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Abstract
The anatomy of the iliolumbar ligament (ILL) and the spatial orientation of the
transverse process of the L5 vertebra were studied in 62 young black (n¤=¤29) and
white (n¤=¤33) men and women during routine autopsy. The aim of the study was
to determine possible racial differences in the structure and attachments of the
iliolumbar ligament. The present study also investigated the spatial orientation of
the transverse process of the L5 vertebra since the ILL has been reported to at-
tach to the transverse process. The measurements of the iliolumbar ligament
were carried out with a digital vernier caliper while the transverse process angles
were measured with an adjustable protractor. The ligament in black people was
made up of a single, markedly longer band compared to white people, where the
ligament was made up of two shorter bands. The ILL measured 61.8¤±¤1.3 mm in
black and 33.2¤±¤1.5 mm white men, and in black women 61.3¤±¤0.9 mm versus
32.2¤±¤1.2 mm in white women (p¤<0.01). Further, the ILL was markedly wider
in black than white subjects (p¤<0.01). The horizontal and vertical angle also var-
ied greatly between black and white subjects (p¤<0.01). These are previously un-
recognized observations. Albeit unsubstantiated, these findings may have impli-
cations for understanding the etiology of various low back stress problems.
oooooooooooooooooooo

Introduction

The iliolumbar (ILL), sacrotuberal and sacrospinal liga-
ments stabilize the pelvis, the sacrum and the fifth lumbar
vertebra. The ILL has been reported to be present as early
as in the 11th week of gestation [Uhthoff, 1993]. Further,
it has been suggested that the ILL is muscular at birth and

not a fully developed ligament until the 3rd decade of life
[Luk et al., 1986].

The ILL serves to restrict flexion, extension, axial rota-
tion and lateral bending [Leong et al., 1987; Chow et al.,
1989; Yamamoto et al., 1990; Yoshioka et al., 1990]. The
anatomy of the ligament has been described in many text-
books and articles with considerable discrepancy. The ILL
is most commonly described to contain three parts [Luk et
al., 1986; Chow et al., 1989; Uhthoff, 1993], that attach
to the margin of the iliac crest [Luk et al., 1986; Uhthoff,
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1993], but the ligament has also been described to consist
of as many as five parts [Shellshear and Macintosh, 1949;
Bogduk and Twomey, 1992; Oliver and Middleditch, 1994].
However, recent studies have shown that the ILL consists
of only two major parts, one anterior and one posterior
portion [Hanson and Sonesson, 1994; Rucco et al., 1995;
Rucco et al., 1996]. Although the ligament has been de-
scribed in detail, to our knowledge no interracial studies
have been conducted. Moreover, we were unable to find
studies of interracial variations of the transverse process of
the L5 vertebra. At the same time we have recently shown
that other interracial differences occur in the lumbosacral
region [Hanson et al., in press; Hanson and Magnusson, in
press]. Therefore, the purpose of the present study was to
examine the anatomical attachments, length and width of
the ILL and possible differences in the angle between the
transverse process and the body of the L5 vertebra in young
black and white people.

Material and Methods

Sixty-two fresh cadavers were studied in connection with routine
autopsies at the Arkansas State Crime Laboratory, Little Rock, Ark.,
USA, and at the Department of Forensic Medicine, Lund University,
Lund, Sweden. The specimens consisted of 29 black (16 men and 13
women) and 33 white (19 men and 14 women) subjects in the age
range from 17 to 29, with no obvious low back pathology. Subject
characteristics with respect to age, gender, height and weight are
shown in table 1. In all instances the cause of death was due to trauma
unrelated to the studied region. The autopsies were conducted within
36 h postmortem. Incision were only made through the ventral side of
the cadavers since previous studies have shown that the ILL attaches
to the iliac tuberosity on the anterior side of the ileum [Maigne and
Maigne, 1991; Hanson and Sonesson, 1994]. After the viscera were
removed, only the psoas major muscle covered the anterolateral part
of the lumbar spine. Incisions were made through the psoas major
muscle bilaterally to visualize the transverse process of the L5 verte-
bra, which enabled us to measure the horizontal and vertical angle

between the transverse process of the L5 vertebra and its body. The
measurements were obtained with an adjustable protractor, which had
an accuracy of ±¤1°. The adjustable protractor was placed on the ven-
tral surface of the transverse process and the lateral surface of the body
of the vertebra to measure the horizontal angle (fig.¤1A, B). Also, the
angle between the caudal surface of the transverse process and the lat-
eral part of the lamina to the inferior articular process was measured,
in order to accurately determine the spatial orientation of the trans-
verse process (the vertical angle; fig.¤2A, B). After this angle had been
determined, measurements of the iliolumbar ligament from its iliac
attachment to the insertion on the fifth lumbar vertebra were taken.

After determining its attachments, the length and width of the
ligament were measured in situ. The measurements of the ligament
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Table 1. Age, sex, weight and height distribution of the subjects
participating in this study

¤ Age Weight Height
years kg cm

Black males (n¤=¤16) 22.1¤±¤4.4 (17–29) 76.0¤±¤3.7 176.4¤±¤2.7
White males (n¤=¤19) 21.4¤±¤3.5 (17–29) 75.8¤±¤3.5 175.7¤±¤3.0
Black females (n¤=¤13) 20.2¤±¤3.0 (17–27) 61.1¤±¤2.9 166.3¤±¤3.2
White females (n¤=¤14) 20.9¤±¤3.4 (18–30) 57.7¤±¤2.1 168.9¤±¤2.6

No significant differences existed between the groups with respect
to age, height and weight.

Fig. 1. A Mean horizontal angle of the transverse process of the
L5 vertebra in the black group. B Mean horizontal angle in the white
group.

Fig. 2. A Mean vertical angle of the transverse process of the L5
vertebra in the black group. B Mean vertical angle in the white group.



length and width were carried out with a digital vernier caliper which
had an accuracy of ±¤1 mm.

The entire ligament was then removed from its attachments for
histological preparations and placed in a 10% formalin solution. In the
white group the anterior part of the ligament was used since it had
previously been shown to be larger and wider than the posterior part
[Hanson and Sonesson, 1994]. The ligaments were then sectioned into
both cross sections and length sections. The specimens were stained
with hematoxylin and eosin, van Gieson (iron-hematoxylin, picric
acid and acid fuchsin), and Masson’s trichrome stain (iron-hematox-
ylin; Ponceau acid fuchsin; azophloxin) to visualize the collagen fibers,
and possible concentrations of elastic fibers [Hammersen, 1980].

The two-tailed Mann-Whitney U test was used for nonpaired
analysis. An alpha level of p¤<0.05 was accepted as significant
[Conover, 1980].

Results

Anteriorly the ligament was covered by the psoas major
muscle and posteriorly by the iliac tuberosity in all subjects.
In the black subjects the posterior part of the ligament was
also covered by a small part of the iliac fossa. The ilio-
lumbar region was different in two black specimens; in
both cases an ossification was present bilaterally between
the transverse process of the fifth lumbar vertebra and the
ilium, and no ligament could be found. These cases were,
therefore, excluded from the part of the study that included
ligament measurements.

The ILL in the black specimens was inserted on the
pedicle of the fifth lumbar vertebra between the transverse
process and the body of the vertebra. In contrast, the liga-
ment was inserted on the anterior-inferior-lateral part of the
fifth lumbar transverse process in the white specimens

(fig.¤3A, B). Further, the ligament was oriented more hori-
zontally in black subjects (fig.¤3A) than in white subjects,
where its orientation was more oblique (fig.¤3B). The iliac
attachment of the ILL, just laterally to the margin between
the iliac tuberosity and the iliac fossa, did not differ be-
tween the black and the white groups. Histologically, there
were no visually discernible differences in the ILL in the
black and white specimens. No traces of elastin or muscle
fibers could be detected.

The size and shape of the ligament differed between the
groups. Black subjects had one single, large ligament. In
contrast, the ligament of white subjects consisted of two
considerably smaller, but distinctly separate parts, as previ-
ously described by Hanson and Sonesson [1994].

The length and width of the ligaments in the two groups
are shown in table 2. The ligament was significantly longer
and wider (p¤<0.01) in both black men and women com-
pared to that of white men and women.
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Table 2. Length and width of the ILL in
the black and white groups

Length Width
mm mm

Black men 61.8¤±¤1.3a 11.2¤±¤0.7a

White men 33.2¤±¤1.5 9.2¤±¤0.5
Black women 61.3¤±¤0.9b 10.8¤±¤0.7b

White women 32.2¤±¤1.2 8.6¤±¤0.7

Values represent mean¤±¤SD. a p¤<0.01 vs.
white men; b p¤<0.01 vs. white women.

Table 3. Horizontal and the vertical angles of the transverse
process (TP) in the black and the white groups

¤Angle of TP Subjects Sample Degrees
n

Horizontal Black men 16 133.4¤±¤3.2a

White men 19 100.9¤±¤2.5
Black women 13 139.6¤±¤2.6b

White women 14 106.0¤±¤2.6
Vertical Black men 16 33.2¤±¤2.1a

White men 19 11.1¤±¤1.4
Black women 13 34.7¤±¤1.3b

White women 14 11.9¤±¤1.4

Values represent mean¤±¤SD. a p¤<0.01 vs. white men; b p¤<0.01 vs.
white women.

Fig. 3. A ILL in the black group. B ILL in the withe group.



The results of the measurements of the horizontal and
the vertical angles of the transverse process are presented in
table 3. In both instances the measurements of the angles of
the transverse processus of the L5 vertebrae revealed dif-
ferences between the black and white men and women. The
angle between the transverse process and the body of the
L5 vertebra (horizontal angle) was significantly greater in
black men than in white men, (p¤<0.01). Similarly, the same
angle was greater in the black compared with the white
women (p¤<0.01). The spatial orientation (vertical angle) of
the transverse process was also greater in the black com-
pared with the white men (p¤<0.01), and the vertical angle
was also greater in the black than in the white women,
(p¤<0.01). No differences were observed concerning the lig-
aments and the transverse process between the left and the
right side of the body (p¤<0.05).

Discussion

The main findings of the present study were that the ILL
and the spatial orientation of the transverse process of the
L5 vertebra in black and white subjects differed consider-
ably with respect to shape and configuration. In the white
group the ligament was made up of two separate bands, as
previously described [Hanson and Sonesson, 1994; Rucco
et al., 1995, Basadonna et al., 1996; Rucco et al., 1996].
However, in the black group the ILL consisted of a single
large band. Moreover, both the insertions and the orienta-
tion of the ligament differed in the two groups. The spatial
orientation of the transverse process of the L5 vertebra was
markedly different between the black and white groups.
These are all previously unrecognized findings.

There are two common descriptions of the ILL anatomy
in the literature; early studies have presented the ligaments
as consisting of three parts: the anterior and the posterior
parts with attachments on the L5 and L4 vertebrae [Luk et
al., 1986; Chow et al., 1989; Uhthoff, 1993; Williams, 1995].
In these descriptions, all the ligament parts are presented to
attach on the iliac crest. In more recent studies, the ligament
has been described to be made up by only two separate
parts: the anterior and the posterior parts which both attach
on the L5 vertebra [Hanson and Sonesson, 1994; Rucco et
al., 1995; Rucco et al., 1996]. Both the anterior and the pos-
terior parts have been shown to attach on the iliac tuber-
osity rather than on the iliac crest [Hanson and Sonesson,
1994]. In white people, the length of the anterior ligament
part, which is broad and flat, has been described to be
1–4 cm long and 3–10 mm wide [Hanson and Sonesson,
1994; Rucco et al., 1996]. The dorsal part of the ligament is

round and short compared with the anterior part, which has
been described to be 1–2 cm long and have a diameter of
1–7 mm [Hanson and Sonesson, 1994; Rucco et al., 1996].

The spatial orientation of the single band in the black
group differed markedly from that of the white group with
a more horizontal course between the L5 vertebra and the
ilium.

Functionally, the ILL has been described to restrict flex-
ion, extension, axial rotation and lateral bending [Leong et
al., 1987; Chow et al., 1989; Yamamoto et al., 1990]. It may
be of future interest to examine possible functional differ-
ences of the ILL in different population groups, since the
ligament has shown to differ in its attachments.

Ossification of the ILL has previously been described in
two case reports [Lapadula et al., 1991; Olivieri et al., 1997].
In both cases, this ossification appeared to be secondary to
various rheumatic diseases. However, neither of these stud-
ies mentioned the ethnicity of the patients. In the present
study, the iliolumbar region was ossified in 2 of the black
subjects. In both cases the ossification was bilateral be-
tween the transverse process of the L5 vertebra and the
ilium. In neither case was any previous low back pain re-
ported, nor could any obvious pathology be detected by
visual inspection of the studied region. We find that the
ethnicity of ossification is inconclusive, and we feel that it
needs to be examined in future studies.

Several researchers have reported that epidemiology of
lumbopelvic pathology differs according to race [Rowe and
Roche, 1953; LaFonde, 1962; Wiltse, 1969; Turner and
Bianco, 1971; Taillard, 1976; Wynne-Davies and Scott,
1979; Bunnell, 1982; Fredrickson et al., 1984]. Rowe and
Roche [1953] reported that the incidence of spondylolisthe-
sis was 6.4% in white men, 2.8% in black men, 2.3% in
white women and 1.1% in black women. The present study
did not examine the relationship between the incidence of
spondylolisthesis and the anatomy of the ILL. However, it
is noteworthy that the ILL in black subjects was thicker,
longer, and had a more anterior direction (fig.¤4). It can be
speculated how these differences relate to the lower inci-
dence of spondylolisthesis in black people. Spondylolisthe-
sis between the fifth vertebra and the sacral bone could the-
oretically be counteracted by restricting anterior translation
of the vertebra. The slightly more sagittal orientation of the
ILL in black subjects acts in favor of this restriction. As-
suming similar material properties (i.e. stress-strain rela-
tionship) between the ligament in black and white subjects,
the thicker ligament in black subjects would stretch less
under a certain tension, thereby strengthening the restric-
tion. On the other hand, the longer ligament in black sub-
jects would stretch more under a certain tension and thus
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cause less restriction of the fifth vertebra’s anterior trans-
lation. Hence, it remains unknown how these factors relate
the spondylolisthesis and further biomechanical investiga-
tions are warranted.

The difference in spatial orientation of the transverse
process has not previously been described. The more dor-
sally, and cranially oriented transverse process of the L5
vertebra in black people may have functional implications,
since various muscles attach in this region. Therefore, it is
possible that the difference in the angle between the trans-

verse process and the body of the L5 vertebra has a biome-
chanical impact. The difference in this angle will alter the
attachment of the lumber erector spinae muscles on the
transverse process, since the attachment is located further
away from the center of movement (fig.¤4).

A larger moment arm in black people implies that a
greater maximal moment can be produced during extension
of the lumbar spine for any given muscle force. Maybe
more importantly, if a certain moment about L5–S1 is re-
quired to lift a weight, a black subject can produce this
moment with lower muscle force due to the longer moment
arm, and accordingly with a lower intervertebral disc com-
pression force in the lumbar spine. Since the moment arm
of the lumbar back muscles is only about 5 cm [Chaffin and
Moulis, 1970], even a small increase in moment arm will
lead to a large reduction in intervertebral disc compression
force. It follows that an increase of 5 mm in moment arm
will reduce the intervertebral disc compression by 10%.
This may be one factor in the lower incidence of disc
pathology in black people [Levy, 1967; Mennen, 1986].

In conclusion, the present study has demonstrated
marked differences in the ILL in white and black people.
The ligament in black people was made up of a single,
markedly longer band compared to white people, where the
ligament was made up of two shorter bands. In the black
group the ligament attached on the pedicle, while the liga-
ment in the white group attached on the tip of the transverse
process of the L5 vertebra. The ligament was significantly
longer and wider in black compared to white men and
women. Albeit unsubstantiated, these findings may have
implications for understanding the etiology of various low
back problems.
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Fig. 4. A Muscles attached to the more posteriorly directed trans-
verse process in black subjects (TPB) have a longer moment arm
(MAB) about the flexion-extension axis as compared to white subjects
(TPW and MAW). B ILL is thicker, longer and oriented slightly more
sagittally in black subjects (ILB) as compared to white subjects (ILW).
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