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The Journal of Morphological Sciences is still sometimes
referred to as the Brazilian Journal of Morphological Sciences
among the colleagues in the anatomical field of expertise, due
to its direct link to the Brazilian Society of Anatomy. Historical
facts about the creation of the journal and how it changed with
time was recently published,’ and the name of the journal was
changed to Journal of Morphological Sciences (in 2010) to
broaden the readership and also to be an attractive journal for
international contributors. Currently, more than 30% of the
manuscripts published in the journal are from authors from
outside of Brazil, and the journal will continue to work hard to
expand its internationalization.

One challenge that the Journal of Morphological Sciences is
facing is the variety of subjects of interest to our readers. We
have detected three major areas of manuscripts submitted to
our journal that need special attention from our editorial board
to help speeding up the process of publication. Thus, three
associate editors are reinforcing our editorial board to give
particular attention to the manuscripts in their specific area of
interest. They are highly qualified researchers in their fields,
with national recognition and international prestige. These
new associate editors are presented below.
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Introduction This study was performed with the aim of detecting the interaction
between cartilaginous and bone tissues in the process of mandible morphogenesis in
human embryos.

Material and Methods Whole-mount skeletal preparations, stained with Alcian blue
and Alizarin red, as well as serial histological sections impregnated with silver and
stained with hematoxylin and eosin were studied. A total of 48 human embryos/fetuses
from 5 to 29 weeks of age were used.

Results In the mandible anlage, in addition to the woven bone, cartilaginous and
chondroid tissues are present. Cartilaginous tissue islets are localized at the tip of the
condylar and coronoid processes and also in the region of the mandibular symphysis. The
chondroid tissue is incorporated into the bone in the region of the mandibular symphysis,
along the edge of the coronoid process, and also in the alveolar part of the mandible.
Conclusion Meckel's cartilage participates in the formation of the mandibular body,
and its remains persist in the area of the mandibular symphysis until the second half of
the prenatal development.

Introduction

In an adult, the mandible is an unpaired bone that forms part
of the facial skull. In newborns, it consists of two halves
separated by a mandibular symphysis, which, in addition to
fibrous connective tissue, includes fragments of cartilagi-
nous tissue (chondriola symphysea), as well as one or more
ossicula mentalia." The two halves of the mandible and
ossicula mentalia combine into a single bone in the first
year of life (by 9-12 months).

The mandible as the derivative of the first pharyngeal arch
develops from the cells of the neural crest, which migrate to
the mandibular processes of the mandibular arch in the 4th
week of embryonic development.? Differentiation of the cells
of the ectomesenchyme of the first pharyngeal arch begins
after ingrowth of the maxillary nerve, which, due to neuro-
tropic factors, induces chondrogenesis and osteogenesis.

An important role in the mandible morphogenesis is
played by Meckel's cartilage—“the primary lower jaw.” It is
a template by which the size of the primary ossification
centers increases. In the experiment, external influences that

received DOI https://doi.org/
August 12, 2018 10.1055/s-0039-1685456.
accepted ISSN 2177-0298.

February 15, 2019

disrupt the growth of Meckel's cartilage lead to mandibular
hypoplasia.?

At present, the question of Meckel's cartilage ossification
and its incorporation into the mandibular body remains
controversial. In addition, the participation of secondary
cartilage in the formation of the mandible has not been
adequately described in the literature.

The purpose of this study is to detect an interaction
between cartilaginous and bone tissues in the process of
mandible morphogenesis in human embryos.

Material and Methods

Forty-eight human embryos/fetuses between 5 and 29 weeks
in utero and without visible developmental anomalies were
studied. Their age was determined by the crown-rump length
(CRL) or according to obstetric anamnesis (=Table 1). Part of
the material was totally stained with Alcian blue and Alizarin
red, followed by clearing in an alkaline solution. Serial histo-
logical sections of entire embryos from the collection of the
Normal Anatomy Department and Histology, Cytology and
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Table 1 Age of embryos/fetuses used in the study

Size (CRL, mm) | Age (days/weeks) | Number of embryos | Size (CRL, mm) [ Age (days/weeks) | Number of embryos
5 28 days ™ 17 - 12 weeks ¢ 14
6 28 days ™ 77 - 12 weeks ¢ 2f
13 41 days™ 67T - 13 weeks ¢ 14
15 44 days™ 17 - 13 weeks ¢ 4%
17 47 days ™ 47 73 13 + 3 weeks” 17
19 49 days** 17 - 14 weeks ¢ 11
27 54 days ™ 17 — 16 weeks ¢ 171
- 10 weeks * 14 - 20 weeks ¢ 51
- 11 weeks¢ 44 - 21 weeks ¢ 11
48 11 + 3 weeks” 47 - 29 weeks¢ 11

Abbreviation: CRL, crown-to-rump length.

Notes:

“* www.ehd.org/developmental-stages/stage0.php.
~http://onlinelibrary.wiley.com/doi/10.1002/uog.13448/full.
¢ gestational age (according to obstetric anamnesis).

T - serial histological sections of the embryos.

1 - histological sections of the mandible fragments.

4 - whole-mount skeletal preparations.

Embryology Department of the Belarusian State Medical Uni-
versity together with individual fragments of the mandible—
impregnated by silver nitrate, according to Bilshovsky-Buke,
and stained with hematoxylin and eosin—were also studied.
The present study was approved by the Medical Ethics Com-
mittee of the Belarusian State Medical University, Minsk,
Belarus (Protocol No.: 2017/2).

The present study was approved by the Medical Ethics
Committee of the Belarusian State Medical University, Minsk,
Belarus (Protocol No.: 2017/2). Photos of anatomical and
histological specimens were obtained using a Leica Micro-
systems stereomicroscope (Leica Microsystems, GmbH, Wet-
zlar, Germany) and an optical microscope Leica DM2500
(Leica Microsystems).

Results

By the beginning of the 5th week of embryogenesis, the lower
wall of the stomodeum is formed from the fusion of the two
mandibular processes. In human embryos with a CRL of
13 mm, in the mandibular processes, next to the third branch
of the trigeminal nerve, a Meckel's cartilage anlage in the form
of mesenchyme condensation is revealed. In the 7th week of
prenatal development, Meckel's cartilage is a paired typical
hyaline cartilage surrounded by perichondrium that extends
from the ear capsule to the midline, where the cartilages of
opposite sides are separated by a layer of mesenchymal tissue.
On thelateral side of the Meckel's cartilage, there is the inferior
alveolar nerve, on the medial side—the lingual nerve, which is
directed toward the tongue anlage.

In embryos with a CRL of 13 mm (7 weeks), on the
histological sections from both sides of the midline outside
the Meckel's cartilage, the primary center of ossification
appears in the thickness of the mesenchyme of the mandib-

Journal of Morphological Sciences  Vol. 36 No. 2/2019

ular processes (=Fig. 1A). In this area, the bony trabeculae
containing the oxyphilic extracellular matrix are formed.
Presence of bony trabeculae indicates the beginning of
organic matrix (osteoid) secretion by osteoblasts. The pri-
mary center of ossification first looks like a plate located on
the lateral side of the Meckel's cartilage and is separated
from it by the inferior alveolar nerve. In the following, the
process of intramembranous ossification extends down-
ward, backward, forward and upward. By the end of the
embryonic period, the anlage of the mandibular body is
formed by two bone plates. They partially merge, resulting
in the formation of the Y-shaped structure, which, in the
form of a groove, covers the inferior alveolar nerve from
below (=Fig. 1B). The medial bone plate is in close contact
with the perichondrium of Meckel's cartilage. There is a wide
gap (the area of the future mental foramen) in the lateral
bone plate. At this point, the inferior alveolar nerve turns to
the side and appears outside the lateral bone plate continu-
ing as the mental nerve (~Fig. 1C, D).

In the serial sections of the embryo with a CRL of 48 mm
(12th week of development), mesenchymal condensation is
revealed in the region of the future condylar process. It is
located on the distal (posterior) end of the bony trabeculae of
the mandibular body, covered with the periosteum. Soon the
mesenchymal condensation is replaced by a cartilaginous
tissue. Due to its rapid increase in volume in fetuses at 11 to
12 weeks of development, cartilage (the core of the condylar
process) is formed, which looks like an inverted cone
(=Fig. 1E). Its broad base is turned toward the mandibular
fossa of the temporal bone, and the apex is directed in the
opposite direction, reaching the level of the mandibular
foramen. Outside the cartilage, a periosteal bone collar is
formed. The collar causes dystrophic changes in the under-
lying cartilage that manifest hypertrophy of the
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Fig. 1 Organogenesis and histogenesis of the mandible in human embryos (A - 13 mm CRL, B-27 mm CRL, C- 10 weeks, D - 73 mm CRL, E - 11 weeks,
F - 12 weeks, G, H- 13 weeks, | - 16 weeks; ], K - 20 weeks). 1-Meckel's cartilage, 2-bone plates, 3-inferior alveolar nerve, 4-mental foramen, 5-condylar
cartilage, 6-coronoid cartilage, 7-periosteal bone collar, 8-hypertrophic chondrocytes, 9-calcified cartilage matrix, 10-mesenchyme with blood vessels;
11-Meckel's cartilage remnants, 12-secondary cartilage, 13-chondroid tissue in the mandibular symphysis. A, B, D, G-K - photomicrographs of histological
preparations; stain: A, H, I-K - hematoxylin-eosin; B, D, G - impregnation with silver nitrate according to Bilshovsky-Buke, magnification: A, H-x200; B, D, G,
|1 - x100; |, K - x40; C, E, F - total preparations; stain: Alcian blue and Alizarin red.

chondrocytes, the vacuolization of their cytoplasm and
karyopycnosis, and the mineralization of the matrix in the
form of deep purple spicules. Shortly after the appearance of
condylar cartilage, the periosteal collar leaves only a small
portion of it uncovered at the very end of the condylar
process—the head of the mandible.

In the human fetus with a CRL of 73 mm (14th week of
development), the head of the mandible and mandibular
fossa form temporomandibular joint. An articular cleft com-
pletely separates the surfaces of the bony anlages from the
articular disc. In human fetuses, starting at 12 weeks of age,

the cartilage of the head gradually differentiates into several
layers. Twenty-week-old fetuses have superficially located
elongated cells—the perichondrium (fibroblastic layer),
which extends into the periosteum of the mandibular ramus.
Alayer of polymorphic cells surrounded by a small amount of
basophilic intercellular matrix lies deeper continuing in the
wide zone of flat cells. The layer of hypertrophic chondro-
cytes borders on the zone of cartilage erosion. From the side
of the mesenchyme surrounding the cartilage, vascular
channels grow into the mandibular condyle. At 12 to
16 weeks of intrauterine development, the end of the

Journal of Morphological Sciences  Vol. 36 No. 2/2019
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coronoid process of the mandible also reveals a site of
cartilage, characterized by alzianophilia on cleared human
embryos (=Fig. 1F). Histological examination of 20-week-
old fetuses revealed the presence of groups of hypertrophic
chondrocytes in partially mineralized matrix, surrounded by
areas of woven bone, near which the cartilage is partially
destroyed. In addition, a strip of cartilaginous tissue was
found along the edge of the coronoid process. Within the
oxyphilic bone matrix, simultaneously with osteocytes,
populations of densely lying large cells located inside the
lacunae are determined. The pericellular region around these
cells is characterized by a weak basophilia.

Simultaneously with the appearance of cartilage in the
condylar and coronary processes, the transformation of the
microscopical structure of the Meckel's cartilage begins. In
fetuses in the 11th week of intrauterine development, this
structure remains intact from the middle ear to the mandib-
ular symphysis, but somewhat changes the direction of its
course. Closer to the distal end, the cartilage sharply deflects
laterally and closely interacts with the mandibular body
anlage. At this point, the cartilage is surrounded by bone
trabeculae on three sides. Only its medial surface remains
uncovered by bone. The distal end of the Meckel's cartilage is
curved in the medial direction toward the cartilage of the
opposite side, from which it is separated by a thin interlayer of
mesenchyme. In embryos between 13 and 16 weeks, from the
lateral side of the Meckel's cartilage through its direct contact
with the bone plate of the jaw anlage, hypertrophic chondro-
cytesarerevealed, the integrity of the cellular lacunae walls are
broken, and the intercellular matrix is degraded. The described
morphological features are the initial manifestations of the
destructive degeneration, which gradually spreads across the
cartilage (=Fig. 1G, H). As a result of the destruction of the
Meckel's cartilage, cavities filled with an immature myeloid
tissue appear, and areas of the calcified extracellular matrix
and woven bone from the side of the perichondrium are
identified on non-decalcified preparations. The most distal
end of the Meckel's cartilage is separated as an independent
structure located in the thickness of the mesenchyme separ-
ating the two halves of the mandibular body (=Fig. 11).

In 16-week-old fetuses, in the region of the mandibular
symphysis, next to the remains of the Meckel's cartilage,
additional fragments of cartilaginous tissue of round or oval
shape—consisting of large chondrocytes in the center and
smaller cells along the periphery—are identified.

In fetuses between 20 and 29 weeks in utero, the man-
dibular body looks open from the part above the groove,
which contains teeth and the inferior alveolar nerve and
vessels. In the mesenchyme of the caudal portion of the
mandibular symphysis, from its lingual side, several areas of
the cartilaginous tissue are identified alongside the midline.
At this point, the symphysis has the form of a triangular
extension with the base facing its lingual side.

The paired cartilaginous structures located on both sides
of the midline are considered to be the distal portions of the
Meckel's cartilage, which undergo progressive atrophy.
Microscopically, these structures look like a part of the
Meckel's cartilage, located from the medial side of the
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body of the mandible closer to its angle. In addition to the
remnants of the Meckel's cartilage, there is another unpaired
cartilaginous rounded structure in the region of the man-
dibular symphysis, which is located along the midline
(=Fig. 1)). According to the histological structure, this struc-
ture is a typical hyaline cartilage.

In the woven bone, at the distal end of the bone anlage of
each half of the mandible facing the mandibular symphysis,
areas of the cartilaginous tissue are identified, comprising
large, densely located cells of oval shape surrounded by a
small amount of a homogeneous matrix, which is slightly
basophilic in the pericellular region (=Fig. 1K). The presence
of a cartilaginous tissue was also found in the alveolar ridge
on the lingual side of the mandibular body anlage.

Discussion

Embryogenesis of the mandible is at the top of the discus-
sions among experts studying the morphogenesis of the
maxillofacial region.

We have established that two primary ossification centers
fused in the midline of the mandibular processes of the
human embryos from outside the Meckel's cartilage, near the
inferior alveolar nerve. The time and the place of their
appearance are consistent with published data.* It indir-
ectly confirms the inductive effect of the nerves and Meckel's
cartilage on the appearance of the primary bone in the
mesenchyme of the mandibular processes.

Meckel's cartilage is a transient embryonic structure. There
are contradictory reports in the literature about the transfor-
mation in embryogenesis of its distal fragment, located from
the medial side of the bone anlage of the mandible body.
Amano et al (2010),° Bontemps et al (2001)” and Lee et al
(2001)* believe that the Meckel's cartilage does not undergo
endochondral ossification in humans, but atrophies and gra-
dually disappears. According to Radlanski et al (2016)® a site of
cartilage, at least along the length from the mental foramen to
the midline (at the level of the canine and incisors), is incorpo-
rated into the mandible by endochondral ossification. In 14 to
16 week-old fetuses, we observed thinning and subsequent
fragmentation of the middle segment of Meckel’s cartilage,
surrounded by bone tissue from three sides. Chondrocytes,
which are the part of this segment, had varying degrees of
destructive degeneration, similar to those in endochondral
ossification. According to Yang et al. (2012)° the destruction of
Meckel’s cartilage begins with the accumulation of autophagic
vacuoles in the cytoplasm of chondrocytes with products of
destruction of the extracellular matrix, which subsequently
leads to cell death. Classical apoptosis of the cartilaginous cells
takes place during endochondral ossification. Authentic endo-
chondral ossification is characterized by the proliferation of
chondrocytes first, and then by their hypertrophy followed by
calcification of the extracellular matrix. We observed the
calcification of the Meckel’s cartilage matrix and the formation
of woven bone from the side of the perichondrium on non-
decalcified preparations. Thus, we should agree with the
opinion of the authors who assert that Meckel’s cartilage takes
part in the formation of the mandibular body.



The proximal extremity of Meckel’s cartilage also under-
goes ossification to form two of the auditory ossicles, the
malleus and incus. In mammals the greater part of this
embryonic cartilage between the proximal and distal ossi-
fied extremities degenerates to become a fibrous tissue in
which amorphous remnants of cartilage may persist for
some time. In man ossification of all or part of this fibrous
tissue along the medial surface of the mandible results in the
bony anomaly called mylohyoid bridge.'® The ossified mid-
dle segment of Meckel's cartilage was present in the sym-
metrodont Zhangheotherium from Liaoning.'™-'? This fact
supports the assumption that chondrocytes from all parts of
Meckel's cartilage can transform into the bone. Yang et al
(2014)" show that hypertrophic chondrocytes can survive
the cartilage-to-bone transition and become osteoblasts and
osteocytes during endochondral bone formation and in bone
repair.

Most of the mandible in embryogenesis is formed by
direct osteogenesis, although some of its parts develop on
basis of secondary cartilage by indirect osteogenesis.® Sec-
ondary cartilages appear in embryogenesis later than the
primary cartilages forming the chondroskeleton. The peri-
osteum of the primary ossification centers is the source of
their development. In the literature, the presence
of secondary cartilages was found in the condylar and
coronary process, in the mandibular symphysis and the
angular region of the mandible, and also in the alveolar ridge
at the level of i1, i2, m1, m2, and M1 tooth germs.g'm'15 Our
data about secondary cartilage origin time in embryogenesis
are coincident with published data®

There is a typical hyaline cartilage at the end of the
condylar and coronary processes of the mandibular angle,
as well as between its two halves in the mandibular sym-
physis region. We have identified the areas of cartilaginous
tissue incorporated into the bone along the edge of the
coronoid process, in the alveolar crest and in the region of
the mandibular symphysis. It can be classified as cartilagi-
nous (chondroid) tissue’'® considering its location and
external resemblance to the cartilaginous and bone tissue
simultaneously.

In 20 to 29 week-old-fetuses there are round shape
fragments of cartilage—chondriola symphysea—between
the mesial ends of the two halves of the mandible body.
There are different opinions about the origin and subsequent
modification of these structures in the process of embryo-
genesis in the literature.

Some authors? believe that the chondriola symphysea are
the remains of the Meckel's cartilage (Meckelian islets),
which turn into the mental ossicula (ossicula mentalia)
during ossification. Other researchers hold the view that
these cartilages are secondary cartilage, which are formed in
the mesenchyme of the mandibular symphysis de novo,'”
and the distal segment of the Meckel's cartilage is a transient
structure.! It has no physiological significance and by the
6th month of intrauterine development disappears as a
result of an atrophic degeneration process in the cartilage.’”
We found the presence of both the primary (Meckel's)
and secondary cartilages in the mandibular symphysis

Human Mandible Prenatal Morphogenesis Kabak et al.

region of 16 to 20 week-old fetuses. At the same time, the
morphological signs of Meckel's cartilage physiological atro-
phy, such as a decrease in its size, vacuolization and karyo-
pycnosis of a part of the chondrocytes, the desolation and
reduction of the area of the perichondrocytic lacunae, are
revealed.

Condylar cartilage appears between the 11th and 12th
week of intrauterine development and forms a cartilaginous
core of the condylar process, which gradually “plunges” into
the bone tissue. In the following, as a result of ossification,
most of the cartilage integrates into the condylar process,
undergoing endochondral ossification. Finally, cartilaginous
tissue remains only in the head of the mandible. The condylar
cartilage is an analogue of the epiphyseal cartilage. Prolif-
eration of its cells provides an increase in the size of the
mandible both in prenatal and postnatal ontogenesis.'*
Unlike the epiphyseal plate of long bones, the replacement
of condyle cartilage by bone occurs only from the side facing
the mandibular body.

The cartilage on the apex of coronoid process appears a bit
later than the condyle cartilage. It is a transient structure,
which is subsequently replaced by bone.

The transcription factor Sox9 and external mechanical
effects such as pressure,® for example, are stimuli that affect
the development of cartilage. The secondary cartilage
appearance in the mandibular symphysis region in embry-
ogenesis coincides with the first swallowing movements of
the fetus. The movements in the temporomandibular joint
are also likely to promote the differentiation of the mesench-
ymal cells of the mandibular condyle into the chondrocytes,
as demonstrated in a study by Habib et al (2005).®

Conclusion

In humans, two centers of intramembranous ossification in
the mandibular arch appear at the 7th week of embryogen-
esis. There is a cartilaginous and chondroid tissue in the
mandible anlage in addition to the woven bone. Hyaline
cartilage is localized at the end of the condylar and coronoid
processes, and also as an independent structure in the
mandibular symphysis region. The chondroid tissue is incor-
porated into the bone near the mandibular symphysis and
along the edge of the coronoid process. It is also present in
the alveolar part of the mandible. Meckel's cartilage is the
“primary lower jaw” and persists in the development process
until the morphogenesis of the temporomandibular joint is
completed and the two halves of the mandible come closer
along the midline. In the following, the cartilage undergoes
involution and loses its integrity. By the 20 to 29th week of
embryogenesis, its remnants persist near the distal part of
the body of the mandible and in the mandibular symphysis
region.
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In the recent years, many strategies in anatomy education have appeared.

However, these innovations reduce the time students can spend on cadaver-based
classes, which are considered to be an effective method of learning anatomy. The aim
of the present research was to observe the advantages and features of dissection

Materials and Methods The comparative analysis of the academic performance of
dissector (n = 30) and nondissector (n = 105) students and a survey questionnaire
were conducted. The data was collected through the work of the Dissection Mastery
School (DMS) of the Sechenov University, Moscow, Russia, between 2016 and 2018.
The data analysis showed significant higher examination results in the
dissectors cohort (p < 0.001) and a strong opinion about dissection as a good tool
to improve anatomy knowledge (95% of responders). Apart from that, prosection is
proven to have advantages in comparison with alternative learning approaches,

Conclusion These data show that dissection still remains one of the most effective

Abstract Objectives
sessions in medical universities.
Results
Keywords
= anatomy
= cross-sectional
anatomy according to researches performed by colleagues.
= dissection
= medical education

methodology

Introduction

and beneficial methods of teaching anatomy in medical universities, and that it should
be further integrated into the medical curriculum.

universities, as it provides the learning of further subjects.
Obviously, there cannot be a qualified physician without knowl-

Anatomy is a basic medical science that provides necessary
knowledge and forms a solid foundation for future doctors.
Since the ancient times, the structure of the human body has
been a topic of great interest.! However, during the following
centuries, dissection has faced criticism and oppression by
religion and society.? But the will of researchers to understand
the human body has managed to overcome these difficulties to
enrich anatomy knowledge. Thus, all the anatomy we learn and
study today is the result of great enthusiasm.

Through the ages, anatomy did not lose its importance and
still remains one of the first disciplines taught in the medical
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edge of anatomy. Today, the process of teaching anatomy is being
constantly improved and integrated with new technologies.* As
a result of this rapid development of the anatomical sciences,
more requirements relating to future doctors are imposed.

In addition to that, there is a tendency of reducing the
curriculum of long-lasting disciplines, such as human anat-
omy.” Often, the time allocated to the teaching of anatomy is
only enough for a theoretical introduction to the subject and
for a short visual overview into the human body.® That is why,
in spite of the large amount of available corpses, a significant
shortage of time for cadaver prosection can be noticed. Under
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these circumstances, the necessity of practical classes with
natural materials strongly increases, as anatomy is considered
to be a classical morphological science.

The most detailed and comprehensive notion of the human
body a future physician can get is only by being in contact with
it.” Dissection sessions provide important illustrative materials
and proper learning of the structure of the human body.?
Therefore, today, cadaver dissection still remains an important
aspect of teaching anatomy. Therefore, the aim of the present
research was to value the role of practical dissection classes in
learning anatomy by analyzing the academic performance of the
students and summarizing their opinion regarding these classes.

Materials and Methods

In March 2016, the Dissection Mastery School (DMS) of the
Sechenov University, Moscow, Russia, was launched. Any
student was able to attend the School and learn the basics
of dissection under the supervision of the human anatomy
department professors. Two-hour length practical classes
with cadavers were held twice a week in the evenings. During
the classes, the students had an opportunity to work with
cadavers individually or in groups.

Recruitment

Participation in the study was voluntary. During the 2017~
2018 academic year, 135 first- and second-year students were
selected for the research and divided into 2 groups, with 30 and
105 students, respectively. Members of the first group
(n = 30) had been participating in current dissection schedule
(dissectors). The second group of students (n = 105) did not
attend the DMS classes (nondissectors). The academic perfor-
mance in human anatomy of both groups was compared,
according to the results of the diagnostic tests (DT), of the
final exam (FE), and of the final test (FT). There was no bias for
gender, for age, or for previous experience in anatomy.
Informed consent was obtained from all of the participants.

Examinations Structure

The DT contained 20 questions of different types: multiple-
choice, true/false, and matching. The FT included 30 questions
of different types: multiple-choice, true/false, matching, and
ordering. To observe the DT and FT results, a percentage of
correct answers was calculated. The FE held in the end of the
academic year included identifying anatomical structures,
solving situational tasks, and an oral theoretical examination.
After the interview with an independent examiner, the stu-
dent was given a mark (excellent, average, or failure).

Statistical Analysis

To observe the efficiency of the dissection sessions and their
impact on learning anatomy, the academic performance of the
students on the FE was statistically analyzed. All of the data
were collated and entered into Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA) and exported into STATA
13 software (StataCorp., College Station, TX, USA). To investi-
gate the correlation, the chi-squared distribution (x?) was used.
A value of p < 0.005 was considered statistically significant.

Journal of Morphological Sciences  Vol. 36 No. 2/2019

Subjective Data Collection

The survey was administered over a 3-day period at the
conclusion of the course of DMS classes among students of
the dissectors group (n = 35). All of the 35 students were
asked to complete a questionnaire and share their opinion on
dissection practice, measuring statements approval. To sum-
marize the preferences and year of study distribution of the
students, the review of two years of DMS work was com-
posed. The results were compiled using Microsoft Excel.

Results

The results of the FE showed a significant difference between
the 2 groups, with a higher performance in the 1% group
(n = 30) (=Table 1). The DMS students demonstrated more
comprehensive and confident knowledge and were given
better marks overall.

The overall pooled distribution of the FE marks showed a
strongly significant correlation between attending practical
classes with cadavers and higher academic performance on
the FE (x* = 27.991; df = 3; p < 0.0001).

The data analysis of the DT results (~Table 2) also showed
that the DMS participants demonstrated more comprehen-
sive knowledge about subject units such as musculoskeletal,
angiology, and peripheral nerves anatomy. Obviously, this
fact was due to the opportunity to dissect and see those
structures naturally at the DMS.

The average FT result was 88% in the DMS participants
group and 74% in the control group. This significant differ-
ence indicates the efficiency of practical classes with cada-
vers in learning anatomy and correlates with the mentioned
data.

Table 1 The final exam results

Final exam result Number of students
Dissectors Nondissectors
Failure 0 1
Average 1 29
Excellent 29 75

Table 2 Academic performance of students according to
diagnostic tests

Curriculum unit Attended Average result, %
DMS classes
Musculoskeletal + 87
- 76
Splanchnology + 82
- 74
Neurology + 86
- 72
Angiology + 85
- 71
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= Gastrointestinal tract
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Sinus venosus Nerves and vessels of limbs

= Joints

Fig. 1 The most preferred objects the students dissected.

According to the data of DMS work for 2 years, the most
preferred objects for students to dissect were joints (total of
40 preparations). In addition to that, much attention was
given to muscles, blood vessels and nerves (17 muscular and
15 preparations of blood vessels and nerves of limbs)
(=Fig. 1).

The survey questionnaire results (summarized in = Table 3)
showed that the students described the dissection practice in
positive terms. Most of the responders confirmed the benefits
and the efficiency of practical classes with cadavers in under-
standing gross anatomy and its necessity for every medical
student. A small number of students (2 out of 30) were
indifferent to dissection sessions and did not consider them
as an effective method for learning anatomy. Almost one third
of the responders (9 out of 30) did not agree that dissection
classes have any impact on memorizing anatomical terms. A
total of 95% of the responders agreed that dissection was a
useful approach to learning anatomy.

The increased interest in dissection classes was proven
according to the number of students who attended at the
DMS. In the 2017-2018 academic year, there were 280
students in comparison to 113 in 2016-2017. The distribu-
tion of students in 2017-2018 is symbolic: most of the
contingent comprised first- and second-year students. How-
ever, the analysis showed several more adult students who
attended the DMS classes (=~Fig. 2).

Table 3 Survey questionnaire results

Dissection Course in Anatomy Nikolenko et al.

= st year

= 2nd year

3thyear *4thyear = 5thyear

Fig. 2 Number of students who attended the DMS (year of study
distribution).

Discussion

Dissection has a very long history, dating back to the first
attempts to understand the structure of the human body.’
Despite the new technologies and innovations integrated to
the educational process, prosection still remains an effective
method in teaching anatomy.'? Data collected in the DMS
show that dissection sessions improves academic perfor-
mance and enriches the knowledge of human anatomy.

This point of view was also mentioned in other researches.
Entwistle et al found that dissection classes helped students
to combine their theoretical and practical skills to form the
most comprehensive notion of the subject.'!

The necessity of practical classes was also mentioned in
the work of Pandey et al.'? They suggested that students
encounter some difficulties in learning anatomy using only
one method. According to the research, a combination of
memorizing, theoretical revision, and practical dissection
sessions resulted in the best achievements of students.
Findings similar to ours were made by Yeager.'? That study
included 4 examinations with 4 units in each, in which
dissectors scored higher than nondissectors in 13 cases.

Despite the positive impact on the academic performance
of the students, dissection classes have less obvious advan-
tages, according to Crisp et al.'* The researchers concluded
that prosection in the dissecting room develops teamwork

Statement about cadaveric dissection Frequency, %
Strongly agree Agree Neutral Disagree Strongly disagree

A useful method of learning anatomy 69 26 5 - -

Helped to better understand gross anatomy 57 34 9 - -

Helped to memorize anatomical terms 14 23 34 20 9

Helped to develop manual skills 32 54 14 - -

Is only necessary for future surgeons - - 5 9 86

Would recommend dissection to classmates 37 28 26 9 -

Journal of Morphological Sciences  Vol. 36 No. 2/2019
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and cooperation among students. These skills might be
useful for practice in hospitals and in future jobs.

To observe the psychological aspect of dissection practice in
medical universities, Bertman et al studied how classes with
cadavers adapt students to accepting death.’ Researches
stated that this experience would be useful in making an
autopsy and dealing with terminal patients. Indeed, there
are few medical specialties that do not face death during
practice. Therefore, accepting death is an important stage of
becoming a doctor, according to Marks et al.’®

Another interesting finding that correlates with our
results was made by Ellis."” The scientist noticed that
the hours spent by the students with cadavers had a positive
impact on their manual skills, as well as on their knowledge
about gross anatomy. This aspect of dissection practice might
be useful for students who choose the path of a surgeon. This
opinion was also confirmed by Sheikh et al, who used a
survey questionnaire among 80 practicing surgeons of dif-
ferent specialties.'® Responders chose dissection as the most
preferred method of learning human anatomy.

In the recent years, an impressive number of alternative
methods of learning anatomy approach. Sometimes, dissec-
tion is being totally replaced by the use of new technologies, or
changes in the medical curriculum leave a short amount of
time for dissection, according to Bouwer et al and to Whelan
etal."®?? Every method has its unique features and advantages,
mostly because of opportunities of vital study, visual quality,
and ethical aspects. However, according to Estai et al, who
composed a comparative analysis of all teaching and learning
techniques that are used in medical universities nowadays,
these methods have serious disadvantages in comparison to
dissection.?’ New technologies achieve high accuracy visuali-
zation, but still cannot replace the experience of tactile contact
with the human body and of obtaining a correct notion of its
texture, according to Van Wyk et al and to Burgess et al.2223

Conclusion

Our study suggests that medical students consider dissection
to have a positive impact on their knowledge and manual
skills. According to the research results and data collected at
the DMS of the Sechenov University, practical classes with
cadavers provide students with an opportunity to improve
academic performance and effectively learn human anat-
omy. Moreover, classical dissection demonstrates serious
advantages in comparison to other methods used in the
modern curriculum. The knowledge and skills obtained by
the students from dissection can be useful for physicians of
any specialty and qualification.
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Introduction To determine the morphometric data of the proximal segments of the
humerus in the South Indian population, and to obtain the regression equations that
will enable us to predict the whole length of humerus.

Materials and Methods The present study included 166 dried adult human humeri.
Their lengths were measured by using the osteometric board. The seven proximal
segment lengths of the humeri were assessed by using a digital Vernier caliper
(Mitutoyo Corporation 150 mm/6 inch, model number 500-196-20, Kawasaki, Japan).
Results The mean humerus length in the present study was 30.75 4 2.03 cm on the
right side and 30.27 + 2.28 cm on the left side. The comparison between the right and
left sides of the proximal segments of the humerus did not yield statistically significant
results (p > 0.05). The present study observed that the relationship between the
dimensions of the proximal segments of the humerus and the length of humerus were
strong (p = 0.00). The oblique length between the most proximal and distal points
over the anatomical neck was the best parameter to predict the length of humerus (the
Pearson coefficient was 0.78 for the right side and 0.77 for the left side).
Conclusion The simple regression formulae, which were derived in this study, are
helpful in the estimation of the length of the humerus. The formulae can be used in
forensic investigations, in which the stature of a person has to be determined and only
bone fragments are available. The morphometric data of the present study have
implications in archaeological and anthropological studies. The data are enlightening
to orthopedicians, when planning reconstructive surgeries of the proximal end of the
humerus in the South Indian population.

general body size, health and sexual dimorphism."? How-
ever, variation exists among the intra- and interpopulation,

Identity is considered an important aspect in anthropology,
forensic science and social demography. The stature is
believed to be an integral part of identity. However, estima-
tion of the identity of body parts and the stature of a person
is complex, indeed. In archeology, the stature estimation of
human skeletal remains is an essential step in assessing the
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as well as between the male and female individuals.>* The
ethnic, ancestral and geographical differences exist because
of the hereditary, environmental and social factors.
Krishan® reported that the stature of an individual is the
variable that can be estimated with the greatest accuracy,
even from the smallest bone available. However, long bones
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are preferred for stature determination because of their
better accuracy.’

Steele® described that estimation of living stature can be
done by using the humeral length in the absence of more
accurate long bones, such as the femur or tibia. Salles et al.”
opined that the forensic analysis of the modern population
cannot be based on the formulas that were obtained from the
ancient population. This is because of the rapid diachronic
secular changes of limbs, and it has been observed by Salles
et al.’ that human beings are growing taller. In this context,
developing a set of morphometric data from the modern
population is considered to be essential to forensic investiga-
tions. There are several methods that can be used to estimate the
stature of an individual by using his bones, among which the
most reliable one is the regression amalysis.&9 Regression ana-
lysis is more appropriate in defining the relationship between
the length of long bone and living stature of an individual, as
well as the relationship between the measurements of bone
fragments and bone length.® The present study to collect the
dimensions of the proximal segments of the humerus in the
South Indian population and to obtain the regression equations
that will enable us to predict the whole length of humerus.

Materials and Methods

The present study included 166 (82 right sided and 84 left
sided) dried adult human cadaveric humeri, which were
obtained from the collections of anatomy and forensic med-
icine departments of Kasturba Medical College, Mangalore,
India. The humeri were carefully observed with respect to the
proximal segments, which are vital in this present study. The
humeri that presented significant deformities at the proximal

S1
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end were excluded from the present study. The gender and age
determination of the humeri were not performed in the
present study. The present study was approved by the Time-
Bound Research Ethics Committee of Kasturba Medical Col-
lege, Mangalore (A Constituent Unit of Manipal Academy of
Higher Education, Manipal, Karnataka, India) on July 28, 2010.
The same researcher performed all the measurements, which
prevented inter observer variation. Each measurement was
performed three times and the average was calculated.

The maximum length of humerus (MLH) was measured by
using the osteometric board. This was the maximum distance
between the most proximal points over the caput humeri and
the most distal point of the trochlea. The measurements of the
proximal segments of the humeri were performed by using a
digital Vernier caliper (Mitutoyo Corporation 150 mm/6 inch,
model number 500-196-20, Kawasaki, Japan) (~Fig. 1).

S1 - distance between the most proximal part of the head
of the humerus and the most distal part of the anatomical
neck

S2 - oblique length between the most proximal and distal
points in the anatomical neck

S3-distance between the most medial aspects of the lesser
tubercle and the most lateral aspect of the greater tubercle
S4 - horizontal breadth of the humeral head, at its center
S5 - largest breadth of the greater tubercle

S6 - largest breadth of the lesser tubercle

S7 - the widest part of the proximal end of the humerus

The morphometric data were tabulated separately for the
right and left sides of the humeri. The data were statistically
analyzed by using the SPSS software, version 15 (SPSS Inc.,
Chicago, IL, USA). After obtaining the mean and standard

— 57 —»

Fig. 1 Measurements of the proximal segments of the humerus performed in the present study.
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Table 1 Morphometric data of the proximal segments of the
humerus (n = 166)

Segment Right side Left side P-value
(n = 82) (n = 84)
S1 3.28 + 0.31 3.25 +0.32 0.43
S2 4.12 + 0.36 4.08 + 0.35 0.45
S3 3.26 + 0.47 3.29 + 0.40 0.72
S4 3.84 + 0.31 3.80 +£ 0.35 0.46
S5 2.92 +0.29 2.84 +0.27 0.08
S6 1.36 £ 0.17 1.36 +£ 0.19 0.78
S7 4.50 + 0.36 4.42 + 0.37 0.16

(values are given in cm, mean + SD, independent samples test)

deviation (SD.) for each of the parameters, the association
between the variables and the length of the humerus was
investigated by means of the Pearson correlation coefficient
(r). The linear regression was applied for the right and left
humeri separately. The simple linear regression shows the
regression coefficient (COE) and the significance (p-value) for
the dimensions of the proximal segments of the right and left
humeri, separately. The simple linear regression analysis
shows the relationship of the dimensions of the individual
proximal segment with the MLH. This analysis shows the
coefficient of correlation (Pearson correlation coefficient)
between a dependent variable and an independent variable.
The Pearson coefficient determines the strength of the
relationship between the variables. The p-value determines
the statistical significance. A p-value 0.05 was considered
statistically significant. The simple linear regression equa-
tions were formulated from the obtained data, which would
predict the mean length of the humerus (MHL).

Results

From the 166 humeri (82 of right side and 84 of left side), the
MHL on the right side was 30.75 cm, with a SD of 2.03 cm. The
MHL on the left side was 30.27 cm, with a SD of 2.28 cm.
The descriptive statistics represented in =Table 1 shows
the mean values of the proximal segments of the humeri of
both the sides. The data were compared by using, independent
samples test. The analysis showed that the comparison

Prashanth et al.

between the right and left sides was not statistically signifi-
cant. The 2-tailed p-values were higher than 0.05 (p > 0.05).

The Pearson coefficient dictates the quantitative relation of
each of the segment with the length of humerus. The Pearson
coefficient, coefficient of determination (R?) and p-values
obtained in the present study are given in =Table 2. The
present study observed that the relationship between the
dimensions of the proximal segments of the humerus and
the length of the humerus were proportional. The relationship
was real and did not occur by chance (p = 0.00, which is
statistically highly significant).

=Table 3 shows the Pearson coefficient in decreasing
order of values. Among all the measurements performed,
the S2 segment of both sides was the best parameter. The
Pearson coefficient was 0.78 on the right side and 0.77 on the
left side. The second best parameter was the S7 segment (The
Pearson coefficient was 0.77 on both the sides). The lowest
Pearson coefficient value was for the S6 segment on the right
side, which was 0.38, and on the left side, it was for the S3
segment, which was 0.41.

The simple regression was formulated, Y = (a + bX) + SD,
in which Y is the maximum humeral length (dependent
variable); X is the dimension of the proximal segment of the
humerus (independent variable), b is the multiplying factor
and a is the constant, which was obtained by using the SPSS
software (SPSS Inc.). The simple regression formula, which has
highest multiplying factor, is considered to be the best. The
simple regression formulae, which were obtained in the pre-
sent study are given in = Table 4. The formula applied to the S4
segment was the best for predicting the length of humerus on
the right side (the multiplying factor was 4.67). On the left side,
the formula that was applied to the S5 segment was considered
the best (the multiplying factor was 6.19).

Discussion

In the absence of the cranium and the pelvis, the fragments of
long bones can be used during the anthropology and forensic
science investigations.'%~'? The simple regression formulae
are considered important during the determination of the
stature from the available anthropometric dimensions.'>'*
Singhal and Rao'” reported that the length of the humerus
can be used to estimate the stature of an individual with an
error margin of less than 2 cm. They also reported that their

Table 2 Pearson coefficient and p-values of the right (n = 82) and left (n = 84) sides of the proximal humeral segments

Segment Pearson coefficient R? Significance (p-value)
Right side Left side Right side Left side Right side Left side

S1 0.54 0.50 0.30 0.25 0.00 0.00
S2 0.78 0.77 0.62 0.59 0.00 0.00
S3 0.39 0.41 0.15 0.17 0.00 0.00
S4 0.71 0.72 0.50 0.51 0.00 0.00
S5 0.63 0.73 0.40 0.53 0.00 0.00
S6 0.38 0.46 0.15 0.21 0.00 0.00
S7 0.77 0.77 0.60 0.59 0.00 0.00
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Table 3 Pearson coefficient of the proximal segments in decreasing order

Right humerus Pearson coefficient P-value Left humerus Pearson coefficient P-value
S2 0.78 0.00 S2 0.77 0.00
S7 0.77 0.00 S7 0.77 0.00
S4 0.71 0.00 S5 0.73 0.00
S5 0.63 0.00 S4 0.72 0.00
S1 0.54 0.00 S1 0.50 0.00
S3 0.39 0.00 S6 0.46 0.00
S6 0.38 0.00 S3 0.41 0.00

Table 4 Simple regression formulae to determine the mean
humeral length (MHL) from the data of the proximal segments

Right humerus Left humerus

MHL = 19.06 + 3.55 MHL = 18.60 + 3.60
(S1) £ 1.71 (S1) + 1.98

MHL = 12.35 + 4.46 MHL = 9.89 + 5.00
(52) + 1.26 (S2) + 1.47

MHL = 25.28 + 1.67 MHL = 22.62 + 2.33
(S3) + 1.88 (S3) + 2.09

MHL = 12.84 + 4.67 MHL = 12.32 + 4.73
(S4) + 1.44 (S4) + 1.60

MHL = 18.06 + 4.35 MHL = 12.68 + 6.19
(S5) + 1.58 (S5) + 1.56

MHL = 24.57 + 4.55 MHL = 22.78 + 5.55
(S6) + 1.89 (S6) + 2.03

MHL = 11.13 + 4.36 MHL = 9.27 + 4.75
(S7) + 1.30 (S7) + 1.47

regression formula, which was derived from the longer
segments of the humerus, can be used with other samples
of the Indian population. However, if there are shorter
segments, new equations are required. Somesh et al'® stu-
died the distance between the most proximal point of the
humeral head and the greater tuberosity. They also deter-
mined the distance between the head of the humerus and the
surgical neck of the humerus in the South Indian population.
The present study did not measure these segments of the
humerus. The best parameters in the present study were, the
oblique length between the most proximal and the most
distal points on the anatomical neck (S2), the horizontal
breadth of the humeral head at its center (S4), and the widest
part of the proximal end of the humerus (S7). These hor-
izontal dimensions are different from the ones reported by
Somesh et al,'® who measured the vertical segments, which
had lower coefficient values. This suggests that the horizon-
tal segments of the present study gave better results. Salles
etal’ also reported that the oblique length between the most
proximal and the most distal points on the anatomical neck,
and the horizontal breadth of the humeral head at its center
had good correlation to the MLH.

The forensic, anthropologic and archaeological studies
suggest that the MHL offers important data to study the
characteristics of a population.'” In the present South Indian

Journal of Morphological Sciences  Vol. 36 No. 2/2019

study, the MHL was 30.75 + 2.03 cm on the right side and
30.27 4 2.28 cm on the left side, respectively. These data are
almost similar to the data from the Turkish population.'®
However, the MHL of the present study was lower in com-
parison to that of other European population. This is due to
the ancestral variation, as the Europeans are tall and
robust.’>' In a Brazilian study, the oblique length between
the most proximal and the most distal points on the anato-
mical neck were 4.9 4+ 0.5 cm and 4.8 + 0.4 cm for the right
and left sides, respectively.” These dimensions are much
higher than the ones obtained in the present study, which
were 4.12 + 0.36 cm and 4.08 + 0.35 cm, respectively. How-
ever, the horizontal breadth of the humeral head at its center
was 3.84 + 0.31 cm for the right side and 3.8 + 0.35 cm for
the left side, in the present study. This is similar to the data
observed in the Brazilian study by Salles et al, which was
4.0 £ 0.4 cm and 3.9 £ 0.3 cm, respectively.’

By using the derived regression formulae, one can fairly
estimate the full length of humerus. This is useful when only
a few segments of a long bone are available. By using the
MLH, it is possible to determine the stature of an individual.
In the present study, the correlation between the measure-
ments of the proximal segments of the humerus and the
stature of an individual was not possible, due to lack of
information about the dried bones. The stature of an indivi-
dual is extremely variable and can be affected by ethnic
differences. The regression formula of one population cannot
be applied to another.'® In this context, the data and for-
mulae of the present study are important as they provide
data about the South Indian population. The morphometric
data of the humeral segments have implications in the
identification of missing persons during the medico-legal
investigations.'”?? The morphometric data of the humerus
segments are enlightening to orthopedic surgeons during
the treatment of humeral fractures and reconstruction of the
humerus.'® The data are also enlightening during procedures
like prosthetic designing, sizing and positioning.%'-*?

Conclusions

We believe that the data in the present study will contribute
to estimation of the humeral length and the length of its
proximal segments in a subset of the South Indian popula-
tion. The derived formulae of the present study may be useful
in forensic investigations in which the stature of an
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individual has to be determined and there are only few
segments of bone are available. The data can be of help in
archaeological and anthropological studies in which excava-
tions often yield only a few incomplete skeletal remains. The
datain the present study are also essential to orthopedicians,
who can utilize them during the planning of reconstructive
surgeries involving the proximal end of the humerus.
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The present work aims to provide more anatomical information on the stifle joint of the
investigated species using computed tomography with gross anatomical cross-sec
tions. The current work analyzed the stifle joint of the pelvic limbs of 12 adult donkeys,
goats and dogs of both genders. The medial condyle of the femur was larger than the
lateral one in the donkey, while it was smaller and lower than the lateral one in the goat
and in the dog. The unsuitable femoral and tibial condyles were adapted by the
presence of menisci. In the donkey, the medial meniscus was crescentic in shape, but it
was semicircular in the goat, while in the dog, the medial and lateral menisci were G
shaped. In the donkey, the medial meniscus was larger than the lateral one, but in the
goat and in the dog, the lateral meniscus was the largest, and more concave and
thicker. The lateral meniscus was semicircular in the donkey, but it was shaped like an
elongated kidney in the goat. In the goat and in the dog, the central border of two
menisci was thin, concave and notched centrally. The meniscal ligaments included
cranial and caudal ligaments of the medial and lateral menisci, and meniscofemoral
ligament of the lateral meniscus. In the dog, the cranial ligament of the medial
meniscus was absent, and the medial meniscus had no bony attachment to the tibia
but it attached to the transverse intermeniscal ligament, which connected the cranial
horn of the medial meniscus with the cranial ligament of the lateral meniscus. The
meniscofemoral ligament connected the caudal pole of the lateral meniscus with the
intercondyloid fossa of the femur.

know more about surgery of the stifle joint in animals.® A
few examples of meniscal surgery models most frequently

Anatomically, the stifle meniscus is described as a crescentic-
shaped or semilunar fibrocartilaginous plate wedged
between the femoral and tibial condyles. Its role is to provide
structural integrity to the stifle joint during joint tension and
torsion due to unsuitable articulation between the femoral
and tibial condyles as well as to provide joint stabilization,
shock absorption and protection of the articular surface.'®

It is of vital importance to understand the morphological
appearance of the stifle meniscus in animals because they
are used as medical models to measure the degree of success
of treatment options for meniscal injury / in humans and to
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used are small animals (dog and pig), small ruminants (goat,
sheep) and large ruminants (cow).47:10-13

The stifle joint is usually exposed to many problems that
may require surgical treatment, such as patellar luxation,
gonitis (stifle arthritis), synovitis, fracture, meniscal tearing
and cruciate ligament sprain in the bovine.' Most com-
monly, sheep, goats, pigs, dogs, and rabbits are used as
models of the human knee to test implants or to discover
determinants of disease progression.w‘18

Computed tomography (CT) is an efficient imaging mod-
ality that provides a cross-sectional image with superior soft

Copyright © 2019 by Thieme Revinter  License terms
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tissue differentiation and no superimposition of the overlying
structures, which can be used for better diagnosis of foot and
foot pad abnormalities.'>*° The CT is considered an important
diagnostic tool in the human diagnosis, but due to its high cost,
it is not used as often in veterinary diagnosis.?' Moreover, the
CT technique is useful for evaluation of the osseous structure,
and it also gives three-dimensional CT images to provide a
better view of the ligaments during surgery.?

The purpose of the present study was to provide a detailed
anatomic reference of CT images interpreted with gross
anatomical cross-sections of the normal stifle menisci of
donkeys, goats and dogs for anatomists, surgeons and veter-
inary students.

Material and Methods

Samples

Six healthy adult animals of both genders, from each species,
were used in the current study. The used animals were free of
any anatomical abnormalities and any stifle joint affection.
They were collected from the farms near the Kafr El-Sheik
government. Joints from the right and left limbs were used.
The current study was performed according to the guidelines
for the care and use of laboratory animals and the Animal
Welfare and Ethics Committee of the Faculty of Veterinary
Medicine at Alexandria University, following the Egyptian’s
laws. The anatomical terms follow the Nomina Anatomica
Veterinaria (NAV).?3

Gross Morphology Examination

Four pelvic limbs from each animal species were used for
studying the articular surfaces of the femorotibial joint. The
animals were bled after being anesthetized; then, the three
pelvic limbs were separated and buried in soil until complete
decomposition of the tissues. After that, the bones of the two
joints were collected, washed thoroughly using water and
soap, and then bleached with hydrogen peroxide for 1 day
and left to dry. The bones were then photographed after
studying the characteristics of the articular surfaces of the
stifle joint. Finally, the characteristic features of the bones
were photographed with a Canon IXY 325 digital camera
(Canon, Tokyo, Japan) after studying the characteristics of
the articular surfaces of the stifle joint.

Four pelvic limbs from each species were used for study-
ing the stifle meniscus ligaments. The animals were bled
after being anesthetized, and, then, they underwent routine
preservative technique (10% formalin mixed with 4% glycerin
and 1% phenol) for 10 to 15 days until complete fixation.
Finally, the two pelvic limbs were separated and the stifle
meniscus ligaments were dissected.

Computed Tomography

Four pelvic limbs from each animal species were obtained, and
the stifle joint was severed and used for studying it by means of
a CT. The animas were anesthetized and then bled, and the
joints were separated and transferred to the CT center within
24 hours, where they were analyzed using a Toshiba ASTEION
SUPER-4 multi slice 4 CTscanner (Toshiba Corp., Minato, Tokyo,
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Japan)at 120 KV and 150 mAs. The distance between the slices
taken was 0.5 cm. Three-dimensional images were also taken
by the CT scanner for reconstruction of the stifle joint. Bone
and soft tissue window images were taken.

Statistical Analysis

The IBM SPSS Statistics for Windows, Version 21.0 software
(IBM Corp., Armonk, NY, USA)?* was used for making a
correlation between the articular surfaces of the femorotibial
joint and the body weight of the donkey, the goat and the dog.

Results

Articular Surface

Anatomically, the stifle joint consists of two main joints: the
femorotibial and femoropatellar joints. The femorotibial
articulation (articulatio femorotibialis) is formed between
the condyles of the femur, the condyles of the tibia and the
medial and lateral menisci.

Medial and Lateral Condyles of the Femur (Condylus
Medialis and Lateralis)

The head of the femur has two condyles: medial and lateral.
The medial condyle was larger than the lateral one in the
donkey (=Fig. 1A|4), while it was smaller and lower than the
lateral one in the goat (~Fig. 2A[4) and in the dog (~Fig. 3A|
4). Furthermore, the correlation between the length and
weight of the medial and lateral condyles of the femur was
demonstrated in ~Fig. 4.

In the three examined animals, the medial condyle of the
femur was semispherical in shape and oblique in direction;
on the other hand, the lateral condyle was sagittal in direc-
tion (=Fig. 1A; 2A and 3A[5). In the dog, the articular surfaces
of the two condyles were continuous proximocaudally with
small articular facet for sesamoid bones (~Fig. 7C and 12B|
ms and Is), which present in the tendons of the medial and
lateral head of the gastrocnemius muscle.

In the three species, we observed a fossa located between
the lateral ridge of the trochlea of the femur and the lateral
condyle. This is called the extensor fossa (~Fig. 1A; 2A and
3A[9), which marks the origin of the long digital extensor
muscle and peroneus tertius in the donkey and goat but the
origin of the long digital extensor muscle only in the dog. The
intercondyloid fossa (~Fig. 1A, 2A and 3A[8) was deep and
sagittal in direction. In the dog, this fossa was deeper
caudally than cranially. The length and width were calcu-
lated as means and recorded in =Table 1.

Medial and Lateral Condyles of the Tibia (Condylus
Medialis and Lateralis)

These condyles were not adapted with the condyles of the
femur and there was only a small contact area with them. This
adaptation was compensated by the presence of the menisci.In
the donkey (=Fig. 1A]10) and in the goat (~Fig. 2A[10), the
articular surface of the medial condyle of the tibia was
triangular in outlines, while the lateral condyle was quadri-
lateral, but in the dog, the medial condyle (=Fig. 3B]10) was
ovalin shape, and the lateral condyle (~Fig. 3B[11) was nearly
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Fig.1 Gross morphological views of the articular surfaces of the left stifle joint of the donkey: (View A) clarifies the distal extremity of the femur,
(View B) clarifies the proximal extremity of the tibia, (View C) clarifies the menisci, (View D) clarifies the articular surface of the patella. 1- Medial
ridge of the trochlea of the femur. 2- Lateral ridge of the trochlea of the femur. 3- Trochlear groove. 4- Medial condyle. 5- Lateral condyle. 6- Medial
epicondyle. 7- Lateral epicondyle. 8- Intercondyloid fossa. 9- Extensor fossa. 10- Medial condyle. 11- Lateral condyle. 12- Medial part of the
intercondyloid eminence. 12*- lateral part of the intercondyloid eminence. 13- Cranial part of intercondyloid fossa. 13*- Caudal part of
intercondyloid fossa. 14- Tibial tuberosity. 15- Extensor groove. 16- Popliteal notch. 17- Lateral meniscus. 18- Medial meniscus.19- Medial
articular surface. 20- Lateral articular surface. 21- Ridge. 22- Apex. 23- Base.

circular in shape. In the donkey, the medial condyle was larger
than the lateral one, while in the goat (~Fig. 2B|11) and in the
dog (=Fig. 3B|11), the lateral condyle was larger than the
medial one. Furthermore, the correlation between the length
and weight of the medial and lateral condyle of the tibia was
demonstrated in =~Fig. 5.

The two condyles were separated by an intercondylar
eminence that divided the intercondylar area into a medial
and a lateral part. The medial intercondyloid eminence was
more elevated than the lateral one in the donkey (~Fig. 1B]12)
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and in the goat (~Fig. 2B|12), while the lateral intercondyloid
eminence (~Fig. 3B[12") was higher than the medial one in the
dog (=Fig. 3B[12). In the three species, there was a fossa
(=Fig. 1B, 2B and 3B|13 and 13*) cranial and caudal to the
intercondyloid eminence named the intercondyloid fossa. The
lateral condyle separated from tibial tuberosity by the exten-
sor groove that clear in (~Fig. 1B, 2B and 3B|15). The two
condyles of the tibia separated caudally by the popliteal notch
(=Fig. 1, 2 and 3). The length and width were calculated as
means and recorded in =Table 1.
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Fig. 2 Gross morphological views of the articular surfaces of the right stifle joint of the goat: (View A) clarifies the distal extremity of the femur, (View B)
clarifies the proximal extremity of the tibia, (View C) clarifies the menisci, (View D) clarifies the articular surface of the patella. 1- Medial ridge of the trochlea.
2- Lateral ridge of the trochlea. 3- Groove. 4- Lateralcondyle.5- Medial condyle. 6- Lateral epicondyle. 7- Intercondyloid fossa. 8- Medial condyle. 9- Extensor
fossa. 10- Medial condyle. 11- Lateral condyle. 12- Medial part of intercondyloid eminence. 12*- Lateral part of intercondyloid eminence. 13- Cranial
intercondyloid fossa. 13"- Caudal intercondyloid fossa. 14- Tibial tuberosity. 15- Extensor groove. 16- Popliteal notch. 17- Medial meniscus. 18- Lateral
meniscus. 19- Medial articular surface. 20- Lateral articular surface. 21- Ridge. 22- Apex. 23- Base.

Medial and Lateral Menisci (Meniscus Medialis and
Lateralis)

Generally, the medial and lateral menisci were normal, smooth,
white and glistening fibrocartilage that located between the
two condyles of the femur and tibia. They presented cranial and
caudal poles, axial and abaxial borders and proximal and distal

articular surfaces. Their proximal surface was concave to adapt
to the condyles of the femur, while the distal surface was convex
to the condyles of the tibia. In the donkey, the medial meniscus
(=Fig. 1CJ18) was crescentic in shape, while in the goat
(=~Fig. 2€[18), it was semicircular, and in the dog, the medial
(=Fig. 3€|18) and lateral menisci (~Fig. 3C[19) were C-shaped.
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Fig. 3 Gross morphological views of the articular surfaces of the right stifle joint of the dog: (View A) clarifies the distal extremity of the right
femur, (View B) clarifies the proximal extremity of the right tibia, (View C) clarifies the left menisci, (View D) clarifies the articular surface of the
left patella. 1- medial ridge of the trochlea. 2- lateral ridge of the trochlea. 3- groove of the trochlea. 4- medial condyle. 5- lateral condyle. 7-
popliteal fossa. 8-intercondyloid fossa. 9- extensor fossa. 10-Medial condyle. 11- lateral condyle. 12- medial part of the intercondyloid eminence.
12" lateral part of the intercondyloid eminence. 13- cranial part of the intercondyloid fossa. 13*- caudal part of the intercondyloid fossa. 14- tibial
tuberosity. 15- extensor groove. 16- popliteal notch.17-Medial meniscus. 18- lateral meniscus.19- medial articular surface. 20- lateral articular
surface. 21- ridge. 22- Lateral sesamoid bone of the tendon of the gastrocnemius muscle. 23- Medial sesamoid bone of the tendon of the
gastrocnemius muscle.24- sesamoid bone of the tendon of the popliteus muscle. 25- apex. 26- base.
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Fig. 4 Diagram to clarify the correlation between the length (MCFL) and weight (MCFW) of the medial condyle of the femur in addition to the correlation
between the length (LCFL) and weight (LCFW) of the lateral condyle of the femur between the three examined animals: donkey (blue), goat (red) and dog (green).
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Fig. 5 Diagram to clarify the correlation between the length (MCTL) and weight (MCTW) of the medial condyle of the tibia in addition to, the correlation
between the length (LCTL) and weight (LCTW) of the lateral condyle of the tibia between the three examined animals: donkey (blue), goat (red) and dog (green).

Fig. 6 Gross morphological views of the right stifle joint of the donkey (View A), right stifle joint of the goat (View B), and left stifle joint of the dog (View C)
TT- tibial tuberosity. MM- medial meniscus. LM- lateral meniscus. MCT- medial condyle of the tibia. LCT- lateral condyle of the tibia. MFL- meniscofemoral
ligament. CrCL- cranial cruciate ligament. CaCl- caudal cruciate ligament. cm- cranial ligament of the medial meniscus. cl- cranial ligament of the lateral
meniscus. dm- caudal ligament of the medial meniscus. dl- caudal ligament of the lateral meniscus. tm- transverse meniscal ligament. 1- stump of the medial
collateral ligament. 2. stump of the lateral collateral ligament. 3. Extensor groove.
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Fig. 7 Gross morphological views of the caudal view of the; right stifle joint of the donkey (View A), right stifle joint of the goat (View B), and left stifle joint of
the dog (View C) Fe- femur. Ti- tibia. MM-medial meniscus. LM- lateral meniscus. MCF- medial condyle of the femur. LCF-lateral condyle of the femur. LCT- lateral
condyle of the tibia. MFL- meniscofemoral ligament. CrCL- cranial cruciate ligament. CaCl- caudal cruciate ligament. dI- caudal ligament of the lateral meniscus.
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Fig. 8 Diagram to clarify the correlation between the length (MML) and weight (MMW) of the medial meniscus in addition to the correlation between the
length (LML) and weight (LMW) of the lateral meniscus between the three examined animals: donkey (blue), goat (red) and dog (green).

Fig.9 Transverse computed tomography images of the right stifle joint of the donkey (view A), left stifle joint of the goat (View B), and left stifle
joint of the dog (View C) TT- tibial tuberosity. MM- medial meniscus. LM- lateral meniscus. MCT- medial condyle of the tibia. LCT- lateral condyle
of the tibia. MFL- meniscofemoral ligament. CrCL- cranial cruciate ligament. CaCl- caudal cruciate ligament. cm- cranial ligament of the medial
meniscus. cl- cranial ligament of the lateral meniscus. dm- caudal ligament of the medial meniscus. dI- caudal ligament of the lateral meniscus.
tm- transverse meniscal ligament. 1- stump of the medial collateral ligament. 2. stump of the lateral collateral ligament. 3. Extensor groove.

In the donkey, the medial meniscus was larger than the lateral
one, but in the goat and in the dog, the lateral one was the
largest, and more concave and thicker. In the three species, the
central border of the medial meniscus was deeper than that of
the lateral one, and the peripheral border was thicker and more
convex than the lateral one.

The lateral meniscus was semicircular in shape in the
donkey (=Fig. 1C[19), but it was shaped like and elongated
kidney in the goat (=Fig. 2C[19). In the three examined
species, the medial meniscus was firmly attached to the
joint capsule while the lateral one was not. In the goat and in
the dog, the central border of the two menisci was thin,
concave and notched centrally. The length and width were
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calculated as means and recorded in =Table 1. Furthermore,
the correlation between the length and weight of the medial
and lateral stifle menisci was demonstrated in =Fig. 8.

The correlation between the body weight and dimensions
of the articular surfaces of the stifle joint of the donkey, the
goat and the dog are recorded in ~Tables 2, 3 and 4.

Meniscal Ligaments

They included the cranial and caudal ligaments of the medial
and lateral menisci, and the meniscofemoral ligament of the
lateral meniscus. The cranial ligament of the medial menis-
cus connected the cranial pole of the medial meniscus with
the cranial intercondyloid fossa of the tibia, and it measured
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Fig. 10 Volume-rendered images (reconstruction) of the right stifle joint of the donkey: (View A) cranial and (View B) caudal views. F- femur.
T-Tibia. P- patella. fb- fibula. TT- tibial tuberosity. EF- extensor fossa. 1- Medial condyle of the femur. 1a- Medial epicondyle. 2- Lateral condyle of
the femur. 2a- lateral epicondyle. 3- Medial ridge of the trochlea of the femur. 4- Lateral ridge of the trochlea of the femur. 5- Medial condyle of the
tibia. 6- Lateral condyle of the tibia. 7- Intercondyloid eminence. 8- Popliteal notch. 9- Extensor groove. 10- Proximal tibiofibular joint.

Fig. 11 Volume-rendered images (reconstruction) of the left stifle joint of the goat: (View A) cranial and (View B) caudal views. F- femur. T- tibia.
P- patella. fb- fibula. TT- tibial tuberosity. 1- Medial condyle of the femur. 1a- Medial epicondyle. 2- Lateral condyle of the femur. 2a- Lateral
epicondyle. 3- Medial ridge of the trochlea of the femur. 4- Lateral ridge of the trochlea of the femur. 5- Medial condyle of the tibia. 6- Lateral
condyle of the tibia. 7- Intercondyloid eminence. 8- Popliteal notch. 9- Extensor groove. 10- Lateral meniscus.
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Fig. 12 Volume-rendered images (reconstruction) of the left stifle joint of the dog: (View A) cranial and (View B) caudal views. F- femur. T- tibia.
P- patella. fb- fibula.TT-Tibial tuberosity. ms- medial sesamoid bone of the tendon of the gastrocnemius muscle. Is- Lateral sesamoid bone of the
tendon of the gastrocnemius muscle. ps- Sesamoid bone of the tendon of the popliteus muscle. EF- extensor fossa. 1- Medial condyle of the
femur. 2- Lateral condyle of the femur. 3- Medial ridge of the trochlea of the femur. 4- Lateral ridge of the trochlea of the femur. 5- Medial condyle
of the tibia. 6- Lateral condyle of the tibia. 7- Intercondyloid eminence. 8- Popliteal notch. 9- Extensor groove. 10- Proximal tibiofibular joint.

Table 1 Average measurements of length (L) and weight (W) of the medial and lateral condyles of the femur and tibia in addition to

the lateral and medial meniscus

Item Donkey Goat Dog
Medial femoral condyle 6 +0.3 2.5 +£0.31 L 3+0.29
w 4+0.5 W 1.5+ 0.29 W 1.2 +£0.2
Lateral femoral condyle L 5+ 0.35 L 3 +0.31 L 3.5 +£0.21
W 3+0.48 w 3+0.2 w 1.6 £0.21
Medial tibial condyle L 4.5 +0.35 L 2.6 +£0.22 L 2+0.23
W 2.6 +£0.25 W 0.8 +0.25 w 1.2 +03
Lateral tibial condyle L 3.5+0.19 L 3.3 +£0.21 L 2.9 +£0.25
W 3.2 +£0.25 w 1+£0.3 w 1.3 £0.24
Medial meniscus L 4+0.5 L 1.4 4+ 0.34 L 1.5+ 0.4
W 1.2 £0.2 W 0.8 +£0.35 W 0.6 £ 0.34
Lateral meniscus L 2.5+ 0.21 L 2.4 +£0.21 L 1.5+0.2
W 0.6 +0.19 w 0.5 +0.19 w 0.5+ 0.24

~ 1.3 cm long and 0.7 cm wide in the donkey (~Fig. 6A
and 9A]cm). In the goat, is measured ~ 1.8 cm in length and
0.8 cm in width (=Fig. 6B and 9BJcm). In the dog, the cranial
ligament of the medial meniscus was absent, and the medial
meniscus had no bony attachment to the tibia, but it was
attached to the transverse or intermeniscal ligament that
connected the cranial horn of the medial meniscus with the
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cranial ligament of the lateral meniscus, and it was located
immediately cranial to the cranial ligament of the lateral
meniscus, and the tibial attachment of the cranial cruciate
ligament. It was ~ 1.4 cm long and 0.2 cm wide (=Fig. 6C
and 9C[tm).

The caudal ligament of the medial meniscus attached
the caudal pole of the medial meniscus with the caudal
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Table 2 Correlation between the body weight and dimensions of the articular surfaces of the stifle joint of the donkey

BW BW BW BW BW BW BW BW
Vs MCFL Vs MCFW Vs LCFL Vs LCFW Vs MCTL Vs MCTW Vs LCTL Vs LCTW
Correlation 0.535 0.076 .561 0.165 425 .625 0.633 0.412
BW BW BW BW
Vs MML Vs Vs Vs
MMW LML LMW
Correlation 0.798 -0.710 0.472 0.374

There is positive correlation between body weight and MCFL, MCFW, LCFL, LCFW, MCTL, MCTW, LCTL, LCTW, MML, LML, LMW, and negative

correlation with MMW.

Abbreviations: LCFL, length of the lateral femoral condyle; LCFW, Width of the lateral femoral condyle; LCTL, length of the lateral tibial condyle;
LCTW, width of the lateral tibial condyle; LML, length of the lateral meniscus; LMW, width of the lateral meniscus; MCFL, length of the medial femoral
condyle; MCFW, width of the medial femoral condyle; MCTL, length of the medial tibial condyle; MCTW, width of the medial tibial condyle; MML,

length of the medial meniscus; MMW, width of the medial meniscus.

intercondyloid fossa of the tibia. In the donkey, it measured
~ 1 cm in length and width (~Fig. 6A]dm), while it was
~ 0.5 cm in length and 0.3 cm in width in the goat (~Fig. 6B
and 9B|dm). In the dog (= Fig. 6C and 9C|dm), it attached cranial
to the tibial attachment of the caudal cruciate ligament and it
was ~ 0.2 cm in length and 0.1 cm in width.

The cranial ligament of the lateral meniscus connected the
cranial pole of the lateral meniscus with the cranial intercon-
dyloid fossa of the tibia. It was longer and thicker than that of the
medial meniscus in the donkey (~Fig. 6A and 9A]cl), it mea-
sured ~ 1.5 cmlong and 1.3 cmwide. In the goat, it was ~ 0.7 cm
inlength and width (~Fig. 6B and 9B|cl), while in the dog, it was
~ 0.3 cmin length and 0.1cm in width(~Fig. 6C|cl). In the dog,
the cranial ligament of the lateral meniscus was located caudal
to the transverse ligament, the caudal one was longer than the
caudal ligament of the medial meniscus. The caudal ligament of
the lateral meniscus connected the caudal pole of the lateral
meniscus and divided into two parts, one attached to the medial
part of the medial condyle of the tibia and the other to the
popliteal notch. It measured ~ 1.5 cm long and 0.9 cm wide in
the donkey (~Fig. 5A and 9A]dl). In the goat, it measured 0.5 cm
in length and 0.2 cm in width (~Fig. 7B and 9B|dl), while in the
dog, it was ~ 0.3 cm long and 0.2 cm wide (=~Fig. 7€ and 9¢|dl).

The meniscofemoral ligament connected the caudal pole
of the lateral meniscus with the intercondyloid fossa of the
femur. It measured ~ 2.7 cm in length and 0.8 cm in width in

the donkey (~Fig. 10A|MFL); ~ 1.5 cminlength and 0.5 cm in
width in the goat (=~Fig. 10B[MFL), and ~ 1.3 cm long and
0.4 cmwide in the dog (=Fig. 10C/MFL). The length and width
were calculated as means and recorded in =Table 5.

The correlation between the body weight and dimensions
of the articular surfaces of the stifle joint of the donkey, the
goat and the dog are recorded in =Table 2, 3 and 4.

With volume-rendering reconstruction techniques, 3D-
CT (~Fig. 10, 11 and 12) images were produced, rotated and
sectioned as desired. In 3D images (reconstruction), the
characteristic features of the articular surfaces of the joint
of each species evaluated (donkeys, goats and dogs), in which
the lateral condyle of the femur appeared larger in the goat
and in the dog.

Discussion

The present study was performed to describe the morpho-
logical features of the stifle menisci of donkeys, goats and
dogs using gross anatomy, and CT, with special references to
the articular surfaces. The animals have been chosen on the
basis of the donkey being of the equine species, which is
knows for carrying heavy loads for long distances; the goat
being of the ruminant species, known for its limited mobility,
and the dog of the carnivores that characterized by its fast-
moving.

Table 3 Correlation between the body weight and dimensions of the articular surfaces of the stifle joint of the goat

BW BW BW BW BW BW BW BW
Vs MCFL Vs MCFW Vs LCFL Vs LCFW Vs MCTL Vs MCTW Vs LCTL Vs
LCTW
Correlation 0.226 0.042 .325 0.510 0.082 -0.075 0.246 0.0742
BW BW BW BW
Vs Vs Vs LML Vs
MML MMW LMW
Correlation 0.344 0.283 0.356 0.439

Thereis positive correlation between body weight and MCFL, MCFW, LCFL, LCFW, MCTL, LCTL, LCTW, MML, LML, LMW, and negative correlation with MCTW.
Abbreviations: LCFL, length of the lateral femoral condyle; LCFW, width of the lateral femoral condyle; LCTL, length of the lateral tibial condyle;
LCTW, width of the lateral tibial condyle; LML, length of the lateral meniscus; LMW, width of the lateral meniscus; MCFL, length of the medial femoral
condyle; MCFW, width of the medial femoral condyle; MCTL, length of the medial tibial condyle; MCTW, width of the medial tibial condyle; MML,

length of the medial meniscus; MMW, width of the medial meniscus.
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Table 4 Correlation between the body weight and dimensions of the articular surfaces of the stifle joint of the dog

BW BW BW BW BW BW BW BW
Vs Vs Vs Vs Vs MCTL Vs MCTW Vs Vs
MCFL MCFW LCFL LCFW LCTL LCTW
Correlation 0.247 0.403 0.449 0.054 0.037 0.165 0.322 0.453
BW BW BW BW
Vs Vs Vs Vs
MML MMW LMW LMW
Correlation 0.559 0.505 0.559 0.291

There is a positive correlation between body weight and MCFL, MCFW,

LCFL, LCFW, MCTL, MCTW, LCTL, LCTW, MML, LML, LMW.

Abbreviations: LCFL, length of the lateral femoral condyle; LCFW, width of the lateral femoral condyle; LCTL, length of the lateral condyle of the tibia;
LCTW, width of the lateral condyle of the tibia; LML, length of the lateral meniscus; LMW, width of the lateral meniscus; MCFL, length of the medial
femoral condyle; MCFW, width of the medial femoral condyle; MCTL, length of the medial condyle of the tibia; MCTW, width of the medial condyle of
the tibia; MML, length of the medial meniscus; MMW, width of the medial meniscus.

Table 5 Average measurements of length (L) and weight (W) of the meniscal ligament of the stifle joint

Donkey Goat Dog
Cranial ligament of the medial meniscus L 1.3 cm L 0.5 cm Absent
w 0.7 cm w 1.8 cm
Transverse ligament Absent Absent L 1.4 cm
W 0.2 cm
Caudal ligament of medial meniscus L 1cm L 0.5 cm L 0.2 cm
w 1cm w 0.3cm w 0.1 cm
Cranial ligament of lateral meniscus L 1.5cm L 0.7 cm L 0.3 cm
W 1.3 cm W 0.7 cm W 0.1 cm
Caudal ligament of lateral meniscus L 1.5cm L 0.5 cm L 0.3 cm
W 0.9cm W 0.2.cm W 0.2 cm
Meniscofemoral ligament L 2.7 cm L 1.5 cm L 1.3 cm
W 0.8 cm W 0.5cm W 0.4 cm

Concerning the articular surfaces of the femorotibial joint,
they were the condyles of the femur and tibia and the
menisci. The medial condyle of the femur of the donkey,
goat and dog was oblique in direction and smaller than the
lateral in the donkey and goat, this was observed by 25 in the
donkey and mule and like that of the horse 2° and camel 2’
while, the lateral condyle was sagittal in direction, this
agreed with that observed by 2> in the donkey and mule,?®
in the horse and 22 in the dog.

The current investigation mentioned that the medial condyle
of the femur was larger than the lateral one in the donkey, while
it was smaller and lower than the lateral one in the goat and in
the dog. The results in the dog and in the goat are similar to
those obtained by29 in the marsh deer and *3 in the ovine.

In the dog, the articular surfaces of the two condyles were
continuous proximocaudally with small articular facet for
sesamoid bones, which present in the tendons of the medial
and lateral head of the gastrocnemius muscle; however, this
is absent in the horse and in the goat. Similar results were
noted by >?° in sheep and deer. In the dog, the femoral
condyles were articulated with the sesamoid bones of the
tendons of the gastrocnemius muscle, this agreed with that
described by %2 in the dog.
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The medial condyle of the tibia was triangular in shape in
the donkey and goat likes that of the donkey and mule 2° and
in the camel, 27 while that of the dog was oval in shape and
the lateral condyle was circular as noted by.?8 The adaptation
of the condyles of the femur and tibia was compensated by
the presence of the menisci, which increase femorotibial
joint stability and congruency and serve as the shock absor-
bers of the stifle.3!>? The medial meniscus of the donkey was
crescentic in shape, as mentioned by ,%> while in the goat, it
was semicircular, and in the dog, the medial and lateral
menisci were C-shaped.

In general, the normal medial and lateral menisci were
smooth, white and located between the two condyles of the
femur and tibia to improve joint adaptation.>*>%1%-33 In the
examined donkey and goat, the meniscal ligaments included
the cranial and caudal ligaments of the medial and lateral
menisci and the meniscofemoral ligament of the lateral
meniscus, similar to that observed by?®3*3° in horse,¢:3
in ovine, 27 in camel and # in humans, sheep and rabbits. In
the dog, the cranial ligament of the medial meniscus was
absent, and the medial meniscus had no bony attachment to
the tibia, but it was attached to the transverse intermeniscal
ligament, which connected the cranial horn of the medial
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meniscus to the cranial ligament of the lateral meniscus. This
did not agree with the findings of 28 in the dog. Moreover, the
absence of the caudal ligament of the lateral menisci was
recorded in rabbits by.*38

In the current study, there is a transverse intermeniscal
ligament that connects the cranial horn of the medial meniscus
with the cranial ligament of the lateral meniscus in the dog, but
the present study did not record this ligament in the donkey
and the goat. The transverse intermeniscal ligament was also
observed by>? in tigers,*3® rabbits and 3°*? in dogs and cats.
They also ** described this ligament in the dog and pig, but
reported that it was absent in sheep. The transverse inter-
meniscal ligament was also absent in donkey and goat, in the
current study, and sheep ° and deer.?’

The meniscofemoral ligament connected the caudal pole
of the lateral meniscus with the intercondyloid fossa of the

femur. The similar observations were recorded in all animal
species 25,29,33,39,42

Conclusion

The medial condyle of the femur was larger than the lateral one
in the donkey, while it was smaller and lower than the lateral
one in the goat and in the dog. In the donkey, the medial
meniscus was larger than the lateral one, but in the goat and in
the dog, the lateral meniscus was the largest, more concave
and thicker. The meniscus ligaments included cranial and
caudal ligaments of the medial and lateral menisci, and the
meniscofemoral ligament of the lateral meniscus. In the dog,
the cranial ligament of medial meniscus was absent, and the
medial meniscus had no bony attachment to tibia, but it
attached to the transverse intermeniscal ligament, which
connected the cranial horn of the medial meniscus with the
cranial ligament of lateral meniscus. The meniscofemoral
ligament connected the caudal pole of the lateral meniscus
with the intercondyloid fossa of the femur.
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Introduction The use of otolith morphometrics could prove to be a powerful tool in
fish identification. The aim of the present study was to analyze the shape of the otolith
in pool barb, Puntius sophore.

Materials and Methods To accomplish the present study, samples of various sizes were
collected from the Yamunanagar and from the Faridabad fish markets in Haryana, India. The
sagitta otoliths were extracted by making a horizontal cut across the head of the fish.
Results The independent t-test revealed no statistically significant difference
between the values of otolith length and width of both the right and left otoliths
(p > 0.05). Furthermore, various shape indexes, such as form factor (FF); circularity (C);
rectangularity (REC), and aspect ratio (AR) were calculated, and the general shape of
the otoliths of P. sophore was described as rectangular and less elongated. The otolith
length (OL) was found to be positively correlated with the AR, whereas the FF was found
to be negatively correlated with REC and C. The present study expresses the relation-
ship between the total length (TL) and the head length (HL) of the fish with the OL and
the otolith width (OW) by a linear regression model. The results depicted that the OL
and the OW were linearly correlated to the TL and to the HL of the fish.

Conclusion The present study also provides a better understanding in identification
of fish stock.

risk to near threatened in the Western Ghat and in the Harike
wetland, due to heavy fishing pressure.”® Otoliths are paired

Puntius sophore (Hamilton, 1822), commonly known as pool
barb, stigma barb, and swamp barb, is a freshwater to brackish-
water fish belonging to the cypriniformes order and to the
cyprinidae family." Cypriniformes are the largest group of
fishes, with an estimated number of ~ 3,500 species.? Puntius
sophoreis widely distributed ininland waters of Asia, including
Bangladesh, Pakistan, India, Nepal, Myanmar, Bhutan, Afgha-
nistan, and China. This fish is benthopelagic (demersal), inha-
biting rivers, streams, and ponds of plains.3 Itis considered as a
chief food source for poor people in Bangladesh,* and is used as
an aquarium fish.”> According to the red list (2010) of the
International Union for Conservation of Nature (IUCN), the
status of this fish is regarded as of least concern.’ However,
studies from the Indian waters depicted that the fishis at lower
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calcified, aragonitic mineralizations located in the inner ear of
the fish, which contribute to audition and equilibrium,g'10
Amongst the three otoliths, the sagitta is the largest, followed
by the astericus and by the lapillus.'" The otolith continues to
grow throughout the life of the fish, and its growth generally
follows an allometric increase with respect to fish size.'? The
variations in the shape of the sagitta otolith are immense and
are species specific, ranging from pinhead size to massive
pieces of calcium carbonate (CaCO5)."" Due to its interspecific
variations and larger size, the sagitta otolith has been used to
estimate the taxon, age, size, migration, and feeding habits of
fishes.%13.14 Hence, knowledge of fish otolith morphometry
is considered a valuable tool for the identification of the
stock,'>'® population management,'” determination of diet
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Table 1 Variables utilized to study otolith morphology22

Variables Measurements Description
Relative dorsal d-d’ p=9"x100
length, (D)

Relative medial m-m’ w="""'x 100
length, (M)

Relative antirostrum m-a A=T=2x 100
height, (A)

Relative rostrum m-r R=-7rx 100
height, (R)

Relative antirostrum al-d ar=4"2x100
length, (AL)

Relative rostrum rl-l L =""lx100
length, (RL)

in predatory fishes,'8 ontogenic research,'® ecomorphological
studies,?? and for the identification of specific species.21

Although the otolith chemistry of marine fishes has been
extensively studied, information on otolith of freshwater
fishes concerning the Indian subcontinent is limited. There-
fore, the purpose of the present study was aimed to analyze
the shape and morphometrics measurements of the otolith
of P. sophore.

Materials and Methods

A total of 41 specimens ranging between 66 and 109 mm in
total length (TL) were procured from the fish markets of the
Faridabad (28.4211° N and 77.3078° E) and of the Yamuna-
nagar (30.133° N and 77.288° E) regions of Haryana, India,
and brought to the laboratory in an ice box. All of the fish
specimens were cleaned and measured for TL, standard
length, HL, and body weight, nearest to 0.1 mm and 1 g,
respectively. The sagitta otoliths were removed by making a
horizontal cut across the head of the fish. The otoliths were
cleaned manually by using 1% potassium hydroxide (KOH)
solution to remove otic fluid, blood, and tissue, and were air

Table 2 Shape indices calculated using otolith morphometric

parametersB’24
Parameters Shape indices Formulae
Area (Ar) Aspect ratio (AR) OoL/OwW
Perimeter (P) Form factor (FF) 4ruAr|P?
Otolith length (OL) Rectangularity (REC) Ar/OL/OW
Otolith width (OW) | Circularity (C) P2/Ar

dried. The right and left otoliths were kept separately in
different labeled envelopes.

Digital images of both the right and left otoliths were
obtained over a dark background using a Magnus MSZ-TR
stereo microscope (Magnus Analytics, New Delhi, India
(fitted with a Magcam DCS 5.1MP, %.5" CMOS SENSOR
camera. Various morphometric measurements of the oto-
liths,%2 as shown in =Table 1, were acquired using ProgRes
CapturePro, version 2.80, software (Jenoptik AG, Jena, Ger-
many), in which the otolith length (OL) was the maximum
distance from the rostrum to the postrostrum, and the
otolith width (OW) was the distance perpendicular to the
length passing through the dorsal and ventral rim (~Fig. 1).

For the analysis of the shape of the otoliths, morphometric
parameters such as OL, OW, area (Ar) and perimeter (P) were
utilized to calculate four dimensionless shape indices (form
factor (FF); circularity (C); rectangularity (REC); and aspect
ratio (AR)>>%4 (~Table 2). Form factor is a mean to estimate the
surface areairregularity, C gives information on the similarity of
various features to a perfect circle, REC describes the variations
of length and width with respect to the area, and AR expresses
the shape tendency of the otolith.> To statistically analyze the
data, SPSS for Windows, Version 16.0 (SPSS Inc, Chicago, IL, USA)
and Microsoft Excel, version 2007 (Microsoft Corp., Redmond,
WA, USA) were employed. The difference between the OL and
the OW of the right and left otoliths was examined by employ-
ing the independent t-test. The relationship between the TL and
the HL of the fish and the OL and OW was described by a linear
equation.

Fig.1 Otolith of Puntius sophore (a) The distance between a and b is the otolith width, and the distance between c and d is the otolith length, (b)
various otolith morphometric measurements used for the present study.

Journal of Morphological Sciences  Vol. 36 No. 2/2019



Table 3 Mean, standard deviation, standard error, minimum
and maximum values of various body measurements of Puntius
sophore

Mean | SD SE Min | Max
Total length (TL) 839 | 104 |16 |66 | 109
Standard length (SL) | 67.5 8.6 1.3 [ 52 89
Head length (HL) 15 2.1 03 | 12 20
Body weight (BW) 104 36.9 | 5.8 | 40 210

Parameter

Abbreviations: Max, maximum range; Min, minimum range;
SD, standard deviation.
All of the values depicted in the table are in millimeters (mm)

Table 4 Mean, standard error, minimum and maximum values
of various parameters of otolith dimensions

Parameters Mean + SE Min Max
Otolith length (OL) 0.74 £ 0.1 0.54 1.07
Otolith width (OW) 0.91 +£ 0.0.2 0.61 0.98
Relative antirostrum 28.8 + 1.68 14.03 65.74
height (A)

Relative antirostrum 8.51 £+ 0.60 17.89 2.75
length (AL)

Relative rostrum 55.4 £+ 2.05 18.10 75.79
height (R)

Relative rostrum 143 +£1.25 4.53 33.27
length (RL)

Abbreviations: Max, maximum range; Min, minimum range;
SE, standard error.
All the values depicted in table are in millimeters (mm).

Morphometrics Analysis of Sagitta Otolith Rani et al.

Results

A total of 82 otolith samples were collected from 41 speci-
mens. The OLs and OWs ranged between 0.54 and 1.07 mm,
and between 0.61 and 0.98 mm, respectively. Various mor-
phometric parameters of the fish were taken into considera-
tion (~Table 3). The measurements of Otolith length (OL) and
otolith width (OW) of both right and left otoliths were tested
and no statistically significant difference was observed
(p > 0.05). Therefore, either the left or right sagitta otolith
can be used for the analysis. For the present study, the left
sagitta otolith was utilized. The shape of the otolith of P.
sophore was described as rectangular and less elongated,
possessing well-defined antirostrum and rostrum. The anti-
rostrum was observed as short and narrow, with average
height and length of 28.8 + 1.68 and 8.51 + 0.6 Omm,
respectively, whereas the rostrum was noticed to be wide
and round with a mean height and length of 55.4 + 2.05 and
14.3 &+ 1.25 mm, respectively (=Table 4). The otolith has
smooth dorsal and ventral margins with an obtuse excisural
notch. The sulcus was found to be round and deep (~Fig. 2b).
By comparing the mean values of 4 shape indices of the
otolith of P. sophore (=Table 5), it was concluded that the
average value of REC was the highest, while the value of AR
was the lowest (AR: 0.82 < C: 1.36 < FF: 31.91 < REC:
34.03). Furthermore, the OL was found to be positively
correlated with the AR, whereas the FF was found to be
negatively correlated with REC and C. The present study
explains the relationship between the TL and the HL of the
fish with the OL and the OW described by the linear
equations y = 0.0052x + 0.309 (=Fig. 3a); y = 0.0095x
+ 0.1114 (=Fig. 3b); y = 7.2851x + 9.5285 (=Fig. 3c),
respectively. The results depicted that the OL and the OW
were linearly correlated to the TL and to the HL of the fish.

Antirostrum

- "_ Angle of
Excisura

Rostrum

5/10(mm)

4AX mm

Fig.2 Puntiussophore otolith (a) dorsal view of the left sagitta otolith, (b) ventral view of left sagitta otolith showing the cauda, the rostrum, the

antirostrum, and the angle of excisura.
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Table 5 Descriptive statistics of shape indices of Puntius
sophore

Shape indices Mean | SD SE Min Max
Form factor 31.91 | 5.20 | 0.81 | 0.31 34.57
Aspect ratio 0.82 0.1 0.02 | 0.61 0.98
Rectangularity | 34.03 | 2.57 | 0.40 | 28.52 | 39.86
Circularity 1.36 3.93 | 0.61 | 2.35 27.72

Abbreviations: Max, maximum range; Min, minimum range;
SD, standard deviation; SE, standard error.

The OW was found to be a better parameter in estimating fish
length than the OL.

Discussion

Otolith morphology has proven to be a powerful and vital tool
in various taxonomic studies. Among the three otoliths, the
sagitta otolith has been extensively utilized in various taxo-
nomic studies related to age, growth, feeding habits, and stock
identification, due to its larger size and great interspecific
variability.'%131425 The present study has aimed to examine
the relationship of fish TL and HL with otolith dimensions (OL
and OW) by a linear regression model. The otolith dimensions
(OL and OW) and fish body relationships have been studied in
various marine fish species by linear regression mod-
els.’>26732 The results of the present study depicted that the

y=0.0052x +0.309

R*=0.3226
1-2 1
-
E 1.4
gl * .
c 3
£ 06 ® o™
-
5 04
E=} |
= 02
=
- 0 4 - .
0 50 100 150
a Fish total length(TL)mm
y=7.2851x+9.5285
25 R*=0.1136
£ 20 ® e
E s
= 15 *
= *
€ 10
5
= 5
3
= 0 - - 3
] 05 : 15
c Otolith length(OL)mm

OL and the OW were linearly correlated to the TL of the fish. The
HL of the fish also showed positive correlation with the OL. The
OW was found to be a better parameter than the OL in
estimating fish length. Hence, it is suggested that otolith
dimensions increase as fish length increase and, therefore,
otolith growth can be correlated with fish growth. These
results are similar to previous studies.3334. However, other
studies depicted that the relationship of otolith variables and
fish somatic growth are not necessarily linear.>>3® In studies
on the relationship between otolith and fish size, the OL was
usually used.'>?637-39 The present study supplies supplemen-
tary information by considering both the OL and the OW, as
well as the HL of the fish. The present study also described
various other morphometric parameters to give a detailed
observation of the shape of the otolith. When comparing the
values of the OL and of the OW of both right and left otoliths, no
statistically significant difference was observed, which was
consistent with the previous findings of different
authors.?>32:3>40 Byt some studies of sciaenid fishes, such
as Micropogonias furnieri and Macrodon ancylodon, and of
teleost fishes, such as Lycodes palearis (Zoarcidae) revealed
inverse findings.>*' Concerning the findings of the present
study, it becomes evident that the knowledge of the otolith
morphometrics is considered an important marker in the
identification of species and in many other ecological studies
that aimed to determine the prey size based on otoliths
obtained from the stomach contents of piscivorous predators,
because, when the relationship between the OL and the TLin a

y=0.0095x+0.1114

14 R*=0.663
1.2 ¢
E
E B
S~ 1 'S
% 0.8 e
g 0.6
E |
= 0.4
=
= 0.2 A
-
@
D T T 1
0 50 100 150
b "
Fish total length (TL) mm
25 _ y=0.1177x+5.1065
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£
g“ 15 £ .
= >
g 10
=
3 5
=
8
-] 0 ' v ;
0 50 100 150
d Fish total length(TL)mm

Fig.3 Relationship between (a) otolith length and fish total length, (b) otolith width and fish total length, (C) head length and otolith length, and

(d) head length and fish total length.
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species is determined, the TL or standard length of a fish can be
easily estimated from its OL, or vice versa.”®31-33 The present
study also provides a better understanding in the identifica-
tion of the stock.
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Abstract Anabolic androgenic steroids (AAS) are synthetic compounds derived from testosterone,
which are widely used in supraphysiological doses by people seeking an aesthetic effect.
The objective of the present experiment was to evaluate the possible morphometric
changes in the cardiac left ventricle caused by the administration of supraphysiological
doses of the anabolic steroids testosterone cypionate and stanozolol in the hearts of young
sedentary mice, to serve as a comparative parameter with young mice that were submitted
to exercise. We have used 60 hearts of sedentary young Swiss mice, aged ~ 90 days old
(young-adult), with a body weight between 40 and 50 g. The animals were divided into
three groups: the control group, the testosterone cypionate group, and the stanozolol
group. For the analysis, 10 distinct sections of the apex, of the middle region, and of the
base of the heart were selected, followed by an optical microscope measurement with a
2.5x magnification. The results obtained show an increase in both myocardial thickness and
left ventricular cavity diameter in the two groups of male animals in relation to the control
group; however, in females, an increase in the thickness of the left ventricular myocardium
was observed only for the stanozolol group. These results suggest that the cardiac
alterations observed in the present study may be directly related to some signs and
symptoms already described in the literature, such as hypertension, arrhythmias, infarc
tion, sudden death, and other cardiovascular diseases.
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= heart

= morphometric
analysis

= left ventricle

= steroids

been used usually by people with good health, in order to
increase muscle mass and potency, as well as to provide

Introduction

4

Androgenic anabolic steroids (AAS) are hormones that func
tion in the differentiation, growth, and development of the
male reproductive tract, as well as in the development and
maintenance of secondary sexual characteristics. However,
they also have anabolic effects, stimulating body growth and
increasing muscle mass.! AAS are synthetic compounds
derived from this hormone, which mimic the anabolic effects
of testosterone, while at the same time minimizing androgenic
effects.?

In the 1950s, the first reports of abuse in the administra-
tion of AAS for non-therapeutic purposes by Russian athletes
appeared in the literature.? Since then, AAS hormones have
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improvement in their physical condition and appearance.

[llicit long-term and supraphysiologic use of AAS may cause
adverse cardiovascular effects, such as pathological hypertro-
phy, as well as ventricular and atrial arrhythmic events, among
which atrial fibrillation is the most frequently observed in
bodybuilders. Additionally, several reports of atrial fibrillation
suggest a causal link in the use of AAS in athletes.’

The compounds selected for the present study are synthetic,
commonly used for aesthetic purposes, with testosterone cypio-
nate being one of the most widely used AAS in the market.®

One of the mechanisms described in the literature regard-
ing the use of supraphysiological doses is associated with the
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temporary nitrogen retention of ingested proteins, as well as
with the competition of receptors of glucocorticoids released
during intense exercise, leading to the inhibition of protein
catabolism.”

Increased erythropoiesis is also a risk factor for erythro-
poietin stimulation and hepcidin suppression. Erythropoie-
tin is the erythrocyte stimulating hormone, whereas
hepcidin is a protein that regulates iron absorption, so the
erythropoietin produced is more active due to the higher
concentration of serum iron.?

Understanding the ease of obtaining anabolic agents, the
indiscriminate use of these drugs and their possible side
effects, it was proposed to evaluate in a specific and con-
trolled way the effects of supraphysiological doses of these
AAS in sedentary mice for comparison with a group of
animals treated with the same drugs, but performing phy-
sical exercise, in order to obtain accurate information and,
with this, to raise awareness, mainly to the generation of
young adolescents, about the possible causes and effects of
the indiscriminate use of these substances.

Materials and Methods

For the present experiment, 60 Swiss mice were used (30
males and 30 females) from the Universidade Federal de
Alfenas (UNIFAL, in the Portuguese acronym) (Committee for
Ethics in Animal Experimentation [CEEA], Universidade Fed-
eral de Alfenas, registry number 505/2013). These were
housed in boxes containing 5 animals each, and were treated
with commercial feed and ad libitum water and kept in a
light-dark 12-hour cycle.

The treatment consisted of the intraperitoneal application
of two AAS, as follows: Group 1: testosterone cypionate
(Deposteron [EMS, Sdo Bernardo do Campo, SP, Brazil])
(0.8 mg/kg); group 2: stanozolol ([Winstrol-Stanozolol
Depot, Landerlan, Lambaré, Paraguay]) (1.8 mg/kg), and
group 3: physiological solution (1 ml/kg). The animals
were treated for 2 months, with doses applied twice a
week at 2-day intervals.

After the euthanasia of the animals by means of the
halothane anesthetic and the identification of each animal,
the thoraxes were opened and the hearts were entirely
removed. Finally, the organs were stored in glass containers
containing paraformaldehyde (pH 7.4). They remained
immersed in this fixative solution for 24 hours.

The hearts were processed following the standardized
histological procedures. The paraffin-embedded samples
were cut in a thickness of 7um in a Yidi microtome ([Jinhua
YIDI Medical Appliance CO., LTD, Jinhua City, Zhejiang pro-
vince, China]) and stained with hematoxylin and eosin (H&E).

For the morphometric analysis, 10 distinct sections of the
apex, of the middle region, and of the base of the heart were
selected (=~Fig. 1). To measure ventricular cavity diameter,
was selected the entire area of ventricular cavity by means of
one of the tools of the software Axiovision Version. 4.8.2 (Carl
Zeiss Microscopy LLC, Peabody, MA, USA). To measure the
myocardical thickness, three areas (anterior, posterior and
lateral) were selected and was used the same software for
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Fig. 1 Heart of a normal mouse demonstrating the regions to be
analyzed (white trace): the apex, the middle region, and the base.
Abbreviations: LA, left atrium; LV, left ventricle; RA, right atrium; RV,
right ventricle.

analysis [Axiovision Version. 4.8.2 (Carl Zeiss Microscopy
LLC, Peabody, MA, USA)]. The values were measure in pm>.

The analysis was performed using an optical microscope
model Axion Scope A1 (Carl Zeiss Microscopy LLC, Peabody, MA,
USA) coupled to Axiovision Version. 4.8.2 (Carl Zeiss Microscopy
LLC, Peabody, MA, USA) and to the Axiovision 4 Module Inter-
active Measurement software (Carl Zeiss Microscopy LLC). To
capture the selected images, a 2.5x objective lens (Carl Zeiss
Microscopy LLC, Peabody, MA, USA) was used (~Fig. 1).

To evaluate the mean values of the left ventricle areas,
according to the gender of the mice and to the treatment
imposed (research groups), the analysis of variance (ANOVA)
was used. When a significant difference (p < 0.01) was
observed among the groups when comparing different vari-
ables, the Tukey test was used to discriminate differences
and/or similarities among the evaluated means.’

Results

As shown in the graphics, no significant result was observed
in the diameter of the left ventricle cavity of the hearts of
female mice in the control group in relation to the treated
groups (=Fig. 2A).

However, when analyzing the myocardial thickness, a sig-
nificant difference was observed, showing a decrease in the
myocardial thickness of the stanozolol group in relation to the
control group (p < 0.00001), as well as in the group treated
with testosterone cypionate in relation to the group treated
with stanozolol (p < 0.0001). However, when the testosterone
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Fig. 2 (A) The graphics demonstrate the nonsignificant difference in the left ventricular cavity diameter of female mice between the
experimental groups.(B) Shows the significant difference in the left ventricular myocardial thickness observed between the control group in
relation to the group treated with stanozolol (Winstrol Depot) (**), and the group treated with testosterone cypionate (Deposteron) in relation to
the Stanozolol (Winstrol) group (*).

cypionate group was compared with the control group, no
statistically significant result was obtained (~Fig. 2B).
When comparing the diameter of the left ventricle in male
mice, significant differences were observed, showing that
both of the AAS evaluated increased the diameter of the left
ventricular cavity, both in the testosterone cypionate group
in relation to the control group (p < 0.0001), and in the
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stanozolol group in relation to the testosterone cypionate
group (p = 0.0009) (~Fig. 3A).

Regarding the analysis of the thickness of the left myocar-
dial ventricle, the male mice presented significant differences
between the control group and the 2 treated groups: testos-
terone cypionate (p < 0.0001) and stanozolol (p = 0.0008).
A statistically significant difference was also observed
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Fig. 3 The graphics show the statistically significant difference found in the left ventricular cavity diameter (A) and in the left ventricular
myocardial thickness (B) between male mice in the control group and in the testosterone cypionate (Deposteron) group (*), between the control
group and the Stanozolol (Winstrol) group (**), and between the two groups treated with the different steroids (***).
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Fig.4 Histological section of the left ventricles of some of the mice studied, (A) male mouse treated with testosterone cypionate, (B) stanozolol-
treated male mouse, (C) male mouse in the control group, (D) testosterone cypionate-treated female mouse, (E) stanozolol-treated female
mouse, and (F) female mouse in the control group, Abbreviations: LVL: left ventricular cavity; VMT, ventricular myocardial thickness.

between the stanozolol group and the testosterone cypionate
group (p = 0.0004) (~Fig. 3B).

~Fig. 4 represents histological section of the left ventri-
cules of some of the male and female mice studied, stained in
H&E, with a 2.5x magnification, of all in the groups studied
for comparation.

Discussion

Left ventricular hypertrophy is directly related to increased
blood pressure and systemic by compensatory mechanism.
High blood pressure is associated with a three to four fold
increase in the risk of stroke, fibrillation, and ventricular
arrhythmia.’®'" This study corroborates the results found
Seara et al.'®, showing a significant increase in myocardial
thickness and ventricular cavity diameter, in male mices.
According to literature, the use of nandrolone, another AAS
widely used, promotes changes in endothelium of blood
vessels, both at the sedentary and exercised female mice,
indicating that physical exercise does not decrease the effects
caused by AAS, and that sedentary users also suffer significant
damage.'? Other damages are also described by some authors,
which demonstrated increased levels of LDL, HDL, NADPH
oxidase in association with ventricular hypertrophy in rats
treated with nandrolone, doing or not doing exercises.'>'*
For Seara et al,' this cardiac hypertrophy is due to the
thickening of the posterior wall of the left ventricle and of the
interventricular septum in addition to fibrosis, even with
discontinuation of the AAS treatment, thus reporting irre-
versible cardiac damage. And this can occur through several
mechanisms, one of which is the increase in cardiac angio-
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tensin due to the stimulus of the activity of the converting
enzyme, and angiotensin Il has been related to cardiac
remodeling by cellular hypertrophy and collagen deposition.

The studies of Nascimento et al'® showed that the deposi-
tion of collagen in cardiac cells can lead to a loss of the
contractile function, with increased rigidity; moreover, an
increase in the left ventricular systolic pressure has been
reported, whereas a decrease in the diastolic function was
observed, causing left ventricular isovolumic relaxation fail-
ure in rats treated with AAS. This failure in relaxation is one
of the major etiological factors of ischemia and heart failure.

The possible increase in the erythrocytes count due to the
stimulation caused by these hormones can also be seen as a
risk factor because it leads to an increase in blood volume.
Consequently, the heart would need more force to pump the
blood to the tissues, causing hypertrophy.'”

The results obtained in this study did not significantly
alter the diameter of the left ventricular cavity of female
mice, which can be explained by a cardiac and vascular
protective effect of the endogenous estrogen, contributing
to the maintenance of caliber and myocardial diameter,
suggesting a possible compensation mechanism.'?'8

According to Barp,'® the cardiovascular protective effect
of estrogen occurs in several ways, such as the stimulation of
nitric oxide (NO), which is a vasodilatation gas that prevents
platelet aggregation, endothelial leukocyte adhesion,
endothelin production, and control of the vascular tone.
Another protective factor is that estrogen can decrease cell
proliferation in the tunica intima and in the tunica adventitia
in the vessel wall, inhibiting protein kinase, which is in line
with the results obtained in the present study.
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Another probable hypothesis for the results found in
females is the same as reported by Clark,?® who states
that, unlike testosterone cypionate, stanozolol has the ability
to interfere with the production of estrogen by central action,
as well as the potential to inhibit the hypothalamus-pitui-
tary-gonadal axis, thus decreasing the production of estro-
gen, which explains the fact that the myocardial thickness of
female mice changes once they no longer have the protective
action of the hormone.

In patients with deficiency in testosterone levels, a defi-
ciency of myocardial contraction is noted. In contrast, studies
indicate that, at high levels, testosterone can be harmful
because it acts directly on androgen receptors, which in turn
act on genes that make the transcription of alpha-myosin
heavy chain (a-MHC) and of transforming growth factor beta
(TGF-B) proteins, which act respectively on atrial contraction
and on the control of cell proliferation and differentiation.?’

The results found by Pirampol et al2! may explain the
results found in this study, which present a difference
between the studied genders, showing that, in female
mice, the use of AAS, such as stanozolol, may decrease the
thickness of the left ventricular myocardium, while the
results were the opposite in male mice.

The use of AAS causes changes in normal physiological
adaptations that occur after exercise, from compen- sated to
uncompensated hypertrophy and is related to several patho-
logical processes according to Nascimento and Medei??, such
as heart failure, reduced tolerance to ischemia, and ventri-
cular dilatation, which can also be demonstrated by the
results found in the present study.

The use of AAS causes hypertrophy of cardiomyocytes,
and a decrease in capillary density and increased capillary
spacing was observed. It is presumed that these alterations
affect the supply of oxygen to the myocardium by subjecting
it to ischemia.”

Some researchers report the development of stress and
cellular damage caused by the chronic use of AAS. In bio-
chemical tests, it is known that troponin isoenzymes (cTnl)
and creatine kinase MB (CK-MB) are specific indicators of cell
lysis and are elevated in users of anabolic steroids.>*%

The heart rate also decreases after exercise, according to
dos Santos,?® who also reports that this may be an effect of
changes in the parasympathetic nervous system, suggesting
that these effects may also occur at rest in the case of
sedentary mice, due to the changes already mentioned.
The decrease in heart rate is a predisposing factor to cardi-
ovascular pathologies.

Conclusion

The alterations found in the left ventricular cavity and thick-
ness of the left ventricular myocardium allow to conclude that
innumerable pathologies, such as vascular and cardiac hyper-
tension, arrhythmias, acute myocardial infarction, and sudden
death, may be associated with the findings described in the
present study and that, beyond these alterations, it is also
suggested that the indiscriminate use of AAS may bring serious
risks to the user in relation to general health.

de Souza et al.

It is possible to see the great importance of studies related
to AAS due to the increasing use of these substances in
supraphysiological doses for non-medical purposes also by
sedentary individuals who believe in the increase of mus-
cular mass without physical effort.

Financial Support

The authors thank the financial support for accomplish-
ment of this work provided by the Foundation of Support
to Research of State of Minas Gerais (FAPEMIG, in the
Portuguese acronym - Fundacdo de Amparo a Pesquisa do
Estado de Minas Gerais).

Conflicts of Interest
The authors have no conflicts of interest to declare.

References

Armstrong JM, Avant RA, Charchenko CM, et al. Impact of anabolic

androgenic steroids on sexual function. Transl Androl Urol 2018;7

(03):483-489. Doi: 10.21037/tau.2018.04.23

YuJG, Bonnerud P, Eriksson A, Stal PS, Tegner Y, Malm C. Effects of

long term supplementation of anabolic androgen steroids on

human skeletal muscle. PLoS One 2014;9(09):e105330. Doi:

10.1371/journal.pone.0105330

Cunha TS, Cunha NS, Moura MJCS, et al. Esteroides anabdlicos

androgénicos e sua relagdo com a pratica desportiva. Revista

Brasileira de Ciéncias Farmacéuticas 2014;40(02):165-179

Molero Y, Bakshi AS, Gripenberg ]. lllicit Drug Use Among Gym-

Goers: a Cross-sectional Study of Gym-Goers in Sweden. Sports

Med Open 2017;3(01):31

Akcakoyun M, Alizade E, Glindogdu R, et al. Long-term anabolic

androgenic steroid use is associated with increased atrial elec-

tromechanical delay in male bodybuilders. BioMed Res Int 2014;

2014:451520. Doi: 10.1155/2014/451520

Lima AP. CARDOSO FB. Alteragdes fisiologicas e efeitos colaterais

decorrentes da utilizacdo de esteroides anabolizantes androgén-

icos. Revista Brasileira de Ciéncias da Satde 2011;9(29):39-46.

Doi: 10.13037/rbcs.vol9n29.1252

Ferreira UMG, Ferreira ACD, Azevedo AMP, et al. Esteroides

Anabélicos Androgénicos. Rev Brasileira em Promocao da Satde

2007;20(04):267-275

Bachman E, Travison TG, Basaria S, et al. Testosterone induces

erythrocytosis via increased erythropoietin and suppressed hep-

cidin: evidence for a new erythropoietin/hemoglobin set point.

J Gerontol A Biol Sci Med Sci 2014;69(06):725-735. Doi: 10.1093/

gerona/glt154

Alves DM, Silva MSO, Zavan B, et al. Morphometric analysis of

mice’s ventricular myocardium submitted to androgenic anabo-

lizing steroids use. Journal of Morphological Science 2015;32(01):

33-36. Doi: 10.4322/jms.071614

10 Lip GYH, Felmeden DC, Li-Saw-Hee FL, Beevers DG. Hypertensive
heart disease. A complex syndrome or a hypertensive ‘cardio-
myopathy’? Eur Heart ] 2000;21(20):1653-1665. Doi: 10.1053/
euhj.2000.2339

11 Nucci RAB, Tanasov VS, Krause Neto W, et al. Testosterone
Administration Alters Hepatic Blood Flow Across Age: Systematic
Review of Animal Experimental Studies. ] Morphol Sci 2018;35
(02):96-100. Doi: 10.1055/s-0038-1669470

12 Caliman IF, Bernabe CS, de Melo AF Jr, et al. Long-term treatment
with Nandrolone Decanoate impairs mesenteric vascular relaxa-
tion in both sedentary and exercised female rats. Steroids 2017;
120:7-18. Doi: 10.1016/j.steroids.2017.02.001

13 Tofighi A, Shirpoor M, Ansari MHK, Shirpoor A, Zerehpoosh M.
The effect of nandrolone treatment with and without enforced

—_

N

w

n

€]

[e)]

~

(<)

=}

Journal of Morphological Sciences  Vol. 36 No. 2/2019

95



96

Effects of Supraphysiological Doses of Steroids on the Left Ventricle

Journal of Morphological Sciences

swimming on histological and biochemical changes in the heart
and coronary artery of male rats. Anatol ] Cardiol 2017;17(03):
176-183. Doi: 10.14744/Anatol]JCardiol.2016.7333

Moreira WF, Scoss DM. Risco do Uso Indiscriminado de Esteréides
Androgénicos Anabolizantes na Hipertrofia Muscular. Revista
ENAF Science 2016;11(01):371-383

Seara FAC, Barbosa RAQ, de Oliveira DF, et al. Administration of
anabolic steroid during adolescence induces long-term cardiac
hypertrophy and increases susceptibility to ischemia/reperfusion
injury in adult Wistar rats. ] Steroid Biochem Mol Biol 2017;
171:34-42. Doi: 10.1016/j.jsbmb.2017.01.012

Nascimento AM, Lima EM, Brasil GA, et al. Serca2a and Na(+)/Ca
(2+) exchanger are involved in left ventricular function following
cardiac remodelling of female rats treated with anabolic andro-
genic steroid. Toxicol Appl Pharmacol 2016;301:22-30. Doi:
10.1016/j.taap.2016.04.001

Unver S, Kavlak E, Gumiisel HK, et al. Correlation between
hypervolemia, left ventricular hypertrophy and fibroblast growth
factor 23 in hemodialysis patients. Ren Fail 2015;37(06):
951-956. Doi: 10.3109/0886022X.2015.1052945

Rosano GMC, Spoletini [, Vitale C. Cardiovascular disease in women,
is it different to men? The role of sex hormones. Climacteric 2017;
20(02):125-128. Doi: 10.1080/13697137.2017.1291780

BARP.]. 2007. Avaliacao do dano oxidativo e fun¢do cardiovascular
em diferentes modelos de hiperhomocisteinemia: papel protetor
do folato e do estrogénio. Porto Alegre: Instituto de Ciéncias
Bésicas da Sadde; Universidade Federal do Rio Grande do Sul. 134
p. Tese de doutorado em Ciéncias Bioldgicas: Fisiologia

Vol. 36 No. 2/2019

20

21

22

23

24

25

26

de Souza et al.

Clark AS, Blasberg ME, Brandling-Bennett EM. Stanozolol, oxy-
metholone, and testosterone cypionate effects on the rat estrous
cycle. Physiol Behav 1998;63(02):287-295. Doi: 10.1016/s0031-
9384(97)00443-5

Pirompol P, Teekabut V, Weerachatyanukul W, Bupha-Intr T,
Wattanapermpool ]. Supra-physiological dose of testosterone
induces pathological cardiac hypertrophy. J Endocrinol 2016;
229(01):13-23. Doi: 10.1530/JOE-15-0506

Nascimento JH, Medei E. Cardiac effects of anabolic steroids:
hypertrophy, ischemia and electrical remodelling as potential
triggers of sudden death. Mini Rev Med Chem 2011;11(05):
425-429. Doi: 10.2174/138955711795445899

Tagarakis CV, Bloch W, Hartmann G, Hollmann W, Addicks K.
Anabolic steroids impair the exercise-induced growth of the
cardiac capillary bed. Int ] Sports Med 2000;21(06):412-418.
Doi: 10.1055/s-2000-3835

Arazi H, Mohammadjafari H, Asadi A. Use of anabolic androgenic
steroids produces greater oxidative stress responses to resistance
exercise in strength-trained men. Toxicol Rep 2017;4(04):282-286.
Doi: 10.1016/j.toxrep.2017.05.005

Karbasi S, Zaeemi M, Mohri M, Rashidlamir A, Moosavi Z.
Effects of testosterone enanthate and resistance training
on myocardium in Wistar rats; clinical and anatomical patho-
logy. Andrologia 2018;50(03):1-15. Doi: 10.1111/and.12908
dos Santos MR, Dias RG, Laterza MC, et al. Impaired post
exercise heart rate recovery in anabolic steroid users. Int ]
Sports Med 2013;34(10):931-935. Doi: 10.1055/s-0032-
1331741



THIEME

(0] 43\
ACCESS

Original Article

Morphometric Analysis of the Foramen Maghum
in Dry Human Skulls in Northeastern Brazil

Jalles Dantas de Lucena’
Gilberto Santos Cerqueira

Jodo Victor Souza Sanders? Hudson Martins de Brito?
3 |vson Bezerra da Silva®* André de S4 Braga Oliveira®

1 Department of Morphofunctional Sciences, Universidade Federal do Address for correspondence Ivson Bezerra da Silva, PhD,

Ceara, Fortaleza, CE, Brazil

Departamento de Morfologia, Universidade Federal da Paraiba -

2 Medical School, Universidade Federal do Ceard, Fortaleza, CE, Brazil  UFPB, Conj. Pres. Castelo Branco Ill, S/N, Jodo Pessoa, PB 58033-455,
3 Department of Morphology, Medical School, Universidade Federal Brasil (e-mail: ivsonbsilva@ccs.ufpb.br).

do Ceard, Fortaleza, CE, Brazil

4Department of Morphology, Health Science Center, Universidade
Federal da Paraiba, Jodo Pessoa, PB, Brazil

] Morphol Sci 2019;36:97-104.

Abstract

Keywords

= anatomy and
anthropology
brazil

|
= foramen magnum
= occipital bone
= skull
received
September 24, 2018
accepted

March 28, 2019

Introduction The successful identification of the deceased is vital to the progress of
any forensic investigation. This process of identification is facilitated by the determina-
tion of age, gender, and ethnicity. One of the main biological traits to be established
from skeletal remains is the gender of the individual. In situations in which there are
fragmented and mutilated skeletal remains, gender determination is relatively difficult,
and it becomes important to establish the accuracy of individual bones. The basal
region of the occipital bone is covered by a large volume of soft tissue and is therefore
in a relatively well-protected anatomical position and, as such, classification of gender
using the occipital bone may prove to be useful in cases of significantly disrupted
remains. The present study aims to describe and analyze the morphological aspects of
the foramen magnum (FM) in the population of the northeastern region of Brazil.
Material and Methods A total of 159 dry skulls (88 males and 71 females) were
subjected to measurement by a digital caliper (DIGIMESS®, Instrumentos de Precisdo
Ltda., Sao Paulo, Brazil) and was assessed for anteroposterior diameter (APD) and
transverse diameter (TD), FM area, FM index (FMI), anterior, posterior and maximum
lateral intercondylar distance. The measurement of all of these parameters sought to
classify the FM in nine different types.

Results The pentagonal type was the most found in males (11.31%), and the biconvex
in females (18.86%). The less frequent type in males was the pear type (2.53%), and in
females the less frequent types were the pentagonal and the heptagonal types (2.53%
each). Using the traditional anthropological classification of Martin et al,’ the most
common type of FM was the brachytrematous, with 49.68% of the total skulls. The APD,
TD and FM area were higher in males than in females, only in the oval FM type.
Conclusion The sexual dimorphism of the dimensions of the FM is established.
However, there is a wide variability in the shape and measures in different populations,
and to our knowledge this is the first study that shows the different types of the FM in
the population of the northeastern region of Brazil.
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Introduction

The foramen magnum (FM) is a large opening located at the
base of the skull, belonging to the occipital bone. Its borders
are very variable in shape and are formed by the anatomical
regions of the occipital bone. The anterior border of the FM
consists of the basilar process, the lateral border is formed by
the right and left occipital condyles, and the posterior border
is composed by the supraoccipital portion.’

Numerous noble and hard-to-access structures enter the
skull through this foramen, the main ones being the medulla
bulb, the spinal cord, the meninges, the vertebral arteries,
and some spinal nerve roots.? In addition, other structures
essential for the support and for the movement of the skull in
relation to the spine are associated with the limits of the FM,
such as the complex that forms the atlanto-occipital joint and
the membranes associated with it.3

The correlation between the morphological patterns of
the FM and the gender of the corpse to which the skull
belongs is relevant to the forensic practice. This approach is a
relatively simple and economically accessible alternative for
the sexual recognition of bodies in an advanced state of
degradation, in which this identification cannot be made
from superficial characteristics, as is the case of carbonized
victims.*?

The understanding of the anatomy of the FM and its
variations allows for a broader view in the radiological study
of pathologies associated with it, as well as a better planning
and technical refinement of the neurosurgical approaches to
this region,® such as, for example, the herniations of struc-
tures of the central nervous system (CNS) through the fora-
men in Arnold-Chiari Syndrome, foramen stenoses in
achondroplastic patients, specific meningiomas related to
this structure, bulbar tumors, and cases of platybasia with
invagination of the odontoid process through the FM.”-3

The present article aims to describe and analyze the
morphological aspects of the FM in the population of the
northeastern region of Brazil. This knowledge can serve as a
basis for therapeutic behavior in several serious neurological
conditions, related or not to sexual dimorphism, as well as to
forensic medicine.

Material and Methods

The present study corresponds to quantitative and qualitative
research. The morphometric analysis of the FM was conducted
in the Department of Morphology of the Universidade Federal
da Paraiba, Jodo Pessoa, state of Paraiba, Brazil, in the Depart-
ment of Morphology of the Universidade Federal do Ceara,
Fortaleza, state of Ceard, Brazil, and in the Laboratory of
Anatomy of the Faculdades Integradas de Patos, Patos, state
of Paraiba, Brazil. All of the universities are located in the
northeastern region of Brazil. The present study involved 88
male skulls and 71 female skulls, with the gender confirmation
done previously from the records of the departments. All of the
skulls belonged to adults > 18 years old.

Only skulls in a good state of conservation, allowing the
identification of the gender, derived from the northeastern
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region of Brazil, were used in the present study. Skulls of
children, damaged skulls, skulls with pathological condi-
tions, incomplete skulls, and skulls without gender identifi-
cation were excluded from the study.

The skulls were classified according to their gender, based
on the following Vanrell criteria: 1-massivity; 2-supraorbital
margin shape; 3-size of the occipital condyles; 4-degree of
inclination of the forehead; 5-size of the mastoid process size;
and 6-degree of prominence of anatomical accidents.

The FM had its form classified according to the criteria of
Aragdo et al:'% 1- pear; 2-oval; 3-rounded; 4-tetragonal; 5-
pentagonal; 6-hexagonal; 7-heptagonal; 8-biconvex; or 9-
irregular. Then, with a digital caliper (DIGIMESS®, Instrumen-
tos de Precisdo Ltda., Sdo Paulo, Brazil) of 0.01 mm accuracy,
the following FM morphometric parameters were measured
(=Fig. 1):

* The criterion for the measurement of the anteroposterior
diameter (APD) of the FM was the distance between the
basion (the midpoint of the anterior margin of the FM)
and the opisthion (the midpoint of the posterior margin of
the FM). The criterion for measuring the transverse dia-
meter (TD) was the distance between the lateral margins
of the FM, at the point of the greatest lateral curvature
(=Fig. 1). The area of the FM was calculated using the
equations by Teixeira:'': Area = 1 x [(APD x TD)/4]%; and
by Routal et al'%: Area = % x 7t x APD x TD.

» The anterior intercondylar distance (AID), which is the
minimum distance between the medial margins of the
occipital condyles, the posterior intercondylar distance
(PID), which is the maximum distance between the
medial margins of the occipital condyles, and the max-
imum lateral intercondylar distance (MLID), which is the
maximum distance between the lateral margins of the
occipital condyles, were measured.

« Using an original anthropological formula by Martin et al,'3
the FM index (FMI) was calculated as follows: FMI = TD/
APD [absolute value]or = 100 x [foramen magnum breadth
(FmB)/foramen magnum length (FmL)] [relative value; %]).

» Based on the APD and on the DT of the FM, its shape was
divided into oval or rounded. The rounded shape was
defined as a TD/APD quotient between 0.9 and 1.1 (90-
110%). Skulls with a value below or above this range were
included within the oval-longitudinal or oval-horizontal
types, respectively.

« Based on the FMI,'3 the FM was classified into 1 of 3 three
groups: dolichocephalous (oval, index < 81.9), mesoce-
phalous (flat oval, index = 81.9-85.9), and brachycepha-
lous (rounded index > 86.0).

Data were presented as: mean, maximum and minimum
values, standard deviation (SD) and standard error of mean
(SEM). The distribution of these data was evaluated by the
Kolmogorov-Smirnov test. Differences between males and
females were analyzed using the Student-t test. A level of
significance of p < 0.05 was used as a criterion of signifi-
cance. The IBM SPSS Statistics for Windows, Version 20.0
(IBM Corp., Armonk, NY, USA) was used for the statistical
analyzes.
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Fig. 1 An adult human skull base view. Occipital measurements. (A) a. Anteroposterior distance of the foramen magnum (APD), b. Transversal
diameter of the foramen magnum (TD). (B) Adult human skull base view. Occipital measurements. a. Anterior intercondylar distance (AID), b.
Posterior intercondylar distance (PID), c. Maximum lateral intercondylar distance (MLID).

Results

All of the 9 FM types that were identified by Aragio et al'®
were seen in the present study, in the evaluated population
(=Table 1). In males, the FM types were separated by
tetragonal, pentagonal and hexagonal, with 15, 18 and 16
cases, respectively. In females, the biconvex FM was the most
common, with 19 cases. The pear type was the least frequent
type in males, with 4 cases; in females, the pentagonal and
heptagonal types were the least frequent, both with 4 cases
(=Table 1).

The morphometric parameters of the FM recorded in dry
skulls are represented in =~Table 2. Differences between male
and female FMs were calculated, and it was found that the
dimensions were significantly higher in males compared
with females (p < 0.05), except for the FMI and for the PID.

Table 1 Frequencies of the different morphological types of the
foramen magnum according the classification by Aragao et al,'®in
relation to gender among the examined skulls

Shapes of the | Gender
2;;':3;:‘ Male Female Total

n % n % n %
Pear 4 | 253 9 5.67 13 8.2
Oval 5 3.13 9 5.67 14 8.8
Rounded 9 5.67 6 | 3.76 15 9.43
Tetragonal 15 ] 9.44 5 3.13 20 12.57
Pentagonal 181 11.31 | 4 2.53 22 13.84
Hexagonal 16 | 10.06 | 9 5.67 25 15.73
Heptagonal 5 3.13 4 | 253 9 5.66
Biconvex 11 | 6.95 19 | 11.93 | 30 18.86
Irregular 5 3.13 6 3.76 11 6.91
Total 88 | 55.35 | 71 | 44.65 | 159 | 100.0

Using the traditional anthropological classification of
Martin et al,'> the most common type of FM was brachy-
trematous, which was observed in 79 cases in males and
females. Less frequently, mesothematous (18 male and 12
female) and dolichotrematous (26 male and 24 female) types
were also seen (=Table 3).

When the oval-type FM was analyzed, it was observed
that the APD, the TD, and the FM area were higher in males
than in females. However, there was no difference between
these parameters in the genres studied when the FM of the
rounded type was analyzed (~Table 4).

When the APD and the TD were compared between the oval
and rounded forms of the FM, higher values of APD were
observed in both genders in the oval form and higher values of
TD were observed in both genders in the rounded form. There
were no differences between the oval and rounded forms with
respect to the FM area in both genders (~Table 4).

Discussion

The differences in shape of the FM seem to be related to
gender and ethnicity.'* Various studies suggest different
shapes of the FM; however, the most common shapes are
the oval, hexagonal, and round sh.alpes.””16 Based on the
results of the present study, the most common forms of the
FM are the tetragonal, the pentagonal and the hexagonal
shapes in males, and the biconvex in females.

The FM is a morphologically variable osteological feature
in the skull that has undergone evolutionary changes.'®~18
The shape and morphological variations of the FM are
important in neurological interpretation. In an ovoid type
of the FM, for example, the surgeon may find it difficult to
explore the anterior portion of the FM.'®

The shape of the FM can also be determined by using the
FMI. Muthukumar et al have considered the FM to be oval
when the FMI was > 1.2, and they considered the rest (FMI
< 1.2)as round.?® A similar sized lesion located anterior to the
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Table 2 Gender difference for the foramen magnum and other craniometric measurements in males and females

Variables Male (n = 88) Female (n = 71) p-value
Range Mean SD SEM Range Mean sD SEM {2 et
Foramen magnum | 29.16-43.81 35.01 3.03 0.32 22.08-41.17 33.92 3.19 0.37 0.028

anteroposterior
diameter (mm)

Foramen magnum | 22.63-37.84 30.12 2.95 0.31 20.37-36.32 28.91 2.83 0.33 0.010
transverse

diameter (mm)

Foramen 576.93-1174.47 | 839.83 | 131.75 | 13.44 | 429.46-1154.21 | 773.13 | 127.94 | 14.21 | 0.001

magnum area
of Teixeira (mm?)

Foramen 570.01-1169.24 | 833.46 | 131.34 | 13.40 | 370.73-1150.26 | 765.47 | 130.52 | 14.50 | 0.001
magnum area
of Routal (mm?)

Foramen 67.92-123.98 86.74 | 8.61 0.87 | 46.00-132.60 85.36 | 10.82 | 1.20 | 0.348
magnum

index (mm)

Anterior 13.08-27.16 18.81 2.67 0.33 | 9.32-28.93 17.00 | 3.71 0.50 | 0.0028

intercondylar
distance (mm)

Posterior 26.97-39.38 32.36 3.08 0.40 25.54-45.99 32.86 5.75 0.78 0.564
intercondylar
distance (mm)

Maximum lateral | 42.05-58.19 48.73 | 3.52 0.45 | 38.36-57.38 45.67 | 3.85 0.51 0.0001
intercondylar
distance (mm)

Abbreviations: SD, Standard deviation; SEM, Standard error of mean.

Table 3 Frequency of the dolichotrematous, mesotrematous and brachytrematous foramen magnume in male and female skulls

FM type (Fm index)* Male (n = 88) Female (n = 71)

n Mean SD n Mean SD
Dolichotrematous (< 81.9) 26 76.81 4.03 24 74.72 8.36
Mesotrematous (81.9-85.9) 18 84.30 1.15 12 83.62 1.37
Brachytrematous (> 86.0) 44 92.75 6.07 35 92.83 8.35

Abbreviation: FM, foramen magnum.
“FM index (%) according to the Martin et al'® formula = (FMTD | FMAPD) x 100. *Standard deviation (SD).

Table 4 Diameters of the foramen magnus (mean + standard deviation) in male and female skulls with longitudinal oval- and
round-like types of the foramen magnus

Variables Oval-like Round-like

Male Female p-value | Male Female P
Anteroposterior | 36.02 + 2.97" 34.63 £+ 2.56 0.010 33.09 + 2.22# 32.14 + 2.54# 0.0001; 0.001
diameter (mm)
Transverse 29.41 + 2.86" 27.98 + 3.34 0.018 31.00 + 2.07# 30.50 + 2.294# 0.011; 0.003
diameter (mm)
Foramen 836.67 + 140.85" | 764.34 + 132.38 | 0.007 791.82 +91.84 | 773.56 + 116.54

magnum area of
Routal (mm?)

Foramen 846.08 + 141.01" | 774.63 + 128.13 | 0.007 792.79 +£91.96 | 774.42 + 116.61
magnum area of
Teixeira (mm?)

“male versus female; #oval-like versus round-like.
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Table 5 Comparison of the anteroposterior diameter, of the transverse diameter (mm), and of the area (mm?) of the foramen
magnus in different populations

Journal of Morphological Sciences

Author and year Origin Gener | Sample | Anteroposterior | Transverse Area of the
size diameter (mm) | diameter foramen
(mm) magnus (mm?)
South America
Present study Brazil Male 88 35.01 + 3.03 30.12 £ 2.95 | 839.83 + 131.75°
833.46 + 131.34°
Female | 71 33.92 + 3.19 28.91 £2.83 | 773.13 £ 127.94°
765.47 + 130.52°
Pires et al, 201636 Brazil Male/ 77 34.23 + 2.54 28.62 £2.83 | 772.4 £ 116.7¢
Female
Damiani et al, 201237 Brazil Male/ 17/23 34.78 + 2.19 28.69 + 2.73 | 907,25 + 192
Female
Manoel et al, 200928 Brazil Male 139 35.7 +0.29 30.34+0.20 | n/a
Female | 76 35.1 +£0.33 29.4 +0.23 n/a
Suazo et al, 200938 Brazil Male 144 36.5 + 2.6 30.6 £ 2.5 n/a
Female | 71 35.6 +2.5 295+ 1.9 n/a
Teixeira, 1982 Brazil Male 20 n/a n/a 963.73 + 140°
Female | 20 n/a n/a 805.65 + 105°
Espinoza et al, 2011%° Chile Male 50 374 £33 31.9 £ 2.6 877 £ 125
Female | 50 35.6 + 3.0 30.1 £ 2.4 798 + 115
Isaza et al, 20140 Columbia Male 121 22.66 +2.17 30.27 £2.02 | n/a
Female | 128 20.97 + 1.86 27.75 £2.29 | n/a
North America
Wanebo et al 20014 USA Male/ | 32 36 +3 3142 608.4 + 121
Female
Milhorat et al, 2010%2 USA Male/ | 25/55 | 32.5+3.17 308 £574 | 787.70 £ 118.4
Female
Europe
Catalina-Herrera, 198743 Spain Male 74 36.2 +£0.3 311+ 0.3 888.4 + 13.9°
Female | 26 343 + 0.4 29.6 £ 0.3 801 &+ 17.4°
Macaluso, 201144 France Male 36 35.38 + 2.27 30.72 £ 2.11 | 860.27 + 94.54°
854.80 + 93.79°
Female | 32 34.90 + 2.26 29.40 + 2.63 | 815.13 + 106.29°
807.86 + 107.58"
Gapert et al, 2009° UK Male 82 35.91 + 2.41 30.51 £ 1.77 | 868.95 + 96.36"
862.41 + 94.79°
Female | 76 34,71 +£ 1.91 29.36 £ 1.96 | 808.14 + 85.40°
801.78 + 85.43°
Gapert et al, 2013% UK Male 69 35.79 + 2.36 30.48 + 1.86 | n/a
Female | 66 34.78 + 1.97 29.35 +£2.06 | n/a
Gruber et al, 20094 Central European | Male 28 37.1 + 2.7 324 +24 n/a
Female | 21 35.8 +£3.5 31.0 + 2.8 n/a
Burdan et al, 201224 Eastern European | Male 142 37.06 + 3.07 32.98 +£2.78 | 877.40 +£ 131.64
Female | 171 35.47 + 2.60 30.95 + 2.71 | 781.57 +93.74
Asia
Murshed et al, 2003'® Turkey Male 57 37.2 +3.43 31.6 +2.99 | 931.7 + 144.29
Female | 53 34.6 + 3.16 29.3 +£ 2.19 795.0 4+ 99.32
(Continued)
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Author and year Origin Gener | Sample | Anteroposterior | Transverse Area of the
size diameter (mm) | diameter foramen
(mm) magnus (mm?)
Aghakhani et al, 2016>* | Iran Male 50 37.71 + 1.00 31.68 + 1.26 | 946.66 + 61.94°
939.47 + 62.48°
Female | 50 34.37 + 1.46 28.34 + 1.43 | 773.96 + 70.39°
766.81 + 70.30°
Routal et al, 19842 India Male 104 35.5 + 2.8 32.0 + 2.8 819.0 + 94°
Female | 37 296 £ 1.9 271 +£16 771.0 + 90°
Jain et al, 2014%° India Male 70 36.2 + 3.0 313 +24 909 + 1297
895 + 126°
Female | 70 34.0 £2.7 28.3 +£2.0 775 + 107°
759 + 102°
Vinutha et al, 20162’ India Male 100 33.37 +2.33 27.4 £2.44 | 727.5 + 83.12°
718.41 + 83.75°
Female | 100 29.72 + 1.89 24.73 + 2.05 | 583.71 + 63.58°
577.52 + 64.36°
Madadin et al, 20174° Saudi Arabia Male 100 37.21 + 2.15 31.65 + 2.25 | 925.84 + 98.20
Female | 100 36.10 + 2.65 30.60 + 2.47 | 869.80 + 122.75
Africa
Ukoha et al, 201147 Nigeria Male 90 36.26 + 2.39 30.09 + 2.58 | 857.30¢
Female | 10 34.39 + 3.88 28.16 + 1.99 | 760.94¢
Osunwoke et al, 2012*® | Nigeria Male/ | 120 36.11 + 2.60 29.56 + 2.60 | n/a
Female

Area = Tt x [(APD + TD) | 4]? (Teixeira formula).11
bArea = ¥ x 1 x APD x TD (Routal formula).'?
Area = V4 x T x TD x APD (Radinsky formula).°
9Area =t x 12, C = 2 x T x r (Gapert formula).5

“Mean + standard error of mean instead of standard deviation. n/a - unknown data.

brainstem will require more extensive bone removal in a
person with an ovoid FM than in a person with a round FM.
In 20% of the skulls, the occipital condyle protruded signifi-
cantly into the FM. As a result, a patient with a round FM,
without significant protrusion of the occipital condyles into
the FM, will require less bony resection than a patient with an
ovoid FM with medially protuberant and sagittaly inclined
occipital condyles, even though both patients present similar
lesions.’

In our study, the FMI suggested by Martin et al was
considered.’® The round-like form is characterized by the
index between 0.9 and 1.1 (90-110%), while structures
with a value below or above this index are called long-
itudinal and horizontal oval-like, respectively. Based on the
index value, it is also possible to classify the FM into one of
the three groups: dolichotrematous (oval; index < 81.9),
mesotrematous (flattened oval; index = 81.9-85.9) and
brachytrematous (round, index > 86.0). In our study, a
high predilection of brachytrematous in male and female
FMs was found (79 cases). In adult native South Africans,
the most common type of FM was dolichotrematous, with a
low frequency of meso- and brachytrematous.?? However, a
much higher value of the index (71.0-111.0%) was present
in other populations.>'3-23-26
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The parameters associated with the FM, such as the APD of
the FM, the TD of the FM, the AID, the MLID, and the FM area
had a high sensitivity and specificity for the determination of
gender; however, the FMI and the PID had less specificity.

In our study, the APD was 35.01 mmin malesand 33.92 mm
in females. The index shows some varieties in different studies.
The APD values vary from 29.16 mm to 43.81 mm in men and
from 22.08 mm to 41.17 mm in women. According to some
reports, the APD is larger in men than in women.>'>-16.24.27-33

The TD was 28.91 mm in women and 30.12 mm in men. In
other studies, the mean TD was reported differently, from
29.5 mm to 31.6 mm in men and from 27.1 to 294 in
women; the reported diameters are larger in men than in
women,>15.16.18,24,27-33

The FM area has been calculated between 862.41 and 931.7
mm? in men and between 765.29 and 819.01 mm? in
women,*>16:30-33 1 our study, various diameters were rela-
tively smaller than those found in other studies, and it is likely
that the FM in the Iranian community would be larger than in
other ethnic groups.3* It seems that different ethnic groups
have differences in the dimensions of the FM. Hence, it is not
possible to set a specific cutoff point for all human beings.
Another reason for these differences could be due to the
method of measurement (via computed tomography [CT]



scan or direct measurement of the skull). After puberty, age
does not affect the size of the FM. Therefore, differences in the
results of various studies could not be due to the age of the
samples and there is no need to consider age while determin-
ing gender based on the dimensions of the FM.3

The degree of expression of sexual dimorphism within the
FM dimensions may be explained by its development. Com-
pared with many other skeletal elements, the FM reaches its
adult size rather early in childhood and is unlikely to respond
to significant secondary sexual changes. No muscles act upon
the shape and size of the FM, its prime function is to accom-
modate the passage of structures into and out of the region of
the cranial base, particularly the medulla oblongata, which
occupies the greatest proportion of the space of the foramina.
As the nervous system is the most precocious of all of the body
systems, it reaches maturity at a very young age and, therefore,
has no requirement to increase in size. This is evidenced by the
completion of fusion of the different elements of the occipital
bone by between 5 and 7 years of age.>*!

Conclusion

Gender determination in missing or damaged skeletal
remains is a major problem in forensic medicine. To this
end, numerous anatomic parameters, such as shape and
dimensions of the FM, should be taken into consideration
to solve this problem. Since the FM has a regular structure
and is located in an area that is less prone to injury, it can be
used as a helpful tool for gender determination. Neverthe-
less, to utilize these indicators, it is required to have local
data of each country and their specific regions, as there are
countries, Brazil being one example, that have an extensive
population. By combining qualitative data with quantitative
ones, performing these studies is of great value for forensic
medicine as well as for neurosurgeons.
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Abstract Background Three-dimensional (3D) virtual models are novel tools to teach veter-
inary anatomy.

Objective The aim of the present study was to create a 3D cat image software and a
library of cross-sectional images.

Methods Modeling of the 3D cat organs and structures was done with Autodesk Maya,
version 2017 (Autodesk Inc., San Rafael, California, USA) and ZBrush, version 4R7 (Pixologic,
Los Angeles, CA, USA) software. In order to obtain the images for the library, three cadavers
of adult cats were used, with the following techniques: 1) scanning by magnetic resonance
imaging (MRI) at 3-mm intervals, 2) scanning by computed tomography (CT) at 2-mm
intervals, and 3) photographing of 178 transverse cuts at 2.5-mm intervals from the frozen
cadavers. Out of all the images, thirty images of each technique were selected. An
interactive software was developed with the modeled 3D cat and the selected images using
Unity, version 5.4 (Unity Technologies, San Francisco, CA, USA).

Results A virtual 3D cat model was obtained with 418 labeled structures of the skeletal,
muscular, circulatory, nervous, respiratory, digestive, urinary, and integqumentary systems.
The virtual interface enables the manipulation of the 3D catin all views and the visualization
of the selected images in a chosen localization along the body of the cat. The library of
images allows comparison among CT, MRI and photographs of transverse cuts.
Conclusions The software interface facilitates the access to the content for the user.
Sectionalimages of the cat and of its body structures can be easily understood. This new 3D
software of cat anatomy is another tool that can be used in teaching veterinary anatomy.
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= three-dimensional
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resources

Introduction

Virtual models are interesting tools that show anatomy in a
hyper-realistic way through three-dimensional (3D) virtual
objects representing anatomical structures.'™ Compared
with static images or videos, 3D virtual objects allow the
creation of realistic and interactive virtual spaces.3'5

These models allow taking out parts or systems of the
body, such as the skeleton, organs, or vascular structures,
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virtually mimicking a body dissection. The user can visualize
and manipulate the structures according to their interest,
even beyond what reality allows.>® In addition, a large
number of structures and organs can be shown in a simpli-
fied, clear, and illustrative way, due to interfaces that facil-
itate their display and manipulation according to the
particular interest of the user.*”’ In this respect, the use of
virtual models is a new tool that facilitates the understand-
ing of the localization of anatomical structures.8-1°
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It is important to highlight the quality and realism of 3D
models compared with traditional anatomical drawings, and
the possibility of viewing from several angles for easier inter-
pretation and understanding. %' Additionally, these models
allow the simulation or the visualization of physiological and
dynamic processes.' 1-13 For example, recreating natural pro-
cesses such as the heartbeat or the movement of the body or ofa
limb in a virtual way allows analyzing them in more detail.'14

The increasing use of advanced imaging diagnostic tech-
niques such as computed tomography (CT) and magnetic
resonance imaging (MRI) in veterinary medicine, especially
in small animal practice, requires a deep knowledge of
anatomy.®®'> Interactive virtual models based on cross-
sections, MRI, and CT images facilitate the understanding
of the anatomy and, consequently, a better interpretation of
the image for future diagnosis purposes.'®'?

The complexity of 3D models requires the development of
navigation systems that provide fast and dynamic explora-
tion of scenes."*>13 User interface approaches facilitate a
precise composition of the scene and its exploration accord-
ing to the conditions considered appropriate. In addition, the
animation combined with the interaction facilitates the
rapid exploration of complicated scenes.*~’

In human anatomy, multiple virtual 3D models of the
body have been developed to support teaching in a detailed
way, allowing the development of simulators of physiological
cycles.!'=13:16-20 |y yeterinary medicine, several models that
cover the entire body of the animal have been developed for
dogs and mice.'+21-23

The aim of the present work was to develop an interactive
3D cat virtual model and an image library using transverse
MR], CT, and photograph images of the entire body of the cat.

Materials and Methods

Ethics

The present study was approved by the Ethics Committee for
Animal Experimentation of the Universidad de Antioquia
(CEEA-03/10/2014).

Preparation of the Cadaver

A fresh cadaver of an adult 4 Kg male mongrel cat was donated
to the Hospital Veterinario de la Universidad de Antioquia. The
cause of death was an acute infectious process that did not
affect its anatomy. It was kept refrigerated (between 4 and 0°C)
for ~ 10 hours, while the initial positioning and freezing
process was started. No fixation or vascular perfusion with
any substance was performed to avoid any alteration in the
anatomy. The cadaver was prepared as follows: positioned in
left lateral decubitus with the head slightly elevated on a
blanket above the level of the trunk, the forelimbs parallel
and flexed at the humeral, ulnar and carpal joints; similarly,
both hind limbs were parallel and flexed at the hip, stifle and
tarsus joints. Finally, the tail was flexed laterally, parallel to the
trunk (=Fig. 1A). The cadaver was frozen at - 20°C for 48 hours.
An open wooden box was wrapped with polystyrene
(=~Fig. 1B), filled with ~ 2 cm of embedding fluid (94.5% water,
5% gelatin, 0.5% methylene blue), and put into a deep freezer at -
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20°C. When the fluid was frozen, the cadaver was placed inside
the box (=Fig. 1C), and embedding fluid was added until 50% of
the body was covered to be frozen again. Finally, the remaining
space of the box was completed with embedding fluid and
frozen at - 20°C for 1 week. A frozen block of embedding fluid
was obtained with the cadaver positioned inside (~Fig. 1D).

Sectioning of the Cadaver

A band saw (Generic butcher cutter band) was used for the
cutting process. The band saw had a load tray, adjustable
stop, guides for the band, and rubber feet. The load tray had
a raised edge on one of its sides and moved on a rail in the
direction of the saw, the adjustable stop allowed to limit the
cutting space as desired, the guides for the band kept the
position of the cutting blade stable preventing displace-
ments and keeping the cut on the same plane, and the
rubber feet were non-slip to avoid machine movements that
deflect the band at the time of cutting. The band used was a
27 mm wide, 1.6 mm thick steel blade (Baileigh Industrial,
California, USA), with 4 teeth per inch of length. The
sectioning process was made from cranial to caudal, making
serial cross-sections of the animal with a thickness of
2.5 mm between cuts. The frozen block was removed
from the wooden box, inside the polystyrene. Before start-
ing the sectioning, and using a digital caliper (Mitutoyo
Corporation, Tokio, Japan) (accuracy of 0.01 mm) to mea-
sure the distance, the adjustable stop was fixed to a space of
2.5 mm from the cutting blade to fix the cuts to this
thickness. Then, the frozen block was carefully placed on
the load tray, keeping the left side of the face resting on the
raised edge of the tray and the cranial face supported by the
adjustable stop, the machine was turned on, the tray was
moved, a complete cut of the surface was made and then the
machine was turned off. No slices were obtained but ground
tissues, because of the low temperature of the block. The
frozen block was taken to the photograph table and posi-
tioned with the freshly-cut side facing the camera. The
surface was cleaned with 80% ethyl alcohol cooled to -
20°C, to remove the remaining frost and debris, and the
photographic capture of the cut surface was made. Each
cutting process involved measuring again the thickness of
the cut and carefully positioning the block in the machine.
The block was frozen again at - 20°C after 2 hours of work,
preventing melting. The cutting process was performed
until the entire cat was sectioned and photographed.

Image Capture and Photography

Artificial lighting under white light fluorescent lamps was
used to photograph each sectioned surface with a Nikon
D5500 (Nikon Corporation, Tokyo, Japan) digital camera
equipped with a 55-300 lens. As the laboratory had several
windows, the photographs were taken at night to avoid the
effect of natural light. The camera was installed on a Beston
3560 tripod (Beston, Bogotd, Colombia) stand at a fixed
distance and height from the metal table, so that the framing
included the area of the cut surface of the block, and the
plane of the cut surface was parallel to the framing plane of
the photograph. After cutting, the frozen block was placed on
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Fig. 1 Preparation of the cadaver. (A) Cadaver positioned with flexed limbs and tail. (B) Wooden box made with polystyrene cover. (C) Cadaver
frozen and positioned inside the box before the embedding process. (D) Box with frozen block of embedded fluid with the cadaver inside.

the metal table in a predetermined position, the surface was
cleaned as already mentioned, and the photographs were
taken (automatic focus, aperture f 9, ISO 400, shooting speed
1/15). All of the photographs had the same technical and
lighting characteristics, and were stored in the internal
memory of the camera and in a computer.

Computed Tomography and Magnetic Resonance
Imaging Images

The Universidad Nacional de Colombia provided 2 cadavers
of adult male mongrel cats (approximate weight: 4 Kg, no age
data available), one for scanning by CT, and the other for
scanning by MRI. The cadavers were preserved at - 20°C until
usage. For the scanning procedures, the animals were
thawed and placed in sternal recumbency with the limbs
and neck in hyperextension. One of the cadavers was
scanned by CT with a Philips Tomoscan AV (Philips Health-
care, Amsterdam, Netherlands) at 2 mm intervals, while the
other cadaver was scanned by MRI with an Esaote Vet-MR
0.25 Tesla (Esaote, Genoa, Italy) at 3-mm intervals.

Three-dimensional Modeling
The modeling of the complete anatomy of a feline was made
using Autodesk Maya, version 2017, (Autodesk Inc., San

Rafael, California, USA) and ZBrush, version 4R7 (Pixologic,
Los Angeles, CA, USA) software. Three-dimensional objects
for the structures and organs of the animal were created and
then linked to form a complete 3D cat.

Development of the Interactive Virtual Software

An interactive virtual software was developed with the 3D
cat and images library using Unity, version 5.4 (Unity Tech-
nologies, San Francisco, CA, USA). For the image library, 30
representative equivalent images from each technique were
selected, for a total of 90 images of the entire body of the
animal. All of the images were edited to match the same
resolution characteristics (1,024 x 1,024 pixels), filter, back-
ground, and labels. The CT and MRI images were transformed
from the DICOM format to JPG.

Results

Sectioning and Photography
Atotal of 178 cross-sectional photographs of the frozen block
of the entire cat cadaver were obtained with 2.5-mm inter-
vals. The images were converted to JPG files (file size 13.4
MB/image, total file size 2.3 GB) with a resolution of
6,000 x 4,000 pixels (~Table 1).
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Table 1 Quantity and characteristics of the different types of images obtained

Images Type Quantity Intervals Resolution (Pixels) | Size Format
Magnetic resonance imaging 135 3 mm 512 x 512 146 KB DICOM
Computed tomography 330 2 mm 512 x 512 329 KB DICOM
Photographs 178 2.5 mm 6,000 x 4,000 13.4 MB JPG
Total 643

Abbreviations: DICOM, digital imaging and communications; JPEG, joint photographic experts group.

The photographs showed the anatomy of the animal with
detail. All of the organs and many of the structures throughout
the body could be identified and differentiated. The color of the
photographs facilitated the differentiation of a great variety of
structures - for example, the gray and white matter (~Fig. 2A).
The continuity of structures, such as of the trachea, of the
cranial vena cava, of the aorta, and of the spinal cord, could be
appreciated. Differentiated structures included individual mus-
cles (i.e., the supraspinatus, the triceps brachii, and the quad-
riceps femoris muscles), bones (i.e., the femur, the ulna, and the
sternum), and organs (i.e.,, the mucosa of the stomach, the
parenchyma of the liver, and the renal marrow and cortex).
Some small (i.e., the meninges, and the skin) and large struc-
tures (i.e., coxal, intestines) could also be recognized, but others,
such as small blood vessels, were not discernible (~Fig. 2).

Computed Tomography and Magnetic Resonance
Imaging Images

Atotal of 135 MRIimages were obtained at 3-mm intervals (file
size 146 KB/image, total file size 20 MB) with a resolution of
512 x 512 pixels. The images showed in detail several anato-
mical structures and organs of the cat (~Fig. 3). The different
gray gradations allowed the differentiation between tissue
types (muscle, bone, air, and fluids), cavities (i.e., the frontal
sinus), solid organs (i.e., the liver, the lungs) and hollow organs
(i.e., the stomach). The continuity of structures such as of the
trachea and of the spinal cord was easily discerned. Among
others, some of the structures that were easily recognized
included: muscle groups (i.e., the sublumbar muscles), bones
(i.e., the jawbone, the ribs, the sternum), the interior of some
organs (i.e., lumen of the bowel, parenchyma of the liver,
interior of the eye), structures of medium (i.e., vertebral
bodies) and large dimensions (i.e., intestines). No small struc-
tures, such as blood vessels of medium and small caliber, could
be identified. In nervous tissues, the gray matter was not
distinguished from the white matter.

A total of 330 CT images were obtained using 2-mm
intervals (file size 329 KB/image, total file size 108 MB)
with a resolution of 512 x 512 pixels. The gray scales
allowed the differentiation of soft tissue structures with
poor detail (i.e., the liver, the stomach), but muscles could
not be differentiated. Spaces occupied by bone tissue and air
were clearly delineated. As with the MRI images, the con-
tinuity of structures, such as of the trachea and of the spinal
cord, could be clearly demarcated. Other easily identified
structures included air cavities (i.e., acoustic meatus, seg-
mental bronchi, gas in the intestine), bones (i.e., the radius,
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the femur, the sternum, the skull, the ribs), organs (i.e., the
heart, the lungs), and structures of medium (i.e., vertebrae)
and large size (i.e., coxal). No small structures, such as blood
vessels of medium or small caliber, could be identified. In
nervous tissue, the gray matter was not differentiated from
the white matter. In the abdominal cavity, the organs were
not easily recognized - for example, the kidney and the
spleen could not be identified (~Fig. 4).

Three-dimensional Modeling

A total of ~ 418 structures were modeled for the skeletal,
muscular, circulatory, nervous, respiratory, digestive, urin-
ary, and integumentary systems (=Fig. 5).

Development of the Interactive Virtual Software

Two user interfaces were created, one for viewing organ
systems of the 3D cat, another for viewing selected images. A
panel with icons for the visualization of every organ system
of the 3D cat was provided. The systems are activated by
clicking on the icon of each organ system and are deactivated
by clicking on the button again. Any system can be activated
individually, or several systems can be activated at the same
time. The images can be zoomed in and out, and can be
moved and rotated according to the interest of the user of the
3D cat panel. Additionally, several structures of different
systems stand out and their names are indicated when the
mouse is scrolled over them (~Fig. 6). The muscular system
structures have an additional command that allows them to
fade and reappear for easier visualization.

The interface for displaying the image library has an initial
screen that shows a cat with several points for the plane of
interest. By selecting a point, the user gains access to the next
screen, which shows the image of the corresponding CT slice
(by default), and a panel with buttons to compare every
image for any technique (MRI, photograph, or CT). When
scrolling the mouse over the selected image, the names of
some of the structures are disclosed (~Fig. 7).

A demo of the software is shown in a published YouTube
video (https://www.youtube.com/watch?v=Qr4XazpMCEg)
and a link is provided in it to allow free downloading.

Discussion

The preparation of a cadaver is crucial to obtain an animal
without alterations in anatomy, shape, and color. Embedding
was conducted in several stages to avoid air chambers that
could change the shape of the animal,'®'823 and fixation
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Fig. 2 Photographs of cross-sections of a cat cadaver. (A) Cranial region at the level of the brain, (B) thoracic region at the level of the second
thoracic vertebra, (C) abdominal region at level of the kidneys, and (D) the pelvic region at the level of the coxal joint. (1) Brain, (2) jawbone, (3)
masseter muscle, (4) humerus, (5) ulna and radius, (6) scapula, (7) right kidney, (8) stomach, (9) liver, (10) femur, (11) coxal, (12) rectum.

avoided alternations in the colors of the tissues.”??> Heparin
could not be injected previously to death in the cat we have
used; therefore, no substances were injected to highlight the
blood vessels, because the presence of clots in the circulatory
system may prevent the movement of any perfused substance
and cause an obstruction that could alter the anatomy.'®18.19

Proper sectioning requires freezing the cadaver at the
lowest possible temperature to obtain flat uniform surfaces
and avoid quick thawing. Although similar projects have
used freezing temperatures of - 80°C,'%18.19:22.23 jn our
case the freezer could only attain temperatures of - 20°C.
Despite this limitation, there were no problems with sec-
tioning due to thawing of the block, suggesting that - 20°C

canalso be used as an alternative temperature. To avoid rapid
thawing, a layer of polystyrene was used to wrap and isolate
the block, the sectioning was performed at night to avoid
daytime higher temperatures, and the surface was cleaned
with 70% alcohol cooled to - 20°C.'6-18.19

For image capturing, the body must be in an adequate
position so that the images recreate the actual anatomy.%?’
For the photographs, a quilted blanket was used to avoid
deformation of the area on which the cadaver was lying.
Because the cutting area of the bandsaw was limited, the
position was chosen to occupy the smallest space possible
that would be totally covered by the frozen block and by the
width of the cutting area.

Journal of Morphological Sciences  Vol. 36 No. 2/2019
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Fig. 3 Magnetic resonance imaging of (A) cranial region at the level of the frontal sinus, (B) thoracic region at the level of the second thoracic
vertebra, and the region of the abdomen (C) at the level of the liver and (D), at the level of the last lumbar vertebrae. (1) Frontal sinus, (2) nasal
cavity with turbinates, (3) jawbone, (4) scapula, (5) trachea, (6) sternum, (7) liver, (8) right lung, (9) vertebral body, (10) sublumbar muscles (10),

intestines, (12) epaxial muscles.

For absolute correspondence among the images, all of the
captions by every technique (MRI, CT and digital photo-
graphs) should be taken on the same animal and posi-
tions.'®2":22 We have obtained images with each method
from a different animal, in different positions, and at differ-
ent section intervals. A major limitation was the availability
of CT and MRI machines for veterinary use in the country. The
only available machines were in another city, so there was no
possibility of using the same animal due to the difficulty of
transporting a cadaver from one city to another. Additionally,
it was not possible to coordinate the two scanning processes
for the same day with the same animal. Even using the same

Journal of Morphological Sciences  Vol. 36 No. 2/2019

cadaver in similar projects report slight changes in position
between different types of images.'®'81° The images were
taken at different intervals due to the technical restrictions of
the MRI and CT machines. Although there was no complete
correspondence between the three techniques, a group of
images equivalent to each other was obtained, which also
allowed comparisons between the methods used.

The characteristics of the digital camera and of the light-
ing are decisive factors for the proper quality of the photo-
graphs. The capacity of the camera determines the resolution
of the photograph, which is determined by the number of
pixels. In the present study, a 24.2 megapixel camera was
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Fig. 4 Computed Tomography images of (A) cranial region at the level of the tympanic bulla, thoracic region (B) at the level of the second
thoracic vertebra, (C) at the level of the heart, and (D) pelvic region at the level of the coxal joint (D). (1) Acoustic meatus, (2) tympanic bulla, (3)
encephalon, (4) scapula, (5) sternum, (6) humerus, (7) thoracic vertebra, (8) heart, (9) left lung, (10) femur, (11) coxal, and (12) rectum.

used, providing an excellent resolution of the photo-
graphs.m'm']g'23 Because the lighting should be constant
and unchanged, the pictures were taken at night under
constant artificial light.?'-?2

The software developed in the present study has two
interfaces for easier navigation, one to explore the 3D cat
and another to explore the image library. The interface
approach for the 3D cat facilitates visualization and precise
scene composition. The user can create any scene of inter-
est, with the possibility of exploring the whole cat, a
certain region of interest, or a particular structure. Text
labels provide the name of the structure and the high-
lighting in color facilitates its recognition and location. The

interface of the image library allows comparing equivalent
images by CT, MRI and digital photographs, and rapid
changes between planes to facilitate the understanding of
sectional anatomy.

Compared with interactive virtual models, printed images
have the limitation that they are static and not expandable, the
labeling is often limited or incomplete, the number of views is
limited, and the spatial relationships are difficult to under-
stand.* Interactive virtual models reduce these limitations
and become a valuable educational tool. If this type of inter-
active virtual resource is incorporated into the curricula, it can
help to create a user-controlled learning experience that is
customized and adapted to different types of learners.>?
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ey

Fig. 5 Three-dimensional cat model of the anatomical systems. (A) Skeletal, (B) muscular, (C) digestive, (D) urinary, (E) respiratory, (F)
circulatory, (G) nervous systems, and (H) skin and exterior model of the cat.

Digestive , Supraspinatus
Muscle
Respiratory

Venous

Muscular

Nervous

PSAE
Caudal Lobe

Urinary
Venous
Arterial

. Muscular
Nervous

Skin

Go to images

Quit

Fig. 6 User interface for the visualization of anatomical structures and systems. (A) Three-dimensional cat with zoom in, rotation, several
organic systems activated and some hidden muscles, with the pointer indicating the infraspinatus muscle. (B) Three-dimensional cat with zoom
in, and rotation, with the digestive, urinary and respiratory systems activated, with the pointer on the cranial lobe of the right lung.
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Fig. 7 User interface for displaying the image library. (A) Screen of selection of the plane of interest (thorax region). Screen with magnetic
resonance imaging (B) and computed tomography (C) of the selected region with the pointer located above the lungs. (D) Screen with a
photograph of a transverse section of the thorax region with the pointer located on the lungs.

This 3D virtual model software of the cat will simplify learning
anatomy in veterinary education.

Conclusions

A thorough knowledge of veterinary anatomy is an important
prerequisite for a proper interpretation of modern medical
images. When interpreting images, knowledge of the dimen-
sions and of the localization of anatomical structures is essential.
For veterinary students and practitioners, it is difficult to en-
vision 3D objects in space. The use of 3D virtual models can
facilitate the interpretation of modern techniques of body imag-
ing. In addition, these models reduce the difficulties of visualiz-
ing some anatomical structures, as occurs with 2D images.

There is a need to shorten the learning curve for students
in the acquisition of basic anatomical knowledge. Three-
dimensional virtual models could help to achieve this goal,
allowing recognizing structures, exploring the body, making
topographical relationships, simplifying structures, isolating
regions or body parts with the possibility of easily changing
the point of view.

Future studies must evaluate the efficacy of the software
as a learning tool in veterinary anatomy, as well as students
and faculty perceptions.
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Supraphysiological doses of anabolicandrogenic steroids (AAS) have been associated
to possible nerve tissue damage and behavioral effects. Considering the lack of
knowledge of the neural aspects involved in these behavioral alterations, this work
aimed to analyze the anxious behavior response or aggressiveness, besides quantifying
the neuronal density of the basolateral amygdala (BLA) and of the ventral posterior
nucleus (VPN) of the medial amygdala. The animals received doses of testosterone
cypionate (CT Group) and stanozolol (ST Group) twice a week for 33 days. The effects of
chronic administration of AAS related to anxious behavior (as determined by the
elevated plus maze [EPM] test) in male animals are observed in a lower number of
entries ( 45.25%), and a shorter staying time spent in the open arms ( 41.9%) was
observed in the ST. In female animals, a longer staying time spent in the closed arms of
the EPM test was observed in the CT ( 15%) as well as a shorter staying time spent in the
open arms for CT (17.1%) also to ST ( 52.1%). Regarding the neuronal density in BLA, a
significant reduction in neuronal density of male animals (17.55%) was observed only in
CT, whereas for females, significant differences were found in CT (19.16%) and ST
(18.36%). The reduction of neuronal density in VPN in male animals was 13.55% in CT
and 17.68% in ST, whereas in group of females it was 13.53% and 14.32%, respectively
for CT and ST. Therefore, the two steroids used in this experiment were able to
significantly reduce neuronal density in two analyzed areas, regardless of sex,
suggesting that indiscriminate use of these substances causes death of brain amygdala
neurons.

with a wide spectrum of adverse physical and psychic effects.

Abusive use of anabolic-androgenic steroids (AAS) is based
on supraphysiological doses that are 10 to 100 times greater
than therapeutic doses,"? and which have been associated
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Little is known about the effect of AAS in the human brain,
with reports of changes in behavior, such as aggressiveness,
anxiety and depression, among others.>>
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Some studies have shown that AAS may have deleterious
effect on the central nervous system (CNS).® The few in vitro
data obtained suggest that the influence of androgenic drugs
on neurodegeneration depends critically on the treatment
regimen, concentration and cell phenotype. A single applica-
tion of testosterone in supraphysiological concentration
promoted cell death by apoptosis in nerve cells by means
of altering their Ca®* signaling.”

Recent animal models have demonstrated that chronic
use and abuse of stanozolol have reduced levels of brain-
derived neurotrophic factor (BDNF) and dopamine in
the hippocampus and prefrontal cortex of rodents, in
addition to the reduction in glucocorticoid receptor
expression in the hippocampus and in plasma, and an
increase in basal morning plasma cortisol levels. These
metabolic changes have been related to mood disorders,
such as depression.®?

As the monoaminergic system regulates aggression,
sexual behavior, fear and anxiety, one can suggest a
possible correlation between changes in the monoamines
generated by AAS and behavioral alterations and mood
disorders.> 10

From the above mentioned, it is evident that there are
considerable negative neurological effects due to abusive
and/or chronic use of AAS that can lead to serious complica-
tions and damages, both physical and behavioral. Regarding
the lack of knowledge of the neural mechanisms involved in
the wide range of deleterious effects that may involve the
CNS, it is necessary to carry out new research aiming to
elucidate the underlying brain mechanisms associated to
them.

Material and Methods

Ninety-two Swiss mice from the Central Biotery of the
Universidade Federal de Alfenas (UNIFAL-MG) were used,
with 46 being male and 46 female, ~ 90 days old (young
adults), weighting between 40 and 50 g. All animals were fed
with commercial ration and water ad libitum (at will) and
kept in a 12-hour light-dark cycle. The animals were divided
as follows:

CT group - Animals receiving testosterone cypionate
(SigmaPharm Laboratories, Philadelphia, Pensilvania,
USA) at a dose of 0.8 mg/kg/day.

ST group - Animals receiving stanozolol (Winstrol Depot
[Winthrop Chemical Company, New York, NY, USA]) at a
dose of 1.8 mg/kg/day.

Control group - Animals receiving sterile saline solution at
0.9% at a dose of 0.05 ml/day.

The treatment consisted of intraperitoneal (IP) injection
of the drugs to be tested for 33 days, with applications
performed twice a week. On intercalated days, they were
submitted to swimming for an initial period of 5 minutes,
gradually increasing up to 15 minutes. The swimming was
performed in a container measuring 43 x 34 x 26 cm,
containing in its interior water in the temperature of 24
to 26°C to the edge. Swimming training was performed in

Journal of Morphological Sciences  Vol. 36 No. 2/2019

an attempt to generate the same stress conditions as body-
building. From the 33™ day of treatment, the elevated plus
maze (EPM) test was performed in all groups to study the
effects of these substances on the anxiety level of the
animals.!"12

After the days of behavioral testing, the animals were
euthanized by inhalation of isoflurane for later craniotomy.
The brains were removed entirely, washed in saline solution
and fixed in 4% paraformaldehyde in phosphate buffer for
24 hours. After this period, the material underwent the
conventional histological processes: alcohol dehydration,
xylol diaphanization and paraffin inclusion.

From each brain so obtained, serial and homotypic
samples were taken in frontal sections'>'* with a thick-
ness of 7 um in a Yidi YD-315 microtome. To evaluate the
areas selected for the study, the material was stained with
Cresyl violet.'*'> The determination of the studied areas
matches the representation of plate 43 of Franklin and
Paxinos’ mouse brain stereotactic atlas.'>'® For the quan-
titative analysis of neuron body cells, the simple random
sample counting method was used.'’~'® Each division of
the amygdala (basolateral amygdala [BLA] or ventral pos-
terior nucleus [VPN]) had two areas quantified per hemi-
sphere, totaling four areas per section. To avoid counting
the same cell more than once, 3 semi-serial sections per
animal were analyzed, totaling 12 histological fields per
nucleus studied for each animal. As 2 divisions (BLA) and
(VPN) were quantified, a total of 24 areas per animal were
obtained. Thus, for the sample used, a total of 960 areas
was quantified at a 400X magnification. All analyzes were
performed by means of the software Axiovision 4 Module
Interactive Measurement (Carl Zeiss Microscopy LLC,
Thornwood NY, USA), an analyzing image system, coupled
to the AxioScope A1 microscope (Carl Zeiss Microscopy
LLC).

The study represents a completely randomized design
(CRD); therefore, the statistical analysis was performed
through a one-way analysis of variance (ANOVA) followed
by Tukey averages comparison test. Values of p < 0.05 were
considered as indicative of significance.

Ethics Statement

This work is in accordance with the ethical principles of
experiment animal use and has been approved by the
Commission for Ethics in Animal Experimentation of UNI-
FAL-MG, under the registration number 505/2013.

Results

The effects of chronic administration of AAS related to
anxious behavior (determined by the EPM test) in male
animals are shown in =Fig. 1. A lower number of entries
(45.25%) and a shorter staying time spent in the open arms
( 41.9%) of the EPM were observed in the stanozolol
(Winstrol Depot) group when compared with the control
group (=Table 1). These data indicate a greater anxiogenic
response to stanozolol (Winstrol Depot) in the male animals
group in relation to the control.



Effects of Supraphysiological Doses of Testosterone Cypionate and Stanozolol on Neuronal Density Ribeiro et al.

:

= 154

3 ¥

< 2

o o
-

f 104 <

o= ) | s

: -

E | r o e 8

E P .I .I -z

Y °1 |aa = £

- T u l- S.

.E Dl e &

Z A

10.0 9

£

= i

-~ . 75- ------

£ e

S % soq [illl I

S g SR ]

= e | e " !

-g 284 [iisis e

z. LR

00 - - C

75«
fn e e 1t 3 Control
0 gis e Cns) 3 Deposteron
"“m- ::::: .' ..' m Winstrol
: .
3 it s
E e
5- s & & & = ..
..... e
e R
0 [« = = = = | 1|
B
15 1
%
o -
2 | pedees
S ~ 101 veaan
-E: ..... *
2ho [ R
g ..... e
I I R
D

Fig. 1 Graphs illustrating analyzed elevated plus maze test parameters (male animals). Effect of testosterone cypionate (Deposteron),
stanozolol (Winstrol Depot) or saline solution administration in relation to the number of entries in the closed arm (A), staying time in the closed
arm (B), number of entries in the open arm (C) and staying time in the open arm (D). Means and respective standard deviations ("= p < 0.01) are

depicted in relation to the control group.

The effects of chronic administration of AAS related to
anxious behavior (EPM) in female animals are shown
in =Fig. 2. A longer staying time spent in the closed arms
of the EPM was observed for the testosterone cypionate
(Deposteron) group ( 15%) in relation to the control one, as
well as a shorter staying time spent in the open arms of the
EPM for the testosterone cypionate (Deposteron) group (
17.1%) when compared with the control and the stanozolol
(Winstrol Depot) groups ( 52.1%). These data indicate a

higher anxiogenic response to testosterone cypionate
(Deposteron) in the female animals group when compared
with the control group (=Table 1).

In relation to neuronal density in the basolateral amyg-
dala (ABL), a decrease in the number of neuron body cells in
the testosterone cypionate (Deposteron) (17.55%) male
animals group was observed when compared with the
control group, as shown in =Fig. 3A and =Table 2. However,
in female animals, significant differences were found in

Table 1 Number of entries and staying time in the arms of the elevated plus maze (EPM)test

Number of entries Number of entries % staying time % staying time
(open arms) (closed arms) (open arms) (closed arms)
Male
Control 8.11° 6.887 11.34° 70.28°
Deposteron 5.57° 9.287 8.27 63.81°
Winstrol 4.44" ( 45.25%) 8.00° 6.58" (41.9%) 68.12°
Female
Control 6.27 7.1° 8.04° 65.46°
Deposteron 6.00? 7.5° 3.85° (52.1%) 75.64° ( 15%)
Winstrol 5.7° 8.1° 6.66° (17.1%) 70.63°

Different letters in superscript refer to statistical difference using Tukey test at the significance level of 5%.
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Fig. 2 Graphs illustrating analyzed elevated plus maze test parameters (female animals). Effect of testosterone cypionate (Deposteron),
stanozolol (Winstrol Depot) or saline solution administration in relation to the number of entries in the closed arm (A), staying time in the closed
arm (B), number of entries in the open arm (C) and staying time in the open arm (D). Means and respective standard deviations ("= p < 0.01) are
depicted in relation to the control group (¢ = p < 0.05 is in relation to stanozolol group).
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Fig. 3 Neuron body cells counting in the basolateral amygdala (BLA) of male and female animals. (A) shows comparative graphs of neuronal
density in BLA of male mice in each analyzed experimental group (*= p < 0.001) for testosterone cypionate in relation to the control group.
(B) shows comparative graphs of neuronal density in BLA of female mice in each analyzed experimental group (*=p < 0.001) for testosterone

cypionate and stanozolol in relation to the control group.

Table 2 Mean of basolateral amygdala and percentage of
reduction neuron cells quantification

Groups Mean Percentage of reduction
BLA neuron cell

Male

Control 30.07° -

Deposteron | 30.79° -

Winstrol 24.79° 17.55%

Female

Control 31.36° -

Deposteron | 25.35° 19.16%

Winstrol 25.60° 18.36%

Abbreviation: BLA, basolateral amygdala.

BLA neuron cells quantification exhibited as mean value.

Different letters in superscript refer to statistical difference using Tukey
test at the significance level of 5%.
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both testosterone cypionate (Deposteron) (19.16%) and
stanozolol (Winstrol Depot) (18.36%) groups when com-
pared with the control group, as shown in =Fig. 3B
and =Table 2.

The decrease in neuronal density in the ventral poster-
ior nucleus (VPN) of the medial amygdala was observed in
both testosterone cypionate (Deposteron) and stanozolol
(Winstrol Depot) groups when compared with the
control group, for male (Deposteron-13.55% and Winstrol
Depot-17.68%) and female animals (Deposteron 13.53%
and Winstrol Depot 14.32%), as shown in =Fig. 4
and =Table 3.

Discussion

From the general analysis of the results in the EPM test, we
can suggest that both testosterone cypionate (Deposteron)
and stanozolol (Winstrol Depot) are associated with the
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Fig.4 Neuron body cells counting in the ventral posterior nucleus (VPN) of male and female animals. (A) shows comparative graphs of neuronal
density in VPN of male mice in each analyzed experimental group (= p < 0.001) for testosterone cypionate and stanozolol in relation to the
control group. (B) shows comparative graphs of neuronal density in VPN of female mice in each analyzed experimental group (*=p < 0.001) for
testosterone cypionate and stanozolol in relation to the control group.

Table 3 Mean of ventral posterior nucleus and percentage of
reduction neuron cells quantification

Groups Mean Percentage of reduction
BLA neuron cell

Male

Control 45.00° -

Deposteron 38.90° 13.55%

Winstrol 37.04° 17.68%

Female

Control 48.03° -

Deposteron | 41.53° 13.53%

Winstrol 41.15° 14.32%

Abbreviation: BLA, basolateral amygdala.

Ventral posterior nucleus neuron cells quantification exhibited as mean
value.

Different letters in superscript refer to statistical difference using Tukey
test at the significance level of 5%.

generation of anxiogenic responses. The stanozolol (Winstrol
Depot) male animals group, as well as the testosterone
cypionate (Deposteron) female animals group presented
responses indicative of greater anxiety. In the first group,
the animals presented a lower number of entries and a
shorter staying time spent in the open arms of the EPM
(more aversive area). In the second group, the animals had a
longer staying time spent in the closed arms of the EPM (less
aversive area) and a shorter staying time spent in the open
arms of the EPM (more aversive area). No significant results
were found for the testosterone cypionate (Deposteron)
male animals group and stanozolol (Winstrol Depot) female
animals group.

The generation of an anxiogenic response is in agree-
ment with the results obtained in a study in which adult
male C57BIl/6] mice receiving a daily subcutaneous injec-
tion of 15 mg/kg of nandrolone decanoate presented an
anxiogenic behavior in the EPM test after 19 days of
treatment.?’ Anxiogenic response in the EPM test was
also observed in a study in which male Wistar rats received
nandrolone decanoate (5 mg/kg) twice a week for 6 weeks
and were submitted to the EPM test at the end of this
period.?’

In another study, albino male mice receiving daily sub-
cutaneous injections of nandrolone decanoate in the supra-
physiological concentration of 15 mg/kg did not present
changes in anxiety levels when submitted to the EPM test
on the 14" day of treatment!®!, Some authors have reported
that the treatment of Long-Evans rats with subcutaneous
testosterone propionate through silicone implants for pro-
longed administration of supraphysiological doses (6 days)
promoted an increase in the open arms exploration of the
EPM, in relation to the control, indicating reduction on the
level of anxiety. However, in the same study, treatment for
14 days did not promote anxiogenic effects. According to
these authors, this variation of responses is due to the
development of tolerance to AAS, a very common phenom-
enon in chronic users of psychoactive drugs.??

It has been demonstrated that serotonin activates inhibi-
tory GABAergic interneurons in the amygdala, exerting a
generalized inhibitory tonus on neuronal excitability, which
suggests that serotonin functions as a brake mechanism that
limits neuronal excitability.>> There is a possibility that an
inhibitory effect of the AAS on the serotonergic system may
contribute to a greater excitability of the amygdala, which, in
turn, could be responsible for the behavioral responses
observed in the AAS prolonged use.?’

Since a high dose (1 mg/kg) of AAS binds to glucocorticoid
receptors,?'?4 the effects of these drugs could be related to
their actions on these receptors. Glucocorticoids may act in
the modulation of anxiety by their actions in the CNS,
especially in the hippocampus.?”

Some studies have attempted to correlate behavioral
changes to the AAS effects on central serotonergic and
GABAergic neurotransmission, among others, in several
areas of the brain.?®

In view of fact that there are synergistic interactions
between glutamate and gonadal steroids coordinating sev-
eral hypothalamic and limbic functions, the amygdaloid
structures of treated groups, even with a lower number of
neurons in relation to control group, may, through high local
concentrations of AAS, stimulate glutamatergic transmis-
sion, increasing the excitatory signals in these neurons and
keeping the aggressiveness responses statistically equal to
those of control group. At the same time, it is also necessary
to take into account the capacity of AAS to affect the
gabaergic and serotoninergic transmissions, and may also
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result in a greater excitation of these neurons. In view of this
situation, it is necessary to carry out new studies seeking to
highlight how the AAS have led to these changes in beha-
vioral responses.

In one study, it was observed that the AAS chronic use in
mice has been shown to induce dose-, sex- and age-depen-
dent changes in the GABA-receptor subunit gene expression
in anterior brain areas.?’ As observed in the present study,
when evaluating neuronal density, it can be noted that both
stanozolol and testosterone cypionate may lead to a decrease
in the number of neuron body cells in mice. A statistically
significant decrease in this number was observed in BLA of
the stanozolol male animals group, testosterone cypionate
and stanozolol female animals groups when compared with
their respective control ones. We also observed the same
resultin the VPN of all experimental groups. These results are
in agreement with previously published outcomes.?%2°

In general, it seems that AAS physiological doses have the
ability to play a neuroprotective role; however, when AAS is
administered in high concentrations, they appear to exert a
deleterious effect on neuron body cells, and most studies
show an excitotoxic effect when using concentrations. The
same was observed by some other authors, who found that
pre-treatment with high doses of testosterone increased N-
methyl-D-aspartate (NMDA) toxicity. Low testosterone con-
centrations, on other hand, exerted neuroprotective role, but
became neurotoxic in presence of aromatase inhibitors.”-3°

Another study has shown that hippocampal neurogenesis
in adult male rats occurs via dihydrotestosterone (DHT)
mediation,>' while other authors have demonstrated that
in mouse hippocampal cell culture, high concentrations of
testosterone increased the toxicity induced by millimolar
concentrations of glutamate, whereas dehydroepiandroster-
one (DHEA), a metabolite precursor of testosterone, exerted a
neuroprotective role. 333

In vivo studies, androgenic neurosteroids, such as DHEA,
testosterone and DHT, play a protective role in the hippo-
campus against damage induced by excitotoxins, kainic acid
and domoic acid.>*3> Neuroprotection was totally depen-
dent on the availability of the enzyme aromatase, which
converts testosterone to stradiol.>®

Surprisingly, little is known about how androgens affect
excitotoxic neuronal death, despite the large numbers of data
obtained with female steroids. Excitotoxicity refers to a
particular mechanism of neuronal death triggered by exces-
sive stimulation of glutamatergic receptors.37'38

N-methyl-D-aspartate receptors are located on the post-
synaptic membrane of excitatory synapses and exhibit greater
permeability to Ca®* than a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) and kainic acid (KA) receptors,
a feature that gives them a more active role in neurotoxic
mechanisms. When the postsynaptic membrane is in resting
potential, the NMDA channels are blocked by a magnesium
(Mg?*) ion that prevents the influx of Ca®* to the postsynaptic
receptors. However, in postsynaptic depolarization (which
may be caused by the activation of AMPA receptors, among
others), Mg?* ions are expelled from the NMDA channels,
which thus allow the influx of Ca** in favor of its concentration

Journal of Morphological Sciences  Vol. 36 No. 2/2019

gradient.®® In the cytosol, Ca®* is an important second mes-
senger and influences a large number of cellular functions,
exerting a regulatory role in cellular proliferation and survival
processes, as well as in cell death due to necrosis or apopto-
sis.** The Ca®* influx regulates membrane excitability and the
intensity of synaptic transmission through the activation of
intracellular signaling cascades dependent on this ion. Exces-
sive concentrations of L-Glu in the synaptic cleft result in
hyperstimulation of its receptors and an excessive Ca**
entrance at the postsynaptic receptors, which, together with
the release of Ca** from intracellular reserves, raise the Ca**
concentration above the triggering threshold of regulatory
mechanisms by activating the intracellular mechanisms of
excitotoxicity that culminate in neuronal death.*’

Other published data have shown that neuron body cells
regulated by glutamate in the hypothalamus are direct
targets of gonadal steroids, both androgens and estrogens.
Thus, they can easily influence excitatory neurotransmission
in these areas in a sexually dimorphic manner.*” The present
work may explain the fact that testosterone cypionate led to
areduction in the number of neuron body cells in the BLA of
female subjects but not in that of males.

Conclusion

The results obtained in the quantitative analyzes show that
testosterone cypionate and stanozolol in supraphysiological
doses are able to cause a significant reduction in the number
of neuron body cells in the BLA and in the VPN of the medial
amygdala of mice, and these results, added to the behavioral
outcomes, may stimulate directly related anxiety-related
emotional responses.
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Introduction The musculocutaneous nerve and the median nerve are branches from
the lateral cord of the brachial plexus with a root value of C5, C6, and C7. The medial
root of the median nerve is a branch of the medial cord. The present study aims at
observing any variations in these peripheral nerves, so that this knowledge can be
utilized by surgeons, anesthesiologists, and orthopedicians during surgical procedures
and nerve block.

Materials and Methods The present study was carried on 30 adult embalmed
cadavers (60 upper limbs) in the department of anatomy of the Kasturba Medical
College , Manipal, India. The infraclavicular part of the brachial plexus was dissected,
and any anatomical variations in the formation and in the branching pattern of the
musculocutaneous nerve and of the median nerve were noted and photographs were
taken.

Results The median nerve was noted to be formed from 3 roots in 8 out of 60
dissected upper limbs (13.33%). The musculocutaneous nerve was absent in 5% of the
dissected limbs, and communications between these 2 nerves were noted in 13.33% of
the dissected limbs.

Conclusions Noted variations of the nerves may be of help to surgeons operating in
the axillas and in the arms.

and middle trunks unite to form the lateral cord, which lies
laterally to the axillary artery. The musculocutaneous nerve is

The brachial plexus is formed by the ventral rami of the lower
four cervical nerves and by the first thoracic nerve, and it
supplies the upper limbs. C5, C6, C7, C8 and T1 roots unite to
form trunks (upper, middle, and lower) that divide into ante-
rior and posterior divisions. The anterior divisions of the upper
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a continuation of the lateral cord and leaves the axilla by
piercing the coracobrachialis muscle. It supplies all of the
muscles of the anterior compartment of the arm and continues
as a lateral cutaneous nerve of the forearm. The median nerve
is formed by two roots; the medial root of the median
nerve from the medial cord, and the lateral root of the
median nerve from the lateral cord. Both roots join to form
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Anatomical Variations in Musculocutaneous Nerve and Median Nerve

the median nerve in front of the third part of the axillary artery.
The median nerve crosses the brachial artery from the lateral
to the medial side in the middle of the arm and does not
originate any branches in the arm. In the literature, various
anatomical variations were described by many authors. The
knowledge regarding these variations can serve as a useful
guide for surgeons operating in the axillas and in the arms.’

Materials and Methods

The present study was conducted on 60 upper limbs dis-
sected in the anatomy department of the Kasturba Medical
College, Manipal, India, over a period of 2 years. The cadavers
were embalmed and preserved in a weak formalin solution.
The infraclavicular part of the brachial plexus was dissected
according to the guidelines of the Cunningham's manual of
Practical Anatomy.2 During the dissection, the normal pat-
tern, as well as variations from the normal pattern, were
noted and photographed. The number of the variations was
noted and the result was tabulated using a regular statistics
method. The study was started after obtaining the Institu-
tional Ethical Clearance. Any variations from normal was
noted and tabulated (~Table 1).

Results

1) Formation of the median nerve by three roots was seen in
8 out of 60 cases. Out of the three roots of median nerve,
two roots was given by the lateral cord of the brachial
plexus and one root was given by the lateral cord of
brachial plexus as seen in =Figure 1.

2) Absence of the musculocutaneous nerve was seen in 3 out
of 60 cases (5%). In the absence of the musculocutaneous
nerve, the muscles of the anterior compartment of the
arm were innervated by the median nerve as seen
in ~Figure 2.

3) Communication between the median and the musculo-
cutaneous nerves was seen in 8 specimens out of 60
(13.33%). There was a case in which the formation of
the median nerve by three roots as well as communication
between the median and the musculocutaneous nerve
was observed, as seen in =Figure 3.

Discussion

Variations of the lateral cord are not rare and have been
reported by many authors in the past, such as Venieratos

Table 1 Showing all the noted variations

Priya et al.

etal,® Beheiry,* Budhiraja et al,> and Chitra.® The comparison
with similar studies has been shown in =Table 2. The causes
for these anatomical variations in these peripheral nerves are
not well understood. It is mentioned that, in humans, the
muscles of the upper limbs are derived from the paraxial
mesoderm during the 5™ week of development.” The axons
of the spinal nerves grow toward the mesenchyme. If there is
any altered signaling between them, it results in significant
variations in the nerve pattern.8

Venieratos et al® described three different types of com-
munications between the musculocutaneous and median
nerves in relation to the coracobrachialis muscle. In 16 out of
79 cadavers, 22 communications were found between the
musculocutaneous and median nerves. In six subjects, they
were present bilaterally. There were three types based on the
sites of communications.

Type I: The communication was proximal to the entrance
of the musculocutaneous nerve into the coracobrachialis
muscle;

Type II: The communication was distal to the coracobra-
chialis muscle;

Type IIl: The nerve, as well as the communicating branch,
did not pierce the coracobrachialis muscle. Bilateral com-
munications were not necessarily of the same type.

In the present study, the communication between the
median nerve and the musculocutaneous nerve was distal to
the coracobrachialis muscle.

In the present study, the musculocutaneous nerve was
absent in 3 cases out of 60 (5%). Among these three cases, one
case of bilateral absence of musculocutaneous nerve was
seen. The coracobrachialis muscle was innervated by a thin
branch directly from the lateral cord. The rest of the muscles
of the anterior compartment were supplied by the median
nerve and, finally, one branch from the median nerve con-
tinued as a lateral cutaneous nerve of the forearm. This case
was similar to one reported by Beheiry.* There was no
communication between the median nerve and the muscu-
locutaneous nerve observed in this case. The third case of
absence of musculocutaneous nerve in the present study was
seen in the right upper limb of an adult male cadaver. In the
absence of the musculocutaneous nerve, all of the muscles of
the anterior compartment of the arm were supplied by the
median nerve, which later originated a branch that contin-
ued as a lateral cutaneous nerve of the forearm. Budhiraja
etal’ reported the absence of the musculocutaneous nerve in
13 cases out of 116 (11%). In the present study, the

Specimen number Observed variations Present in number of Percentage
dissected upper
limbs (n = 60)
1 Extralateral root of Median nerve 8 13.33%
Absence of musculocutaneous nerve 3 5%
Communication between the 8 13.33%
median nerve and
themusculocutaneous nerve
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Table 2 Showing comparison of present study with the other studies done by other authors

Authors Sample size Absent Innervation to muscles Communiction
musculocutaneous of anterior compartment between the
nerve of the arm median nerve and the

musculocutaneous
nerve

Beheiry* 60 1.66% Median nerve except cor- 5%

acobrachialis which is
supplied by direct branch
of lateral cord

Chitra® 50 - - 26%

Joshi13 170 5.5% Median nerve except cor- 14%

acobrachialis which is
supplied by direct branch
of lateral cord

Budhiraja et al’ 116 11% Median Nerve supplying 26.7%

all muscles of anterior
compartment of arm in
absence of musculocuta-
neous nerve except cora-
cobrachialis which is
supplied by direct branch
of lateral cord

Dahiphale et al' 40 - - 25%

Balachandra et al'’ 20 — — 5%

Sah SK et al® 26 19..23% _ _

Naveen Kumar et al'® 70 3% - -

Present Study 60 5% In absence of musculocu- 13.33%

taneous nerve all muscles
were supplied by median
nerve and not by any
direct branch from lateral
cord

musculocutaneous nerve was seen piercing the coracobra-
chialis muscle in all of the cases in which it was present.
Communication between the median and the musculocu-
taneous nerves was observed in 8 cases out of 60 (13.33%).
Among these noted communications, five were seen on the left
side, and three on the right side. In 1 case out of 60 commu-

nications between the median and the musculocutaneous
nerves was seen on both arms of an adult male cadaver.
According to the studies of Beheiry,* Budhiraja et al,> Dahi-
phale et al,'" Chitra® and Choi et al,'?> communications
between the median and the musculocutaneous nerves was
seenin 5% of the cases, in 20.7% of the cases, in 25% of the cases,

Fig. 1 Three roots of the median nerve with communication
between the median nerve (MN)and the musculocutaneous nerve
(MCN).

Journal of Morphological Sciences  Vol. 36 No. 2/2019

Fig. 2 Absence of musculocutaneous nerve and muscles of the

anterior compartment of the arm supplied by the median nerve.
Abbreviations: LCNF, lateral cutaneous nerve of the forearm; MN,
median nerve.



Anatomical Variations in Musculocutaneous Nerve and Median Nerve

Fig. 3 Communication between the median nerve (MN) and the
musculocutaneous nerve(MCN). Absence of musculocutaneous
nerve. Median nerve supplying all of the muscles of the anterior
compartment of the arm.

in 26% of the cases, and in 46.4% of the cases, respectively. Joshi
et al'> reported absence of the musculocutaneous nerve in
5.5% of the cases, and communication between the median and
musculocutaneous nerves was noted in 14% of the cases. The
result of the present study is related very closely to this study.
In the present study, the communication between the median
and the musculocutaneous nerves was more common on the
left side, as seen in the study by Choi et al.'?

In the present study, formation of the median nerve by three
roots was noted in 8 out of 60 cases (13.33%). In all of these
cases, two roots were coming from the lateral cord, and one
root from the medial cord (four on the left side and four on the
right side). In one case, there was also communication between
the median and the musculocutaneous nerves. A similar case of
formation of the median nerve by three roots was described by
Sargon et al.,'* Saeed et al,,'> and by Das et al.'®; with two roots
from the lateral cord and one from the medial cord. Balachan-
dra et al (2015) observed 3 roots of the median nerve in 5% of
the cases with absence of the musculocutaneous nerve.'”

The variations reported in the present study are of impor-
tance to surgeons during arthroscopic shoulder reconstructive
surgery, nerve block, and in any surgery performed for pathol-
ogies involving the coracobrachialis muscles. Knowledge regard-
ing these nerve variations may also be of use in case of treatment
for fractures of the midshaft of the humerus. Chances of damage
to these nerves can be due to trauma, to tractions, and to
compression. It is observed that variant nerves are more prone
to compression neuropathy. The knowledge of these variations
also helps in correlating particular clinical manifestations with
the involved nerve damage. In patients of breast carcinoma
undergoing mastectomy, the coracobrachialis muscle is used as
a flap to cover the defect after the mastectomy. Therefore, it
becomes important to have knowledge regarding the normal
anatomy as well as any observed variations in the muscle.'®

Priya et al.
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Introduction

Anatomical variations in the hepatic arteries and in the celiac trunk are important in
liver transplants, laparoscopic surgeries, abdominal radiological interventions, and
perforating injuries in the abdomen. The goal of the present report is to describe an
abdominal vascular variation observed during a routine dissection in the Anatomy
Laboratory of the Centro Universitario Sao Camilo, Sao Paulo, state of Sdo Paulo, Brazil,
in a male individual. The superior mesenteric artery had its origin in the celiac trunk and
originated a right accessory hepatic artery that followed its path all the way to the liver.
Several authors described variations in the origin and in the path of the hepatic artery
and even created specific classifications. The advance of imaging methods thatincrease
the number of studied individuals, without the need of dissection, aids exponentially
the quantifying studies that seek to determine a pattern in the variations present in
certain populations. The variations of the hepatic artery, as well as of the celiac trunk,
have been extensively described in the literature; however, there is no pattern in the
number of variations found both in the celiac trunk and in the regular hepatic artery,
what leads to a need of description in each case found.

some cases, originate the inferior phrenic arteries and the
superior mesenteric artery.’

Anatomical variations in the hepatic arteries and in the celiac
trunk are of significant importance in liver transplants, laparo-
scopic surgeries, abdominal radiological interventions, and
perforating injuries in the abdomen.'~ It is known that the
arterial supplying pattern for the liver is variable, even with the
occurrence of modifications in the standard organization
through which the liver receives its total blood flow, through
branches of the celiac trunk, in 25 to 75% of the cases .2

The celiac trunk, from which the left gastric arteries, the
standard and splenic hepatic, normally originate, can also, in
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In the literature, we have found numerous quotations
about accessory hepatic arteries, when they bring blood to
alobe that is already irrigated by its regular artery, and about
the substitute hepatic artery, which is a vase that has an
unorthodox origin and irrigates a lobe by itself.

When present, the hepatic accessory artery or the right
accessory branch of the hepatic artery originate in the super-
ior mesenteric artery.5

The present paper reports a case in which, besides the
superior mesenteric artery having an origin in the celiac
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trunk, there is a right accessory hepatic artery supplying the
liver and originating in the superior mesenteric artery.

Case Report

In a routine dissection in the Anatomy Laboratory of the
Centro Universitario Sdo Camilo, Sdo Paulo, state of Sdo
Paulo, Brazil, with the intent of removing a few internal
organs in a male cadaver, a variation in the number of hepatic
arteries, as well as in their origin, was observed. The medical
history of the cadaver was not available.

The common hepatic artery originated in the celiac trunk
and had a length of 39.01 mm from its origin all the way to
its entry on the porta hepatis. From the origin of the
common hepatic artery in the celiac trunk all the way to
the origin of its gastroduodenal branch, the distance was of
16.41 mm. The superior mesenteric artery also had an
anatomic variation, originating from the celiac trunk, and
the distance between its origin and the appearance of a
right accessory hepatic artery was of 21.77 mm. The right
hepatic artery, from its origin in the superior mesenteric
artery all the way to its entry on the door of the liver, had
71.99 mm of length (~Fig. 1).

Variation of Hepatic Vascularization Ruiz et al.

Discussion

Several authors have described variations in the origin and in
the path of the hepatic artery, and even created specific
classifications.>® With the advance in imaging methods, we
were able to increase the number of studied individuals
without the need of dissection, a fact that aided exponen-
tially the quantitative studies that established a variation
pattern in certain populations. Regarding the celiac trunk,
Chen et al’ found its standard formation in 974 cadavers
(89.8%), and Ugurel et al,* in 50 out of 100 patients (50%).
Concerning the origin of the common hepatic artery from the
celiac trunk, the study of Hiatt et al® found this pattern in
75.7% of the cases, Michels et al® in 27.5% of the cases, and
Song et al,® in 96.44% of the cases.

With regard to a right accessory hepatic artery, the data from
the literature show that the incidence is much lower: Michels
et al® reported an incidence of 9%, Hiatt et al® of 10.6%, Araujo
Neto et al' of 5.1%, and Lépez-Anddjar et al® of 0.6%.

If we analyze these data based on the authors studied by
Hiatt et al® and by Chen et al,” we can assess that among 15
authors and their results, the rate of the presence of a right
accessory hepatic artery is of 12.09%.

Fig.1 (A, B) Photograph of the abdomen, area bellow the liver. (C) Schematic illustration based on the photographs. HP: proper hepatic artery;
GD: gastroduodenal artery; E: splenic artery; GE: left gastric artery; TC: celiac trunk; A: aorta artery; MS: superior mesenteric artery; HA:
accessory hepatic artery; Cl: inferior vena cava. VP: portal vein; IG: large intestine.
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According to Standring,” in general, the right accessory
hepatic artery, when present, goes behind the portal vein and
the bile duct in the area of the lesser omentum, and can be
identified during a surgery through the presence of a pulse
behind the portal vein. This artery can be harmed during the
resection of the head of the pancreas, since it is very near to
the portal vein. This description is identical to the finding of
the present article.

Conclusion

The variations of the hepatic artery, as well as of the celiac
trunk, have been extensively described in the literature;
however there is no pattern to the number of variations
found along with the celiac trunk and the common hepatic
artery, what leads us to the need of description in each case in
which they are found.
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Introduction

Introduction Variations in the formation and in the branching pattern of the brachial
plexus are common. Numerous anastomotic variations between the musculocuta-
neous nerve (MCN) and the median nerve (MN) have been reported and could be
implicated in a wide range of sensory and motor dysfunctions.

Objective To report an uncommon case of an anastomotic variation between the MN
and the MCN with a rare absence of the lateral cutaneous nerve of forearm (LCNF).
Material and Methods A dissection of a male cadaver was performed at the
Morphology Department of the Universidade Federal do Ceard, Fortaleza, state of
Ceara, Brazil. The brachial plexus was exposed.

Results It was observed that the MCN, after its origin in the lateral fasciculus of the
brachial plexus, anastomoses with the MN in the middle third of the arm. It diverges from
the most prevalent anatomical pattern, in which the MCN continues to pass distally beneath
the brachii biceps, originating the LCNF. In this case, the MCN does not emit its main
terminal branch, the LCNF, which innervates the lateral portion of the skin of the forearm. In
the present case, the innervation of the lateral portion of the skin of the forearm is provided
by radial nerve branches. The reported case has practical implications, since the absence of
the LCNF could cause hypoesthesia in the skin of the forearm.

Conclusion Thus, the knowledge of the formation and of the branching pattern of the
brachial plexus is clinically important for the correct clinical interpretation of the
sensory and motor disorders of the upper limbs caused by peripheral nerve injuries, as
well as for planning surgical procedures to correct upper limb traumas.

observed between brachial plexus branches, corresponding

Changes in the brachial plexus and in its terminal branches
are common, ranging from 12.8 to 53% of the cases.”:? The
anastomosis between the musculocutaneous nerve (MCN)
and the median nerve (MN) are the most common variations
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to between 10 and 53.6% of the reports.>*

The normal morphological pattern of the MN is formed by
the union of branches of the lateral fasciculus (lateral root of
C5, C6 and C7) and also by the contribution of the medial
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fasciculus of the brachial plexus (medial root of C8 and T1),
following its path through the medial bicipital groove toward
the cubital fossa without anastomosis with any other nerve.
Mainly, the MN supplies the musculature of the anterome-
dial compartment of the forearm and part of the muscles and
of the skin of the hand.

The MCN originates from the lateral fasciculus of the
brachial plexus (lateral root of C5, C6 and C7), where it
initially emits a branch to the shoulder and then perforates
and innervates the coracobrachialis muscle, follows deep
between the biceps brachii and brachialis muscles, and emits
a muscle branch for each of these muscles.® This nerve
extends to the lateral face of the forearm, where it continues
as the lateral cutaneous nerve of forearm (LCNF), without any
communication with the MN or other nerves.?

Although the first reports of communication between the
MCN and the MN are dated to the 19" century,” knowledge of
new anatomical variations between these nerves has neu-
rophysiological, clinical, and surgical implications relevant
to the approach to the upper limbs.2%°

The objective of the present study was to report an uncom-
mon case of an anastomosis between the MCN and the MN
with a rare absence of the LCNF, not previously described, and
to discuss its possible cause and clinical implications.

Case Report

During a routine dissection of the upper limbs of a glycerin-
preserved male cadaver of the Human Anatomy and Dissection
Laboratory of the Universidade Federal do Ceara, Fortaleza,
State of Cear4, Brazil, an uncommon anatomical variation of the
MCN in the right upper limb was observed. The MCN, following
the origin of the lateral fasciculus of the brachial plexus, as it is
usually seen, pierces the coracobrachialis muscle, traverses
between the biceps brachii and brachialis muscles, and sends
branches to all of the muscles of the anterior compartment of
the arm. However, approximately in the middle third of the
arm, the MCN curves medially and anastomoses with the MN,
which has a usual path. After the anastomosis between the two
nerves, the presence of the LCNF, the terminal branch of the
MCN, was not observed, and its agenesis (~Figs. 1 and 2) was

Fig. 1 Communication between the musculocutaneous and the
median nerve. MN- median nerve, MCN- musculocutaneous nerve, BB-
biceps brachii muscle, Br- brachialis muscle.
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Fig. 2 Schematic diagram showing the communication between the
musculocutaneous and the median nerve reported in the present
study. LG lateral cord, MN- median nerve, MCN- musculocutaneous
nerve, Br- branch to the brachialis muscle, BB- branch to the biceps
brachii muscle.

recorded. Therefore, a careful macroscopic dissection of the
arm and of the forearm of the right upper limb was performed
to observe the course of the MN after the anastomosis and the
other branches of the brachial plexus, revealing that the
cutaneous territory that would normally be supplied by the
LCNF received innervation from branches originating from the
radial nerve. The variation was unilateral, and the innervation
pattern of the left upper limb was normal. The arterial pattern
in the arm was also normal.

Discussion

The anastomosis between the MCN and the MN is the most
common and frequent anatomical variation found between
branches of the brachial plexus.'® ~Table 1 describes the
communication between the MCN and the MN, and shows
the presence of the LCNF in previous studies.

Several classifications of communications between the
MCN and the MN were proposed by different authors, based
on different criteria."’ Le Minor'2 classified the communica-
tion between the MCN and the MN in five types. In type I,
there is no communication between the MCN and the MN; in
type I, the lateral fibers of the MN follow those of the MCN in
the same sheath, anastomosing with the MN in the middlIe of
the arm; while in type III the fibers of the lateral root of the
MN join the MCN and, after some distance, they continue to
form the lateral root of the MN. In type IV, the fibers of the
MCN join the lateral root of the MN, and after some distance,
the MCN arises from the MN. In type V, the MCN is absent,
and the muscle fibers supplied by the MCN branch emerge



Table 1 Presentation of the communication between the musculocutaneous nerve and the median nerve, with presence of the
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lateral cutaneous nerve of forearm in all cases

Brazilian, of both genders

References Material analyzed Communication between the MCN and the MN,

and presence of the LCNF
Olave et al, 32 upper limbs of Ten cases of communicating branches between the MCN and the MN,
200027 16 adult cadavers, with 9 cases of communicating branch starting from the MCN to

the MN, without reports of absence of the LCNF.

Carlotto et al,

Upper left limb of an adult

The MCN originated from the lateral face of the MN, previously

Chilean, male

2009%8 cadaver, Brazilian, male crossed the coracobrachialis muscle, to terminate as the LCNF.

Sachdeva et al, Upper right limb The MCN gives a branch to the coracobrachialis muscle, and then

2011%° of an adult cadaver, male | anastomoses completely with the MN, no longer appearing.
Next, the MN sends branches to the brachialis and brachii biceps
muscles, and to the LCNF.

Cerda et al, Upper limbs of a The MCN and the MN had communicating branches in both

2012" adult cadaver, members. In the right upper limb, the MCN follows the standard

anatomy. In the left upper limb, the MCN emits a distal
communicating branch to the MN at 15.3 cm from the coracoid
process. But, soon after, it terminate as the LCNF.

Radunovic et al,
20132

Upper limb of
an adult corpse

Communicating branch of the MCN to the MN was 8.2 cm after
the lateral cord branching, inside its passage though the
coracobrachial muscle. After the anastomosis, the MCN delivered

branches to the brachialis and brachii biceps muscles, and to the LCNF.

Teli et al, Upper limbs of an adult Communicating branch of the MCN to the MN. In the middle of

2013"7 cadaver, male the arm, the MCN gave three branches: 1) for the arm, 2) passing
between the brachialis and brachii biceps muscles that continued
as the LCNF, and 3) for the MN, in both arms.

Cerda, Upper limbs of an adult In the left upper limb, the MCN penetrated the coracobrachialis

201430 cadaver, Chilean, male muscle and gave three terminal branches in the lower third of the

arm; branch to the brachialis muscle, to the LCNF and a
communicating branch to the MN.

In the right upper limb, the MCN penetrated the coracobrachialis
muscle and gave four terminal branches in the lower third of the arm;
two branches to the brachialis muscle, one to the LCNF, and a

branch communicating to the MN.

Ballesteros et al,
20153

106 upper limbs of
53 adult cadavers,
Colombians, male

Communicating branch in 21/106 upper limbs. In 17% of the cases,
there was a communication from the MCN to the MN, without report
of LCNF agenesis. In 2.8% of the cases, the connection was MN-MCN.

201632

Nascimento et al,

Right upper limb
of an adult
cadaver, male

In the right upper limb, the MCN passed under the coracobrachialis
muscle to then give its first branch to the brachii biceps muscle.

It then continued for a further 29.56 mm and provided two more
branches: the LCNF and a branch for the brachialis muscle. In the
sequence it followed for a further 29.34 mm and attached to the

MN, which was 145.90 mm long from its origin to its union with the MCN.

Abbreviations: LCNF; lateral cutaneous nerve of forearm; MCN, musculocutaneous nerve; MN, median nerve.

directly from the MN. The anastomosis between the MCN
and the MN in the present study does not correspond to any
of the described types, since after the anastomosis of the
MCN and the MN, agenesis of the LCNF, the terminal branch
of the MCN, was observed.

Choi et al'? classified the communication between the
MCN and the MN in three types. In type I, both nerves are
fused. In type I, there is a branch of communication between
the MCN and the MN. This type was subdivided into two
subtypes based on the number of branches of the MCN that
join to form a connection with the MN. In type II a, a single
branch of the MCN communicates the two nerves, while in
type Il b, two or three branches of the MCN join in one
anastomotic branch to the MN. In type III, two individual

communion branches are present between the MCN and the
MN. In the present study, the anastomosis between the MCN
and the MN does not correspond to any of the described
communication patterns.

Venieratos et al'® studied 79 cadavers and found a com-
munication between the MCN and the MN in 22 corpses.
They reported three types of communication between the
MCN and the MN, considering the coracobrachialis muscle as
a reference point. In type I, the communication between the
MCN and the MN is proximal to the entrance of the MCN in
the coracobrachialis. In type II, the communication between
the two nerves is distal to the coracobrachialis muscle; and in
type III, neither the MCN nor its communicating branches
pierce the coracobrachialis. The variation presented in the
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present study is morphologically similar to that of type 2 of
Venieratos et al,'® but with two important differences: (1)
after the anastomosis with the MN, the MCN does not emit its
terminal branch, the LCNF, (2) we suggest that the part of the
cutaneous innervation of the forearm that is made by the
LCNF is supplied by the posterior antebrachial cutaneous
nerve (PACN), a branch of the radial nerve, providing sensory
innervation to the skin of the posterior forearm.'

Matzi et al' reported that, after the separation from the
radial nerve, the PACN emerged from the lateral intermuscular
septum (LIMS), and immediately pierced the deep fascia after
emerging from the LIMS.'® More distally, its main trunk and
branches course in the subcutaneous layer to the posterior
forearm, as far as the wrist.'* Data regarding its anatomy
remain insufficient, especially regarding its origin and number
of branches.'*

The anastomotic variability between the MCN and the MN
described in the literature suggest that these anastomoses
may be attributed to ontogenetic and phylogenetic factors
that influence the formation mechanism of muscles and
nerves of the upper limbs during embryonic life.'”:'8

Significant variations in nerve patterns may be a result of
altered signaling between mesenchymal cells and neuronal
growth cones.'® Chiarapattanakom et al?® believe that the
limb muscles develop from the local mesenchyme, while the
axons of the spinal nerves grow distally to reach the muscles
or the skin. They point to the lack of coordination between
the development of muscles and their innervation as a factor
responsible for the emergence of a communicating branch.
Tatar et al®! cite that the common origin of the MCN and of
the MN from branches of the lateral fasciculus of the brachial
plexus is the explanation for many anastomotic variations
between these nerves.

There are also those who believe that the communication
between the MCN and the MN is reminiscent of phylogenetic
development.®'”  Comparative anatomy studies have
observed similar anastomotic branches in monkeys and in
some primates, with the connections representing a primi-
tive innervation of the arm muscles.® Chauhan et al® suggest
the correlation between phylogenetic knowledge and knowl-
edge of the development of nerve structures of the upper
limbs for the interpretation of nerve anomalies in the
development of the arm.

The PACN innervating the LCNF area is of clinical impor-
tance, causing variations in the innervated areas and affect-
ing the electrophysiological study. The knowledge of the
formation and of the branching pattern of the terminal
branches of the brachial plexus is clinically important in
order to avoid iatrogenic PACN injury during surgical proce-
dures at the elbow.'*?? Portal placement in the elbow
arthroscopy could injure the nerve.?> The PACN injury was
diagnosed after the surgical treatment of lateral epicondy-
litis.>4 Furthermore, preservation of the PACN during harvest
of the lateral arm free flap for soft tissue reconstruction was
associated with less sensory disturbances.?

In cases of brachial plexus injuries with denervation of the
muscles supplied by the MCN, it is important to know the
morphological variations of this structure to improve its
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intervention. Muscles supplied by the MCN have a good
recovery due to surgical reinnervation after the trauma.
This behavior is indicated in cases in which spontaneous
recovery of movements such as forearm flexion or adduction
of the upper limb does not occur. These approaches aim, for
example, to release nerve fibers involved by scar tissue that
compress or interpose nerve grafts between compromised
MCN regions by microsurgery.?®

In conclusion, the present article showed a rare case of
absence of the LCNF, not previously described in the litera-
ture, and an uncommon anastomotic variation between the
MCN and the MN. Knowledge of these variations is important
in surgical approaches and in the treatment of upper limb
injuries. Surgeons and clinicians should always consider
possible communicating branches during surgical proce-
dures and clinical investigations of the arm.
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Introduction The pisiform bone is the fourth bone of the proximal row of the carpal
bones, and it is located in the tendon of the flexor carpi ulnaris muscle, being considered a
sesamoid bone. Traumatic dislocation of the pisiform bone is a rare condition, which usually
results from a trauma in dorsal flexion of the wrist. Its treatment can be conservative or
surgical, ending or not with the removal of the pisiform bone.

Objective To report a case of a child who fell from his own height and presented wrist
pain, diagnosed with dislocation of the pisiform bone. We emphasize the importance of
anatomy knowledge in the evaluation of wrist trauma.

Case Report The anamnesis confirmed that the fall occurred with the wrist in hyper-
extension. The physical examination showed a slight limitation of movement due to pain.
Radiographic exams and a computed tomography (CT) scan of the wrist were performed,
in which an anterior deviation/luxation of the pisiform bone was evidenced. A conservative
treatment with plaster immobilization for analgesia was performed for 1 week. As there
were no symptoms and no signs of trauma consistent with the images, such as edema and
local ecchymosis, in addition to the early complete disappearance of pain, the responsible
team proposed the hypothesis of asymptomatic chronic dislocation of the pisiform bone.
Conclusion Imaging exams in orthopedic traumatology are fundamental for an accurate
diagnosis. Nevertheless, they must be associated with knowledge of the anatomy to
correlate the image findings with the anamnesis, leading to a better understanding of
silent, asymptomatic, and preexisting conditions in the clinical practice.

that the pisiform ossification center usually appears between

The pisiform bone, from the Latin pisum (pea) and formis (form),
is the fourth proximal carpal bone, and it is considered by some
authors as a sesamoid bone due to its location in the tendon of
the flexor carpi ulnaris muscle.'~ It is the only carpal bone that
has atendon insertion of a forearm muscle.® Fleege et al indicate
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7.5 and 10 years of age and is fully developed up to the age of
12 years old, being the last carpal bone to ossify” (~Fig. 1).
The pisiform bone acts as an important point of fixation of
soft tissues (=Fig. 2). Pevny et al demonstrated the existence
of 10 soft tissue structures related to the pisiform bone,
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Fig. 1 (A-B) Anatomical arrangement of the carpal bones. Right hand, palmar view. Proximal row: scaphoid (1), lunate (2), triquetrum (3) and
pisiform (4). Distal row: trapezium (5), trapezoid (6), capitate (7) and hamate (8). (C) Development of the carpal bones and ossification centers.

Based and adapted from Werner Platzer.”

Fig. 2 Main structures attached to the pisiform bone. Right hand,
palmar view. Pisiform (P); abductor digiti minimi muscle (ADM),
pisometacarpal ligament (PML), pisohamate ligament (PHL), flexor
carpi ulnaris muscle (FCU), flexor retinaculum (“transverse carpal
ligament”) (FR), extensor retinaculum (ER), ulnar collateral ligament
of wrist joint (UCL). Based and adapted from Moojen et al.®

described as the flexor carpi ulnaris tendon, the extensor
retinaculum, the abductor digiti minimi muscle, the flexor
retinaculum, the ulnar collateral ligament of the wrist joint,
the articular disc of the distal radioulnar joint, the pisoha-
mate ligament, the pisometacarpal ligament, and the pisi-
form joint capsule, plus a superficial fibrous bundle between
the pisiform bone and the hook of hamate.-3?

The biomechanics of this region contribute to the kine-
matics of the wrist and of the hand in an indirect and not very
relevant way, being the pisiform bone restricted to a fixation
point for the aforementioned soft tissues and participating in
the joint with the pyramidal bone.®'%'" The pisiform bone,
like the patella, also acts as a lever and provides increased
flexion strength of the wrist and extra stability when the
wrist is flexed.>%-°

Historically, the isolated pisiform fracture was identified
and described by Guibout in 1847 during a necropsy, along
with other carpal fractures.!'2'3 Although traumatic luxa-
tion of the pisiform is a condition reported as rare in the
scientific literature, it usually is a result of a trauma in dorsal
flexion of the wrist, in which the impact occurs immediately
on the hypothenar eminence with the wrist in hyperexten-
sion, the forearm in pronation, and the upper limb in
adduction.’4

There are also other mechanisms for the pisiform fracture,
commonly observed in sports, especially in volleyball
players, in which repetitive trauma causes vascular injuries
and leads to microfractures and, later, to the evolution to a
complete fracture. %14

Fractures of the carpal and metacarpal bones represent ~
6% of all fractures. Isolated fracture of the pisiform is a rare
condition, since it is constantly associated with other inju-
ries of the carpus or of the distal end of the radius. In the
fracture with concomitant rotation of the pisiform and/or
ligament rupture, the treatment can be conservative or
surgical, ending up or not with the removal of the pisiform
bone 21415

The objective of the present study is to report a case of a 9-
year-old child who suffered a pisiform dislocation, empha-
sizing the importance of previous knowledge of the anatomy
in the clinical practice, aiming at the correlation of the
clinical findings for the correct diagnosis.

Case Report

A 9-year-old male child, led by his parents, presented to the
emergency room of the Vitéria Apart Hospital reporting pain
in the wrist and in the left hand after falling from his own
height playing soccer.

During the anamnesis, it was observed that the fall
occurred with the wrist in hyperextension and, on the
physical examination, there was a slight limitation of the
range of motion due to pain. Anteroposterior (AP) and lateral
X-ray examinations were performed, showing an anterior
deviation of the pisiform bone (~Figs. 3 and 4). The child was

Journal of Morphological Sciences  Vol. 36 No. 2/2019
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Fig. 3 Lateral radiography view of the left wrist showing the anterior
dislocation of the pisiform bone (arrow).

referred for a computed tomography (CT) scan of the wrist
with suspected fracture and/or carpal dislocation.

The results of the CT scan showed an anterior dislocation
of the pisiform bone; bone irregularity in the pisiform bone
with a small adjacent bone fragment measuring 0.2 cm
suggestive of microfissure; avulsion or a small ossification
nucleus; small joint effusion; slight obliteration of the myo-
tendinous planes; and adipose tissue of the wrist of post-
traumatic origin, with preservation of the other bone struc-
tures (=Figs. 5 and 6).

A conservative treatment with plaster immobilization for
analgesia was performed for 1 week. As there were no signs
of trauma consistent with the images, such as edema and
local ecchymosis, in addition to the early complete disap-
pearance of pain, the responsible team proposed the hypoth-
esis of chronic asymptomatic dislocation of the pisiform
bone.

Discussion

The early diagnosis of pisiform fracture is important, since
late treatment may result in nonconsolidation and may
manifest with chronic pain and limitation of movement.'*
In the present report, the treatment consisted of plaster

Journal of Morphological Sciences  Vol. 36 No. 2/2019
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Fig. 4 Lateral radiography view of the right wrist showing a normal
anatomical position of the pisiform and carpal bones.

immobilization for a short period of time that resulted in a
good clinical response.

Moojen et al pointed to the fact that traumas of the
pisiform bone and of the pisopyramidal joint are not rare.
A correct diagnosis, however, is often difficult, in part due to
the lack of attention to anatomical structures during the

Fig.5 Axial computed tomography view of the left wrist showing the
anterior dislocation of the pisiform bone (*) and a small adjacent bone
fragment (arrow).
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Fig. 6 Sagittal computed tomography view of the left wrist showing
the anterior dislocation of the pisiform bone (*) and a small adjacent
bone fragment (arrow).

inspection of the wrist and to the lack of knowledge of the
kinematics of the region.’

An adequate clinical evaluation and a thorough examina-
tion of imaging exams in orthopedic traumatology are
essential for an accurate diagnosis. Deep knowledge of the
anatomy is essential to correlate the findings of these exams
with the anamnesis and to understand the possible existence
of silent, asymptomatic, and pre-existent conditions in the
clinical practice.

Rueff-Barroso et al.
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Variations of the forearm muscles are well described in the literature. In spite of that,

reports regarding the accessory flexor carpi ulnaris muscle are scarce due to its rarity.
This muscle usually originates from the medial epicondyle of the humerus with the
flexor muscle mass and inserts itself into the palmar aponeurosis or the pisiform bone
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Introduction

The flexor carpi ulnaris muscle (FCUM) originates from two
slips: one from the olecranon and another from the medial
epicondyle of the humerus; these muscle bands fuse and
forms a fleshy muscle with a strong tendon that inserts itself
onto the pisiform bone."-

The FCUM is innervated by the ulnar nerve (UN), which
lies between these fasciculi before they fuse, and it is
accompanied by the posterior ulnar recurrent artery.
FCUM allows the hand to flex over the forearm and has a
slight adductor function.-

Although variations of the FCUM are rare, it is a clinically
significant muscle, as it can cause compression of the UN, and
it can be used as a muscle flap for soft tissue
reconstruction.-®
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together with the flexor carpi ulnaris muscle. Supernumerary and anomalous muscles
of the anterior compartment of the forearm have been associated with ulnar nerve and
artery compression. Furthermore, they may also mimic neuromas and soft tissue
tumors. The study of supernumerary muscles is necessary, as they may be an option to
tendon grafts and muscle flaps. The aim of this paper is to describe the presence of the
accessory flexor carpi ulnaris muscle on the left forearm of a cadaver fixated in a phenol
solution and discuss its clinical and anthropological significance.

Accessory muscles of the forearm can also mimic neuro-
mas or soft tissue tumors, and can contribute to the onset of
thrombosis and syndromes such as carpal tunnel. Knowledge
of these variations are important to surgery, as most of them
are discovered intraoperatively>’

The present work reports the presence of an accessory
flexor carpi ulnaris muscle (aFCUM) in a male cadaver and
discusses its clinical significance.

Case Report

A male cadaver fixated in a phenol solution was dissected for
teaching purposes. The presence of a supernumerary muscle
was observed, which was identified as an aFCUM in his left
forearm. There were no other associated variations on any
side.

Copyright © 2019 by Thieme Revinter  License terms
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Accessory Flexor Carpi Ulnaris Muscle

Fig. 1 Anterior view of the dissected forearm. Abbreviations: aFCUM, accessory flexor carpi ulnaris muscle; FCRM, flexor carpi radialis muscle;
FCUM, flexor carpi ulnaris muscle; FR, flexor retinaculum; PLM, palmaris longus muscle; PM, palmar aponeurosis; PS, pisiform bone; UA, ulnar

artery.

The aFCUM was located medial to the FCUM and lateral to
the palmaris longus muscle. Its proximal tendon originated
from the medial intermuscular septum together with adja-
cent muscles, and its distal tendon inserted itself into the
flexor retinaculum (=Fig. 1). This accessory muscle had a
fusiform shape and measured19.8 cm in length.

The ulnar artery and nerve were covered by this accessory
muscle during their entire trajectory of the forearm. The
floor of the Guyon canal was reinforced by the distal tendon
of this muscle (=Fig. 1). It was innervated by branches of the
UN.

Discussion

Development of the muscles starts with segmentation of the
paraxial mesoderm into somites. Each somite has two por-
tions: the sclerotome (which gives origin to bones and
cartilages of the thorax and vertebral column) and the
dermomyotome (which will form the muscles)>-8°

The myotomes give origin to myoblasts, which go through
extensive migration in order to originate the limb muscles.
This process starts during the fifth week of development.
Then, all myoblasts condense and fuse to form 2 distinct
muscle masses on the forearm: the ventral and the dorsal.
The ventral mass forms the flexors and pronators, while the
dorsal mass forms the extensor and supinator muscles of the
forearm.>%?

Through apoptotic mechanisms and growth factors, each
muscle begins to take its shape and current appearance. The
presence of supernumerary muscles is usually caused by an
increase of cell stimuli, which causes proliferation of muscle
tissue and the lack of apoptotic stimuli to cease its
growth.>%?

The FCUM is a fairly consistent muscle that rarely varies
(0.02% of all flexor compartment variations). Aberrant origin
or insertion, additional slips, partial muscle belly, split
tendon, fusion with palmaris longus muscle and the pre-
sence of an aFCUM are among reported variations of the

FCUM."*10-12 According to Le Double (1897), the aFCUM
was first described by Jarjavay in 1857."!

Variations regarding the insertion onto the metacarpals
and their joints can be interpreted as regressive dispositions
of mammals such as koalas, hyenas and sloths."

Moreover, the ulnar slip of the FCUM is absent in pigs and
is in a fibrous state in tapir (Tapiridae tapirus). The proximal
portion of the FCU is blended with the palmaris longus
muscle in rats.""'3 Its tendon is bifurcated in dogs.'® Those
patterns represent the fact that numerous variations of the
FCUM in humans possess similarities with other those of
mammals and animals from other species.

Clinically, the presence of supernumerary or abnormally
large muscles on the forearm may be the cause of neurovas-
cular bundle compression.3=>7:121%16 The length, girth,
width and the relations of the aFCUM reported herein could
predispose an individual to develop compressive neuropa-
thies of the UN not only on the Guyon’s canal, but in the
whole forearm instead. In addition, the distal insertion on
the flexor retinaculum by the aFCUM could compromise the
median nerve as well. Furthermore, The aFCUM may simu-
late a ganglion or a soft tissue tumor.?

The ulnar artery could also be a target to compression, as
the presence of more muscle mass in the fascial compart-
ment would cause more pressure on this vessel, thus, pro-
voking a decreased local blood flow either during forearm
flexion or even in stationary position.'”

The clinical diagnosis of an accessory muscle belly should
be kept in mind when there is a soft and palpable mass at the
wrist associated with flexion deformities, albeit not a con-
stant symptom.'®

Diagnosis often requires imaging techniques, such as CT-
scan and MRI. Despite that, most of the muscle anomalies of
the forearm are found during surgery or cadaveric dissection.
Hence the importance of reporting anatomical variations to
provide knowledge and further expand the surgeon’s
awareness.>>

Furthermore, the FCUM has been used as local and free
muscular flap in soft-tissue reconstruction surgery, as well as
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in tendon transfer procedures.’ As the tip of the olecranon
has a thin and movable skin, postoperative complications of
total elbow arthroplasty are not uncommon. In light of this,
FCUM flap has been performed recently due to its regular
vascular supply and easy flap obtainment from this muscle.®
Thus, an aFCUM would also be a good candidate for this
procedure, despite its rarity in the general population.

In conclusion, the aFCUM is a clinical and surgical sig-
nificant variation that should be further studied despite its
rare incidence. Nerve compression caused by supernumer-
ary muscles is well described in the literature, specifically in
the forearm-hand comple, as the muscles are more prone to
vary and the nerves are more exposed due to their relations
with the adjacent structures. Supernumerary muscles of the
forearm may also confuse diagnosis of soft tissue tumors and
neuromas.
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Introduction The sternal muscle is an anatomical variation found in the anterior

Objective To report the anatomical characteristics of a new type of sternal muscle.
Case Report This was a dissection study in which the sternal muscle found was

unilateral and long.
Keywords
= sternal muscle
= anatomical variation
= clinical anatomy

Introduction

The sternal muscle, which is not present in the American
population and is more present in the northern China
population, presents as an anatomical variation superficially
situated at the pectoralis major muscle, usually unilateral,
without epidemiological variation in relation to sexual
dimorphism." Its low occurrence, estimated to be ~ 8%,
and the possibility of confounding it with tumors in the
sternal region, justifies its descriptions upon identification.
The objective of the present article is to report a case of
sternal muscle in a human cadaver.

Case Report

This is an observational dissection study. In the dissection
routine at the Anatomy Laboratory of the Morphology Depart-
ment of the Universidade Federal da Paraiba (Campus I), Jodo
Pessoa, state of Paraiba, Brazil, the sternal muscle was
found, dissected by routine technique and anatomically
characterized.

The most commonly used classification for sternal muscle
variations was proposed by Jelev et al® and is indicated
in ~Fig. 1.
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Discussion Proximal fixation differs from the classification adopted for these cases.
Documentation of sternal muscle variations can improve the theoretical database in
anatomy as well as aid diagnoses, reducing the probability of the unexpected during
clinical and/or surgical thorax-related investigations.

The unilateral and long type is the most frequent one,
usually originating from the sternocleiomastoid (ECOM)
muscle tendon and inserted into the costal cartilages. Silva>
reported a series of cases in cadavers presenting sternal
muscle. In this study, these muscles had origins near the
ECOM tendon or even at the manubrium.

In our study, the sternal muscle was dissected through the
routine technique and is shown in =Fig. 2.

Our finding reveals a long, unilateral muscle with a length
greater than the width and thickness, with proximal fixation
in the sternal fascia of the pectoralis major muscle and the
distal insertion in the abdominal portion of the pectoralis
major muscle.

Discussion

The ontogenesis of the sternal muscle has revealed a muscle
as being a reminiscent of four major structures: from the
major spinal muscle; from the rectus abdominis muscle;
from the musculoskeletal muscle, or from the fleshy panni-
culus related to the platysma muscle.*

Our finding reveals a long, unilateral muscle with a length
greater than the width and thickness, with proximal fixation
in the sternal fascia of the pectoralis major muscle and the
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Fig. 1 Variant forms of the sternal muscle previously published by Jelev et al.?

Fig. 2 Sternum muscle dissection, anterior to the pectoralis major muscle (A and B). Long muscle with parallel fibers (*).

distal insertion in the abdominal portion of the pectoral
muscle. In the classification proposed by Jelev et al,? our
finding closely resembles type 12, with proximal fixation in
the middle axial line of the sternum, but differs in presenting
only one venter. Recently, Dudgeon et al® also proposed a
new variant form to the sternal muscle. This finding was a

Journal of Morphological Sciences  Vol. 36 No. 2/2019

mixed type with three venters. Therefore, we believe that our
finding can also be added to this classification. Interestingly,
the phylogenetic theories state that the sternal muscle, when
found near the sternum, is derived from primates.®

The visualization of the sternal muscle has caused sur-
prise during surgeries.” During radical mastectomies in the



treatment of breast carcinomas, the pectoral fascia is folded
and the pectoralis major is exposed. In the presence of the
sternal muscle, it is necessary to observe its muscular fixa-
tions to perform the best cutting plane.! In studies using
mammography, the sternal muscle was identified, whereas
at clinic evaluations it was confused with a mammary
lesion.®

Therefore, documentation of sternal muscle variations
can improve the anatomy theoretical database, as well as
aid diagnoses, reducing the probability of the unexpected
during clinical and/or surgical thorax-related investigations.
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