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Leg Muscle Strength Correlates with Gait Performance in
Advanced Parkinson Disease
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Abstract:

Objective Leg muscle strength (LMS) is decreased in early-stage Parkinson disease (PD) patients and is as-
sociated with slower walking and falls. However, LMS in advanced PD has not been well investigated. The
purpose of this study was to evaluate LMS in advanced PD patients and its effects on gait performance, ac-
tivities of daily living, and the cognitive function.

Methods The medical records of 132 patients with idiopathic advanced PD [Hoehn and Yahr (H&Y) stages
3 and 4] with a mean disease duration of 9.6 years were retrospectively reviewed. Leg extensor muscle
strength of the patients was measured using a Strength Ergo 240. The associations between the LMS and gait
performance, Barthel index, H&Y stage, and Mini-Mental State Examination (MMSE) score were analyzed.
Results A Spearman’s correlation analysis showed that LMS was correlated with the sex, age, age of dis-
ease onset, H&Y stage, Barthel index, MMSE score, and gait parameters. A multivariable linear regression
analysis for identifying predictors of LMS showed that the gait velocity (8=0.377), Barthel index (5=0.281),
sex (8=-0.187), and disease duration (8=-0.155) were significant. A receiver operating characteristic curve
analysis for discriminating between H&Y stage 3 and 4 was performed for LMS; the area under the curve
was 0.774 (95% confidence interval=0.696-0.851).

Conclusions LMS was strongly associated with multiple domains of clinical characteristics, especially gait
velocity and the Barthel index. Our study also suggested that LMS can be a predictor of PD progression.
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In the general population, leg muscle strength (LMS)

Introduction

Parkinson disease (PD) is a progressive neurodegenerative
disease characterized by bradykinesia, muscular rigidity,
resting tremor, and postural instability (1). PD motor symp-
toms are thought to be caused by loss of dopaminergic neu-
rons in the substantia nigra pars compacta with the presence
of Lewy bodies, intracellular inclusions containing the syn-
aptic protein a-synuclein. The number of PD patients is ex-
pected to double from 6.9 million in 2015 to 14.2 million in
2040 globally (2). Because aging is the largest risk factor
for developing PD, late-onset PD is expected to increase in
the future (3).

plays an important role in activities of daily living (ADL),
including walking and standing up. LMS decreases progres-
sively with age (4, 5). A reduced LMS is associated with
slower walking, falls, and trauma. In addition, a reduced leg
muscle mass is associated with sarcopenia and frailty in eld-
erly persons (6, 7).

Koller and Kase first reported the quantitative assessment
of leg muscle weakness in early-stage PD patients with
Hoehn and Yahr (H&Y) stages 1 and 2 (8). It is now well-
established that LMS is decreased in early- to moderate-
stage PD. Furthermore, LMS is reported to be associated
with the ability to get out of a chair (9), bradykinesia (10),
and falls (11-13) in early- to moderate-stage PD. It has also
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been reported that leg muscle weakness is correlated a re-
duced gait velocity (11, 14, 15). Thus, leg muscle exercises
for PD are effective for increasing the LMS, stabilizing bal-
ance, improving function, and preventing
falls (16, 17).

Advanced PD patients with H&Y stage >3 have gait dis-
turbance (small steps, slowness, and hesitation) and postural
instability. In addition, dressing and other self-care tasks
may become more difficult and increase the risk of
falls (18). PD is associated with a high risk of hip fractures
caused by falls owing to gait disturbance and balance im-
pairment (19).

Since the significance of LMS evaluation in patients with
advanced PD has not been fully investigated, we studied the
relationships between LMS and gait performance, ADL, and
the cognitive function in advanced PD patients.

the motor

Materials and Methods

Study design

A single-center, observational study was conducted to as-
sess the relationships between leg muscle strength and
demographic characteristics and other clinical symptoms in
advanced PD patients. This study was approved by the Insti-
tutional Review Board of Fukuseikai Minami Hospital (reg-
istry number: 201901), and the protocol was consistent with
the principles of the Declaration of Helsinki.

Subjects

The medical records of 132 inpatients with PD of H&Y
stages 3 and 4 admitted to Fukuseikai Minami Hospital
from January 2013 to October 2018 were retrospectively re-
viewed. The medical institution provided rehabilitation
therapies and a physical evaluation for patients with
neurodegenerative disorders.

All patients met the United Kingdom Parkinson’s Disease
Society Brain Bank clinical diagnostic criteria (steps 1 and
2) (20). Studied patients met the following inclusion criteria:
1) stable medication usage for 4 weeks; 2) H&Y stages 3 or
4 during on time if patients had wearing-off phenomenon;
and 3) ability to walk with or without a walking aid. The
exclusion criteria, as assessed by a medical interview and
physical examination, were 1) significant musculoskeletal
conditions, including spondylosis or arthropathy that would
interfere with testing; 2) diagnoses of other neurologic dis-
eases (e.g., stroke, traumatic brain injury, or peripheral neu-
ropathies); 3) other concomitant serious illnesses (e.g. car-
diovascular disorders, psychiatric disorders) that precluded
participation; or 4) difficulty of assessment due to severe
freezing of gait. All patients were assessed during on time if
patients had wearing-off phenomenon. The levodopa equiva-
lent dose (LED) was calculated according to the previously
reported formula (21).

Assessments

LMS was evaluated using a Strength Ergo 240 (SE240;
Mitsubishi, Tokyo, Japan), in terms of the moment of maxi-
mum strength or peak torque (PT) of the extensor muscles
of the lower limbs. The SE240 is a safe and simple tool for
measuring the LMS, even in patients with severe motor im-
pairment, because its seat has a backrest and fixed trunk
with a seat belt (22, 23). The muscle strength of the bilateral
lower limbs was measured in the sitting position with the
hips flexed at 110°. The position of the seat was adjusted to
the angle of knee flexion at 20°. On the day of the assess-
ment, the participants performed warm-up at submaximal
levels to ensure a thorough familiarization with the equip-
ment. Maximum PT (Nm) was recorded by a series of one
performed 5 times at a rotary speed of 20 rounds/min. The
average value of the maximum PT of the two test trials was
calculated.

The 10-meter walk test was used to assess gait perform-
ance. The participants walked a total distance of 14 meters,
with start time at the 2-meter mark and end-time at the 12-
meter mark to remove the acceleration and deceleration
phases. The time required was measured with a digital stop-
watch, and the number of steps taken while walking was re-
corded. The average value of the required time and the num-
ber of steps of the two test trials was calculated. Stride
length, stride time, gait velocity, and cadence were also cal-
culated from the measured values.

Patients’ gait performance was also evaluated with the
timed up and go (TUG) test using an armchair. The turning
point was marked on the floor 3 meters from the chair. The
participants stood up from a chair, walked past a horizontal
line marked with tape on the floor 3 meters from the start,
turned around, walked back, and sat down at their fastest
possible speed. Two trials were performed, and the time re-
quired was measured with a digital stopwatch and the results
of the last two trials were averaged. Walking aids (stick or
walker) were permitted in this test.

The Mini-Mental State Examination (MMSE) was used to
assess global cognition, with scores ranging from 0 to 30
points.

The Barthel index, which is summed to give a score of 0
to 100 was used to measure the performance in ADL.

Statistical analyses

The demographic and clinical differences were compared
between H&Y stage groups using the chi-square test and
Mann-Whitney U test. The relationships between LMS [av-
erage PT-to-body weight ratio (PT/BW)] and clinical charac-
teristics were assessed using Spearman’s rank correlation
analysis. Sex as a categorical variable was coded as O repre-
senting men and | representing women. A multiple linear
regression analysis with stepwise elimination was used to
identify the significant predictors of LMS and gait parame-
ters (stride length, stride time, gait velocity, cadence, and
TUQG), including the age, sex, disease duration, Barthel in-
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Table 1.

Differences in Demographic Characteristics, Leg Muscle

Strength and Gait Performance between Patients by Parkinson Dis-

ease Severity.

H&Y 3 H&Y 4

(n=88) (n=44)  Pvalue
Female, n (%) 35(39.8) 26 (59.1) 0.036
Age (years) 71.9+5.6 76.2+6.1 0.007
Age of disease onset (years) 62.8+11.2 65.6+7.3 0.530
Disease duration (years) 9.1+5.7 10.4+4.7 0.046
BMI (kg/m?) 22.0+3.5 21.2£3.6 0.238
Barthel index 80.1£16.5 61.1+21.5 <0.001
Levodopa equivalent dose (mg/day) 784+352 837+318 0.305
MMSE score 26.5+3.1 24.3+4.2 0.002
Weaker leg PT/BW (Nm/kg) 1.13+0.52 0.66+0.29 <0.001
Stronger leg PT/BW (Nm/kg) 1.29+0.55 0.79+0.30 <0.001
Average PT/BW (Nm/kg) 1.21+0.53 0.73+0.29 <0.001
Stride length (cm) 54.1+£16.9 42.6x15.5 <0.001
Stride time (s) 0.48+0.13 0.53+0.11 <0.001
Gait velocity (m/s) 1.19+0.46 0.83+0.32 <0.001
Cadence (steps/min) 129.9+23.6  116.7+18.1 <0.001
Timed up and go test (s) 16.2+13.0 26.4+17.4 <0.001

The chi-square test and Mann-Whitney U test were used. Data are presented as the

meanszstandard deviation. H&Y: Hoehn and Yahr stage, BMI: body mass index,
MMSE: Mini-Mental State Examination, PT/BW: peak torque-to-body weight ratio

Table 2. Results of a Correlation Analysis
of Leg Muscle Strength and Clinical Charac-

teristics.

All patients (n=132) r p value
Sex (male: 0, female: 1) -0.369  <0.001
Age -0.290 0.001
Age of disease onset -0.258 0.003
Disease duration 0.149 0.087
H&Y stage -0.447  <0.001
BMI 0.033 0.704
Barthel index 0.451 <0.001
Levodopa equivalent dose ~ 0.076 0.384
MMSE score 0.304 <0.001
Stride length 0.562  <0.001
Stride time -0.387  <0.001
Gait velocity 0.611 <0.001
Cadence 0.388 <0.001
Timed up and go test -0.652  <0.001

Spearman’s rank correlation analysis was performed.

dex, and MMSE score. A receiver operating characteristic
(ROC) curve analysis for discriminating between H&Y
stages using the LMS was performed. The optimal cut-off
values were defined as the point at which the Youden index
(sensitivity+specificity-1) was maximal. A p value of <0.05
was considered significant.

All data were statistically analyzed using the SPSS soft-
ware program, version 23 for Windows (SPSS, Chicago,
USA).

Results

The demographic and clinical characteristics of the 132
PD patients are summarized in Table 1. The 132 patients
were divided into 2 groups according to the H&Y stages as
follows: one including 88 patients with H&Y3 and the other
including 44 patients with H&Y4. The H&Y4 group had
more women, an older age, a longer disease duration, lower
Barthel index, and lower MMSE score than the H&Y3
group. There were no significant differences between the
groups in the age of disease onset, body mass index (BMI),
or LED.

The data for LMS and the gait parameters of the two
groups are shown in Table 1. In the H&Y4 patients, the
weaker leg, stronger leg, and average PT/BW values were
all lower than those in the H&Y3 patients. In addition, the
H&Y4 patients had a shorter stride, longer time, and slower
gait velocity than the H&Y3 patients.

Correlation analyses of LMS and clinical characteristics
are shown in Table 2 and Figure. The results showed that
LMS was negatively correlated with sex (r=-0.369), age (r=-
0.290), age of disease onset (r=-0.258), and H&Y stage (r=-
0.447) and positively correlated with the Barthel index (r=
0.451) and MMSE score (r=0.304). Furthermore, there were
correlations between LMS and all gait parameters (stride
length: r=0.562, stride time: r=-0.387, gait velocity: r=0.611,
cadence: r=0.388, TUG: r=-0.652). There were no signifi-
cant correlations between LMS and disease duration, BMI,
or LED.
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Clinical characteristics
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Figure. A correlation analysis of the leg muscle strength and

demographic characteristics. Black circles indicate H&Y 3 pa-
tients, and white circles indicate H&Y 4 patients. Spearman’s
rank correlation analysis was performed.

In the multivariate linear regression model, gait velocity
(8=0.377, p<0.001), Barthel index (8=0.281, p<0.001), sex
(8=-0.187, p=0.012) and disease duration (8=-0.155, p=
0.030) were independently associated with LMS (Table 3).

The AUC for average PT/BW when comparing H&Y 3
and 4 patients was 0.774 (95% confidence interval=0.696-
0.851). The optimal cut-off value was 1.045 using the

Youden index, and the sensitivity and specificity were 0.602
and 0.886, respectively.

Discussion

This is the first study to investigate the relationship be-
tween LMS and gait performance, ADL, and the cognitive
function in advanced PD patients with H&Y stages 3 and 4.
LMS was shown to be strongly associated with not only gait
performance but also patients’ ADL. Previous studies in PD
patients have not focused on LMS or ADL except for gait
performance, probably because the subjects had mild to
moderate PD, so their ADL was often independent.

The present study results showed that, in advanced PD
patients, LMS decreased with increasing severity of the dis-
ease. Lima et al. (24) showed that the muscle power of the
trunk, hip, knee flexors and extensors, and ankle plantar
flexors was lower in L-dopa-naive early-stage PD (H&Y 1
and 2) than in the control group. Nogaki et al. (25) reported
that leg muscle weakness was seen more often on the af-
fected side as disease progression in early-stage PD (H&Y 1
and 2) than less affected side. Nocera et al. (26) demon-
strated that LMS (knee extensor muscles) was negatively
correlated with H&Y stage (spearman rho=-0.484, p=0.002).
Our results support these findings showing that leg muscle
weakness was seen in early-stage PD and worsened with
disease progression.

The pathophysiology of reduced muscle strength in PD is
still poorly understood, although several mechanisms have
been suggested. Reduced cortical activation of the muscles
occurs due to the nigral dopaminergic deficit, resulting in an
increase in tonic inhibition of the thalamus. In addition to
motor circuit, motor-cognitive neural network may also con-
tribute the reduced LMS. Impaired motor unit recruitment
can cause abnormal muscle activation patterns, altered ago-
nist burst frequency and intensity, and a reduced torque gen-
eration rate (19, 27, 28). Some reports have shown that anti-
parkinsonian drug therapy (15) and subthalamic nucleus
deep brain stimulation (29, 30) increased LMS. These re-
sults suggest that muscle weakness can be caused by a defi-
cit of central origin in the pathophysiology of PD. In addi-
tion, muscle strength in PD may also be associated with
bradykinesia (27, 28), malnutrition (31), and physical inac-
tivity.

Three previous studies reported that LMS was correlated
with gait velocity in PD. Pedersen et al. (14) reported that
dorsiflexor strength and the 10-meter walk test were evalu-
ated in H&Y stage <3 PD compared with age-matched con-
trols. Concentric isokinetic strength was correlated well with
gait velocity only in men. In addition, the stride length and
stride frequency increased with gait velocity; however, these
findings were not seen in women or controls. They con-
cluded that impaired LMS might be an important factor for
adequate gait performance. In contrast, the present study
clearly identified a correlation between LMS and gait per-
formance in advanced PD. Nallegowda et al. (15) showed
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Table 3. Results of a Multivariate Linear Regression Analysis of the
Leg Muscle Strength and Gait Performance, Including the Age, Sex,
Disease Duration, Barthel Index, and MMSE Score.

Unstandardized B B 95%CI p value
Gait velocity 0.431 0.377 0.242, 0.621 <0.001
Barthel index 0.007 0.281 0.003, 0.011 <0.001
Sex -0.194 -0.187  -0.344, -0.044 0.012
Disease duration -0.015 -0.155 0.001, 0.028 0.030
R=0.667, adjusted R2=0.427
that isokinetic ankle muscle strength was positively corre-
lated with gait velocity in the on (r=0.393, p<0.05) and off Conclusion

states (r=0.397, p<0.05) in subjects with an average H&Y
stage of 2.7. Allen et al. (11) examined leg extensor muscle
strength measured by a leg press machine in mild to moder-
ate PD. They found that a reduced muscle power was re-
lated to reduced gait velocity and an increased fall risk.
Compared with previous studies, the participants in the pre-
sent study had a higher H&Y stage, older age, and longer
disease duration. Similar to the present study, LMS was cor-
related with gait velocity in patients reported in the previous
literature (11, 14, 15). Furthermore, the present study
showed correlations between LMS and ADL and the cogni-
tive function. The association between LMS and the cogni-
tive function in elderly people has been investi-
gated (32, 33), but not in PD patients specifically. In the
multivariate linear regression model, gait velocity, Barthel
index, sex, and disease duration were independently associ-
ated with LMS. These findings suggested that LMS is corre-
lated with not only localized leg dysfunction but also sys-
temic disease severity. Thus, LMS may be a valuable rating
scale for assessing the severity in advanced PD.

Several limitations associated with the present study war-
rant mention. First, this was a single-center, retrospective de-
sign, and we did not have a control group for a comparison.
Second, only advanced PD patients with or without walking
aids were analyzed, which might have led to selection bias.
Third, patients were not evaluated with more disease-
specific assessment batteries, such as the Montreal Cognitive
Assessment for the assessment of the cognitive function and
Movement Disorders Society Unified Parkinson’s Disease
Rating Scale for the assessment of motor symptoms. In ad-
dition, neuropsychiatric symptoms such as depression, anxi-
ety and apathy, which can affect muscle strength measure-
ment, were not evaluated. Fourth, each patient was evaluated
cross-sectionally, so longitudinal changes in the weakness of
lower limbs were not evaluated. Fifth, only the lower limbs,
not the whole body, were evaluated. Axial muscles, such as
the paraspinal muscles, which are important for gait and
posture, were not studied. Sixth, information on other fac-
tors potentially affecting gait performance, such as daily
meal contents and the amount of daily exercise, was not ex-
amined in this study. Large-scale studies are needed to bet-
ter understand the mechanisms underlying LMS in PD.

The present results suggest that LMS is strongly associ-
ated with multiple domains of clinical features, especially
gait performance. Thus, LMS may be a valuable tool for the
assessment of gait performance and ADL in advanced PD
patients.

The authors state that they have no Conflict of Interest (COI).
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