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Abstract
Purpose  To examine the relationship between handgrip strength and leg extension power, walking speed, and intermittent 
claudication for lumbar spinal stenosis (LSS) using computed tomography.
Methods  We examined patients who underwent laminectomy for LSS from June 2015 through March 2018. Before spine 
surgery, we evaluated walking distance, handgrip strength, leg extension power (LEP), 10-m walk test (time and steps), 
psoas muscle index (PMI), and the area of both total and multifidus muscle using plain computed tomography imaging at the 
third lumbar level. Handgrip strength was compared with comorbidities including anemia, diabetes, hypertension, marital 
status, etc.
Results  There were 183 patients (55 female, 128 male) with a mean age of 70.5 years. Handgrip strength significantly cor-
related with LEP (P < 0.001, r = 0.723), walking speed (P < 0.001, r = − 0.269), 10-m walking test (steps) (P < 0.001, r = − 
0.352), area of skeletal muscle at L3 level (P < 0.001, r = 0.469), area of psoas muscle (P < 0.001, r = 0.380), PMI (P < 0.001, 
r = 0.253), and intermittent claudication. Age, height, and weight were correlated with handgrip strength, but BMI was not 
correlated. Handgrip strength was significantly reduced by anemia, hypertension, and single marital status.
Conclusions  The more handgrip strength patients with LSS have, the more LEP, the faster walking speed, the greater area 
of psoas and skeletal muscle, the fewer steps for a 10-m walk they have, and the longer walking distance. Age, height, and 
weight were associated with handgrip strength, but BMI has no association. Low handgrip strength was related to comor-
bidities including anemia, hypertension, and marital status.
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Introduction

Muscle strength and muscle mass decrease due to age. Peo-
ple annually incur approximately a 1% reduction of muscle 
mass after age 40 [1]. Sarcopenia is age-related, secondary 
loss of muscle mass and has recently begun attracting atten-
tion in various medical fields. The worldwide number of 
patients with sarcopenia will increase from 50 million in 
2009 to 2 billion in 2050 [2]. The European Working Group 

on Sarcopenia in Older People developed the consensual 
definition of sarcopenia, which associates muscle mass loss 
and weak handgrip strength [2].

Handgrip strength is related to body musculature. A hand-
grip dynamometer is simple and useful, so it has been used 
in many studies. Muscle strength physiologically decreases 
with age [3] and is known as dynapenia [4], which is known 
to predict the risk of mortality from all causes when it is 
measured in healthy middle-aged males [3]. In oncology, 
weak handgrip strength is affected by cancer-related fatigue 
[5], poor quality of life [6], postoperative complications [7], 
and high mortality risk [7]. Therefore, handgrip strength is 
related to prognosis in cancer patients and is used to predict 
sarcopenia. Moreover, lumbar spinal stenosis (LSS) patients 
with high handgrip strength (> 26 kg for men and > 18 kg 
for women) demonstrated better Oswestry Disability Index 
scores in terms of disability and health status six months 
after spine surgery [8].
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Symptoms of LSS involve lower back pain, lower extrem-
ity pain, lower extremity numbness, lower muscle weakness, 
and gait disturbance. Moreover, the patients with degenera-
tive lumbar flat back demonstrated paraspinal muscular atro-
phy and fatty degeneration due to muscle denervation or dis-
use [9]. Sarcopenia was more prevalent in patients with LSS 
than matched controls [10, 11]. However, few papers have 
demonstrated the relationship between handgrip strength and 
lower leg extension power (LEP). Furthermore, the relation-
ship among handgrip strength, LEP, psoas muscle, walking 
speed, and walking distance is still largely unknown in LSS 
patients.

However, one report showed that handgrip strength is 
not strongly influenced by compromised nerves in the lower 
extremity for patients with LSS [10]. But using handgrip 
strength to predict sarcopenia is controversial. The purpose 
of the present study is to investigate the relationship among 
grip strength, leg extension power, walking speed, and inter-
mittent claudication for LSS.

Methods

Patients

We retrospectively enrolled patients who received spine sur-
gery at a single hospital between June 2015 and March 2018. 
Ethics approval was obtained from the Ethics Review Board 
of Shinkaminokawa Hospital. The present study was per-
formed in accordance with the World Medical Association 
Declaration of Helsinki principles. The diagnosis of LSS 
was confirmed through neurologic examination and imag-
ing studies showing spinal canal stenosis. Inclusion criteria 
included neurogenic claudication, radicular leg pain with 
LSS as detected on magnetic resonance images (MRI), and 
failure of conservative treatment for at least three months. 
Exclusion criteria consisted of non-ambulatory patients, 
myelopathy, hemodialysis, no available lumbar computed 
tomography (CT), and no measures of fitness before the 
operation.

In total, 259 patients underwent lumbar spine surgery. We 
excluded 50 patients with absent preoperative measures of 
fitness and 26 non-ambulatory patients. One hundred eighty-
three patients (55 female, 128 male) were included in this 
study. Their mean age was 70.5 years (range, 36–88 years). 
All patients preoperatively received CT for operative 
planning.

Measures of fitness

Handgrip strengths of both upper limbs were examined 
with a handheld dynamometer. The patients gripped the 
dynamometer as hard as possible for three seconds without 

pressing the instrument against the body or bending at the 
elbow with the arm straight by the side in the standing posi-
tion. Two tests were performed on both right and left hands 
with a brief rest between the trials. The best performance 
was used for the analysis [10]. LEP was measured with 
the isokinetic leg power system (µTas F-1, Anima, Tokyo, 
Japan) in the sitting position. Likewise, two examinations 
were received on both right and left legs and the best per-
formance was used.

The measurements of gait speed, time, and steps were 
acquired from the timed 10-m walk test. The patients walked 
barefoot along a 10-m walkway at their top speed. Time was 
measured using a digital stopwatch over the intermediate six 
of the ten meters to allow for acceleration and deceleration. 
An investigator standing at the start point said that “I will 
say ready, set, go. When I say go, walk as fast as you safely 
can until I say stop.” Time starts when the toes of the lead-
ing foot cross the 2-m mark and stops when the toes of the 
leading foot cross the 8-m mark. All patients performed the 
test twice [12].

Walking distance was measured before surgery by walk-
ing up to 300 m side by side with a physical therapist with-
out rest. If the patients can walk more than 300 m, the meas-
urement of walking distance is 300 m.

Muscle mass evaluation and definition of sarcopenia

We analyzed the area of the psoas muscle and skeletal mus-
cle using preoperative CT images. We manually measured 
the cross-sectional area of the bilateral psoas muscle and 
skeletal muscle at the caudal end of the third lumbar vertebra 
(Fig. 1) [13]. The psoas muscle mass index (PMI) was cal-
culated by normalizing the cross-sectional areas for height 
(cm2/m2). According to the guidelines set by the Asian 
Working Group for Sarcopenia (AWGS) [14], low hand-
grip strength (< 26 kg for male and < 18 kg for female) and 
walking speed < 0.8 m/s were used to define sarcopenia in 
this study. Sarcopenia among the men and the women was 
defined as a PMI value of < 6.36 cm2/m2 and < 3.92 cm2/
m2, respectively, based on normalized data for sarcopenia 
in Japanese men and women [13].

Comorbidity

Comorbidities were defined based on laboratory test results 
of blood samples: anemia (hemoglobin ≤ 13 mg/dL in males, 
o r ≤ 12 mg/dL in females); diabetes (glycemia ≥ 126 mg/
dL); hypercholesterolemia (total cholesterol ≥ 190  mg/
dL); altered high-density lipoprotein (HDL)-cholesterol 
(< 40 mg/dL in males, o r < 50 mg/dL in females), and 
hypertriglyceridemia (triglycerides ≥ 150 mg/dL) [15]. The 
use of medication for each disease was also considered.
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Dyslipidemia was identified according to the lipid frac-
tion that was altered, triglycerides ≥ 150 mg/dL, LDL-cho-
lesterol ≥ 160 mg/dL, HDL-cholesterol < 40 mg/dL in males, 
o r < 50 mg/dL in females.

Hypertension was defined based on the mean of the sec-
ond and third blood pressure measurements (systolic blood 
pressure ≥ 140 mmHg and/or diastolic ≥ 90 mmHg) or based 
on the use of hypotensive medication.

Body mass index (BMI) was calculated (BMI = weight 
[kg]/ (height [m])2). Specific cutoff points for BMI were: 
BMI < 22 for low weight.

Statistical analysis

Continuous data are presented as mean ± standard deviation. 
Correlation between the continuous variables was assessed 
using Pearson correlation coefficients and linear regres-
sion. Using the Mann–Whitney U test, handgrip strength 
was compared between yes and no about anemia, diabetes, 
hypertension, hypercholesterolemia, altered HDL choles-
terol, hypertriglyceridemia, dyslipidemia, low weight BMI, 
and marital status. A P value of < 0.05 was considered sig-
nificant. All statistical analyses were performed using SPSS 
for Windows version 17.0 (SPSS, Chicago, IL, USA).

Results

Demographic data

We compared all parameters to the handgrip strength 
(Table  1). There are significant differences in gender 
(r = − 0.489, P < 0.001). Males had stronger handgrip 
strength than females. Sarcopenia was found in 2.2% of the 
study cohort (four males).

The relationship between body size parameters 
and handgrip strength

The handgrip strength was significantly correlated with age 
(r = − 0.372, P < 0.001), height (r = 0.489, P < 0.001), and 

weight (r = 0.360, P < 0.001), but not significantly correlated 
with BMI (P = 0.560) (Fig. 2).

The relationship between each limb strength 
parameter and handgrip strength

Figure  3 shows the relationship between the handgrip 
strength and LEP. The right-handgrip strength was strongly 
correlated with left-handgrip strength (r = 0.907, P < 0.001). 
The handgrip strength also correlated with LEP (r = 0.723, 
P < 0.001).

The relationship between the area of muscle 
parameters and handgrip strength

Figure 4 shows the relationship between the area of muscle 
parameter at the L3 level and handgrip strength. The hand-
grip strength was significantly correlated with the area of 

Fig. 1   Cross-sectional com-
puted tomography images at 
the caudal end of the third 
lumbar vertebra. The area of the 
skeletal muscle (a) or bilateral 
psoas muscle (b) was measured 
by manual tracing

Table 1   Characteristics of subjects and differences from handgrip 
strength

BMI body mass index, PMI psoas muscle mass index

Mean (SD) P value r value

Gender (male:female) 128:55  < 0.001 − 0.489
Age (years) 70.5 ± 8.6  < 0.001 − 0.372
Height (cm) 159.8 ± 8.9  < 0.001 0.489
Weight (kg) 63.1 ± 10.5  < 0.001 0.360
BMI 24.7 ± 3.3 0.560 0.043
Handgrip strength (kg) 30.2 ± 9.1 – –
Leg extension power (kg) 31.1 ± 13.4  < 0.001 0.723
Area of skeletal muscle at L3 level 

(cm2)
138.5 ± 29.5  < 0.001 0.469

Area of psoas muscle at L3 level 
(cm2)

18.3 ± 5.4  < 0.001 0.380

PMI (cm2/m2) 7.1 ± 1.8 0.001 0.253
10 m walk test (second) 11.8 ± 5.4  < 0.001 − 0.269
10 m walk test (step) 21.0 ± 5.9  < 0.001 − 0.352
Intermittent claudication (m) 187.8 ± 114.8 0.008 0.201
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skeletal muscle at the L3 level (r = 0.469, P < 0.001) and 
area of psoas muscle at L3 level (r = 0.380, P < 0.001). 

However, the correlation between handgrip strength and 
PMI was weak (r = 0.253, P < 0.001).

The relationship between walking ability 
and handgrip strength

Figure 5 shows the relationship between walking ability 
and handgrip strength. The handgrip strength showed a 
significant weakly negative correlation with 10-m walk test 
(time) (r = − 0.269, P < 0.001) and 10-m walk test (steps) 
(r = − 0.352, P < 0.001). There was a significant weakly 
positive correlation with intermittent claudication (r = 0.201, 
P = 0.008).

Comorbidities

Handgrip strength was significantly higher in the no-anemia 
group [interquartile range, (IQR) 31.6 (22.9–38.4)] vs. ane-
mia group [IQR 27.0 (21.0–32.9)], no-hypertension group 
[IQR 33.7 (24.3–39.0)] vs. hypertension group [IQR 27.7 
(21.9–34.9)], with partner [IQR 32.4 (24.1–38.7)] vs. with-
out partner [IQR 22.0 (18.6–28.7)] (Table 2). There were 
no significant differences in diabetes, hypercholesterolemia, 
altered HDL cholesterol, hypertriglyceridemia, dyslipi-
demia, and low weight BMI.

Discussion

In this study, handgrip strength correlated with many fac-
tors: gender, age, height, weight, opposite side of handgrip 
strength, both sides of LEP, area of skeletal muscle at L3, 
area of the psoas muscle, PMI, walking speed, walking steps, 
and intermittent claudication.

Fig. 2   Relationship between 
each body size parameter and 
handgrip strength. A signifi-
cantly negative relationship was 
found between age and handgrip 
strength (r = − 0.372, P < 0.001) 
(a). Height (b) and weight 
(c) were significantly corre-
lated with handgrip strength 
(r = 0.489, r = 0.360, P < 0.001). 
BMI was not significantly corre-
lated (P = 0.560) (d). BMI body 
mass index

Fig. 3   Relationship between each limb strength parameter and hand-
grip strength. There was a strong and significant difference between 
right- and left-handgrip strength (r = 0.907, P < 0.001) (a). LEP was 
significantly correlated with handgrip strength (r = 0.723, P < 0.001) 
(b). LEP, leg extension power
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Other studies had shown handgrip strength positively 
correlating with LEP [16], height [17, 18], weight [18], 
and BMI [17]. Lauretani et  al. showed that handgrip 
strength declines considerably with aging [19]. Further-
more, they demonstrated that independent of age and in 
both genders, low muscle strength and power are strongly 
associated with two complementary definitions of poor 
mobility. They also showed that handgrip strength was 
related to age, height, weight, but not BMI. Fragala et al. 
measuring 6766 older men and women found that the cor-
relation between handgrip strength and LEP was r = 0.57 

(P < 0.001) in men and r = 0.51 (P < 0.001) in women [16].
We also found correlations between handgrip strength and 
LEP to be r = 0.723.

Psoas and paraspinal muscle areas are important to grade 
the vitality of the patient. Low psoas muscle area was cor-
related with lower handgrip strength and short physical per-
formance battery scores indicative of physical frailty [20]. 
Low psoas muscle area was also associated with increased 
length of stay in older patients with cardiac surgeries. Reeve 
et al. showed that the total psoas area was lower in patients 
with frailty based on grip strength than in patients without 
such frailty [21].

Fig. 4   Relationship between each measured muscle parameter and 
handgrip strength. Area of skeletal muscle (a) and psoas muscle 
(b) was significantly correlated with handgrip strength (r = 0.469, 
r = 0.380, P < 0.001). A significantly weak relationship was found 
between PMI and handgrip strength (r = 0.253, P = 0.001) (c). PMI, 
psoas muscle index

Fig. 5   Relationship between walking perimeter and handgrip 
strength. 10-m walk test (second) (a) and step (b) were significant 
weak negative correlated with handgrip strength (r = − 0.269, r = − 
0.352, P < 0.001). Intermittent claudication showed a significant weak 
positive correlation (r = 0.201, P = 0.008) (c)
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In the present study, handgrip strength in patients with 
LSS showed a significant weakly negative correlation with 
the 10-m walk test (time) and 10-m walk test (step) but was 
not correlated with intermittent claudication. In older peo-
ple, muscle weakness of both LEP and handgrip strength 
is associated with slow gait speed but only LEP predicted 
slow gait speed [16]. In patients with LSS, functional status 
such as the Oswestry Disability Index and Quebec Back Pain 
Disability Scale was inversely correlated with real walking 
perimeter and walking speed [22]. Back muscle strength is 
significantly correlated with trunk muscle mass, handgrip 
strength, and gait speed in patients with spinal disorders 
[23].

Factors independently related to low handgrip strength 
in men and women, respectively, were low weight in BMI 
[(Odds ratio (OR)=2.80; 95% confidence intervals (CI): 
1.19, 6.61) and (OR=2.61; 95% CI: 1.46, 4.66)], anemia 
[(OR=4.15; 95% CI: 2.09, 8.21) and (OR=1.80; 95% CI: 

1.06, 3.06)], diabetes in men (OR=1.95; 95% CI: 1.00, 
3.81), and marital status in men (OR 2.44; 95% CI: 1.46, 
4.66) [15]. In this study, low handgrip strength in the 
patients with LSS was associated with anemia, hyperten-
sion, and marital status.

Sarcopenia is common in the elderly and is diagnosed 
as an age-associated loss of skeletal muscle mass based on 
measurements of gait speed, handgrip strength, and mus-
cle mass [2]. The prevalence of sarcopenia was reported 
at 5–13% in people 60–70 years old [24]. Eguchi et al. 
reported a sarcopenia prevalence of 26.5% in patients with 
LSS [11]. Park et al. demonstrated a higher prevalence 
(24%) of sarcopenia in patients with LSS than the control 
group (12%) [10]. However, the present study noted only 
a 2.2% incidence because we excluded non-ambulatory 
patients who would likely have had sarcopenia..

The term “sarcopenia” was used in its original context 
to describe the age-related loss of muscle mass, whereas 
the term “dynapenia” was coined to describe the age-
related loss of muscle strength and power [4, 25]. An 
algorithm for defining dynapenia uses age, presence or 
absence of risk factors, grip strength screening, and if 
warranted a test for knee extensor power. A definition for 
a single risk factor such as dynapenia will provide infor-
mation in making a risk history for the complex etiology 
of physical disability. As such, this approach mimics the 
development of risk profiles for cardiovascular disease that 
include factors such as hypercholesterolemia, hyperten-
sion, hyperglycemia, etc. Future research will provide a 
specific understanding of the role that dynapenia plays in 
the loss of physical function and increased risk for dis-
ability among older adults.

We note some limitations of our study. First, we exclude 
patients with severe symptoms, such as walking disabil-
ity and severe paralysis. If the study population included 
patients with severe symptoms, the ratio of sarcopenia would 
be higher. Second, the definition of sarcopenia using PMI 
was decided based on adult donors for living-donor liver 
transplantation. Patients with LSS were not analyzed for cor-
relation between PMI and skeletal muscle mass index; how-
ever, in the future, we will do so. Third, we supposed that 
the intermittent claudication in the patients with LSS would 
be short, so we measured the walking distance until 300 m. 
However, many patients could walk farther. If we change 
the metrics for walking distance, the results might change.

In conclusion, the more handgrip strength patients with 
LSS have, the more LEP, the faster walking speed, the 
greater area of psoas muscle, the fewer steps for a 10-m 
walk, and the longer intermittent claudication they have. For 
lumbar spinal stenosis patients, handgrip strength indicates 
not only a parameter of whole body muscle strength but 
also walking ability. Age, height, and weight were related to 
handgrip strength, but BMI was not. Low handgrip strength 

Table 2   Characteristics of comorbidities according to median hand-
grip strength

BMI body mass index, HDL high-density lipoprotein

Comorbidities n Handgrip strength (kg) 
Median (interquartile 
range)

P value

Anemia
 Yes 35 27.0 (21.0–32.9) 0.038
 No 148 31.6 (22.9–38.4)

Diabetes
 Yes 47 30.7 (24.1–36.0) 0.868
 No 136 30.6 (22.2–37.6)

Hypertension
 Yes 110 27.7 (21.9–34.9) 0.020
 No 73 33.7 (24.3–39.0)

Hypercholesterolemia
 Yes 123 29.4 (22.1–37,0) 0.640
 No 60 32.6 (24.0–36.8)

Altered HDL cholesterol
 Yes 56 26.9 (21.4–37.0) 0.339
 No 127 31.5 (23.1–36.8)

Hypertriglyceridemia
 Yes 89 30.4 (23.0–37.0) 0.941
 No 94 31.7 (22.0–36.9)

Dyslipidemia
 Yes 98 29.9 (22.5–36.9) 0.734
 No 85 31.8 (22.4–36.9)

Low weight BMI
 Yes 35 27.0 (22.1–36.3) 0.186
 No 148 31.7 (22.6–37.1)

Marital status
 With partner 146 32.4 (24.1–38.7)  < 0.001
 No partner 37 22.0 (18.6–28.7)
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was associated with comorbidities including anemia, hyper-
tension, and marital status.
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