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ABSTRACT
Background:  This study aimed to determine whether the iliac crests are truly at the level of L4 to L5, accounting 

for patient demographic and anthropometric characteristics.
Methods:  We measured the umbilicus and iliac crests relative to the lumbar spine using computed tomography 

of patients without spinal pathology, accounting for the influences of patient height, weight, body mass index (BMI), 
sex, race, and ethnicity.

Results:  A total of 834 patients (391 men and 443 women) were reviewed. The location of the umbilicus relative 
to the lumbar spine demonstrated a unimodal distribution pattern clustered at L4, while the iliac crests were most 
frequently located from L4 to L5. Iliac crests were located above the L4 to L5 disc space 26.5% of the time. Iliac crests 
were located at the L4 to L5 disc space 29.8% of the time. No correlations were observed between the umbilicus and 
iliac crests with patient height, weight, or BMI. There was no difference in the location of the umbilicus with respect 
to patient sex, race, and ethnicity. The locations of the iliac crests were cephalad in women compared with men and in 
Hispanics compared with African American, Caucasian, and Asian patients.

Conclusions:  The iliac crests were located above the level of the L4 to L5 disc space approximately 26% of 
the time. The umbilicus is most frequently at the level of the L4 vertebral body. Patient height, weight, and BMI do 
not influence the location of the umbilicus or the iliac crests relative to the lumbar spine. Patient sex and ethnicity 
influence the location of the iliac crests but not the umbilicus relative to the lumbar spine.

Clinical Relevance:  Modern neurosurgical techniques require clearance of the iliac crests during anterior and 
anterolateral approaches. Understanding the level of the iliac crests is crucial in planning for transpsoas fusion approaches.

Level of Evidence:  2.

Lumbar Spine
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INTRODUCTION

Understanding the location of surface anatomical 
landmarks in relation to the lumbar spine is important 
for a wide array of clinical applications.1 Anatomic 
studies of surface landmarks were first conducted 
in cadaveric models. However, the most prominent 
drawback of this methodology was the potential for 
anatomic distortion due to advanced age, comorbid-
ity, postmortem changes, and embalming.2 With the 
modern availability of advanced imaging, there is a 
need to re-assess surface anatomy in vivo with the 
higher precision and controlled settings afforded by 
standardized imaging techniques.

During the transpsoas interbody fusion technique, 
the relationship between the iliac crests and the targeted 
disc space becomes important. For anterior lumbar 
interbody fusion, the relationship between the umbilicus 
and patient body habitus becomes important. Several 
imaging-based studies have investigated the surface 
landmarks of the umbilicus and iliac crests in relation to 
the lumbar spine.3–10 While some of these studies have 
accounted for the influence of factors such as patient 
sex,3,4,7 numerous studies cite the need for additional 
research accounting for the influence of other variables 
such as patient ethnicity, height, and weight.3–6,8,11,12 
The aim of this study was to measure the locations of 
the iliac crests and umbilicus relative to the lumbar 
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spine using computed tomography (CT) of patients 
without spinal pathology, accounting for patient demo-
graphic and anthropometric characteristics.

METHODS

Following Institutional Review Board approval 
(#5230005), we performed a radiographic analysis 
of patients aged between 18 and 35 years who under-
went abdominal CT (GE Discovery 750 HD 64 slice 
CT Scanner) between March 2020 and January 2023. 
Patient consent was not required due to the nature of 
this retrospective, radiographic study. All patients for 
possible inclusion within the study were reviewed in 
a systematic order corresponding to the chronolog-
ical sequence in which their imaging was completed. 
All patients demonstrated clear axial and sagittal CT 
imaging and were reviewed with a window designa-
tion of 2000 Hounsfield units and a level designation 
of 500 Hounsfield units. Patients with a history of 
kyphosis, scoliosis, organomegaly, spondylolisthesis, 
spinal trauma, neoplasm, spine surgery, infection, or 
malignancy were excluded from the review. Patients for 
whom only the umbilicus or iliac crest(s) was visible on 
CT were still included for review. Radiographic, demo-
graphic, and anthropometric data were retrieved using 
IMPAX6 (Agfa-Gavaert, Mortsel, Belgium) picture 
archiving and communication system. Anthropometric 
data were composed of patient weight, height, and body 
mass index (BMI), and patient demographic data con-
sisted of patient age, race, and ethnicity.

Data Gathering

Measurements were performed by medical stu-
dents trained by a board-certified neuroradiologist to 
measure the umbilicus and iliac crests in relation to the 
lumbar spine. This study used measurement techniques 
similar to those of previous studies, which demon-
strated excellent inter- and intrarater reliability.3,5,8,12,13 
Interobserver reliability was assessed via the intraclass 
correlation coefficient (ICC) 2-way mixed model on 
the absolute agreement. ICC was defined as poor, fair, 
good, or excellent based on threshold values of <0.40, 
0.40 to 0.59, 0.60 to 0.74, and >0.75, respectively.14–16 
For the first 200 patients, each CT scan was measured 
by 2 medical students, as well as verified by the neu-
roradiologist, to assess ICC. After evaluating the reli-
ability of the measurements performed on the first 
200 patients, the ICC was found to be excellent. The 
remaining measurements were allowed to be performed 
by 1 reviewer per CT scan. To measure the location of 

the umbilicus relative to the spine, a horizontal line was 
drawn between the umbilicus and corresponding ver-
tebral level in the midsagittal plane. To measure each 
iliac crest in relation to the lumbar spine, a horizontal 
line was drawn connecting the superior aspect of the 
iliac crest and the lumbar spine as viewed in the sagittal 
plane. While all measurements were performed from 
the sagittal view, axial and coronal planes were utilized 
for orientation and visualization of anatomic structures. 
Additionally, sagittal measurements were verified in the 
axial and coronal planes to assess for accuracy regard-
ing off-plane measurements.

Statistical Analysis

All statistical analyses were performed using SPSS 
version 28 (IBM Corporation, 2021, Armonk, NY, USA) 
with an alpha setting of 0.05 denoting statistical signifi-
cance. Homoscedasticity was evaluated with regression 
residual plots and homogeneity of variance tests.17 To 
review the normality of the data, Kolmogorov-Smirnov 
tests and Q-Q plots were assessed.18,19 To evaluate 
associations among radiographic, demographic, and 
anthropometric variables, Pearson’s correlation tests 
and enter-method univariate linear regression models 
were constructed. For the purposes of avoiding collin-
earity with patient height and weight, BMI was omitted 
from all regression modeling. Correlation coefficients 
and regression models were classified as weak, mod-
erate, and strong, which corresponded to value ranges 
of 0–0.3, 0.3–0.7, and 0.7–1, respectively.20,21 Differ-
ences in the location of anatomical landmarks based on 
patient sex were analyzed using independent sample t 
tests with Levene’s test for equality of variance.22 To 
assess for differences based on race and ethnicity, a 
1-way analysis of variance with post hoc Bonferroni 
and Tukey corrections was performed.

RESULTS

Cohort Descriptives

Our study evaluated a total of 1051 CT scans, of 
which 217 were excluded. Of those excluded, 91 had 
poor or insufficient imaging, 33 had scoliosis, 29 had 
previous spinal surgery, 24 had spondylolisthesis, 20 
had kyphosis, 19 had spinal trauma, and 1 had infection. 
Of the remaining 834 patients included in this study, 
391 were men and 443 were women. Mean patient 
height was 1.58 ± 0.13 m (range, 1.26 to 1.87 m); 
weight, 81.19 ± 23.90 kg (range, 31.10 to 211.90 kg); 
BMI, 28.39 ± 7.8 kg/m2 (range, 15.15 to 68.17 kg/m2); 
and age, 27.2 ± 4.6 years (range, 18 to 35 years). Of the 
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834 patients, 334 were Hispanic or Latino, 298 were 
Caucasian, 81 were African American, 64 were Asian, 
9 were identified as “other,” and 48 did not have racial 
or ethnic data available.

Umbilicus

The location of the umbilicus in relation to the lumbar 
spine demonstrated a unimodal distribution pattern 
clustered at L4 (Figure 1). No significant correlations 
were observed between the location of the umbilicus 
relative to the lumbar spine and patient height (r = 
−0.126; P = 0.559), weight (r = 0.035; P = 0.391), or 
BMI (r = 0.073; P = 0.084). There was no difference 
in the location of the umbilicus relative to the lumbar 
spine with respect to patient sex (P = 0.423; Figure 2). 
No differences based on ethnicity were observed with 
respect to the location of the umbilicus in relation to the 
lumbar spine (P = 0.377; Figure 3).

Iliac Crests

The iliac crests were most commonly observed 
from L4 to L5 (Figure 4 and Figure 5). No significant 

correlations were observed between the location of the 
left iliac crest relative to the lumbar spine and patient 
height (r = −0.226; P = 0.744), weight (r = −0.071; P = 
0.791), or BMI (r = 0.035; P = 0.823). Similarly, no sig-
nificant correlations were observed between the right 
iliac crest and patient height (r = −0.272; P = 0.365), 
weight (r = −0.049; P = 0.222), or BMI (r = 0.121; P = 
0.856). A moderate correlation was observed between 
the location of the left and right iliac crest (r = 0.698; 
P < 0.001). The location of the iliac crests was more 
cephalad in women compared with men on both left 
(P < 0.001) and right (P < 0.001) sides (see Figure 2). 
Hispanics demonstrated more cephalad locations of 
the iliac crests compared with African American (P < 
0.001), Caucasian (P < 0.001), and Asian patients (P 
< 0.001), while no other differences based on race and 
ethnicity were observed with respect to the location 
of the iliac crests in relation to the lumbar spine (see 
Figure  3). The Table reports the enter-method linear 
regression modeling accounting for patient sex, ethnic-
ity, height, and weight in relation to the umbilicus and 

Figure 1.  Location of the umbilicus in relation to the lumbar spine (n = 624).

Figure 2.  Influence of patient sex on the location of the umbilicus and iliac 
crests in relation to the lumbar spine.

Figure 3.  Influence of race and ethnicity on the location of the umbilicus and 
iliac crests in relation to the lumbar spine.

Figure 4.  Location of the left iliac crest in relation to the lumbar spine (n = 
832).
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iliac crests. All 3 regression models demonstrated weak 
performance based on the defined categorization of 0 to 
0.3 used in this study.

DISCUSSION

Clinical and Surgical Considerations

Our findings prompt several clinical and surgical 
considerations. More than 26% of the time, the iliac 
crests were identified above the level of the L4 to L5 
disc space, while iliac crests were located at the L4 to 
L5 disc space 29.8% of the time. This is an important 
consideration for spine surgeons during approach access 
in procedures such as transpsoas interbody fusion at the 
L4 to L5 disc space.19,22 Correspondingly, more than 
26% of the time, the surgeon would have to manipulate 
the patient’s body positioning or use angled instruments 
to overcome the high-riding iliac crests.

It is important to keep in mind that while the umbi-
licus is frequently associated with the T10 dermatome, 

our findings suggest that this landmark corresponds to 
the level of the L4 vertebral body with the exception of 
extremes. Regarding these exceptions, all 5 patients in 
this study possessing an umbilicus below the level of L5 
demonstrated excessive panniculus. Logically, one may 
intuit that patients with prominent panniculus may have 
an umbilicus below the level of L4 due to the droop-
ing of the fatty apron. Correspondingly, even though 
weight or BMI were not directly associated with umbi-
licus location, this does not mean there are no outliers 
at the extremes of this continuum. Notwithstanding, 
this study suggests that weight, height, BMI, ethnicity, 
and sex generally do not influence the vertebral level of 
the umbilicus—evidenced by the poor correlations and 
inability of regression modeling to significantly account 
for the level of the umbilicus based on these factors.

On the other hand, the findings of this study demon-
strate that ethnicity influences the position of the iliac 
crests, while height, weight, BMI, and sex are not 
associated with the iliac crests’ location relative to the 
lumbar spine. Interestingly, the locations of the left and 
right iliac crests were only moderately correlated with 
each other (r = 0.698), which underscores the fact that 
patient anatomy is not always symmetrical, even in a 
young adult population free of pathology. Whereas the 
left iliac crest is above the level of the L4 to L5 disc 
space 26% of the time, the right iliac crest can be rela-
tively caudal, being above the level of the L4 to L5 disc 
space 22% of the time.

Influence of Race and Ethnicity

To the best of the authors’ knowledge, this is the 
largest study to date investigating the anatomic loca-
tions of the umbilicus and iliac crests and the first to 
describe these landmarks in Hispanic and African Amer-
ican populations. It is crucial to conduct a thorough and 
repeated study of surface anatomical landmarks if they 
are to have clinical utility. This is especially true given 
the countless anatomic variations that exist through-
out the human population. Numerous studies of large 
cohorts are thus necessary to ensure the generalizabil-
ity of anatomic rules of thumb and to make certain that 
anatomic variations are captured across populations. 
Our overall observations are aligned with the present 
literature in that the locations of the iliac crests cor-
respond to the L4 to L5 region and the umbilicus to 
the L4 vertebral level.4,5,8,9,23 Nevertheless, while pre-
vious studies have investigated the location of umbi-
licus and iliac crest landmarks, many were almost 
entirely composed of patients from European ancestral 
origin.4,5,8,9 Our findings contribute to the literature that 

Figure 5.  Location of the right iliac crest in relation to the lumbar spine (n = 
831).

Table.  Enter-method linear regression modeling of patient height, weight, 
sex, and ethnicity in relation to the umbilicus and iliac crests.

Metric Umbilicus
Left Iliac 

Crest
Right Iliac 

Crest

ANOVA P value 0.002 <0.001 <0.001
R2 0.057 0.120 0.109
SE 0.472 0.400 0.396
Constant 4.878 5.174 5.612
B coefficient—height −0.489 −0.357 −0.662
B coefficient—weight 0.003 0.001 0.001
B coefficient—sex −0.075 −0.245 −0.168
B coefficient—ethnicity −0.038 0.023 0.035

Abbreviation: ANOVA, analysis of variance.
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the vertebral level of the umbilicus does not vary based 
on ethnic background, but the iliac crests from those of 
Hispanic ethnicity are relatively caudal compared with 
those of Caucasian, African American, or Asian back-
ground. Among those of Caucasian, African American, 
and Asian descent, there is no difference.

Influence of Sex

Snider et al found the superior iliac crests most often 
correspond to the level of L4 in men and the level of 
L5 in women.13 Both Uzun et al and Mirjalili et al 
found the iliac crests to lie most commonly at the L4 
vertebral level and did not find any significant rela-
tionship between the vertebral level of the iliac crests 
and patient sex.6,11 Our findings, as well as those from 
several other studies, corroborate the hypothesis that 
men demonstrate relatively cephalad locations of the 
iliac crests compared with women.3,24–27 Our study, 
however, suggests slightly different parameters for the 
most common vertebral level of the iliac crests. While 
we did frequently observe the iliac crests at the level of 
L4, the L5 level was a more common location on both 
the left and right sides. This discrepancy may be cred-
ited to the higher granularity of detail that was afforded 
by our sample size. With respect to the umbilicus, the 
literature is limited in assessing differences in position-
ing based on patient sex. Our study suggests that there 
is no difference based on patient sex with respect to the 
vertebral level corresponding to the umbilicus.

Influence of Height, Weight, and BMI

Our study did not find height, weight, or BMI to be 
associated with the location of the iliac crests relative 
to the lumbar spine. Snider et al also found no correla-
tion between weight or BMI and the location of the 
iliac crests in relation to the lumbar spine,13 and other 
studies have posited similar conclusions.5,7 It is import-
ant to keep in mind, however, that physical palpation of 
the iliac crests corresponds to a spine level 1 vertebrae 
cephalad to the spine level identified via imaging.4,7 
While the iliac crests radiographically correspond to 
the region of L4 to L5, upon palpation they correspond 
to the level of L3 to L4 due to the cushioning effect 
of subcutaneous tissue between the bony iliac surface 
and the palpating hand.3,7,28 Therefore, in the setting of 
clinical palpation, it is more appropriate to consider the 
iliac crests as a guide for identifying the L3 to L4 region 
rather than the L4 to L5 region, particularly in women 
and/or patients with higher BMI.4,29–32 Accordingly, it is 
important to qualify that our findings suggest that BMI 
does not affect the measured radiographic vertebral 

level of the iliac crests, though it is well-established that 
BMI does affect measurements derived from palpation.

Our study did not find height to be correlated with 
either umbilicus or iliac crest locations relative to the 
spine. In contrast, Pysyk et al found that a palpated 
intercristal line—the line formed between the superior-
most aspects of the iliac crests—at L2 to L3 was more 
likely in tall and male individuals.12 This discrepancy 
may be due to our larger sample size and more rigorous 
statistical analysis. The more cephalad positioning of 
the iliac crests observed in the Pysyk et al study may be 
due to the confounding influence of patient sex rather 
than strictly patient height.

Limitations

Our study must be viewed in light of several limita-
tions. First, our study was solely composed of patients 
between the ages of 18 and 35 who demonstrated zero 
spinal pathology. Although age has previously been 
found to be an insignificant factor in influencing the 
location of the iliac crests in relation to the lumbar 
spine,27,33,34 it is nevertheless important to recognize 
the impact of our study design on its generalizability. 
Our study may also be limited in its generalizability to 
clinical situations where identifying the correct spinal 
level might be complicated by sacralization or lumba-
rization of the lower spine, spondylolisthesis, lumbar 
scoliosis, or loss of vertebral height. Nevertheless, the 
pros of using a young adult population still outweigh 
the cons as this study design allows for providing refer-
ence values that may be equidistant in their application 
to a broad range of patient presentations. In this way, 
a surgeon may use the values in this study as frames 
of reference that may be adjusted based on individual 
patient presentations.

Furthermore, it is reasonable to question whether our 
findings are translatable in settings where patients are 
not in the supine position as assumed during imaging. 
While it has been demonstrated that positioning of 
patients in a sitting or lateral position may cause minor 
shifts in the location of the iliac crests, these changes 
are not clinically significant because they are minuscule 
and do not cause shifts beyond 1 disc space or vertebral 
level.4,7,13,35–37

CONCLUSION

This study demonstrates that the iliac crests were 
located above the level of the L4 to L5 disc space 
approximately 26% of the time, which is crucial in the 
surgical planning for transpsoas fusion approach. The 
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location of the umbilicus is most frequently at the level 
of the L4 vertebral body. Patient height, weight, and 
BMI do not influence the location of the umbilicus or 
the iliac crests relative to the lumbar spine. Patient sex 
and ethnicity influence the location of the iliac crests 
but do not influence the location of the umbilicus rela-
tive to the lumbar spine.
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