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Abstract

Introduction: This study aimed to investigate factors related to fat infiltration in patients with lumbar degenerative
diseases (lumbar disc herniation and/or spinal stenosis), examining a wide range of potential risk variables.Materials and
methods: We studied consecutive adult patients who underwent posterior lumbar spinal surgery for degenerative
diseases at our hospital between July 2013 and June 2017. Preoperative magnetic resonance imaging was used to evaluate
the presence or absence of fat infiltration at the level of the L4-5 lumbar paraspinal muscles using Kjaer’s evaluationmethod.
Patients without fat infiltration (0%–10%) were rated as grade 0, grade 1 for moderate fat infiltration (10%–50%), and grade
2 for severe fat infiltration (>50%). Patients were then divided into two groups: Group A (without fat infiltration, grade 0)
and Group B (with fat infiltration, grade 1 or 2). Detailed patient clinical data were collected and analyzed. Results: A total
of 205 consecutive patients were enrolled; 54 (26.3%) patients were assigned to Group A and 151 (73.7%) to Group B.
Logistic regression analysis revealed two independent risk factors for fat infiltration of the lumbar paraspinal muscles: female
sex and older age (P < .001).Discussion: Fat infiltration of the lumbar paraspinal muscles is reported to be associated with
the development of pain and dysfunction of the lumbar region and postoperative complications of spinal instrumented
fusion surgery. To the best of our knowledge, no previous studies have identified female sex and older age as independent
risk factors for fat infiltration in the lumbar paraspinal muscles using multivariate analysis. Conclusions: Female sex and
older age were independent risk factors for fat infiltration in the lumbar paraspinal muscles. The results of the current study
may provide useful information for the study of preventive measures for fat infiltration.
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Introduction

Between the ages of 70 and 80 years, a 20%–40% loss of
muscle strength due to age-related muscle weakness has
been reported.1 Lower back pain is a very prevalent clinical
symptom and is reported to affect 65%–85% of the
population throughout the life of humans.2 Additionally, it
has been reported that lumbar pain is related to the de-
generation of the paraspinal muscles of the trunk, which is
often seen in daily clinical settings.3-5
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In the recent years, skeletal muscle research has been
attracting attention not only in terms of muscle strength
and muscle volume, but also in terms of the qualitative
evaluation of intramuscular fat infiltration. Muscle strength
and fat infiltration are important factors in the field of
rehabilitation related to activities of daily living and
physical activities. Loss of muscle volume causes poor
physical performance, and qualitative changes in muscle
due to fat infiltration also have a negative correlation with
muscle strength;6,7 preliminary detection of lumbar fat
infiltration may be useful in planning rehabilitation pro-
grams and patient education. Previous studies have shown
that a loss of muscle volume is associated with reduced
functional performance8 and self-reported disability.9,10

Furthermore, fat infiltration of the paraspinal muscles is re-
lated to lower back pain,11,12 which is affected by aging.13 In
addition, lower back pain is known to be associated with
lumbar function.14 Several studies have also reported that
patients with acute or chronic lower back pain had smaller
paraspinal muscles than healthy participants.15-17

Fat infiltration of the lumbar paraspinal muscles is related
to lower back pain,11 and patients with lower back pain
showed significantly more fat infiltration of the paraspinal
muscles than healthy participants.12,18 In addition, it has
been reported that dysfunction of the lumbar region causes
pain and eventually leads to fat infiltration.19,20 Moreover,
several studies described that fat infiltration of the paraspinal
muscles is associated with postoperative complications of
lumbar spinal surgery, such as bone nonunion, pedicle screw
loosening, and proximal junctional kyphosis.21-24

Muscle fat infiltration is assessed using ultrasound,25

computed tomography,19 magnetic resonance imaging
(MRI),11,14,26 and magnetic resonance spectroscopy.11,27

Among them, Kjaer et al28 have reported a method of
grading the degree of fat infiltration using MRI,28 which is
used in clinical settings.14,29,30 The method of Kjaer et al28

is considered to be a useful method for both medical
doctors and physiotherapists to evaluate fat infiltration,
including that of the lumbar paraspinal muscles.31

The purpose of this study was to clarify the risk factors for
fat infiltration of the lumbar paraspinal muscles using MRI.
If the risk factors for fat infiltration of the lumbar paraspinal
muscles are clarified, they could be helpful in preventing fat
infiltration, back pain, and performance deterioration.

Materials and Methods

Data Source

We retrospectively investigated the clinical data of adult
patients (≥18 years) who had undergone posterior lumbar
spinal surgery (laminectomy, herniotomy, and/or in-
strumented fusion) for lumbar degenerative diseases
(lumbar herniated disc and/or spinal stenosis) from July

2013 to June 2017 at the division of orthopedic surgery of
our hospital. The current study conforms to the principles
laid down in the Declaration of Helsinki and its amend-
ments. This study was approved by the Institutional Re-
view Board of our Medical University.

Exclusion Criteria

Patients who underwent revision lumbar surgical proce-
dures were excluded from the current study. We also
excluded patients aged <18 years and those who under-
went percutaneous vertebroplasty and removal of posterior
spinal instrumentation for homogeneity of the study group.

Fat Infiltration on MRI

The patients’ MRI preoperatively performed for the
medical diagnostic procedure was used for radiological
evaluation in the current study. We used patients’ axial T2-
weighted MR images at the level of L4-5 to evaluate fat
infiltration of the lumbar multifidus muscles. In the present
analysis, preoperative MRI of all enrolled patients was
evaluated by two examiners.

According to the criteria proposed by Kjaer et al,28 fat
infiltration in the lumbar paraspinal muscles was visually
evaluated and assigned to either of the three grades: grade 0
(0%–10% fat infiltration), grade 1 (10%–50% fat infil-
tration), and grade 2 (>50% fat infiltration) (Figure 1). The
patients were then assigned to two groups: Group A
(without fat infiltration: Kjaer grade 0) and Group B (with
fat infiltration: Kjaer grade 1 or 2).

Data Collection

We retrospectively reviewed patient clinical characteristics
including age at the time of surgery, sex, body mass index,
smoking status, diabetes, hemodialysis, American Society of
Anesthesiologists physical status (ASA) score,32 preopera-
tive oral administration of steroids, motor paralysis in the
lower extremities, disease duration with physical symptoms
(months), bladder bowel dysfunction, and L1-5 lumbar
lordotic angle (degrees). The lumbar lordotic angle was
measured as the angle of intersection between the upper edge
of the L1 vertebra and the lower edge of the L5 vertebra
using lateral plain radiographs of the lumbar spine (Figure 2).

Statistical Analysis

We analyzed the relationships between the absence or ex-
istence of fat infiltration of the lumbar paraspinal muscles
(Group A or B) and patients’ clinical variables. Statistical
analysis was performed using the χ2 test and the Mann–
Whitney U test in the univariate analysis. The significant
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variables and the variables that were correlated (P < .2) with
the existence of fat infiltration of the lumbar paraspinal
muscles (Group A or B) in the univariate analysis were
entered into a stepwise multiple logistic regression model.
Data were analyzed using SPSS version 25.0 (IBM Japan,
Tokyo, Japan). Statistical significance was set at P < .05.

Results

A total of consecutive 205 patients were included in this
study. Patients were assigned to two groups: 54 in the
group without fat infiltration as grade 0 (Group A), and 151
in the groupwith grade 1 or 2 fat infiltration (GroupB). In the
univariate analysis between the two groups, older age (P <
.001), ASA score > 1 (P < .001), female sex (P = .001), and
disease duration with physical symptoms (P = .037) were
significant risk factors, and bladder bowel dysfunction (P =
.099) was correlated (P < .20) with fat infiltration (Table 1).

The significant factors in the univariate analysis and the
factors with a P value of <.20 in the univariate analysis
were included in a multivariate analysis to further examine

the risk factors for fat infiltration. Multivariate logistic
regression analysis revealed that older age (P < .001; odds
ratio [OR], 1.07; 95% confidence interval [CI], 1.05–1.10)
and female sex (P < .001; OR, 6.96; 95% CI, 2.81–15.23)
(Table 2) were independent risk variables for fat infiltration
in the lumbar paraspinal muscles.

Discussion

We investigated factors related to lumbar paraspinal
muscle fat infiltration in patients with lumbar degenerative
diseases. In the current study using multivariate analysis,
female sex and older age were strongly and independently
associated with the risk of fat infiltration in the lumbar
paraspinal muscles. Several studies have described the
association of fat infiltration of the lumbar paraspinal
muscles with female sex and/or older age in univariate
analysis.28,33,34 To the best of our knowledge, no previous
studies have identified female sex and older age as in-
dependent risk factors for fat infiltration in the lumbar
paraspinal muscles using multivariate analysis.

Regarding lumbar spinal surgery, fat infiltration of the
paraspinal muscles has been reported to be related to the
development of postoperative complications.21-24 Lee et al.
described that the bone union rate decreased as the fat
content of lumbar paraspinal muscles increased in patients
with spinal degenerative diseases after instrumentation fu-
sion.22 Kim et al. reported that preoperative higher fat in-
filtration of the paraspinal muscles was significantly
associated with pedicle screw loosening.23 In addition,
Hyun et al. investigated patients who received multilevel
spinal instrumented fusion surgery stopping at the thor-
acolumbar junction for adult spinal deformity, and described
that higher fat infiltration of the paraspinal muscles was
identified as a risk factor for proximal junctional kyphosis.24

Even in the presence of a high degree of fat infiltration of the
paraspinal muscles, surgical intervention for the lumbar
spine should be considered if severe pain and/or serious
neurological symptoms, such as the cauda equina syndrome,
are noted. Routine preoperative measurement of fat

Figure 1. The grading method of L4/5 fat infiltration on T2-weighted magnetic resonance imaging used in this study. Fat infiltration
rated as (A) grade 0 in the absence of fatty degeneration (0%–10%), (B) grade 1 in the case of slight fat infiltration (10%–50%), and (C)
grade 2 in the case of severe fat infiltration (>50%).

Figure 2. Measurement of the lumbar lordotic angle. According to
Cobb’s method, tangent lines are drawn along the superior end
plate of L1 and inferior end plate of L5 using a lateral plain radiograph.
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infiltration of the paraspinal muscles can be helpful for
spinal surgeons to recognize the risk of postoperative com-
plications, especially in instrumented fusion procedures.

In Fat infiltration in skeletal muscles is found not only in
the lumbar spine35,36 but also in the shoulder joints, thighs,
and lower leg muscles.37-42 In the shoulder joint, fat in-
filtration of the rotator cuff is known to affect postoperative
clinical results, pain, and range of motion.37,38 Regarding
the lower extremities, it has been reported that the amount
of fat in the skeletal muscles of the thighs and calves
increases when the level of physical activity decreases, and
it has been pointed out that the lack of exercise is asso-
ciated with fat infiltration.39 In addition, it has been re-
ported that an increase in the intramuscular fat volume of
the quadriceps femoris and vastus medialis muscles was
associated with the risk of progression of knee osteoar-
thritis by MRI;40,41 not only the muscle strength of the
quadriceps femoris but also qualitative changes, such as fat
infiltration, affect the extension of the knee joint.42

Similar to the shoulder joint, fat infiltration in the
musculoskeletal system has a negative effect on physical
function. In the current study, because the participants were
patients who underwent lumbar surgery for spinal degen-
erative diseases with neurological symptoms, patients with
sarcopenia and dynapenia associated with hypoactivity due
to lumbar degenerative diseases may also be included. In
individuals with sarcopenia and dynapenia, fat infiltration in
the skeletal muscles tends to increase and is associated with
muscle weakness and motor dysfunction.43,44 As described
above, systemic fat infiltration is a structural problem that
affects physical function, and it is considered that the
prevention of systemic fat infiltration is important to im-
prove and avoid deterioration of muscle strength and
physical function in the lumbar spine.

It has been reported that exercise therapy, such as re-
sistance training and aerobic exercise,35,36,45 and diet
therapy, such as taking beta-hydroxy-beta-methylbutyrate
and vitamin D,46,47 are advantageous for the prevention of
fat infiltration in the skeletal muscles. Additionally, it has
been reported that the combined use of exercise therapy
and protein intake leads to the suppression of skeletal
muscle fat infiltration.48 Welch et al reported that lumbar
paraspinal muscle fat infiltration was significantly reduced
following free-weight resistance training,35 and Ryan and
Harduarsingh-Permaul described that a lifestyle modifi-
cation of diet-induced weight loss alone or with aerobic
exercise training resulted in a significant reduction of the
fat infiltration of the abdominal and spinal muscles of the
trunk region.36 Accordingly, active physical exercise
therapy and/or curative intervention for neurological
dysfunction due to lumbar degenerative diseases may be
useful for the prevention of fat infiltration in the lumbar

Table 1. Univariate Analysis of the Groups Without Fat Infiltration and With Fat Infiltration.

Characteristics
Group A (without fat infiltration)

(n=54)
Group B (with fat infiltration)

(n=151) P value

Age 54.1±19.1 67.5±11.8 .000
Sex (male/female) 44/10 86/65 .001
Body mass index 24.1±3.6 24.4±3.9 .54
Smoking states 46 (85.2) 125 (82.8) .684
Diabetes 42 (77.8) 123 (81.5) .558
Hemodialysis 54 (100) 147 (97.4) .291
ASA score (1/2–4) 23/31 26/125 .000
Insulin injection 51 (94.4) 126 (83.4) .354
Steroid use 53 (98.1) 142 (94.0) .208
Motor paralysis in the lower extremities 37 (68.5) 110 (72.8) .544
Disease duration of physical symptoms
(months)

13 (1–120) 24 (1–120) .037

Lumbar lordotic angle 23.2±12.2 21.4±13.7 .434
Bladder bowel dysfunction 39 (72.2) 90 (59.6) .099

Values indicate the number of patients (%), mean± SD, and median (min–max).
ASA, American Society of Anesthesiologists physical states.

Table 2. Multivariate Logistic Regression Analysis Comparing
With and Without Fat Infiltration Groups.

Characteristics OR (95% CI) P value

Age 1.07 (1.05–1.10) .000
Female sex 6.96 (2.81–17.23) .000
ASA score .111
Disease duration of
physical symptoms

.638

Bladder bowel dysfunction .193

ASA, American Society of Anesthesiologists physical states; OR, odds
ratio; CI, confidence interval.
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paraspinal muscles from an early stage of lumbar de-
generation, especially in women.

In contrast, the ASA score, which is thought to be
associated with hypoactivity, disease duration of physical
symptoms, and lumbar lordotic angle, which are thought to
be affected by muscle contraction, was not significantly
associated as independent risk factors for fat infiltration in
this multivariate analysis. Since the patients included in the
current study were scheduled to undergo spinal surgery, it
is speculated that there may have been a bias that patients
with particularly poor ASA scores (poor general condi-
tions) were less likely to be indicated for surgery because
of the risk of general anesthesia; therefore, they were likely
to be excluded from the study. As for the disease duration
with physical symptoms, the severity of the disease
(lumbar disc herniation and/or spinal stenosis) was not
investigated, and we could not evaluate how the patients’
physical disability and severity of body pain were affected
by the duration of physical symptoms. Regarding the
lumbar lordotic angle, it has been reported that lumbar
kyphosis was associated with back muscle weakness,49

and patients with larger lumbar kyphosis have higher
spinal muscle dystrophy and fat infiltration compared to
healthy participants.50 However, this study does not
support the findings of previous studies.

The limitation of this study is that, since the participants
were surgical patients comprising several elderly patients
with highly degenerated lumbar spines, our study pop-
ulation may be biased compared to a normal healthy
population. We did not collect data about preoperative
symptoms, surgical outcomes, and postoperative compli-
cations in the current study; therefore, we did not acquire
results about surgical outcomes or criteria for preopera-
tive patient selection in relation to fat infiltration of the
paraspinal muscles. In addition, we have no clinical data
that prove that preoperative exercise can reduce fat in-
filtration of the paraspinal muscles. The strength of this
study is that it analyzed data from a relatively large
number of patients. Moreover, the fact that detailed
medical information was available because the partici-
pants of the current study were patients who underwent
lumbar surgery and the fact that various potentially risk-
related factors could be reviewed were considered to be
the advantages of the current study.

Conclusion

The current study revealed that lumbar paraspinal muscle
fat infiltration is more likely to occur in women and older
people, with statistical significance in adults undergoing
elective lumbar spinal surgery. The results of the current
study may provide useful information for the development
of preventive measures for fat infiltration.
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