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Purpose: The purpose of this study was to evaluate the association between the early stages

of lumbar spinal stenosis (LSS) and the risk of locomotive syndrome, as well as its effect

upon muscle strength of the back, upper extremities, and lower extremities.

Patients and methods: LSS was diagnosed with a self-administered, self-reported history

questionnaire. Participants (n=113) who agreed to be tested by the diagnostic support tool for

LSS underwent three risk tests for locomotive syndrome: a stand-up test, a two-step test, and

a 25-question Geriatric Locomotive Function Scale (GLFS-25), as well as measurements of

the strength of their grip, back extensor, hip flexor, and knee extensor muscles.

Results: Twenty-three participants were diagnosed with LSS by the questionnaire. Results of

the stand-up test in the LSS group were significantly worse than those in the no-LSS group

(P=0.003). The results of the two-step test and the total score on the GLFS-25 in the LSS group

were significantly worse than those in the no-LSS group (P=0.002 and P<0.0001, respectively).

The stages of locomotive syndrome assessed by the stand-up test, two-step test, and the GLFS-25

were significantly worse in the LSS group than in the no-LSS group (P=0.0004, P=0.0007, and

P<0.0001, respectively). Hip flexor and knee extensor strength, but not grip and back extensor

strength, in the LSS group were significantly lower than that in the no-LSS group.

Conclusions: LSS diagnosed using the self-reported support tool worsened the stage of

locomotive syndrome in older people. Furthermore, participants with LSS had significant

lower extremity weakness.

Keywords: lumbar spinal stenosis, locomotive syndrome, locomotive syndrome risk test,

grip strength, back extensor strength, lower extremity muscle strength

Short summary
The early stages of LSS diagnosed using the self-reported support tool worsen the stage of

locomotive syndrome by the stand-up test, two-step test, and the 25-question Geriatric

Locomotive Function Scale in older people. Furthermore, participants with LSS had sig-

nificant lower extremity weakness, but not grip strength nor back extensor strength.

Introduction
The percentage of people >65 years is rapidly increasing in Japan, and comprised

27.7% of the entire population in 2017.1 A cause of health disparity in this population is

impairment in locomotive function, which is associated with an increased risk for

needing nursing support. Independence in activities of daily living (ADL) and exten-

sion of a healthy life expectancy are important social values in an aging society.
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Locomotive syndrome is a condition proposed by the

Japanese Orthopaedic Association (JOA) in 2007 to increase

societal awareness regarding impairment of locomotive func-

tion of elderly people and its management strategies.2,3 The

means and purpose of management of locomotive syndrome

are understood and accepted by the general population.2,3 It

is a condition wherein mobility functions such as sit-to-stand

and gait have declined because of locomotive organ disor-

ders. The JOA introduced a battery of short tests: the “stand-

up test”,4 “two-step test”,5 and a 25-question Geriatric

Locomotive Function Scale (GLFS-25)6,7 for the early detec-

tion of locomotive syndrome and its attendant risks.2,3

Lumbar spinal stenosis (LSS) is one of the risk factors for

locomotive syndrome.3 LSS is a degenerative condition that

causes intermittent neurogenic claudication. Several previous

studies have reported that LSS and its severity are associated

with locomotive syndrome8 and its progression.9 However, the

process by which early-stage LSS affects the risk for locomo-

tive syndrome is still unknown. To detect early-stage LSS, for

which surgical treatment is not indicated, we used a diagnostic

support tool for LSS.10 The diagnostic support tool for LSS

was reported in a retrospectively performed derivation study

of 137 patients’ symptoms, physical examination, and mag-

netic resonance imaging (MRI) findings in the previous

study.11 The tool comprises a simple, self-administered, and

self-reported history questionnaire that is useful in the diag-

nosis of LSS with high sensitivity (92.7%) and specificity

(84.7%) and does not require physical or radiological

examinations.10 Our goal was to evaluate the association

between early-stage LSS diagnosed with the diagnostic sup-

port tool and the risk level for locomotive syndrome as well as

the association between the early stage of LSS and muscle

strength of the back, upper extremities, and lower extremities.

Methods
Patients and study design
The participants were selected from people undergoing

medical checkups at municipal health centers between

2016 and 2017. After receiving an explanation of the

locomotive syndrome risk tests and the measurements of

muscle strength, all subjects provided written informed

consent prior to participation. Inclusion criteria were all

subjects aged over 50 years, and who agreed to take the

examination. Exclusion criteria were subjects who did not

agree to take the examination, could not walk without any

support, or who had any pain or diseases that would have

made measurement difficult. All participants who

answered the LSS diagnostic support tool underwent the

three risk tests for locomotive syndrome, and they were

tested for muscle strength. The study protocol was

approved by the ethics committee of the Akita University

Graduate School of Medicine (IRB #669). This study was

conducted in accordance with the Declaration of Helsinki.

Diagnosis of LSS
LSS was diagnosed using the diagnostic support tool

described by Aizawa et al.10 The tool is a self-administered,

Table 1 LSS diagnostic support tool

Question LSS score

Q1 Numbness and/or pain in the thigh(s) down to the calf (calves) and shin(s) N.A.

Q2 Difficulty bending forward because of numbness and/or pain −1

Q3 Difficulty putting on socks because of numbness and/or pain −1

Q4 Difficulty lying on the back with hip and knee extension because of numbness and/or pain N.A.

Q5 Difficulty sitting with knee extension of the involved leg N.A.

Q6 Numbness and/or pain increase in intensity after walking for a while, but are relieved by taking a rest 5

Q7 Standing for a while brings numbness and/or pain in the thigh(s) down to the calf or calves and shin(s) 5

Q8 Numbness and/or pain are reduced by bending forward 1

Q9 Numbness is present, but pain is absent 1

Q10 Numbness and/or pain is present in both feet 2

Q11 Numbness is present in soles of both feet 3

Q12 Numbness arises around the buttocks 3

Q13 Feel the urge to urinate when walking N.A.

Q14 I am ≤40 years old N.A.

Q15 I am ≥60 years old 4

Notes: Adapted from Aizawa T, Tanaka Y, Yokoyama T, et al. New diagnostic support tool for patients with leg symptoms caused by lumbar spinal stenosis and lumbar

intervertebral disc herniation: a self-administered, self-reported history questionnaire. J Orthop Sci. 2016;21(5):579–585.10 Copyright 2016, with permission from Elsevier.

Abbreviations: LSS, lumbar spinal stenosis; N.A., not applicable; Q, question number.
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self-reported history questionnaire containing 15 “Yes” or

“No” questions (Table 1). Ten questions relate to LSS (#2, 3,

6, 7, 8, 9, 10, 11, 12, and 15) and are weighted (scored from −1
to 5). Participants with a total score >13 were considered to

have LSS. The remaining questions (#1, 4, 5, 13, and 14) relate

to lumbar disc herniation, which we did not address in this

study. The sensitivity and specificity of this tool for the diag-

nosis of LSS have been reported as 92.7% and 84.7%,

respectively.10

Locomotive syndrome risk testing
Three tests for locomotive syndrome were performed

according to JOA guidelines.3

In the stand-up test, the ability to stand up with a

single- or double-leg stance from stools that were 40, 30,

20, and 10 cm in height was evaluated. The difficulty was

graded from 40 cm both legs, <30 cm both legs, <20 cm

both legs, <10 cm both legs, <40 cm one leg, <30 cm one

leg, <20 cm one leg, to 10 cm one leg. The result was

recorded as the minimum stool height from which the

participant could stand up from.4 The minimum stool

height of 10 cm or 30 cm with both legs was graded as

stage 1 or stage 2, respectively.3

In the two-step test, the length of two strides from a

starting line was measured. The score was calculated by

normalizing the maximal length of two steps by the height

of participants.5 Those with scores <1.3 or <1.1 were

defined as stage 1 or stage 2, respectively.3

The GLFS-25 is a self-reported comprehensive ques-

tionnaire about activities of the preceding month.6,7 The

scale includes four questions regarding pain, 16 questions

regarding ADL, three questions regarding social functions,

and two questions regarding mental health status. Each

question was graded from no impairment (0 points) to

severe impairment (4 points). Those with total scores ≥7
or ≥16 were graded as stage 1 or stage 2, respectively.3

Muscle strength (Figure 1)
Grip strength was measured on the dominant and nondomi-

nant sides using a TTM dynamometer (Tsutsumi, Tokyo,

Japan), with the participant in the standing position. The test

was performed twice, and the mean of the right and left sides

was determined. Muscle strength of the lower extremities,

including hip flexors and knee extensors, was measured

using the JTECH Commander PowerTrack II handheld

dynamometer (Nihon Medix Co., Ltd., Chiba, Japan) (Figure

1A and B). The strength of the muscle groups of the lower

extremities was measured twice and the mean of the bilateral

measurements was recorded.12 Isometric back extensor

strength was measured using a digital force strain-gauge

dynamometer (Imada Co., Ltd., Toyohashi, Japan). To obtain

these measurements, the participant lay prone on the table, and

Figure 1 The muscle strength of the lower extremities, including hip flexors (A)

and knee extensors (B), was measured with a handheld dynamometer

(Commander™ PowerTrack II™ Handheld Dynamometer; Nihon Medix Co.,

Ltd., Matsudo, Japan). The mean strength of the two lower extremities was calcu-

lated and all calculations were performed twice. Isometric back extensor strength in

the prone position was measured using a strain-gauge dynamometer (DPU-1000N

Digital Force Gauge; Imada, Toyohashi, Japan) (C). The subject was aligned on the

board with a strain-gauge dynamometer attached to the subject’s back. After the

strain-gauge was placed (at the mid-portion of back at the inferior part of scapula),

we asked the subject to lift their upper trunk as high as possible. The strain-gauge

recorded the maximum strength. Measurements were performed three times and

the values from the trial that produced the greatest force were selected.
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the strain-gauge dynamometer was placed in the mid portion

(at the inferior aspect of the scapula) of the back. The partici-

pant was then asked to lift the upper trunk as much as possible

(Figure 1C). Maximum strength was then determined using

the strain gauge. Measurements were performed three times

and the maximum value was recorded, as previously

described.13 The coefficient of variation, as an indicator of

the precision of the measurement, was 2.3%.14

Statistical analyses
The results were expressed as the mean (± standard deviation)

for parametric data or median [lower, upper quartiles] for

nonparametric data. A Kolmogorov–Smirnov test revealed

normal distributions of the data except LSS score, two-step

test, and GLFS-25. The differences in data between the LSS

and no-LSS groups were assessed using the unpaired t-test,

without nonparametric data such as LSS score, two-step test,

and GLFS-25, which were assessed by the Mann–WhitneyU-

test. Differences between the groups were analyzed using the

chi-squared test or Fisher’s exact test for nominal variables

such as gender or stand-up test and risk levels for locomotive

syndrome (Stages 0, 1, and 2). Differences with a P-value

<0.05 were considered statistically significant. All statistical

analyses were performed using EZR (Easy R) statistical soft-

ware (The R Foundation for Statistical Computing).15

Results
Participant characteristics
Table 2 presents the characteristics of the participants.

Twenty-three participants were diagnosed with LSS by

the LSS score (≥13) on the questionnaire. The median

LSS scores of the LSS and no-LSS groups were 17 and

5.3, respectively. There was no significant difference in

gender percentage: 15 males and 8 females in the LSS

group, and 43 males and 47 females in the no-LSS group.

Mean age, height, and weight did not show a significant

difference between the groups.

Stand-up test, two-step test, and GLSF-25

(Table 3)
Forty-three percent of participants in the LSS group stood up

from the 10 cm height with both legs, and 43% of participants

in the no-LSS group stood up from the 40 cm height with one

leg. The stand-up test in the LSS group was significantly

worse than that in the no-LSS group (P=0.003). The value

from the two-step test and the total score from the GLFS-25

in the LSS group (1.21 and 21.7, respectively) were signifi-

cantly worse than those in the no-LSS group (1.36 and 5.0,

respectively) (P=0.002 and P<0.0001, respectively).

Subanalyses showed that the GLFS-25 scores related to

pain, ADL, social functions, and mental health questions in

the LSS group (5.9, 10.5, 3.1, and 2.2, respectively) were

significantly worse than those in the no-LSS group (1.9, 1.8,

0.7, and 0.6, respectively) (P<0.0001).

Locomotive syndrome risk test staging

(Table 4)
The percentage of subjects with locomotive syndrome stage

worsening by the stand-up test in the LSS group was: Stage 0,

7; Stage 1, 12; and Stage 2, 4. These results were significantly

higher (P=0.0004) than those in the no-LSS group (Stage 0,

54; Stage 1, 36; and Stage 2, 0). Locomotive syndrome stage

worsening by the two-step test was also significantly greater

in the LSS group (Stage 0, 9; Stage 1, 6; and Stage 2, 8) than

in the no-LSS group (Stage 0, 66; Stage 1, 11; and Stage 2,

13) (P=0.0007). Similar results were noted for the GLFS-25,

with significant worsening in the LSS group (Stage 0, 2; Stage

1, 9; and Stage 2, 12) than in the no-LSS group (Stage 0, 60;

Stage 1, 24; and Stage 2, 6) (P<0.0001).

Muscle strength (Table 5)
Grip strength and back extensor strength were not signifi-

cantly different between the LSS and no-LSS groups. Hip

flexor strength (10.6 kg) and knee extensor strength (11.5

kg) in the LSS group were significantly lower than those

(13.4 kg and 13.6 kg, respectively) in the no-LSS group

(P=0.014 and P=0.017, respectively).

Discussion
Locomotive function in super-aging

societies
It is predicted that the proportion of the population aged

≥65 years in Japan will reach 38.4% by 2065.1 The aging

Table 2 Participant characteristics

LSS+ LSS− P-value

Number of participants 23 90

LSS score 17.0 [14.0, 18.5] 5.3 [4.0, 5.0] <0.001*

Male:female 15:8 43:47 0.164#

Average age, years 75.9 (9.4) 73.5 (7.8) 0.226**

Height, cm 158.2 (7.3) 155.4 (8.0) 0.134**

Weight, kg 59.6 (10.4) 55.1 (10.1) 0.060**

Notes: Mean (standard deviation), Median [lower, upper quartiles]. Cut-off score

for LSS diagnosis: LSS+, ≥13; LSS−, <13. *Mann–Whitney U-test; #Chi-square test;

**Unpaired t-test.
Abbreviation: LSS, lumbar spinal stenosis.
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population ratio is also rapidly increasing worldwide

including in the United States, Europe, China, South

Korea, and other Asian countries.16 In super-aging socie-

ties, it is very important that older people maintain their

locomotive function. In our study, the subjects diagnosed

with early-stage LSS by the diagnostic support tool were

at higher risk of locomotive syndrome than the people

without LSS. The participants with LSS had compara-

tively decreased strength in the lower extremities, but not

in the grip or back extensor muscles, compared with

those without LSS. We speculate that the decreased

strength in the lower extremities caused the locomotive

syndrome worsening in the subjects in the early stages

of LSS.

LSS and locomotive syndrome and risk of

locomotive syndrome
It has been reported that low back pain, hip pain, and knee

pain are significantly associated with locomotive

dysfunction.17 In addition to musculoskeletal pain, several

recent studies have indicated that LSS also causes the wor-

sening of locomotive syndrome.11,18 The prevalence of LSS

identified by another diagnostic support tool correlated with

worse results in the GLFS-25.8 To the best of our knowl-

edge, this is the first study to demonstrate the association of

LSS with not only the GLFS-25 score but also with the

stand-up test and the two-step test scores for evaluation of

locomotive syndrome severity. Fujita et al reported that

patients with LSS, who were treated with surgery, were

diagnosed as having locomotive syndrome, and the LSS

severity was associated with the degree of locomotive

syndrome.9 The subjects with LSS in our study were diag-

nosed using the self-reported questionnaire, and were at risk

for locomotive syndrome even though they were in the

relatively early stages of LSS and surgery was not indicated.

Based on the results of this study, we consider that early

interventions for LSS, such as medical treatment or patient

Table 3 Locomotive syndrome risk test

LSS+ (n=23) LSS− (n=90) P-value

Stand-up test 0.003##

Bilateral legs 40 cm 0 0

30 cm (%) 4 (17) 0

20 cm (%) 2 (9) 10 (12)

10 cm (%) 10 (43) 26 (29)

One leg 40 cm (%) 7 (31) 39 (43)

30 cm (%) 0 12 (13)

20 cm (%) 0 1 (1)

10 cm (%) 0 2 (2)

Two-step test 1.21 [1.06, 1.38] 1.36 [1.25, 1.49] 0.002*

GLFS-25

Total score 21.7 [13.5, 28.5] 5.0 [2.0, 7.0] <0.0001*

Pain-related score 5.9 [3.5, 8.5] 1.9 [0.0, 3.0] <0.0001*

ADL-related score 10.5 [3.5, 15.5] 1.8 [0.0, 3.0] <0.0001*

Social-functions-related score 3.1 [1.0, 4.0] 0.7 [0.0, 1.0] <0.0001*

Mental-health-related score 2.2 [1.0, 4.0] 0.6 [0.0, 1.0] <0.0001*

Notes: Median [lower, upper quartiles]. ##Fisher’s exact test; *Mann–Whitney U-test; Cut-off score for LSS diagnosis: LSS+, ≥13; LSS−, <13.
Abbreviations: ADL, activities of daily living; LSS, lumbar spinal stenosis; GLFS-25, 25-question Geriatric Locomotive Function Scale.

Table 4 Risk levels for locomotive syndrome from the three tests

LSS+ (n=23) LSS− (n=90) P-value##

Stand-up test 0.0004

Stage 0 (%) 7 (30) 54 (60)

Stage 1 (%) 12 (52) 36 (40)

Stage 2 (%) 4 (18) 0 (0)

Two-step test 0.0007

Stage 0 (%) 9 (39) 66 (73)

Stage 1 (%) 6 (26) 11 (12)

Stage 2 (%) 8 (35) 13 (15)

GLFS-25 <0.0001

Stage 0 (%) 2 (9) 60 (67)

Stage 1 (%) 9 (39) 24 (27)

Stage 2 (%) 12 (52) 6 (6)

Notes: ##Fisher’s exact test. Cut-off score for LSS diagnosis: LSS+, ≥13; LSS−, <13.
Abbreviations: LSS, lumbar spinal stenosis; GLFS-25, 25-question Geriatric

Locomotive Function Scale.
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education, might reduce the risk of locomotive syndrome

and might prevent its worsening.

LSS and muscle strength of the back

extensors and lower extremities
The participants with LSS diagnosed by the support tool

showed decreased strength in the lower extremities (hip

flexors and knee extensors). The diagnostic support tool

for LSS used in this study includes questions on the pre-

valence of pain and numbness during walking or standing.

Another study, which used a different diagnostic support

tool that included a question on numbness of the soles at

rest, reported that sole numbness was associated with

lower scores for quality of life and ADL.19 We speculate

that the weakened muscle strength of the lower extremities

as well as the presence of numbness or pain in the parti-

cipants’ buttocks, legs, and soles caused the worse results

in the stand-up and two-step tests.

LSS and pain, social function, and mental

health
Results of the subanalyses of the GLFS-25 showed that the

subjects with early-stage LSS had significantly worse

scores related to pain, social function, and mental health.

Several previous studies have demonstrated that LSS

causes impairment of health-related quality of life

(HRQOL). Shigematsu et al reported that patients with

LSS had a lower HRQOL and more of them had locomo-

tive syndrome than older persons without LSS.20 Back-

pain-related disability and HRQOL were reported to be

significantly associated with some physical fitness para-

meters in patients with LSS.21 These results and our study

indicate that LSS causes physical and also HRQOL

impairment including pain and mental health issues.

Treatment for LSS results in significant improvement in

physical and psychological status as well as improvement

in HRQOL. Haro et al reported that surgical treatment for

LSS improved mental health, as evaluated by the mental

component summary score of the Short-Form 36 Health

Survey.22 Surgical intervention showed greater postopera-

tive improvement in pain severity, functional impairment,

and HRQOL in younger patients than in older patients.23

Thus, early detection of LSS and locomotive syndrome

using a self-reported diagnostic support tool and locomo-

tive syndrome risk assessment followed by early treatment

for LSS should be important in maintaining independence

in ADL and extending life expectancy in older people.

Study limitations
There are several limitations to this study. First, the diag-

nosis of LSS was made using only a self-reported diag-

nostic support tool. There was no evaluation of

neurological deficits by physical examination, and no

other diagnostic studies for LSS such as MRI or other

radiological examinations were performed. However, use

of the support tool in this study was useful in detecting the

early stages of LSS. Second, the number of subjects in the

two groups was different, which might have introduced

statistical weakness. Third, the presence or absence of

knee or hip osteoarthritis was not evaluated using X-ray

in this study. Osteoarthritis of the knee or hip joint exerts

influence on locomotive function in older people.

Conclusions
The older subjects with LSS diagnosed using the self-

reported support tool exhibited locomotive syndrome wor-

sening as evaluated by the stand-up test, two-step test, and

GLFS-25. Those participants with LSS had weakened

lower extremity muscle strength.
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