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Abstract

Purpose To clarify the relationship between sarcopenia and spinopelvic parameters.

Methods Among outpatients of spine surgery department, 126 patients (mean age 77.2 years. M/F =71/55) were included.
We diagnosed patients with sarcopenia using the diagnostic algorithm of the Asian Working Group for Sarcopenia. Spinopel-
vic parameters and the prevalence of spinopelvic mismatch (pelvic incidence minus lumbar lordosis > 10°) were investigated
and compared between patients with and without sarcopenia. Furthermore, we compared the spinopelvic parameters between
the Sarcopenia and No Sarcopenia groups under each condition of spinopelvic match and mismatch.

Results The prevalence of sarcopenia in this study was 21.4%. Overall, the spinopelvic parameters except thoracic kypho-
sis (TK) (Sarcopenia: 34.7°, No Sarcopenia: 24.3°, p <0.01) were not significantly different between the Sarcopenia and
No Sarcopenia groups. Prevalence of patients with spinopelvic mismatch was also not significantly different between the
Sarcopenia and No Sarcopenia groups (37.0% vs. 42.4%, p=0.66). Among patients without spinopelvic mismatch, there
was no spinopelvic parameter with a significant difference between the 2 groups. However, among patients with spinopelvic
mismatch, sagittal vertebral axis (SVA) (115.7 mm vs. 58.7 mm, p <0.01) and TK (36.6° vs. 21.3°, p <0.01) of the Sarcope-
nia group were significantly larger than those of the No Sarcopenia group. Moreover, sarcopenia was independently related
to a significant increase in SVA (=50.7, p <0.01) and TK (f=14.0, p <0.01) in patients with spinopelvic mismatch, after
adjustment for age.

Conclusions Sarcopenia is related to spinal sagittal imbalance because of insufficient compensation by flattening thoracic
kyphosis in patients with spinopelvic mismatch.
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Introduction sarcopenia is related to adult spinal deformity [16]; how-

Sarcopenia, defined as an age-related loss of muscle mass
and function [1], is becoming a great concern in super-
aged societies as a risk factor leading to adverse events,
such as a decline in the quality of life [2] and death [3].
According to the diagnostic algorithm of sarcopenia
defined by the European Working Group on Sarcopenia
in Older People (EWGSOP) [4] in 2010 and the Asian
Working Group for Sarcopenia (AWGS) [5] in 2014, sar-
copenia has been widely reported to be related with vari-
ous diseases [6—9]. In the research field of spine surgery,
sarcopenia was reported to be a risk factor for vertebral
fractures [10] and to induce worse performance in patients
with lumbar canal stenosis [11].

Spinal sagittal imbalance, which induces low back pain
and poor quality of life in elderly people [12], was also one
of the greatest concerns in the field of spine surgery. The
causal pathway of spinal sagittal imbalance was reported
to be insufficient compensation for spinopelvic mismatch
secondary to a decrease in lumbar lordosis [13] (Fig. 1).
Muscular factors, such as back extensor muscle strength
[14] and paraspinal muscle volume, [15] were reported
to be related to a decrease in lumbar lordosis and spinal
sagittal imbalance; however, what causes or accelerates
spinopelvic mismatch and spinal sagittal imbalance still
remains unclear.

We hypothesized that sarcopenia was relevant to the
occurrence of spinopelvic mismatch and spinal sagittal
imbalance. There are a few studies that have reported that
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ever, to our knowledge, no study has compared the spin-
opelvic parameters between patients with sarcopenia and
patients without sarcopenia. Furthermore, there has been
no report on the relationship between sarcopenia strictly
diagnosed using EWGSOP or AWGS and the pathology
of spinal disease.

The purpose of this study is to clarify whether sarco-
penia is related to spinopelvic mismatch or spinal sagittal
imbalance by comparing the spinopelvic parameters between
patients with and without sarcopenia diagnosed using
AWGS criteria on outpatients of spine clinic.

Methods
COl and IRB statements

This study was a retrospective analysis of prospectively col-
lected data of spine clinic outpatients. The study protocol was
approved by the Institutional Review Board of our institution
(No. 3170). No funds were received in support of this work.

Study population

From August 2015 to March 2016, we continuously recruited
our spine clinic outpatients who were aged 65 or more and
who agreed to screening for sarcopenia. For assessing the
spinopelvic parameters of patients with similar backgrounds,
we included patients who had undergone microscopic or
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micro-endoscopic lumbar decompression surgery for lum-
bar spinal canal stenosis and patients who exceeded 1-year
post-surgery. We excluded the patients who were not able
to walk by themselves, had any metal implants in the body,
had vertebral fracture, or had complaint of neurological
deficit. Finally, 126 patients (mean age 77.2 years, male/
female =71/55) were enrolled in this study.

Measurements

On the last day of visit to the clinic, we measured the
patients’ body mass index (BMI), lumbar Japanese Ortho-
paedic Association (JOA) score, hand-grip strength, usual
gait speed, and muscle mass. All the patients underwent
whole spine radiography.

Hand-grip strength

Hand-grip strength was measured using a dynamometer
(T.K.K.5401, TAKEI, Japan). Two trials for each hand were
carried out, and we recorded the highest value for diagnos-
ing sarcopenia [5].

Usual gait speed

Patients were asked to walk at their usual pace after an
examiner’s “Start” command over an 8-m course and to stop
just past the finish line. The examiners measured the time
to pass through 8 m, except the first and last meters, which
equates to the 6 central meters. Usual gait speed (m/s) was
calculated using the time for the 6-m walk [17].

Muscle mass

Muscle mass was measured using a bioelectrical imped-
ance analysis (BIA) machine (MC980A, TANITA, Japan).
Appendicular skeletal muscle mass (ASM) was calculated
as the sum of the skeletal muscle masses of the arms and
legs. Skeletal muscle mass index (SMI) was defined as ASM
divided by height in meters squared (ASM/height?) [18].

Radiological evaluation

Patients were instructed to stand in a comfortable position
with their hands resting on their clavicle. From the radiograph,
the following spinopelvic parameters were measured: pelvic
incidence (PI): the angle between the line perpendicular to the
sacral plate at its midpoint and the line connecting this point

to the axis of the femoral heads [19], lumbar lordosis (LL): the
Cobb angle from the upper endplate of L1 to the lower end-
plate of S1 [20], sagittal vertebral axis (SVA): the horizontal
distance from the C7 plumb line originating at the middle of
the C7 vertebral body to the posterior superior endplate of S1
[12], thoracic kyphosis (TK): the Cobb angle from the upper
endplate of T4 to the lower endplate of T12 [21], and pelvic
tilt (PT): the angle between the line connecting the midpoint
of the sacral plate to the axis of the femoral heads and the
vertical axis [22]. In this study, SVA was used as an index of
spinal sagittal imbalance. From the sagittal modifier of SRS-
Schwab classification [23], when PI minus LL is 10° or more,
it is defined as spinopelvic mismatch.

Diagnosis of sarcopenia (AWGS criteria)

We diagnosed patients with sarcopenia using the diagnostic
algorithm of AWGS [5]. In the AWGS algorithm, elderly
people with low muscle mass (BIA method; SMI < 7.0 kg/
m? in male and < 5.7 kg/m? in female), in addition to low
hand-grip strength (hand-grip strength <26 kg in men and
< 18 kg in women) and/or slow walking speed (usual gait

speed < 0.8 m/s) are diagnosed with sarcopenia (Fig. 2).
Statistical analysis

Patients diagnosed with sarcopenia were assigned to the
Sarcopenia group, and others were assigned to the No Sar-
copenia group. Continuous and categorical variables were
compared between the Sarcopenia group and No Sarcopenia
groups using the Mann—Whitney U test and Chi-squared test,
respectively. According to the definition of spinopelvic mis-
match described above, the prevalence of spinopelvic mis-
match was compared between the Sarcopenia group and No
Sarcopenia group. In each case with or without spinopelvic
mismatch, we compared the spinopelvic parameters between
the Sarcopenia group and No Sarcopenia group using the
Mann—Whitney U test. Additionally, for spinopelvic param-
eters with significant differences, age-adjusted comparisons
were made between the Sarcopenia group and No Sarcope-
nia group using multiple linear regression analysis. Statisti-
cal analyses were performed using statistical software SAS
(version 9.4: SAS Institute Inc., Cary, North Carolina, the
USA). All values are expressed as mean + standard deviation
with a statistical significance level set at p <0.05.

Results
Prevalence of sarcopenia

Of the 126 patients, a total of 27 patients were diagnosed
with sarcopenia using AWGS criteria. The prevalence of
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Fig.2 Diagnostic algorithm

of Sarcopenia, Asian Working
Group for Sarcopenia (AWGS)
Criteria. First, elderly patients
are examined for their hand-grip
strength and usual gait speed.
When patients” hand-grip
strength and usual gait speed
exceed the cutoff value, they are
diagnosed with no sarcopenia.
Second, patients whose hand-
grip strength and/or usual gait
speed are less than the cutoff
value are examined for their
skeletal muscle mass. Finally,
patients whose skeletal muscle
mass is less than the cutoff
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sarcopenia in this study group was 21.4%. Patients in the
Sarcopenia group were significantly older than those in the
No Sarcopenia group (81.7 years vs. 76.0 years, p <0.01).
The Sarcopenia group showed lower BMI (19.9 kg/m?
vs. 24.1 kg/m?, p<0.01), hand-grip strength (16.8 kg
vs. 24.9 kg, p <0.01), gait speed (0.80 m/s vs. 0.95 m/s,
p<0.01), and SMI (5.92 kg/m? vs. 7.48 kg/m?, p<0.01)
than the No Sarcopenia group. However, there was no sig-
nificant difference in the lumbar JOA score between the 2
groups (23.1 points vs. 24.4 points, p=0.12) (Table 1).

Comparison of spinopelvic parameters
between Sarcopenia and No Sarcopenia
groups

Spinopelvic parameters except TK (Sarcopenia: 34.7°, No Sar-
copenia: 24.3°, p <(0.01) were not significantly different between
the Sarcopenia group and No Sarcopenia groups (Table 2). The
prevalence of patients with spinopelvic mismatch (PI minus
LL>10°) was 37.0% (10 of 27 patients) in the Sarcopenia
group and 42.4% (42 of 99 patients) in the No Sarcopenia group
(Table 2). There was no significant difference between the Sar-
copenia group and No Sarcopenia groups (p=0.66).

Patients without spinopelvic mismatch (PI
minusLL<10°)
Among patients without spinopelvic mismatch (PI minus

LL < 10°), there was a significant difference regarding
age between the Sarcopenia group (81.3 years) and No
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Table 1 Comparison of patients’ background data between Sarcope-
nia and No Sarcopenia

Sarcopenia ~ No Sarcopenia P

N=27 N=99
Age (years) 81.7+5.4 76.0+6.0 <0.01
Female (%) 59.3% 39.4% 0.08
BMI (kg/m? 19.9+1.5 24.1+3.0 <0.01
Hand-grip strength (kg)  16.8+6.9 249+89 <0.01
Gait speed (m/s) 0.80+0.23  0.95+0.27 <0.01
SMI (kg/m?) 592+0.67 7.48+1.20 <0.01
Lumbar JOA score (pts)  23.1+3.2 24.4+3.6 0.12

Data are presented as mean + standard deviation
P values with significant differences are shown in bold

Mann—Whitney U test for continuous variables and Chi-squared test
for categorical variables were used to compare groups

BMI body mass index, SMI skeletal muscle mass index, JOA score
Japanese Orthopaedic Association scoring system

Sarcopenia groups (75.3 years, p <0.01). However, there
was no significant difference in the spinopelvic parameters
between the 2 groups (Table 3).

Patients with spinopelvic mismatch (PI
minus LL>10°)

When limiting patients with spinopelvic mismatch (PI
minus LL > 10°), the mean age of the Sarcopenia group
(81.6 years) was significantly higher than that of the No
Sarcopenia group (77.0 years, p <0.01). Regarding spin-
opelvic parameters, the mean SVA of the Sarcopenia group
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Table 2 Comparison of the spinopelvic parameters between Sarcope-
nia and No Sarcopenia

Table 4 Comparison of the spinopelvic parameters between Sarcope-
nia and No Sarcopenia (in patients with PI minus LL > 10°)

Sarcopenia No Sarcopenia P Sarcopenia No Sarcopenia P
N=27 N=99 n=10 n=42
Spinopelvic parameters Age (years) 81.6+6.5 77.0+6.0 <0.01
PI (°) 48.5+9.5 489+11.1 0.82 Female (%) 50.0% 45.2% 0.53
LL (°) 37.3+14.6 353+169 0.71 Spinopelvic parameters
PI-LL (°) 11.2+10.4 13.7+14.1 0.51 PI (°) 44.6+10.1 49.5+12.1 0.20
SVA (mm) 60.1+47.0 48.4+30.7 0.21 LL (°) 20.9+8.7 25.6+15.8 0.21
TK (°) 34.7+11.0 243+139 <0.01 PI-LL (°) 23.7+6.3 239+11.5 0.51
Spinopelvic mismatch 0.66 SVA (mm) 115.7+10.6 58.7+28.2 <0.01
PI-LL < 10° (n) 17 57 TK (°) 36.6+10.9 21.3+14.8 <0.01
PI-LL>10° (n) 10 42 PT (°) 25.0+6.7 27.5+9.3 0.35

Data are presented as mean + standard deviation
P value with significant difference is shown in bold

Mann—Whitney U test for continuous variables and Chi-squared test
for categorical variables were used to compare groups

PI pelvic incidence, LL lumbar lordosis, SVA sagittal vertebral axis,
TK thoracic kyphosis, PT pelvic tilt

Table 3 Comparison of the spinopelvic parameters between Sarcope-
nia and No Sarcopenia (in patients with PI minus LL < 10°)

Sarcopenia No Sarcopenia P
N=17 N=57
Age (years) 81.3+4.8 753+5.7 <0.01
Female (%) 64.7% 35.1% 0.05
Spinopelvic parameters
PI(°) 49.9+8.2 47.6+10.3 0.43
LL (°) 45.7+84 45.7+10.9 0.98
PI-LL (°) 4.1+43 1.9+5.6 0.15
SVA (mm) 336114 37.4+30.5 0.70
TK (°) 344+11.4 289+11.3 0.13
PT (°) 20.8+7.3 18.3+10.4 0.36

Data are presented as mean + standard deviation
P value with significant difference is shown in bold

Mann-Whitney U test for continuous variables and Chi-squared test
for categorical variables were used to compare groups

PI pelvic incidence, LL lumbar lordosis, SVA sagittal vertebral axis,
TK thoracic kyphosis, PT pelvic tilt

(115.7 mm) was significantly larger than that of the No
Sarcopenia group (58.7 mm, p <0.01). The mean TK of
the Sarcopenia group (36.6°) was also significantly larger
than that of the No Sarcopenia group (21.3°, p<0.01)
(Table 4). Using multiple linear regression analysis for
adjusting age, it was revealed that sarcopenia was indepen-
dently related to the significant increase in SVA (f =50.7,
p<0.001) and TK (f =14.0, p=0.010) (Fig. 3a, b).

Data are presented as mean + standard deviation
P values with significant differences are shown in bold

Mann-Whitney U test for continuous variables and Chi-squared test
for categorical variables were used to compare groups

PI pelvic incidence, LL lumbar lordosis, SVA sagittal vertebral axis,
TK thoracic kyphosis, PT pelvic tilt

Discussion

In our study population, 21.4% of the all elderly outpatients
who underwent lumbar decompression surgery were diagnosed
with sarcopenia on the basis of the AWGS criteria. Yoshimura
et al. reported that the prevalence of sarcopenia diagnosed
using AWGS was 8.2% (men, 8.5%; women, 8.0%) among
1099 elderly people in Japan [24]. Despite the absence of pre-
sent symptoms of lumbar canal stenosis, outpatients who had
undergone lumbar decompression surgery seemed more likely
to have sarcopenia than the general elderly population.

Overall, there was no significant difference regarding
spinopelvic parameters except TK between the 2 groups.
The incidence of spinopelvic mismatch among patients
with sarcopenia and without sarcopenia was also not sig-
nificantly different (p =0.66). Spinopelvic mismatch caused
by decrease in LL with aging, vertebral fractures, and disk
degeneration was reported to be the key trigger of spinal
sagittal imbalance (increase in SVA) [13]. Our result showed
that sarcopenia was not related to the occurrence of spin-
opelvic mismatch.

Among patients without spinopelvic mismatch, all spin-
opelvic parameters were not significantly different between
the 2 groups. Schwab et al. reported that if the patients’
LL were maintained within the range of PI +9°, their pos-
ture was well balanced and there was spinopelvic harmony
[22]. In that situation, they did not need any compensation
to keep their posture balanced; therefore, the presence of
sarcopenia was not related to spinopelvic parameters.

Among patients with spinopelvic mismatch, SVA and
TK of the patients with sarcopenia were significantly
larger than those of the patients without sarcopenia. Even
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after adjusting the age difference between the 2 groups
using multilinear regression analysis, sarcopenia was sig-
nificantly related to a larger SVA and a larger TK. When
the spinopelvic mismatch occurred, for avoiding sagittal
imbalance (increase in SVA), compensatory mechanisms
such as pelvic retroversion (increase in PT), flattening of
thoracic spine (decrease in TK) were recruited to pull back
the center of their gravity line (decrease in SVA) [22, 25,
26]. From our result, PT was not significantly different
whether patients had sarcopenia or not. So once spinopel-
vic mismatch occurred, patients with sarcopenia could not
compensate their sagittal imbalance as much as patients
without sarcopenia because of insufficient compensation
especially by flattening of their thoracic spine (Fig. 4).

In summary, the presence of sarcopenia was not related
to the occurrence of spinopelvic mismatch but to spinal
sagittal imbalance in the presence of spinopelvic mismatch
because of insufficient compensation for maintaining a
balanced posture.

Spinal sagittal imbalance induces worse quality of life
among elderly people. Although correction surgery for
adult spinal deformity including spinal sagittal imbalance
was reported to be effective [27], there are still problems
such as a high complication rates [28] and high medical
costs [29]. Therefore, it is important to elucidate methods
to prevent spinal sagittal imbalance. Our results reveal the
possibility that prevention of sarcopenia might be effective
in preventing spinal sagittal imbalance.

Strength of our study
Regarding the relationship between sarcopenia and spinal

deformity, Eguchi et al. reported that the prevalence of sar-
copenia and serum pentosidine level among patients with
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Fig.4 Schematic images comparing postures of patients in the Sar-
copenia and No Sarcopenia groups, in patients with spinopelvic mis-
match. The patients in the Sarcopenia group could not compensate for
their sagittal imbalance as much as the patients in the No Sarcopenia
group because of insufficient compensation by flattening of their tho-
racic spine

degenerative lumbar scoliosis (DLS) were higher than those
without DLS [16, 30]. And they reported that high serum
pentosidine level was associated with severity of coronal
and sagittal malalignment [30]. However, those studies were
not directly compared the spinopelvic parameters between
patients with sarcopenia and without sarcopenia. Therefore,
to our knowledge, our study is the first to report the relation-
ship of sarcopenia with spinopelvic parameters and reveal
that sarcopenia is relevant to spinal sagittal imbalance.
Furthermore, the definition of sarcopenia in our study
strictly followed the AWGS diagnostic algorithm. Unlike
other research fields, most of the reports in the research field
of spine surgery defined sarcopenia as just a reduction in
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muscle mass [10, 16, 30, 31]. For researching the influence
of sarcopenia in an aged society, it is important to define
sarcopenia under the same, widely used diagnostic criteria
[4, 5]. Our study satisfied that, so it is also meaningful in
this respect.

Limitation of our study

This study has several limitations. First, we could not detect
whether sarcopenia was the “cause” of spinal sagittal imbalance
or the “result” of spinal sagittal imbalance due to the cross-sec-
tional nature of our study. Further studies, such as longitudinal
studies, are needed. Second, we could not assess the sagittal
alignment of the lower extremity due to lack of full-length radi-
ographs like the EOS imaging system [32]. Knee flexion was
reported to be one of the important compensatory mechanisms
[33]. Finally, our study population included patients who had
undergone microscopic or micro-endoscopic lumbar decom-
pression surgery. It is unknown whether this result can be gen-
eralized to all elderly people. However, the patients we targeted
had no neurological deficit, no metal implants, and no verte-
bral fractures. Therefore, among the spine clinic outpatients,
the patients we recruited were considered suitable subjects to
evaluate spinal sagittal alignment and balance.

Conclusions

This study investigated whether sarcopenia was related to spi-
nal sagittal imbalance by comparing spinopelvic parameters
between patients with and without sarcopenia. In conclusion,
sarcopenia is not independently related to spinopelvic mis-
match; however, it is independently related to spinal sagittal
imbalance because of insufficient compensation by flattening
thoracic kyphosis in patients with spinopelvic mismatch.
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