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Abstract Öz 

Purpose: The aim of this study was too reveal the 
relationship between lumbar subcutaneous adipose tissue 
thickness and spinopelvic parameters. 
Materials and Methods: This retrospective study 
included a total of 92 individuals who had lumbosacral 
radiographs and lumbar magnetic resonance imaging 
among the people who applied to Tokat State Hospital in 
October-December 2019 period. Lumbar subcutaneous 
adipose tissue thickness, pelvic incidence, pelvic tilt, sacral 
slope, lumbar lordosis and spinopelvic mismatch (Pelvic 
incidence minus lumbar lordosis) were determined, and 
correlations between these measurements were evaluated.  
Results: Subcutaneous adipose tissue thickness was 
20.50±12.34 mm at L1 vertebra level and 29.79±15.68 mm 
at L5 vertebra level. Subcutaneous adipose tissue thickness 
at L1 vertebra level was strongly correlated with body mass 
index and adipose tissue thickness at L5 vertebra level, but 
weakly correlated with pelvic tilt and spinal misalignments.   
Conclusion: Subcutaneous adipose tissue thickness and 
body mass index increase was positively correlated. In 
addition, lumbar subcutaneous adipose tissue thickness 
and body mass index increase have effects on pelvis and 
spinal alignment. Lumbar subcutaneous adipose tissue 
thickness could be used to evaluate the effect of body 
composition on spinopelvic parameters.  

Amaç: Lomber subkutan yağ doku kalınlığı ile spinopelvik 
parametreler arasındaki ilişkiyi değerlendirmektir.  
Gereç ve Yöntem: Retrospektif tipte planlanan çalışmaya 
Ekim 2019 ve Aralık 2019 tarihleri arasında Tokat Devlet 
Hastanesi'ne başvuran Lomber MR ve 2-yönlü 
lumbosakral grafileri çekilmiş olan 92 birey dahil edildi. 
Lomber subkutan yağ doku kalınlığı, pelvik insidans, pelvik 
tilt, sakral slop, lomber lordoz ve spinopelvik uyumsuzluk 
(pelvik insidans minus lomber lordoz) değerleri ölçüldü ve 
ölçümler arasındaki korelasyon değerlendirildi.  
Bulgular: L1 vertebra düzeyinde subkutan yağ doku 
kalınlığı 20.50±12.34 mm tespit edilirken L5 vertebra 
düzeyinde subkutan yağ doku kalınlığı 29.79±15.68 mm 
olarak ölçüldü. L1 düzeyi subkutan yağ doku kalınlığı ile 
VKI ve L5 vertebra düzeyi subkutan yağ doku kalınlığı 
arasında kuvvetli korelasyon, pelvik tilt ve spinal dizilim 
bozukluğu arasında zayıf korelasyon tespit edildi (p<0.05).  
Sonuç: Subkutan yağ doku kalınlığı ve VKİ deki artış 
arasında pozitif korelasyon mevcuttu. Buna ek olarak 
lomber subkuan yağ doku kalınlığı ve VKİ’ deki artışın 
pelvik tilt ve spinal dizilim bozukluğu üzerinde etkili 
olduğu tespit edildi. Lomber subkutan yağ doku kalınlığı; 
vücut kompozisyonunun spinopelvik parametreler üzerine 
etkisinin değerlendirilmesinde kullanılabilir. 

Keywords:. Body mass index, lumbar subcutaneous 
adipose tissue thickness, spinopelvic parameter 

Anahtar kelimeler: Vücut kitle indeksi, lomber subkutan 
yağ doku kalınlığı, spinopelvik parametre 

 

 

INTRODUCTION 

Balanced body composition is an important 
determinant of health and physical performance. 

Chronic diseases associated with inactivity and body 
composition disorders are among the most important 
public health problems of the 21st century 1. It was 
reported that increased body weight may have 
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biomechanical effects on pelvis and lumbar spine 
alignment 2. Biomechanical changes, in turn, are 
known to play important roles in the onset and 
progression of several vertebral pathologies 3,4. An 
examination of the differences in the biomechanics 
of the spine of obese individuals revealed a link 
between low back pain and body mass index (BMI) 5. 
A study evaluating the relationship of lumbar adipose 
tissue thickness with BMI in 250 individuals showed 
that the increase in the thickness of the lumbar 
adipose tissue was associated with the increases in 
BMI 6. Another study by Takatalo et al. 7 in 155 
female and 147 male individuals, on the other hand, 
found a strong correlation between the body fat 
percentage and dorsal subcutaneous thickness. 

Optimal alignment of bones and joints is very 
important for the effective function of the 
musculoskeletal system 8. In order for the body to 
achieve an effective upright posture, the spine must 
be compatible with the pelvis. This compatibility 
describes the synergistic relationship between pelvic 
morphology and spinal slopes, and is called 
spinopelvic alignment 9. Spinopelvic mismatch which 
develops secondary to change in lumbar lordosis 
could lead to spinal sagittal imbalance 10. In 
individuals with spinal deformity and with decreased 
lumbar lordosis, on the other hand, impaired quality 
of life including physical and social functions and 
increased pain were observed 11. 

Different studies defined normal values of 
spinopelvic parameters for different ages, 
populations and pathological conditions 12,13. 
However, there was no study examining the 
relationship between these parameters and lumbar 
subcutaneous adipose tissue thickness. In this study, 
an objective analysis of the correlation between 
lumbar subcutaneous adipose tissue thickness and 
spinopelvic parameters is presented. 

MATERIALS AND METHODS 

This retrospective study included 92 of 113 
individuals who applied to Tokat State Hospital, in 
October 2019-December 2019 period, who were 18-
65 years of age and had both lumbar magnetic 
resonance imaging (MRI) and bilateral lumbosacral 
radiographs taken within the last 30 days. Data used 
in the study (body mass index, age, gender, lumbar 
MRI and lumbosacral radiographs) were obtained by 
the author through screening the hospital 
information system. Four individuals with advanced 

level bone and disc degeneration, three individuals 
with spondylolisthesis and 14 individuals with 
indications of operation in lumbar or pelvic area were 
excluded (Figure 1). Lumbosacral radiographs and 
lumbar MR images of the included individuals were 
evaluated by an experienced radiologist, and 
subcutaneous adipose tissue thickness, pelvic tilt 
(PT), pelvic incidence (PI), sacral slope (SS) and 
lumbar lordosis (LL) were measured. All study 
protocols were implemented in accordance with the 
ethical rules proposed in the Helsinki Declaration. 
The study was approved by Tokat Gaziosmanpaşa 
University Clinical Research ethics committee 
(07.02.2020;20-KAEK-015). 

 

Figure 2. Lumbar subcutaneous adipose tissue 
measurement 

Procedure 

MR Imaging was performed using a 1.5-T MR 
imaging unit (Optima 360; General Electric Medical 
Systems, Milwaukee, WI). The dorsal subcutaneous 
thickness of L1 and L5 levels were evaluated on 
sagittal T2-weighted fast-recovery fast spin-echo 
images. The following MR imaging parameters were 
used: repetition time: 2510; echo time: 81.4; slice 
thickness: 4.0 mm; intersection gap: 1.0 mm; matrix: 
256 × 256; and field of view: 28 × 28 cm. 

Each patient underwent lateral radiographs of both 
hip joints in the standing position with their arms 
folded on their chest and knees fully extended. All 
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radiological measurements were performed using the 
lateral lumbosacral radiographs and lumbar MR 
images by the radiologist through the picture 
archiving and communication system. 

Lumbar subcutaneous adipose tissue thickness was 
measured as subcutaneous fat extending to 
subcutaneous fascia in lumbar MR images as vertical 
to the skin at the level of L1 vertebra posterior 
superior corner and L5 vertebra posterior inferior 
corner 14 (Figure 2). 

PI was defined as the angle between the line 
perpendicular to the sacral plate at its midpoint and 
the line connecting this point to the axis of femoral 
heads. SS was measured as the angle between the 
sacral plate and a horizontal line. PT was defined by 
the line through midpoint of the sacral plate and 
midpoint of the axis of femoral heads and the vertical 
line 15. LL angle was measured as the angle between 
the line drawn as parallel to the upper surface of the 
first vertebra corpus of lumbar and the lines drawn as 
parallel to the lower surface of the fifth vertebra 
corpus of lumbar 16 (Figure 3). 

Spinopelvic alignment is typically measured in terms 
of the mismatch (mathematical difference) between 

pelvic incidence and lumbar lordosis (PI minus LL or 
PI-LL). PI-LL< 10º was considered normal, while 
10º<PI-LL<20º was regarded moderate level of 
deformity, and PI-LL>20º serious deformity 17. 

Statistical analysis 

Statistical analyses of the data were performed using 
SPSS software (Version 22.0, SPSS Inc., Chicago, IL, 
USA). Continuous variables of descriptive statistics 
were given as mean ± standard deviation, while 
frequency distributions of categorical ones were 
expressed as number and percentages (%). Normality 
of the distributions were evaluated using 
Kolmogorov-Smirnov test. The differences between 
group means of quantitative variables were compared 
using the significance test for the difference between 
the two means. The Pearson’s correlation coefficient 
was used to determine the relationships between 
quantitative variables. Correlation was classified as 
follows: 0.00-0.10 negligible correlation, 0.10-0.39 
weak correlation, 0.40-0.69 moderate correlation, 
0.70-0.89 strong correlation and 0.90-1.00 very strong 
correlation18. The p values lower than 0.05 were 
considered statistically significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Study Flowchart 

Individuals who were 18-65 years of age and had both lumbar magnetic 
resonance imaging (MRI) and bilateral lumbosacral radiographs taken within 

the last 30 days 
(n:113) 

Excluded (n:21) 

 Advanced level bone and disc 
degeneration (n:4) 

 Spondylolisthesis (n:3) 

 Indications of operation in 
lumbar or pelvic area (n:14) 

Analyzed (n:92) 
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Figure 3. a: Pelvic incidence, b: Sacral slope, c: Pelvic tilt, d: Lumbar lordosis 

 

RESULTS 

Average age of the 92 individuals in the study (57.6% 
women and 42.4% men) was 46.04±12.52 years, and 
average BMI was 30.59±5.47. Subcutaneous adipose 
tissue thickness was 20.50±12.34 mm at L1 vertebra 
level and 29.79±15.68 mm at L5 vertebra level. 
Spinopelvic parameter averages were LL: 
43.05º±11.73º; PT: 22.17º±7.9º; SS: 36.05º±8.38º 
and PI: 67.65º±9.24º (Table 1). Although 
subcutaneous adipose tissue thickness at L1 vertebra 
level was higher in women, the difference was not 
significant (21.93±12.57 mm and 18.55±11.90 mm, 
respectively, p=0.195). Subcutaneous adipose tissue 
thickness at L5 vertebra level (women: 35.98±15.18, 
men: 21.38±12.15, p=0.001) and BMI (women: 
31.62±6.08, men: 29.19±4.20, p=0.035), were 
significantly higher in women compared to men. 

Subcutaneous adipose tissue thickness at L1 vertebra 
level was strongly correlated with BMI (p=0.001) and 

subcutaneous adipose tissue thickness at L5 vertebra 
level (p=0.001), while its correlations with PT 
(p=0.001) and spinal misalignment were weak 
(p=0.027).  

On the other hand, the correlation between 
subcutaneous adipose tissue thickness at L5 vertebra 
level and BMI was moderately strong (p=0.001). 
Besides, BMI was weakly correlated with PT 
(p=0.005) and spinal misalignment (p=0.046). There 
was a strong negative correlation between LL and 
spinal misalignment (p=0.001) whereas LL had 
moderately strong correlations with SS (p=0.001) and 
PI (p=0.002). PI also had moderately strong 
correlations with SS (p=0.001), PT (p=0.001) and 
spinal misalignments (p=0.001). The correlation 
between spinal misalignment and PT, on the other 
hand, was weak (p=0.001) (Table 2). Normal spinal 
alignment was observed in 16.3% of the individuals, 
while 14.1% had moderate level and 69.6% had 
serious level of spinal misalignment. 

Table 1. Age, BMI and spinopelvic parameter means of all individuals 

 Mean Standard deviation 

Age (year) 46.04 12.52 

BMI (kg/m2) 30.59 5.47 

L1 LSAT* (mm) 20.50 12.34 

L5 LSAT* (mm) 29.79 15.68 

Lumbar lordosis (º) 43.05 11.73 

Pelvic tilt (º) 22.17 7.97 

Sacral slope (º) 36.05 8.38 

Pelvic incidence (º) 67.65 9.24 
* LSAT: Lumbar subcutaneous adipose tissue 

a b c d 
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Table 2. Correlations between lumbar subcutaneous adipose tissue thickness, BMI and spinopelvic parameters 

  1 2 3 4 5 6 7 8 

1     Pelvic incidence r 1        

2     Sacral slope r .432** 1       

3     Pelvic tilt r .477** -.187 1      

4     Lumbar lordosis r .320** .473** -.025 1     

5     L1 LSAT*** r .117 -.097 .378** -.151 1    

6     L5 LSAT*** r .016 -.187 .127 -.083 .737** 1   

7     BMI r .139 -.064 .288** -.111 .725** .663** 1  

8     PI-LL r .442** -.126 .380** -.708** .230* .091 .209* 1 

Pearson correlation coefficient was used. *. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 
level (2-tailed). ***LSAT: Lumbar subcutaneous adipose tissue. 
 
 
 
 

DISCUSSION 

It was suggested that increased body weight could 
cause mechanical problems due to the load on the 
back and biomechanical effect 2. Increased body 
weight and obesity are currently considered as the 
major health problems affecting people around the 
world 19. The results of the present study showed that 
BMI increases were associated with the increases in 
subcutaneous adipose tissue thickness at L1 and L5 
vertebra levels. In support of the findings of the 
present study, a study showed that increased BMI was 
associated with increased subcutaneous adipose 
tissue thickness in the lumbar spine 6.  The fact that a 
considerable part of body fat is accumulated around 
the waist could explain the relationship between the 
BMI and lumbar adipose tissue thickness. Wallner-
Liebmann et al. 20 on the other hand, evaluated the 
obesity using subcutaneous adipose tissue 
measurements without measuring the thickness of 
the lumbar adipose tissue itself. They used an optical 
Lipometer device to measure the topography of 
subcutaneous adipose tissue consisting of 15 well-
defined body areas scattered from neck to calf on the 
right side of the body. They also reported that 
subcutaneous fat patterns are better screening tools 
than BMI to characterize the obesity in physically 
active youth. Based on that study and considering the 
association between BMI and subcutaneous adipose 
tissue thickness observed in the present study, it 
could be proposed that lumbar subcutaneous adipose 
tissue thickness could be used as an obesity marker 

instead of BMI. However, large scale studies are 
needed to support such proposal.  

In the present study, subcutaneous adipose tissue 
thickness was higher in women. In parallel to findings 
of the present study, Klare et al.6 also reported higher 
average subcutaneous adipose tissue thickness for 
women. Similarly, another study in which the 
relationship between the BMI values of 149 
individuals and lumbar adipose tissue thickness at 
both L1 and L5 levels were evaluated, it was found 
that women's adipose tissue thickness was higher 
than that of men 14. This finding could be explained 
by the fact that in women estrogen receptors are 
more common and androgen receptors are found less 
in subcutaneous adipose tissue, while in men 
androgen receptors are more predominant in visceral 
adipose tissue 21. Higher prevalence of estrogen 
receptors in subcutaneous adipose tissue in women 
could lead to higher subcutaneous adipose tissue 
thickness in women due to estrogen compared to 
men.  

Literature analysis shows that increasing body weight 
could have a biomechanical effect on the spatial 
orientation of the pelvis and lumbar spine 2. The 
present study revealed that increasing BMI and 
subcutaneous adipose tissue thickness at L1 vertebra 
level were associated with increased PT and spinal 
misalignment severity. In another study where the 
relationship between sagittal spinopelvic parameters 
and obesity were evaluated in normal adolescents and 
adolescents with lumbar disc herniation, it was 
observed that as the BMI increased PI, PT, SS and 
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LL also increased in adolescents with lumbar disc 
herniation 22. Increasing PT along with increasing 
BMI could possibly be due to the back slope of the 
pelvis to balance the body displacement towards the 
front in an overweight patient population 23. It is 
possible that similar to what happens in BMI 
increase, new arrangements could take place in pelvis 
and spinal alignment to compensate the increase in 
adipose tissue thickness and to establish a new 
balance. In contrast, Zawojska et al. 24 found that PT 
parameters were lower in people with higher BMI, 
but the differences were not significant. The reason 
for the observation of a different association between 
PT measurements and BMI in that study could be the 
fact that the study population was made of 
hemophilia patients and these patients could have 
other mechanic factors such as knee joint 
contracture.  

In the present study, as the BMI and subcutaneous 
adipose tissue thickness increased, PI increased, but 
SS and LL decreased although the differences were 
not significant. Similarly, in another study evaluating 
200 participants, no significant differences were 
observed among normal, overweight and obese 
individuals for sagittal spinopelvic parameters 15. In a 
study evaluating the relationship of obesity with the 
LL angle in premenopausal women, the increase in 
BMI was found to be associated with a decrease in 
LL 25. Contrary to present study, a study reported 
association of higher BMI values with larger SS 24. 
Based on these data, it could be stated that increases 
in the thickness of lumbar subcutaneous adipose 
tissue and the BMI could lead to deterioration in the 
spinal alignment through changing the spinopelvic 
parameters.  

In the present study, LL, SS, PI, PT averages were 
43.05±11.73º, 36.05±8.38º, 67.65±6.24º and 
22.17±7.97º. Thus, PI, PT and LL values showed 
differences from the values measured previously in 
healthy individuals [37° (range 22–53) for LL; 50.6° 
(range 39–62) for PI; 12.6° (range 3–22) for PT] 26. 
All components of spinopelvic alignment somehow 
contribute to the overall alignment 27.  Previous 
studies showed that sagittal spinopelvic alignment 
that leads to biomechanical changes was shown to 
play role in the pathogenesis and development of 
lumbar degenerative diseases 28,29. In the present 
study, spinal misalignment (PI-LL) was found to be 
associated with subcutaneous adipose tissue 
thickness at L1 vertebra level, BMI, PI, PT and LL. 
Similarly, in another study with a cohort of obese 

patients, LL was found to be reduced and PI-LL 
misalignment was higher 30. Contrary to all these, in a 
study by Park et al.31 no difference was reported 
between the preoperative sagittal alignments, LL and 
PT angles of obese (n=18) and non-obese (n=59) 
individuals who underwent minimally invasive 
surgeries. This difference could be due to the fact that 
the number of obese individuals in the study was low 
compared to non-obese individuals. In light of this 
data, it seems that both changes in spinopelvic 
parameters and increases in BMI and lumbar 
subcutaneous adipose tissue thickness lead to 
impairment in spinal alignment.  

The present study is the first to evaluate the 
relationship of lumbar subcutaneous adipose tissue 
thickness with spinopelvic parameters. Limitation of 
the study is that the effect of lumbar adipose tissue 
thickness on all spine alignment could not be 
evaluated since the sagittal vertical axis was not 
measured. In addition, since the present study has a 
retrospective design, no information could be 
collected regarding the dietary habits and exercise 
status of the individuals.   

Increases in subcutaneous adipose tissue thickness 
and BMI could be associated with themselves as well 
as with PT and spinal misalignment. The results point 
out that the increased lumbar subcutaneous adipose 
tissue thickness and BMI could affect spatial 
orientation of pelvis and spine, and could lead to 
impairment in lumbopelvic complex. In addition, it 
was found that lumbar subcutaneous adipose tissue 
thickness could be used for the evaluation of the 
effect of body composition on spinal alignment and 
pelvic tilt.  
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