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Morphological analysis of the distal femur:

a radiological study

Cem Ozcan

Department of Orthopedics and Traumatology, Izmir Katip Celebi University, School of Medicine, Izmir, Tiirkiye

Abstract

Objectives: The morphology of the femur in both proximal and distal parts has been the subject of various studies. The dimen-
sions of the distal femur are important in prosthesis and implant design, especially for knee joints in cases such as total knee
arthroplasty. This study aims to enrich the limited literature on distal femur morphology by using computed tomography images
of 100 dry femur bones obtained from the human skeleton.

Methods: Computed tomography sections were evaluated for the distal parts of 100 dry human femur bones and parameters such
as mediolateral length, anteroposterior width, and medial and lateral condyle widths were measured. Measurement data were pre-
sented as means and standard deviations.

Results: As a result of the measurements, the mean mediolateral length was 76.1 mm and the mean anteroposterior width was
59.9 mm. The femoral aspect ratio was 1.27.

Conclusion: Understanding the variations in distal femur morphology will reduce the risk of bone-size mismatch in total

knee replacement designs.

Keywords: computed tomography; distal femur; morphology; total knee arthroplasty
Anatomy 2023;17(1):1-4 ©2023 Turkish Society of Anatomy and Clinical Anatomy (TSACA)

Introduction

The femur is the largest bone in the human body, and its
morphology in both the proximal and distal parts has
been the subject of various studies."” Studies of femur
morphology can be performed using techniques based on
data from radiography, computed tomography (CT) , and
magnetic resonance imaging (MRI). CT data can be
obtained in both two-dimensional and three-dimensional
formats.’~!

The dimensions of the distal femur are important in
prosthesis and implant design, especially for knee joints
in cases such as total knee arthroplasty.”! For the design
of the knee implant, implant geometry and size are
important factors affecting the durability of the prosthe-
sis. Optimizing the size of the implant coating surface
area between the bone and the implant component may
help prolong the life of prostheses as it reduces stress
around the bone and wear on the tibial insert.” Distal
femur morphology varies greatly and components are
produced in a limited range of sizes and morphologies,

primarily for economic reasons. Surgeons often have to
compromise when choosing the size of a component,
which can disrupt rotation and the stability of soft tissues.
It has been reported that the components are too large
for 66% to 76% of patients undergoing total knee arthro-
plasty.?”!

This study aims to enrich the limited literature on dis-
tal femur morphology by using C'T images obtained from
100 dry femur bones from human skeletons.

Materials and Methods

The data source of our study comprised the records of 100
dry adult femur bones for which CT images had been per-
formed in a different study. Bones with pathologies such as
fractures, tumors, abnormal deformities, or previous surg-
eries as well as avascular necrosis, hip dysplasia, or slipped
capital femoral epiphysis related to the femoral head were
excluded from the study. All female and male bones that did
not meet any of the exclusion criteria and exhibited no
bone pathologies were included in the study. The results of

deomed.


https://orcid.org/0000-0002-1541-2484

2 Ozcan C

CT images (including 3D reconstructions of the femurs)
were reviewed to obtain data on morphometric properties.
All scans had been performed at a cross-sectional thickness
of 0.6 mm (256-slice multidetector scanner; Siemens,
Erlangen, Germany). All measurements were made by the
author who has more than 10 years of orthopedic experi-
ence. The measurements were repeated 2 times and the
arithmetic average of the 2 values was used.

Parameters noted in the CT records and their defini-
tions are as follows (Figure 1):

* Mediolateral length (ML-L): The distance between
the lateral epicondyle and the most prominent point of
the medial epicondyle.

* Anteroposterior width (AP-W): The distance
between the most anterior cortex point and the line
connecting the most posterior point of the lateral and
medial condylar.

* Medial anteroposterior width (MAP-W): The dis-
tance between the most anterior and posterior point of
the medial condyle.

* Lateral anteroposterior width (LAP-W): The dis-
tance between the most anterior and posterior point of
the lateral condyle.

* Medial condyle width (MC-W): The distance
between the most medial point and the most lateral
point of the medial condyle.

* Lateral condyle width (LC-W): The distance
between the most medial point and the most lateral
point of the lateral condyle.

* Intercondylar notch width (IN-W): Width of the
intercondylar notch.

* Femoral aspect ratio (ML-L/AP-W): The ratio of
mediolateral length to anteroposterior width.

Results

As a result of the measurements, the mean mediolateral
length was 76.1 mm and the mean anteroposterior width
was 59.9 mm. The femoral aspect ratio was 1.27. All
measurements of distal femur morphology are shown in
Table 1.

Table 1
Morphometric parameters of the distal femur.

Parameters Mean+SD
ML-L (mediolateral length) 76.1+6.2
AP-W (anteroposterior width) 59.9+5.4
MAP-W (medial anteroposterior width) 65.2+5.4
LAP-W (lateral anteroposterior width) 67.8+5.2
MC-W (medial condyle width) 27.3+£3.1
LC-W (lateral condyle width) 25.8+2.9
IN-W (intercondylar notch width) 23.8+3.0
ML-L/AP-W (femoral aspect ratio) 1.27+0.1

Figure 1. Measurements on CT axial section. The measurements in the figure represent the results in one case. a: mediolateral length, b: lateral
anteroposterior width, c: intercondylar notch width, d: medial condyle width, e: lateral anteroposterior width, f: anteroposterior width, g: medial
anteroposterior width.
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Discussion

The morphometric parameters of the distal femur are fre-
quently used in various applications such as gender deter-
mination, racial and ethnic identification, and determina-
tion of baseline data for the design of knee prostheses.*
Our study has aimed to enrich the limited literature on
distal femur morphology by analyzing CT data obtained
for dry bones.

The present study showed that, the mediolateral
length of the distal femur was 76.1 mm and the antero-
posterior width was 59.9 mm. It was observed that the
mediolateral length of the femur was greater than the
anteroposterior width, and the ML-L/AP-W ratio was
1.27. This ratio was determined by Phombut et al.!"” to be
1.26, showing close similarity to our study.

With improvements in quality of life, changes in
lifestyle habits, and increasing life expectancy, the inci-
dence and detection rates of knee diseases are increasing
every year. Total knee arthroplasty has made great progress
in the general context of the development of orthopedic
science in recent years with its wide range of indications
and has come to the fore as an important treatment method
to improve knee function and quality of life in patients with
osteoarthritis, rheumatoid arthritis, and severe knee arthro-
sis. However, 20% of patients undergoing total knee
arthroplasty still report dissatisfaction after surgery.!'"
Postoperative outcomes after total knee arthroplasty are
closely related to knee prosthesis design and prosthesis
placement level. For this reason, it is very important that
the intraoperatively applied prosthesis fit the patient’s knee
geometry. Initial designs for total knee arthroplasty includ-
ed only one-dimensional femoral components, but knowl-
edge of knee anatomy and prosthetic design have improved
significantly over the years."” With the increase in studies
indicating the differences in distal femur and proximal tibia
morphology, manufacturers have introduced implants of
different sizes on a wider scale.>""! Incompatibility
between the prosthesis and the osteotomy surface leads to
chronic knee pain, instability, and decreased range of
motion and may ultmately affect the normal function of
the joint."® An overly large femoral component causes soft
tissue compression, which in turn causes painful irritation
of the knee tendons and ligaments, while a small femoral
component causes increased blood loss through the
exposed spongiosa bone. Mueller et al.'” reported an
increase in midflexion instability in small-sized femurs and
attributed this to a decrease in posterior offset. We think
that anatomical studies evaluating distal femur morphology
in different race, gender, and age groups should be empha-
sized in light of the danger of incompatibility of total knee
prosthesis designs with bone morphology.

Morphological analysis of the distal femur 3

The study had some limitations. First, the study mate-
rial was dry bone, and dry bone that has lost its vitality and
water content may change in volume. Second, we did not
have access to data such as the genders, ethnicities, or ages
of the skeletons from which these bones originated, and
the effects of those variables on femur morphology are
well known. In spite of these limitations, however, we
think that the measurements we have made based on CT
images represent safer results compared to other radio-
graphic measurements, and we anticipate that our study
will contribute to the literature when evaluated together
with other similar studies.
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Abstract

Objectives: To investigate the renal vascular and ureteral variations in patients subjected to kidney transplantation.

Methods: This retrospective study was conducted between January 2018 and December 2021. A total of 233 donors who under-
went cadaveric harvesting were included in the study. By using the operation records, the numbers of the participants’ right and
left renal arteries, right and left renal veins and right and left ureters were evaluated.

Results: The mean age of participants was 54.41£17.76 years, and 58.8% were males. Multiple renal vessels were detected in
77 (33%) donors, and ureter duplication was detected in 3 (1.2%) donors. No significant difference was observed between the
right and left kidneys and between sexes regarding the incidence of supernumerary renal vessels and ureters. There was a sub-
stantial relationship between the supernumerary renal artery and vein count on the right side (p=0.024 when dichotomized for
artery count, p=0.004 when dichotomized for vein count).

Conclusion: Anatomical differences in vascular structures and ureters may create risks that will affect the outcome of kid-

ney surgeries and transplants. During kidney transplantation, interventional radiological procedures or other retroperitoneal
surgeries, surgeons and radiologists are advised to remember that supernumerary renal arteries and veins are likely to be con-

current, especially on the right side.

Keywords: kidney surgery; supernumerary renal vessels; transplantation; ureter duplication; harvesting
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Introduction

Morphological kidney variations can be seen frequently,
although frequency varies according to ethnic and racial
differences.!”! These variations may be related to the kid-
ney itself, such the presence of ectopic kidney™ or horse-
shoe kidney, and may also be directly associated with
variations in the renal artery, renal vein and ureters."! The
most common variations related to the renal artery are
supernumerary renal artery (SRA) and early bifurcation of
renal artery."”! Supernumerary renal vein (SRV),!” retro-
aortic left renal vein,” plexiform renal vein!® and late con-
fluence of renal vein” can be counted among the well-
known variations of the renal vein. Ureteral duplication
and dilatation are anatomical variations of the ureter.!"”

Anatomical variations in arteries, veins and ureters can
create extra risks for the donor, recipient and graft during

kidney transplantation. Additionally, missing such struc-
tural differences during intra-abdominal operations and
radiological interventions may cause bleeding, pyelo-
ureteral necrosis, increased complications, and may even
necessitate conversion of laparoscopic operations to open
surgery."®!! Moreover, especially SRV presence has been
associated with increased spread of cancer cells throughout
the body and these vessels are critical for the placement of
caval filters.™" Tt is also known that multiple ureter com-
plicates renal transplantation surgeries and increase the
risk of complications after transplantation.”! The preva-
lence of SRA is estimated to be 2-56% and 2-67% in the
right and left sides, respectively.'*"”! SRV frequency on
the right and left sides has been reported between 7-38%
and 0-9%, respectively.'>'*"] Finally, multiple ureter has
been detected in 0.1-1.1% of individuals.!"*"®'”) The inci-
dence of these variations may show ethnic and racial dif-
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ferences.*" Therefore, knowing population- and sex-spe-
cific frequencies and type of multiplicity on the right and
left sides (arteries, veins and ureters) can provide impor-
tant advantages in diagnostic imaging, interventional radi-
ological procedures, retroperitoneal surgical procedures
and renal transplantation.!"'**"**) There are many studies
in the literature which have examined renal vessel varia-
tions."*! However, the number of studies in which both
renal vessels and ureters are evaluated with respect to sex
and side are limited."

In this study, we aimed to investigate the renal vascu-
lar and ureteral variations in patients subjected to kidney
transplantation harvesting.

Materials and Methods

This study is a retrospective study evaluating the operations
performed by Bursa Regional Organ and Tissue
Transplant Coordination Center between January 2018
and December 2021 in Turkey. A total of 233 donors who
underwent kidney harvesting for donor kidney vessels
assessment before renal transplantation were included in
the study. All samples and information were recorded
anonymously. Donors whose anatomy of the artery, vein,
and ureter of both kidneys could not be clearly evaluated by
any reason, and donors who did not have one and have
ectopic kidney were excluded from the study (n=18).

The primary outcome was to evaluate whether there
were significant differences in the number of renal arteries,
renal veins and ureters between the right and left kidneys.
The secondary outcomes were to investigate whether there
were significant differences in the numbers of right and left
kidney renal arteries, renal veins and ureters between males
and females and to ascertain whether there was a significant
relationship between the number of SRA and SRV in the
right and left kidneys, separately.

All analyses were performed on IBM SPSS Statistics for
Windows, Version 25.0 (IBM Corp., Armonk, NY, USA),
and with a statistical significance threshold of p<0.05.
Meansstandard deviation was used to summarize continu-
ous variables, while absolute and relative frequency were
used for categorical variables. Age was analyzed with the
independent samples t-test. Analyses between right and left
side were performed with the McNemar test or marginal
homogeneity test depending on number of categories. For
the analysis of relationships between artery and vein counts,
variables were dichotomized for both artery and vein count
(n=1 vs. n=2) with relative assessment according to exact
numbers (n=1, n=2, n=3). Between-groups analysis of cate-
gorical variables was performed with the Fisher’s exact test
or the Fisher-Freeman-Halton test.
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Results

Overall mean age was 54.41£17.76 years and 58.8% of
the participants were males. Multiple renal vessels were
detected in 77 (33%) donors and ureter duplication was
detected in 3 (1.2%) donors (Figure 1). SRA anomalies
were present in 68 (29.1%) donors and 8 (3.4%) of them
had concomitant SRV. Right-sided SRA was detected in
40 donors (17.1%), left-sided in 40 donors (17.1%), and
bilateral SRA in 12 (5.1%) donors. SRV was present in
17 (7.3%) donors, of which 11 (4.7%) were on the right,
6 (2.6%) were on the left, while none of the participants
had bilateral SRV anomalies. Bilateral ureteral duplica-
tion was not detected in any donor. No significant dif-
ference was observed between the right and left kidneys
in terms of the number of renal arteries (p=0.808), the
number of renal veins (p=0.180), and the number of
ureters (p=1.000) (Table 1) and (Figure 2).

The mean age of females was significantly higher
than male (p=0.005). There was no significant difference
between the sexes in terms of the numbers of right and
left renal arteries (p=0.179 and 0.247, respectively), renal
veins (p=0.603 and 1.000, respectively) and ureters
(p=1.000 for both sides) (Table 2). There was a signifi-
cant relationship between SRA count and SRV count on
the right side (p=0.024 when dichotomized for artery
count, p=0.004 when dichotomized for vein count)

(Table 3).

SRS
\u\ .

Figure 1. Double artery kidney. Black arrows: arteries.
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Table 1
Summary of the numbers of arteries, veins and ureters with regard to side.

Right (n=233) Left (n=233) p-value
Number of arteries 1 193 (82.8%) 193 (82.8%)
2 39 (16.7%) 37 (15.9%) 0.808
3 1(0.4%) 3(1.3%)
Number of veins 1 222 (95.3%) 227 (97.4%)
2 10 (4.3%) 6 (2.6%) 0.180
3 1(0.4%) 0(0.0%)
Number of ureters 1 232 (99.6%) 231 (99.1%) 1.000
2 1(0.4%) 2 (0.9%) h

Data are given as frequency (percentage).

Discussion

Morphological variations of renal vessels and ureter are
mostly asymptomatic and diagnosed incidentally. The
importance of these clinically silent conditions emerges
especially in retroperitoneal surgeries, renal transplanta-
tions and interventional radiological procedures.” Since
the prevalence of these variations may show ethnic differ-
ences!"” and considering that the most common variations
are additional vessel(s) or ureter(s), we aimed to determine
the frequencies of multiple-renal vessels and ureters with

100
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20

Right Left
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Figure 2. Distribution of the numbers of arteries, veins and ureters.

Vein

respect to the right and left kidneys and sexes in a popula-
tion from Turkey. There was no significant difference
between the right and left kidneys and between males and
females in terms of supernumerary vessels and ureters. It
was observed that there was a significant positive correla-
tion between the number of SRA and the number of SRV
on the right side.

The importance of accessory arteries is evident in
many clinical situations." It is especially important to
detect SRAs in kidney transplant, since these variations

Number
L
W)
3

Left Right Left

Ureter
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Table 2
Summary of the numbers of arteries, veins and ureters with regard to sex.

Number of arteries, right 1 84 (87.5%) 109 (79.6%)
2 12 (12.5%) 27 (19.7%) 0.179
3 0(0.0%) 1(0.7%)

Number of arteries, left 1 78 (81.3%) 115 (83.9%)
2 18 (18.8%) 19 (13.9%) 0.247
3 0 (0.0%) 3(2.2%)

Number of veins, right 1 91 (94.8%) 131 (95.6%)
2 4 (4.2%) 6 (4.4%) 0.603
3 1(1.0%) 0(0.0%)

Number of veins, left 1 94 (97.9%) 133 (97.1%)
2 2 (2.1%) 4(2.9%) 1.000
3 0(0.0%) 0(0.0%)

Number of ureters, right 1 96 (100.0%) 136 (99.3%) 1.000
2 0 (0.0%) 1(0.7%) '

Number of ureters, left 1 95 (99.0%) 136 (99.3%) G
2 1(1.0%) 1(0.7%) i

Data are given as meanzstandard deviation for continuous variables and as frequency (percentage) for categorical variables.

Table 3
Relationships between numbers of arteries and veins.

Number of veins, right 1 187 (96.9%) 35 (87.5%)
5(2.6%) 5(12.5%) 0.024
1(0.5%) 0 (0.0%)

Number of veins, left 1 188 (97.4%) 39 (97.5%)
5(2.6%) 1(2.5%) 1.000
0(0.0%) 0 (0.0%)

Number of arteries, right 1 187 (84.2%) 6 (54.5%)
35 (15.8%) 4 (36.4%) 0.004
0(0.0%) 1(9.1%)

Number of arteries, right 1 188 (82.8%) 5 (83.3%)
36 (15.9%) 1(16.7%) 1.000
3(1.3%) 0(0.0%)

Data are given as frequency (percentage).

Anatomy e Volume 17 / Issue 1 7 April 2023
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may create special conditions for both the donor and the
recipient. Their potential effects include the transplant
decision, nephrectomy method, operation side, selection
of donor, graft ischemia duration, and greater risk of com-
plications.™ Tn addition to kidney transplant, these vari-
ations or anomalies should be considered during other
intraabdominal operations.****) SRV's may cause undesir-
able consequences and difficulties for both the
donor/recipient and surgeons during kidney transplant
and other surgeries.”” In the presented study, we deter-
mined the rate of supernumerary renal vessels as 33%,
SRA rate as 29.1% (17.1% on the right and left), and SRV
rate as 7.3% (4.7% on the right, 2.6% on the left).
Bilateral SRA ratio was 5.1%, and bilateral SRV was not
detected in any donor. There was no significant difference
between the right and left sides in terms of the incidence
of SRA and SRV. In the computed tomography angiogra-
phy (CTA) study of Gupta et al.,/"! renal vessel variations
were investigated and the frequency of overall SRA was
found to be 43.5% (28.70% on the right side, 29.62% on
the left side, 14.81% bilateral). The frequency of SRV was
8.3%, and interestingly, all of these variations were right-
sided. In another study conducted in Turkey, the renal
vessels of 70 kidney donors were evaluated by CTA. SRA
was detected in 40 (29.6%) of the 140 kidneys and SRV
was identified in 3 (2.1%). In this study, no significant dif-
ference was found between the right and left kidneys in
terms of SRA."Y In another study from Turkey, the inci-
dence of SRV and SRA on the right and left sides also was
found to be similar.”* Qur findings in this study were sim-
ilar to the data reported in the Turkish population.'"**
SRV anomaly was reported at higher rates in our study.
This difference may have arisen because the data evaluat-
ed in our study was higher and the venous anatomy was
more variable.!'"*¥

Although many studies on the subject report varying
frequencies, it can be said that the frequency of SRA is
higher than that of SRV in the majority of literature,"*!
and that SRVs are seen more frequently on the right
side.®'!”! The literature concerning the comparison of
SRA and SRV frequencies on the right and left sides is
inconsistent. While there are those who argue that the fre-
quency is similar.""***¥ there are also studies that argue
that these variations are more common on the right***” or
on the left."** The fact that SRV is more common on the
right side is thought to be due to the different embryolog-
ical origins and developmental processes of the right and
left renal veins."®'>*!l There are also studies that do not
conform to this generalization.’*%*”! But, whatever the
reason for these differences, with regard to the reasons
outlined above, surgeons and radiologists need to consid-

er the risk and frequency of abnormalities in right and left
renal vessels in their population. For instance, the pres-
ence of the inferior vena cava on the right causes the left
renal vein to be longer, making the left kidney a better
transplant candidate than the right due to ease of anasto-
mosis. However, if there are muldple arteries in the left
kidney, this may result in preference of the right kidney
(even though the vein is shorter) in order to reduce the risk
of vascular injury and to shorten ischemia duration.""*!

In the current study, we also evaluated the relationship
between the number of SRA and the number of SRV for
the right and left kidneys separately. According to our
results, there was a significant relationship between the
number of SRA and the number of SRV on the right side,
but no such relationship on the left side. In addition, we
also observed that the donor who had 3 renal veins on the
right side had 1 renal vein on the left and 1 renal artery on
each side. In the observational study of Ikidag et al.,"" it
was reported that a patient with 3 renal veins on the right
had 1 renal artery on the right, 2 renal arteries and 2 polar
arteries on the left. Deshpande et al.* published a case
report presenting a patient with 3 renal arteries on the
right, 2 renal arteries on the left, and 2 renal veins on the
right. We did not come across any other study in which
this relationship was investigated. Although CTA scan
performed before renal transplantation can accurately
detect renal vessel abnormalities with a highly-respectable
sensitivity, it should be kept in mind that the sensitivity is
not 100%, especially if such variations are not suspect-
ed."¥ In one study, CTA findings were found to be cor-
related well with the intraoperative findings in only 72.7%
of patients.”! Therefore, we recommend that when SRA or
SRV anomaly is encountered both during renal transplan-
tation and other intra-abdominal operations as well as dur-
ing interventional radiological procedures, it should be
considered that there may be other accompanying super-
numerary opposite vessels, especially on the right side.
The limitations of imaging methods in radiological studies
increase the importance of surgical and cadaver studies.
Anomalies of position, rotation, and duplication of the col-
lection system are rarely encountered compared to renal
vessel variations. They are caused by anomalies in the
morphogenesis of the urinary system.!'” Ureter duplica-
tion frequency has been reported to be around 1%."*"
Depending on the type and severity of duplication, it may
be asymptomatic, or it may be a cause of vesicoureteral
reflux, incontinence, ureterocele, obstructive uropathy,
renal parenchymal scarring, dysplasia and decreased renal
function.” In this study, we detected ureteral duplication
in only 3 donors (1.2%). None of these had bilateral dupli-
cations. One of the donors also had 2 renal arteries on
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both sides. In a study of 254 deceased donors, ureteral
duplication was found in 3 subjects (2 left- and 1 right-
sided)."” Ureteral duplication may also accompany renal
vascular anomalies. Other studies have also presented cases
with ureteral duplication concurrent with multiple renal
vessel anomalies."”** Therefore, when radiologists and
surgeons detect ureteral duplication, they should make
extra evaluations and be more careful for other accompa-
nying collector system or vessel anomalies. Additionally,
when incidental accessory vessels are detected preopera-
tively or intraoperatively, it should be taken into account
that undetected ureteral duplication may be present. This
will allow the surgeon to approach the pedicle more care-
fully, especially during renal graft removal. In addition,
since presence of multiple ureter may also be effective in
donor selection, its detection is of particular importance.
Indeed, high complication rates have been reported in kid-
ney transplants with multiple ureters."”

Our investigation did not reveal any difference
between a significant difference between males and
females in terms of the number of renal arteries, renal
veins and ureters on either the right or left side. The stud-
ies by Ferhatoglu et al.”"" and Ikidag et al."" also found no
significant differences between the sexes in terms of SRA
and SRV frequencies. These findings are also supported
by other literature.””?*%! However, in a retrospective eval-
uation of CTA images of 820 patients, Gumus et al.’?
found the incidence of SRA to be significantly higher in
males on both sides. Another retrospective study reported
that the overall rate of renal vascular variation was signifi-
cantly higher in male.’” In the same study, it was report-
ed that the percentage of males with SRA was higher than
females (31.1% vs 15.2%), and the percentage of females
with SRV was higher than male (10.2% vs 8.2%), but the
significance of these differences was not given.’” It is also
important to note that urinary tract duplication is encoun-
tered more frequently in females."’

In our study, no significant effect of sex on the fre-
quency of ureteral duplication was observed, but this may
be due to the low number of cases. Sex does not seem to
have a clear effect on numerical anomalies of the renal ves-
sels; however, more studies that are comprehensive are
required to reach a definite conclusion.

This study has considerable advantages over others,
including the fact that SRA, SRV and multiple ureters
were evaluated together. Additionally, cross-sectional
analysis of these abnormalities between the right and left
sides and between the sexes was performed. The numeri-
cal relationship between SRA and SRV was also investi-
gated. The number of cases included is higher than in

Anatomy e Volume 17 / Issue 1 7 April 2023

many similar studies conducted in Turkey. However,
some critical limitations should be noted. It is a single-cen-
ter study, so its results cannot be generalized to the entire
population. The retrospective design prevented the inclu-
sion of prospective data, which may have been valuable in
cases where additional imaging may have been required.
Also, other anomalies that may be important in radiologi-
cal interventions and surgeries such as polar vessels, vessel
and ureter diameters, early branching arteries, complete or
incomplete ureteral duplication!”! were not investigated.
Evaluation was made only on CTA data, and although
CTA and visual detection are usually consistent,"** some
studies have reported that there may be differences in the
rates of radiologically-detected variations and intraopera-
tively-detected variations.’** Finally, despite high patient
count, multicenter studies with more cases are needed to
provide data on a national scale.

Conclusion

The incidence of SRA, SRV, and duplicated ureter did not
differ significantly between the right and left sides and
between males and females. There was a significant posi-
tive correlation between the incidence of SRA and SRV on
the right side. We also found that SRA was more frequent
compared to SRV and ureter duplication. During inter-
ventional radiological procedures, kidney transplantation
or other retroperitoneal surgeries, both surgeons and radi-
ologists are advised to keep in mind that SRA and SRV are
likely to be concurrent, especially on the right side.
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Abstract

Objectives: A perforator flap based on the pectoral branch of the thoracoacromial artery (TAA) is an attractive option, both in
terms of the regional coverage possibilities and the reduced donor site morbidity. And yet this technique has been little docu-
mented in the literature. The authors report a series of dissections in order to understand the realization and the indications of
this surgical technique.

Methods: We dissected 24 perforator flaps based on the pectoral branch of the TAA in cadaver specimens preserved in a glycerin-
rich, formalin-free solution. The TAA was first injected with methylene blue. The vascular territory, location of perforators relative to
known landmarks, along with the flap’s potential amplitude and arc of rotation were studied.

Results: The main perforator arteries were in the middle of the deltopectoral groove length; they were surrounded by adipose
tissue in 80% of specimens. Two perforator arteries were found in two specimens: one was in the middle of the deltopectoral
groove length and the other was more proximal. The flap’s arc of rotation made it possible to reach the anterior cervical region,
the sternal region and the axillary region in every specimen.

Conclusion: Through an anatomical study of perforator flaps based on the TAA, we reviewed the principles and landmarks
that can be used by plastic surgeons to easily carry out this surgical technique.

Keywords: dissection; pectoral branch; perforator flap; thoracoacromial artery
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Introduction

For several decades, complex surgical techniques have
been used to cover soft tissue defects in the head and
neck region. Two advances expanded the options for
head and neck reconstruction: the deltopectoral flap
technique developed by Bakamjian in 1968 for phar-
ynx reconstruction and the pectoralis major flap
described by Ariyan in 1979.”) However, the deltopec-
toral flap’s pedicle is short and a skin graft is often
required to close the donor site. The presence of mus-

cle in the pectoralis major flap results in excess flap vol-
ume and increases morbidity at the donor site. More
recently, the advent of perforator flaps has changed how
head and neck reconstruction is done.’”! These flaps
are based on musculocutaneous perforator arteries that
perforate the muscle and terminate on the skin paddle
by a vascular territory or perforasome, without vascular-
izing the muscle itself. They are better suited to these
tissue defects, due to their lower morbidity and larger
variety of donor sites.

This study was a poster presentation at the 102nd Congress of the French Association of Morphologists, 11th—12th March 2021, Montpellier, France.
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The TAA arises from the anterior side of the axillary
artery, between the middle and lateral thirds of the clavi-
cle. Its origin from the axillary artery is hidden by the pec-
toralis minor muscle.*® Tt gives off deltoid and pectoral
branches that are always present. It also gives off a clavic-
ular branch that arises directly from the thoracoacromial
artery and an acromial branch which arises directly from
the deltoid branch. However these branches are not always
present."® The branches of TAA arise immediately below
the clavicle; they then penetrate the pectoralis major
through its internal surface immediately below the mid-
point of the clavicle. The veins are accompanying the
arteries. The deltoid and acromial branches supply the
clavicular part of the pectoralis major medially and the
clavicular branch laterally.**! The latter two branches give
off musculocutaneous perforators that vascularize the
integuments located in the superior part of the pectoral
wall. The deltoid branch often gives off the acromial
branch directly. The acromial branch also provides a mus-
culoskeletal perforator towards the integuments covering
the deltoid muscle and the acromial end of the clavicle.*"
The pectoral branch supplies the sternocostal part of the
pectoralis major muscle.*® Tt then gives off a lateral
branch that courses towards the lateral thoracic artery, one
medial and one caudal branch directed towards the 4th
intercostal space that anastomose with the anterior inter-
costal arteries and the perforators of the internal thoracic
artery (ITA).%*! The pectoral branch generally courses
along a line joining the acromion with the xiphoid process.
However, there are several anatomical variations have
been described."” Several small musculocutaneous perfo-
rators arise from this pectoral branch but they can not be
used surgically. Injections have shown the cutaneous vas-
cular territory of the pectoral branch extending from the
axillary fossa in transverse plane as far as the nipple, later-
ally beyond the margin of the pectoralis major muscle.®!

A perforator flap based on the pectoral branch of the
thoracoacromial artery (T'AA) corresponds to the perfora-
tor variant of the pectoralis major musculocutaneous flap.
Hence, it has the same advantages but not necessarily the
same drawbacks, which makes it a good option for head
and neck reconstruction. The authors performed a series
of injections and dissections to study the feasibility of
developing and using perforator flaps based on the pec-
toral branch of the TAA to cover tissue defects in the head
and neck area.

Materials and Methods

Twenty-four sides (12 right and 12 left upper limbs) of 12
BIOMET embalmed cadavers were dissected in this study.
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The mean age of the cadavers was 69 years (range: 47-88);
there were 9 males (range: 47-88) and 3 females (range:
69-87). The cadavers had no history of surgery or defor-
mity around the shoulder region. “BIOMET Solution” is
a glycerin-rich, formalin-free solution to preserve tissue
suppleness and usually used in the anatomy laboratory of
the University of Lille (France) for conservation of the
cadavers. The composition for obtaining 13.7 liters of
BIOMET Solution is as follows: 4.75 liters of
methanol+4.75 liters of distilled water+3 liters of glyc-
erin+1.2 liters of phenol. Prior to our work, all the inst-
tutional procedures concerning cadaveric dissection were
respected, as well as the ethical framework. From an ethi-
cal point of view, our work was based on the legislation at
the time of the study.

First, the cadavers were placed in supine position and
the clavicles were removed from the lateral triangle of the
neck. The subclavian artery and its collateral branches
were dissected, identified and marked. The dissection was
extended to expose the origin of the TAA on the anterior
side of the first part of the axillary artery. The TAA was
injected with a mixture of gelatin, methylene blue and iron
powder (Figures 1a and b). The cadaver was then frozen
for 24 hours.

In the second phase, the cadaver was thawed out at
room temperature and then placed in supine position to
dissect the integuments. For this dissection, a superficial
incision was made on the lateral, caudal and cranial mar-
gins of the cutaneous perforasome, making sure not to
breach the muscle layer. Next, the superficial plane was
separated from the muscle layer from the periphery to the
center of the perforasome (Figure 2). This dissection was
performed meticulously so as to prevent damaging the
satellite veins accompanying each perforator artery.
During this procedure, the perforators were dissected and
inventoried based on their location, dimensions, orienta-
tion, frequency, and size of the cutaneous perforasome
(Figure 3). Perforasome area was calculated based on a
circular shape (radius X radius X =) or elliptical shape
(long radius X small radius X ). Dissection of perforators
was then continued through the muscle while preserving
the integrity of the pectoralis major muscle. The superfi-
cial layer (perforator flap) was then harvested completely
with its pedicle.

Results

The TAA had an average diameter of 2 mm. An average
of 2.4 perforators were found (range: 1-4) on the per-
forasome corresponding to the territory of the TAA’s
pectoral branch. The average diameter of each perfora-
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Figure 1. Injecting and coloring of the branches of the thoraco-acromial artery in two subjects (right side). The deltopectoral groove is represent-
ed as a white line (a) and in blue dotted lines (b), as the limit of the cutaneous perforasome. Specimens numbers 7 and 14 (see Table 1).

tors was 0.9 mm (range: 0.3-1.8). The average dimen-
sions of the perforasome was 5x9 cm, corresponding to a
mean area of 35.3 cm’ (range: 22-80). Its general orien-
tation was caudal and medial. The extramuscular pedicle
had an average length of 1.5 cm (range: 0.5-4) and the
transmuscular pedicle had an average length of 8 cm
(range: 5-12). A 180° arc of rotation of the perforator
artery was possible from the pivot point. In 21 of the 24
specimens, the pectoral branch of the TAA and its per-
forators converged over the middle third of the del-
topectoral groove (pivot point) (Figures 4 and 5).

The following topographic boundaries can be used
when dissecting this flap, although the perforasome area
often extends beyond these boundaries: the nipple and
4th intercostal space caudally; lateral margin of the pec-
toralis major muscle and anterior axillary line laterally;
vertical line through the medial third of the clavicle
medially; the tip of the perforator flap is located at its
pedicle over the deltopectoral groove (Figure 4). More
detailed findings are given in Table 1 and Figure 4.

Discussion

The pectoralis major musculocutaneous flap has long
been the workhorse flap in head and neck reconstruc-
tion." Little research has been carried out up to now on
the perforator variant of this flap—a perforator flap based
on the TAA’s pectoral branch. Anatomical studies per-
formed on the TAA show that its perforators are small in
diameter and that several variations exist in their ori-

gin.[** While there is little known about perforator flaps
based on the TAA’s pectoral branch, its perforators have
already been used for axillary wound contractures* and
in facial and cervical reconstruction.”*' Most of the
injection studies done on the pectoralis major muscle
showed these muscle perforators originate either medial-
ly from the anterior intercostal and internal mammary
arteries, or laterally from the lateral thoracic artery./%%'"]
However, particularly in the cranial part of the muscle,
distinct perforators have been found that originate in the
TAA, although this has been obscured by numerous
authors.”'" In the 1960s, Bakamjian!"! used axial flaps for

Ventral

Figure 2. Dissecting the perforasome of the pectoral branch of the tho-
raco-acromial artery on the right side. Specimen number 13 (see Table 1).
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Lateral

Figure 3. Identification and dissection of perforators of the pectoral
branch of the thoracoacromial artery, in close-up (a) and in panoramic
view (b). Specimen number 13, right side (see Table 1).

cervicofacial reconstruction. He went on to describe the
deltopectoral flap, which has a wide medial base at the
cranial part of the thorax and shoulder. Then, several
pioneers understood that including an axial pedicle with-
in a flap improves its vascular pedicle.”’ Since perforators
have anatomical variations, their location may need to be
defined preoperatively. This is most often done through
a computed tomography scan with contrast and/or
Doppler ultrasonography.

The anterior thoracic wall has long been used as a
donor site for head and neck reconstruction because of
its proximity to the cervicofacial area and its similar
color, texture and thickness. Traditionally, the primary
choices for head and neck reconstruction are the pec-
toralis major musculocutaneous flap and the deltopec-
toral flap.”! Despite the benefits of these two types of
flaps, functional and esthetic requirements limit their
use. Research has shifted towards flaps with characteris-
tics that correspond exactly to the recipient site, with
less donor site morbidity. The main drawbacks of del-
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topectoral flaps are the high necrosis rate, the need for a
skin graft to cover the donor site, and the small arc of
rotation due to the short pedicle.l”! Our study shows that
a perforator flap based on the TAA’s pectoral branch
does not have such drawbacks. As for pectoralis major
musculocutaneous flaps, its perforator variant corre-
sponds to TAA perforator flaps. Hence, the latter shares
its advantages but not its disadvantages. Like the ITA
perforator flap, the perforator flap based on the TAA’s
pectoral branch is a good option for exploiting the pec-
toral integuments for head and neck tissue defects. The
benefits include acceptable color, texture and supple-
ness.'! Moreover, a perforator flap based on the TAA’s
pectoral branch has the same topographic advantages as
the pectoralis major flap, along with being thinner
(avoiding excess volume at the defect site), having a
longer vascular pedicle and preserving the function of a
major trunk muscle.”' This result is close to what we
found in our work. We defined the limits of the area in
which the perforator branches of the pectoral branch of
the TAA wusually project. In addition, inside the
described area, the orientation of the perforator branch-
es was mediocaudal.

Geddes et al.! reported that the TAA arises in an iso-
lated manner from the axillary artery in all specimens he
dissected. The average diameter of the TAA was 2.50.5
mm in his study. The average external diameter was 2
mm in our study, although it varied greatly. We also
found that the TAA is the primary vascular source for
the pectoralis major muscle and that is courses deeply in
the adipose tissue dividing the pectoralis major muscle
from other muscles. He showed the TAA gives off three
main branches: pectoral, clavicular and deltoid. The
acromial branch could also be considered a main branch;
however, he found it to be supplied by the deltoid branch
of TAA in 18 of 20 specimens and by the TAA in the
other 2. The pectoral branch of the TAA supplies the
largest vascular territory. Geddes et al.l revealed its
average diameter as 1.7+0.6 mm. In most cases, it gives
off three secondary branches that course obliquely,
medially and caudally against the internal surface of the
pectoralis major muscle. The medial and caudal branch-
es anastomose with perforators from the ITA. These
arteries are issued from small diameter (less than 0.5
mm) musculoskeletal perforators. The lateral ramus of
the pectoral branch anastomoses with the terminal
branches of the lateral thoracic artery inside the pec-
toralis major muscle. We found the pectoral branch can
give off three or four viable perforators in 50% of speci-
mens that are 1 mm in diameter.
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Cranial
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Lateral
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Clavicle

Deltopectoral
groove
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Figure 4. Distribution of perforator arteries of the pectoral branch of
TAA based on incidence. Blue: <40%; green: between 40 and 70%;
red: >70%.

It appears from Salmon’s works that the TAA repre-
sents the main integumentary artery of the anterior del-
toid region, and that it quickly branches into an acromi-
al branch and a thoracic branch."®"”! He found that the
thoracic branch largely irrigates the pectoralis major
muscle. Our work also shows that the pectoral branch of
TAA supplies a large area of the pectoralis major muscle.
However, we find that TAA is constantly divided into a
deltoid branch and a thoracic branch. The clavicular and
sternocostal parts of the pectoralis major muscle receive
independent vascularization.”. The sternocostal part
receives the pectoral branch of the TAA, while the clav-
icular part is supplied medially by the clavicular branch
and laterally by the deltoid and acromial arteries. The
integuments located cranially are supplied by musculo-
cutaneous perforators of the deltoid and clavicular
branches, a few branches from the transverse cervical
artery, and by the suprascapular arteries. According to
Geddes et al.,!! the musculocutaneous perforators of the
TAA’s pectoral branch are limited to small perforators in
the laterocaudal and intermediate areas of the pectoralis
major muscle.

Cranial
Lateral Medial
Caudal
Clavicle
Deltopectoral
groove

|

Perforator flap based on the
pectoral branch of the
thoracoacromial artery
(direction of perforator
vessels in red)

Nipple

Figure 5. Drawing of the perforator flap based on the pectoral branch
of TAA.

Contrary to what we found in our study, Geddes et
al."! has not consistently identified large musculocuta-
neous perforators from the pectoral branch of TAA.
However, when the dissection is completed by an
angiography, there appears a significant variability in the
vascular network of the pectoralis major muscle. Our
work shows that it is possible to dissect the perforators of
the pectoral branch of the TAA, including through the
muscle. The arc of rotation and the dimensions of the
pedicles would facilitate the mobility of a perforator flap.
However, the inconsistent nature of this artery between
individuals and from one side to the other limits its use
according to Geddes et al.”! On the contrary, we found
that two potential pedicled perforator flaps can be devel-
oped from large, consistent musculocutaneous perfora-
tors from the clavicular and deltoid branches. The prox-
imity of these flaps to the head and neck region provides
them with an additional advantage in terms of color and
texture for tissue defects in this region. The absence of
hair is also a strong point. Our study found that—despite
the considerable variations in arterial territories—the tra-
jectory of the various perforators is more consistent, at
both the integument and the muscle level.
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Table 1
Summary of the findings in the 24 dissected specimens.

Average Dimensions of Length of
Specimen Diameter of Number (min-max) pectoral Length of pedicle after  Arc of rotation
number thoracoacromial of pectoral diameter of pectoral branch’s extrafascial  transmuscular from pivot
andside Age Sex artery (mm) perforators perforators (mm) perforasome (cm) pedicle (cm) dissection (cm) point (°)
1L 72 H 2 3 0.8 (0.5-1.2) 8x5 0.5 7 180
2R 72 H 2 3 1.2 (0.3-1.5) 8x4 0.5 10 180
3L 58 H 2 1 0.8 (0.8-0.8) 7x6 1.5 12 180
4R 58 H 1.5 B 0.8 (0.5-1.2) 8x8 2 10 180
5L 63 H 2 2 1.2 (0.8-1.5) 7x7 1 6 180
6 R 63 H 2.5 2 0.8 (0.6-1.0) 5x7 1.5 8 180
7L 88 H 1 1 0.8 (0.8-0.8) 5x8 2 11 180
8R 88 H 1 2 1.2 (0.8-1.6) 5x8 0.5 9 180
9L 67 H 2 3 0.7 (0.5-0.8) 5x8 0.5 7 180
10R 67 H 2 2 1.3(0.9-1.8) 7x10 2.5 10 180
1ML 64 H 2 4 0.9 (0.8-1.8) 4x7 1 11 180
12R 64 H 1.5 3 1(0.7-1.5) 5x7 0.5 8 180
13L 75 F 1.5 1 0.9 (0.9-0.9) 6x10 1.5 6 180
14 R 75 F 1.5 2 0.8 (0.5-1.0) 5x8 1 5 180
15L 87 F 2 3 1(0.8-1.2) 6x10 2 7 180
16 R 87 F 2 2 0.7 (0.5-1.0) 8x8 3.5 5 180
17 L 82 H 2.5 1 0.8 (0.8-0.8) 6x10 1.5 6 180
18R 82 H 2.5 3 1(0.8-1.5) 6x10 2 8 180
19L 69 F 2.5 4 1.2 (0.8-1.8) 5x8 1.5 9 180
20 R 69 F 2 2 0.9 (0.6-1.2) 5x8 1 10 180
21L 57 H 3 3 0.9 (0.8-1.2) 8x12 4 6 180
22 R 57 H 3 3 0.9 (0.6-1.0) 8x10 3 6 180
23L 47 H 1.5 2 0.8 (0.8-0.8) 5x8 0.5 5 180
24 R 47 H 2 3 0.9 (0.7-1.2) 6x7 0.5 6 180

Contrary to Geddes et al.,”! our study’s findings were
similar to those of the study by Zhang et al."® The latter
group found at least one perforator from the TAA’s pec-
toral branch in a 4 cm2 area around the intersection of
two lines: one is the xipho-acromial line and the other
perpendicular to the first line and passing through the
mid-point of the ipsilateral clavicle. We also found a
consistent perforator ramus from the TAA’s pectoral
branch. However, in our study, this perforator was gen-
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erally projected on the middle third of the deltopectoral
groove. Although we used different anatomical land-
marks than Zhang et al.,'” the areas on which the TAA’s
pectoral branch is projected, as defined in the respective
studies, are similar.

[16]

In the study by Zhang et al.

was always present at the septum between the clavicular

at least one perforator

and sternocostal insertions of the pectoralis major mus-
cle in 87% of flaps (21 of 24). Two musculocutaneous
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perforators were found in 13 of their 21 specimens and
only one in the other 8 flaps. Each perforator had two
satellite veins. Our study found an average of 2.4 perfo-
rators arising from the TAA’s pectoral branch (range: 1-
4); one perforator in 4 specimens, two perforators in 8
specimens, three perforators in 10 specimens and four
perforators in 2 specimens. Zhang et al."" reported the
perforator diameter ranged from 0.4 to 1.1 mm (average:
0.7 mm). We found slightly larger diameters ranging
from 0.3 to 1.8 mm with an average of 0.9 mm. The vas-
cular pedicle after dissection to the TAA’s origin at the
axillary artery was 7.1 cm long (range: 6.1 to 8.3 cm) in
the study by Zhang et al."” versus 8 cm in our study
(range: 5 to 12 cm). In the study by Zhang et al.," the
perforasome supplied by the TAA’s pectoral branch had
a different medial boundary comparing to our study.
Despite the TAA’s pectoral branch giving off a consis-
tent number of perforators that supply the integuments
of the lateral region of the nipple up to the lateral mar-
gin of the pectoralis major muscle, none of these perfo-
rators were found below the 4th intercostal space, and
they were rarely found medial to a vertical line passing
through the medial one-third the clavicle.

A perforator flap based on the TAA’s pectoral branch
is thinner and has a longer vascular pedicle than the pec-
toralis major musculocutaneous flap. While the donor
site can reclose itself, or can be closed with prior expan-
sion, it can induce breast deformity or areolar attraction,
particularly in women. The 12-cadaver study performed
by Zhang et al.l'l showed the potential clinical applica-
tion of perforators flaps based on the TAA’s pectoral
branch. The authors found perforators in almost all of
their dissections. In this way, the findings of the Zhang
et al. study" contradict those of the Geddes et al.”! who
demonstrated that TAA’s pectoral branch was inconsis-
tent and had only tiny musculocutaneous perforators.
This reduced the feasibility of a pedicled perforator flap
with the pectoral branch, contrary to flaps using the del-
toid and clavicular branches of the TAA. Our findings
are most like those of Zhang et al.'¥ When we per-
formed a retrograde dissection of the perforasome and
then the perforator artery while using the middle third of
the deltopectoral groove as a landmark, the pedicle from
the TAA’s pectoral branch to its axillary origin was up to
12 cm long, versus 8 cm in the study by Zhang et al.!'"

Our findings are also consistent with the two clinical
cases described by Hallock!” and the four cases described
by Nishi et al.,"* although the latter included fibers from
the pectoralis major muscle in the perforator pedicles.
Hallock raised and applied two perforator flaps based

on the TAA’s pectoral branch for two reconstruction
cases (cervical and facial). As in our study, they separated
the pectoralis major muscle fibers to increase the length
of the pedicle and the arc of rotation. Muscle function
was preserved in both patients. According to Hallock!”!
there is no guarantee that adequate perforators are pre-
sent. Consequently, standard drawing of a perforator
flap based on the pectoral branch is impossible, the pedi-
cle length is indeterminate, and perforators located too
caudally require muscle dissection that can cause partial
denervation of the pectoralis major muscle. Although
these fears are justified, we believe that drawing of the
flap is possible when certain precautions are taken such
as identification and use of fixed anatomical landmarks,
careful dissection of the perforator branches.

Perforator flaps based on the TAA’s pectoral branch
and perforator flaps based on the I'TA have common
advantages. However, in contrast with the increasing
popularity of ITA flaps, the feasibility and reliability of
perforator flaps based on the TAA’s pectoral branch has
been questioned.*' The size of the perforator artery
arising from the TAA and the small diameter of its per-
forators are not often compatible with flap surgery.
However, our work showed that perforators issued from
the TAA’s pectoral branch are certainly viable. The ITA
perforator flap can be used in the same indications as
perforator flaps based on the TAA’s pectoral branch.
And unlike the latter, ITA flap has been the subject of
several studies."”?**! For this flap, obtaining a long
enough pedicle can require removal of one or more rib
cartilages, which causes thorax deformity. Another con-
traindication to use of ITA perforator flaps are iatro-
genic factors such as prior incisions from cardiovascular
surgery. However, it has several other advantages such as
primary closure of the donor site, possibility of cuta-
neous pre-expansion, along with absence of nipple asym-
metry after the flap is applied."" As for the perforator
flap based on the TAA’s pectoral branch, its location
limits the area than can be expanded, and while it is larg-
er in size, it can lead to nipple asymmetry due to ipsilat-
eral nipple elevation after application.!"!) Despite these
drawbacks, the donor site can be sutured in a single step,
and pedicle dissection is easier and less invasive than for
the I'TA perforator flap. Due to the length of the pedicle
and the anatomical boundaries of the flap, it is technical-
ly possible to reach large tissue defects in the head area.

Based on our experience, a perforator flap based on
the TAA’s pectoral branch can be raised in a laterocau-
dal location on the cranial part of the thorax and applied
to a mediocranial recipient site in the head or neck area.

Anatomy e Volume 17 / Issue 1/ April 2023



20 Manyacka Ma Nyemb P et al.

Small clinical studies have shown this perforator flap can
be used to cover frontal, nuchal and even dorsal
defects.”"*!Yl However, certain guidelines must be fol-
lowed when raising and applying this flap: its orientation
before development (caudal or slightly mediocaudal
according to Salmon et al."®), its anatomical boundaries
and average dimensions, the converg ence point (pivot
point) of perforators over the middle of the deltopectoral
groove, and the potential length of the pedicle. It is also
important to preserve the perforator and muscular vas-
cularization in this area. If necrosis was to occur with a
TAA perforator flap, an I'TA perforator flap or a flap
pedicled to the pectoralis major muscle could be used as
“rescue flap”.

Conclusion

Our study showed that viable muscle and integument
vascularization is provided by the TAA and its perforator
arteries in the laterocranial regions of the anterior tho-
racic wall. In most cases, the pectoral branch of the TAA
gives off several perforator branches, which are consis-
tent and have dimensions compatible with perforator
flap surgery. A perforator flap based on the TAA’s pec-
toral branch is feasible when the anatomical boundaries
described in this study are followed. This flap is one
more weapon in the therapeutic arsenal of surgeons
tasked with covering cervical, cephalic and dorsal defects
while preserving the color, texture, thickness and pilosi-
ty of the site.
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Abstract

Obijectives: Accurate nerve block is important for the success of local anesthesia-assisted surgery. Failure to consider the anatom-
ical variations of the targeted nerve anatomy can lead to failure of anesthetic interventions. Given the distinct nature of the obtu-
rator nerve, blocking the nerve during clinical procedures is one such problematic situation. The aim of this article is to revisit the
anatomy of the obturator nerve in adult cadavers and fetuses in order to discuss in detail its relationship with the obturator nerve
block from an anatomical perspective.

Methods: Obturator nerve and its branches were exposed at the posterior wall of the abdomen, lateral wall of the lesser pelvis
and anterior aspect of the thigh region in 47 fetuses and 10 adult cadavers. Then, various anatomical variations and morphometry
of the obturator nerve were evaluated and measured in detail.

Results: In adult cadavers, the anterior and posterior branches branched 40% in the obturator canal and 60% in the extra-pelvic
region, with no branching in the pelvis. In fetuses, the obturator nerve divided into its main branches 8.5% in the pelvis, 33%
in the canal and 58.5% distal to the canal. Regarding the muscular branching of the obturator nerve, all adult cadavers showed
three fully traceable branches from the anterior and a single branch from the posterior branch.

Conclusion: Our findings regarding the variable branching pattern of the obturator nerve anatomy from the nerve block per-
spective may help anesthesiologists to improve the success of obturator nerve block by incorporating results from the cur-

rent and limited number of anatomical data sets.

Introduction

The obturator nerve (ON) generally originates from the
ventral rami of L2-L4 spinal nerves and emerges on the
medial side of the psoas major muscle, then descends at
the medial side of this muscle. After running at the later-
al wall of the lesser pelvis, it passes through the obtura-
tor canal (OC) and reaches to the medial side of the
thigh region.!"’ Upon passing through the OC, it bifur-
cates into an anterior branch (AB) and a posterior branch
(PB) to innervate adductor muscles, hip and knee
joints. 3!

There are many studies in the literature suggesting
that branching of the ON can exhibit variability”* and
have distinct variations from the originally described

deomed.
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anatomy.!"! Primarily, there are three known AB/PB bifur-
cation pattern in terms of its location: 1) in the pelvic
region proximal to the OC; 2) inside the OC; 3) after leav-
ing the OC (extra-pelvic).”” This branching variability
can become crucial for a successful ONB during many
clinical applications such as hip and knee amputations,
preventing the obturator reflex during transurethral blad-
der tumor resections,*” relieving the thigh adductor
spasms in patients suffering from multiple sclerosis, para-
plegia or cerebral palsy and treatment of chronic hip
pain.""" Tt is also important to know the variations of the
femoral and lateral cutaneous femoral nerves in order to
provide a complete anesthesia in this region. femoral and

lateral cutaneous femoral nerves.!'*'?
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Since successful blockade of this nerve is crucial for
the mentioned clinical procedures, efforts to develop
selective ONB have been ongoing for almost a century.
From a historical perspective, the first selective ONB
trial dates back to the 1920s.”! Either recognized as
Labat’s or Pubic approach, this classical procedure was
designed to target ONB based on anatomical landmarks
and applied 1.5 cm lateral and caudal to the pubic tuber-
2314 Long after, in 1973, namely as 3-in-1, a newer
concept, targeting the simultaneous blockage of multiple
nerves (ON, FN and lateral cutaneous nerve) was
described by Winnie et al.”! However, it is not surpris-
ing that strong arguments against this approach have
accumulated, because with this technique, inadequate or
weak nerve blocking was seen as well as unexpected
results."® Almost two decades after 3-in-1 technique
appeared, technological progresses brought nerve stimu-
lated assisted inter-adductor approach into the arena as
described by Wassef.!'"”! Then, relatively recently, in
2005, Choquet et al."¥ described a nerve stimulation-
assisted blockade procedure, termed the "inguinal
approach", also based on standard anatomical landmarks,
applied through the midpoint of the inguinal fold
between the femoral artery and the adductor longus
muscle tendon. Compared to its older alternative the
“pubic approach”, the “inguinal approach” provides a
significantly more effective blockade, given better
patient comfort and higher blockade efficacy.!">'! Rapid
advances in medical technology have created even newer
approaches for anesthesiologists. A few years after the
Choquet approach, ultrasound-guided fascia iliaca block
with selective ONB, a new generation method using
ultrasound technology, was introduced.?” Although
efforts towards better ONB performance are still evi-
dent, in this study we wanted to focus on the relation of
ON anatomy to ONB procedures. Therefore, the aim of
this study is to revisit the anatomy of the obturator nerve
in adult cadavers and fetuses in order to discuss in detail
its relationship with the ONB from an anatomical per-
spective.

cle.

Materials and Methods

"This study was conducted on 94 sides of 47 fetuses (mean
gestational week: 22.85+3.35) and 20 sides of 10 formalin-
fixed male cadavers (mean age 80£18.022) without any
external pathology or anomaly. The cadavers were avail-
able in the inventory of Anatomy Department of Mersin
University, Faculty of Medicine. The fetus and adult
cadavers were preserved with 10% formalin solution. All
the dissections were performed in the supine position

under a surgical microscope (Carl Zeiss f170 surgical
microscope, Oberkochen, Germany) and photographed
with a digital camera. Additionally, morphometric dis-
tances were measured by using a digital caliper with =
0.01 mm precision. All measurements were repeated
three times independently by two researchers (TK and
OB). Mean-standard deviation was used for descriptive
statistics of all parameters used.

The posterior abdominal wall and pelvic regions
were dissected in order to identify the roots of the ON,
the 3-4th lumbar vertebrae and psoas major muscle
(PM). The ON coursing with the obturator artery and
vein on the lateral pelvic wall was followed proximally
and blunt dissection was performed in this region. The
initial parts of the PM were carefully dissected to identi-
fy the roots of this nerve, which runs medial to the PM.

In order to visualize the passage of the ON from the
pelvis to the thigh, the entrance and exit of the OC was
exposed by shaving the superior pubic ramus (SPR).
Dissection was then continued on the anterior aspect of

the thigh.

Anterior superior iliac spine (ASIS), inguinale liga-
ment (IL), pubic tubercle (PT), femoral vein (FV),
femoral artery (FA), femoral nerve (FN), SPR, branches
of ON and adductor muscles are chosen as anatomical
landmarks. The inguinal ligament was exposed by blunt
dissection from proximal to distal through the anterior
abdominal wall in the supine position. The great saphe-
nous vein running under the skin was identified and hia-
tus saphenous was exposed. The femoral sheath sur-
rounding the FV and FA was carefully dissected and the
vascular lacuna was identified. The muscular lacuna on
the lateral side was also carefully opened and the iliop-
soas muscle and the FN were exposed. In order not to
disrupt the position of the structures, only the fascial
sheaths adherent to the anterior side of the structures
were opened. Then, after removal of the skin and subcu-
taneous tissues of the anterior and inner thigh, the sarto-
rius, pectineus and adductor longus muscles were dis-
sected free from the anterior fascia and a transverse inci-
sion line was created to expose the adductor brevis and
external obturator muscles at a deeper level. The ON
and its AB was identified in the connective tissue sur-
rounding the adductor brevis muscle. After cutting and
removing the adductor brevis muscle anterolaterally, the
course of the PB of the ON was revealed. Both branch-
es of the ON were followed cranially and caudally.

Thereafter, to provide a descriptive and convenient
map of the anatomical relations given above, a sum of
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Figure 1. Schematic drawing of the anterior view of the femoral triangle showing (a) the measurements of the parameters related with obturator
nerve and (b) description of its location and branching points. a—h: measurements of distances. AB: anterior branch of the obturator nerve; AbB:
adductor brevis branch; AbM: adductor brevis muscle; AlB: adductor longus branch; AIM: adductor longus muscle; ASIS: anterior superior iliac spine;
FA: femoral artery; FN: femoral nerve; FV: femoral vein; GB: gracilis branch; IL: inguinal ligament; ON: obturator nerve; PB: posterior branch of the
obturator nerve; PT: pubic tubercle; SPR: superior pubic ramus; SM: sartorius muscle. Green line: The line passing through the lower edge of the
SPR. Purple line: line extending between the lateral edge of PT and the medial edge of ASIS, passing through the lower edge of the IL. Red circle
exhibits the branching point of the AB and PB on the vertical line. Yellow circle exhibits location of the obturator nerve on the oblique line.

eight distance parameters between the neuro-vascular
structures and certain landmarks (Figure 1). The loca-
tions of the ON, FV, FA and FN along the lower edge
of the IL were recorded. For this purpose, measurements
were made by considering the vertical and oblique lines.
Oblique line was extending between the lateral edge of
PT and the medial edge of the ASIS. Vertical line was
passing through the medial edges of the neurovascular
structures. The projections of the structures on the
oblique line were recorded, considering the 90-degree
angle between both lines as (Figure 1):

(a) Distance between the PT-FN; (b) Distance
between the PT-FA; (c) Distance between the PT-FV;
(d) Distance between the PT-ON.

In order to define the exit points of the branches of
the ON, the vertical line passing through the intersec-
tion of the lower edge of the SPR and the medial edge of
the ON was taken as landmark. The distance of each
branch separated along this line was recorded as:

(e) Distance between the ASIS-PT; (f) Distance between
the SPR and AB/PB diverging point; (g) Distance between
the SPR and AB/branch to adductor brevis muscle (AbB)
diverging point; (h) Distance between the SPR and AB/
branch to gracilis muscle (GB) diverging point.

Anatomy e Volume 17 / Issue 1 7 April 2023

Following parameters were measured via digital
caliper in adult cadavers. Respective data was presented
based on descriptive statistics. Lastly, foot lengths of
fetuses were measured to estimate the gestational ages
(in weeks/months) of the fetuses (Table 1).

Results

In all cases in the study, both in fetuses and adult cadav-
ers, ON originated from the L2-L4 spinal nerves and
emerged on the medial side of the psoas major muscle. In
fetuses, 8.5% (8/94) of the AB and PB branched from
ON in the pelvic region (Figures 2a and 3a), 33% (33/94
cases) in the OC (Figures 2b and 3b) and 58.5% (53/94
cases) in the extra-pelvic region (Figures 2c¢ and 3c).

On the other hand, in adult cadavers, the OB
branched into the AB and PB in its own canal in 40%
(8720) of the specimens (Figures 2d and 4a), whereas in
the remainder (60%, 12/20) it branched after leaving the
canal (Figures 2e and 4b). When the ON branching was
examined on the lateral wall of the pelvic region, a
branch to the hip joint was found proximal to the OC
entrance in 35% (7/20) of adult cadavers (Figures 5a, ¢
and d), whereas in the remaining cases this branch
diverged from the AB (65-13/20%) (Figures 5b and e).
On the other hand, distance of ON to PT was 26.61+
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Table 1
Demographic data belonging to fetuses.

Gestational age Number of cases
Months Weeks Foot length (mm) Number of sides Male Female
Y 18 25.55+0.70 6 2 1
19 27.98+0.76 8 2 2
20 30.72+0.99 14 6
WY 21 32.80+0.65 10 2 3
22 34.50+1.06 12 5 1
23 38.44+1.09 10 2 3
24 40.71+1.03 8 3 1
Vil 25 41.34+1.11 4 2 0
26 45.56+0.89 6 1 2
27 48.23+1.36 6 2 1
28 52.14+0.90 2 1 0
Vil 29 53.30+0.15 2 1 0
30 54.48+0.83 6 0 3
Total 22.85+3.35 37.48+8.32 94 24 23
a b 4
Left Right Left Right Left
ON
ASIS 0C
~ T
AB PB
AbB
Fetuses AlB
8
2 sides 6 sides 17 sides 14 sides 26 sides 27 sides
Total= 8 sides (8.5%) in intrapelvic region Total= 31 sides (33%) inside the OC Total= 53 sides (58.5%) in extrapelvic region
d e
Left Right Left
ON
ASlS_ oc
----- PT PT..-
PB PB
Adult Cadavers AR
AbB AbB
AlB AIB
s GB
S sides 3 sides S sides 7 sides
Total= 8 sides (40%) inside the OC Total= 12 sides (60%) in extrapelvic region

Figure 2. Schematic drawings of the branching pattern of the obturator nerve in fetuses (a—c) and in adult cadavers (d—e). AB: anterior branch of
the obturator nerve; AbB: adductor brevis branch; AlB: adductor longus branch; ASIS: anterior superior iliac spine; GB: gracilis branch; OC: obtura-
tor channel; ON: obturator nerve; PB: posterior branch of the obturator nerve; PT: pubic tubercle.
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Figure 3. Anterior view of the pelvic and thigh regions showing bifurcation pattern of the obturator nerve in fetuses: (a) intrapelvic; (b) inside the
obturator canal; (c) extrapelvic. AB: anterior branch of the obturator nerve; AIM: adductor longus muscle; GAV: artery and vein of gracilis muscle;
GN: gracilis branch; GM: gracilis muscle; L4: 4th lumbar vertebra; L5: 5th lumbar vertebra; ON: obturator nerve; PB: posterior branch of the obtu-
rator nerve; PM: psoas major muscle; QFM: Quadriceps muscle; SM: sartorius muscle; SN: saphenous nerve, SPR: superior pubic ramus. Red dashed
lines illustrate the obturator channel fold.

Figure 4. Anterior
view of the pelvic
and thigh regions

showing bifurcation
pattern of the obtu-
rator nerve in

adult cadavers:

(@) intrapelvic;

(b) extrapelvic.

AB: anterior branch
of the obturator
nerve; AbM: adduc-
tor brevis muscle,
AIM: adductor
longus muscle;
ASIS: anterior supe-
rior iliac spine; FA:
femoral artery, FN:
femoral nerve;

FV: femoral vein;
GSV: great saphe-
nous vein, IM: iliop-
soas muscle;

ON: obturator
nerve; PB: posterior
branch of the obtu-
rator nerve;

PT: pubic tubercle;

SM: sartorius mus-
cle; SPR: superior
pubic ramus.
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Figure 5. Hip branching patterns of the obturator nerve (a—e). (@) Superior view of pelvic region; (b) anterior view of the thigh. AB: anterior branch
of the obturator nerve; AbB: adductor brevis branch; AbM: adductor brevis muscle, AIB: adductor longus branch; AIM: adductor longus muscle;
ASIS: anterior superior iliac spine; FA: femoral artery; FN: femoral nerve; FV: femoral vein; GB: gracilis branch; HB: hip branch; IM: iliopsoas muscle,
OC: obturator canal; PB: posterior branch of the obturator nerve; PT: pubic tubercle; SM: sartorius muscle; SPR: superior pubic ramus.

3.94 mm (Figure 6 and Table 2). The mean distance these findings, in one of the fetuses, unilateral accessory
from SPR to the AB and PB diverging point was obturator nerve (AON) was passing superior to the SPR
12.48+2.27 mm (Figure 6 and Table 2). In addition to  and connected with AB (Figure 6).

Figure 6. Anterior view of the pelvic and thigh regions of a fetus showing communication between obturator nerve and accessory obturator nerve. AB:
Anterior branch of the obturator nerve; AIM: adductor longus muscle; AON: accessory obturator nerve; GM: gracilis muscle; GN: gracilis nerve; ON: obtu-
rator nerve; PB: posterior branch of the ON; PM: psoas major muscle; QFM: quadriceps muscle; SM: sartorius muscle; SN: saphenous nerve; SPR: superi-
or pubic ramus. Black arrow indicates the connection between saphenous and obturator nerves; red dashed lines illustrate the obturator channel fold.
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Discussion

The origin of ON can be quite diverse. For example,
whilst ON often arise from the L2-14 level,?'*¥ it can
emergence from L3-L4"%"** or even T12-L5"* levels.
In this context, our findings seem to be consistent with
the anatomical origin reported by Anloague et al.¥! On
the other hand, revisiting its branching pattern (where
the AB/PB diverges from the ON; sub-branches of the
AB and PB; branching origin and pattern of nerves to the
hip joint and muscles) is necessary to discuss its funda-
mental relevance to anesthetic interventions.

From an anesthesia perspective, a successful ONB
can be defined as achieving the desired level of anesthe-
sia on the relevant anatomical structures (e.g. hip joint
capsule, medial side of the thigh, adductor group mus-
cles, etc.) and completing the procedure in the least
amount of time, with the least amount of puncture and
the least amount of anesthetic substance volume while
achieving maximum patient comfort with no or minimal
complications. For this purpose, of course, the success of
the procedure may vary depending on the target anatom-
ical structure to be anesthetized. For example, to secure
blockade of the hip articular branches, the chosen block-
ade approach should act on the most favorable proximal
levels to guarantee blockade of the main ON closer to
the AB and/or PB. Otherwise, the success of the anes-
thetic intervention may be insufficient or even fail due to
possible variations, for example, hip joint branching.
Since the list of anatomical structures innervated by the
ON is long and it travels over a wide anatomical territo-

Table 2
Position and location of neurovascular structures according to
oblique and vertical lines.

Parameters Meanz=SD (mm)
Distance between ASIS-PT 118.92+8.43
Distance between PT-ON 26.61+£3.94
Distance between PT-FV 38.66+4.18
Distance between PT-FA 49.13+4.48
Distance between PT-FN 64.33+5.16
Distance between SPR-AB/PB diverging point 12.48+8.27
Distance between SPR-ADbB diverging point 24.65+8.77
Distance between SPR-GB diverging point 33.77+14.13

ASIS: anterior superior iliac spine; AB: anterior branch; AbB: adductor brevis
branch; FA: femoral artery; FN: femoral nerve; FV: femoral vein; GB: gracilis
branch; PB: posterior branch; PT: pubic tubercle; SPR: superior pubic ramus.

ry, successful access to selected structures can be prob-
lematic even with currently used anesthetic techniques
(e.g. inguinal and pubic approach) (Table 3).

While efforts to improve methods for better ONB
seem to be ongoing, these improvements will be aided by
a focus on detailed anatomy, particularly the variations
that can be seen in the branching and course of the
nerve. The results of different anatomical studies on the
main divergence point of the common ON are impor-
tant in this regard. Any kind of ON branching within the
pelvic region may result in inadequate anesthesia in clin-
ical practice. Previous studies on adult cadavers and
fetuses have shown that the ON branching point can be

Anesthetic approach

Table 3
Success rate based on the anesthetic approach.

Targeted nerves and branches Success rate (%)

Applied surgeries

Reference

3in 1

16%

50%

52% for sensorial
branches

Sensorial branches of femoral and
lateral cutaneous femoral nerves

Atanassoff et al.[2%)

Wallace et al.%

Above-below knee amputation,

various knee surgeries

Sensorial and motor branches of 32% for motor branches

obturator nerve

Capdevilla et al.B"

Labat’s classic Common ON 84% Joetall?
84% Moningi et al.”!
78% Macalou et al.'
741% Aghamohammadi et al.[®!
Inguinal Common ON or separately anterior and 97.2% Transuresturlrga;r;esecnon Thallaj et al.l®!
posterior branches 80% Anagnostopoulou et al.?!
96.1% Joetal?!
98% Moningi et al.”!
97.1% Aghamohammadi et al.[®!
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Table 4
Bifurcation pattern of the obturator nerve (sides and %).

Branching pattern of the obturator nerve (sides and %)

Study Specimens N (sides) Intrapelvic Inside the channel Extrapelvic
Anagnostopoulou et al.l?! Adult cadavers 168 39 (23.22%) 87 (51.78%) 42 (25%)
Tshabalala'! Adult cadavers 201 4(2%) 187 (93%) 10(5%)
Current study Adult cadavers 20 0 (0%) 8 (40%) 12 (60%)
Fetuses 94 8 (8.5%) 31(33%) 55 (58.5%)
Total: 114 8 (7%) 39 (34%) 67 (59%)

located in the pelvic region, and this branching pattern
may exhibit a wide range of prevalence (0-23%) (Table
4). Although the studies of Anagnostopoulou et al.?! and
Tshabalala™ included impressive numbers of adult
cadavers being 168 and 201, respectively, the bifurcation
pattern of ON within the pelvis was distributed quite dif-
ferently between the studies (23%-39/168 vs. 2%-—
4/201) (Table 4). Furthermore, based on our observa-
tions in adult cadavers, no ON bifurcation is found in the
pelvic region (0/20), whereas in fetuses (24-26 weeks)
8.5% (8/94) of nerve bifurcations occur in the intrapelvic
region (Table 4). Considering that peripheral nerve
development is no longer progressing at this fetal age,
this 8.5% intrapelvic occurrence can probably be includ-
ed in the adult rate. To our knowledge, our study is the
first in the literature to illustrate the fetal anatomy of the
ON. These three separate data set clearly show that the
division of the ON into anterior and posterior branches
can vary greatly.

All these data indicate that the variations of the ON
bifurcation should be well known. An example of such an
anatomical-anesthetic relationship is given in the study
by Yoshida et al.** in which they aimed to perform obtu-
rator nerve blockade at the proximal level. These
researchers clearly observed that with a single injection
of blue dye into the thick fascia between the pectineus
and obturator externus muscles of a cadaver, the dye
traveled retrograde along the obturator canal. With this
method, the AB and PB were stained both proximal and
distal to the canal.?” They called this procedure the US-
guided pubic approach and also achieved 100% success
using this approach in twenty patients undergoing
transurethral bladder tumor resection.?” However, this
procedure was only tested in transurethral bladder tumor
resection. Therefore, further studies are needed to
examine whether this method is reproducible for other
indications, such as blocking the hip joint branches for

the treatment of hip pain. In this sense, new anatomical
studies with dye injection trials may be useful to test the
efficacy of different ONB techniques (e.g. different land-
marks and needle position, etc.).

The second important issue in ON anatomy is the
origin and number of hip joint branches. Variations in
hip branches may complicate nerve blockade to provide
hip anesthesia. Therefore, knowledge of variations in hip
joint branching can be crucial for anesthesiologists.
Although we have not observed any cadavers with more
than one hip joint branch, Anagnostopoulou et al.”
encountered up to three branches. The prevalence of
articular branches emerging from the main ON in the
presence of a single articular branch was reported to be
35% and 47% in two studies, including ours (Table 5).
Interestingly, when the number of articular branches is
more than single, the origin of the branch is also multi-
ply distributed, e.g. this branch can diverge from ON
and PB or AB and PB as shown by Anagnostopoulou et
al.’! However, what is even more interesting is that the
bifurcation of AB and PB has a highly variative state dis-
cussed in the paragraph above. For example, if the bifur-
cation of ON occurs in the pelvic region, the question of
how the variability of hip branching occurs is unknown.
Therefore, the co-occurrence of two variable factors (the
site where the bifurcation of the ON and the hip branch
from the ON and the AB/PB arise) may create even
greater variability, which is clearly undesirable for anes-
thesiologists aiming at blocking the hip branches.

Regarding the use of ONB when targeting blockade
of sensory innervation in the hip joint capsule (hip
surgery, pain management), no matter how wide the
anatomical variability, the chosen ONB method should
have the ability to affect these dual-source hip joint
branches, especially the main ON and PB at more prox-
imal levels. Furthermore, while it remains unclear
whether ONB alone can relieve acute postoperative
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Table 5
Distribution of hip articular branch of the obturator nerve.

Study Specimens N (sides) Number and origin of hip articular branchese
Anagnostopoulou et al.l®! Adult cadavers 168 Single branch 2 branches 3 branches
Total: 104 sides (61.9%) Total: 34 sides (20.24%) Total: 30 sides (17.86%)
ON (80 sides) (76.92%) ON (16 sides) (47.05%) ON (16 sides (53.34%)
AB (20 sides) (19.24%) PB (14 sides) (41.17%) Both ON and PB (8 sides) (26.66%)
PB (4 sides) (3.84%) Both ON and PB (4 sides) (11.76%)  Both AB and PB (6 sides) (20%)
Current study Adult cadavers 20 Single branch X X

20 sides (100%)

ON (7 sides (35%)
AB (13 sides) (65%)

pain, lateral femoral cutaneous nerve blockade in combi-
nation with ONB has been suggested to be beneficial.””!
However, it is clear that ONB is a vital component for
indications related to the hip joint. Although ONB inter-
ventions have not been performed for indication of hip
joint anesthesia, Taha et al.*” demonstrated 100% suc-
cessful blockade of both the AB and PB in all patients
through a single application of local anesthetic to the
interfacial plane between the pectineus and obturator
externus muscles, combined with an ultrasound-guided
proximal approach. Based on the high blockade rates of
the AB and PB from Taha’s®” findings, it can be con-
cluded that the proximal approach is also useful when
blocking sensation in the hip joint capsule.

Since the occurrence of sudden thigh reflex during
tumor resection in bladder is high and constituting com-
plications,'” desired level of temporary relief of adduc-
tor reflex via ONB is another important matter. In this
regard, origin and the number of the muscular ramifica-
tion of ON also bear importance to the selected ONB
approach. Limited to just a few studies, a highly diverse
state of the muscular ramification of ON was evident
(Table 6). In our study, both cadaveric (20) and fetal
sides (94) showed that in each side, AB gives triple mus-
cular branches, while PB gave only single muscular
branch. When tracing the course for respective innerva-
tion targets, those triplets arising from AB were reaching
to adductor longus, brevis and gracilis muscles as well as
the only muscular branch from PB was reaching to
adductor magnus muscle in all the cases (Table 6).
Commonly observed in three of the studies, when AB
shows triple motif, they reached adductor longus, brevis
and gracilis muscles (66.7-100%) (Table 6). PB motif
was also evident. One distinct feature of our PB data was
that it was giving single muscular branch (adductor mag-
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nus muscle), whereas in other two studies, PB was sourc-
ing multiple muscular branches (to adductor brevis,
longus and external obturator muscles) (Table 6).

Since the occurrence of sudden thigh reflex is high
and can be a complication during tumor resection in the
bladder,"” temporary relief of the adductor reflex at the
desired level via ONB is another important issue. In this
context, the origin and number of muscle branching of
the ON is also important for the chosen ONB approach.
Limited to only a few studies, it has been observed that
the muscle branching of the ON shows considerable
variation (Table 6). In our study, in both adult cadavers
and fetal cadavers, it was shown that the AB gave three
muscle branches on both sides, whereas the PB gave only
one muscle branch. When the muscles to which these
muscle branches went were examined, it was observed
that the three branches from the AB reached the adduc-
tor longus, brevis and gracilis muscles, while the single
muscle branch from the PB reached the adductor mag-
nus muscle in all cases (Table 6). Commonly, in three of
the studies, when the AB gave three muscle branches,
these branches reached the adductor longus, brevis and
gracilis muscles (66.7-100%) (Table 6). PB branching
pattern was also evident. A distinctive feature of our PB
data was that it gave a single muscle branch (adductor
magnus muscle), whereas in the other two studies, PB
gave multiple muscle branches (adductor brevis, longus
and external obturator muscles) (Table 6).

After Taha et al.”” showed promising results on the
use of US-guided proximal approach to block the adduc-
tor muscle, different strategies for US-guided fascia iliac
approach have been described and tested. The first
group of studies suggested that the proximal approach
was superior to the distal approach.'?! Thus, the distal
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Table 6
Distribution of muscular branching of the obturator nerve.

Study Specimens N (sides) Number of muscular branches from AB Number of muscular branches from PB
Anagnostopoulou et al.?! Adult cadavers 168 2 branches: Adductor longus and gracilis Single branch: Adductor magnus
48 sides (28.57 %) 23 sides (13.69%)
3 branches: Adductor longus, brevis and 2 branches: Adductor magnus and brevis
gracilis 112 sides (66.66%) 101 sides (60.11%)
4 branches: Adductor longus, brevis, gracilis 3 branches: Adductor magnus, brevis and
and external obturator 8 sides (4.76%) external obturator 31 sides (19.04%)
4 branches: Adductor magnus, brevis, longus
and external obturator 12 sides (7.14%)
Tshabalalal®! Adult cadavers 195 3 branches: Adductor longus, brevis and 2 branches: Adductor magnus an
gracilis 195 sides (99%) external obturator 184 sides (89%)
3 branches: Adductor magnus, brevis and
external obturator 10 sides (11%)
Current study Adult cadavers & 20 3 branches: Adductor longus, brevis and Single branch: Adductor magnus
fetuses 94 gracilis 114 sides (100%) 114 sides (100%)

approach is relatively less suitable for blockade of the PB
compared to the proximal approach. A comprehensive
discussion on the comparison of distal and proximal
approaches has been included in other studies.!"
Anatomical studies indicate that the AB innervates the
adductor longus, brevis and gracilis muscles. Therefore,
significant adductor muscle anesthesia is possible, even
in the case of AB blockade alone. Accordingly, findings
from clinical studies have shown that complete adductor
blockade does not always occur; moreover, partial block-
ade is sometimes sufficient. For example, Han et al.!"’
found that US-guided proximal and distal approaches
did not significantly differ in the clinical efficacy of ONB
in patients undergoing transurethral bladder tumor
resection, but low-grade adductor muscle spasm was still
evident. Interestingly, efforts to combine two different
methods can also be effective. For example, in 2016,
Yoshida et al.”¥ demonstrated a successful ONB with
US-guided pubic approach in twenty patients undergo-
ing transurethral bladder tumor resection. Incidentally,
using the newest approaches does not always mean that
the older ones are less successful. Parallel to the exciting
developments in the proximal approach or others, for
example Choquet’s inguinal approach is still considered
a cutting edge procedure even in 2019."" A major limi-
tation of comparing different approaches is that different
approaches cannot be tested on the same patient.

Akkaya et al.” defined a triangle for the ONB sur-
rounded by the SPR, pectineus and external obturator
muscles in a study performed through the inguinal
approach. In our study, a similar anatomical triangle was

observed with the SPR at the top, adductor longus muscle
at the medial border and FV at the lateral border (Figures
1 and 6). In addition to variations in the branching pattern
of the ON,#~! it has been reported that the presence of
AON and possible anastomoses with the ON can be
observed.””** Akkaya et al.” interpreted the occurrence
of such variations in terms of nerve blockade as AON
blockade added to the ONB may increase clinical efficien-
cy and quality of application.

Conclusion

Although there is a strong visual guidance provided by
US-guided procedures, more anatomical landmarks
could serve to facilitate existing approaches as well as to
establish new ones. In this sense, we currently present a
detailed morphometric map composed of distances
between specific anatomical landmarks. In addition to
those in other studies on ON anatomy, the differential
branching patterns of the ON in the pelvic region pre-
sented in this article should be considered under a single
roof to avoid possible anesthesia errors and increase the
success rate of the clinical procedures involved. Finally,
we believe that scientific collaborations of anesthesiolo-
gists with anatomists have a great potential to improve
the fundamentals of anesthesiology.

Limitations

The first limitation of the study was that we did not have
adult female cadavers suitable for dissection in our
inventory and therefore could not discuss the differences
between the sexes. However, we were able to perform
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evaluations for both sexes in fetuses. The second limita-
tion is that we were not able to identify the branches to
the hip joint in pelvic or thigh dissections due to the dif-
ficulty of dissection in fetuses. Another limitation is that
the measurements obtained from fixed cadavers could
not be scanned on patients with ultrasound support. This
situation can be supported by new studies in the future.
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morphometric characteristics of the
acetabulum in the Anatolian population
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Abstract

Objectives: The aim of our study was to investigate the shape, variations and dimensions of the acetabulum, which has an
important place in the structure of the hip joint and is of great importance in terms of surgical interventions and compliance with
hip joint prostheses, in the Anatolian population.

Methods: A total of 45 coxal bones, 24 right-sided and 21 left-sided, were evaluated. The anterior ridge of the acetabulum was
classified into four types: straight, curved, angular and irregular. The transverse diameter (TD), posteroinferior-vertical diameter (VD),
acetabular depth (AD) and width of the acetabular notch (WAN) were measured using a digital caliper.

Results: Seven (15.6%) acetabula had straight, 23 (51.1%) had curved, 9 (20%) had angular and 6 (13.3%) had an irregular

anterior ridge. The measurements were as follows; TD: 52.3+4.7 mm; VD: 54+4.4 mm; WAN: 26.3£3.6 mm; and AD: 25.3+3
mm. There was no significant difference between the right and left sides for any of the morphometric measurements.

Conclusion: Our study revealed that the most common anterior acetabular ridge shape was curved on both sides of the
coxal bone and showed that acetabular morphometry did not vary by side.

Keywords: acetabulum; dry bone; morphology; morphometry

Introduction

The acetabulum is a structure formed at the junction of
the ilium, ischium and pubis in the coxal bone. It articu-
lates with the femoral head to form hip joint. Thus, it
plays a role in the connection and force transmission
between the pelvis and lower limbs.!?!

Knowing the morphometric properties of the acetab-
ulum is important for radiologists and orthopedic sur-
geons in diagnosis and surgical planning.”” Antevert and
shallow orientation of the acetabulum is associated with
acetabular dysplasia, while increased depth may be asso-
ciated with femoroacetabular impingement and other
orthopedic problems.”) Even small anatomical incon-
gruities in the structure of the acetabulum can increase
susceptibility to degenerative changes in the joint.

During preoperative planning for total hip arthro-
plasty (THA), differences in bone structure between
individuals make it difficult to use uniform materials and
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standardized methods.”! Knowledge of variations in the
diameter and depth of the acetabulum is also important
in the surgical treatment of acetabular fractures.! In this
context, it is important to know the acetabular mor-
phometry to ensure an optimal fit between the femoral
head and acetabulum.

Another clinically important factor in THA is the
degree of anteversion, which is necessary for proper
implant placement and prevention of dislocation. The
morphology of the anterior ridge of the acetabulum also
affects the degree of anteversion and therefore its varia-
tions are considered important. Since the posterior mar-
gin of the acetabulum is usually a simple semicircle, only
the anterior margin types have been classified."”*

With our study, we aimed to contribute to the litera-
ture on the morphology and morphometric characteris-
tics of the acetabulum in Anatolian population.
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Materials and Methods

The study included 45 dry coxal bones from our anato-
my laboratory with unknown sex and age. The bones
were unilateral from different individuals and did not
belong to the pelvis as a whole. There were 24 coxal
bones from the right side and 21 from the left side, and

the bones reflected the Anatolian population in terms of
their origin. The morphology of the anterior margin of
the acetabulum was classified into four groups: straight,
curved, angular and irregular, in accordance with the lit-
erature (Figure 1).)

For manual morphometric measurements, a digital
caliper with a measurement range of 0-150 mm and a

Figure 1. Acetabular anterior ridge types. (a) straight; (b) curved; (c) angular; (d) irregular.
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precision of 0.03 mm was used. The measurements were
repeated twice by the same researcher and the average of
the measurements was given as the result. Following
parameters were evaluated by measurements:

* Vertical (posteroinferior) diameter (VD) was measured
along the axis passing through the anterior superior iliac
spine and ischial tuberosity (Figure 2a).!""

* The transverse diameter (T'D) of the acetabulum is
measured as the maximum distance between the anteri-
or and posterior edges of the acetabular cavity (Figure
2b).2

* The width of the acetabular notch (WAN) is mea-
sured as the distance between the two edges of the
lunate surface (Figure 2c).”

* Acetabular depth (AD) is measured as the perpendic-
ular distance from the deepest point of the acetabular
fossa to the horizontal plane passing through the
sides of the acetabulum (Figure 2d)."”

Statistical analyses were performed using BM SPSS
Statistics Standard Concurrent User v. 22 (IBM Corp.,
Armonk, NY, USA). Whether the data conformed to the
normal distribution was evaluated according to the kur-
tosis and skewness values. Independent sample t-test was

applied for the comparison between right and left sides.
A p-value of <0.05 was considered statistically signifi-
cant.

Results

Of the 45 bones evaluated, 24 were right and 21 were left.
Regarding the evaluation of the anterior acetabular ridge
types: in the right coxae there were 4 straight (16.6%), 12
curved (50%), 3 angular (12.5%) and 5 irregular types
(20.8%). The bones on the left side had 3 flat (14.2%), 11
curved (52.3%), 6 angular types (28.5%) and 1 irregular
type (4.7%). In the whole sample, there were 7 flat types
(15.6%), 23 curved types (51.1%), 9 angular types (20%)
and 6 irregular types (13.3%) (Table 1).

When the average values of all bones were consid-
ered, TD was 52.3+4.7 mm; VD was 54+4.4 mm; WAN
was 26.3+3.6 mm; AD was 25.3+3 mm. TD was 51.8+3.8
mm on the right and 52.9+5.5 mm on the left. VD was
54.1+3.5 mm on the right and 53.9£5.4 mm on the left.
WAN was 26.1+3.4 mm on the right and 26.6+3.9 mm
on the left. AD was 24.9£3.07 mm on the right and
25.8+3 mm on the left (Table 2). No significant differ-
ences were found for any of the morphometric assess-

Table 1
Frequencies of morphological types of anterior acetabular ridge.

Ridge type Right Left Total
Straight 4(16.6%) 3(14.2%) 7 (15.6%)
Curved 12 (50%) 11 (52.3%) 23 (51.1%)
Angular 3(12.5%) 6 (28.5%) 9 (20%)
Irregular 5 (20.8%) 1(4.7%) 6 (13.3%)
Total 24 (100%) 21 (100%) 45 (100%)
Table 2
Mean acetabular morphometric measurements according to side.
Side Mean=SD (mm) p-value
TD Right 51.8+3.8
0.42
Left 52.9+5.5
VD Right 54.1+3.5
0.86
Left 53.9+5.4
WAN Right 26.1+3.4
0.66
Left 26.6+3.9
AD Right 24.9+3.1
0.33
Left 25.8+3.0

AD: acetabular depth; SD: standart deviation; TD: transverse acetabular diameter; VD: vertical (posteroinferior) acetabular diameter; VWAN: width of the acetabular notch.
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Figure 2. Measurements taken with a digital caliper. (a) vertical (posteroinferior) acetabular diameter (VD); (b) transverse acetabular diameter (TD);
(c) width of the acetabular notch (WAN); (d) acetabular depth (AD).
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ments between the right and left sides (for TD p=0.42,
for VD p=0.86, for WAN p=0.66, and for AD p=0.33).

Discussion

In our study, we evaluated the morphologic features of the
acetabulum on right and left sides. And no significant dif-
ference was found between the right and left sides in terms
of TD, VD, WAN and AD. When other studies on this
subject were examined; in a dry bone study conducted by
Ukoha et al.”’ no significant difference was found between
the right and left sides in terms of TD, VD and AD.
Likewise, Sreedevi et al.” reported that there was no sig-
nificant difference between right and left sides in terms of
VD, AD and WAN in a dry bone study on Indian popula-
tion. In another the dry bone study conducted by Vyas et
al. on Indian population, no significant difference was
found between right and left sides in terms of TD and AD.
In the study of Yugesh et al."" on dry bones in Indian pop-
ulation, no statistically significant relationship was found
between right and left sides for TD, WAN and AD. Both
our study and results of other studies emphasize that the
morphometric properties of the acetabulum do not differ
significantly between the sides.

Both the studies of Vyas et al.* and Yugesh et al." were
conducted on the Indian population; however, it is note-
worthy that they found significantly different values for
WAN, 22229 mm and 30.8+0.42 mm, respectively
(Table 3). The different results in the studies conducted on

the same population and using the same method may be
attributed not only to ethnicity but also to factors such as
age, sex and body weight of the individuals to which the
bones belonged. Furthermore, different results may also be
related to ethnic diversity among individuals living in the
same country.

In our study, the gender of the individuals to whom the
bones belonged is not known. However, there are some
studies in the literature evaluating according to gender:
Indurjeeth et al."” in South Africa reported that acetabu-
lar diameter, acetabular depth and acetabular notch width
were significantly higher in males than females. In a study
conducted by Chauhan et al."” in India on a total of 48
cadavers (36 males and 12 females) aged 50-70 years in
India, acetabular diameter was larger in males (right:
47.10+2.90 mm, left: 47.48+3.05) compared to females
(right: 44.38+3.01 mm, left: 46.0+2.28 mm) and there was
a significant difference between genders. Zeng et al.” per-
formed a CT study on 50 men and 50 women in a Chinese
population with a mean age of 48.2+8.47 years and did not
show a significant difference between the sexes. However,
acetabular width (for male; right 55.2£3.11 mm, left
56.0£3.33 mm- for female; right 51.4+2.38 mm, left
51.4£2.07 mm) and depth (for male; right 19.3+2.48 mm,
left 19.4+2.21 mm- for female; right 17.3+1.68 mm, left
17.4+1.58 mm) were significantly lower in women. In
studies conducted in various populations, there are find-
ings showing that acetabular parameters are larger in men.

Table 3
Results of studies in the literature on acetabular morphometrics.

Study Ethnic origin Side Number of bones TD (mm) VD (mm) WAN (mm) AD (mm)
Ukoha et al.?) Nigerian Right 44 53.9+0.3 55.8+0.3 29.7+0.3
Left 56 53.2+0.3 54.6+0.3 30.2+0.3
Indurjeeth et al."%! South African Right 44 54.84+4.18 21.72+2.98 31.30+3.18
(black race) Loft 6
Sreedevi et al.” Indian Right 39 49.4%3.5 22.2+2.9 24.0+2.6
Left 41 48+5.6 22.5+2.4 25.1+2.8
Vyas et al.! Indian Right 74 479435 27.1%2.7
Left 78 48.3+3.1 26.5+3.4
Yugesh et al.l'"] Indian Right 60 47.4+0.27 30.8+0.42 29.9+0.21
Left 48.0+0.37 31.1£0.72 29.7+0.23
Aksu et al o] Anatolian 154 54.29+3.8 29.49+4.2
Uzun et al.! Anatolian Right 50 50.57 18.08 24.87
Left 46 51.44 20.25 22.85
Currentstudy Anatolian Right 24 51.8+3.8 54.1+3.5 26.1£3.4 24.9+3.07
Left 21 52.9+5.5 53.9+5.4 26.6+3.9 25.8+3.0

AD: acetabular depth; SD: standart deviation; TD: transverse acetabular diameter; VD: vertical (posteroinferior) acetabular diameter; WAN: width of the acetabular notch.
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When the results of the study conducted by Uzun et
al.” on Anatolian population were compared with the
results of our study, very similar results were obtained for
TD and AD. However, our study showed larger values for
WAN. In terms of VD, our present study presented sim-
ilar values to Aksu et al.”! Although there is a difference in
the mean value for AD, the standard deviation values show
that the results are not significantly different (Table 3).
The study of Uzun et al.") was performed with 96 bones
without specifying gender and age characteristics, while
the study of Aksu et al.) was performed with 154 bones
without specifying gender and age characteristics. Despite
similar limitations in our study, both studies had larger
sample sizes compared to ours.

When the morphometric findings of our study were
compared with the mean and standard deviation values
of other populations, it was observed that our measure-
ments were similar for TD and VD. However, in terms
of WAN, we found higher values compared to both the
study by Indurjeeth et al.'” in a South African popula-
tion and the study by Uzun et al."! in an Anatolian pop-
ulation, and lower values compared to the study by
Yugesh et al.'" in an Indian population. The differences
observed in studies in the same population may be relat-
ed not only to race but also to parameters such as gender
and age that may affect morphometry.

In our study, in terms of the shape of the acetabular
anterior margin, 7 of 45 coxal bones were classified as
straight type (15.6%), 9 as angular type (20%) and 6 as
irregular type (13.3%). The most common type was the
curved type observed in 23 bones (51.1%). Among other
studies conducted in Anatolian population, Aksu et al.l
found curved type in 46.1% of their samples, Govsa et

al.”! found it in 43.3% samples and curved type was the
most common type in these studies. In the study by Uzun
et all!l the curved type was seen with a frequency of
28.1%, while the straight type was found to be 42.7%.
The type of anterior prominence may be a parameter
influenced by the observer, and the higher prevalence of
the straight type in the study of Uzun et al."! compared to
our study and other studies may indicate a discrepancy
related to the bones included in the study and the observ-
er. The effect of age and gender characteristics of the
bones was not evaluated in our study and related studies,
so their effect on ridge type could not be evaluated.

In studies conducted on the Indian population, the
curved type was the most common type with a rate of
37.5% in the study by Vyas et al.,'! 43.7% in the study
by Sreedevi et al.”! and 61% in the study by Parmara et
al.’! The higher rate in the Indian population in the
study of Parmara et al.'"”) compared to other studies may
be due to the fact that angular type was not included in
their classification. In the study conducted by Ukoha et
al.” in the Nigerian population, the curved type was the
most common type with a rate of 35%. Maruyama et
al.® also found that the curved type was the most com-
mon with a rate of 60.5%. In a study conducted by
Indurjeeth et al.'” in Africa, the angular type was found
to be the most common type with a rate of 41%.
Considering that the study was conducted on black pop-
ulation, it can be assumed that the angular type is rela-
tively higher in this population. In addition, although
types were defined for genders in the study, a gender-
based comparison was not made (Table 4).

Limitations of our study include the limited number
of bones in our sample and the lack of information on

Table 4
A comparison of frequencies of anterior acetabular ridge shapes among various studies in the literature (%).

Ethnic Origin Number of Bones  Straight (%) Curved (%) Angular (%) Irregular (%)
Ukoha et al.?) Nigerian 100 23 35 33 9
Indurjeeth et al.l"?! South African (black race) 100 14 22 4 23
Maruyama et al.l®l American/ African-American 200 9 (4.5%) 121 (60.5%) 51 (25.5%) 19 (9.5%)
Sreedevi et al.l” Indian 80 22 35 18 5
Parmara et al.['3] Indian 100 20 61 19
Vyas et al.! Indian 152 48 57 19 28
Govsa et al.l%) Anatolian 226 27 98 64 37
Aksu et al o] Anatolian 154 36 71 26 21
Uzun et al." Anatolian 96 41 27 20 8
Current study Anatolian 45 7 23 9 6
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the sex, age and body weight of the individuals to whom
the bones belonged. Also, the demographic characteris-
tics of the bones are not known. Therefore, the study
data are reported to reflect the characteristics of the
Anatolian population according to their origin.

Conclusion

Understanding the morphologic and morphometric prop-
erties of the acetabulum is very important because of its
contribution to the structure of the hip joint. Our study
emphasized that the morphometric characteristics of the
acetabulum did not differ significantly between the parties.
It also showed that the most common shape of the anteri-
or acetabular margin is the curved type. Therefore, our
study contributes to the literature on the characteristics of
the acetabulum in Anatolian population.
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Abstract

Variations in the vessels of the mediastinum may cause unexpected complications during thoracic procedures. In this report,
we show a rare variation of the azygos vein resulting in an azygos lobe of the right lung in a female cadaver. During routine
dissection of the superior mediastinum in a white female cadaver, a variation in the venous anatomy was observed and doc-
umented. Further dissection of the middle and posterior mediastinum was performed to follow the course of the anomalous
vein, and the right lung was removed. The observed anomalous vein was discovered to be a variation of the azygos vein
which arched around the superior lobe of the right lung to unite with the superior vena cava resulting in an azygos lobe of
the right lung. Variations in the anatomy of the azygos venous system are not uncommon, and azygos lobes of the right lung
are commonly reported as incidental findings on imaging, but not often in cadavers. While individuals with this type of vari-
ation are unlikely to present clinically, documenting unusual vascular anatomy of the mediastinum is of interest to avoid

unnecessary procedures and unexpected complications during thoracic surgery.

Keywords: anatomical variation; azygos lobe; azygos vein; posterior mediastinum
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Introduction

The azygos vein drains the upper abdomen, back, verte-
brae, vertebral canal, and the mediastinal viscera, and
forms a pathway for collateral circulation between the
superior and inferior vena cavae. The azygos vein typi-
cally arises from the union of a branch from the posteri-
or aspect of the inferior vena cava (IVC) and right
ascending lumbar vein. The azygos vein ascends in the
posterior mediastinum either along the right border of
the T4-T'12 thoracic vertebrae or midline along the T4
T'12 vertebral bodies. The azygos vein then arches over
the superior aspect of the root of the right lung to join
the superior vena cava (SVC). Along its course, the azy-
gos vein receives multiple tributaries including the pos-
terior intercostal veins, the pericardial, mediastinal,
esophageal, and bronchial veins, the hemiazygos and
accessory hemiazygos veins, and communicating branch-
es from the vertebral venous plexuses that drain the ver-
tebrae and vertebral canal.l"

Clinically, the azygos vein is typically only affected by
hemodynamic changes or mediastinal lesions. Changes
in the shape and contour of the azygos vein, observed via
imaging of the thorax, often provide insight into possible
hemodynamic changes. For example, enlargement of the
azygos vein is indicative of increased right mean atrial
pressure which can be suggestive of constrictive peri-
carditis, cardiac tamponade, pulmonary hypertension, or
portal hypertension.”!

Discovering variations in venous anatomy through
dissection is not unusual. Variations in the azygos vein
course have been previously reported after medical imag-
ing,P! but less frequently in cadavers.”! These variations
included an azygos vein which arches laterally through
the right lung to join the SVC forming an azygos lobe of
the lung® or an azygos vein that continues directly as the
IVC." Here, we present a rare report of an abnormal
azygos vein in a female cadaver which resulted in an azy-
gos lobe.
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Case Report

During a routine dissection of the anterior and superior
mediastinum in a 70-year-old white female cadaver, an
anomalous vein that split the superior lobe of the right
lung into a superior and inferior portion was observed.
The middle and posterior mediastinum were then dis-
sected to visualize the course of the abnormal vein.
Images of the full venous course were then taken.

Upon removal of the anterior portion of the thoracic
cage to access the superior and anterior mediastinum, an
anomalous vein that divided the superior lobe of the
right lung into two portions was observed (Figure 1a).
After removal of the right lung, the anomalous vein was
found to receive contributions from the posterior inter-

costal veins and the IVC and followed a course along the
midline of the thoracic vertebrae posterior to the
descending thoracic aorta and esophagus (Figure 1b),
consistent with descriptions of the azygos vein.

The right lung had a superior, middle, and inferior
lobe separated by the horizontal and oblique fissures,
respectively (Figure 1c). The superior lobe of the right
lung contained an additional fissure where the anoma-
lous azygos vein passed through the superior lobe divid-
ing the lobe into lateral and medial segments (Figure
1d). The medial segment of the divided superior lobe did
not have an associated secondary bronchus (Figure 1e),
consistent with descriptions of an azygos lobe of the
right lung.

o WO
Le>M

Figure 1. Azygos vein variant and azygos
lobe of the right lung. (a-b) The arch of the
azygos vein passes through the superior lobe
of the right lung dividing it into two seg-
ments. () The right lung has a superior, mid-
dle, and inferior lobe divided by the horizon-
tal and oblique fissures, respectively. (d) The
superior lobe of the right lung is divided by
the azygos vein in the azygos fissure causing
the superior lobe of the right lung to have a
medial azygos lobe of the right lung. (e) A
separate secondary bronchus traveling to the
azygos lobe was not observed. AAz: arch of
the azygos vein; ArAo: arch of the aorta; Az:
azygos vein; AzF: azygos fissure; AzL: azygos
lobe of the right lung; B1: apical bronchus of
superior lobe; B2: posterior bronchus of superi-
or lobe; B3: anterior bronchus of superior lobe;
B4: lateral bronchus of middle lobe; B5: medial
bronchus of middle lobe; B6: superior bronchus

of inferior lobe; B7: medial basal bronchus; B8: anterior basal bronchus; B9: lateral basal bronchus; B10: posterior basal bronchus; Eso: esophagus;
HoriF: horizontal fissure; I: inferior; InfL: inferior lobe of the right lung; L: lateral; M: medial; MidL: middle lobe of the right lung; ObF: oblique
fissure; PcV: pericardiophrenic vessels; RL: right lung; S: superior; SupL: superior lobe of the right lung.
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Discussion

We discovered a rare variation of the azygos vein and its
associated azygos lobe of the right lung. Typically, the azy-
gos vein branches from the posterior aspect of the IVC and
the right ascending lumbar vein. The azygos vein ascends
along the right border or the midline of the inferior eight
thoracic vertebrae in the posterior mediastinum before
arching over the root of the right lung to drain into the
superior vena cava.'! The azygos venous system is known
to vary significantly and rarer variants include an inferior
vena cava that underwent agenesis with the drainage of the
abdomen and lower limbs instead being routed through the
azygos vein. Additionally, an azygos vein passing through
the superior lobe of the right lung has been observed on
imaging,” but less frequently in cadavers,*”* and far less
commonly in females, 0.25%, than in males, 1.17%."
Despite the azygos system varying significantly,!'*!!
tions in the azygos venous system that affect the lungs are
likely due to abnormalities during development.

varia-

During the fifth week of development, the main veins of
the embryo are the vitelline, umbilical, and anterior and
posterior cardinal veins. During the fifth to seventh weeks
of development, the subcardinal, sacrocardinal, and suprac-
ardinal veins form. At this time, the body walls drain into the
posterior cardinal vein, and then drain into longitudinal
veins on either side of the body, the early azygos venous sys-
tem, which stll ultimately drains into the posterior cardinal
vein. Over time, the left common cardinal vein regresses
shunting blood from the veins of the left azygos line into the
right azygos line. The azygos vein forms from the veins of
the right azygos line and the most cranial part of the right
posterior cardinal vein. As the left cardinal vein regresses,
the cranial portion of the right posterior cardinal vein
migrates from lateral to medial to its final position wrapping
around the root of the right lung.">"*) Incomplete migration
of the posterior cardinal vein medially can cause it to pierce
the developing superior lobe of the right lung resulting in
the formation of an azygos lobe, as observed here. As the
azygos lobe lacks an associated secondary bronchus, it is not
considered to be a true lobe of the right lung."”

The azygos venous system itself is usually not affect-
ed by clinical pathologies. However, changes in the
shape and contours of the veins of the azygos venous sys-
tem, especially the azygos vein, often signify an underly-
ing pathology: constrictive pericarditis, cardiac tampon-
ade, pulmonary hypertension, or portal hypertension.
Furthermore, the abnormal course of the azygos vein
which results in an azygos lobe of the right lung leads to
abnormal paratracheal opacities being observed on chest
X-ray. These are often treated as a mediastinal lesion

leading to unnecessary surgical procedures of the tho-
rax.’) Additionally, the azygos lobe may be unaffected by
pathological processes occurring in the rest of the lung
such as disseminated pulmonary tuberculosis,"¥ and
pathologies of the azygos lobe often remain confined to
the lobe making identification and treatment more diffi-
cult. For example, carcinomas of the azygos lobe are not
associated with the involvement of the regional medi-
astinal lymph nodes."”) Knowledge of the anatomy of the
azygos vein and its influence on associated structures
such as the lungs are important to understand when
interpreting imaging of the chest and during surgical
procedures within the thoracic cage.

Conclusion

"The azygos vein can pierce the superior lobe of the right
lung forming an azygos lobe of the right lung which can
be mistaken for mediastinal pathology. Documenting
the presence and course of this variation in the azygos
vein and its associated abnormal lung anatomy is impor-
tant to avoid unnecessary procedures of the mediastinum
and thorax.
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head and an accessory head
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Abstract

During a routine dissection at Hacettepe University Department of Anatomy a variation of the sternocleidomastoid muscle
was found unilaterally on the left side, in a 75-year-old Turkish male cadaver. At first the skin was removed, then the super-
ficial cervical fascia along with the platysma muscle. Four clavicular heads (CH1, 2, 3, 4) and an accessory head of sternal
part were observed on the left side along with one typical sternal head. The length, width and distance from the anterior
border of the trapezius muscle, the acromioclavicularjoint and the sternoclavicular joint of each muscle were measured twice
by two investigators using a digital caliper. Surgeons need to study thoroughly about the variations before any neck surger-
ies. For a successful muscle flap harvesting, central venous catheterization, cervical examination and many other procedures

involving the neck region, we need to aware of all kind of variation of the sternocleidomastoid muscle.

Keywords: anatomy; dissection; neck surgery; sternocleidomastoid muscle
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Introduction

The sternocleidomastoid muscle (SCM) is a superficial
neck muscle which descends diagonally along the edge of
the neck. The lower part of the muscle generally sepa-
rates into 2 heads at its point of attachment.
Embryologically, the SCM shares a common origin with
the trapezius muscle from the sixth branchial arc.
Between the 4th and 5th months of embryologic devel-
opmental period, the muscle attachments significantly
increase.”” In an adult, the sternal head begins from the
anterior surface of the manubrium sterni and extends
posterolaterally. The clavicular head originates above
the middle 1/3 of the clavicle and extends vertically. The
sternocleidomastoid muscle is attached by a strong ten-
don to the lateral aspect of the mastoid process and to
the superior nuchal line by a thin aponeurosis. Clavicular
fibers extend more to the mastoid process, while sternal
fibers extend transversely and superficially to the
occiput.”!

The sternocleidomastoid muscle has usually 5 heads
consisting of two layers. It is often divided into cleido-
mastoid and sternomastoid parts. In addition, it consists
of a superficial layer; namely the superficial sternomas-
toid, sterno-occipital, cleido-occipital and a deep layer;
the deep sternomastoid and cleidomastoid. A sixth part
has been seen in addition to these five parts which has
been described as sternomastoideus profundus.™

Case Report

During a routine dissection at Hacettepe University
Department of Anatomy, a variation of the SCM was
found unilaterally on the left side, in a 75-year-old
Turkish male cadaver. At first, the skin was removed,
then the superficial cervical fascia along with the platys-
ma muscle. Four clavicular heads (CHI, 2, 3, 4) and an
accessory head of sternal part (AH) was observed on the
left side along with on typical sternal head (SH) (Figures
1 and 2). The length, width and distance from the ante-
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rior border of the trapezius muscle, the acromioclavicu-
lar joint and the sternoclavicular joint of each muscle
part was measured twice by two investigators using a dig-
ital caliper. The average values were given as result.

The SH originated from the anterior and superior
part of manubrium sterni. The AH originated from the
superolateral part of manubrium sterni and sternoclavic-
ular joint capsule. They both terminated at the mastoid
process. The AH length was 171.77 mm and width was
1.83 mm. The SH had a length of 194.21 mm and width
of 18.92 mm. The length of CH1 was 167.43 and width
was 15.52 mm. CH muscle length was 162.41 mm and
width was 15.52 mm. CH3 muscle had a length of 152.47
mm and width of 3.10 mm. The length of CH4 was
148.05 mm and width was 4.67 mm. The distance from
the sternoclavicular joint to the CH, CH2, CH3, CH4
was 21.06, 23.74, 31.81, 44.42 mm respectively. The dis-
tance from the acromioclavicular joint to the SH, AH,
CHI, CH2, CH3, CH4 was 152.31, 153.69, 129.46,
139.46, 130.49, 119.23 mm respectively. The distance
from the anterior border of the trapezius muscle to the
SH, AH, CHI1, CH2, CH3, CH4 was 116.23, 110.58,
101.43, 91.62, 76.84, 65.70 mm respectively.

Discussion

The sternocleidomastoid muscle typically originates from
the manubrium sterni and medial aspect of the clavicle
and attaches to the mastoid process of the temporal bone
and superior nuchal line."!

Variations in the SCM muscle are diverse. Nayak et
al." reported a case with an additional sternal head aris-
ing from the capsule of the sternoclavicular joint and the
superolateral border of the manubrium sterni in both
sides of a cadaver. The width of this additional sternal
head was 1.2 cm on the left and 0.7 cm on the right side.
The clavicular part was joining the muscle at a distance
of 5.2 cm on the left and 6 cm on the right from its ori-
gin.

Kim et al.” reported bilateral four-bellied sternoclei-
domastoid muscles in a 67-year-old Korean male cadav-
er. On the right side; there were 2 sternomastoids, 1 clei-
domastoid, 1 cleido-occipital and on the left, 1 ster-
nomastoid, 1 cleido-occipital, 2 cleidomastoids.

Another case of a 60 year-old male cadaver reported
by Surendran et al.”! the clavicular head of the right ster-
nocleidomastoid muscle was revealed to had 4 bellies.
The most medial belly of the clavicular head had 3 ten-
dons, the 2nd belly had 3 tendons, the 3rd belly had 4
tendons, and the 4th belly had 2 tendons.

Anatomy e Volume 17 / Issue 1 7 April 2023

Figure 1. Left lateral view of the neck region showing variation of the ster-
nocleidomastoid muscle with four clavicular heads, one sternal and one
accessory head. AH: accessory head; CH: clavicular head, SH: sternal head.

Heo et al.” revealed a multiheaded sternocleidomas-
toid muscle on the left side of a 85-year-old Korean male
cadaver. The authors noted three heads and an accesso-
ry belly on the sternal head. One of these three parts has

Sternal Head Clavicular Head 4

Clavicular Head 3
Clavicular Head 2
Clavicular Head 1

Accesory Head il

b

Figure 2. lllustration of the left lateral view of the neck region showing
variation of the sternocleidomastoid muscle with four clavicular heads,
one sternal and one accessory head.
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been reported as the sternal head, the others as the medi-
al clavicular and lateral clavicular head. The width of th
sternal head was 12.8 mm and the length was 189.4 mm.
The accessory head was located lateral to the sternal
head and was 77.6 mm in length and 3.7 mm in width.
The length of the lateral clavicular head was 137.8 mm
and the medial clavicular head length was 143.6 mm. Its
insertion has been reported to be corresponding to the
normal anatomy (mastoid process and superior nuchal
line). Being aware of variations in the SCM is important
for surgeons to plan ahead in case they suddenly
encounter any anatomical variations during invasive
neck procedures such as central venous catheterization
(CVC).”" For example, Dupont et al."” reported an 81-
year-old fresh-frozen male cadaver with 2 separate head-
ed SCM connected bilaterally to the occiput and mastoid
and showed 6 tendon insertions on the occiput. As seen
in the case report of Dupont et al."” the variability of the
attachment points of the SCM should be well known
before planning interventions to the neck.

The SCM has proven to be important in many areas of
medical education and clinical pathologies, so its variations
need to be known and studied. Examination of the stern-
ocleidomastoid muscle forms part of the examination of
the cranial nerves. It can be felt on both sides of the neck
when a person moves their head to the opposite side.!"")

The triangle formed by the sternal and clavicular
heads of the clavicle and sternocleidomastoid muscle is
used as a landmark to determine the correct location for
CVC. Correct CVC placement prevents serious compli-
cations, especially intracardiac implamentation, which
can be fatal. As seen in a study by Chen et al.'” both the
length of the SCM muscle and the body height are sta-
tistically significant for predicting the depth of CVC
placement. In their study on the standardization of bot-
ulinum toxin injection into the SCM, Torun et al.l*’
emphasized the significance of considering the lower
part of the muscle, particularly for toxin administration
in cases of torticollis. They highlighted that this region,
which is thinner and in close proximity to the structures
beneath the jugular vein, should be avoided. Similarly, in
our study, we have identified variations in the lower part
of the SCM, underscoring the importance of taking
these variations into account in clinical practice.

Conclusion

The SCM is a large, superficial muscle located in the
anterior part of the neck. Due to its anatomical move-
ments and structure, it plays an important role in many
areas of medicine. Surgeons need to make a thorough

study of the variations of this muscle before any neck
surgery. The SCM muscle also acts as a landmark and a
useful flap during head and neck dissections.!"*
successful muscle flap harvest, central venous catheteri-
zation, cervical examination and many other procedures
involving the neck region, we need to be aware of all pos-
sible variations of the SCM.
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