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ABSTRACT

Background/Aims: To determine the effect of visceral fat volume measured via computed tomography (CT) images of umbilical slices
on superior mesenteric artery (SMA) configuration, as compared with body mass index (BMI). In addition, this study aims to determine
the effect of lumbar lordosis angle (LLA) on SMA configuration.

Materials and Methods: The study included 310 patients who underwent abdominal CT. On CT images, the aortomesenteric angle
(AMA), the distance between SMA and aorta at three levels, and LLA were measured. Visceral fat volume was measured using three
consecutive images obtained at the level of the umbilicus. The relationship among AMA, and distances measured between SMA and
qorta, and visceral fat tissue volume were determined. The effect of LLA on AMA and distances measured between SMA and aorta was
analyzed.

Results: There was a significant positive correlation between visceral fat volume, and patient age, AMA, distances between SMA and
qorta, LLA, and BMI (p<0.001). There were not any significant differences in AMA, distances between SMA and aorta, BMI, or visceral fat
volume between the patients with an LLA of 20°-45° and those with an LLA >45° (p>0.05). There was a significant positive correlation
between BMI, and AMA, distances between SMA and aorta (p<0.001). There was a significant positive correlation between visceral fat

volume, and AMA, distances between SMA and aorta (p<0.001).

Conclusion: Visceral fat tissue volume is more valuable than BMI for evaluating the SMA configuration.
Keywords: Visceral fat, body mass index, superior mesenteric artery, superior mesenteric artery syndrome, renal nutcracker syndrome

INTRODUCTION

Vascular structures can compress adjacent visceral organs
or can be compressed by adjacent anatomical structures.
Such anatomical changes may be clinically symptomatic
depending on the degree of compression or can be detect-
ed incidentally. Superior mesenteric artery (SMA) as one of
these vascular structures, leads to compression syndromes
because of its close relationship with the third part of the
duodenum and left renal vein (LRV). The third part of the
duodenum and LRV are protected from compression by the
surrounding fat and lymphatic tissue in the triangular area
formed by the SMA when it leaves the aorta. (1). Loss of the
retroperitoneal fat pad situated between the SMA and the
abdominal aorta diminishes cushioning of the duodenum
and LRV when it passes through this narrow area, which can
lead to superior mesenteric artery syndrome (SMAS) and/or
nutcracker syndrome (NCS) (1-3).

In patients with SMAS, also known as Wilkie's syndrome
or cast syndrome, the third part of the duodenum is com-
pressed between the SMA and the abdominal aorta. This rare
clinical condition presents with symptoms of upper gastro-

intestinal system obstruction and was first described in 1861
by Rokitansky (4).In 1927, Wilkie (5) described the syndrome
as chronic duodenal ileus as well as its pathophysiology and
clinical findings. The prevalence of SMAS is roughly 0.1%-
0.3% (6). Its incidence is approximately 0.013%-0.3% in the
general population,but is more common in patients follow-
ing scoliosis surgery and those in a hypercatabolic state (7).

NCS is characterized by compression of the LRV between
the SMA and abdominal aorta. The first clinical report of
NCS was published by El-Sadr and Mina (8) in 1950, but the
term NCS was first used by De Schepper in 1972 (9, 10). As-
ymptomatic compression of the LRV is known as nutcracker
phenomenon (NCP) and can be observed incidentally during
abdominal CT examinations, with an approximate preva-
lence of 51%-72%; however, the frequency with which LRV
compression causes pathological symptoms (NCS) remains
unknown (3).

Multiple structural and acquired factors are suggested to play
a role in the etiology of SMAS and NCS (1, 2). Although rare,
SMAS and NCS can occur concomitantly (1, 3). Both syn-
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dromes are difficult to diagnose because of their non-spe-
cific clinical symptoms. Therefore, in the presence of suspi-
cion, diagnosis is made with radiological findings along with
clinical symptoms (11).

Some studies have examined the correlation between the
aortomesenteric angle/distance (AMA/AMD) and body mass
index (BMI) (6, 12). Literature frequently states that SMAS
and NCS patients have low BMI and weight loss (3, 13, 14).
However other studies have declared that BMI may not al-
ways be low in these group of patients (3, 15, 16). In fact,
BMI does not always provide an accurate estimation of vis-
ceral fat tissue volume. The visceral fat volume of two people
with the same BMI may vary depending on various variables
as body size and composition. Cross-sectional imaging is
known to be more accurate than BMI for estimating vis-
ceral fat tissue volume (17, 18]). As such, the present study
aimed to determine the effect of visceral fat tissue volume
measured via CT images of umbilical slices for evaluating the
SMA configuration as compared with BMI. An additional aim
of the present study was to determine the effect of lumbar
lordosis angle (LLA) on AMA and distances measured be-
tween the SMA and the abdominal aorta.

MATERIALS AND METHODS

This retrospective study included 310 patients who under-
went abdominal CT owing to various complaints between
January and May 2018. The Institutional Review Board ap-
proved the study protocol, and informed consent for abdom-
inal CT was obtained from all individual participants includ-
ed in the study. Mean age of the patients was 47.46+19.05
years (range 16-95 years). Patients with any intra-abdominal
inflammatory conditions, intra-abdominal fluid collection,
retroperitoneal mass, abdominal aortic aneurysm at the level
of the origin of the SMA, and a history of abdominal surgery
were excluded. Age, gender, weight, and height were record-
ed, and BMI was calculated as BMI=weight/(height)2. The
study population was divided into four subgroups accord-
ing to BMI as follows: underweight subgroup (UW subgroup)
BMI<18.50 kg m; normal weight subgroup (NW subgroup)
BMI=18.50-24.99 kg m™ pre-obese subgroup (PO sub-

MAIN POINTS

BMI does not always provide an accurate estimation of
visceral fat tissue volume.

Cross-sectional imaging is known to be more accurate
than BMI for estimating visceral fat tissue volume.

In patients with SMAS and/or NCS, the amount of viscer-
al adipose tissue should be taken into consideration when
evaluating the SMA configuration.

group) BMI=25-29.99 kg m2; obese subgroup (O subgroup)
BMI>30 kg m=2 (19). As the UW subgroup included only 5
patients, the UW and NW subgroups were combined as the
UW-NW subgroup for further statistical analysis.

Abdominal CT was performed using GE Optima CT660 Free-
dom Edition/128 slices (GE Healthcare, WI, USA ) with the
following parameters: voltage 120 kV; tube current 100-400
mA; gantry rotation 0.6 s; detector coverage 40 mm; helical
thickness 5 mm; and pitch and speed 1.531 mm and 61.25
rotation, respectively. Using a power injector, 45-90 mL of
contrast material was injected at a rate of 2.5-3 mL s™.

CT image data were evaluated using a GE Advantage Work-
station (GE Healthcare, Buc, France) with Volume Share 7
software version. All distances and angle measurements
were made by the same radiologist experienced in abdom-
inal evaluation. On axial images, the distance between the
SMA and aorta was measured at 3 levels: D1 (the level at
the superior border of the duodenum where the duode-
num passes between the aorta and SMA); D2 (the level at
the midpoint of the duodenum where the duodenum pass-
es between the aorta and SMA); R (the level where the LRV
crosses this region) (Figures 1, 2). Measurements were made
between the outer walls of the aorta and SMA. Fifteen pa-
tients whose LRV passed posterior to the aorta were ex-
cluded from R measurement analysis. Sagittal multi-planar
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Figure 1. Pictorial image of anatomical relationships of duodenum
and LRV between the abdominal aorta and SMA. On the left, we
see the axial anatomical sections passing through the levels R, D1
and D2 as indicated in the sagittal drawing. On axial anatomical
sections, the small double arrows show the distances between
aorta and SMA at R, D1, and D2 levels.
AMA: aortomesenteric angle; LRV: left renal vein; SMA: superior mesenteric artery.
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Figure 2. Contrast enhanced CT images shows the measurement of AMA in sagittal plane and AMD between the abdominal aorta and SMA
at D2 and R levels in axial planes.
AMA: aortomesenteric angle; AMD: aortomesenteric distance; SMA: superior mesenteric artery

Figure 3. Axial CT images at the level of the umbilicus show the steps used to measure visceral fat tissue after removal of non-fat tissue via
a threshold technique (range from -190 to -30 HU). Native image, processed image and visceral fat image can be seen respectively.

reformat (MPR) images were used to assess the AMA. The
AMA was measured at its origin via manual tracing (Figure 2).
Sagittal images were also used to assess the LLA. Patients
were divided into three subgroups according to LLA: lumbar
hypolordosis subgroup (LhypoL subgroup) LLA <20; neutral
lumbar lordosis subgroup (NLL subgroup) LLA = 20-45; and
lumbar hyperlordosis subgroup (LhyperL subgroup) LLA >45
(20). As the LhypoL subgroup included just 1 patient, it was
not included in any further analysis.

Visceral fat tissue volume was measured using semi-auto-
mated measurement tools. In total, three consecutive 10-
mm cross-sectional images were generated at the level of
the umbilicus via the MPR images, and 0.625-mm image
data were used for 10-mm cross-sectional image genera-
tion. A threshold range between —190 and -30 HU was used
for semi-automated non-fat tissue removal from 10-mm
volume images as the standard of reference. In addition,
the intra-abdominal fat tissue layer was acquired via man-
ual contouring with a scalpel tool following non-fat tissue
removal via the threshold technique. Volume measurement

in cross-sectional fat tissue images was performed using an
automatic volume tool (Figure 3). Subcutaneous fat tissue
volume was measured using the same technique via manu-
al contouring through the abdominal wall and removing the
intra-abdominal fat tissue from the total fat tissue and non-
fat tissue on the axial images.

Statistical Analysis

Statistical analysis was performed using the Statistical Pack-
ages for the Social Sciences (SPSS) for Windows v.22.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistical methods
(frequency, percentage, and mean+SD) and the Shapiro-Wilk
normality test were used to evaluate the study data. One-way
analysis of variance (ANOVA) was used to compare parameters
between study subgroups and Tukey's HDS and Tamhane's
T2 tests were used to identify the subgroups that caused the
difference in pairwise comparisons between subgroups. Stu-
dent's t test was used to compare normally distributed param-
eters between two subgroups. Pearson’s correlation analysis
was used to identify correlations between parameters. The
level of statistical significance was set at p<0.05.
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Table 1. Distribution of study parameters.

n Range Mean+SD
AMA (°) 310 10-123.1 47.78+25.54
R (mm) 295 2.3-421 14.23+7.11
D1 (mm) 310 3.8-49.5 15.65+8.35
D2 (mm) 310 3.3-57.3 16.34+9.46
LLA () 310 15-81.6 48.72+12.21
BMI (kg m2) 310 17.93-57.09 2791+55

Visceral fat volume (cm®) 310  11.99-533.31 180.14+103.08

AMA: aortomesenteric angle; R the distance between the aorta and superior
mesenteric artery at the level where left renal vein passes, D1 the distance
between the aorta and superior mesenteric artery at the level where the su-
perior border of the duodenum passes, D2 the distance between the aorta
and superior mesenteric artery at the level where the midpoint of the duode-
num passes, LLA: lumbar lordosis angle;, BMI: body mass index.

Table 2. Distribution of study population according to BMl and LLA
subgroups.

n %

LLA Subgroups LhypolL 1 0.3
NLL 128 41.3
LhyperL 181 58.4

BMI Subgroups uw 5 1.6
NW 81 26.1
PO 139 44.8
(o) 85 274

LLA: lumbar lordosis angle; LhypoL: lumbar hypolordosis; NLL: neutral
lumbar lordosis; LhyperL: lumbar hyperlordosis; BMI: body mass index; UW:
underweight; NW: normal weight; PO: pre-obese; O: obese.

RESULTS

Among the 310 patients, 163 were male (52.6%) and 147
were female (47.4%) (p>0.05). Study parameters are shown
in Table 1. The distribution of the study population according
to BMI and LLA subgroups is shown in Table 2. There was
a significant positive correlation between patient age, and
AMA (r=0.212, p<0.001), R (r=0.345, p<0.001), D1 (r=0.368,
p<0.001), D2 (r=0.388, p<0.001), LLA (r=0.243, p<0.001),
BMI (r=0.201, p<0.001), and visceral fat volume (r=0.468,
p<0.001). AMA, R, D1, and D2 were significantly lower in
the females than males (p=0.007, p<0.001, p<0.001, and
p<0.001, respectively). LLA was significantly higher in the
females than in males (p<0.001). There was no significant
difference in visceral fat volume between the females and
males (p=0.175). Subcutaneous fat volume was significantly
higher in the females than in males (females 389.85+178.24
cm?, males 271.78+159.28 cm?; p<0.001).

Comparison of the study parameters between the BMI sub-
groups is shown in Table 3. Patient age, AMA, R, D1, D2, LLA,
and visceral fat volume were significantly lower in the UW-NW
subgroup than in the PO and O subgroups (p<0.001). There
was a significant difference in gender distribution between
some of the BMI subgroups (p=0.009). The percentage of fe-
males in the O subgroup (61.2%) was significantly higher than
in the UW-NW subgroup (45.3%) (p=0.038) and PO subgroup
(40.3%) (p=0.002). There was no significant difference in
gender distribution between the UW-NW and PO subgroups.

Comparison of the study parameters between the LLA sub-
groups is shown in Table 4. Patient age was significantly

lower in the NLL subgroup than in the LhyperL subgroup
(p<0.001). There was no significant difference in AMA, R, D1,
D2, BM|, or visceral fat volume between the NLL and LhyperL
subgroups (p>0.05). The percentage of male patients in the
NLL subgroup (60.2%) was significantly higher than in the
LhyperL subgroup (47%).

The correlations between BMI and visceral fat volume, AMA,
R, D1, and D2 are shown in Table 5. There was a signifi-
cant positive correlation between BMI and AMA (r=0.284,
p<0.001), R (r=0.377, p<0.001), D1 (r=0.385, p<0.001), and
D2 (r=0.407, p<0.001). There was a significant positive cor-
relation between visceral fat volume and AMA (r=0.347,
p<0.001), R (r=0.586, p<0.001), D1 (r=0.700, p<0.001), and
D2 (r=0.7083, p<0.001).

DISCUSSION

Originating from the anterior aspect of the abdominal aorta,
the SMA forms a triangular area including the third part of
the duodenum, LRV, and the uncinate process of the pan-
creas. Among these structures, the mesenteric fat pad and
retroperitoneal lymphatic tissue prevents compression of
the duodenum and LRV while crossing this narrow area. Loss
of fat pad between the abdominal aorta and SMA further
narrows this area and causes a decrease in measurements
related to SMA configuration. Normally, the AMD measures
10-28 mm and the AMA varies between 38° and 65° (21);
when these values are lower SMAS and NCS, both of which
are the result of compression of the duodenum and LRV,
can occur (1-3). As the narrowness of this area is associated
with the amount of visceral fat, it is essential to obtain ac-
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Table 3. Comparison of study parameters between the BMI subgroups.

BMI
UW-NW PO o]
Mean+SD Mean+SD Mean+SD p
Age (years) 40.65+£19.72 48.58+19.09 52.54+16.35 0.001
AMA (°) 34.88+24.89 50.84+25.37 55.84+21.51 '0.001
R (mm) 9.76+4.6 15.3+7.13 17.08+£7.13 '0.001
D1 (mm) 10.54+5.52 16.23+8.05 19.88+8.57 '0.001
D2 (mm) 10.7315.45 16.72+8.81 21.39+10.65 0.001
LLA (°) 45.79+10.57 49.72+12.92 50.07+12.21 '0.031
Visceral fat volume (cm?) 99.88+65.21 188.93+89.79 246.97 £101.47 0.001
Gender n (%)
Male 47 (54.7%) 83 (59.7%) 33 (38.8%) 20,009
Female 39 (45.3%) 56 (40.3%) 52 (61.2%)

'One-way ANOVA test
2Chi-square test p<0.05
AMA: aortomesenteric angle; R the distance between the aorta and superior mesenteric artery at the level where left renal vein passes, D1 the distance
between the aorta and superior mesenteric artery at the level where the superior border of the duodenum passes, D2 the distance between the aorta and
superior mesenteric artery at the level where the midpoint of the duodenum passes, LLA: lumbar lordosis angle; BMI: body mass index; UW: underweight; NW:
normal weight; PO: pre-obese; O: obese.

Table 4. Comparison of study parameters between the LLA sub-

groups.
LLA subgroup
NLL LhyperL

Mean+SD Mean + SD (StudenFt)’s t test)
Age (years) 42181777  51.28+191 <0.001
AMA (°) 46.9+23.96 48.6+26.58 0.566
R (mm) 14.62+7.36  14.01+6.91 0.472
D1 (mm) 16.19+8.47 15.34+824 0.380
D2 (mm) 16.63+£9.33 16.2+9.55 0.698
BMI (kg m2) 27.29+536  28.37+5.58 0.089
Visceral fat 175.22+114.21 184.52+94.1 0.450

volume (cm?)

AMA aortomesenteric angle, R the distance between the aorta and superior
mesenteric artery at the level where left renal vein passes, D1 the distance
between the aorta and superior mesenteric artery at the level where the
superior border of the duodenum passes, D2 the distance between the
aorta and superior mesenteric artery at the level where the midpoint of the
duodenum passes, BMI body mass index, LLA lumbar lordosis angle, NLL

neutral lumbar lordosis, LhyperL lumbar hyperlordosis

curate information about the visceral fat volume than BMI
while evaluating SMA configuration. In this study, we aimed
to compare the effect of visceral fat measured by abdominal
CT and BMI on SMA configuration.

Compression of the duodenum caused by the SMA is a rare
clinical entity characterized by non-specific findings of up-
per gastrointestinal obstruction. This condition, which is
generally called SMAS, most commonly occurs in females
aged 10-39 years (7, 22). Anorexia nervosa, malabsorption,
hypercatabolic states (burns, major surgery, etc.), increased
spinal lordosis, scoliosis surgery, high insertion of the liga-
ment of Treitz, use of a body cast, and low origination of the
SMA can predispose a person to the development of SMAS
(7, 22).

Entrapment and compression of the LRV between the SMA
and aorta—commonly known as NCS—results in hematuria,
left flank pain, and varicocele. As the asymptomatic form of
NCS, known as NCP, is a common incidental abdominal CT
finding, it is difficult to accurately estimate the frequency of
NCS. According to the literature, NCS is more common in
females than in males and is usually diagnosed in those aged
20-40years (3, 13).
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Table 5. The correlations between BMI and visceral fat volume, and AMA, R, D1, and D2.

AMA R D1 D2
r p r p r p r p
BMI 0.284 <0.001 0.377 <0.001 0.385 <0.001 0.407 <0.001
Visceral fat volume (cm?) 0.347 <0.001 0.586 <0.001 0.700 <0.001 0.703 <0.001

Pearson's correlation analysis.
BMI: body mass index; AMA: aortomesenteric angle.

R the distance between the aorta and superior mesenteric artery at the level where left renal vein passes, D1 the distance between the aorta and superior

mesenteric artery at the level where the superior border of the duodenum passes, D2 the distance between the aorta and superior mesenteric artery at the

level where the midpoint of the duodenum passes

SMAS and NCS are two syndromes which are difficult to
diagnose because their characteristic symptoms are diffi-
cult to differentiate from other diseases. SMAS is diagnosed
based on a combination of clinical and radiological findings in
the presence of a high index of suspicion (11). An AMA <22°
and AMD <8 mm, based on CT or angiography, are diagnostic
of SMAS (23). The most reliable method for diagnosing NCS
is renal venography, which can discern pressure gradients
between the LRV and inferior vena cava (10, 24). However,
because renal venography is an invasive procedure, non-in-
vasive modalities such as Doppler ultrasonography and
cross-sectional imaging are used (10, 24). The radiographic
findings that are diagnostic of NCS include a significantly
reduced AMD (3 mm), an AMA <16°, LRV compression, and
the presence of collaterals or a pressure gradient >3 mmHg
(1, 25).

Low BMI and weight loss are frequently reported in patients
diagnosed with SMAS, and NCS patients are reported to
be tall and thin (resulting in low BMI) and have experienced
weight loss (3, 13, 14). Bhagirath Desai et al. (6) reported a
strong positive correlation between BMI and AMA (r=0.95).
Ozkurt et al. (12) observed a significant positive correlation
between BMI and AMA (r=0.29, p<0.001) and between BMI
and AMD (r=0.35, p<0.001); however, other studies have
shown that BMl is not always low in patients with SMAS and
NCS (3, 15, 16). In addition, it remains unclear if weight loss
is the cause of compression of the duodenum or if weight
loss is a result/complication of SMAS (3, 22). Biank et al. (26)
reported that low BMI and weight loss are not necessary
for the development of SMAS but that they are commonly
associated with the development of SMAS in the pediatric
population. Lee et al. (16) reported that 19 of 80 SMAS pa-
tients, with an age range of 11-92 years, had normal BMI; and
Wee et al. (15) reported an SMAS patient with normal BMI.
Moreover, Wang et al. (27) reported an NCS patient with nor-
mal BMI.

Although BMI is frequently used in the routine clinical practice
to estimate the amount of abdominal fat, it does not provide a
precise measurement of visceral fat tissue volume. Visceral fat
tissue volume varies in individuals with the same BMI accord-
ing to body size. In addition, BMI does not help in evaluation
and differentiation of the distribution of subcutaneous and
visceral fat tissue (17). Furthermore, BMI does not differenti-
ate fat tissue from muscle tissue. The BMI in an athletic person
might be high because muscle tissue is heavier than fat tissue.

Ozbulbul et al. (28) reported that visceral fat areas correlate
with BMI and that AMD is more strongly associated with vis-
ceral fat area than with BMI, but an important limitation of
their study was that the population had a higher mean BMI
than the general population. The present study's findings
show that although there is a positive correlation between
BMI and AMA, R, D1, and D2 measurements, the correlation
between visceral fat tissue volume and AMA, R, D1, and D2
measurements is higher (Table 5).

The gold standards for measurement of visceral fat tissue
volume are CT and MRI. BMI indirectly measures visceral fat
tissue, whereas quantitative measurement of visceral fat tis-
sue via cross-sectional imaging can do so directly and more
accurately. The advantage of CT is that it has excellent fat
tissue resolution, and cross-sectional imaging can easily dif-
ferentiate between subcutaneous and visceral fat. Single
or multiple slices taken from predetermined levels are well
correlated with visceral fat tissue volumes (17); according to
the literature, the umbilical level is the most commonly used
(28). Mizui et al. (29) reported a strong positive correlation
between visceral fat volume of the entire abdomen and the
visceral fat area at the umbilicus. Literature states that sin-
gle-slice evaluation is not very accurate because intra-ab-
dominal soft tissue is constantly in motion (17); therefore, in
the present study, visceral fat tissue measurement was per-
formed using three consecutive slices at the umbilical level.
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In our study AMA, R, D1, D2, and visceral fat volume were sig-
nificantly lower in the UW-NW BMI subgroup than in the PO
and O BMI subgroups (p<0.001). Similar to our results Ozkurt
et al. (12) and Bhagirath Desai et al. (6) found a positive and
significant correlation between BMI and distance and angle
measurements between aorta and SMA. In our study, there
was a significant difference in gender distribution between
some of the BMI subgroups (p=0.009). The percentage of fe-
males in the O BMI subgroup (61.2%) was significantly higher
than in the UW-NW BMI subgroup (45.3%) (p=0.038) and PO
BMI subgroup (40.3%) (p=0.002). However, we did not find
any significant difference in visceral fat volume between the
females and males (p=0.175). Unlike our results, Ozbulbul et
al. (28) found that visceral fat area is smaller in females.

Our results showed that AMA, R, D1, and D2 were signifi-
cantly lower in the females than males. Although the num-
ber of women in our study’s O BMI subgroup was high, the
females had less visceral fat volume and more subcutaneous
fat volume when compared with that of males like reported
in literature (28). This may explain lower values of AMA, R, D1,
and D2 and higher frequency of SMAS and NCS in females
(7,13).

Arthurs et al. (24) reported a wide range of normal duodenal
distances in a pediatric population and observed a significant
but weak correlation between visceral fat volume and AMA
(r=0.30, p<0.001), LRV distance (r=0.37, p<0.001), and duo-
denal distance (r=0.32, p<0.001). Generalizing the findings
of this group is not recommended because rapid growth in
children might affect SMA configuration and lead to SMAS
and NCS without weight loss (16). The present study's pa-
tient group did not include children or adolescents.

It has been reported that a history of scoliosis surgery and
neurological injury can be observed in patients with SMAS
or NCS. Craniocaudal extension in post-scoliosis surgery pa-
tients and hyperextension of the spine in patients with neu-
rological injury are causes of SMAS and NCS (16, 30). None
of the present study's patients had a history of scoliosis sur-
gery or neurological injury.

According to the literature, one of the pathophysiological
mechanisms that play a role in the development of SMAS
and NCSisincreased lumbar lordosis (2, 6, 7,13, 24). To date,
the effect of LLA on SMA configuration has not been inves-
tigated, and as such, an additional aim of the present study
was to determine the effect of LLA on AMA and the distanc-
es measured between the SMA and aorta. There were no sig-
nificant differences in AMA, R, D1, D2, BMI, or visceral fat vol-
ume between the present study’s LLA subgroups (p>0.05).

The present study has some limitations. Because of the retro-
spective nature of the study, we did not have the clinical infor-
mation of patient population included in the study. Thus, we
do not know if the patients had a diagnosis of SMAS or NCS.
From this study, we cannot determine the diagnostic value of
visceral fat tissue for SMAS and NCS. Further studies should
be planned to compare the diagnostic value of the BMI and
visceral fat tissue in patients with a diagnosis of SMAS and/or
NCS. A second limitation was that we did not have post-sco-
liosis surgery patients and/or patients with neurological injury.
Although the prevalence of these patients in general popula-
tion is low, this may have affected the results of the correla-
tion between the LLA and study parameters.

The present study’s findings show that visceral fat volume
strongly correlates with AMA, R, D1, and D2 measurements
than does the BMI. Therefore, the amount of visceral fat tis-
sue should be taken into consideration while evaluating SMA
configuration. Further studies should be planned to incorpo-
rate the visceral fat volume into diagnosis of SMAS and NCS
in suspected patients who have already had an abdominal
cross-sectional examination.
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