anserinus bursa (PAB). Ultrasound (US) is 
widely used as a diagnostic and therapeutic tool to improve the assessment and 
management of joints and soft tissues. We performed the study to prove the accu-
racy and efficacy of US-guided injections in patients with PATB by comparing blind 
interventions. Forty-seven patients were randomly assigned to an US-guided and 
a blind injection group. The patients in the US-guided group were given injections 
under sonographic visualization. Otherwise, in the blind group, injections were 
provided in the conventional technique without any sonographic guidance. After 
the management, the accuracy of the injections was assessed by identifying the 
injectate location using the US. Treatment efficacy was evaluated using the visual 
analog scale (VAS) of knee tenderness. The US-guided group showed that the 
injectates were located at the PAB accurately in all participants, whereas the blind 
group revealed that the materials were found to be at the bursa side only in 4 out of 
22 patients. VAS scores of the US-guided group significantly improved compared 
to the blind group. In conclusion, US-guided PAB injections are more accurate and 
efficacious than blind approaches.

Keywords: pes anserinus tendinobursitis, bursa injection, ultrasound

1. Introduction

The pes anserinus (PA), which means “Goose foot” in Latin, consists of the 
conjoined tendon of the sartorius, gracilis, and semitendinosus muscles. It inserts 
into the proximal anteromedial aspect of the tibia approximately 5 cm distal to the 
medial tibial joint line. Biomechanically, it provides secondary restraint against 
valgus forces of the knee joint [1–4]. The PA bursa (PAB) is located deep to the PA 
tendon and serves to reduce friction between three tendons and the deep structures 
including the tibia and the medial collateral ligament (MCL). Commonly, it does 
not communicate with the knee joint space [3].

The first description of the region in literature dates back to 1937. Moschcowitz 
described knee pain almost exclusively in women who complained of pain when 
going downstairs or upstairs, or had difficulty in getting up from a chair, or flexing 
their knees [5]. PA bursitis or tendinitis, or also called PA tendinobursitis (PATB), 
is usually used to describe the inflammatory condition of the PAB mainly caused by 
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repetitive friction over the bursa or by direct trauma. It can be observed in patients 
with rheumatoid arthritis, osteoarthritis (OA), and diabetes mellitus. The risk 
increases in people who are obese or have valgus knee deformity [6–8]. PATB is 
clinically common in obese female OA patients. The distinction between PA bursitis 
and tendinitis is difficult because of the proximity of the structures. In addition, 
its pathology remains unknown and is still controversial. However, the treatment 
strategy is similar for those conditions [9].

The exact prevalence of PATB is unknown. It has been reported at a wide range 
of levels, between 2.5 and 70% [10]. Frequently, the incidence tended to be under-
estimated due to difficulty in diagnosis. In a retrospective review of 509 knee MRIs 
obtained on 488 patients with suspected “internal derangement” at an orthopedic 
outpatient clinic, a 2.5% prevalence of PATB was detected [11]. Sometimes, fluid col-
lection in semimembranosus bursa, around the collateral ligament, or meniscal cyst 
can make the differential diagnosis difficult. Therefore, it was suggested that fluid 
collection in the PA bursa accompanied by clinical symptoms such as pain in the 
medial side of the knee was helpful for diagnosis. In a prospective study, a total of 
170 knees of 85 patients with OA were assessed with the US, and the incidence of PA 
bursitis was 20% [12]. They presented that PA bursitis was more common in women 
and at advanced ages and was observed in one of every symptomatic OA patient.

The clinical diagnosis of PATB is based on symptoms, including pain in the 
medial aspect of the knee when going downstairs or upstairs, morning pain and 
rigidity for more than 1 h, sensitivity to compression on the tendon insertion area, 
and occasional local edema [11]. Resolving the pain after a local anesthetic injec-
tion may also be helpful for diagnosis [12]. MRI can be useful in the diagnosis of 
PATB when swelling, fluid collection associated with the inflammatory process are 
observed as like most of the soft tissue pathologies. The exam can be a good method 
to detect and differentiate cystic lesion within and around the knee [13]. However, 
results of the image often do not allow to identify structures that are responsible for 
the symptoms of PATB.

2. Significance of US-guided injections

Many studies have researched the accuracy and efficacy of US-guided injections 
compared to blind (without a guide) techniques. Gilliland et al. [14] presented a 
systemic review about the efficacy of US-guided intra-articular and periarticular 
injection compared with anatomic standard injection using palpation/anatomic 
landmarks in the joints of the knee, shoulder, foot, ankle, wrist, and hand. They con-
cluded that accuracy was improved with the use of US-guided injection and short-
term outcome improvements were found in the US-guided groups. Berkoff et al. [15] 
reviewed the clinical utility of US-guided intra-articular knee injections in com-
parison with palpation-guided anatomical injections. The study suggested that US 
guidance significantly improved the accuracy of injection in the target joint space. 
The accuracy induced the improvement of clinical outcomes and cost-effectiveness.

PAB injection is usually performed by a blind method in actual clinical settings 
because the structure locates close to the superficial layer relative to the shoulder or 
knee joint. Therefore, it has not been sufficiently studied in relation to the ultra-
sound (US) guidance. Finnoff et al. [10] compared the accuracy of US-guided and 
unguided PAB injections in 24 cadaveric lower extremities specimens. The accuracy 
rate was 92% in the US-guided group and 17% in the unguided group. In spite of 
the superficial location, most unguided PAB injections failed to place the injectate 
within the bursa, while US-guided injection showed a high degree of accuracy. 
Because it was a study using cadavers, therapeutic efficacy in clinical conditions 
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could not be identified. The exact pathology of PATB is still not completely known, 
which has been studied for more than 80 years. Furthermore, the injection location 
to prove its effect has not been sufficiently investigated.

This study was conducted with the aim of assessing the accuracy of US-guided 
PAB injections and evaluating the clinical outcomes of the efficacy of injection by 
comparing them to blind injections. The study also examined whether the location 
of injectate could suggest the main source of pain.

3. Methods and materials

3.1 Participants

Patients who were clinically diagnosed with PATB were recruited. Symptoms 
were determined to include medial knee pain when going downstairs or upstairs, 
rigidity for more than 1 h, sensitivity to compression on the tendon insertion 
area, and occasional local edema. All participants were randomly assigned into 
two groups—the US-guided injection group and the blind injection group. The 
randomization and allocation sequences were generated by using Microsoft Excel. 
Seven patients were dropped out to follow-up, and a total of 47 patients were finally 
analyzed (Figure 1). Patients who had knee OA (grade I–III Kellgren-Lawrence), 
pain in the medial aspect of the knee, and symptoms lasting for at least 3 months 
were included. These patients presented maximal tenderness over the PAB, not 
on the joint line or around the patella bone. The exclusion criteria were history 
of traumatic injury or mechanical derangement, surgical intervention, systemic 
inflammatory disorders, concomitant severe rheumatic disease, microcrystalline 
arthropathy, or fibromyalgia.

The study was carried out with permission from the institutional review board 
of our hospital. Informed consent was obtained from each subject for study par-
ticipation, according to the ethical guidelines of the hospital after the subject fully 
understood the study’s purpose and methodology.

Figure 1. 
Study flowchart.
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3.2 US-guided injection technique

All sonographic examinations and injections were performed by one expert 
physician with over 10 years of experience in the musculoskeletal US and managing 
knee OA. In the preparation, the subjects were placed in the supine position with the 
knee flexed 5-10 degrees. After marking the PAB area, the skin was prepped with the 
usual products. US assessment was performed on the medial part of the knee using a 
linear array probe with a 6–12-MHz frequency and penetration depths of 2.5–4 cm. 
The needle was inserted at the point where the PA crossed over the anterior fibers of 
the MCL. The transducer was positioned in a longitudinal orientation relative to the 
anterior fibers of the MCL, with an oblique transverse orientation relative to the PA. 
Under US guidance, a 25-gauge 38-mm needle was inserted through the skin proximal 
to the transducer in a longitudinal plane. Continuously advanced in the distal direc-
tion and introduced the needle tip into the tissue space between the PA and the MCL. 
When the needle tip was visualized between the middle of the PA and the MCL, the 
materials were injected under direct sonographic visualization (Figures 2 and 3).

3.3 Blind injection technique

The same physician who carried out US-guided injections provided the blind 
injections. The blind injection was performed in a similar technique to the method 
described previously [16]. The subjects were placed in the supine position, with the 
slightly flexed knee as like for the US-guided methods; palpated the point of maxi-
mal tenderness and marked it; prepped the skin using a usual product; inserted the 
25-gauge 38-mm needle to the skin perpendicularly into the maximal tender point 
until touching the bone gently. After that, the needle of 2–3 mm is withdrawn to 
avoid injecting into the conjoined tendon directly; the materials are injected into 
the syringe, which should easily flow.

3.4 Injection material

The injection material was a mixture of 20 mg of triamcinolone acetonide and 
1 mL of 1% lidocaine. It was injected at the maximal tender point in the PAB area 

Figure 2. 
US-guided injection, the transducer was positioned in a longitudinal orientation relative to the anterior fibers 
of the medial collateral ligament, with an oblique transverse orientation relative to the pes anserinus.
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under US guidance and blind method each. After the PA injections, to identify the 
location of the material, sonographic scanning was performed in both groups.

3.5 Assessment

After the management, the accuracy of the injections was assessed by identify-
ing the injectate location using the US. The injectate location was evaluated by a sec-
ond operator who was unaware of the previous procedure with more than 8 years of 
musculoskeletal US experience in diagnosis and management.

Treatment efficacy to the injection was assessed with a pain visual analog scale 
(VAS) of knee tenderness. The patients were asked to check the degree of pain 
intensity ranging from 0 (the absence of pain) to 10 (the worst pain ever). Because 
all the participants in this study had degenerative arthritis of the knees, it was 
important to distinguish between articular pain and bursal pain. If the patients 
described it as simply knee pain, the distinction could be confusing. Therefore, the 
VAS scores were measured while the constant force was applied to the tender point 
of PA by an examiner with a pressure algometer (FPK-5®Wagner Instruments, 
USA). This measurement was performed before 1 week and 4 weeks after the 
injection.

We did not provide any drugs which had the analgesic effect, including non-
steroidal anti-inflammatory drugs that could mask the pain symptoms of the 
participants. All patients were informed about discomforts after injection. To avoid 
possible tendon tear or rupture, the patients were advised to rest for at least 2–3 days 
with the application of ice 3 times every day. Also, they were taught not to do 
jumping, squatting, kneeling, and bending of the knee for 3 weeks. About 4 weeks 
after the procedures, complications that had occurred were assessed by individual 
interviews.

The data were analyzed by using Windows SPSS 18.0 software. To evaluate the 
outcome measurements before and after treatment in each group, the Wilcoxon 
signed-rank test was used. Statistical processing was conducted with the Mann-
Whitney U test for comparison between the two groups. A statistical significance 
level was set at p < 0.05.

Figure 3. 
US-guided injection, longitudinal ultrasound image of a needle (arrowhead) in the pes anserinus bursa 
(asterisk) between the medial collateral ligament (MCL) and the pes anserinus (PA) tendon.
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4. Results

Forty-seven patients diagnosed with PATB and knee OA were finally 
recruited. The US-guided injection group included 25 patients with a mean age of 
65.36 ± 7.12 years (two men and 23 women). The blind injection group included 
22 patients with a mean age of 63.40 ± 6.20 years (two men and 20 women). There 
were no significant differences in general characteristics including knee OA K-L 
grade, and baseline VAS scores between the two groups (Table 1).

In the US-guided injection group, changes of the VAS for PA tenderness showed 
that pain reduced significantly from 6.82 ± 1.45 at baseline to 2.28 ± 1.08 1 week 
after the injection and 3.27 ± 0.94 4 weeks after the injection (p < 0.05) (Table 2). 
In the blind injection group, changes of the VAS also revealed that pain reduced 
statistically from 6.45 ± 1.12 at baseline to 3.95 ± 1.23 1 week after the injection and 
4.60 ± 0.95 4 weeks after the injection (p < 0.05) (Table 2).

Table 3 shows the comparison between the two groups in changes of the VAS score 
for PA tenderness. The US-guided injection group showed that pain reduced signifi-
cantly greater than the blind group with regard to ΔVAS scores at 1 week after injection 
(4.54 ± 0.98 vs. 2.50 ± 1.03) and 4 weeks after injection (3.55 ± 1.14 vs. 1.85 ± 0.84).

After the PAB injections, the injectates were found to be accurate in the PAB, 
between the PA tendon and the tibia or the MCL, in all 25 subjects in the US-guided 
injection group (Figure 4). On the other hand, in the blind injection group the 
materials were found to be located in the PAB in only four of 22 subjects, deep to 
the MCL in two, and superficial to the PA tendon in 16 patients (Figure 5). Most 
injectates were administered outside the PA bursa.

VAS US-guided group Blind group

Baseline 6.82 ± 1.45 6.45 ± 1.12

1 week after injection 2.28 ± 1.08* 3.95 ± 1.23*

4 weeks after injection 3.27 ± 0.94* 4.60 ± 0.95*

Values are presented as mean ± standard deviation.
VAS = visual analog scale; PA = pes anserinus; US = ultrasound.
*p < 0.05 by Wilcoxon signed-rank test.

Table 2. 
Changes of VAS of PA tenderness comparing baseline.

US-guided group Blind group p value

Age (year) 65.36 ± 7.12 63.40 ± 6.20 0.412

Sex (male/female) 2/23 2/20

Right/left 11/14 12/10

Knee OA duration (year) 7.21 ± 6.33 6.35 ± 6.24 0.137

Knee OA K-L grade 2.20 ± 0.56 2.15 ± 0.57 0.652

Baseline pain score

VAS (knee pain) 5.24 ± 1.20 4.80 ± 1.45 0.255

VAS (PA tenderness) 6.82 ± 1.45 6.45 ± 1.12 0.320

Values are presented as mean ± standard deviation.
US = ultrasound; OA = osteoarthritis; K-L grade = Kellgren-Lawrence grade; VAS = visual analog scale; PA = pes 
anserinus.

Table 1. 
Baseline characteristics of both groups.
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Intra-tendon injection was not performed on any of the participants 
in either group. Complications were not reported after the intervention in 
both groups.

US-guided group Blind group p value

ΔVAS

1 week after injection 4.54 ± 0.98 2.50 ± 1.03 0.000*

4 weeks after injection 3.55 ± 1.14 1.85 ± 0.84 0.003*

Values are presented as mean ± standard deviation.
VAS = visual analog scale; US = ultrasound.
*p < 0.05 by Mann-Whitney U test.

Table 3. 
Changes of VAS of PA tenderness between two groups.

Figure 4. 
Ultrasound image of the injectate location after injection; intra-pes anserinus bursa area.

Figure 5. 
Ultrasound image of the injectate location after injection; extra-pes anserinus bursa area, the injection was 
superficial to the tendon.
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5. Discussion

The US is widely used for diagnosis and treatment in musculoskeletal fields. 
There have been several studies representing US features of PA tendon or PAB 
in patients with PATB. Some studies reported that the US is limited in detecting 
PATB, while others concluded that it can be helpful. Uson et al. [17] assessed the 
US findings of the PA and the subcutaneous fat of medial knee in clinically diag-
nosed PATB patients. The diagnostic findings were the thickness of the insertion 
of the tendons, the presence of fluid collection greater than 2 mm in the bursa, 
and changes in the subcutaneous fat of the medial aspect of the knee. For a total 
of 37 participants, PA tendinitis was diagnosed in just one knee and PA bursitis 
in three knees (two symptomatic and one asymptomatic). From the results, they 
concluded that it was difficult to detect US findings of PA tendinitis or bursitis in 
patients diagnosed with PATB syndrome. Unlu et al. [18] examined US evidence 
of PA tendinitis or bursitis in patients with type 2 diabetes mellitus. Only 8.3% 
of 48 patients were found to have PA tendinitis findings in the US. Although PA 
tendinitis or bursitis syndrome is not uncommon in patients with diabetes melli-
tus, there might be less frequent morphologic US changes of the PA tendons. Yoon 
et al. [2] prospectively studied the correlation between US findings and response 
to steroid injection in 26 patients with clinically diagnosed PATB syndrome. Only 
two patients (8.7%) showed sonographic evidence of PATB. One patient with PA 
tendinitis showed thickening and loss of normal fibrillar echotexture. The other 
who had bursitis revealed circumscribed anechoic fluid collection of 2 mm or 
greater.

Uysal et al. [12] evaluated the prevalence of PA bursitis in OA patients. A total 
of 170 knees from 85 patients with knee OA were assessed, and 20% (34/170) of the 
knees showed PA bursitis in US examinations. They suggested that PA bursitis was 
easily found in the US, and there was a positive correlation between OA grade and 
PAB size and area. Toktas et al. [19] studied the US findings of PA tendon and bursa 
in 183 clinically diagnosed PATB among the 314 knees with OA. The results showed 
that the mean thickness of PA in knees with OA with/without PATB was signifi-
cantly greater than the controls. US could be a useful diagnostic tool for detecting 
PATB syndrome in knee OA patients.

The term PATB is generally used to describe the inflammatory condition of PAB; 
however, the structure associated with symptoms is still not identified. After the 
intervention in our study, all injectates (25 of 25 subjects) were located accurately in 
the PAB in the US-guided injection group, whereas just 18% (4 of 22 subjects) were 
properly located in the blind injection group. The US-guided group revealed greater 
pain reduction significantly than the blind group. This suggests that the pain might 
be arisen from the bursa, so a diagnosis of tendinobursitis is more suitable for this 
condition.

As previous studies have shown, US-guided injections are more accurate than 
blind injections. Various reviews have recently been reported on the clinical utility of 
US-guided injections in locations such as shoulder girdles, hip joints, and knee  
joints. A systematic review of US-guided shoulder girdle injections reviewed four 
cadaveric studies and nine human studies, and concluded that US-guided injections 
had greater accuracy for all types of shoulder injections than landmark-guided 
injections, except subacromial injection. The efficacy for the subacromial and 
biceps tendon sheath injections was improved [20]. Another systematic review of 
US-guided hip joint injections showed the improvement of accuracy. They reviewed 
four US-guided and five landmark-guided studies, and suggested that US-guided hip  
injections were significantly more accurate than landmark-guided techniques [21]. 
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A review of US-guided intra-articular knee injections revealed that US-guided 
injections notably improved accuracy in the intra-articular joint injections than 
conventional palpation-guided injections by analyzing a total of 13 previous studies. 
US guidance also directly improved patient-reported clinical outcomes and cost-
effectiveness [15].

PAB injection is usually performed by blind technique in actual clinical settings 
because PA is located closer to the superficial layer compared to other deep joints. 
Acromioclavicular joint (AC) is also located superficially, and blind injection is 
often performed through palpation. Nevertheless, a previous study has shown that 
the use of US in the AC joint injection is more accurate and effective [22]. They 
concluded that US-guided AC joint articular injection resulted in better pain and 
functional status improvement than palpation-guided injection at the 6-month 
follow-up. Therefore, even in the superficial structures, US-guided injection is 
recommended for accurate treatment.

For this reason, although the effectiveness of US examination in the PATB 
diagnosis is controversial, the value of US-guided injection treatment is sufficiently 
recognized for its accuracy. Overall, the accuracy of blind injections is 40–80%, 
while that of US-guided injections is approximately 90–100%. In most of these 
injections, the improved accuracy achieved by US guidance directly enhances  
clinical outcomes.

Consistent with previous studies, this research observed that US-guided 
injection was more accurate than the blind injection, and intra-bursal injection 
had a better clinical result in the treatment of PATB. Although the standardized 
US-guided injection technique has not yet been established, longitudinal access to 
the tibia would be appropriate to administer materials. Anatomically, the transducer 
is positioned in a longitudinal orientation relative to the MCL, oblique transverse 
access relative to the PA. While monitoring the image, insert the needle through the 
skin proximal to the transducer and advance in a proximal to the distal direction in 
a longitudinal plane. According to the physician’s preference, a needle can approach 
the distal to the transducer and advance in the proximal direction in a longitudinal 
plane. The target of the injection is the space beneath the PA tendon. When the 
needle tip is visualized in the target space, inject the materials slowly and carefully, 
since the space is relatively narrow.

The PAB corticosteroid injections are contraindicated in patients with systemic 
infection states (sepsis, bacteremia, etc.), joint infection (septic arthritis, cellulitis, 
osteomyelitis, etc.), fracture, osteoporosis, coagulopathy, skin defect, hypersen-
sitivity to the steroid, uncontrolled hyperglycemia; also, some complications such 
as bleeding, bruising, swelling, infection, post-injection pain (steroid flare), face 
flushing, skin depigmentation, cutaneous atrophy can occur [23].

There were several limitations of our study. Because of the short-term follow-up 
period, the long-term clinical effects could not be determined. The morphologic 
US features of the anserine bursa or tendon were not examined that might help to 
identify the source of pain in PATB. In addition, potential differences caused by 
activity levels were not considered even if they had a potential impact on the results 
of the study.

6. Conclusion

Both US-guided and blind injections significantly reduced pain levels in patients 
with PATB. In the US-guided injection group, the accuracy was higher than in 
the blind injection group. Clinical results were more affected in the US group. 
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Abstract

Simulation has been defined as the representation of something as real. It is 
necessary for performing the ultrasound-guided vascular cannulation technique 
correctly. The use of training models for diagnostic or therapeutic procedures: 
improves the quality of care for patients; decreases stress level that it can produce 
the realization of a new technique directly on the patient and; can be used as many 
times as the model is reproduced, also serving as a method for the resolution of 
some problems that may appear related to the in vivo technique. The evidence 
shows that simulation plays an important role in the acquisition of skills to perform 
invasive procedures. The use of ultrasound in vascular accesses whether peripheral 
or central, arterial, or venous, improves the success rate in the canalization and 
reduce the complications derived from the technique in certain critical situations 
(coagulopathy, thrombocytopenia, obesity, etc.) specially in pediatric patients 
given the variability of depth and diameter of its vessels with respect to the adult 
population. To facilitate learning in the technique of echoguided puncture, a 
training model is presented that is easily reproducible, economical and with a high 
fidelity in relation to the punctures performed on the patient.

Keywords: training, simulation, model, ultrasound

1. Introduction

Simulation has been defined as the presentation of something as real, it means 
a situation in which some conditions are artificially created to resemble the reality 
[1–3]. This is used with the objectives of studying something or training in a new 
medical procedure. To implement a technique such as the ultrasound-guided vascu-
lar access, a series of skills must be acquired in order to reach the required aptitudes 
to perform vascular cannulations in a proper manner [2–5].

These skills include the following: (a) knowledge and comprehension of the 
device to be used as well as their technical bases, in our study, the ultrasound 
machine and ultrasonography; (b) the visualization and optimization of the 
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vascular image and of the needle, and; (c) the ability to acquire the required skills to 
use the ultrasound probe and to insert the needle (puncture) when performing the 
procedure of ultrasound-guided vascular access [6–11].

The use of simulation models as diagnostic or therapeutic procedures training 
models has the following advantages: (a) they increase patients’ assistance qual-
ity, especially if these techniques are associated to complications and risks; (b) 
they decrease the stress level eventually provoked by the direct performance of a 
new technique on patients, and; (c) they can be used as many times as the model 
is reproduced, so they can be additionally used to solve some problems that could 
arise from the “in vivo” performance of the technique [10, 12, 13].

Evidence shows that simulation plays an important role in the acquisition of 
skills required to perform invasive procedures [13, 14]. The use of ultrasound 
scan on vascular access increases the success rate of the cannulation and reduce 
the complications derived from this technique. Irrespective of these vessels are 
peripheral or central and arteries or veins [15–18]. However, the ultrasound-guided 
vascular access is displaced for the benefit of the classical technique (“blindly” 
oriented by anatomic references) by some reasons, such as the learning curve that 
every invasive technique requires and the ultrasound machine preparation required 
to perform this technique (probe sterilization, choice of the proper “pre-set,” 
puncture plane, etc.). The preference for the classical technique occurs even when 
it takes the risk of complications associated, which increase under certain critical 
conditions (coagulopathy, thrombocytopenia, obesity, etc.). These considerations 
are especially relevant in pediatric patients due to their vessels’ depth and diameter 
variability, which is higher than in adult patients [19, 20].

2. Model types

It is noticeable that experimental, simulation, or no-human models are used 
infrequently in learning invasive techniques/procedures such as ultrasound-guided 
vascular access. Any training process on a simulation model represents an oppor-
tunity to practice the technique without taking risks and entails the learning of the 
use of ultrasounds. All of the above is feasible to increase patients’ security when 
performing invasive procedures on children [8, 13].

The training models usually are extremely expensive, hardly available, or not 
good at transmitting ultrasounds in an optimal manner.

Most of the training or experimental models than can be used to perform 
simulations for the ultrasound-guided vascular access training are synthetic or 
biological. Some of them are commercially available and other can be constructed 
manually by any person [11, 21–23]. They are the following: (a) “in vivo” models 
performed on research animals; (b) commercially available models such as Blue 
Phantom® or silicon or latex models, and; (c) synthetic handcrafted models 
constructed by using gelatine/agar or tissue animal models constructed by using 
chicken thighs, turkey thighs, or chicken breast [14, 24, 25]. Each of these models 
must contains tubular structures inside, that can be made on plastic, latex, or rub-
ber, and filled with liquid, in order to simulate the vessels to be cannulated.

These models can be classified as cannulation-puncture models or puncture-
localization models depending on the use of them.

2.1 Characteristics of an ideal training model

An ideal training model to perform ultrasound-guided vascular access proce-
dures should:
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• reproduce texture and resistance of human tissue;

• have enough penetration surface to transmit correctly the ultrasounds;

• permit the identification and localization of the different tissue structures;

• obtain an optimal image;

• permit different difficulty and complexity levels when the procedure is performed;

• avoid, to the extent possible, the visibility of the puncture needle path;

• permit the visualization of the needle;

• have long average life;

• be easily transportable, and reproducible in any environment;

• be easily available and inexpensive.

3.  Advantages and disadvantages of the different ultrasound-guided 
vascular access training models

3.1 Blue Phantom®

Commercially available simulator to be used as a training model of procedures in 
which ultrasounds are used as vascular access guides (Figure 1).

They are expensive, not-transportable, and not-changeable, although the latest 
models permit even simulate arterial pulse (Figure 2). The puncture needle entry point 
and path usually remain visible. The puncture performance sensation on this model is 
different from that on human tissues. They require maintenance and deteriorates after 
multiple puncture performances. They are not easily available nor affordable [21–23].

3.2 Silicone models

Commercially available models consisting of a silicone model containing a tubu-
lar structure which permits the vascular access simulation and that can be refilled 
after each puncture performance. They have a long average life, and they are easily 
transportable. However, they offer a small surface area due to their small size, they 
are expensive and not easily available to all [11, 26, 27]. The puncture needle entry 
point and path remain visible after multiple puncture performances (Figure 3).

3.3 Agar/gelatine models

It consists of an agar or gelatine model in which a tubular elastic structure is 
inserted (in some cases, Penrose surgical drains of different sizes). They have been 
used by radiologists to train and teach ultrasound-guided procedures (Figure 4). 
They are easy to construct by using everyday kitchen utensils and they are ideal for 
hand-eye coordination learning and improvement [28, 29].

However: (a) they usually show an uniform appearance of the ultrasound image 
(Figure 5) without identifiable muscle or tendon structures (with the exception 
of preparations including any component like mucilage); (b) the puncture needle 
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entry point and path remain visible after some puncture performances; (c) their 
puncture performance sensation is different from that on human tissues; (d) 
depending on the gelatine concentration used during their construction, they can 
be easily damaged, and; (e) the needle sideways movements during its introduc-
tion into the agar/gelatine could be hardly controllable when trying to puncture 
the vessel.

3.4 Animal models

(a) “In vivo”: the use of research animals results in high cost and laborious 
preparation when optimal conditions are required (sedation, mechanical ventila-
tion or respiratory support, monitoring, etc.) as well as in a limited number of 
punctures; (b) “artificial”: they are manually constructed by using pork, turkey 
or chicken thighs, pork-belly, tofu or sausage/cold meat piece as muscle structure, 
and different elastic components (urinary catheters, chest drains, metallic trocar, 
serum infusion systems, etc.) as vascular structure. By using them, a real sensation 

Figure 1. 
Blue Phantom® model.

Figure 2. 
Ultrasound image of internal jugular vein and carotid artery (Blue Phantom® model).
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Figure 3. 
Silicone model for ultrasound-guided vascular access.

Figure 4. 
Gelatine model: Penrose drains using different water-soluble colorants, which are fixed to different gelatine 
layers (image courtesy of Dr. Vicente Roqués).
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of different tissues is created with respect to both the ultrasound image perspective 
and the sensation obtained when performing puncture and cannulation/vascular 
access. These models show an affordable preparation, but their construction 
needs a certain amount of time. In addition, they are inexpensive as well as easily 
transportable and manageable. Their design permits different complexity levels 
with respect to different vessels diameter and depth, so the difficulty level can be 
increased as progress is made on the training process. With respect to their disad-
vantages, these models’ conservation needs refrigeration, their average life is short 
(some weeks to get their muscle structure deteriorated) and they must be carefully 
constructed in order to reduce their risk of air introduction into their vascular 
structure [8, 15, 25].

The main advantages and disadvantages of the main cannulation-puncture 
models are shown in Table 1.

3.5 Simulation software

Simulators provided with high software-algorithm-based fidelity have been used 
as training models on ultrasound-guided procedures. Their disadvantages include 
their high cost and the need for software support. Their advantages include the 
absolute lack of infection control problems, the possibility of changing the com-
plexity/difficulty level. Simulators can be installed in not clinical settings, such as 
training rooms, and they can be available at any time of the day or night [30, 31].

3.6 Puncture-localization models

These are artificial models frequently used by radiologists for the training on 
localization and puncture of nodular or cystic structures, mainly hepatic mammary 
or thyroid ones [11, 26, 27]. These models are used to get familiarize with the ultra-
sound machine and with the puncture technique in ultrasound-guided procedures. 
The tissue/muscle component can be: piece of poultry breast, liver or tofu, sausage/
cold meat piece or surgical gloves filled with a warm water dilution containing 
food thickener. The vascular/nodular component can be whole/pitted olives, cheese 
puffs-blocks, jelly beans or gumdrops, wires or knitting needles, etc. and they must 
be included inside the tissue/muscle component (Figure 6).

Figure 5. 
Ultrasound image of transversal axis (left) and longitudinal axis (right) within the gelatine model.
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4. Animal model construction and description

The training model described here consists of the following [8]:

4.1 Muscle component

Piece of bird breast that can be acquired at any grocery store/shop and with the 
following approximated measures (length, width, height): 10 cm × 10 cm × 3 cm 
(Figure 7). Frozen poultry breast is preferably used; being defrosted in a refrigera-
tor within 24 hours before performing the vascular punctures.

4.2 Vascular component

Tubular structure made in elastic material (modeling balloon) filled with 10 ml of 
water with water-soluble colorant and sealed on both sides by using knots (Figure 8).

Models Advantages Disadvantages

Blue Phantom® Transportable Human tissue texture not reproduced

Long average life Very visible puncture needle entry point

Large surface area Poor resemblance to real vascular and 
muscular images

Expensive

Silicone Transportable Small surface area

Long average life Expensive

Very visible puncture needle path

Agar/gelatine Transportable Uniform appearance of ultrasound 
image

Inexpensive Human tissue texture not reproduced

Easy construction Strong puncture needle path

Easily damaged

Possible air artifacts within the vascular 
structure

Animal “in vivo” High resemblance to reality Not transportable

Large surface area Expensive

Large facility and authorization 
required

Limited needle punctures

Animal “artificial” Transportable Short average life

Easy construction Preparation time required

Inexpensive Possible air artifacts within the vascular 
structure

Human tissue texture reproduced

High resemblance to real vascular and 
muscular images

Table 1. 
Training models for ultrasound-guided vascular access: “pros and cons.”
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Both components simulate the muscle and the vascular structures of pediatric 
patients. The development of this model is based on the introduction of an eight 
French thoracic drain together with its puncture trocar passing longitudinally 
through the muscle component and at different depth levels. This simulates the 
different depths at which vessels are located in children depending on their age and 
weight. After that, the trocar is retired, and the drain plastic piece remains inside 
the muscle structure. In the drain distal part, the elastic tubular structure distal 
end is sutured in the knot area. When pulling the drain in the opposite direction, 
the device stays inside the muscle structure and then, it is prepared to be visual-
ized and cannulated in an ultrasound-guided manner in this experimental model 
(Figure 9).

A system of clamps fixed at different length permits the application of different 
tension values on the elastic structure. Depending on these different tension values, 
three different diameter ranges can be obtained, which are comparable to pediatric 
patients’ vessels diameters. Thus, different ultrasound-guided vascular access dif-
ficulty levels can be obtained (Figure 10).

To perform puncture and cannulation, a 3-French and 11-cm-length catheter 
is used, with a 30-cm radiopaque guide and a 5.5-mm needle. Each unit of this 
model permits the performance of more than 100 punctures without resulting 

Figure 6. 
Components of different puncture-localization models. Left: vascular-nodular structure. Right: tissue-muscle 
structure.
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Figure 8. 
Vascular structure filling with water-soluble colorant, by using a syringe (left) or a dispenser (right).

Figure 7. 
Training model muscle component sizes.

Figure 9. 
Left: Puncture trocar passing longitudinally through the model muscle tissue. Middle: Drain suture on the side of 
the vascular structure which is isolated distal portion (details in the upper-right corner). Right: Placement of the 
vascular structure inside the muscle structure, and after the traction of the drain sutured to the vascular structure.
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deteriorated at a cost of approximately 3 €. The model is replicable and reusable, 
and it lasts for approximately 6 hours at room temperature. When sessions last 
less than 6 hours, the model can be stored in an airtight container and refrigerated 
again. This increases its durability without affecting neither the visualization qual-
ity nor the puncture technique.

Ultrasound gel or aqueous solution (double-distilled water or saline 0.9%) are 
recommended to get a better visualization of the vascular structures.

By using a linear probe ultrasound machine, choosing the “preset vascular,” and 
2-cm depth, the vascular structure in the training model as well as its correlation 
with the real image “in vivo” in the patient can be observed (Figure 11).

After visualizing the vessel, the depth and diameter of the elastic tubular 
structure, which is similar to the pediatric patient’s vessel, are determined. 

Figure 10. 
Vessel’s diameters (D1–D3) depending on the stretching degree of the elastic structure with its clamps (arrows) 
and their ultrasound representation.
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It can be stablished 3 depth levels and 3 diameter levels according to prelimi-
nary results from 300 depth and diameter measurements of the most common 
pediatric patients’ central vessels. Within these data, different weights and sizes 
referenced by our group were found (Table 2). These measurements were valid 
with a 99% reliability.

The average values of these measurements are included within nine categories 
obtained by combining different vessels depths (three ranges) and diameters (three 
ranges) inside the muscular structure of the training model (Table 3).

The training model described permits to perform vessel puncture and can-
nulation in an ultrasound-guided manner in the three most used vascular-access 
ultrasound axes: transverse axis-out of plane, oblique axis-in plane, and longitudi-
nal axis-in plane (Figures 12–14).

Figure 11. 
Experimental training model image (left) with respect to the “in vivo” real image (right).

Weight range Depth average (SD) Diameter average (SD)

<10 kg 0.56 cm (0.14) 0.30 cm (0.03)

10–30 kg 0.65 cm (0.17) 0.50 cm (0.18)

30–50 kg 0.90 cm (0.24) 0.69 cm (0.08)

>50 kg 1.65 cm (0.14) 0.70 cm (0.03)

SD, standard deviation.

Table 2. 
Depth and diameter measurements (in centimeters: cm) of the main central vessels within the pediatric 
population (n = 300).

Depth Diameter

P1: 0.5–1.0 cm D1: 0.51–0.65 cm

P2: 1.01–1.50 cm D2: 0.36–0.50 cm

P3: 1.51–2.0 cm D3: 0.20–0.35 cm

Table 3. 
Depth ranges (P1–3) and diameter ranges (D1–3) measured in centimeters (cm) used in the training model for 
ultrasound-guided vascular access.
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Figure 12. 
Left: Puncture needle in the transverse axis-out of plane. Right: Vascular structure ultrasound image in the 
transverse axis-out of plane.

Figure 13. 
Vascular visualization and image of the puncture needle in the oblique axis-in plane.

Figure 14. 
Vascular visualization and image of the puncture needle in the longitudinal axis-in plane.
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5.  Considerations to be highlighted with respect to the training models 
on ultrasound-guided vascular access

Ultrasound-guided vascular access is a tool to decrease the probability of making 
errors, the risk of complications, and the number of attempts when performing a 
vascular access [10, 12, 13, 32].

This technique requires a proper training in order to optimize the learning curve 
which is characteristic of every invasive procedure [17, 18].

Every simulation model, even the most rudimentary and crude, is a useful tool 
to improve the results of ultrasound-guided vascular access. It will make it possible 
to minimize the probability of complications and, with respect to the profession-
als performing this technique, their trust in this technique performance will be 
increased [11, 14, 24].

The simulation model described by our research team to perform ultrasound-
guided vascular access has been used in more than 800 punctures [8, 17, 18]. After 
testing most of the previously described models, it could be said that the structure 
provided by this model is closely similar to pediatric patient’s muscular and vascular 
structures, and that it resembles these patients’ vessels anatomy, depth, and diam-
eter with respect to the children’s weight. This model improves the learning curve to 
acquire the skill required by this technique when it is performed by doctors trained 
in vascular access by following the instructions of the classical technique (“blindly” 
oriented by anatomic references), by doctors not trained in vascular access or by 
nurses to cannulate peripherally inserted central catheter [14, 24].

This model is inexpensive, easy to prepare and transportable, and it permits the 
visualization of the vascular structures, the measurement of these structures, the 
ultrasound-guided cannulation, and the visualization of the needle from the differ-
ent ultrasound axes. It also permits maneuvering in response to access difficulties, 
such as needle replacement/reinsertion, and checking the correct cannulation by 
visualizing the guide inside the vascular structure [8].

In addition, this model reproduces the different depth and diameter ranges of 
children’s vessels. So, taken together with the above, each simulation performed by 
using this model can be used to develop the skills required to perform ultrasound-
guided vascular accesses [19, 20].
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Chapter 9

Molecular Sonography: Current 
and Future Applications
Arthur Fleischer and Sai Chennupati

Abstract

This communication provides an overview of the current and future  
applications of molecular sonography, emphasizing the principles of the tech-
nique. Molecular sonography is currently used for preclinical assessment of tumor 
detection and response in a variety of models. It has potential clinical applications 
in improved characterization of tumors based on their genomes. Clinical trials 
have been conducted for a variety of neoplastic, inflammatory and immunologic 
abnormalities.

Keywords: Labeled microbubbles, molecular characterization and detection, 
assessment of tumor response, ultrasonography

1. Introduction

Molecular imaging describes a relatively new imaging technique that depicts 
molecular processes rather than anatomic changes that occur in diseased tissue. 
It affords non-invasive imaging on a cellular level based on depiction of selected 
molecular receptors. The premise of molecular imaging is based on the fact that 
molecular events precede anatomic changes, and therefore, have the potential 
to detect neoplastic processes early as well as potentially determine response to 
therapy shortly after its administration. Molecular imaging can depict genomic 
phenotypes, and advantage that proves key to personalizing medical therapy.

There are a variety of modalities currently used to image diseased tissue. PET, 
or Positron Emission Tomography, utilizes radioactive substances known as tracers 
to detect disease. It is noninvasive and can identify areas of high metabolic activity 
that may be concerning for cancer. However, PET’s anatomic clarity is imprecise 
compared to CT/MRI and it remains quite expensive. SPECT, Single Photon 
Emission Tomography, implements a similar mechanism as PET but is appreciably 
cheaper. Additionally, the radio tracers in SPECT have much longer half-lives, 
extending the imaging window. However, SPECT has even lower image resolution 
than PET. MRI, Magnetic Resonance Imaging, does not use radiation and provides 
a snapshot of the patient’s anatomy with excellent resolution. However, it is notably 
time-consuming and expensive.

Molecular sonography holds many advantages over these imaging techniques. In 
addition to its low cost and high spatial resolution, molecular sonography is consid-
ered easy to use and repeatable when compared to most other diagnostic modalities. 
Currently, it is used for evaluation of tumor models. Reports of the use of molecular 
sonography in human subjects have recently been published [1].
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This review will describe the current uses of molecular sonography and discuss 
future directions for research and development.

2. Targeted microbubbles

Microbubbles used for contrast enhanced and molecular sonography consist of 
an encapsulated gas covered by a lipid shell. They range from 2 to 5 microns in size, 
approximately one-third the size of an erythrocyte. As such, they remain intravas-
cular and do not extravasate into the interstitium. They enhance the signal-to-noise 
ratio due to their oscillations in an insonated field as best depicted using harmonics.

A variety of targeting ligands, such as the vasogenic growth factor (VEGF) 
receptor, can be attached to the shell of a microbubble using the streptavidin-biotin 
spacer (Figure 1) [2]. Molecular sonography has been used to evaluate tumor 
angiogenesis, anti-immune encephalomyelitis, inflammatory bowel disease, trans-
plant rejection and abnormal myocardial perfusion. The most frequently utilized 
application of molecular sonography involves a VEGF receptor antibody can be 
used as a ligand on a microbubble to detect tumor microvessels (Figure 2) [3]. This 
has shown to provide early detection of several cancers in murine models, notably 
pancreatic, prostate, and squamous cell carcinoma.

Labeled microbubbles may have an important role in monitoring tumor 
response to anti-angiogenic medications. In a preclinical proof of concept study 
using colon cancer models, 3D molecular sonography showed close correlation with 
treatment response to antiangiogenetic therapy [4].

Microbubble sonography can be used to assess the potential efficacy of specific 
anti-angiogenetic medications. In a pilot study of patients with refractory hepato-
cellular carcinomas, we found that a significant decrease in vascularity was seen 
in responsive vs. non-responsive tumors in the first 15 days after treatment was 
initiated (Figure 3) [5].

Similarly, molecular sonography has been studied as a means to evaluate acute 
ileitis in a swine model that targeted E- and P-selectin. The intensity of the sono-
graphic signal correlated to the amount of immunofluorescence [6].

Figure 1. 
Drawing showing the streptavidin/biotin spacer for attachment of anti-VEGF receptor to microbubble.



137

Molecular Sonography: Current and Future Applications
DOI: http://dx.doi.org/10.5772/intechopen.99903

3. Potential clinical applications

The main potential clinical application of labeled microbubbles includes early 
detection of tumors, monitoring tumor response, assessment of inflammation and/
or ischemia, early detection of transplant infection and potential for targeted drug 
delivery.

One of the challenges to use these microbubbles is their fabrication for clinical 
use. Specifically, the immunogenicity of the streptavidin used for attaching the 
ligand to the bubble requires that it be internalized within the microbubble. This is 
only available from a few manufacturers on an investigational basis. We reported 
our early experience developing a labeled microbubble [7].

Only a few studies using labeled microbubbles in humans have been reported 
[1]. The group headed by Willman showed that breast and ovarian malignant 

Figure 2. 
Molecular sonograms of implanted murine tumor with low (top) and high (bottom) VEGF receptors as 
confirmed with immunofluorescence [2].
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tumors had greater signal than benign ones. Specifically, in a study of 24 patients 
with ovarian cancers and 21 with breast lesions, 93% of malignant breast lesions 
and 77% of malignant ovarian cancers demonstrated increased signal [1].

Labeled microbubbles have also been used in detecting prostate cancer and 
sentinel lymph nodes [7, 8]. Molecular lymphosonography was used to detect 
metastatic involvement in a swine melanoma model. Metastatic involvement of 
the sentinel lymph node can distinguish local vs. metastatic disease in women 
with breast cancer. It has also been used in a variety of cancers such as melanoma, 
esophageal, head and neck, stomach and thyroid cancer. Molecular sonography 
using nanobubble targeted prostate specific membrane antigen has been investi-
gated in an orthotopic murine model [8]. Increased extravasation and retention 
were observed in prostate cancer models as well as exhibiting different time/inten-
sity curves (enhancement kinetics) in cancerous tissue.

Angiogenesis, the generation of new blood vessels, has also been extensively 
investigated with molecular sonography due to its role in the development and 
metastatic spread of numerous cancers. It is crucial in the growth of tumors and 
subsequent metastasis. VEGFR2 is one of the most studied markers of angiogenesis 
and is over expressed on tumor-associated endothelial cells [9]. In one study of a 
transgenic mouse model, microbubbles targeting VEGFR2 showed an increased 
contrast-enhanced ultrasound signal from hyperplasia to ductal carcinoma in situ 
and breast cancer compared to normal breast tissue [10]. In another study of laying 
hens, a microbubble targeting αvβ3 integrin sensitively detected ovarian cancer 

Figure 3. 
Time intensity curve in responsive (top) vs. non-responsive (bottom) hepatocellular cancer treated with  
anti-angiogenic medications.
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at an early stage [11]. These are just two studies that support the clinical utility of 
angiogenesis targeted microbubbles in early tumor detection.

Applying the principles of molecular sonography to atherosclerosis can help 
identify at-risk plaques before acute events occur, potentially enabling prevention 
of evolution into irreversible damage. Normally, patients do not exhibit symptoms 
until an episode of severe stenosis or rupture occurs; thus, there is valuable utility in 
monitoring the growth of atherosclerotic plaques. JAM-A is an example of a marker 
that has been linked to early plaque formation and vulnerability [12]. In a study per-
formed on mice that were fed an atherogenic diet, molecular ultrasound of JAM-A 
showed early stages of atherosclerosis and detected acute blood flow variations [13].

Acute cardiac ischemia is another pathology that would benefit from molecu-
lar ultrasound imaging. Current methods of detection such as EKG and cardiac 
MRIs suffer from various shortcomings such as accuracy, convenience, or safety. 
Sonography with labeled microbubbles could resolve a number of these shortcom-
ings when used to identify post-ischemic myocardium. E- and P- selectin are two 
potential markers that were used in murine models to identify ischemic tissue 
shortly after undergoing an ischemic event [14, 15]. While cardiac molecular 
ultrasound imaging has shown promising results regarding safety and efficacy, it is 
technically difficult and highly user-dependent. Further testing needs to be per-
formed to assess its feasibility when compared with current gold standards.

Microbubbles also can be applied in the assessment of inflammatory bowel 
disease (IBD). Two methods of assessing IBD are endoscopy and ultrasound. The 
former requires a procedure under anesthesia, while the latter is restricted by its 
relatively limited sensitivity. Molecular ultrasound holds clinical potential to serve 
as a complementary tool with high sensitivity in the imaging of IBD. One study 
utilized porcine tissue with terminal ileitis imaged with dual E- and P-selectin-
targeted microbubbles. The study concluded that increased ultrasound signal 
correlated well with histologic grades of inflammation [16]. This study highlights 
selectin-targeted ultrasound’s utility to serve as a high-sensitivity adjunctive tool for 
assessment of IBD in the clinical setting.

4. Conclusions

Molecular sonography has great potential as a means to detect early stages of a 
variety of cancers as well as a means to evaluate tumor response. It is anticipated 
that more widespread clinical use will occur in the next few years once these micro-
bubbles become more readily available.
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