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Abstract

Background/Aim. The iliopsoas muscle [musculus (m.) ili-
opsoas| originates from the Greek word psda, which means
loin and represents the only muscle in the body with ana-
tomical preconditions to simultaneously and directly con-
tribute to the stability and movement of the trunk, pelvis,
and legs. M. #liopsoas belongs to the inner thigh muscle
group and forms part of the posterior abdominal wall. This
muscle is the major flexor of the hip joint, and it is func-
tionally essential for proper posture, walking, running, and
other physical activities. The aim of this study was to de-
termine the relationship between the anatomical parame-
ters of the pelvis and nervus (n.) femoralis, as well as the rela-
tionship between the same pelvic parameters and #. psoas
major. Methods. The study was conducted at the Faculty of
Medicine, University of Belgrade, on cadaveric material of
the Institute of Anatomy “Niko Miljani¢”. For measure-
ment purposes, 14 cadavers were used, seven of which
were male and seven female, aged 6779 years. The meas-
uring instruments used in this study were a ruler and an
electronic digital caliper (measuring range 0-500 mm, reso-
lution 0.01 mm). Statistical data processing was performed
in the SPSS 11.0 program using the Mann-Whitney U test.

Apstrakt
Uvod/Cilj. Slabinsko-bedreni misi¢ [musculus (m.) iligpsoas)

vodi poreklo od grcke reci psda $to znaci slabina i predstavlja
jedini misi¢ u telu koji ima anatomske preduslove da

Results. The results of this study indicate a significant sta-
tistical difference in pelvic width between male and female
cadavers, which was observed in the reduction of the bitu-
beral line in females, while the parameters of the bispinal
line showed no significant difference between the two gen-
ders. The decrease of the bituberal line in females was fol-
lowed by an increase in the width of the proximal origin
with a statistically significant decrease in the length of the
proximal origin of the . psoas major. Furthermore, the ver-
tical distance of 7. femoralis from the exit point of the mus-
cle to the bispinal line was significantly reduced in the male
cadavers. Conclusion. Based on our results, we can as-
sume that, in most cases, due to the smaller bituberal and
bispinal line or narrower pelvis, a shorter proximal attach-
ment of the ». psoas major will occur with greater width
(L2-L5 level) in the female than in the male gender, result-
ing in a longer vertical distance of 7. femoralis. Such results
indicate a close correlation between the anatomical parame-
ters of the . psoas major, which may affect the distance of
n. femoralis exit from the muscle.

Key words:
anatomy; femoral nerve; pelvis; psoas muscles; sex
factors.

istovremeno i direktno doprinosi stabilnosti i pokretu trupa,
karlice i nogu. M. #ligpsoas pripada unutrasnjoj grupi misica
bedra i ¢ini deo zadnjeg trbusnog zida. Ovaj misi¢ je glavni
pregibac (fleksor) u zglobu kuka i funkcionalno je bitan za
pravilno drzanje tela, hodanje, tréanje i ostale fizicke
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aktivnosti. Cilj rada bio je da se ispita povezanost
anatomskih dimenzija karlice i butnog Zivca [nervus (n.)
femoralis], kao 1 odnos tih parametara sa proksimalnim
pripojem . psoas major-a. Metode. Istrazivanje je
sprovedeno na Medicinskom fakultetu Univerziteta u
Beogradu, na kadaverskom materijalu Instituta za
Anatomiju ,,Niko Miljani¢*. Za potrebe merenja iskoris¢eno
je 14 kadavera, sedam kadavera muskog i sedam Zenskog
pola, starosne dobi od 67-79 godina. Merni instrumenti
kori$¢eni u istrazivanju bili su lenjir i elektronski digitalni
kaliper (merni opseg 0-500 mm, rezolucija 0,01 mm).
Statisticka obrada podataka izvrSena je u programu SPSS
11.0, primenom Mann-Whitney U testa. Rezultati.
Utvrdena je znacajna statisticka razlika u S$irini karlice
izmedu kadavera muskog 1 Zenskog pola, koja se
manifestovala smanjenjem bituberalne linije kod osoba
zenskog pola, dok za dijametar bispinalne linije nije
utvrdena znacajna razlika izmedu polova. Smanjenje
bituberalne linije kod osoba zenskog pola bilo je praceno

povecanjem Sirine proksimalnog pripoja . psoas major-a, uz
statisticki znacajno smanjenje duzine proksimalnog pripoja.
Takode, vertikalno rastojanje od mesta izlaska 7. femoralis-a
iz samog misica do bispinalne linije, bilo je znacajno
smanjeno u ispitivanom uzorku osoba muskog pola.
Zakljucak. Na osnovu prikazanih rezultata, moZemo
pretpostaviti da ¢e se kod zena cesée, u odnosu na osobe
muskog pola, zbog manje bituberalne i bispinalne linije,
odnosno uze katlice, javljati kraci proksimalni pripoj 7. psoas
major-a, sa veCom Sirinom (nivo L2-L5), a samim tim i
duzim vertikalnim rastojanjem izlaska 7. femoralis-a u odnosu
na bispinalnu liniju. Takvi rezultati ukazuju na to da postoji
uska povezanost izmedu anatomskih parametara karlice i
vatijacija proksimalnog pripoja . iligpsoas-a, $to moze uticati
na rastojanje izlaska n. femoralis-a iz misica.

Kljucne reci:
anatomija; n.femoralis; karlica; mi$ici, slabinski; pol,
faktor.

Introduction

The iliopsoas muscle [musculus (m.) iliopsoas] origi-
nates from the Greek word psda, meaning loin, and is the on-
ly muscle in the body that has the anatomical prerequisites to
simultaneously and directly contribute to the stability and
movement of the trunk, pelvis, and legs. It is composed of the
large, long muscle (m. psoas major) and the thigh muscle (m.
iliacus), whose muscular fibers converge to form m. iliopsoas
at the level between L5 and S2 and insert on the lesser tro-
chanter of the femur as the iliopsoas tendon. The other part of
m. iliopsoas is m. psoas minor, which is missing in 40% of
cases » 2. It belongs to the inner group of thigh muscles and
forms part of the posterior abdominal wall 3. This muscle is
the main flexor in the hip joint and is functionally important
for proper posture, walking, running, and other physical activ-
ities 2. The muscular fascia that covers m. iliopsoas creates
fascial connections that anatomically connect the muscle to
the various organs of the abdominal cavity as well as the sur-
rounding structures. In the upper part of the trunk, the muscu-
lar fascia merges with the fascia of the chest (fascia endotho-
racica), while the posterior attaches to the arched ligament of
the diaphragm (ligament arcuatum mediale) and the fascia of
the quadratus lumborum muscle (m. quadratus lumborum) 2.
Forward and outward, the fascia of m. iliopsoas merges with
the fascia of the kidneys, pancreas, ascending and descending
colon, duodenum, as well as descending aorta and inferior
vena cava *. According to the previous studies, m. iliopsoas
was formed from the mesoderm after the eighth week of in-
trauterine development . The arterial supply of the muscle
originates from the common iliac artery as well as its lateral
branch, the external iliac artery. M. psoas major is supplied
by a rich network of arteries derived from the lumbar, ili-
olumbar, obturator, and femoral artery. The external iliac vein
is responsible for venous drainage of blood from m. iliopsoas.
Nerves for innervation of muscles originate from the lumbar
nerve plexus (plexus lumbalis), whereby the anterior branches
of the lumbar nerves (L1-L3) innervate the m. psoas major
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and m. psoas minor, while the femoral nerve [nervus (n.)
femoralis] or anterior branches of the lumbar nerve (L1-L4)
innervate m. iliacus “.

M. psoas major is fusiform in shape, descends from the
spinal column to the inguinal ligament (ligamentum ingui-
nale — Pouparti), and extends to the lesser trochanter, proxi-
mal to the femur 2. In its central part, m. psoas major is
round and wide in diameter, while towards the distal attach-
ment, the muscle thins. We can distinguish the superficial
and the deep parts of the muscle 3. The origin of the superfi-
cial part is located on the lateral side of the vertebral bodies
T12-L5, as well as on the corresponding intervertebral discs.
The deep part of the muscle originates from the transverse
process of all the lumbar vertebrae 2. Jelev et al. > showed
that both lumbar muscles depart from the sacrum. M. psoas
major is in contact with the organs of the abdominal cavity
[kidneys, ureters, lymph nodes, the nerves of the lumbar
plexus, sympathetic trunk (truncus symphaticus), blood ves-
sels of the kidneys, testicles/ovaries, etc.] as well as with the
spinal column and the quadratus lumborum muscle 2.

M. iliacus is triangle-shaped and originates in the superi-
or 2/3 of the iliac fossa, posteriorly to the iliac crest, as well as
at the iliolumbar ligament (ligamentum illiolumbale), where
the bundles of m. iliacus merge with the bundles of quadratus
lumborum muscle, and then over the base of the sacrum bone,
anterior superior iliac spine, and anterior inferior iliac spine
reach the capsule of the hip joint 6. The bundles of m. iliacus
are directed towards the tendon of m. psoas major, which they
join and attach directly at the lesser trochanter °.

The n. femoralis is the largest and most important
branch of the lumbar plexus. N. femoralis is formed from the
anterior branches of the second, third, and fourth lumbar
nerve, which then passes between the m. psoas major and m.
iliacus. Upon entering the thigh, it goes beneath the inguinal
ligament, after which it passes through the lacuna musculo-
rum along with the lateral cutaneous n. femoralis and with m.
iliopsoas . It travels alongside the femoral artery. Beneath
the inguinal ligament, it splits into anterior and posterior di-
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visions. The anterior branches are responsible for the inner-
vation of the skin of the anteromedial thigh as well as for the
innervation of the sartorius muscle. The posterior branches
are responsible for innervation of the quadriceps femoris
muscle, as well as the knee joint muscle (m. articularis ge-
nus). The terminal branch of n. femoralis is the saphenous
nerve. That is the strongest and longest branch responsible
for innervation of the skin of the inner part of the lower legs
and inner edges of the arch of the feet ’.

Even though numerous studies deal with the variations
of the attachment of m. iliopsoas and its relationship with the
surrounding structures, no research has been done on the re-
lationship between the dimensions of the proximal attach-
ment of m. psoas major and the size of the pelvic bones so
far. Furthermore, the relationship of n. femoralis with the an-
atomical parameters of the pelvic bones, which is an im-
portant factor in the division of the sciatic nerve, has not
been examined in detail. Given that the association of the an-
atomical parameters of the pelvic bones with the division of
the sciatic nerve has already been established, the aim of this
study was to investigate the relationship between the anatom-
ical dimensions of the pelvis and n. femoralis and establish a
relationship of these parameters with the proximal attach-
ment of m. psoas major.

Methods

Our study was conducted at the Faculty of Medicine,
University of Belgrade, Serbia. It was performed on cadaver
material of the Institute of Anatomy “Niko Miljani¢”. Four-
teen cadavers, seven of which were male and seven female,
aged 67-79 years, were used for measurement purposes. All
cadavers used in this study were taken from regular lab dis-
sections during the student lectures, which were held at the

Institute of Anatomy. First of all, a visual inspection of each
cadaver was carried out to exclude samples with deformities
or traces of surgery. After fixing in formalin, the cadavers
were subjected to careful dissection, following the standard
procedure from the dissection manuals. Afterward, two
groups were formed, both of which included the 14 lower ex-
tremities. The aim was to define the width and length of the
proximal attachment of m. psoas major, as well as the verti-
cal distance of the exit of n. femoralis from the muscle in re-
lation to the parameters of the width of the pelvis. The width
of m. psoas major was measured at the proximal attachment
of the muscle at the level of the intervertebral discs, between
the second and third, third and fourth, and fourth and fifth
lumbar vertebrae (L2-L3, L3-L4, L4-L5). The average val-
ue at the level of all three intervertebral discs was taken as
the final result. As the value of the length of the proximal at-
tachment of the muscle, a vertical distance was taken be-
tween the lower edge of the vertebral body, to which the first
muscle bundle is attached, and the upper edge of the verte-
bral body, to where the last muscle bundle attaches. The dis-
tance between the right and left anterior superior iliac spine,
which we defined as the bispinal line, as well as the distance
between the two ischial tuberosity (tuber ischiadicum),
defined as the bituberal line, were used as parameters of the
pelvic width. The vertical distance of n. femoralis was
measured from the exit point of the nerve from the muscle
relative to the bispinal line. All parameters were measured
on both sides of the cadaver, especially on the side which
was better dissected. The measuring instruments used in the
study were a ruler and an electronic digital caliper (measur-
ing range 0-500 mm, resolution 0.01 mm) &,

The methodology of measurement the tested parameters is
presented schematically (Figure 1). All other parameters are shown
in Figures 2 and 3. All the data collected is presented in a tabu-
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Fig. 1 — An overview of the method of measuring the parameters that were examined in
the study. A — distance of the proximal attachment of musculus (m.) psoas major; B — vertical
distance of the exit of nervus (n.) femoralis from the muscle in relation to the bispinal line;
C1 - width of the m. psoas major at the L2-L3 level of the intervertebral disc; C2 — the width
of the m. psoas major at the L3-L4 level of the intervertebral disc; C3 — the width of
the m. psoas major at the L4-L5 level of the intervertebral disc; D — the distance between
the two spinae iliacae anterior superior (bispinal line); E — the distance between the two
ischial tuberosity (bituberal line). The numbers 1-5 show the proximal attachments of
m. psoas major on the bodies and intervertebral discs of T12-L5.
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Fig. 2 — An overview of the method of measuring the parameters that
were examined in the study. A — distance of the proximal attachment of
the musculus (m.) psoas major; B — the vertical distance of the exit of
nervus (n.) femoralis from the muscles relative to the bispinal line;

C1 - width of m. psoas major at the L2-L3 level of the intervertebral
disc; C2 —width of m. psoas major at the L3-L4 level of
the intervertebral disc; C3 — width of m. psoas major at the L4-L5 level
of the intervertebral disc; D — the distance between the two spinae iliacae
anterior superior (bispinal line); Sias — spina iliaca anterior superior.

2 n. iliohypogastricus

Xl n. intercostalis

2 m. psoas major

n. cutaneus femoris
lateralis

m.quadratus
lumborum

¥ n.genitofemoralis
m. iliacus
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Fig. 3 — Dissection of musculus (m.) iliopsoas and nerves (n.) of the lumbar plexus.
The numbers 1-5 show the proximal attachment of the bundle of m. psoas major on
the bodies and intervertebral discs of T12-L5.
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Table 1
Mean values of the examined parameters in the male and female group
Parameters Male Female
Bispinal line 27.21+3.381 2450 + 1.55
Bituberal line 15.79£0.70 14.14 + 0.80*
Width of the proximal attachment of the musculus psoas major 3.69 £0.49 4.64 +0.81*
Length of the proximal attachment of the musculus psoas major 1536 £1.41 13.29 £1.32*
Vertical distance of nervus femoralis relative to the bispinal line 6.50 + 0.58 7.86 £ 0.75*

All values (in cm) are expressed as mean + standard deviation.

* marked statistically significant differences in female cadavers, p < 0.05.

lar manner (Table 1). All statistical analysis was carried out
in the SPSS 11.0 using the Mann-Whitney U test, where the
accepted level of statistical significance was p < 0.05, and
p < 0.001 was accepted for a highly statistically significant
result &,

Results

The measured parameters are presented in Table 1.
The study examined the 14 lower extremities on the right
side of the cadaver, with the sample being the seventh male
cadaver and the seventh female cadaver. The mean value of
the bispinal line in the male group was 27.21 + 3.81 cm,
while in the female group, it measured 24.50 + 1.55 cm
without a statistically significant difference between the
groups (p = 0.259). The mean value of the bituberal line in
the male group was 15.79 + 0.70 cm, and in the female
group, it was 14.14 + 0.80 cm. Comparing this parameter in
the two test groups, we obtained a statistically significant
difference (p = 0.004). The mean value of the width of the
proximal attachment at the levels of L2-L3, L3-L4, and
L4-L5 (see the Methods section for more details) in the
male group was 3.69 + 0.49 cm, while the same parameter
in the female group was 4.64 + 0.81 cm. There was an in-
crease in the width of the proximal attachment of m. psoas
major in the female group with a statistically significant
difference (p = 0.038) (Table 1). The mean value of the
length of the proximal attachment (see the Method section
for more details) was 15.36 + 1.41 cm in the male and
13.29 £ 1.32 cm in the female group. The length of the
proximal attachment was lesser in the female group with
statistical significance (p =0.017). The vertical distance
from the exit point of n. femoralis, from m. psoas major to
the bispinal line, was higher in the female group compared
to the male group, with a statistically significant difference
(p = 0.007) (Table 1). There is a significant statistical dif-
ference in pelvic width between male and female cadavers,
which is observed in the shorter bituberal line in the female
gender, while the diameter of the bispinal line does not
make significant differences between the two genders. The
shorter bituberal line in the female gender is accompanied
by a greater width of the proximal attachment of m. psoas
major with a statistically significant shorter length of the
proximal attachment. Moreover, the distance from the exit
point of n. femoralis from the muscle itself to the bispinal
line was significantly reduced in the male group of the ex-
amined sample.

Discussion

Due to its anatomical characteristics, m. iliopsoas is de-
scribed as an axioappendicular muscle that connects the axial
and the appendicular skeleton. It is functionally involved in
the movements of the trunk, pelvis, and lower extremities
and is considered the main flexor in the hip joint *. Coactiva-
tion of the muscle significantly contributes to the stabiliza-
tion of the hip joint by pressing the head of the femur into
the acetabulum °. Neuromuscular diseases of this muscle can
lead to dysfunction of the colon, which causes compression
of n. femoralis and lateral cutaneous n. femoralis *°.

M. psoas major contains all three types of muscle fi-
bers that are managed in different directions. The previous
study by Johnson et al. ** found an equal ratio of muscle fi-
bers Type | and Type Il (49.2% and 50.08%, respectively).
Kimura 2 showed the highest prevalence of Type I fibers
(42%) compared to Type Il (33%) and Type Il (25%). Fur-
thermore, they found that Type | fibers are significantly wid-
er in diameter than Type 11 fibers. Zheng et al. ** used histo-
chemical staining of myosin adenosine triphosphate for the
fiber typing and described 58% of Type I, 32% of Type Il A,
and 10% of Type Il B fiber. It is believed that there is a dif-
ference in muscle fibers in relation to the height of the at-
tachment, whereby in the proximal to the distal attachment,
the number of slow muscle fibers decreases (Type Il), while
the number of fast fibers (Type 1l and I11) increases 3. This
structure can indicate differences in the length of the proxi-
mal attachment of the muscle itself as well as the width at the
level of L2-L5, which was shown in our study. These results
could explain impairment in the dual function of the muscle
in males and females due to the different dimensions of the
pelvis. The postural function, represented by the proximal
part of the muscle, is responsible for stabilizing the lumbar
spine and pelvis, while the dynamic function in the distal at-
tachment of the muscle is responsible for movement 4.

Measured bone parameters of the pelvis showed a mean
value of the bispinal line (27.21 + 3.81 cm) and the bituberal
line (15.79 £ 0.70 cm), which was higher in the male, com-
pared with the bispinal line (24.50 + 1.55 cm) and the bitu-
beral line (14.14 + 0.80 cm) of the female group. We found
statistically significant differences in bituberal line values
between the male and female groups. The mean width of the
proximal attachment of the iliopsoas was lower in the male
compared to the female group (3.69 £ 0.49 and 4.64 + 0.81
cm, respectively). There is also a significant difference
(p =0.017) in the length of the proximal muscle attachment,
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which was greater in the male group, 15.36 £ 1.41 cm, while
in the female group, it was 13.29 + 1.32 cm. Analyzing the
vertical distance of the point where n. femoralis exits the
muscle to the bispinal line, we found a longer distance in fe-
males with p < 0.007.

Kepler et al. *® analyzed the distance between n.
femoralis and m. psoas major from the front of the spinal
column. Their results showed that the distance between n.
femoralis and the front of the spinal column was 3.35 cm at
the L3-L4 level, 2.68 cm at the L4-L5 level, and 0.62 cm at
the L5-S1 level. The distance of the m. psoas major is 0.81
cm at the L1-L2 level, 0.38 cm at the L3-L4 level, 1.16 cm
at the L4-L5 level, and 3.15 cm at the L5-S1 level. Another
study showed that n. femoralis goes lateral to the m. psoas
major, just below the bifurcation of the common iliac artery,
whereby the examined distance between n. femoralis and
genitofemoral in relation to the common iliac artery showed
no statistically significant difference . Regev et al. ¥’ found
safe anatomical zones of the weak lumbar nerves on m. pso-
as major, located at the level of L2-L3. These findings are
similar to our results, which show the significant difference
in the width of the muscle and, at the same time, the distance
of the exit point of n. femoralis from the muscle in the two
tested groups of cadavers. This safe anatomical zone is of
great importance during retroperitoneal surgical procedures,
where no damage should be made to the lumbar nerves, es-
pecially to n. femoralis ¥’. Kirchmair et al. ¥ showed that in
47 out of 63 cases, n. femoralis could be found as a separate
nerve, with no lateral branches larger than 0.2 cm in diame-
ter. In all 47 cases, n. femoralis was found at the exit point
from m. psoas major. In 13 out of 63 cases, the division of n.
femoralis into two or three branches directly emerging from
m. psoas major was found 8. The close relationship of m.
iliopsoas with the largest branch of the lumbar plexus, n.

femoralis, is of exceptional clinical importance. A detailed
study on variations of m. iliopsoas and n. femoralis itself
might be helpful in fasciotomy or the treatment of hemato-
mas and abscesses in the lumbar region 2. Contractions, ten-
sion, and shortening of muscles are also clinically significant
as they can lead to a series of disruptions and compression of
surrounding structures 1°. A study led by Glvencer et al. 1°
on the relationship between the anatomical structures of the
pelvic bone and the sciatic nerve was conducted first in the
anatomical position and then in the positions that simulate
the stretching test in the hip joint, such as 60° flexion, 30°
adduction, and 10° internal rotation of the hip joint. It has
been shown that the biomechanics of the stretching test lead
to the infrapiriform foramen narrowing, the sciatic nerve be-
coming closer to the ischial spine, and the angle between the
sciatic nerve and the transversal plane becoming larger, thus
creating conditions in which the nerve is more susceptible to
being “stuck”. Consequently, in the interpretation and analy-
sis of the results, biomechanics should be considered, which
could be the reason for the observed differences in the exam-
ined parameters in our study.

Conclusion

Based on our results, we can conclude that females, in
most cases, due to a smaller bituberal and bispinal line, i.e.,
narrower pelvis, will experience a shorter proximal attach-
ment of the m. psoas major, with a greater width at the L2-
L5 level relative to the males and, therefore, a longer vertical
exit distance of n. femoralis relative to the bispinal line. Such
results indicate a close correlation between the anatomical
parameters of the pelvis and variations of the proximal at-
tachment of m. psoas major, which may affect the distance
of the exit of n. femoralis from the muscle.
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