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Influence of Skeletal Muscle Mass and Spinal
Alignment on Surgical Outcomes for Lumbar
Spinal Stenosis
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Study Design: Retrospective observational study.

Purpose: We considered the relationship between spinal alignment and skeletal muscle mass on clinical outcomes following a sur-
gery for lumbar spinal stenosis (LSS).

Overview of Literature: There are no reports of preoperative factors predicting residual low back pain following surgery for LSS.
Methods: Our target population included 34 women (mean age, 74.4 years) who underwent surgery for LSS. Prior to and 6 months
after the surgery, systemic bone mineral density and lean soft tissue mass were measured using dual-energy X-ray absorptiometry.
Skeletal muscle mass index (SMI) was calculated as the sum of the arm and leg lean mass in kilograms divided by height in meters
squared. The spinal alignment was also measured. Clinical outcomes were evaluated using the Japanese Orthopedic Association
scoring system, leg and low back pain Visual Analog Scale, and Roland—Morris Disability Questionnaire (RDQ). Additionally, we ex-
amined the bone mineral density, skeletal muscle mass, and spinal alignment before and after the surgery. We used the Spearman
correlation coefficient to examine the associations among clinical outcomes, preoperative muscle mass, and spinal alignment.
Results: Sarcopenia (SMI <5.46) was observed in nine subjects (26.5%). Compared with normal subjects (SMI >6.12), RDQ was sig-
nificantly higher in subjects with sarcopenia (p=0.04). RDQ was significantly negatively correlated with SMI (-=-0.42, p<0.05). There
was a significant positive correlation between postoperative RDQ and pelvic tilt (PT; /=0.41, p<0.05). SMI and PT were significantly
negatively correlated (r=-0.39, r<0.05).

Conclusions: Good postoperative outcomes were negatively correlated with low preoperative appendicular muscle mass, suggest-
ing that postoperative outcomes were inferior in cases of decreased appendicular muscle mass (sarcopenia). Posterior PT due to
decreased limb muscle mass may contribute to postoperative back pain, showing that preoperatively reduced limb muscle mass and
posterior PT are predictive factors in the persistence of postoperative low back pain.
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Introduction

An increase in the aging population has led to an in-
creased number of patients with spinal disorders. Inter-
vertebral disc lesions and lumbar nerve root disorders
often cause low back pain (LBP). Lumbar spinal stenosis
(LSS) is one of many causes of chronic LBP [1]. Although,
symptomatic LSS causes spinal claudication, back pain,
and radicular leg pain, Jones et al. [2] reported a sig-
nificant improvement in LBP in patients with LSS who
underwent spinal decompression. We previously dem-
onstrated that in addition to leg pain, LBP is also signifi-
cantly improved by spinal decompressive surgery with
appropriate diagnosis in patients with LSS [3].

Nevertheless, some patients with postoperative LBP or
lower extremity pain have not experienced operative com-
plications. Loss of lordosis is thought to be one of the fac-
tors influencing the postoperative residual symptoms [4,5].

Schwab et al. [6,7] clearly showed that postoperative
global sagittal balance is significantly correlated with post-
operative residual pain and disability. They showed that
radiological parameters such as the sagittal vertical axis
(SVA), pelvic tilt (PT), and balance of pelvic incidence (PI)
and lumbar lordosis (LL) are mostly correlated with pain
and disability. Lafage et al. [8] found an association be-
tween posterior PT and stooping posture with poor qual-
ity of life (QOL), and considered PT and SVA to be vital
factors for pain and disability.

Sarcopenia is a syndrome characterized by progressive
and systemic loss of skeletal muscle mass and strength.
It is a high risk state wherein a fall could easily lead to
a patient becoming bedridden, and it can lead to major
physical and economic losses in an aging society [9-11].
Sarcopenia is believed to be caused by inactivity; however,
the mechanism has not yet been completely elucidated.

Eguchi et al. [12] previously reported that decreases
in pelvic/lumbar support structures, such as trunk and
appendicular muscle mass, may be involved in the pro-
gression of spinal deformities and an increased LBP. Ap-
pendicular skeletal muscle was related to posterior PT.
Moreover, LBP was negatively correlated with appendicu-
lar skeletal muscle mass and positively correlated with PT,
suggesting that sarcopenia may be associated with LBP
due to its association with posterior PT [12].

Although it seems likely that reductions in skeletal
muscle mass would affect surgical outcomes, the relation-
ship between skeletal muscle mass and surgical outcomes

in LSS has not yet been elucidated.

In the present study, we considered the relationship be-
tween spinal column alignment and skeletal muscle mass
on clinical outcomes following surgery for LSS.

Materials and Methods
1. Subjects

Among the 140 patients who underwent surgery for LSS at
our institution between April 2014 and October 2016, 34
women (mean age, 74.4 years) who filled clinical question-
naires before and at least 6 months after surgery were re-
viewed. There were 17 cases of single-level spinal stenosis,
10 cases of double-level spinal stenosis, and seven cases of
foraminal stenosis. Before surgery, foraminal stenosis was
comprehensively diagnosed based on clinical symptoms,
physical findings, plain X-rays, computed tomography,
magnetic resonance imaging (MRI), and three-dimen-
sional (3D)-MRI. Foraminal stenosis was defined based
on abnormalities such as nerve indentation, swelling, and
running transversely in their course through the foramen
on 3D-MRI. The nerve roots were selectively blocked to
diagnose damaged nerve roots based on function. If the
Visual Analog Scale (VAS, 100-mm method) of the lower
limbs was alleviated by <20 mm at 30 minutes after nerve
root block, the diagnosis was considered positive [3].

There were 11 cases of L3/4, 28 cases of L4/5, and seven
cases of L5/S1 stenosis. The procedures included 17 cases
of single-level laminectomy, 10 cases of double-level lami-
nectomy, five cases of single-level transforaminal lumbar
interbody fusion (TLIF), one case of double-level TLIF,
and one case of single-level oblique lateral interbody fu-
sion (OLIF) (Table 1). LSS was diagnosed in all patients
using laminectomy, and foraminal stenosis was diagnosed
in all patients using TLIF or OLIF. The exclusion criteria
included a history of multiple fractures of the thoracolum-
bar spine, spinal or hip joint surgery, and neuromuscular
disorders, such as Parkinson’s disease.

2. Measurement of body composition

Body composition was measured using a whole-body, du-
al-energy X-ray absorptiometry (DXA, QDR-DELPHIW
scanner DPX-NT; Hologic, Waltham, MA, USA), which
assessed the mass of lean soft tissue, fat, and bone mineral
for the whole body and specific regions such as the arms,
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legs, and trunk. Appendicular skeletal muscle mass was
calculated as the sum of skeletal muscle mass in the arms
and legs, assuming that the mass of lean soft tissue was
representative of the skeletal muscle mass. Skeletal muscle
mass index (SMI) was calculated as four-limb lean soft
tissue mass in kilograms divided by the height in meters
squared. Sarcopenia was defined as (appendicular) SMI
<5.46 kg/m’, based on normalized data for sarcopenia in
Japanese men and women [13]. Trunk SMI was defined as
the trunk lean mass in kilograms divided by height in me-
ters squared, although the lean mass of the trunk also in-
cludes the internal organs. The whole-body bone mineral
density (BMD), arm lean mass, leg lean mass, trunk lean
mass, appendicular lean mass, and total lean mass values
from before and 6 months after the surgery were recorded
for all patients (Table 1).

3. Radiographic measurements

The frontal view of the entire spine and the lateral view
including the hip joints were photographed with the sub-

Table 1. Patient characteristics

Age (yr) 74.4+76
Height (m) 1.48+0.06
Weight (kg) 50.848.2
Body mass index (kg/m?) 233433
Diagnosis
Single-level stenosis 17
Double-level stenosis 10
Foraminal stenosis 7
Level of stenosis
L3/4 11
L4/5 28
L5/S1 7
Surgery
Laminectomy
One level 17
Two levels 10
Transforaminal lumbar interbody fusion
One level 5
Two levels 1
Oblique lateral interbody fusion (one level) 1

Values are presented as meansstandard deviation or number.
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jects in a standing position and conducted before and
after the surgery for three cases of fusion and 19 cases of
decompression. Radiographic measurements comprised
lumbar scoliosis (LS), SVA, thoracic kyphosis (TK), LL,
PT, PI, sacral slope (SS), and PI-LL. LS was measured
as the angle between the lower end plates of L1 and L5
on the frontal radiographs. SVA was measured as the
distance from the C7 plumb line to a perpendicular line
drawn from the superior posterior end plate of the S1 ver-
tebral body on the lateral radiographs. TK was measured
from the upper end plate of T5 to the lower end plate of
T12. LL was measured from the lower end plate of T12 to
the upper end plate of S1. PT was measured as the angle
between the vertical line and the line joining the hip axis
to the center of the superior end plate of S1. PI was mea-
sured as the angle subtended by a perpendicular line from
the upper end plate of S1 and a line connecting the center
of the femoral head to the center of the cephalad end plate
of S1. Finally, SS was measured as the angle between the
superior end plate of S1 and a horizontal line.

4. Measurement of clinical outcomes

Before and 6 months after the surgery, clinical outcomes
were evaluated using a VAS score for LBP and leg pain
ranging from 0 (no pain) to 100 (extreme amount of
pain), the Japanese Orthopedic Association (JOA) scor-
ing system (range, 0-29 points), and the Roland—Morris
Disability Questionnaire (RDQ; range, 0-24 points). The
normal JOA score is 29 points, based on three subjec-
tive symptoms (9 points), three clinical signs including
straight-leg raise (6 points), and seven activities of daily
living (ADL, 14 points). The normal RDQ score is 0 point,
and the total number of items checked ranges from zero
to 24.

Sarcopenia prevalence in each group, correlations be-
tween appendicular and trunk SMIs and spinal alignment
with clinical and surgical outcomes, and correlation be-
tween spinal alignment and appendicular and trunk SMIs
were studied.

5. Statistical analysis

Statistical analyses were performed using Stat View soft-
ware ver. 5.0 (SAS Institute Inc., Cary, NC, USA). For
each parameter, difference between both the groups was
evaluated using an unpaired ¢-test. Pearson correlation



Predictive factors for postoperative low back pain S8} I

coeflicients were calculated to determine the correlation
between appendicular SMI or trunk SMI and spinal pa-
rameters or clinical outcomes. A threshold of p<0.05 was
considered statistically significant.

6. Ethics and consent to participate

All protocols involving humans were approved by the
Shimoshizu National Hospital (IRB approval no., H26'-
6) and and were performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki
and its later amendments. All participants provided a
written informed consent prior to their inclusion in this
study.

Results

The preoperative radiographical alignment measures
included LS (8.5°+£10.4°), SVA (46.2+30.5 mm), TK
(22.8°49.7°), LL (38.2°+14.5°), PI (49.2°+10.9°), PT
(25.1°4£8.2°), SS (27.6°+9.99), and PI-LL (11.0°%13.5°).
The postoperative radiographical alignment measures
included LS (7.9°+8.4°, p=0.82), SVA (37.6+24.3 mm,

p=0.28), TK (21.0°£8.7°, p=0.47), LL (39.4°£13.9°,
p=0.75), PI (51.4°%£12.3°, p=0.75), PT (24.5°+£9.0°, p=0.8),
SS (29.00+10.1°, p=0.62), and PI-LL (12.0°+13.0°, p=0.79).
There were no significant changes in these parameters be-
fore and after the surgery (Table 2).

Sarcopenia (SMI <5.46) was observed in nine out of the
34 subjects (26.5%); presarcopenia (SMI <6.12) was ob-
served in 12 out of the 34 subjects (35.3%). RDQ scores in
sarcopenia (SMI <5.46), presarcopenia (SMI <6.12), and
normal subjects (SMI >6.12) were 9.67+7.47, 6.00+4.63,
and 4.38+3.88, respectively. Compared with normal
subjects, RDQ was significantly higher in subjects with
sarcopenia (p=0.04); however, these differences were not
significant among subjects with presarcopenia (p=0.34)
(Fig. 1).

BMD before (0.96+0.09 g/cm®) and after (0.97+0.09 g/
cm’) the surgery was not significantly different (p=0.65).
Appendicular SMI was 5.96+0.72 before and 5.76+0.65
after the surgery, and although a decreasing trend was ob-
served, there was no significant difference (p=0.25). Trunk
SMI was 7.48+0.76 before and 7.67+0.81 after the surgery,
and while an increasing trend observed, there was no sig-
nificant difference (p=0.34).

Table 2. Comparisons of pre- and postoperative measurements of spinal alignment, BMD, skeletal muscle mass, and clinical outcome

VENED][

Preoperative

Postoperative

Spinal alignment

Lumbar scoliosis (°) 8.5+10.4 7.9+8.4 0.82
Sagittal vertical axis (mm) 46.2+30.5 37.6+24.3 0.28
Thoracic kyphosis (°) 22.8+9.7 21.0+8.7 0.47
LL(°) 38.2+14.5 39.4+13.9 0.75
PI(°) 49.2+10.9 51.4+12.3 0.75
Pelvic tilt (°) 25.148.2 24.549.0 0.8
Sacral slope (°) 27.6+9.9 29.0+10.1 0.62
PI-LL (°) 11.0£135 12.0£13.0 0.79
BMD (g/cm?) 0.96+0.09 0.97+0.09 0.65
Skeletal muscle mass
SMI 5.96+0.72 5.76+0.65 0.25
Trunk SMI 7.48+0.76 7.67+0.81 0.34
Clinical outcome
Japanese Orthopedic Association score 17.2+3.4 235+£3.4 9.2x10™
Roland—Morris Disability Questionnaire 10.5+4.9 6.4+5.6 0.002
Visual Analog Scale (low back pain) 53.2+26.5 28.8+26.2 0.0004

Values are presented as mean+standard deviation.
BMD, bone mineral density; LL, lumbar lordosis; P, pelvic incidence; SMI, skeletal muscle mass index.
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Fig. 1. Postoperative RDQ in sarcopenia, presarcopenia, and normal
subjects. Sarcopenia, 9.67+7.47; presarcopenia, 6.00+4.63; normal,
4.38+3.88. There was a significant increase in postoperative RDQ
among subjects with sarcopenia (p=0.04), but these differences were
not significant among the subjects with presarcopenia (p=0.34). RDQ,
Roland—Morris Disability Questionnaire. p<0.05.
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Fig. 2. Correlations between appendicular and trunk SMls and clinical

symptoms. A statistically significant negative correlation was noted

between appendicular SMI and postoperative RDQ (p<0.05). SMI, skel-

etal muscle mass index; RDQ, Roland—Morris Disability Questionnaire.

The clinical outcomes included a JOA score of 17.2+3.4
before and 23.5+3.4 after the surgery, a RDQ of 10.5+4.9
before and 6.4+5.6 after the surgery, and the VAS score for
LBP was 53.2+26.5 before and 28.8+26.2 after the surgery;
LBP significantly improved (p<0.05) (Table 2). There were
no complications during and after the surgeries.

Regarding correlation between clinical symptoms and
surgical outcomes with skeletal muscle mass, the post-
operative RDQ showed a significant negative correlation
with SMI (r=-0.42, p<0.05) (Fig. 2). There were no cor-
relations between other clinical outcomes such as VAS
scores, JOA scores, and skeletal muscle mass. Clinical
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Fig. 3. Correlation between spinal alignment and appendicular and
trunk SMls. (A) A statistically significant positive correlation was
noted between PT and postoperative RDQ (p<0.05). (B) A statistically
significant negative correlation was noted between PT and appendicu-
lar SMI (p<0.05). SMI, skeletal muscle mass index; PT, pelvic tilt; RDQ,
Roland—Morris Disability Questionnaire.

outcomes and spinal column alignment showed a signifi-
cant positive correlation between postoperative RDQ and
PT (r=0.41, p<0.05) (Fig. 3A). Correlations between spi-
nal column alignment and skeletal muscle mass showed
that SMI and PT were significantly negatively correlated
(r=—0.39, r<0.05) (Fig. 3B).

Discussion

Sarcopenia is defined as an age-associated loss of skeletal
muscle mass and function with a risk of adverse outcomes
such as physical disability and poor QOL [9,10]. Sarcope-
nia is very common in older individuals, with a reported
prevalence of 5%-13 % in 60-70-year-olds [11].

In a report on sarcopenia and spinal diseases, Miyako-
shi et al. [14] noted that 20% of Japanese patients with os-
teoporosis suffer from sarcopenia complications whereas
only 10% of healthy individuals have sarcopenia. Eguchi
et al. [12] previously reported a high sarcopenia preva-
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lence rate of 46% in patients with degenerative LS and
70% in those with dropped head syndrome [15]. In the
present study, sarcopenia was observed in 26.5% of LSS
surgical subjects. This is somewhat high compared with
the reported 10% prevalence in healthy subjects.

With regard to spinal alignment that adversely affects
QOL, Takemitsu et al. [16] reported that 95% of patients
with lumbar degenerative kyphosis suffer from LBP,
which severely disrupts their ADL. Glassman et al. [17]
found that patients with large SVA, where the C7 plumb
line shows anterior displacement, suffer from the greatest
disruption of QOL, stressing the importance of sagittal
alignment. Lafage et al. [8] associated posterior PT and
stooping posture with poor QOL, and considered PT and
SVA to be vital factors. Schwab et al. [6,7] demonstrated
that SVA, PT, and PI-LL were most closely related to LBP
and disability; this group chose radiographical parameters
PI-LL <100, PT <20°, and SVA <50 mm as the thresholds
for correction. Aoki et al. [18] revealed that postoperative
PI-LL mismatch caused greater residual LBP after short-
segment lumbar interbody fusion.

Nevertheless, PI-LL was used to evaluate alignment fol-
lowing surgery. There are currently no reports of preoper-
ative factors predicting residual LBP. In the present study,
good postoperative LSS results were negatively correlated
with low preoperative appendicular muscle mass. Specifi-
cally, the postoperative outcomes were inferior in cases of
decreased appendicular muscle mass (sarcopenia).

There were no significant differences between the vari-
ous spinal alignment parameters before and after surgery.
Furthermore, no correlation was found between SVA, PI-
LL, and postoperative LBP. Further investigation of align-
ment change was not required in 22 cases.

Eguchi et al. [12] reported that the appendicular skeletal
muscle was related to posterior PT; moreover, RDQ was
negatively correlated with appendicular skeletal muscle
mass and positively correlated with PT, suggesting that
sarcopenia may be associated with LBP as a result of pos-
terior PT. In the present study, appendicular muscle mass
reduction and posterior PT were related to LBP. It is pos-
sible that posterior PT caused by the appendicular muscle
mass reduction contributed to postoperative LBP. To the
best of our knowledge, this is the first report to show that
preoperatively reduced SMI and posterior PT are predic-
tive factors for the persistence of the postoperative lower
back pain.

Our study has several limitations. Firstly, the number of

subjects included was small and they had short postopera-
tive follow-up periods; therefore, our findings need to be
confirmed in a larger population with longer postopera-
tive follow-up periods. Secondly, our study population in-
cluded only Japanese women with low body mass indices.
Thirdly, DXA cannot measure individual spinal muscles
such as the paravertebral and psoas muscles. The trunk
SMI defined in this study included internal organs; there-
fore, it is not an accurate measure of actual trunk muscle
volume but merely a relative evaluation. Lastly, postopera-
tive residual symptoms are affected by multiple factors.

In this study, 27 cases of decompression and seven cases
of fusion surgery were included. Furthermore, back pain
is affected by differences in surgical procedures and ensu-
ing spinal alignment changes.

In cases of decompression, spinal alignment measure-
ments (preoperative, postoperative, p-value) included LS
(6.9, 6.6, p=0.92), SVA (46.3, 39.4, p=0.49), TK (23.8, 21.5,
p=0.38), LL (41.0, 41.7, p=0.87), PI (50.0, 54.7, p=0.21),
PT (24.4, 26.2, p=0.52), SS (29.6, 30.2, p=0.85), and PI-LL
(9.0, 13.1, p=0.34). There were no significant changes in
alignment between before and after surgery.

In cases of fusion, spinal alignment measurements (pre-
operative, postoperative, p-value) included LS (14.4, 10.7,
p=0.60), SVA (46.8, 33.7, p=0.31), TK (19.1, 19.7, p=0.93),
LL (28.0, 34.6, p=0.47), PI (46.3, 44.3, p=0.73), PT (27.7,
20.9, p=0.12), SS (20.7, 26.4, p=0.23), and PI-LL (18.3,9.7,
p=0.26). Slight improvements were observed in PT and
PI-LL mismatch, but otherwise there were no significant
changes in alignment between before and after surgery.
Further investigation is required with a large number of

cases.

Conclusions

We considered the relationship between spinal alignment
and skeletal muscle mass on clinical outcomes following
surgery for LSS. Sarcopenia was found in 26.5% of cases
of LSS. Good postoperative outcomes were negatively cor-
related with low preoperative appendicular muscle mass,
suggesting that postoperative outcomes were inferior in
cases of decreased appendicular muscle mass (sarcopenia).
We also found that reduced appendicular muscle mass
was associated with posterior PT and LBP. Posterior PT
due to appendicular muscle mass reduction may contrib-
ute to postoperative LBP. A reduced preoperative appen-
dicular muscle mass and posterior PT may be predictive
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factors for postoperative residual LBP.
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