www.nature.com/scientificreports

SCIENTIFIC
REPORTS

natureresearch

Impact of Sarcopenia on Clinical
Outcomes of Minimally Invasive
Lumbar Decompression Surgery
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The purpose of this study was to clarify the clinical impact of sarcopenia on the outcome of minimally
invasive lumbar decompression surgery. The records of 130 patients who were >65 years and
underwent minimally invasive lumbar decompression surgery were retrospectively reviewed. We
collected the Japanese Orthopaedic Association (JOA) score before surgery and at the final follow-up
and measured appendicular muscle mass using bioimpedance analysis, hand-grip strength and gait
speed. We diagnosed the patients with sarcopenia, dynapenia and normal stages using the European
Working Group on Sarcopenia in Older People definition and used cutoff thresholds according to the
algorithm set by the Asian Working Group for Sarcopenia. The average age of patients undergoing
surgery was 76.9 years old. The JOA score improved from 12.6 points preoperatively to 24.3 points

at final follow up. The prevalence of the sarcopenia, dynapenia and normal stages was 20.0, 31.6 and
43.8%. Clinical outcomes, such as JOA score, JOA score improvement ratio, visual analog scale for

low back pain, leg pain and numbness, were not significantly different among each group. Multiple
regression analysis showed that preoperative JOA score and low physical performance (low gait speed)
were independently associated with poor clinical outcomes. The JOA score improved after minimally
invasive lumbar decompression surgery even when the patients were diagnosed as being at different
stages of sarcopenia. Low physical performance had the greater clinical impact on the clinical outcome
of lumbar surgery than low skeletal muscle index.

According to the United Nations, the number of older persons worldwide is expected to double between 2017
and 2050. It was reported that one in eight people were aged 60 or over in 2017 and one in five will be aged 60
or over in 2050". As older people age, their physical and mental functions gradually decline, the levels of activity
and independence in daily living decrease, and nursing care becomes necessary. Sarcopenia and frailty have been
recognized as major public health issues because they are both easily detectable clinically and relatively simple to
prevent or treat>’. Identification of frailty and sarcopenia in its early stages is important for implementing early
treatment and intervention.

In 2010, the European Working Group on Sarcopenia in Older People (EWGSOP) proposed an operational
definition and diagnostic strategy for sarcopenia?, and it has become widely used in the world. The EWGSOP
recommends using the presence of low muscle mass, low muscle strength and low physical performance to diag-
nose sarcopenia. According to their conceptual staging, low muscle strength was affected by low muscle mass,
and low physical performance was affected by low muscle strength. However, the relationship between muscle
mass and strength is reportedly no-linear®. Therefore, it is thought to be limited clinical value to define sarcopenia
only in terms of muscle mass. The term dynapenia was defined to describe age-related loss of muscle strength
and function. Dynapenia is also one risk factor of mobility limitations and mortality®. In recent years, we can
easily classify the stage of sarcopenia and dynapenia using the Asian Working Group for Sarcopenia (AWGS),
which developed the strategy for sarcopenia screening and cutoff values for assessment’. We have performed a
cross-sectional study to evaluate the incidence of sarcopenia or dynapenia in outpatient clinic for patient with
spinal disorders and described that the respective incidences of the sarcopenia, dynapenia, and normal stages
were 16.4%, 26.7%, and 56.9% for males, and 23.7%, 50.9%, and 25.4% for females®. We have also reported that

Department of Orthopaedic Surgery, Osaka City University Graduate School of Medicine, Osaka, Japan. *email:
h-toyoda@msic.med.osaka-cu.ac.jp

SCIENTIFIC REPORTS |

(2019) 9:16619 | https://doi.org/10.1038/s41598-019-53053-0


https://doi.org/10.1038/s41598-019-53053-0
http://orcid.org/0000-0002-3126-0046
http://orcid.org/0000-0003-4800-9226
mailto:h-toyoda@msic.med.osaka-cu.ac.jp

www.nature.com/scientificreports/

dynapenia was more prevalent than sarcopenia in patients with spinal disorders. It is quite difficult to discrimi-
nate between the age-related changes in neurophysiology and neurologic diseases caused spinal diseases, and the
relationship between sarcopenia, dynapenia and clinical outcomes of spinal surgery remain unknown. Therefore,
in the present study we focused on lumbar spinal stenosis (LSS) and investigated the clinical impact of sarcopenia
on the outcome of minimally invasive lumbar decompression surgery.

Methods

Study population. From August 2015 to July 2016, a total of 230 consecutive patients who visited our spinal
outpatient clinic were enrolled in the present cross-sectional observational study®. The study was approved by
the ethics committee of Osaka City University Graduate School of Medicine (approval no. 3170), and all par-
ticipants provided written informed consent prior to enrollment. The research was done in accordance with the
Declaration of Helsinki. We excluded the patients who had any metal implants or internal electrical device in
the body and were not able to stand by themselves. Of the 230 eligible patients, the records of 130 patients who
underwent minimally invasive lumbar decompression surgery were reviewed for this study.

Surgical procedures.  All patients underwent bilateral decompression via a unilateral approach to decom-
press the central and bilateral lateral recess using a microscope or the METRx Microendoscopic Discectomy
System (Medtronic Sofamor Danek, Warsaw, Indiana, USA), performed as previously described®!. The radiolog-
ical indications were LSS, degenerative lumbar spondylolisthesis (DS) with a Meyerding grade <1 and a posterior
opening <5° during anterior flexion of the affected intervertebral level and degenerative lumbar scoliosis (DLS)
with a Cobb’s angle >10° or <20°. Laminotomy was performed on the side of the approach in the area of the
ligamentum flavum insertion, and resection of the articular process was performed in a trumpeted manner until
the inner aspect of the pedicle, with slight tilting of the microscope or tubular retractor laterally. Laminotomy was
performed on the approach side using an air drill, Kerrison rongeur and an osteotome. Decompression was then
performed on the contralateral side after tilting the operating table and the microscope or the tubular retractor.

Clinical outcomes. Clinical outcomes were evaluated with the Japanese Orthopaedic Association score (JOA
score), visual analog scale (VAS) score for lower back pain, leg pain, and leg numbness preoperatively and at the
latest follow-up. The improvement rate for the JOA scores was calculated as (postoperative JOA score—preopera-
tive JOA score)/(29—preoperative JOA score) x 100 (%)''. We defined poor clinical outcomes as the bottom 25th
percentile of the JOA score at the final follow-up.

Measurements of sarcopenia related parameters. Muscle mass were assessed by BIA using a Tanita
MC-980A Body Composition Analyzer (Tanita, Tokyo, Japan). It was reported that the muscle mass assessed by the
BIA method shows a high correlation with the muscle mass assessed by the DXA method'>"'. Skeletal muscle mass
index (SMI) was defined by dividing appendicular skeletal muscle mass by height in meters squared (kg/m?).

Handgrip strength was measured using a T.K.K.5401 dynamometer (Takei, Niigata City, Japan). Both hands
were tested and the best performance was used for the analysis.

The time taken to walk middle 5-m course (i.e. between the 2- and 7-m marks) at normal walking speed was
recorded and the usual gait speed was calculated. The first and last meters were ignored to allow for acceleration
and deceleration.

Definition of sarcopenia. According to the AWGS algorithm, low skeletal muscle index (SMI) were
<7.0kg/m? for men and <5.7 kg/m? for women was used to defined the cutoff thresholds for sarcopenia in this
study. Furthermore, the cutoft thresholds for low handgrip strength were <26 kg for men and <18kg for women,
and for low gait speed was <0.8 m/s’. In accordance with the EWGSOP consensus®, presarcopenia was defined
as having only low skeletal muscle index, whereas sarcopenia was defined as low skeletal muscle index plus low
handgrip strength or low walking speed. Furthermore, we defined severe sarcopenia as low skeletal muscle index
plus low handgrip strength and low walking speed. Dynapenia was defined as low handgrip strength or low walk-
ing speed without low skeletal muscle index’. Using this definition of sarcopenia, we classified the subjects into
sarcopenia, dynapenia and normal stage.

Statistical analysis. All data are shown as the mean + standard deviation. SPSS ver. 19.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analyses. Comparison of the three groups was performed using the
parametric one-way ANOVA, followed by multiple comparison tests using the Bonferroni method when a signif-
icant value was found. Because Group A was tested against Group B and C only, the p-value was adjusted to 0.025.
The Kruskal-Wallis test followed by the multiple comparison test was used for nonparametric variables. Pearson’s
correlation coeflicient and simple regression analysis were used for analyzing the correlations between variables.
The strength of the correlation was classified as very strong (>0.80), strong (0.60-0.79), moderate (0.40-0.59),
weak (0.20-0.39), or very weak (<0.20)"*. To elucidate factors predicting poor clinical outcomes, multivariate
statistical analysis was performed. Poor clinical outcome was defined as an outcome measure and explanatory
variables including age, sex, JOA score before surgery, and sarcopenia related parameters (low muscle mass; low
SMI, low muscle strength; low handgrip strength, low physical performance; low walking speed). Differences
were considered significant at p < 0.05.
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Figure 1. Prevalence of sarcopenia in patients with lumbar spinal stenosis after minimally invasive lumbar
decompression surgery.

Variables Sarcopenia group Dynapenia group Normal group P value
Numbers (%) 26 (20.0) 41(31.5) 57 (43.8)

Age (years) 80.9 (5.7) 77.5(6.3) 74.6 (5.8) <0.001
Men/women 10/16 15/26 43/14 <0.001
BMI (Kg/m?) 19.9 (1.6) 23.8(3.5) 24.6 (2.5) <0.001
Follow up period (days) 1196.1 (977.8) 1330.3 (1216.3) 1093.8 (935.5) 0.573
SMI (kg/m?) 5.88 (0.66) 7.11(1.12) 7.80 (1.07) <0.001
Handgrip strength (kg) 20.3(8.0) 22.1(8.8) 23.2(9.0) 0.374
Gait speed (m/s) 0.88 (0.23) 0.90 (0.27) 0.97 (0.29) 0.263
JOA score

before surgery 12.8 (4.6) 12.8 (4.9) 12.2 (3.7) 0.737
at the final F/U 24.0 (4.6) 24.0 (3.9) 24.4(3.0) 0.826
Improvement ratio of JOA score (%) 66.8 (23.5) 68.9 (22.1) 72.9(17.4) 0.447
Low back pain

before surgery 43.5(29.0) 44.2 (28.0) 48.2 (30.4) 0.742
at the final F/U 29.8 (25.5) 19.6 (24.7) 19.120.8) 0.125
Leg pain

before surgery 59.7 (27.9) 58.5(29.7) 63.6 (27.0) 0.681
at the final F/U 23.1(29.0) 18.9 (29.6) 233 (27.4) 0.729
Leg numbness

before surgery 56.1(27.1) 56.8 (31.4) 60.0 (30.0) 0.474
at the final F/U 26.5 (27.1) 39.3(33.7) 27.4(29.8) 0.126

Table 1. Comparison of baseline characteristics and clinical outcomes between the sarcopenia, dynapenia and
normal groups.

Results

Characteristics of the participants. There were 70 men and 60 women. The mean age of the patients at
the time of surgery was 76.9 6. 4 y old. Preoperative diagnoses were LSS in 102 patients, DS in 22 patients and
LSS combined with disc herniation in 6 patients. Single-level, two-level and three-level decompressions were
performed in 81, 35 and 14 patients, respectively. Microsurgery was performed in 61 patients and microscopic
surgery was performed in 69 patients. The average follow-up period was 41.0 months.

Level of surgery was L2-3 in 18 discs; L3-4 in 108 discs; L4-5 in 181 discs; and L5-S1 in 12 discs. There were no
persistent complications during or after the surgeries. The average JOA score improved 12.6 & 4.3 points before
surgery to 24.3 & 3.6 points at the final follow-up. The average improvement rate of JOA scores (Hirabayashi’s
improvement ratio) was 70.4 £ 20.3%.

Comparison of baseline characteristics and clinical outcomes among sarcopenia, dynapenia
and normal groups. The prevalence of the sarcopenia, dynapenia and normal groups was 20.0%, 31.6%
and 43.8%. Moreover, the prevalence of severe and pre-sarcopenia was 9.2% and 4.6% (Fig. 1). Table 1 shows
the comparison of clinical outcomes of the sarcopenia, dynapenia and normal groups. The age of the sarcopenia
group was significantly higher than that of the other groups (vs. dynapenia group; p=0.047, vs. normal group;
p < 0.001) and the prevalence of women in the dynapenia group and that of men in the normal group were sig-
nificantly higher than the other groups (p <0.001, p < 0.001). BMI and SMI in the sarcopenia group was signifi-
cantly lower than those of the normal group (p < 0.001, p <0.001). However, clinical outcomes, such as the JOA
score, JOA score improvement ratio, VAS for low back pain (LBP), leg pain and numbness, were not significantly
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Correlation P value
Age —0.087 0.328
JOA score before surgery 0.207 0.026
SMI (kg/m?) 0.016 0.859
Handgrip strength (kg) 0.121 0.175
Gait speed (m/s) 0.409 <0.001

Table 2. Pearson correlation and p-value of the JOA score at final follow-up versus other parameters.

different among groups. The JOA score improved after minimally invasive lumbar decompression surgery even
when the patients were diagnosed as being in the sarcopenia stage.

Relationships between the JOA score and sarcopenia related parameters. The correlations
between the JOA score at final follow-up and age, JOA score before surgery, SMI, handgrip strength, and gait
speed are shown in Table 2 and Fig. 2. Age, SMI and handgrip strength were not significantly correlated with JOA
score at the final follow-up; however, the JOA score before surgery had a weakly significant correlation with the
JOA score at final follow-up (r=0.2, P=0.03). Gait speed had a moderately significant correlation with JOA score
at the final follow-up (r=0.4, P <0.001).

To identify potential risk factors of poor clinical outcomes, we calculated the bottom 25% percentile of the JOA
score at the final follow-up. The cut-off value was 21 points and we used it as a dependent variable for multiple
regression analysis. Multiple regression analysis showed that the JOA score before surgery and low physical per-
formance (low gait speed) were independently associated with poor clinical outcomes (Table 3).

Discussion

LSS is common in older adult patients and is characterized by neurogenic claudication and such patients demon-
strate walking intolerance and various physical disabilities. It was reported that LSS was the most common reason
for spinal surgery in patients >65 years old'®. The term sarcopenia was first described as the loss of muscle mass
and performance associated with aging, although recently, recognized causes of sarcopenia also include malnu-
trition, physical inactivity, organ failure, invasive interventions, malignancy and other chronic disease. Physical
inactivity plays a key role in the progression of sarcopenia and dynapenia. From these points of view, we investi-
gated the prevalence of sarcopenia and dynapenia in patients with symptomatic LSS and examined whether the
clinical outcome of LSS with sarcopenia could improve with surgery. Although several studies have investigated
the prevalence of sarcopenia in healthy subjects'’, no detailed data, as defined by AWGS, have been reported in
patients with LSS. Therefore, we performed a cross-sectional observational study and revealed that the prevalence
of sarcopenia and dynapenia in symptomatic LSS patients were 20.0% and 31.6%. The incidence of sarcopenia
has also been reported to be 6-12% in studies with large sample sizes of more than 1000 participants'®2° and
7.5-8.2% in a Japanese population-based cross-sectional survey?*2. When compared with the previous reports,
the prevalence of sarcopenia in the patients with symptomatic LSS might be greater than that of healthy subjects.
We also compared the surgical outcomes of LSS with or without sarcopenia; however, the clinical outcomes,
such as the JOA score, JOA score improvement ratio, VAS for LBP, leg pain and numbness, were not significantly
different. Our finding indicates that the JOA score will improve after minimally invasive lumbar decompression
surgery even when patients are diagnosed as being in a sarcopenia stage.

There are few reports describing the relationship between LSS and sarcopenia. Park et al. performed
case-control study to investigate the prevalence of sarcopenia in patients with LSS and a matched control group?.
They reported that sarcopenia was significantly higher in the LSS group (24%) (mean age, 67.9y) when compared
with the age- and sex-matched control group (12%) (mean age, 68.3y). In their study, they did not use param-
eters of physical performance such as gait speed because they thought that deteriorated nerve function of the
lower extremities influenced physical performance and/or muscle mass. They used only SMI plus the handgrip
test determined by the AWGS and used only handgrip strength for within-group analysis for the implication of
sarcopenia. Eguchi et al. reported that the prevalence of sarcopenia in female LSS (mean age, 74.4y) was 9/34
(26.5%)?". They used only SMI for defining sarcopenia and used the diagnostic value (<5.46 kg/m? for woman)
determined by Sanada et al.?. Thus, prevalence depends substantially on the classification criteria and screening
methods used. In the present study we used the guideline of the AWGS for diagnosis of sarcopenia. In accordance
with the AWGS guidelines, sarcopenia was defined as low SMI (<7.0kg/m? for men, <5.7 kg/m? for women), plus
low handgrip strength (<26 kg for males, <18kg for females) or low gait speed (<0.8 m/s). When researchers
use only SMI plus handgrip strength or only SMI for diagnosis, the prevalence rate tends to increase because the
samples with presarcopenia are included. If researchers use the lower cut-off value for diagnosis, the prevalence
rate tends to decrease. In the present study, presarcopenia was also observed in 4.6% of patients; therefore, the
prevalence rate of low SMI was increased to 24.6% (mean age, 76.9y) and the female prevalence rate of low SMI
was 33.3% (mean age, 77.2y). Although it was quite difficult to determine the true values, we consider our results
reasonable.

Sarcopenia is also thought to exacerbate lumbar spine disease; however, its specific impact on clinical out-
comes following lumbar surgery remains controversial. Park et al. evaluated the sit-to-stand test, timed up and
go (TUG) test, and clinical outcomes, including the Oswestry Disability Index (ODI) scores and the EuroQol
(EQ-5D) to analyze the clinical impact of sarcopenia®. They reported that only the TUG test was significantly
inferior in those with sarcopenia in the control group and the TUG test and ODI were significantly inferior in
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Figure 2. Correlation of the JOA score and SMI, handgrip strength and gait speed.

those with sarcopenia in the LSS group. Their results indicated the negative influence of sarcopenia on disability
from LBP and balance and walking ability in the LSS group. Eguchi et al. reported that participants with sarcope-
nia scored significantly higher on the Roland-Morris Disability Questionnaire (RDQ) than normal participants;
however, there were no correlations between other clinical outcomes such as VAS scores for LBP, JOA scores and
SMI**. Following these previous reports and our results, it was speculated that accompanying sarcopenia may
affect LBP-related activity of daily life or walking ability rather than JOA score and VAS that related to LSS. In the
current study, 12 patients were diagnosed with severe sarcopenia. The mean age of the severe sarcopenia group
was significantly higher than non severe sarcopenia group (76.2+ 6.2 vs 83.6 3.8 P < 0.001); however, the JOA
score, VAS for LBP, leg pain and leg numbness were not significantly different between the two groups. Arinzon
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Odds

Explanatory variable ratio 95% CI P value
Age 1.04 0.96-1.13 0.321
Gender (Female) 1.39 0.48-4.00 0.546
JOA score before surgery 1.11 0.98-1.27 0.085
Stage of sarcopenia

Low muscle mass 1.99 0.65-6.10 0.228
Low muscle strength 1.49 0.20-2.26 0.360
Low physical performance 5.15 1.64-16.12 0.005

Table 3. Risk factors for poor clinical outcomes after minimally invasive lumbar decompression surgery.

et al. reported that age was not a contraindication for surgical decompression of LSS, and Kim et al. reported that
older adult patients who underwent spine surgery for spinal stenosis had mortality rates that were as good as or
better than the corresponding general population®**. Minimally invasive lumbar decompression surgery for LSS
is a justifiable procedure not only in older adult patients but also for those diagnosed as having sarcopenia.

Despite the clinical outcomes such as the JOA score being not significantly different among each group, low
physical performance (low gait speed) was independently associated with poor clinical outcomes. Gait speed
has been described as the “sixth vital sign” with the potential to serve as a core indicator of health and function
in aging and disease®”*. Performance measures have recently been identified as an important outcome for the
LSS population®. Bohannon et al. reported that mean comfortable gait speed of adults aged between 20 and
79y for men and women ranged between 1.33 and 1.46 m/s and 1.27 and 1.41 m/s*. Sun J et al. reported the
comfortable speed results for men and women were 1.20 0.13 m/s and 1.09 & 0.09 m/s for normal subjects, and
0.99 £0.18 m/s and 1.01 £ 0.24 m/s for LSS patients®'. Conrad et al. reported that the velocity of LSS patients
was 1.01 £ 0.33 m/s for men and 0.75 £ 0.24 m/s for women*. In the present study, the gait speed results were
0.88£0.23, 0.90 £ 0.27 and 0.97 £ 0.29 m/s for LSS patients with sarcopenia, LSS patients with dynapenia and
w/o sarcopenia or LSS patients with dynapenia, respectively. These results suggest that gait speed in LSS patients
was lower than that in healthy people regardless of sarcopenia stage. It is clear that walking is critical to overall
health; therefore, a multidisciplinary assessment and increasing the overall level of physical activity in LSS may
result in better outcomes for LSS.

There were several limitations to this review. (1) Because the present study was cross-sectional and did not
include data from healthy subjects, we only compared our data with previous reports. The present results do not
establish cause—effect relationships between sarcopenia/dynapenia and LSS. (2) The number of subjects included
was small and postoperative follow-up periods were short. Our findings need to be confirmed in a larger popu-
lation with longer postoperative follow-up periods. (3) The present study included only LSS patients who under-
went minimally invasive lumbar decompression surgery. In the present study, the clinical outcomes were not
significantly different among the sarcopenia, dynapenia and normal groups; however, the impact of sarcopenia
on the clinical outcomes of open surgery or fusion surgery might be different. (4) Although BIA is widely used
for measuring muscle mass, it has a tendency to overestimate muscle mass compared with DXA?*. However, the
BIA method reportedly shows a high correlation with the muscle mass obtained by the DXA method'*!%. (5) In
the present study, we indicated that low gait speed was independently associated with poor clinical outcomes;
however, it is still unknown whether slow gait speed would be modestly improved after exercise or surgical inter-
vention. In a future study, we want clarify the impact of surgery or excise on the LSS patient with sarcopenia.

Conclusion

We investigated the prevalence of sarcopenia in patients with LSS using the consensus of the AWGS. The JOA
score improved after minimally invasive lumbar decompression surgery even when patients were diagnosed as
being in the sarcopenia stage. Low physical performance has a greater clinical impact on the clinical outcome of
lumbar surgery than low skeletal muscle.
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