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ABSTRACT
Objective: To evaluate whether lumbar subcutaneous fat tissue thickness (LSFTT) on midsagittal magnetic resonance imaging (MRI)
is associated with lumbar spinal stenosis (LSS).
Study Design: Observational cross-sectional study.
Place and Duration of Study:  Department of Radiology and Neurosurgery, Istanbul Medeniyet University School of Medicine,
Istanbul, Turkey between January 2018 and December 2020.
Methodology: The study group included 79 patients, who had undergone surgery for lumbar spinal stenosis. The control group
included MRI scans of 80 individuals without lumbar spinal stenosis. Association between LSFTT and LSS was analysed through a
comparison of both the groups.
Results: The agreement between the two observers was found to be very good agreement with a two-way mixed intra-class correla-
tion coefficient of 0.986 or higher (p <0.001). There was statistically significant differences between the LSS and non-LSS groups for
both L5-S1 and L4-5 level measurements, p=0.001, and p=0.004, respectively. L5-S1 level measurements in the LSS group showed
29% increase in average with respect to the non-LSS group; and in L4-L5 level measurements, the increase was 40% in median.
Females exhibited significantly higher values in both levels, (p <0.001 and p <0.001, respectively).
Conclusions: Lumbar subcutaneous fat tissue thickness is significantly associated with lumbar spinal stenosis. Measuring LSFTT on
mid-sagittal MRI is an easily applicable, reproducible alternative method for predicting LSS.
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INTRODUCTION

Obesity is a pandemic with severe medical and financial implica-
tions.  It  has  increased  dramatically  in  recent  years.  Many
studies have assessed its association with degenerative spinal
diseases.  Increasing  life  expectancy,  widespread  use  of
magnetic resonance imaging (MRI) scan, and lifestyle changes
have eventually resulted in a concomitant increase in the rates
of overweight and LSS worldwide.1,2

Various studies have been published regarding the association
between  degenerative  spinal  diseases  and  the  parameters,
such as the body mass index (BMI), para-spinal fat content, and
epidural lipomatosis.1,3-8
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Since the vertebral column together with its muscles and liga-
ments is the load-bearing structure of the body, any increase in
the load will probably affect its fate. BMI is a relatively simple
measurement but still requires the patient’s weight and height
values to be calculated, which might add limitations to a retro-
spective study.

It was postulated that a simple measurement on an MRI scan
(lumbar subcutaneous fat tissue thickness) which takes only a
few seconds to measure would help determine the association
with lumbar spinal stenosis. These data, if proven so, might help
spine surgeons determine the risk groups and make appro-
priate recommendations. To the best of authors’ knowledge, no
previous study has evaluated the association between lumbar
subcutaneous fat tissue thickness and lumbar spinal stenosis.

The aim of this study was to explore the association between
lumbar subcutaneous fat tissue thickness on MRI and lumbar
spinal stenosis in a Turkish population.

METHODOLOGY

Ethical  approval  was  obtained  from  the  University  Ethics
Committee (Decision number and date: 2021/0341) and the
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Committee waived of the need for informed consent due to the
retrospective nature of the study.

This retrospective study involved two groups of patients. The
first group (study group) included 79 patients, who had under-
gone  surgery  for  lumbar  spinal  stenosis  between  2018  and
2020  in  the  Neurosurgery  and  Radiology  Departments  of
Medeniyet University School of Medicine, Istanbul, Turkey.

The second group (control group) included 80 individuals whose
lumbar MRI scans were taken due to the complaint of low back
pain within 2018. The patients in the second group did not have
lumbar spinal stenosis, but were older than 40 years old, the age
when spine begins to degenerate at a significantly faster rate.9

Inclusion criteria were patients whose MRIs were performed at
our  hospital  and  the  quality  of  the  scans  was  adequate  for
measurements. Exclusion criteria: patients who were operated
at this institution, but imaging was done at another centre, inad-
equate lumbar spinal images for measurement; and partici-
pants under 40 years of age were excluded from the study.
Lumbar  MRI  scans  were  retrospectively  retrieved  from  the
picture  archiving  and  communication  system  (PACS)  of  the
hospital along with their demographic data such as age and
gender.  Lumbar  spinal  MR images  of  the  study  and  control
groups  were  transferred  to  a  computer.  Two  independent
observers, blinded to the data, measured the LSFTT of the study
and control groups at different times and recorded the data in an
Excel file.

Figure 1: (a) Mid-sagittal T2-weighted magnetic resonance image shows
the  measurement  of  lumbar  subcutaneous  fat  tissue  thickness  in  a
patient  with  lumbar  spinal  stenosis.  (b)  Mid-sagittal  T2-weighted
magnetic resonance image shows the measurement of lumbar subcuta-
neous fat tissue thickness in a patient without lumbar spinal stenosis.

Lumbar subcutaneous fat tissue thickness (LSFTT, mm) was
defined as the thickness of the fat tissue between the subcuta-
neous fascia and thoracolumbar fascia. All measurements were
performed using the length functions of the MR imaging console
of the same magnet at this institution. Axial loading tends to
affect mostly the lower levels of the spine. Similarly, fat tends to
accumulate around the waist, which is almost at the same level
as the lower level of the spine, namely L4-5 and L5-S1 levels. For
these reasons, LSFTT was calculated from the measurements
on the mid-sagittal T2-weighted lumbar MR images at both L4-5

and L5-S1 levels. Measurement lines were established to be
perpendicular to the curvature (lordosis) of the lumbar spine
(Figure 1).  The measurements were done by two observers
(Observer 1: a neurosurgeon; Observer 2: a radiologist) inde-
pendently and blinded to the data.

SPSS Version 28 for Windows (IBM Corp.) was used to perform
statistical  analyses  in  this  study.  Two-way  mixed  intraclass
correlation coefficient (ICC) measured the agreement between
the measurements by two independent observers. Normality of
continuous  variables  were  checked  by  using  Kolmogorov-S-
mirnov test. Normally distributed variables were described by
their mean and standard deviations; whereas, non-normal vari-
ables are by their median and inter-quartile range (IQR). Contin-
uous  variables  with  normal  distributions  of  two  groups  are
compared by Student t-test; and non-normally distributed vari-
ables are compared by using Mann-Whitney U-test. Categorical
variables are compared by Chi-square test. The results with
significance p <0.05 have been considered statistically signifi-
cant.

RESULTS

The agreement between the two observers showed the two-
way mixed intraclass correlation coefficient to be higher than
0.986 (p<0.001 for all measurements) for LSS and non-LSS, for
females and males, and for individuals aged less than 60 or 60
and over. This high level of agreement between the measure-
ments encouraged the authors to use the average of these two
measurements for the rest of the analyses.

The median age (IQR) in the LSS group (n=79) is 62.0 (15) and
58.5 (13) in the non-LSS group (n=80) and no significant differ-
ence  has  been  observed  (p=0.340).  In  the  LSS  group,  the
average age of females 58.9±10.5 (n=53) and males 66.5±8.1
(n=26) exhibited a significant difference (p=0.002); whereas,
females with median age (IQR) 57 (11) (n=49) and males with
median (IQR) age 62 (15) (n=31) in the non-LSS group have no
significant difference in terms of age (p=0.426). Also, the distri-
bution of males and females in the LSS (53 females, 67.1%) and
non  LSS  group  (49  females,  61.3%)  showed  no  statistically
significant difference (p=0.443). These results are summarized
in Table I.
Table I: Comparison of demographic variables.

Variable Group1 Group 2 p*

Agem
LSS

62.0 (15)
n=79

Non LSS
58.5 (13)

n=80
0.340m

Age
(LSS group)

Females
58.9±10.5

n=53

Males
66.5±8.1

n=26
0.002t

Agem

(Non LSS group)

Females
57.0 (11)

n=49

Males
62.0 (15)

n=31
0.426m

Sexx

 

LSS
67.1%
n=26

Non LSS
61.3%
n=31

0.443x

tStudent t test; mean ± SD, mMann-Whitney U-test; median (IQR), xChi-square
test; percentage, *Bold p values represent statistical significance.
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Table II: Comparison of L4-5 and L5-S1 level measurements for LSS, gender, and age.
Groups L4-6 L5-S1

1 2 Group 1 Group 2 p* Group 1 Group 2 p*

LSS Non LSS 28.9 (21.8)
n=79

20.6 (17.2)
n=80 0.004m 33.8±13.0

n=79
26.2±14.3

n=80 <0.001t

Males Females 19.0 (14.4)
n=57

28.6 (24.5)
n=102 <0.001m 23.1±11.8

n=57
33.9±13.9

n=102 <0.001t

LSS
Males LSS Females 23.9±11.8

n=26
31.0±14.6

n=53 0.035t 29.4±11.4
n=26

35.9±13.3
n=53 0.036t

Non LSS
Males

Non LSS
Females

12.8 (12.7)
n=31

22.9 (24.2)
n=49 <0.001m 17.7±9.4

n=31
31.6±14.3

n=49 <0.001t

Age <60
LSS

Age <60
Non LSS

31.1 (16.9)
n=36

21.2 (28.4)
n=41 0.009m 38.7±13.0

n=36
28.3±15.2

n=41 0.007t

Age ≥60
LSS

Age ≥60
Non LSS

22.3 (18.3)
n=43

20.2 (12.6)
n=39 0.141m 29.7±11.6

n=43
24.1±13.0

n=39 0.042t

tStudent t test; mean ± SD, mMann-Whitney U-test; median (IQR). *Bold p-values represent statistical significance.

There  was  a  statistically  significant  difference  between  the
LSS and non-LSS group for both L5-S1 and L4-5 level measure-
ments, p<0.001 and p=0.004, respectively as can be seen in
Table II. L5-S1 level measurements in LSS group showed 29%
increase in average with respect to non-LSS group and in L4-5
level measurements the increase was 40% in median. When
the authors analysed both groups together based on gender,
females  exhibited significantly  higher  measurements  in  both
L4-5 and L5-S1 levels, p <0.001 and p <0.001, respectively.
The  effect  of  gender  separately  in  both  LSS  and  non-LSS
groups were similar: In the LSS group the females had 29%
higher measurements in average for L4-5 (p=0.035) and for
the L5-S1 they had 22% higher measurements in average
(p=0.036). In the non-LSS group the females had 72% higher
measurements for L4-5 (p<0.001) and for the L5-S1 they had
79% higher measurements (p<0.001).

Relatively younger individuals (younger than 60) in the LSS
group  exhibit  significantly  higher  measurements  than  those
in the non-LSS group for both L4-5 and L5-S1, 47% higher in
median  (p=0.009)  and  37% higher  in  average  (p=0.007),
respectively. Relatively older individuals (60 or older) have
shown a different behaviour: In the L4-5 measurement there
was  no  significant  difference  between  LSS  and  non  LSS
groups (p=0.141) whereas for the L5-S1 measurement the
LSS  group  was  23%  significantly  higher  than  the  non-LSS
group  (p=0.042).

DISCUSSION

In  this  study,  there  was  a  statistically  significant  difference
between the LSS and non-LSS group for both L4-5 and L5-S1
level measurements. Lumbar subcutaneous fat tissue thick-
ness at both L4-5 and L5-S1 levels are higher in the study
group. Besides, the presence of LSS in females was seen at
earlier ages.  The adiposity duration and the hormonal differ-
ences  between  genders  may  also  influence  this  situation.
Based on the results of this study, the authors propose the
use of this simple measure that may predict LSS.

Recently,  researchers  have emphasised the  link  between
high BMI and spinal degenerative diseases, which are mainly

caused by unequal load distribution to the spine along with
aging process.3 With this regard, LSFTT may represent an
increasing load to the lower levels of the lumbar spine. As
shown in this study, L5-S1 and L4-5 measurements of the
LSS  patients  were  29%  and  26%  higher  than  non  LSS
patients.  In  other  words,  a  significant  association  has  been
found between LSFTT and lumbar spinal degeneration.

The most common presentation of degenerative spinal disor-
ders is low back pain, which is a widespread public health
concern and found related to overweight and disc degenera-
tion.4,6,10 Liuke et al. found that a BMI ≥25 Kg/m2 was associ-
ated with a higher risk of lumbar disc degeneration, particu-
larly in the younger patients.11 Azimi et al. studied the associ-
ation between the BMI and surgical success of lumbar spinal
stenosis and found that patients with a BMI value of ≤29.1
kg/m2  had  experienced  significantly  higher  surgical
success.12 Knutsson et al. studied the association between
BMI and LSS and found that obese and overweight patients
were at higher risk of developing LSS.1 In a prospective multi-
center observational study, Giannadakis et al. reported their
1-year follow-up results of LSS surgery and emphasised that
although  both  non-obese  and  obese  patients  benefit  from
LSS surgery, improvement is less in obese patients.13 Length
of the surgery was shorter in non-obese patients and they
experienced greater improvement in both back and leg pain.
It is not currently known as to how LSFTT affect the success
of LSS surgery. However, this parameter is to be studied in
the future and if proved so, it might be an indicator of surg-
ical success.

Parkkola et al.  studied healthy individuals regarding their
disc  and paraspinal  muscle  degeneration on MRI  scans.14

They stated that muscle degeneration was in line with fat
deposition  in  the  musculature;  and  reported  a  significant
association between disc and muscle degeneration. Teich-
tahl et al. have found an association between disc degenera-
tion and high fat content of the paraspinal muscles.15 Faur et
al.  analysed the patients with chronic low back pain and
found that the percentage of fatty atrophy of the multifidus
muscle was higher at lower levels of the spine (L5-S1), which
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bear most of the spinal load.5 They found significant associa-
tion  between  the  degree  of  fatty  atrophy  of  the  multifidus
muscle and the grade of lumbar disc degeneration. Addition-
ally, the fatty atrophy scores of women were found higher,
which is  parallel  to the results  of  this  study.  The female
gender is associated with thicker LSFTT in both the study
and control groups. In this study, lower level of the spine
(L5-S1)  was  the  level  that  significant  association  between
LSS and LSFTT was confirmed in both males and females in
two determined age groups with lumbar spinal stenosis.

LSS is the most frequent indication for spinal surgery in the
older population and its association with obesity, which has
become a great public health concern, particularly in devel-
oped  countries.16  For  this  reason,  the  authors  must  find  a
simple way of estimating the risk for developing LSS to fore-
warn patients at outpatient clinics to minimise the problem.
Yang et al.  measured ‘dorsal  subcutaneous thickness’  and
assessed its association with lumbar disc degeneration.4 They
found no significant correlation between dorsal subcutaneous
thickness and lumbar disc degeneration. However, they did
not perform any comparison between so-called healthy indivi-
duals and the patients with degenerative spine. If they had
analysed the association between dorsal subcutaneous thick-
ness and lumbar spinal stenosis, which is a true degenerative
spinal disease occurring within years, they would probably
find a significant association. Distinctly, it was postulated that
there  may  be  relevance  between  LSS  and  LSFTT  and
observed  a  significant  association  between  LSFTT  and  LSS.
The mean LSFTT value at both L4-5 and L5-S1 levels in the
LSS group was significantly higher than the control group. It is
also important to measure the lumbar fat thickness at the
lower levels. Because excess fat always tends to accumulate
particularly  at  the  L5-S1  level.  This  is  most  probably  the
reason  why  significant  results  were  found.  Considering  how
the age and gender affect this relationship, LSFTT at the L5-
S1 level becomes more prominent in elderly patients, while
LSS is detected at a relatively younger age in females. These
results have also shown that the LSFTT becomes more promi-
nent in the patients, individuals younger than 60 years.  It
may be extrapolated that the effect of age takes precedence
over  the  effect  of  excess  load  in  the  patients  older  than  60
years.

Genu et al. measured ‘posterior fat thickness’ similar to the
measurement of this study, but did not correlate this value
specifically  to  lumbar  spinal  stenosis.17  They  reported  a
strong correlation between the weights of the patients and
the values of posterior fat thickness. However, they did not
report any detail on this particular association. Currently one
cannot recommend the use of LSFTT instead of BMI in spine
studies  focusing  on  the  association  of  obesity  and  spinal
stenosis.  This  issue  might  be  clarified  if  comparative  large
sample  size  studies  can  be  conducted  in  the  future.

Many questions remain to be answered about the associa-
tion between the obesity and spinal stenosis, and concomi-

tant increase in their  prevalence.2  No prospective studies
have been conducted to evaluate the effect of preoperative
weight loss on the success of the spinal surgery.

The  retrospective  study  design  is  the  first  limitation  of  this
study and the prospective studies need to be conducted as
well. Second, the association of LSFTT with the BMI, family
history,  comorbidities  and  lifestyle  factors  including  diet,
smoking,  and  physical  activity  was  not  evaluated.  Many
studies regarding these issues will be completed soon and
the  present  simple  but  novel  association  might  help
researchers on this topic.

CONCLUSION

Lumbar subcutaneous fat tissue thickness at L4-5 and L5-S1
levels  are  significantly  associated  with  lumbar  spinal
stenosis. Patients with low back pain are frequently evalu-
ated with lumbar spinal MRI.  With this simple MRI measure-
ment, patients who might be candidates for spinal stenosis
can be educated and guided for particular lifestyle changes
and conservative measures.
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