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The effect of tooth loss on the cancellous bone
pattern of the mandible and on the superior bony
wall of the mandibular canal: a micro-CT study

Ferhat Geneci' (©), Mert Ocak’ (), Bilge ipek Torun' (%), Handan Soysal’
'Department of Anatomy, Faculty of Medicine, Ankara Yiddirim Beyazit University, Ankara, Tiirkiye
*Department of Anatomy, Faculty of Dentistry, Ankara University, Ankara, Tiirkiye

*Department of Anatomy, Faculty of Dentistry, Ankara Yildrim Beyazit University, Ankara, Tiirkiye

Abstract

Objectives: The aim of this study was to examine the effect of tooth loss on the cancellous bone pattern of the mandible and
on the superior bony wall of the mandibular canal.

Methods: Twenty-four dry mandibles without any physical deformation were scanned with high-resolution micro-CT device.
The second premolar, first, second, and third molar regions on the mandibular canal, the presence of the bony superior wall of
the mandibular canal and the cancellous bone pattern of the mandible were examined on micro-CT images. The images were
classified into three groups, Type | (trabecular pattern), Type Il (osteoporotic pattern), and Type Ill (dense/irregular pattern). The
presence of the bony superior wall of the mandibular canal was noted as absent or present.

Results: While 133 (91%) of the dentulous sections were showing Type | trabecular cancellous bone pattern; 25 (54%) of the
edentulous sections were of Type I. The superior wall was visible in 90 (62 %) of the dentulous regions and in 41 (89%) of the
edentulous areas. The cancellous bone pattern of the mandible of the majority of dentulous and edentulous areas had a regu-
lar trabecular structure. Dense and irregular trabecular structure were encountered only in edentulous areas.

Conclusion: We suggest that there is a very strong relationship between the superior bony wall of the mandibular canal and
the cancellous bone pattern of the mandible. We conclude that the trabecular structure of the mandible could change fol-
lowing tooth loss and this have an effect on the change of the structure and the presence of the superior wall of the
mandibular canal.

Keywords: mandible; mandibular canal; micro-CT; tooth loss; trabeculae

Anatomy 2022;16(1):1-6 ©2022 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction from the MC."™ Accessory canals can be detected radio-

logically or during surgical procedures. In cases where the
accessory MC is seen, the possibility of the presence of
accessory mental foramen increases.””™ Haas et al.”
reported two types of accessory MCs as; bifid MC (BMC)
and its variant, trifid MC (TMC). In the BMC type, the
MC is divided into two, in the TMC type, the accessory

The mandibular canal (MC) is a bony canal beginning
from the mandibular foramen and contains the inferior
alveolar nerve (IAN) together with the inferior alveolar
artery and vein."" The other term used especially by clini-
cians for the MC is the inferior alveolar canal. These two

terms describe the same structure.”

In recent studies, many small accessory canals have
been reported to accompany this canal. It has long been
recognized that the branching pattern of IAN shows vari-
ations as well and multiple foramina or ducts may originate

MC is divided into two, and there are three canals in
total.” Apart from these, accessory mental foramen and
lingual foramen are of other anatomical variations."”

TAN is vulnerable to iatrogenic injuries, so knowing
the course of MC and IAN is very important for surgical

deomed.
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procedures."” The risk of injury to the IAN is relatively
high during implant placement, tooth extraction and
other surgical procedures. In such a case, permanent dam-
age may occur in structures such as palate, teeth, lips, and
tongue innervated by IAN."” It is very important to deter-
mine the trabecular quality of the jawbone and the neigh-
borhood of the anatomical structures before implant
applications and jaw surgeries. For this reason, imaging of
the region with cone-beam computed tomography
(CBCT) is recommended before these operations."”

Based on gross anatomical observations, Iwanaga et
al"” classified the cancellous part of the mandible as type
I (trabecular pattern), type II (osteoporotic) and type 111
(dense-irregular pattern). Another study conducted by
Iwanaga et al."” revealed that edentulous sections in both
men and women were generally of type I trabecular pat-
tern. The results also suggested that the superior wall of
the MC may not be visible where the cancellous bone was
osteoporotic and the dentulous areas were mostly of Type
I. However, Type I was suggested to be the least common
cancellous bone type in edentulous areas."” There are
strong evidences in the literature that, the IAN loses its
branches to the teeth, after the teeth are lost. In addition
to this, as the bone remodels, the superior wall of the MC
loses its trabecular structure and the superior wall
becomes smoother. However, it was also shown by
Iwanaga et al."” that the type 2 osteoporotic spongy pat-
tern present in 30% of edentulous areas in women, and
the superior wall of the MC was not smooth.

As the literature reveals some discrepancies related
with the relation of the tooth loss and the cancellous bone
pattern of the mandible; the aim of this study was to exam-
ine the effect of tooth loss on the trabecular structure of
the mandible and its effect on the superior wall of the MC.
Thus, we aimed to evaluate which one (tooth loss or loss
of trabecular tissue) has more effect on the superior wall of
the MC and to provide a prediction for the possibility of
injury to the MC to the surgeons working at this region.

Materials and Methods

This study has been performed on 24 dry adult
mandibles obtained from Ankara University Faculty of
Dentistry and Ankara Yildirnm Beyazit University
Faculty of Medicine. The dry bones were belonging to
Anatolian people of unknown sex and age and did not
have any physical deformation.

The dry bones were scanned with a micro-CT device
(Bruker micro-CT, Kontich, Belgium) with following
configuration and parameters: 1 mm aluminum filter, 80
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keV, 125 pA, 10 pm resolution, exposure=47ms, rota-
tion=180° and rotation step=0.400°. The three-dimen-
sional reconstruction data was obtained by using NRecon
reconstruction software (version 1.6.9.4; Bruker micro-
CT). All measurements were carried out with CTAn soft-
ware (version 1.17.7.2; Bruker micro-CT) and 3D images
were created with CTVol software (version 2.3).

After all samples were scanned with micro-CT and
their two-dimensional images were obtained in the axial
plane with Nrecon software. Care was taken to avoid any
artifacts in any sample so that it would not affect the
measurements. 3D images were created with Ctvox soft-
ware using images reconstructed with Nrecon. Scoring
for the presence or absence of the superior wall of the
MC was performed using these 3D images.

The body of mandibles were divided into four
regions according to the tooth fitting on the MC (second
premolar, first, second, and third molars). The superior
wall of the MC in the region of each tooth was scored by
two observers as visible or invisible. And total of 192
tooth regions (4 tooth regions on the right and 4 on the
left, multiplied by 24) were scored and grouped accord-
ing to the appearance of the cancellous bone pattern of
the mandible on 3D images in the relevant region. The
grouping was as follows; Type I: trabecular pattern; type
II: osteoporotic; and type III: dense-irregular patterns as
previously defined by Iwanaga et al."” (Figure 1).

Microsoft Excel, 15.33 version (Microsoft Corporation,
Redmond, WA, USA) was used for the statistical analysis.
Statistical significance was defined as p<0.05. The relation-
ship between the observed characteristics were document-
ed by using chi-square test.

Results

The MCs of all dry bones were in the form of a single
canal, originating from the mandibular foramen and
ending in the mental foramen. Accessory mental fora-
men was not encountered in any of the specimens.

A total of 192 tooth regions were examined in this
study. Of these 192 regions; 146 were dentulous and 46
were edentulous. In some jaws, the third molars were
impacted or not fully erupted. These regions were includ-
ed in the dentulous areas in the study. While the appear-
ance of the cancellous bone pattern of the mandible was
Type I (trabecular) in 133 (91%) of the dentulous sec-
tions, 13 (9%) were Type II (osteoporotic). Type III was
not found in the dentulous sections. Of the edentulous
sections, 25 (54%) were Type I (trabecular), 5 (11%) were



The effect of tooth loss on mandible: a micro-CT study

Figure 1. Cancellous bone pattern of the mandibles on micro-CT images of the mandibles. (a) type | trabecular pattern; (b) type Il osteoporotic pat-
tern; (c) type Il dense-irregular pattern (edentulous). FM: first molar; MC: mandibular canal; SM: second molar; SP: second premolar; TM: third molar;
UW: superior wall of the mandibular canal.
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Table 1
Cancellous bone pattern of dentulous and edentulous areas and superior wall of mandibular canal.

Type | Type Il Type lll Visible superior wall Non-visible superior wall
Dentulous sections 133 (91%) 13 (9%) 0 90 (62%) 56 (38%)
Edentulous sections 25 (54%) 5(11%) 16 (34%) 41 (89%) 5(11%)
Type II (osteoporotic), and 16 (34%) were Type III Discussion

(dense-irregular). While type I was present in the majori-
ty in both dentulous and edentulous regions, it was seen
that it was much more dominant in dentulous regions.
Interestingly, while Type III was not found in the dentu-
lous regions, approximately one third of the edentulous
regions were found to be type IIL. It was observed that
alveolar processes have disappeared in mandibles that have
lost all their teeth. In these mandibles the body has
become thinner and the trabecular structure of these thin
bodies has become denser. This caused Type III to be
more common in edentulous areas. The relationship
between the dentulous and edentulous parts and the tra-
becular structure was found to be statistically significant
(p=0.000) (Table 1).

The superior bony wall of the MC was classified as
present or absent. The superior wall of the MC was vis-
ible in 131 (68%) of all the regions, and was not visible
in 61 (32%). While the superior wall was visible in 113
(72%) of the type I regions, was not visible in 45 (28%).
In addition to this, while the superior wall was not visi-
ble in 16 (89%) of the type I regions, it was visible only
in 2 (11%). The superior wall was visible in all type III
regions. The relationship between the trabecular forma-
tion and the visibility of the superior wall was found to
be significant according to the chi-square test (p=0.000).
The superior wall was visible in 90 (62%) of the dentu-
lous regions and in 41 (89%) of the edentulous region,
whereas, the superior wall was not visible in 56 (38%) of
the dentulous regions and not visible in 5 (11%) of the
edentulous regions. The relationship between the dentu-
lous and edentulous regions, and the visibility of the
superior wall was found to be significant according to the
chi-square test (p=0.001) (Table 2).

Present literature reveals some discrepancies related with
the relation of the tooth loss and the cancellous bone
pattern of the mandible and the presence or absence of
the superior wall of the MC in cases with tooth loss.
Bertl et al."” determined that 65% of the superior wall
and 81% of the lower wall of the MC are covered with
bone. Schwarz et al."” found that the walls of the MC are
mostly of trabecular type. Iwanaga et al."" examined 80
tooth regions of 20 dry mandibles with CBCT and clas-
sified the superior wall of the MC. The images of 5 sam-
ples could not be examined due to artifacts, and the supe-
rior wall of the MC could not be visualized in the CBCT
images of 5 of the remaining 75 images. They observed
that superior wall of MCs with osteoporotic trabeculae
was less visible in CBCT, and the detection rate of supe-
rior wall of the MCs with smooth trabecular formation
was higher than other groups. The difference between
the two groups was found to be statistically significant."”
Accordingly, they reported that, as the trabeculae weak-
ens, the incidence of MC in CBCT decreases. We also
visualized the superior wall of the MC in relation with
the cancellous bone pattern of the mandibles with micro-
CT. We made all our evaluations visually by taking vir-
tual sections from 3D images with Ctvox software. We
paid particular attention to the absence of artifacts in the
images, re-scanned the samples, and reconstructed the
obtained data if needed. Thanks to the high resolution of
micro-CT, we were able to see even small canals that
emerged from the MC in dry bones with dense trabecu-
lar formation. Likewise in the study of Iwanaga et al."”
we found that the higher the trabecular density, the
higher the probability of the superior wall to be seen. As

Table 2
Superior wall of mandibular canal according to cancellous bone pattern.

Type | Type Il Type lll
Visible superior wall 113 (72%) 2 (11%) 16 (100%)
Non-visible superior wall 45 (28%) 16 (89%) 0

Anatomy e Volume 16 / Issue 1/ April 2022
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the trabecular formation weakens, the bony boundaries
of the MC became unclear.

Iwanaga et al."” investigated why the MC was some-
times clearly seen on radiological images and sometimes
not. As a result of the study, they stated that mostly den-
tulous regions are type I and edentulous regions are type
IV (smooth pattern)."? In a serial of studies made on
mandibles, Iwanaga et al."*"*'? determined that wall for-
mation of the MC in edentulous areas could be seen
more clearly with CBCT. The difference between the
dentulous and edentulous areas was thought to be due to
the remodeling of the area after the tooth is lost."""
While the tooth is present, IAN passes through the tra-
beculae-like superior wall of the MC to innervate the
tooth. When the tooth is extracted, the IAN does not
need to cross the superior wall of the MC, as it loses the
branches that innervate the tooth, and the superior wall
of the MC loses its trabecular pattern and becomes
smooth."""" In our study, the superior wall was clearly
visible in most edentulous areas, while the trabecular
structure was dense and irregular. The trabeculae were
regular in most of the dentulous areas (T'ype I) and in
addition, the majority had a superior wall formation. We
found that the superior wall of the MC can be seen more
clearly, while the edentulous areas have a dense and
irregular trabecular formation with remodeling.
However, the superior wall was clearly visible in dentu-
lous areas as long as the trabecular formation was not
weak, and this was considerably higher (62%) in dentu-
lous areas. We found that there was a very strong corre-
lation between the superior wall formation of the MC
and the trabecular density.

Conclusion

Implant applications and other surgical operations relat-
ed to the jaw are of frequent interventions in dentistry
and there is always a risk of damage to the MC and thus
to IAN. Therefore, it is important to have an idea about
the trabecular formation of the jaw and the superior wall
of the MC. As a result of our study, we concluded that
there is a very strong connection between the trabecular
formation of the mandible and the superior bony wall of
the MC. The superior wall of the MC becomes more
pronounced as the trabecular density increases in the
dentulous and edentulous regions. In addition, we
observed that the trabeculae was denser in edentulous
regions and the superior bony wall of the MC was more
prominent.
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Abstract

Objectives: The aim of the study was to investigate the relationship between the body mass index and ultrasound-measured
subcutaneous adipose tissue (SCAT) thickness, in order to propose an alternative non-invasive and inexpensive method to meas-
ure the subcutaneous fat. We also evaluated the liver size and the existence of hepatosteatosis, and investigated whether there
was a relationship between liver measurements and body mass index (BMI), and the SCAT measurements.

Methods: Height, weight, arm SCAT, umbilical SCAT, thigh SCAT, umbilical preperitoneal fat (PPF) and craniocaudal liver size
of 72 volunteers were measured and liver parenchymal echogenicity was evaluated with ultrasound. Correlations between BMI
and the SCAT, the PPF, and liver measurements were evaluated statistically.

Results: BMI was mostly well correlated with umbilical SCAT (r=0.650, p<0.001). The arm SCAT (r=0.549, p<0.001) and the
thigh SCAT (r=0.470, p<0.001) followed it. The umbilical PPF was only correlated with the umbilical SCAT. There was no rela-
tionship between arm, or thigh SCAT values and existence of hepatosteatosis, but existence of hepatosteatosis was related with
umbilical SCAT (p=0.008), and umbilical PPF (p=0.009) values.

Conclusion: As an alternative method to skinfold measurement, SCAT measurement with ultrasound can be used to eval-
uate body fat status.

Keywords: fat; hepatosteatosis; obesity; weight
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an alternative non-invasive and inexpensive method to

Body mass index (BMI) is the most common method used measure the subcutaneous fat. We also evaluated the liver
to classify individuals as overweight, obese and thin." size and the existence of hepatosteatosis, and investigated
] .

BMI is used to determine obesity-related disease risks in whether there was a relationship between liver measure-
both adults and children.”” Skinfold thickness has long ments and BMI, and the SCAT measurements.

been used as the subcutaneous fat measurement method,
on the grounds that half of the total body fat is collected
in the subcutaneous fat deposits and this is related to the
total amount of fat.”” Since the amount of subcutaneous

Introduction

Materials and Methods

Seventy-two volunteers (41 women, 31 men), aged
between 20 and 76 were included in this study. Those

fat is an indicator of total body fat, it has been widely used
to determine total body fat.”* The skinfold technique is
commonly used because it is noninvasive, relatively easy to
administer, and inexpensive.”

In this study we aimed to investigate the relationship
between the body mass index and ultrasound-measured
subcutaneous adipose tissue (SCAT), in order to propose

with physical problems, diabetes, severe liver, kidney and
heart diseases, those who were treated with diuretics,
those who were treated for cancer, and those who were on
a special diet program to gain or lose weight were exclud-
ed from the study.

Measurements of the subjects were made in the morn-
ing on an empty stomach and without excessive fluid intake

deomed.
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(between 8-10 am) and height measurements were made
with bare feet. Weight was measured barefoot and wearing
light clothing. Length measurement was made with a wall
tape measure sensitive to centimeter, and weight measure-
ment was made with a scale sensitive to 0.1 kilograms. In
order to avoid errors that may occur in the body composi-
tions to be measured, the subjects were asked to rest for half
an hour and avoid exercise before starting the measurement.

Measurements with ultrasound were made with 5-11
MHz linear (for the SCAT measurements) and 1-6 MHz
convex (for the deeper measurements) probes (LOGIQ S7

Expert, GE, Medical Systems). SCAT measurements were
done while the volunteers were lying supine, and while
limbs were extended in anatomic position, from three
regions: mid-arm (arm SCAT), umbilical (umbilical
SCAT), and mid-thigh (thigh SCAT). Mid-arm was deter-
mined as the mid-point between the uppermost point of
the glenohumeral joint and antecubital fossa (Figure 1a).
Mid-thigh was determined as the mid-point between the
anterior superior iliac spine and the base of patella (Figure
1b). Limb measurements were done on the right side.
Umbilical measurements were done on the midline, 5 cm

above the umbilicus (Figure 1c). The thickness (antero-

Anatomy e Volume 16 / Issue 1/ April 2022

Figure 1. Ultrasound measurements on images. (a) measure-
ment of the subcutaneous adipose tissue of the arm; (b) meas-
urement of the subcutaneous adipose tissue of the thigh; (c)
measurement of the umbilical preperitoneal fat (1) and umbili-
cal subcutaneous adipose tissue (2).
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posterior diameter) of the subcutaneous fat tissue (hypo-
dermis) in the transverse view was measured as the arm
SCAT anterior to the biceps muscle, the thigh SCAT
anterior to the rectus femoris muscle, and the umbilical
SCAT anterior to the rectus abdominis muscle. The thick-
ness of the adipose tissue between the deep fascia and the
peritoneum was measured as umbilical preperitoneal fat
(PPF). In the right upper quadrant of the abdomen, cran-
iocaudal liver size and parenchymal echogenicity, in terms
of steatosis, were evaluated with a 1-6 Mhz convex probe,
while the patient was in inspiration.

The correlations between BMI and the SCAT, the
PPF, and liver measurements were analyzed using SPSS
(Statistical Package for Social Sciences) for Windows
(Version 22, Chicago, IL, USA). Kolmogorov-Smirnov
and Shapiro-Wilk tests were used to check normality. The
Student’s t-test was used to compare normally distributed
pairs, the Wilcoxon signed-rank test was used to compare
non-normally distributed pairs, and chi-square test was
used to compare categorical variables. Pearson correlation
analysis was used to test the relationship between normal-
ly distributed variables, and Spearman correlation analysis
was used to test the relationship between non-normally
distributed variables. For all analyses; p<0.05 was consid-
ered as statistically significant.

Results

The characteristics of the volunteers and the results of the
measurements are summarized in Table 1, and the corre-
lations between the measurements are summarized in

Table 2.

Ultrasound examination showed that 68.1% of the

volunteers (49 out of 72) did not have hepatosteatosis,
16.7% (12 out of 72) had grade I hepatosteatosis, 15.3%

(11 out of 72) had grade II hepatosteatosis. Hepatomegaly
was detected in two of the volunteers (2.8%).

BMI was mostly well correlated with umbilical SCAT
(r=0.650, p<0.001). The arm SCAT (well correlated)
(r=0.549, p<0.001) and the thigh SCAT (fairly correlated)
(r=0.470, p=0.001) followed it. The umbilical PPF was only
correlated with the umbilical SCAT. There was an excel-
lent correlation between arm SCAT and thigh SCAT, and
good correlation between arm SCAT and umbilical SCAT.
Interestingly, arm SCAT showed correlation with age even
if it was weak. There was no relationship between arm, or
thigh SCAT values and existence of hepatosteatosis, but
existence of hepatosteatosis was related with umbilical
SCAT (p=0.008), and umbilical PPF (p=0.009) values.
Since hepatomegaly was detected in only two volunteers,
which was not statistically sufficient to correlate with any
measure.

Except for the height, none of the measurements
showed any statistically significant gender difference

(Table 3).

Discussion

Obesity is a metabolic disease which can cause many health
problems and related deaths."” Tt is a health problem that
increases the risk of coronary artery disease, hypertension,
type II diabetes, obstructive pulmonary disease, osteoarthri-
tis and some types of cancer, and significantly reduces life
expectancy."” BMI is generally the first step and the most
ideal method for measuring obesity, but it is considered as
a rough guide. Because the fat rates in different people do
not correspond to the same level of obesity.

World Health Organization (WHO) interprets BMI
for adults as follows: <18.5: underweight, 18.5-24.9: nor-

Table 1
The characteristics of the volunteers and the results of the measurements.

Mean or median*+ SD

Range: min-max or 95% CIt

Age (years) 40.00+13.23 20-76 years
Height (cm) 167.94+10.39 150.00-200.00
Weight (kg) 76.06+14.82 48.00-113.00
BMI 26.96+4.68 16.34-40.27
Arm SCAT (mm) 2.80*+2.44 0.20-15.10
Thigh SCAT (mm) 11.65+5.61 10.33-12.97t
Umbilical SCAT (mm) 18.33+7.39 16.59-20.07t
Umbilical PPF (mm) 4.55%+3.49 0.90-17.40

*Arm SCAT and umbilical PPF were given as median value since they were not distributed normally. 195% Cl was given for means of normally distributed param-
eters. BMI: body mass index; Cl: confidence interval; PPF: preperitoneal fat; SCAT: subcutaneous adipose tissue; SD: standard deviation.
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Table 2
Correlations between measurements.

Arm SCAT Thigh SCAT Umbilical SCAT Umbilical PPF

Age r-value 0.296

p-value 0.012* 0.423 0.078 0.545
Height r-value -0.397 -0.451

p-value <0.001 <0.001 0.627 0.653
Weight r-value 0.252 0.554 0.430

p-value 0.033* 0.287 <0.001 <0.001
BMI r-value 0.549 0.470 0.650 0.420

p-value 0.001 <0.001 <0.001 <0.001
Arm SCAT r-value 0.724 0.555

p-value <0.001 <0.001 0.070
Thigh SCAT r-value 0.724 0.383

p-value <0.001 <0.001 0.310
Umbilical SCAT r-value 0.555 0.383 0.334

p-value <0.001 <0.001 0.004*
Umbilical PPF r-value 0.334

p-value 0.070 0.310 0.004*

*p<0.05. BMI: body mass index; PPF: preperitoneal fat; SCAT: subcutaneous adipose tissue.

mal weight, 25.0-29.9: pre-obesity, and =30.0: obesity.
BMI is calculated based on the formula: weight (kg) /
[height (m)]’. BMI, which is one of the most basic meth-
ods in determining obesity, is also the first method used by
WHO to determine obesity. However, BMI does not take

into account the weight of the increased muscle tissue, the
body’s water retention and the distribution of adipose tis-
sue. Individuals with similar BMI may have different
abdominal fat tissue. Therefore, waist circumference and
waist-hip ratio measurements have been seen as an alter-

Table 3
Gender differences.

Gender Mean or median* P-value

Height (cm) W 161.85 0.003t
M 176.00

Weight (kg) W 70.42 0.301
M 83.53

BMI W 26.95 0.347
M 26.97

Arm SCAT (cm) W 3.50* 0.495
M 2.00*

Thigh SCAT W 14.85 0.251
M 7.41

Umbilical SCAT (cm) W 18.46 0.424
M 18.17

Umbilical PPF (cm) W 3.70* 0.447
M 6.70*

*Arm SCAT and umbilical PPF were given as median since they were not distributed normally. tp<0.05. BMI: body mass index; M: man; PPF: preperitoneal fat;

SCAT: subcutaneous adipose tissue; W: woman

Anatomy e Volume 16 / Issue 1/ April 2022
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native to BMI, with measurements regularly used in both
clinical and research settings.

Anthropometric methods are generally preferred
when screening for obesity on populations. The most
obvious advantages of anthropometric methods are that
they are portable, inexpensive and useful in field studies.
BMI, which relates weight to height, is the most widely
used and also the simplest measure of body size, and is
often used to estimate the prevalence of obesity in a pop-
ulation."” However, it has been subjected to many criti-
cisms that it does not reveal the fat ratio, and BMI value
of the individuals in the body with excess muscle mass or
water retention is high. For these reasons, alternative
methods are sought for BMI. At this point, circumfer-
ence measurements are preferred because they give
direct information about the individual’s fatness status.

Skin fold thickness measurement, dual-energy X-ray
absorptiometry scans, and assessment of the SCAT with
computed tomography are commonly used methods to
evaluate the fat distribution of the body.”"” SCAT and
visceral adipose tissue measurements with ultrasound
have also been used in recent years to evaluate body fat

distribution."*"’

It has been reported in the literature that there is a
relationship between waist circumference and fatty
liver."” In our study, no correlation was found between
any SCAT measurements and hepatosteatosis, not even
with umbilical SCAT. This is probably because
hepatosteatosis is associated with visceral adipose tissue,
not SCAT. But still, we found that the umbilical SCAT
was the most correlated SCAT with BMI. In clinical
practice, abdominal fat is the most widely accepted in the
assessment of obesity."”

Some researchers compared the skinfold measure-
ments with ultrasound-measured SCAT values, and dual
energy X-ray with CT-measured and ultrasound-meas-
ured SCAT values, and found that the measurements
were correlated.™™ We also found good correlation
between BMI values and all three SCAT measurements.
In the light of this information, we suggest that SCAT
measurements with ultrasound is an inexpensive, safe
and easily applicable method for the evaluation of body
fat composition.

Conclusion

As an alternative method to skinfold measurement,
SCAT measurement with ultrasound can be used to eval-
uate body fat status.
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Abstract

Objectives: There are ultrasonographic findings defined in Osgood-Schlatter disease. However, sonoelastographic findings of
the disease have not been previously defined. The aim of this study was to evaluate the B-mode ultrasonography (US), Color
Doppler ultrasonography (CDUS), and sonoelastography (SEL) findings of the patellar tendon in patients with Osgood-Schlatter
disease (OSD) and compare it with healthy individuals.

Methods: A total of 36 patellar tendons were evaluated in 12 patients with OSD and 10 healthy individuals by US, CDUS, and
SEL. Thickness, echogenicity, CDUS, and SEL findings of the distal patellar tendon in each group were evaluated.

Results: A total of 22 individuals (19 males, 3 females) and 36 tendons (9 with acute OSD, 7 with chronic OSD and 20 control
healthy tendons) were included in this study. The patellar tendons were statistically significantly thicker in OSD patients in com-
parison with healthy volunteers (5.68+2.32 mm versus 3.42+0.55 mm) (p=0.001). According to the SEL evaluation, all of the
patellar tendons in patients with OSD were of type 2 in contrast with all of the patellar tendons in healthy volunteers were of
type 1 (p<0.001).

Conclusion: Distal patellar tendon in patients with OSD was thicker and softer in comparison with healthy volunteers. The
intratendinous and/or peritendinous vascularity on CDUS was increased in patients with acute OSD. We suggest that these
findings could be associated with tendon degeneration in OSD patients and can be useful in the evaluation of the disease.

Keywords: Osgood-Schlatter disease; patellar tendon; sonoelastography
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Introduction

Osgood-Schlatter disease (OSD) is commonly seen in
active adolescents and widely accepted as a traction
apophysitis of the tibial tuberosity." Chronic repetitive
traction trauma in the apophysial cartilage may cause epi-
physeal enlargement and microruptures. This causes avul-
sion fractures, which are osteochondral fragmentations,
and tendinopathy at the attachment site of the distal patel-
lar tendon to the tibial tuberosity."* The typical presenta-
tion of OSD is pain and tenderness over the tibial tuberos-
ity. The anamnesis and the physical examination of the
patient are generally sufficient to make a diagnosis.”
However, imaging modalities are commonly needed for
the evaluation of tibial tuberosity and additional findings
in OSD." Along with technological development, the fre-

quency of ultrasonography (US) usage for evaluation of
the musculoskeletal system has enhanced over time and
now is commonly used in daily practice.*” US have low
cost, easier use and accessibility, repeatability, no radiation
exposure and it is applicable for all age groups. These fea-
tures serve as important advantages of this modality."”
Also, US takes less time and thus more tolerable for the
patients when compared to magnetic resonance imaging
(MRI) which makes the US the preferred radiological
modality in the evaluation of tendons.” US evaluation can
also provide information related to the size, extent, mor-
phological feature of the lesion as well as vascularization of
the lesion with color Doppler US (CDUS).

Recently, ultrasound elastography has become available
for the assessment of soft tissue, in addition to the standard
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B- mode US imaging and CDUS. The principle of sonoe-
lastography (SEL) is based on the displacement of the tis-
sues which depends on the stiffness of the tissue due to the
applied compression. This displacement can be calculated
and generated on a color map superimposed on the B-
mode image.®” On SEL, information about the stiffness of
the lesions as well as tissues can be determined by coding
in different colors that represent stiffness levels of the tis-
sues."” The usage of SEL in the musculoskeletal system
was limited in the past. However, this number is increasing
with the extensive usage of US devices for this purpose.” ™"

The US findings of OSD include thickened patellar
tendon with pretibial swelling, fluid collection in the
infrapatellar bursa, and fragmentation of the ossification
center."*"” According to our knowledge, the SEL findings
of OSD has not been previously defined. Therefore, in
this study, we aimed to evaluate US, CDUS, and SEL
findings of patellar tendons in patients with acute and
chronic OSD in comparison with healthy individuals.

Materials and Methods

A total of 36 patellar tendons (9 patellar tendons of 7
patients with acute OSD, 7 patellar tendons of 5 patients
with chronic OSD, and 20 patellar tendons of 10 healthy
individuals) were evaluated. We included the diseased
patellar tendons in the patient population and both patel-
lar tendons in the healthy individuals. All acute OSD
patients had knee pain and swelling. Chronic OSD was
defined as having a history of tendon injury and OSD.
Chronic OSD patients had typical US findings and were
asymptomatic at the time of imaging. The control group
consisted of individuals who were referred for a neck US,
in the same age range as the study population, and did not
have a history of knee injury or a clinical finding which
indicated a tendon disorder. Additional informed consent
was obtained from all patients for the identifying data
included in the study. All procedures followed were in
accordance with the ethical standards.

All patients with acute OSD, chronic OSD, and
healthy volunteers underwent US, CDUS and SEL eval-
uation of the distal patellar tendon. The sonographic
examinations were performed with a real-time scanner
GE Logiq E9 (GE Healthcare, Milwaukee, Wisconsin,
USA) and a linear array transducer with a frequency of
5-11 MHz or Toshiba Aplio 500 (Toshiba Medical
Systems Corporation, Tochigi, Japan) with a 7-15 MHz
wide-band linear transducer by the same experienced radi-
ologist (M.B., with 11 years of experience in the muscu-
loskeletal US). All patellar tendons were examined in axial
and longitudinal planes in the sitting position with the
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knee at 30° flexion. The thickness of the tendon was
determined by measuring the anteroposterior diameter of
the distal patellar tendon in the distal adhesion site in a
longitudinal view with B-mode sonography. Longitudinal
plane was used for generation of real-time elastographic
images of the tendon. Slight compression and decompres-
sion was applied for the calculation of local strain, and
optimization of the strain was evaluated according to the
visual indicator of compression that indicates the average
strain in the region of interest between two frames. Real-
time calculation was used for the tissue elasticity distribu-
tion and results were generated on a color map superim-
posed on the B-mode image. According to the color map,
tissue’s relative stiffness was represented as a spectrum
ranging from blue (hard) to red (soft), blue — green indi-
cated hard tissue, yellow indicated intermediate tissue, and
red indicated soft tissue. Multiple real-time elastographic
images of the distal part of each tendon was evaluated and
the most representative one demonstrating the tendon
boundary and peritendinous layers were chosen for image
interpretation. This selection and image interpretation
was performed by two radiologists (M.B. and 1.S.I.) with
consensus. Two main types including type 1; blue and
green colors-hard tissue, and type 2; yellow and red with-
in green colors-intermediate and soft tissue was defined.
Beyond this definition, 2 subtypes of these types including
type la; blue predominance, type 1b; green predomi-
nance, type 2a; small yellow and red areas within green
predominance, and type 2b; green areas within yellow and
red predominance were defined. Hereby, the elasticity of
the tissue was shown as a spectrum ranging from hard to
soft as the type progressed from 1a to 2b.""

The statistical analysis was made by SPSS (Statistical
Package for Social Sciences) for Windows (Version 22,
Chicago, IL, USA). Categorical data are presented as
numbers (percentages), while continuous variables are
expressed as meansstandard deviation and range. The
normality of the variables was tested by the Shapiro-Wilk
test. Categorical data were compared using the Pearson
chi-square test/Fisher’s exact test and continuous variables
were compared using the Mann-Whitney U test. Kruskal-
Wallis analysis was performed for comparing the differ-
ence in tendon thickness in patients with acute OSD,
chronic OSD, and healthy individuals. The degree of
association between continuous and ordinal variables was
calculated by Spearman’s rho coefficient. All tests were
two-sided with a level of significance of p<0.05. For the
power calculation of this study, post hoc power analysis
(for p-value of <0.05, Cohen’s D of 0.8 for a large effect,
and total sample size of 36 for a 2-tailed hypothesis)
demonstrated an observed power of 0.998.
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Results

A total of 22 individuals (19 males, 3 females) and 36 ten-
dons were included in this study. The mean age of the par-
ticipants was 21.09+ .98 years (range: 13—-34 years). A total
of 16 patellar tendons of 12 patients with OSD (11 males,
1 females ) including 4 patients with both involved ten-
dons and 20 patellar tendons of 10 individuals with no his-
tory of OSD or symptoms that formed healthy volunteer
group (8 males, 2 females) were evaluated. Seven patients
with 9 patellar tendons had symptomatic acute stage OSD
disease, 5 patients with 7 patellar tendons had asympto-
matic chronic stage OSD. The mean age of the OSD
group was 23.25+7.79 years (range: 13-34 years), and the
mean age of the healthy volunteers was 18.5£5.06 years
(range: 13-25 years). There was no significant difference
in terms of age (p=0.114) and gender (p=0.571) of OSD
patients and healthy volunteers.

A total of 36 patellar tendons (19 right sides, 17 left
sides) were evaluated. There was 9 right and 7 left tendons
in the OSD group, and 10 right and 10 left tendons in the
healthy volunteer group with no side predominance
(p=0.709). All patellar tendons in patients with acute OSD
(n=9) had low echogenicity with coarse calcification and
increased intratendinous and/or peritendinous vascularity
on CDUS. Cortical irregularities on tibial tuberosity and
infrapatellar deep bursitis were also detected in patients
with acute OSD. All patellar tendons in patients with
chronic OSD (n=7) included microcalcifications. In this
patient population, we did not observe increased intra-
tendinous or peritendinous vascularity on CDUS.

The median tendon thickness of the OSD patients was
4.75 mm (range: 3.1-10.0 mm) and healthy volunteers were
3.3 mm (range: 2.5-4.2 mm). The tendons were statistically
significantly thicker in OSD patients (p=0.001). The medi-
an tendon thickness was higher in the acute OSD patients
(7.5 mm; range: 4.5-10.0 mm) and followed by chronic

—
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Figure 1. The boxplot shows the distal patellar tendon thickness in
patients with acute OSD, chronic OSD, and healthy volunteers. OSD:
Osgood-Schlatter disease.

OSD (4 mm; range: 2.9-4.0 mm) and healthy volunteer
group (3.3 mm; range 2.5-4.2 mm) (p<0.001) (Figure 1).

SEL evaluation demonstrated that all of the patellar
tendons in patients with OSD had a type 2 structure (16 of
16 tendons) and all of the patellar tendons in healthy vol-
unteers had a type 1 structure (20 of 20 tendons) accord-
ing to the main elastographic types with a statistically sig-
nificant difference (p<0.001). The elastographic subtypes
of the patients were as follows: most of the patellar tendons
in patients with acute OSD were of type 2b (8 of 9 acute
OSDs) (Figure 2) and 1 was of type 2a. All patellar ten-
dons in patients with chronic OSD were of type 2a
(Figure 3). All healthy volunteers had type la tendons
(Figure 4). There were no type 1b patellar tendons. There
were statistically significant differences in patients with

Figure 2. SEL evaluation of the patellar tendon (arrows) demonstrates a type 2b structure in a 15-year-old male patient with acute Osgood-Schlatter
disease.
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Figure 3. SEL evaluation of the patellar tendon (arrows) demonstrates a type 2a structure in a 30-year-old male patient with chronic Osgood-Schlatter
disease.

and without OSD (p<0.001) and in patients with acute
OSD, chronic OSD, and healthy volunteers (p<0.001) in
terms of elastographic subtypes (Table 1). There was a
significant positive correlation between tendon thickness

and elastographic subtypes (rs=0.669, p<0.001).

Discussion

In this study, we evaluated US and SEL findings of patel-
lar tendons in patients with OSD in comparison with
healthy volunteers. We observed that patellar tendons are
thicker in patients with OSD which is more obvious in
tendons of patients with acute OSD. In the SEL evalua-
tion of the patellar tendons, we observed that all tendons
in patients with OSD were of type 2 and all patellar ten-
dons in healthy individuals were of type 1 according to the
main elastographic types. When we evaluated the elasto-
graphic subtypes, most of the patellar tendons in patients
with acute OSD were of type 2b and all patellar tendons in
patients with chronic OSD were of type 2a structure with
a statistically significant difference in comparison with
healthy volunteers.

The thick appearance of epiphyseal cartilage in the dis-
tal patellar tendon, cortical irregularities compatible with
osteochondrosis, calcific fragmentations, decrease in ten-
don echogenicity consistent with degenerative changes,
and accompanying infrapatellar bursitis are the main find-
ings of OSD in B-mode US examination."” In the acute
phase; local hyperemia is evaluated as a marked increase in
vascularization by CDUS."” In our patient population, all
patellar tendons in patients with acute OSD had low
echogenicity compatible with the study of Blankstein et
al." We also observed increased tendon vascularity with
CDUS. We also observed infrapatellar deep bursitis in
patients with acute OSD. In previous studies, it was
reported that healthy patellar tendon thickness is 3-3.5
mm in the middle section and 4-5 mm at the proximal and
distal adhesion site."” According to the results of our
study, the patellar tendons got thicker in patients with
acute OSD when compared to healthy individuals.
Likewise, our results showed that, the patellar tendon
thickness of patients with acute OSD was statistically sig-
nificantly higher in comparison with patients with chronic
OSD and healthy individuals.

Figure 4. SEL evaluation of the patellar tendon (arrows) demonstrates a type 1a structure in a 14-year-old female healthy volunteer.
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Table 1
B- mode US, CDUS and SEL characteristics of the distal patellar tendons in study population.

Acute OSD (n=9)

Chronic OSD (n=7) Healthy volunteers (n=20)

The average tendon thickness (mm) (median; range)

7.5;4.5-10 mm

4; 2.9-4 mm 3.3; 2.5-4.2 mm

B-mod US findings
Decrease in tendon echogenicity
Micro calcification
Coarse calcification
Cortical irregularities
Infrapatellar deep bursitis

CDUS findings
Increased intratendinous and/or peritendinous vascularity

SEL subtypes

2a (n=7) 1a (n=20)

CDUS: color Doppler US; OSD: Osgood-Schlatter disease; SEL: sonoelastography; US: ultrasound.

Elastography is a new sonographic modality in which
the elasticity of different tissue types is evaluated. The basic
principle on which SEL is based is the strain (displace-
ment) due to compression applied to viable tissue. This dis-
placement can be calculated with the modified US and
reflected on the color scale.*"*"” In our study, we observed
a markedly soft appearance of the tendon in symptomatic
OSD cases (coding in red color) and a moderately hard
appearance (showing a yellow-red color coding in green) in
the padents with chronic OSD. This is similar to the pre-
vious studies which evaluated SEL findings in tendinopa-
thy. In a series of 214 patients whose clinical examination
suggested tendinopathy or underwent surgical treatment
but had no sonographic abnormality on the B-mode US,
164 patients had positive findings supporting tendinopathy
in SEL." Another study by Prado-Costa et al."” evaluated
tendon damage in 26 cases with different tendons includ-
ing patellar tendon and observed a decrease in the tendon
stiffness in the presence of tendinopathy. In a study by
Porta et al.,”” it was emphasized that compression-based
SEL examination is a useful and easily applicable method
in the evaluation of patellar tendon in healthy subjects In
this study, we found that SEL demonstrated hard coding in
tendons of healthy individuals and soft coding in tendons
with pathological changes. As a result, it was determined
that small changes in the elasticity and mechanical charac-
teristics of the distal patellar tendon in patients with OSD
can be detected by SEL.

There are some strengths and limitations of the pres-
ent study. To our knowledge, this is the first study that
demonstrates SEL and CDUS findings in addition to US
appearance in patients with acute and chronic OSD in
comparison with healthy individuals. It can be challenging
to differentiate tendon pathologies that has similar find-
ings in B-mode US evaluation. However, the addition of

CDUS and SEL findings to B-mode US may improve
both the diagnostic accuracy and the capability of evalua-
tion of the disease course. On the other hand, physicians
may use US which is a widely applicable technique with no
radiation exposure that is important for the pediatric pop-
ulation for the diagnosis and follow-up of the patients with
OSD. The small sample size and retrospective nature of
the study are the main limitations. Further prospective
studies with larger sample sizes may help demonstrate the
role of SEL in the evaluation of chronicity and pain relief
in patients with OSD as well as diagnosis.

We demonstrated both B mode US, CDUS and SEL
findings of the OSD in comparison with healthy individu-
als. In B-mode US evaluation, it can be challenging to dif-
ferentiate different pathologies that has identical findings
as discussed in the present study. However, having the
knowledge of CDUS and SEL findings of OSD may help
clinician to diagnose OSD more confidently. By the way,
we think that, SEL will also help to demonstrate the
progress of the disease in addition to B mode US and
CDUS findings.

Conclusion

Distal patellar tendon in patients with OSD was thicker
and softer in comparison with healthy volunteers. The
intratendinous and/or peritendinous vascularity on
CDUS was increased in patients with acute OSD. We
suggest that these findings could be associated with ten-
don degeneration in OSD patients and can be useful in the
evaluation of the disease.
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Abstract

Obijectives: The aim of this study was to reevaluate the anatomy of the sciatic nerve (SN) in the gluteal region by identifying
reliable landmarks in order to suggest a safe insertion point for SN blockage (SNB), and to compare two methods used for SNB.

Methods: Bilateral dissections of the SN were performed on ten embalmed cadavers. The course of the SN in relation to a line
drawn between the posterior superior iliac spine (PSIS) and the ischial tuberosity (IT) was determined. The files of 100 patients,
50 of whom had SNB with the Labat’s method (group L) and 50 with the parasacral approach (group P), were reviewed retro-
spectively. The results of the two methods were compared.

Results: The vertical distance between the PSIS to the IT was 13.1+6.5cm. The vertical distance between the intersection points
of the inferior border of the piriformis with the medial and lateral margins of the SN were 7.8+0.7 and 9.1+0.6 cm, respective-
ly. Medial and lateral margins of the SN were found to be 1.8+0.5 and 2.9+0.6 cm lateral to the IT. Insertion depth of the nee-
dle and time for the intervention were similar for both of the methods, but need for additional nerve blockages were signifi-
cantly higher in group L than in group P.

Conclusion: We defined a safe insertion point for SNB in the gluteal region, using prominent, fixed bony and easily
detectable landmarks. The clinical results of both groups were similar, but need for additional nerve blockages were signif-
icantly higher in group L.

Keywords: anatomical landmark; postoperative pain; regional anesthesia; sciatic blockage; gluteal region
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Introduction depends on knowledge of the regional anatomy, as well as

special skills and techniques that are required for efficient

Peripheral nerve blockage has become increasingly popu-
lar for providing peri- and post-operative analgesia, due to
lower complication rates in comparison with other anes-

thetic procedures. Successful application is limited and

peripheral nerve blockages, especially when the nerve is
deeply located. Sciatic nerve (SN) blockage (SNB) may be
used to anesthetize most of the foot and the knee, as well
as the posterior thigh. At the pelvic level, the SN can be
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anesthetized by classical posterior (Labat’s method)
approach, Raj’s posterior approach, anterior, lateral, or
parasacral approaches."” So many approaches have
emerged in SNB because there is no single method that is
the most effective, safest, and has the least undesirable
effects. However, all points defined by published descrip-
tions are insufficient in determining the exact line that
corresponds to the underlying nerve.

The use of ultrasound-guided peripheral nerve block-
ages has become increasingly popular in recent years.
However, ultrasound is not always available everywhere,
and its use requires certain training and expertise. In this
situation, the physician who will apply the blockage
should know the anatomical landmarks used to locate the
nerve. For these reasons, in-depth knowledge of anatomy
is a precondition for performing regional anesthesia.”
Defining the main anatomical landmarks for regional
anesthesia, detailed knowledge of the proper anatomy is
required to define the sonoanatomy.” The SNB, guided
by classical anatomy knowledge and traditional nerve
stimulation, still maintains its importance recently.

The aim of this study was to reevaluate the regional
anatomy of the SN for anesthetic blockage using simply
accessible bony landmarks, and to compare the clinical
efficacy of two methods used for SNB.

Materials and Methods
Cadaveric Study

Bilateral dissections of the SN were performed on 10 (6
women, 4 men) formaldehyde fixed cadavers (46 to 69
years at death). The use of the human cadaveric material
was guided according to the guidelines of the university.
Dissections were performed by senior anatomists.

The location and course of the SN was assessed by
identifying its relationship with a line drawn from the
midpoint of the posterior superior iliac spine (PSIS) to the
lowermost point of the ischial tuberosity (I'T) (Figure 1).
The safe area for accessing the SN was determined
according to the branching of the regional vascular struc-
tures and nerves. The branching of the posterior femoral
cutaneous nerve (PCN) was also considered.

The vertical distance between the PSIS and the lower-
most point of the I'T was measured. The intersection points
of the inferior border of the piriformis muscle with the
medial (A) and lateral (B) margins of the SN were identified
and the vertical distances between the PSIS and A and B
points were measured. The horizontal distances between
the lateral border of the I'T and the medial (C) and the lat-
eral (D) margins of the SN at the level of the lowermost
point of the I'T were measured (Figure 2). The horizontal
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Figure 1. lllustration of the posterior gluteal region. The blue transpar-
ent circle is the suggested safe area relatively free from neurovascular
structures with asterisk showing the ideal needle insertion point. The
vertical distance between PSIS and IT is shown as the blue line. The hor-
izontal distances between IT and the sciatic nerve is shown as the green
line. A: the intersection point of the inferior border of the piriformis
muscle with the medial margins of SN; B: the intersection point of the
inferior border of the piriformis muscle with lateral margins of SN; C: the
medial margin of the SN at the level of the lowermost point of IT; D: the
lateral margin of the SN at the level of the lowermost point of IT; GT:
greater trochanter; IT: ischial tuberosity; P: piriformis muscle; PCN: pos-
terior femoral cutaneous nerve; PSIS: posterior superior iliac spine; SN:
sciatic nerve.

distances between A and B points, and C and D points were
measured, and considered as the widths of the SN at the
level of the exit point from the infrapiriform foramen and
at the level of the lowermost point of the I'T, respectively.
Measurements were performed with ruler and a digital
caliper sensitive to one decimal. The neurovascular area
was defined as the area surrounding the points A, B, C and
D (Figure 3). The optimal injection point to reach the SN
effectively without injuring any other neurovascular struc-
tures was defined according to the measurements.

Clinical Study

A hundred patients, aged between 18 and 69 years, who had
ankle and/or foot surgery between January 2015 and
January 2018 in our tertiary hospital were included in this
study. Fifty of the patients had SNB with the Labat’s
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Figure 2. Anatomical dissection of the right sciatic nerve. The arrow
indicates the vascular structures emerging from the infrapiriform fora-
men. Blue transparent circle shows the suggested safe area relatively
free from neurovascular structures. GT: greater trochanter; IT: ischial
tuberosity; P: piriformis muscle; PCN: posterior femoral cutaneous
nerve; SN: sciatic nerve.

method (group L), and 50 of them had SNB with the
parasacral approach (group P). The files of the patients
were reviewed retrospectively. Patients with a history of
neuropathy, neuromuscular disease, or chronic pain syn-
dromes were excluded from the study. All the premedica-
tion procedures had been the same for both groups of
patients. All patients taken to the operating rooms had been
routinely monitored, and vital signs had been checked
properly until the end of the operation. Demographic data
(age, weight, height, sex), duration of surgery, the depth of
the nerve, the number of attempts, and time for successful
blockage were obtained from the files of the patients.

The skin at the needle entry site had been infiltrated
with 2 mL of 2% lidocaine using a 30-gauge hypodermic
needle. SNB had been performed either with Labat’s
approach, or parasacral approach.

Figure 3. Surface projection of the sciatic nerve on a patient using
anatomical landmarks. The blue transparent circle is the suggested
safe area relatively free from neurovascular structures with asterisk
showing the ideal needle insertion point. A: the intersection points of
the inferior border of the piriformis muscle with the medial margins of
SN; B: the intersection points of the inferior border of the piriformis
muscle with lateral margins of SN; blue circle: the greater trochanter;
C: the medial margin of the SN at the level of the lowermost point of
IT (ischial tuberosity); D: the lateral margin of the SN at the level of the
lowermost point of IT (ischial tuberosity); GT: greater trochanter;
green circle: IT (ischial tuberosity); IT: ischial tuberosity; PSIS: posteri-
or superior iliac spine; red circle: PSIS (posterior superior iliac spine);
SN: sciatic nerve.

Labat’s approach was applied as follows: The PSIS and
the GT are marked and a line was drawn between the two
structures. A perpendicular line from the midpoint of this
line was drawn towards infero-medial. The 5th cm was
used as the needle insertion point (Figure 4a)."”

Parasacral approach was applied as follows: The PSIS
and the I'T are marked and a line was drawn between the
two structures. The 6th cm from the PSIS was used as the
needle insertion point (Figure 4b)."

The following procedures were the same for both
methods. To block the SN, a 100-mm short, beveled, 22-
gauge stimulating needle (B. Braun, Melsungen,
Germany) had been used. The needle had been connect-
ed to a nerve stimulator (Stimuplex HNS11, B. Braun,
Melsungen, Germany). The initial stimulus had been set
at 2 mAmp intensity with 2 Hz frequency. After ankle dor-
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Figure 4. Compared sciatic blockage techniques with asterisk showing the needle insertion point. (a) Labat's approach, (b) Parasacral approach.
GT: greater trochanter; IT: ischial tuberosity; PSIS: posterior superior iliac spine; SN: sciatic nerve.

siflexion or eversion with 0.5 mAmp stimulus, gentle aspi-
ration had been performed and 20 mL of a 0.5% solution
of bupivacaine (Astra-Zeneca, Orebo, Sweden) had been
administered in 5 mL increments. Block had been applied
to all patients by senior anesthetists in charge of the ortho-
pedic room. Needle insertion was considered successful if
plantar flexion, eversion of the foot, and/or dorsiflexion of
the foot had been observed under 0.5 mAmp stimulation.
The depth of the location of the SN was measured as the
length of the needle from the skin to the point that plan-
tar flexion had been observed. The time for a successtul
blockage was defined as the time from insertion of the
needle into the skin to the observation of muscle contrac-
tion with a 0.5 mAmp stimulus. The depth of the nerve,
the number of attempts, and time for successful blockage
were obtained from the patients’ files and considered for
this study. The quality of the SNB, which was graded as
good (no supplemental anesthetic required), satisfactory
(local anesthetic to the surgical site or intravenous anal-
gesic supplementation required), or failed (general anes-
thesia required) had been recorded in the files and consid-
ered for the study. Additional nerve blockages (saphenous
and femoral) were also considered. Pain sensation during
the procedure of performing SNB had been graded using
the visual analog scale (VAS) by the patients according to
a scale from 0 (no pain) to 10 (worst imaginable pain). A
neurological examination (assessment for paresthesia,
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dysesthesia, prolonged anesthesia, or unexpected motor
deficit) had been performed preoperatively and 24 hours
postoperatively. Neural complications had been recorded.

First, a preliminary study was performed on the files of
20 patients. The data of the first 20 patients were used to
do a power calculation, which indicated that at least 50
patients for each group were required to determine statis-
tical significance with an alpha of 0.05 and beta of 0.2.
Ordinal data were evaluated using contingency tables with
%’ and Fisher’s exact test. Student’s t-test or Mann-
Whitney U tests were used to compare nominal data
according to data distribution. Results were documented as
mean=SD, and a p value <0.05 was considered for statisti-
cal significance. SPSS (Version 22, IBM Corp., Armonk,
NY, USA was used to run basic statistical analyses.

Results
Data from Cadavers

The SN showed a slightly concave course, extending from
points A-B to points C-D, with its concavity facing medi-
al (Figures 1, 2 and 3). With its concavity facing medial a
slightly concave line with a width of 2 cm proximally and
1 cm distally, drawn from 8 cm below the PSIS towards 2
cm lateral to the lateral border of the I'T was considered to
be the surface projection of the SN (Figure 3). At the exit
point from the infrapiriform foramen, it was observed that
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the inferior gluteal artery accompanied the SN. The dis-
tal half of the area that the SN coursed was relatively free
from neurovascular structures (Figures 1 and 2).
However, the proximal PCN was in this area in 90% of
cases (Figure 2). Meanwhile, we did not observe small or
large variants of the SN, that is, separation in the pelvic
region, in the cadavers used in the study. The results of
the measurements were summarized in Table 1.

Being free from any other neurovascular structures, we
determined the needle insertion point for a safe approach
as the point between C and D points (Figure 3). It was 13
cm distal to the PSIS and 2-3 em (C-D points, respective-
ly) lateral to the lateral border of the IT.

Clinical Data

There were no statistically significant differences between
the two study groups for patients’ demographic data (age,
weight, height, sex), and duration of surgery (Table 2).

The results of the evaluated parameters of the two
groups were summarized in Table 3. There was no statis-
tically significant difference between the two approaches
for the distance to reach to the nerve (p=0.315), and for
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Table 1
Cadaveric measurements

MeanzSD (cm)
PSIS-IT 13.1+0.6
PSIS-SN (A) 7.8+0.7
PSIS-SN (B) 9.1+0.6
IT-SN (C) 1.8+0.5
IT-SN (D) 2.9+0.6
A - B distance 2.3+0.5
C - D distance 1.2+0.3

A: the intersection point of the inferior border of the piriformis muscle with the
medial margins of SN; B: the intersection point of the inferior border of the piri-
formis muscle with lateral margins of SN; C: the medial margin of the SN at the
level of the lowermost point of IT; D: the lateral margin of the SN at the level of
the lowermost point of IT; IT: ischial tuberosity; PSIS: posterior superior iliac spine;
SD: standard deviation; SN: sciatic nerve.

the number of attempts to target the SN (p=0.062). The
quality of the SNB was similar (p=0.781). Pain intensity
during the blockages was equal between the two tech-
niques. No neural complications were observed in the 24-
hour follow-up period in both study groups. Need for

Table 2
Patient data and duration of surgery.

Group L (n=50) Group P (n=50) p-value
Age (years) 43.5+14 50.9+12.6 0.23
Weight (kg) 78.7+17.2 79.6+£13.4 0.43
Height (cm) 169.5+9.2 163.4+8.9 0.48
Sex (W/M) (%) 56/4 60/40 0.09
Duration of surgery (min) 61.1£14.6 65.3+19 0.32

Data are given as meanzstandard deviation and %.

Table 3
Comparison of the results of the two methods (Labat’s approach: Group L and parasacral approach: Group P).

Group L Group P p-value

SN Depth (mm) 71.4+14 69.6+15 0.315
Number of attempts to target the SN 1.72+0.72 1.60+0.59 0.834
The time between inserting the needle into the skin to 32.4+£10.6 30.3+8.5 0.062
seen muscle contraction with 0.5 mAmp stimuli (seconds)
The quality of the SNB Good 28 32 0.781

Satisfactory 19 15

Failed 3 2
Pain intensity Moderate and severe pain (VAS =4) 21/50 (42%) 19/50 (38%) 0.838
Need for additional nerve blockages Saphenous nerve blockage 26/50 (52%) 19/50 (38%) 0.017*

Femoral nerve blockage

14/50 (28%) 9/50 (18%)

*p<0.05.
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additional nerve blockages (saphenous and femoral) were
significantly higher in group L than in group P (p=0.017).

Discussion

"The SNB is frequently used for surgery of the distal lower
limb and foot. There are various limitations of SNB meth-
ods applied to date. Therefore, we compared two
approaches used for SNB, and conducted a cadaveric study
in order to suggest novel landmarks for a safe approach.

The SN is actually two nerves that are loosely con-
nected together in the same connective tissue sheath. The
tibial and the common fibular nerves usually diverge at the
distal thigh, but in nearly 12.2% of people, the common
fibular nerve passes through the piriformis, while in 0.5%
it passes superior to the muscle.” Cuvillon et al.” demon-
strated that single injection produces similar success rates
compared with double injection. However, it is well
known that the multiple injection technique for the SNB
offers a higher success rate. Because the division of the SN
into its components can occur at any point between the
sacral plexus and the lower third of the thigh. In our study
we did not observe a variation such as split SN in the
cadaveric part of the study.

For the SNB procedures, clinicians usually use bony
landmarks. The PSIS, the greater trochanter, and the I'T
are the most frequently used ones. However, identifying
the greater trochanter might be difficult in some patients,
e.g., obese patients. di Benedetto et al."” used the GT and
the IT as landmarks with the hip in flexion, but the
required 90° of hip flexion might be difficult in certain
patients. The subgluteus parabiceps technique is question-
able for identification of soft tissues in obese patients.""
Additionally, both of the studies mentioned above describe
the SNB distal to the gluteal region rather than the poste-
rior femoral area. Posterior approach for the SNB requires
special positioning that might be difficult to obtain in
some patients.” The anterior approach to the SN has also
been described and could be performed in the supine posi-
tion; however, the procedure is difficult at the level of the
lesser trochanter, and reaching the nerve may require leg
rotation."*"”! Novel and easy landmarks have been devel-
oped to overcome this problem."” However, needle
advancement under ultrasound guidance is not feasible
when using the anterior approach due to acoustic shadow-
ing by the overlying femur. Another new supine technique
proposes using the GT and the anterior superior iliac
spine as landmarks for reaching the SN laterally."”
However, this study was conducted on a limited number of
cadavers. Uz et al."” described a novel anterior approach
and concluded that it could be used without damaging
regional vascular structures while simultaneously blocking
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the femoral nerve. In our cadaveric study, we defined a safe
insertion point using the PSIS and the I'T as landmarks.
Also, we determined the surface projection of the SN
using these landmarks (Figure 3). A line was drawn from
the PSIS to the IT. Then, a slightly concave line was
drawn from the point 8 cm distal to the PSIS on the first
line to 2 cm lateral to the I'T (the point described above as
between points C and D) to indicate the course of the
proximal part of the SN. The point between C and D was
then defined as the point of puncture. The advantage of
the line proposed in our study is that, it also defines the
course of the SN. Therefore, it provides a better orienta-
tion for choosing the optimal site for needle entry. The
line describing the course of the SN in our study also pro-
vides safety margins for both sites that were determined
using cadavers. The advantage of our landmarks is using
clearly defined bony prominences that can be identified
even on obese patients. Furthermore, our descriptions
may also facilitate ultrasound-guided SNB or other imag-
ing studies that assess the SN in the gluteal region.

Guidance by ultrasound provides basic information
about the exact location of deeply located nerves and their
anatomical relationships with other structures necessary to
achieve nerve blockage. However, ultrasound training is not
compulsory in the anesthesiology residency curriculum."”
In addition, insufficient knowledge about the operation of
the ultrasound device, limited educational resources, the
minority of teaching centers using the technique are the
most important restrictions in front of the widespread use
of ultrasound in the peripheral block. Therefore, the tradi-
tonal method is stll valid in most geographies. In the
future, standard ultrasound training should be a milestone
to be added to the anesthesiology specialty curriculum.

The limitation of our cadaveric study is the limited
sample size. Further studies being conducted on imaging
methods would be useful in order to increase the sample
size.

Conclusion

Without requiring any special positioning such as hip flex-
ion, the insertion point for SNB suggested in our study
may be a significant advantage in certain patients with
restricted hip joint mobility. Also, we believe that the inser-
tion point we determined is safe and reliable being free of
neurovascular structures. Prominent, fixed bony and easily
detectable landmarks for determining the surface projec-
tion of the SN is the other advantage of our study.
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The analysis of morphological features
and ultrasonographic characteristics of

Dupuytren’s disease

Atilla Hikmet Cilengir' (), Mehtap Balaban’

Abstract

'Department of Radiology, Faculty of Medicine, Izmir Democracy University, Izmir, Tiirkiye
'Department of Radiology, Faculty of Medicine, Ankara Yildirim Beyazit University, Ankara, Tiirkiye

Objectives: To detect B-Mode ultrasonography, color Doppler ultrasonography, and sonoelastography findings of the
Dupuytren’s disease, and to determine the differences of sonographic imaging, demographic and clinical data.

Methods: A total of 88 patients with unilateral lesion were included. Each lesion was evaluated with B-Mode ultrasonography,
color Doppler ultrasonography, and sonoelastography. The location, size, morphology, and echogenicity of the lesions were ana-
lyzed by B-mode ultrasonography, the presence of vascularization by color Doppler ultrasonography, and the elasticity by sonoe-
lastography, retrospectively. The differences between sonographic findings, demographic and clinical data were evaluated.

Results: Of the patients, 36.4% were women and 63.6% were men, with a median age of 61 (interquartile range: 9). The
majority of the lesions (87.5%) were at the level of the 3rd and 4th finger/metacarpal. Median longitudinal dimension was
6.75mm (interquartile range: 4.32), mediolateral dimension was 2.5 mm (interquartile range: 1.77). Of the lesions, 67.1% were
nodular shaped, 73.9% were hypoechoic, and 87.5% were hypovascular. All lesions were hard coded on sonoelastography. The
cord morphology, extension to the tendon, and contracture tend to be together, and lesions with these were mostly iso-hyper-
echoic.

Conclusion: Dupuytren’s disease lesions were mostly nodular, hypoechoic, hypovascular, and stiff. Ultrasonographic exam-

Introduction

Dupuytren’s disease (DD) is a benign fibroblastic prolifer-
ation of palmar aponeurosis.” It is the most common
superficial fibromatosis and affects 1-2% of the popula-
tion.” Its frequency is geographically and racially distrib-
uted, most common in northern Europe.” The frequency
of DD increases in the elderly population and reaches 20%
over the age of 65."”) Male dominance is present, it is not
uncommon to be bilateral.” Another name is palmar fibro-
matosis, and Dupuytren’s contracture terminology is used
in cases with flexion contracture at the fingers.™’
Clinically, there are palpable painless subcutaneous nod-
ules on the palmar face." It can grow over the years and
cause retraction of the tendons, causing flexion contracture

deomed.

ination was sufficient and successful in the diagnosis of Dupuytren’s disease.
Keywords: color doppler ultrasonography; Dupuytren’s disease; morphology; sonoelastography; ultrasonography
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of the fingers. It is often located at the level of the 4th and
5th metacarpal.

Although the etiology has not been clearly revealed,
some reasons have been accepted. Trauma, smoking,
microvascular damage, antiepileptic use, immunological
and genetic factors are some of them.” Fibrogenic
cytokines such as fibroblast growth factor, wingless/inte-
grated, and transforming growth factor beta released in
various causes are the main cause of the disease.”
Therefore, DD can be seen together with other superficial
fibromatoses, plantar fibromatosis (Ledderhose disease)
and Peyronie’s disease.”

The diagnosis can usually be made easily with typical
lesion localization and physical examination. Since the
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differential diagnosis includes tenosynovitis, trigger fin-
ger, ganglion cyst, and other soft tissue masses, imaging
should be performed even if the diagnosis is clinical. In
addition, with imaging methods, information about the
three dimensions of the lesion can be obtained and its
relationship with adjacent tendons and neurovascular
bundles can be evaluated.” B-mode ultrasonography
(US) is the first choice and easily accessible imaging
method in superficial lesions. With US, the solid or cys-
tic nature of the lesion can be distinguished. Its vascular-
ity can be detected with Color Doppler US (CDUS).
Sonoelastography (SEL) is a current and popular modal-
ity that provides additional contributions to tendon, lig-
ament, muscle, and superficial masses in musculoskeletal
sonographic examination.”” On SEL, the stiffness of the
tissues is coded in a color scale from blue to red and
transmitted to the observer. In addition to qualitative
examination, quantitative stiffness measurement can be
made. Superficial lesions in DD are also an ideal target
for SEL examination.

There is no specific treatment for DD. Methods such
as rest, topical agents, steroid injections can be tried."”
Lesions can be excised surgically, but since 30-40% may
show recurrence, it is not preferred if there is no flexion
contracture or lesion affecting daily life. The presence of a
flexion contracture greater than 20 degrees in the metacar-
pophalangeal joint and 30 degrees in the proximal inter-
phalangeal joint is an indication for surgery."” For these
reasons, treatment should be personalized on a patient
basis. Therefore, imaging methods, especially ultrasound,
are important in guiding the treatment. At the same time,
minimally invasive treatments can be performed with
ultrasound guidance (e.g., intralesional injection) and can
be easily used in treatment follow-up."”

Our aim in this study was to describe the US, CDUS
and SEL imaging findings of DD lesions and to investigate
whether these findings are differ from each other. At the
same time, the differences between ultrasonographic find-
ings and patient demographic and physical examination
data was investigated.

Materials and Methods

The reports and recorded cine images of ultrasonograph-
ic examinations performed with the preliminary diagnosis
of DD between June 2020 and June 2022 were retrospec-
tively reviewed. These reports and images were reana-
lyzed retrospectively by a radiologist with 12 years of mus-
culoskeletal US experience. Only patients with unilateral
lesions were included in the study. In patients with multi-
ple lesions, the dominant lesion was included. In addition,
the clinical and physical examination findings of the

patients were examined. Patients with rheumatologic dis-
ease, diagnosis of malignancy, undergoing hand surgery
and a history of hand trauma were excluded.

Ultrasound examination was performed while the
patient was sitting, with the hand in supination in contact
with the anterior thigh. The dimensions of the lesions in
the transverse and longitudinal planes were measured. In
all cases, B-Mode US, CDUS, and SEL examinations
were performed separately for each lesion by the same
radiologist, images were recorded and reported.
Evaluation was done with a high resolution 5-11 MHz
linear probe (GE Logiq S7 Expert, GE Healthcare,
Milwaukee, WI, USA). The presence of vascularization in
the lesions was evaluated in CDUS. Simultaneously, SEL
examination of the lesions was performed with the same
position and probe. Tissue elasticity under light compres-
sion and decompression with a probe on the lesion was
evaluated according to the real-time color map on the B-
Mode US image. On SEL, soft structures were coded in
red, medium-hard structures in yellow, and hard struc-
tures in green and blue.

The presence of nodules or cords of DD, in which fin-
ger they were located, their size, echogenicity, extension
to the flexor tendon, the presence of intralesional vascu-
larization on CDUS, and the elasticity characteristics of
the lesions on SEL were evaluated. The size of the lesions
in the transverse and longitudinal planes were electroni-
cally measured on B-mode US with calipers. The
echogenicity of the lesion was compared with the adjacent
tendon and determined as hypoechoic, isoechoic, and
hyperechoic. The extension to the flexor tendon defines
the focal areas of extension of the lesions to both flexor
digitorum superficialis and flexor digitorum profundus
tendons. The presence of intralesional vascularization
means colored areas in the lesion on CDUS examination.
The elasticity characteristics of the lesions were classified
on a soft to hard scale according to the color coding on the
SEL examination.

Statistical analysis was performed with IBM SPSS
Statistics Version 22.0 (Armonk, NY, USA) with 95 %
confidence interval. The normal distribution of the quan-
titative variables was evaluated using the Shapiro Wilk
normality test. Because the data is not normally distrib-
uted, the distribution of variables was evaluated with the
chi-square test or the Mann-Whitney U test. The differ-
ences of anatomical variations were evaluated with the
Mann-Whitney U test. Medians and interquartile ranges
(IQR) were given because of the non-parametric tests.
Results of p<0.05 were considered significant.

Anatomy e Volume 16 / Issue 1/ April 2022



28 Cilengir AH, Balaban M

Figure 1. Hypoechoic solid nodule (longitudinal axis) of Dupuytren's dis-
ease. The dashed line indicates the longitudinal dimension of the nod-
ule. The nodule is located in the subcutaneous tissue in the superficial
neighborhood of the flexor digitorum tendons (arrows). In the deepest
part, the metacarpal is observed (dashed arrow).

Results

There were 88 patients (median age 61, IQR 9) meeting
the study criteria. Of the patients, 32 (36.4%) were women
and 56 (63.6%) were men. Fifty-six (63.5%) of the lesions
were on the right hand and 32 (36.4%) on the left hand.
There were 1 (1.1%) lesion in the 1st finger, 5 (5.7%) in
the 2nd finger, 17 (19.3%) in the 3rd finger, 60 (68.2%) in
the 4th finger, and 5 (5.7%) in the 5th finger. The lesion
location ranged from the metacarpal body proximally to
the middle phalanx distally. The median longitudinal
dimension was 6.75mm (IQR: 4.32) and the median trans-
verse dimension was 2.5mm (IQR: 1.77). On B-mode US
examination, the lesions were hypoechoic in 65 (73.9%)
patients and iso-hyperechoic in 23 (26.1%) patients
(Figures 1 and 2). Lesions were nodules in 59 (67.1%)
patients, and cord-shaped in 29 (32.9%) patients. Out of
the total number of the patients, extension to the flexor
tendon was present in 73 (82.9%) while the contracture
was noted in 20 (22.7%) cases. The vascularization was
present in 11 (12.5%) of the patients (Figure 3). On SEL
examination, blue-green coding was found in 50 (56.8%)
patients, and only blue coding was found in 38 (43.2%)
patients (Figure 4). In the clinical and physical examina-
tion records of the cases included in the study, there were
long-standing palpable painless stiffness in the palmar
region or stiffness causing flexion deformity in the finger.

The distribution of numerical data in categorical vari-
able groups was given in the Table 1.
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Figure 2. Hypoechoic solid nodule (transversal axis) of Dupuytren's dis-
ease. The dashed lines indicate the mediolateral and anteroposterior
dimensions of the nodule. The nodule is located in the subcutaneous tis-
sue in the superficial neighborhood of the flexor digitorum tendons
(arrows).

There was a significant difference between lesion
echogenicity and cord and contracture. Of the hypoe-
choic lesions, 50 have no cords and 15 have cords; of the
iso-hyperechoic lesions, 9 had no cord, and 14 had cords
(p=0.001). In addition of the hypoechoic lesions, 54 had
no contracture and 11 had contractures; of the iso-
hyperechoic lesions, 14 had no contracture and 9 had
contracture (p=0.029). However, there was no significant
relationship between lesion echogenicity and gender,
side, localization, extension to the tendon, CDUS, and

Figure 3. On the color Doppler ultrasonography examination, vascular-
ity is not observed in the hypoechoic nodule (arrows).
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Figure 4. On sonoelastography, the hypoechoic nodule was coded blue-green (arrow), and the adjacent soft tissues were predominantly red-orange
coded. Blue-green color coding indicates that the Dupuytren’s disease nodule is stiff.

SEL (p=0.854, p=0.854, p=0.271, p=0.553, p=0.660, and p=
0.648, respectively).

There was a significant difference between the pres-
ence of the cord and echogenicity, extension to the tendon
and contracture. Of the nodular lesions, 50 were hypoe-
choic and 9 were iso-hyperechoic; of the cord-shaped
lesions, 15 were hypoechoic and 14 were iso-hyperechoic
(p<0.001). All 29 cord-shaped lesions had extension to the
tendon, however, of the nodular lesions, 44 had extension
to the tendon, 15 did not (p<0.001).While there was no
contracture in any of the 59 nodular lesions, there were no

contractures in 9 of the cord-shaped lesions and in 20 of
them (p<0.001). No significant difference was found
between the presence of cord and gender, side, location,
CDUS and SEL (p=0.189, p=0.357, p=0.153, p=0.265, and
p=0.258, respectively).

There was a significant difference between extension to
the tendon and the presence of contracture and cord. Of
the lesions with extension, 20 had contracture, 53 did not;
none of the 15 lesions without extension had contractures
(p=0.021). In addition, 29 lesions with extension had cord
and 44 did not. There was no cord in any of the 15 lesions

Table 1
Distribution of numerical data in categorical variable groups. Data are given as “median (interquartile range)”.

Age (year) Longitudinal dimension (mm) Transversal dimension (mm)

Gender Women: 59 (mean age:12)  p=0.191 Women: 5.8 (3.6) p=0.013 Women: 1.95 (1.6) p=0.001
Men: 61 (9) Men: 7.3 (4.7) Men: 2.8 (2.1)

Side Right: 62 (9) p=0.142 Right: 5.9 (3.9) p=0.215 Right: 2.4 (2.1) p=0.435
Left: 59 (14) Left: 7 (4.1) Left: 2.6 (1.5)

Echogenicity Hypo: 60 (10) p=0.129 Hypo: 7.0 (4.7) p=0.012 Hypo: 2.4 (1.4) p=0.043
Iso-hyper: 65 (9) Iso-hyper: 5.6 (4.1) Iso-hyper: 2.9 (2.2)

Cord Yes: 63 (7) p=0.026 Yes: 5.6 (4.4) p=0.291 Yes: 2.4 (1.4) p<0.001
No: 59 (12) No: 7 (4.3) No: 4.2 (4.1)

Extension Yes: 61 (11) p=0.129 Yes: 7 (5.3) p=0.991 Yes: 2.5 (1.7) p=0.362
No: 66 (11) No: 6.4 (4.1) No: 2.5 (2.2)

Contracture Yes: 62.5 (8) p=0.326 Yes: 6.3 (5.2) p=0.580 Yes: 5.1 (6.8) p<0.001
No: 60.5 (10) No: 6.75 (3.8) No: 2.4 (1.3)

CDUS Yes: 57 (12) p=0.289 Yes: 6.3 (3.9) p=0.972 Yes: 2.2 (3.1) p=0.502
No: 61 (10) No: 6.8 (4.4) No: 2.5 (1.8)

SEL Blue: 62 (8) p=0.024 Blue: 5.9 (4.6) p=0.474 Blue: 2.8 (2.3) p=0.899

Green Blue: 59 (12)

Green Blue: 7 (3.9)

Green Blue: 2.45 (1.7)
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without extension (p=0.012). No significant difference was
found between extension to the tendon and gender, side,
location, echogenicity, CDUS and SEL (p=0.789, p=0.748,
p=0.453, p=0.553, p=0.703, and p=0.765, respectively).

There was a significant difference between the pres-
ence of contracture and gender, echogenicity, the pres-
ence of a cord, and extension to the tendon. Eighteen of
the contracture cases were man and 2 were woman; 38 of
the non-contracted cases were man and 30 were woman
(p=0.005). Of the lesions with contracture, 11 were hypoe-
choic and 9 were iso-hyperechoic; of the non-contracted
lesions, 54 were hypoechoic and 14 were iso-hyperechoic
(p=0.029). A cord was present in all 20 lesions with con-
tracture, while 9 of non-contracted lesions had cord and
59 had no cord (p<0.001). All 20 lesions with contracture
had extension to the tendon, while 53 of non-contracted
lesions had extension and 15 did not (p=0.021). There was
no significant difference between the presence of contrac-
ture and side, location, CDUS and SEL (p=0.701,
p=0.530, p=0.157, and p=0.852, respectively).

There was a significant difference between the vascu-
larization of the lesion and the cord and side. Of the
lesions without vascularization, 50 had no cord, and 27
had cords; of the lesions with vascularization, 9 had no
cord and 2 had cords (p<0.001). In the lesions on the right
hand, vascularity was absent in 45 patients and present in
11 patients; on the left hand, vascularity was present in all
32 lesions (p=0.028). There was no significant difference
between vascularization and gender, localization,
echogenicity, extension to the tendon, contracture, and
SEL (p=0.497, p=0.071, p=0.660, p=0.703, p=0.157, and
p=0.257, respectively).

"There was a significant difference between lesion elas-
ticity and the side. 29 of the lesions with blue coding were
on the right and 9 were on the left, 27 of the lesions with
blue-green coding were on the right and 23 were on the
left (p=0.031). There was no significant difference
between lesion elasticity and gender, localization,
echogenicity, extension to the tendon, cord, contracture
and CDUS (p=0.207, p=0.563, p=0.648, p=0.765, p=0.258,
p=0.852, and p=0.257, respectively).

Discussion

In this study, we revealed the ultrasonographic morpholo-
gy, CDUS and SEL findings of palmar lesions in DD and
also investigated their differences with each other. We
revealed that men have larger lesions and contracture
more frequently, hypoechoic lesions are larger but have
fewer cords and contractures, older patients have more
cord morphology and more stiff lesions, the mediolateral
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dimension is greater in the presence of the cord and con-
tracture, the vascularity is less in the cord morphology, the
extension and contracture to the tendon is more in the
cord morphology, and the contracture is more frequent in
the lesions with extension to the tendon.

From these results, it can be interpreted that cord mor-
phology, tendon extension and contracture parameters
tend to be together, and lesions with these parameters are
mostly iso-hyperechoic and hypovascular. Accordingly, in
the presence of late signs such as contracture, the increase
in echogenicity and decrease in vascularity support the
increase in intralesional fibrotic tissue. In the presence of
more hypoechoic and vascular lesions, early-stage DD can
be considered, and treatment can be personalized accord-
ingly.

Although the diagnosis of DD is usually made clinical-
ly, histopathological correlation may rarely be required.
Distal volar localized nodules in the subcutaneous soft tis-
sue cause shrinkage of the overlying skin as ageing. It may
also result in flexion contracture due to its cord-like, pal-
pable hard structure. Pathology does not include tendon
and muscle. On ultrasound, nodules or cordlike lesions in
DD may vary in scale from hypoechoic to iso-hyperechoic
to tendons. However, it is generally hypoechoic compared
to tendons. On CDUS, its vascularity changes, but it is
mostly hypovascular. It is an important advantage that the
relationship of the lesions with the tendons can be evalu-
ated on US in real time, and it enables the exclusion of
tendinous lesions in the differential diagnosis.

In the study of Morris et al.,"”’ the lesions were detect-
ed most frequently in the 3rd and 4th finger localizations.
We also detected the majority of our cases (87.5%) at the
level of the 3rd and 4th finger/metatarsal. In their study,
98% of the lesions were hypoechoic, and 93% of patients
were hypovascular on CDUS. In our study population,
again, hypoechoic and hypovascular lesions were more
common, but proportionally hypoechoic (73.9%) and
hypovascular (87.5%) lesions were less than them.

Cretuer et al."" stated that early period DD nodules are
hypoechoic compared to tendons due to their cellularity,
and iso- to hyper-echoic due to the increase in collagen
content in the late period. It is stated that cellular, that is,
active lesions, have a higher risk of recurrence.*"”
Therefore, determination of lesion cellularity with imag-
ing can be determinative in terms of prognosis and treat-
ment. We have shown that cord morphology and stiffer
lesions are common in elderly patients. This can be inter-
preted as the increase in fibrosis in the lesions in the late
period causes the cord morphology and is coded stiffer on
SEL. However, Molenkamp et al."’ found that hypo-
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echogenicity in nodules was not a predictor of dimension-
al increase. No significant dimensional increase was found
in the nodules that were found to be hypoechoic in their
studies compared to the hyperechoic ones in their follow-
up 1 year later. We also did not find a significant difference
between lesion size and echogenicity.

In the study of Molenkamp et al.,"" a significant nega-
tive correlation was found between the echogenicity of the
nodule and the myofibroblast load in histopathological
examination. In addition, they found a significant negative
correlation between echogenicity and hardness in their
hardness examination with tonometry. These results prove
that cellular nodules are more hypoechoic and stiffer. At
the same time, more hypoechoic nodules can be consid-
ered to be stiffer. We did not find any significant differ-
ence between lesion echogenicity and stiffness on SEL. In
the study of Ball et al.,"” nodules were found to be harder
than normal tissue in the hardness measurement made by
tonometry. In their DD case report, Ulusoy et al."
described the increase in vascularization and heterogeneity
in the thickening of both tendon sheaths and superficial
palmar fascia in B-Mode US and CDUS. They interpret-
ed the increase in vascularization as an early sign of nod-
ules. On SEL examination, they found that the nodules
were hard coded compared to adjacent soft tissue. They
reported that this result supports fibrosis. They suggested
that SEL can distinguish between acute and chronic
lesions and that the efficacy of treatment can be evaluated
according to lesion stiffness. Our study was not a case
report, and 88 lesions were evaluated. SEL examination
was performed on all lesions, and it was seen that all of
them were hard coded. In addition, the lesions of the eld-
erly patients were significantly stiffer.

There were some limitations in our study. The retro-
spective basis was the main limitation. Mistakes and biases
may have occurred in patient selection and evaluation of
images. Information from recorded images and report
texts may be incomplete. Another limitation is the lack of
histopathological diagnosis of the lesions. In none of our
patients, lesion excision was not required since there was
no excessive contracture that could be an indication for
operation and the diagnosis was supported by physical
examination and radiological examination. The fact that
the lesions were examined by a single evaluator reduces the

generalizability of the findings.

Conclusion

DD lesions is mostly hypoechoic, nodular shaped, hypo-
vascular, and stiff. The cord morphology, tendon exten-
sion and contracture are the late stage parameters, and

lesions with these are mostly iso-hyperechoic. In the
presence of a solid lesion originating from the subcuta-
neous soft tissue of the palmar region, DD can be diag-
nosed by considering the lesion location, morphology,
vascularity, and degree of stiffness with a combination of
US, CDUS and SEL. The DD lesions can be determined
that are in the early or late stage by using morphology,
echogenicity, vascularity, and stiffness data. Thus, the
success of the treatment can be increased by reducing the
recurrence rate.
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Abstract

Objectives: To evaluate the ability of strain sonoelastography (SEL) in diagnosing lateral epicondylitis (LE) and to asses clinical
and diagnostic efficacy of strain SEL in patients with clinically confirmed LE and in healthy volunteers.

Methods: Strain SEL was performed on 110 patients with clinical symptoms of LE and on 56 healthy participants. The common
extensor tendon (CET) was evaluated with gray-scale and color Doppler ultrasonography (CDUS). The stiffness and the elasticity
of the CET was divided into 2 main types and 2 subtypes as a spectrum ranging from hard for 1a to soft for 2b.

Results: The thickness of the CET in patients with LE (6.3+1.06 mm) were remarkably thicker than in healthy participants
(3.8+0.62 mm) (p<0.001). There were negative significant correlations between the thickness of the CET and lower and mean
strain ratios (SR) (rs= [-0.666], p<0.001 for lower SR and rs= [-0.358], p<0.001 for mean SR). Thickness of the CET varied
between the groups of elastographic patterns (p<0.001). The SR of tendon in patients with LE (6.68+2.49 mm) were remark-
ably lower than in healthy participants (11.16+4.88 mm) (p<0.001). The SR of tendon in patients with LE also varied significantly
between the groups of elastographic patterns (p<0.001).

Conclusion: Strain SEL is a promising sonographic technique for musculoskeletal imaging to differentiate thickening and
softening of CET in LE. SR and SEL pattern findings are compatible with gray scale ultrasound and CDUS findings.

Keywords: common extensor tendon; imaging; radiologic anatomy; tendon thickness
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Introduction

Tendons are the ligaments that provide movement and
transmit the power produced by the muscle contraction to
the bones and joints." The common extensor tendon is
composed of tendinous portions of the extensors carpi
radialis brevis and longus, extensor digitorum, extensor
digiti minimi and extensor carpi ulnaris muscles, and serve
as the upper attachment for posterior extensor muscles of
forearm. It originates from the lateral epicondyle of
humerus.” Lateral epicondylitis (LE), also called as “ten-
nis elbow”, is a pathological condition of CET that caus-
es pain in lateral aspect of the elbow due to repetitive
stress and overuse of the CET in labor and sports activi-
ties as well as age-related degeneration. Pain, burning and

swelling of the lateral aspect of the elbow are the most
common symptoms of LE. Estimated prevalence of LE is
1-3% in the general population.” The diagnosis of LE is
made primarily by using typical clinical manifestations and
physical examination.” Furthermore, a wide variety of
radiologic methods are used to diagnose LE, including
conventional muscle sonography and color Doppler ultra-
sonography (CDUS), elastography and, magnetic reso-
nance imaging (MRI).™

Ultrasound elastography imaging is ultrasound-based
imaging method that provides information on the elastic-
ity and stiffness properties of tissues.” There are two main
different techniques of ultrasound elasticity imaging:
compression based strain sonoelastography (SEL) and
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shear-wave SEL." Strain SEL is based on difference of
stiffness and elasticity between one tissue or lesion to
another by applying probe compression. Numerous clini-
cal SEL applications and studies were found to evaluate
diagnosis and assessment of changes in tissue stiffness and
elasticity in pathological conditions.” " However, clinical
utility of elastography has been infrequently studied in LE
and has not been evaluated with tendon thickness.

The main purpose of this study was to assess clinical
and diagnostic efficacy of strain SEL in patients with clin-
ically confirmed LE and in healthy volunteers.

Materials and Methods

"This study was approved by the institutional review board,
and informed consent was obtained from all participants.
From January 2019 to January 2022, a retrospective analy-
sis with strain SEL was performed on total of 110 patients
with clinical symptoms of LE and 56 healthy participants
(103 women and 63 men, age range: 20-81 years, mean
age 42.95 years). The inclusion criteria of this study were
pain and discomfort of lateral aspect of humerus that com-
patible with LE. A clinical history of surgery, fracture, or
other diseases that affect musculoskeletal system such as
rheumatoid arthritis and osteoarthritis were excluded
from the study. The inclusion criteria for the healthy par-
ticipants were asymptomatic elbows, no previous trauma
or surgery at the elbow, and no history of systemic inflam-
matory disorders.

The healthy participants and patients with LE were
examined with gray scale and CDUS, and real-time strain
based SEL (LOGIQ S7 Expert, GE Medical Systems)
using a 5-11 MHz linear-array transducer by two radiol-
ogists (one radiologist with 18 years of experience and one
radiologist with 5 years of experience on musculoskeletal
system). In the beginning of the study, ten cases were
examined together for sample consistency. All participants
in our study were examined in comfortable position. All
participants’ arms were supported by a pillow and elbows
were semi-flexed. 5-11 MHz linear array transducer was
positioned parallel to the lateral epicondyle with semi-
flexed elbow to investigate the CET. The CET was eval-
uated with gray-scale and CDUS for swelling, tendinosis,
partial tear, calcification, tendon thickness, hyperemia and
inflammatory changes. The thickness of the CET was
measured from the longitudinal view from the antero-pos-
terior direction. Also strain SEL images of the CET were
acquired from longitudinal view of the elbow due to avoid
artifacts of gray scale sonography and elastography. Strain
images were obtained by freehand technique with com-
pression and decompression. The optimal strain was
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adjusted according to the visual indicator of compression.
The visual indicator had six levels and strain and com-
pressions of four or more were considered valuable.
Results of the tissue elasticity distribution were showed a
color map together with the B-mode image. Stiffness and
elasticity of the CET were represented by the color spec-
trum, which was blue and green for hard, yellow for inter-
mediate and red for soft tissue. The stiffness and elasticity
of the CET was divided into 2 main types and 2 subtypes
as a spectrum ranging from hard for 1a to soft for 2b: type
la, blue predominance; type 1b, green predominance;
type 2a, small yellow and red areas within green predom-
inance; and type 2b, green areas within yellow and red
predominance.

All statistical analyses were performed with SPSS soft-
ware (version 28.0, IBM SPSS, IBM Corp., Armonk, NY,
USA) Median and range for continuous variables were
used to define feature of participants. Counts and percent-
ages for the categorical variables were used to define fea-
ture of participants. The variables were examined with
Kolmogorov-Smirnov normality test whether distributed
normally or not. Continuous variables were analyzed
between healthy participants and patients by using Mann-
Whitney U and Kruskal-Wallis tests. Categorical variables
were analyzed between healthy participants and patients by
using chi-square test and Fisher exact test. The correlation
between continuous variables as thickness of the CET,
strain ratio (SR) and symptom duration were performed
with Spearman’s non-parametric correlation analysis. A p
value <0.05 was considered statistically significant.

Results

Baseline characteristics of participants were summarized
in Table 1 and imaging findings of the patients are sum-
marized in Table 2. There was no difference between
patients and healthy participants for age (p=0.345).

Ultrasound examination revealed that the CET at the
lateral epicondyle thickened with decreased fibrillar
echogenicity, intratendinous calcification, and increased
fluid in its vicinity (Figure 1). Intratendinous vasculariza-
tion increased in CDUS (Figure 2). The SEL examina-
tion in the tendon showed green-weighted yellow and red
coding areas consistent with soft coding (Figure 3).

The thickness of the CET in patients with LE
(6.3£1.06 mm) were remarkably thicker than in healthy
participants (3.8+£0.62 mm) (p<0.001). In addition, the
thickness of the CET was thicker in patients with tendi-
nosis, partial tear, hyperemia and calcific tendinopathy
than in healthy participants (p<0.001) (Figure 4). The
thickness of CET increased with age (p<0.001). There
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Table 1
Characteristics of the patients.

Lateral epicondylitis Control
Sex Men 41 22
Women 69 3428
Involvement Right 63 28
Left 47 52
Hand dominance Right 99 4
Left 11
Age (range) 49.55+12.2 (20-81) 29.96+8.88 (20-53)
Table 2

Imaging findings of the patients.

Lateral epicondylitis (n=110) Control (n=56) P-value

Gray scale findings

Tendinosis 108 16 <0.001

Calcification 41 0 <0.001

Intrasubstance tear 68 0 <0.001

Epicondyle degeneration 35 0 <0.001
Doppler findings

Hyperemia 50 0 <0.001
Elastographic findings

1a 5 41

1b 18 14 <0.001

2a 46 1

2b 41 0

were negative significant correlations between the thick-  between the groups of elastographic patterns (p<0.001)
ness of the CET and lower and mean SR (rs= [-0.666];  (Figure 5). But there was no difference between the
p<0.001 for lower SR and rs= [-0.358]; p<0.001 for mean  thickness of the CET of 2a and 2b elastographic patterns
SR). The thickness of the CET also varied significantly  (p=0.927).

Figure 1. B-mode ultrasonography. Thickening on right common exten- ~ Figure 2. Increased intratendinous vascularization in the common
sor tendon (white arrow heads), decrease in fibrillar echogenicity (red  extensor tendon.

asterisk), adjacent anechoic fluid increase (dashed yellow line) and

intratendinous calcification (yellow arrow).
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Figure 3. Green-weighted red soft coding in SEL imaging.

In 110 patients with clinical confirmed LE, right
elbow involvement was 63 and left elbow involvement was
47. Intrasubstance tear was found in 68/110 (61.8%) of the
patients. Calcification was present in 41/110 (37.3%) ten-
dons. Hyperemia in the CET was found in 50/110
(45.5%) of the patients. Tendinosis of the CET was
detected in 108/110 (98.2%) of the patients. Degeneration
of the lateral epicondyle was found 35/110 (31.8%) of the
patients.

In 56 healthy participants, tendinosis of the CET was
detected in 16/56 (28%) of participants. Other B mode
and CDUS findings were normal. Calcification and
degenerative changes in lateral epicondyle were not
involved in healthy participants.

From gray-scale ultrasonography and CDUS, intra-
substance tear (Figure 6a), calcification (Figure 6b),
hyperemia, tendinosis of the CET and degeneration of
the lateral epicondyle were showed statistically significant
differences between healthy participants and patients with
LE (p<0.001).

Of 166 participants, 46 (27%) showed elastographic
pattern of type la, 32 (19%) showed elastographic pat-
tern of type 1b, 47 (28%) showed elastographic pattern
of type 2a, and 41 (24%) showed elastographic pattern of

type 2b.

The SR of the tendon in patients with LE (mean: 6.68
+2.49 mm, min: 1.70 — max: 16.1) were remarkably lower
than in healthy participants (mean: 11.16+4.88 mm, min:
2.80 and max: 25.1) (p<0.001) (Figures 7 and 8). The SR
of the tendon in patients with LE decreased with age.

There was negative significant correlation between the
mean SR of tendon and age (rs=[-0.261]; p<0.001). The
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Figure 6. B-mode ultrasonography of lateral epicondyle (white
arrow), distal radius (dashed white arrow), common extensor ten-
don (green asterisk) and upper border of the tendon (pink arrows).
(@) intratendinous partial rupture (red asterisks) (b) intratendinous
calcification (double-headed arrow).

SR of the tendon in patients with LE also varied signifi-
cantly between the groups of elastographic patterns
(p<0.001) (T'able 3) (Figures 9 and 10). But there was no
significant difference between the mean SR of the tendon
in patients with LE of la and 1b elastographic patterns
(p=0.403).

The SR of the tendon in patients with tendinosis
(mean: 7.1£3.07, min: 1.7 — max: 16) were remarkably lower
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Figure 7. Plot of lower strain ratio in patients with lateral epicondylitis

and healthy individuals.
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Figure 8. Plot of mean strain ratio in patients with lateral epicondylitis

and healthy individuals.

than in healthy participants (mean: 11.2+5.07, min: 2.8
and max: 25.1) (p<0.001). The SR of tendon in patients
with intrasubstance tear (mean: 6.5+2.3 mm, min: 2.5 —
max: 12) were remarkably lower than in healthy partici-

Table 3
Lower and mean strain ratios of elastographic patterns.
Mean strain ratio

Elastographic patterns Lower strain ratio

1a Patient 4.1£2.7 9.5+2.6
Control 13.3+3.7 13.3+3.7

1b Patient 3.3£1.1 8.9+2.2
Control 5.3+1.7 5.3+1.7

2a Patient 2.2+0.56 6.79+2.08
Control 3.6 4.2

2b Patient 1.3+0.3 5.2+2.01
Control
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pants (mean: 9.3+4.6, min: 1.7 and max: 25.1) (p<0.001).
The SR of the tendon in patients with calcification
(mean: 6.9+2.7, min: 1.7 — max: 16.1) were remarkably
lower than in healthy participants (mean: 8.5+4.3, min:
2.5 and max: 25.1) (p=0.096). The SR of the tendon in
patients with hyperemia (mean: 6.7+2.25, min: 2.7 — max:
13.4) were remarkably lower than in healthy participants
(mean: 8.8+4.5, min: 1.7 and max: 25.1) (p=0.016). There
was no significant difference between the mean SR of the
tendon in patients with lateral epicondyle degeneration
(mean: 6.9+2.63, min: 2.7 — max: 16.1) and in healthy
participants (mean: 8.5:x4.3, min: 1.7 and max: 25.1)
(p=0.129).

Discussion

The mechanism of the CET injury is repetitive stress of
forearm and wrist during movement of dorsiflexion and
supination. Furthermore, patient characteristics, habits
and activity level also affect the common extensor
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Figure 10. Elastographic patterns — lower strain ratio plot
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tendinopathy."'” The diagnosis of LE is made primari-
ly by using typical clinical manifestations and physical
examination. Furthermore, a wide variety of radiologic
methods is used to diagnose LE, including conventional
muscle sonography, CDUS, and magnetic resonance

SEL provides elasticity and stiffness of tissue or
lesions such as breast, liver, thyroid and tendons. In
recent studies, strain SEL and shear-wave SEL have
been investigated in diagnosis of LE. Gray scale and
CDUS findings of LE are low echogenicity, increased
thickness, intrasubstance tear, calcification and inflam-
mation of lateral collateral ligament of elbow."”
Tendinosis and low echogenicity is the most common
sonographic finding of LE.”” In our study, most gray-
scale findings of the patients with clinically confirmed
LE was also tendinosis and intrinsic low echogenicity.
The thickness of the CET significantly increased in LE
compared to the healthy participants, which in consis-
tent with Ahn et al.”" and Zhu et al.”” In addition, thick-
ness of the CET varied significantly between the groups
of elastographic patterns, and increased with age. It was
seen that the thickness of the CET increased significant-

ly as tendon getting softer.

Khoury et al.””’ showed that increased tendon com-

pressibility indicative of tendon softening was a new sign
of tendinopathy. De Zordo et al.*"
SEL was valuable in the detection of the intratendinous
and peritendinous alterations of LE. Real-time SEL
images showed hard tendon structures in 96% of tendon
in healthy volunteers, and softening of different grades
in 67% in patients with LE, which was considered a sta-
tistically significant difference in relation to the findings.
Also, Ahn et al.”" revealed that patients with LE had sig-
nificantly lower SRs in their CET origins. In our study it
was seen that the mean and lower SRs of the tendon in
patients with LE were significantly lower compared to
healthy participants. Furthermore, mean and lower SRs
of the CET varied significantly between the groups of
elastographic patterns.

showed that real-time

Several limitations needed to be mentioned in this
study. Ultrasonography and SEL imaging is highly
operator dependent imaging modalities.”” Additionally,
we did not study interobserver and intraobserver vari-
ability. To avoid of sample error, we calculated both
mean and lower SRs of the CET. One sample for lower
SR were taken from red color scale of tendon and sec-
ond sample for mean SR were taken from all part of the
CET. Another limitation is semi-quantitative calcula-
tion of SR.”
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Conclusion

We suggest that strain SEL is a promising sonographic
technique for musculoskeletal imaging to differentate vari-
able etiologies that cause thickening and softening of the
CET in LE. SR and SEL pattern findings are compatible
with gray scale and CDUS findings. SEL findings are also
compatible with degree of degeneration of the CET.
Further longitudinal studies may support this consideration.
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Retroaortic left renal vein: a clinically significant
vascular variation with suggestion of a practical

typological scheme

Nikolai Krastev (=), Yoanna Tivcheva (i), Lina Malinova (i), Lazar Jelev

Department of Anatomy, Histology and Embryology, Medical University of Sofia, Sofia, Bulgaria

Abstract

The retroaortic left renal vein (RLRV) is a rare vascular variant with a typical position of the vein between the abdominal aorta and
the vertebral column. Despite usually asymptomatic, RLRV might be associated with posterior nutcracker syndrome, other vascu-
lar pathologies and may cause major surgical complications. An existing but not expected RLRV might hamper aortic surgical dis-
section and to cause a life threatening bleeding. A case of a RLRV was observed during routine dissection of a formalin fixed 62-
year-old female cadaver. The left kidney was found to be ectopic and located lower than usual between the level of L1 and L4
vertebra. The left renal vein was formed in the renal hilum at the level of L2/L3 intervertebral disc, and then passed obliquely
downwards behind the abdominal aorta to join in the inferior vena cava at the level of upper border of L4 vertebra. The length
of the RLRV was 7.5 cm. The main tributaries were the left suprarenal and left ovarian veins. Measuring the diameters of the renal
vein showed slight dilation at its origin. Based on the literature review, the vascular variation reported here can be classified as
Type Il - RLRV draining at a lower than normal level of the inferior vena cava. An extended classification scheme of the left renal

vein variations is presented here as well as an optional typological scheme.
Keywords: classification; clinical significance; renal vein collar; retroaortic left renal vein
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Introduction

The retroaortic left renal vein (RLRV) is rare vascular vari-
ant with a typical position of the renal vein between the
abdominal aorta and the vertebral column."” The inci-
dence of this variation ranges from 0.4 to 9.3% in the dif-
ferent groups examined."*” The complicated embryonic
development of the inferior vena cava (IVC) and its tribu-
taries is claimed to result in formation of RLRV.™
Though this anatomical variant is often asymptomatic, the
abovementioned position leads to an increase in the venous
pressure and distention of the renal vein.”"” The RLRV
may also cause symptoms such as abdominal and left flank
pain and hematuria and this to be diagnosed as posterior
nutcracker syndrome.”" The RLRV is also considered
one of the major vascular variations that should be taken
into consideration during retroperitoneal surgery, for its
accidental damage can cause severe hemorrhage, emer-
gency nephrectomy and even death."”""*"! Even though
RLRV is a rare venous variant, its prompt identification
and understanding of other concomitant vascular varia-
tions are essential for clinical practice.

Case Report

A case of a RLRV was observed during routine dissection
of a formalin fixed 62-year-old Caucasian female cadaver.
The dissection took place in the Department of Anatomy,
Histology and Embryology of the Medical University of
Sofia.

The anterior abdominal wall was incised and the
abdominal cavity was opened wide in an anatomical way.
The abdominal viscera were defined, studied and consecu-
tively removed, as well as the posterior parietal peritoneum,
in order to facilitate the dissection of the retroperitoneal
space and the posterior abdominal wall. The position of the
kidneys was accessed and after a meticulous blunt dissec-
tion, their vessels were exposed. The right kidney was nor-
motopic, with its upper pole at the level of T'12/L1 inter-
vertebral disc and its lower pole at the middle of L3 verte-
bra. The hilum was facing antero-medially and the vessels
had a typical position and overall anatomy. The left kidney
was found to be ectopic and lying lower than the right kid-
ney (Figure 1a). Its upper pole was at the level of lower bor-
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Figure 1. Photograph of the retroperitoneal space, presenting the formation and initial part of the RLRV (arrow) (a). In

(b), the asterisk indicates the

point where the RLRV joined the IVC behind the abdominal aorta. AA: abdominal aorta; IVC: inferior vena cava; LSrV: left suprarenal vein; LOV: left

ovarian vein; RLRV: retroaortic left renal vein.

der of L1 vertebra and its lower pole — at the midpoint of
L4 vertebra. The hilum was located at the level of L2/1.3
intervertebral disk and was facing antero-medially. The left
renal artery arose from the abdominal aorta at the level of
L2 upper border and shortly after that divided into two
renal arteries those are nearly of equal in size. Because of
the left kidney ectopism, the two arteries descended almost
vertically to reach the renal hilum. The left renal vein
(Figure 1a) was formed outside the hilum by fusion of two
primary tributaries. At the same confluent point, the left
suprarenal vein from above and gonadal (ovarian) vein from
beneath joined the left renal vein (Figure 1a). The left renal
vein then passed infero-medially behind the abdominal
aorta to join the IVC at the level of upper border of L4 ver-

Type |

f; e }A )

ey //

Figure 2. Current classification scheme of the RLRV: (

Type ll

a) RLRV Type | that drains into IVC at normal (orthotopic) position; (|

tebra (Figure 1b). That was a point nearly 2 cm above the
confluence of the common iliac veins. The length of the
RLRYV in our case was 7.5 cm, consistent with the findings
in other studies.""” The long diameter of the vein was 2 cm
at its proximal segment and 1.2 cm at the distal, suggesting
a slight dilatation at its origin (normal range 1.2+0.2 cm)."

Discussion

The variant left renal vein passing behind the abdominal
aorta has been classified together with the anomalies of the
IVC."" 2% T ater, some classifications appeared, that
grouped only the cases of an RLRV draining into a normal
IVC (Figures 2a—d)."*"" Probably the most detailed classi-

Type III Typ e IV

L

I i )/

b) RLRV Type Il that drains

at a lower level of IVC (L4-L5); (c) circumaortic renal vein coIIar — composed of both preaortic and orthotopic retroaortic renal veins; (d) RLRV that drains

much lower into the left common iliac vein.
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fication of the renal vein variations is presented in the paper
of Zhu et al" These authors have defined five types and
many subtypes of the left renal vein variations. All these
unusual venous patterns can be explained with complicated
embryonic development of the veins in the retroperitoneal
space between the 7th— 10th weeks of gestation.™*"** The
main event in the development of the renal veins is forma-
tion of circumaortic renal vein collar formed from the inter-
supracardinal anastomosis dorsally, the intersubcardinal
anastomosis and postsubcardinal anastomoses ventrally, and
the suprasubcardinal anastomosis laterally. Moreover, the
embryonic kidneys are drained by paired ventral and dorsal
venous limbs, with the latter later regressing. The persist-

Tel

Common
left renal vein
anatomy

Figure 3. Extended classification
scheme of the RLRV. Types a—d
correspond to the current classifi-
cation. Type e is described in the
paper of Panagar et al.? Type g is
reported by Koc et al?! and
Kyung et al.?" The types f, h-l,
marked with asterisks, are theo-
retical venous patterns and prob-
ably exist extremely rare.
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ence of the dorsal venous limb, as well as the dorsal part of
the circumaortic venous collar are the possible embryolog-
ical bases of RLRV development.™****"

The most common classification system of RLRV
includes four types (Figures 2a—d)"*"*'"": (1) RLRV Type
I that drains into IVC at normal (orthotopic) position; (2)
RLRV Type II that drains at a lower level of IVC
(L4-L5); (3) circumaortic renal vein collar — composed of
both preaortic and orthotopic retroaortic renal veins; (4)
RLRYV that drains much lower into the left common iliac
vein. In the pertinent literature, however, some other left
renal vein variations are described, that are not men-

Type I Type |

<

! ( ™

1 ﬁ(’“\ : i!
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tioned in this widespread classification. The circumaortic
renal vein collar, for example, might be composed of
preaortic renal vein and retroaortic renal veins draining at
a lower level to IVC.”” Moreover, in the literature there
are at least two reports of doubled RLRV.*"*' A case of
tripled RLRV cannot also be excluded. All these addi-
tional variations can be explained with the developmental
schemes presented in the paper of Kyung et al.”’
Analyzing further the possible options for vascular devel-
opment, much more extended classification might be pre-
sented (Figures 3a-1). After all, to memorize such an
extended classification is not very practical, so instead, a
typological scheme of the left renal vein variations can be
extracted (Figure 4) with the following main conclusions:

® The RLRV can drain at orthotopic position to IVC, or
at a lower level of IVC (LL4-L5), or much lower into
the left common iliac vein;

* A doubled or possibly tripled RLRV may exist with
veins draining both at normal and lower levels to IVC;

* Any of the aforementioned RLRV might be accom-
panied by a normal pre-aortic left renal vein, thus
forming a renal vein collar.

The incidence of RLRV varies greatly between the dif-
ferent groups examined. Karkos et al."” mentioned that
RLRV can be found in 0.8 to 3.7% in autopsy, on CT
scans, and in surgical series. In a more detailed review of
the literature with meta-analysis, Yi et al.” estimated this
vascular variation in 0.5-3.5% of cadaver dissections and
0.4-9.3% of clinical studies. Karaman et el.” studied on
MDCT angiographies the presence of RLRV in patients
with urological symptoms (hematuria, abdominal/ left
flank pain, varicocele on the left side) and calculated an
incidence of 2.37%.

The variant left renal vein passing behind the aorta
may remain unrecognized or to be named as posterior
nutcracker phenomenon if an increased venous pressure,
vein dilation and collateral formation is identified.”*"
When the dilatation becomes symptomatic, the posteri-
or nutcracker syndrome is diagnosed.”"*" In the cur-
rently reported case, dilatation of the proximal segment
of the vein was present, yet there was no data for any
clinical manifestation.

The reported venous variation has a definite signifi-
cance for aortic surgery."””*” Brener et al.”” reported an
injury to RLRV during aortic reconstruction in 40% of
the operations. The complications varied from hemor-
rhage that can be controlled via reconstruction to
nephrectomy, but such a venous injury is often fatal.”” To
encounter an RLRV during reconstruction of abdominal
aorta aneurysms is also not a rare case”™ A specific
pathology is the rupture of the aortic aneurysm toward the
RLRV with formation of an aorto-venous fistula.”” "

Anatomy e Volume 16 / Issue 1/ April 2022
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Figure 4. Typological scheme of the left renal vein variations. 1: retroaor-
tic left renal vein draining at orthotopic level; 2: retroaortic left renal vein
draining at lower level of the IVC; 3: retroaortic left renal vein draining at
the level of left common iliac vein; 4: normal “preaortic” left renal vein.
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Rufus of Ephesus: a historical perspective on his
contributions to neuroanatomy

Esra Candar' (), Ibrahim Demircubuk’

Abstract

Introduction

Rufus of Ephesus lived between the first and second cen-
turies AD."” The name of the Rufus comes from the resi-
dence in Ephesus, Izmir Province of Turkey. He practiced
there and assumably in the medical center in Rome, after
education at the Alexandria medical school in Egypt."* He
has worked in several fields, such as anatomy, cardiology,
psychiatry, nephrology, and ophthalmology. In addition,

he has used botanicals to treat various ailments."**”

Works of Rufus of Ephesus

Rufus, although he wrote more than a hundred books on
several topics, is not as well known as his contemporaries
because of the limited number of extant full pieces. For this
reason, quotes, fragments, translations, and compilations,
besides complete treatises, are especially important for his
reputation and reconstruction of his works.”*"* His works
were published in various languages such as Latin,”""
Greek," French (Figure 1a—f)."""

Many of his works (Figure 1f) were collected, extract-
ed from quotations, and translated into French in Oeunvres

deomed.

"Department of Anatonty, School of Medicine, Ege University, Izmir, Tiirkiye

, Giilgiin Sengiil™

'Department of Neuroscience, Institute of Health Sciences, Ege University, Izmir, Tiirkiye
*Department of Anatomy, Institute of Health Sciences, Ege University, Izmir, Tiirkiye

Rufus of Ephesus (circa 1-2 AD) lived in the ancient city of Ephesus, Izmir Province of Turkey. He made significant contribu-
tions to many branches of sciences including neuroanatomy. This historical perspective manuscript focuses mainly on his neu-
roanatomical contributions. He described several structures, such as the pericranium, meninges, encephalon, parencephalon,
varicosities, and the anatomy of the sellar region and the eye. He also coined essential terms in the nervous system such as
tunica prima (dura mater), tunica altera (pia mater), spinal marrow (spinal cord), base of brain (brainstem), and choroid tunic
(choroid plexus). Because of the limited number of extant works, he is not as well-known as his contemporaries. Yet, Rufus
of Ephesus deserves to be recognized to the fullest for his precious and numerous contributions to neuroanatomy.

Keywords: history of science; neuroanatomy; Rufus of Ephesus
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de Rufus d’Ephese by Charles Daremberg and Emille Ruelle
in 1879. Galen (130-200 AD), Oribasius (326-403 AD),
Aetius of Amida (500-550 AD), Alexander of Tralles
(525-605 AD), Abu Bakr Muhammad ibn Zakaria Razi
(865-925 AD) quoted the works of Rufus. Aside from the
names included in this book, Rufus was cited by numerous
authors such as Avicenna (980-1037), Gilbertus Anglicus
(1180-1250), Ibn el Baitar (1197-1248), and Ibn Abi
Usaybiah (1203-1270).*""*" Indeed, these indicate that
Rufus of Ephesus left his mark on many cultures and
geographies through the centuries.

The first anatomical terminology pioneering work is
thought to be his’ work On the Names of the Parts of the
Human Body."'"™"'" English names of his well-known
books are On Kidneys and Bladder Diseases,""*" On
Satyriasis and Gonorrboea, On the Interrogation of the
Patient,"" Treatise on Pulses,"*"" On Melancholy,"" On Gout,""
and On Icterus."”

Because of his work on Drug Clearance,"" he was
associated with “pilule Ruffi” (Rufus’ pills) owing to his
expertise in pharmacology. He was portrayed with other
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Figure 1. Book covers featuring the works of Rufus of Ephesus. (a) Latin version;* (b) Latin version;"® (c) Greek version edited by Jacques Goupyl
and Adrien Turnebe;!'? (d) French version of Treatise on Pulses;™ (e) Latin version edited by William Clinch in 1726;" (f) works of Rufus of
Ephesus; a text collated on his manuscripts, translated for the first time into French, with an introduction / publication started by Charles Daremberg,
and finished by Emile Ruelle, 1879""¥ (Cover pictures reproduced from Public Domain Materials).
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medical celebrities in one of the most famous pharmaco-
logical and medical manuscripts, De Materia Medica
(Figure 2a and b)."” Pedanius Dioscorides (2070 AD)
wrote De Materia Medica (On Medical Matters) in about 65
AD. The illustrated and alphabetical version of this phar-
macopeia was accomplished about 512-525 AD in
Constantinople (now Istanbul, Turkey). This volume was
named “Fuliana Anicia Dioscorides”, “Juliana Anicia Codex”
or “Codex Vindobonensis”, because it was prepared for
Princess Juliana Anicia, daughter of the Emperor of the
Western Roman Empire, Anicius Olybrius.”"*"

Perspectives on Neuroanatomy
The Surgeon Anatomist

Rufus described cerebral berry aneurysms for the first
time,”” and therefore was known as Magister Chirurgiae.”"
His surgical skills developed out of his experience in dis-
section and knowledge of anatomy. He used primates for
dissection under culturally restricted circumstances.””" In
terms of anatomical features, he selected primates that sig-
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nificantly corresponded to humans, and dissected animals
from head to toe (capite ad calcem) in parallel with inspec-
tion. To compare anatomy with the exterior parts of the
body, he used a slave as a human model. He described
structures in considerable detail while taking account of his
technique and era.™”’

Neuroanatomical Contributions of Rufus

Rufus described the brain, the spinal cord, nerves, and
ventricles as separate neuroanatomical structures and as
parts of a whole, the nervous system.”*”” Thus, he identi-
fied them as connected structures with distinct anatomic
components.””

He named the bone membrane beneath the scalp
“pericranium” and defined its junctions, which correspond
to the coranal suture (sutura coronalis), sagittal suture (utura
sagittalis) and lambdoid suture (utura lambdoidea) in today’s

. [1,25,29]
terminology.

Taking an integrated approach to neuroanatomy,
Rufus used “osteo-meninges” which is a fundamental oste-

Figure 2. Seven named physicians and botanists of the classical world. Watercolour painting. Early portraits of Greek medical celebrities from a
manuscript by Juliana Anicia Dioscorides circa 500 AD, now in the Library of St. Mark’s, Venice. (a) In the middle: Galen, left with respect Cratevas
the botanist, Apollonius Mus, or of Pergamon, Andreas of Carystus; right: Dioscorides, Nikandros of Colophon, and Rufus of Ephesus; (b) zoom

in on Rufus of Ephesus.""!
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ology term for bones in cavities."”” According to Rufus,
the membranes that surround the nervous system are
defined as two types of “meninges”: the term “encephalitic
meninx” for the inner part of the pericranium; and the
“dorsal meninx” which is located throughout the back, and
the marrow is filled it in."***" He mentioned that the spinal
marrow descendsed from the encephalon as an extension,
making an exit through a foramen in the skull at the
occiput, which continued throughout all of the vertebrae.””
Rufus defined the meninges as robust in two layers with
dissimilarity in thickness. The thicker is called “tunica
prima” which is attached to the bone, and the thinner one
is “rumica altera” which is adhered to the “encephalon”.
The terms “dura mater” and “pia mater” were alluded to
as earlier synonyms by him."**"

Rufus stated that the brain substance is in ash-gray
color, but did not name the gray matter sections of the
central nervous system.” He described the spinal marrow
as an extension of the brain composing of identical con-
stituents.” Yet, he did not mention a distinction between
the gray matter regions and white matter tracts in the cen-
tral nervous system. As a synonym for the cerebral gyri in
humans, he used the term “varicosities” accounted for the
cerebral cortex gray matter.”” He referred the upper parts
of the brain with the term “varicose”, and the dorsal and
lower parts with the term “base”."*** His definition of the
“base of the brain” is possibly the first indication of the
brainstem.” He also referred to an extension as the
“parencephalon™"*’
tinction between the cerebrum and the cerebellum.”™

" consequently stating an obvious dis-
I

The first description of the choroid plexus was by
Rufus who used the term “choroid tunic”."” He defined
this structure along with the ependyma,”” which covered
the hollows inside the encephalon, and the of “belly of the
brain” attributed to the ventricles.”” Rufus was well-
informed concerning the ventricular system. He compre-
hensively clarified the lateral, third and fourth ventricles
along with the aqueduct of the midbrain.”*""" However,
Rufus is presumed to cause the misinterpretation that the

pia is present in the lateral and third ventricles, but not in
the fourth."

Rufus was one of the first to refer to the hypothalam-
ic part of the third ventricle by the term “infundibulum”.
In addition to this term, he previously used the words the
“ditch” and the “hollow”. The term “pelvis” (“basin”, in
English language) is referred to by him as the greater part
of the hypothalamus, which also contains the infundibu-
lum. The “infundibular stem” was described by Rufus,
without knowledge regarding the tuberal part of the ante-
rior lobe.™”
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Due to his particular interest in the sellar region, he
examined the neighboring structures of the ventricular
system.””! He was among the first who identified the optic
chiasm and agreed on its connection to vision, like his con-
temporaries Hippocrates, Herophilus, Erasistratus, and
Galenus.”" Although Rufus did not give a name, he
explained that fibers of the optic nerve crossed in the optic
chiasm. He also did some studies on the anatomy of the
eye.™

Rufus is likely to be the first person who indicated the
presence of an anterior chamber in the eyeball.” He
described the crystalline lens located very close to contact
the iris.”’ His descriptions of three ocular membranes are
as follows: the first one, called the cornea, is smooth and in
the form of a grape. The second choroid membrane is
called “grape-like” due to its roughness. He named the
third arachnoid membrane that surrounds the vitreous as
“crystalline”. Rufus also cited that Herophilus named the
“retina” based on its reticulated form."”

Conclusion

Although most of his works are lost, the remaining frag-
ments and quotes reveal Rufus as being ahead of his
time. Consequently, Rufus deserves high credit for his
unique contributions to neuroanatomy.
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