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Objectives This study investigated how appendicular muscle mass and inter-limb
functional imbalance relate to static and dynamic balance and mobility in adults aged
50 years or older.

Methods We retrospectively analyzed medical records of 38 outpatients aged =50
years who completed body composition testing, handgrip strength assessment, and
the short physical performance battery (SPPB) between May and July 2025. Participants
were classified as balanced (grip asymmetry {10%) or unbalanced (>10%). Group dif-
ferences were analyzed using independent t-tests and chi-square tests. Pearson cor-
relation and multiple linear regression identified factors associated with gait speed,
and a random forest model was used to examine nonlinear patterns and variable
importance.

Results Balanced individuals showed significantly faster gait speed than the un-
balanced group (1.18+0.23 vs. 0.92+0.30 m/s: p=0.0043). Grip asymmetry demon-
strated a meaningful negative correlation with gait speed (r=-0.470), while SPPB total
score (r=0.704) and balance time (r=0.441) showed strong positive associations. In
the multivariable model (adjusted R*=0.523), grip asymmetry and age remained in-
dependent predictors of slower gait speed. These findings consistently indicate that
functional imbalance, rather than absolute muscle mass, has greater relevance to mo-
bility performance.

Conclusions Grip strength asymmetry >10% was independently linked to lower gait
speed and reduced mobility. Inter-limb functional imbalance may therefore serve as
a practical and early indicator of mobility decline in older adults. (J Korean Med Rehabil
2026;36(1):97-105)

Key words Sarcopenia, Hand strength, Hand strength asymmetry, Physical functional
performance, Walking speed
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Table 1. Comparison of Demographic and Clinical Characteristics by Sex

Variable Male (mean+SD)
Age (years) 70.00+7.19
Right arm skeletal muscle mass (kg) 3.15+0.43
Left arm skeletal muscle mass (kg) 3.00+0.44
Right leg skeletal muscle mass (kg) 8.08+1.07
Left leg skeletal muscle mass (kg) 8.05£1.14
ASM (kg) 22.29+2.88
Height (m) 1.694+0.05
RSMI (ASM/height?, kg/m?) 7.79+0.64
BWT (kg) 75.27+10.48
SMM (kg) 29.14+3.69
FM (kg) 22.136.31
BMI (kg/m?) 26.30+2.50
PBF (%) 29.01+5.12
Right handgrip strength (kg) 31.93+6.85
Left handgrip strength (kg) 29.52+15.85
Grip asymmetry (%) 8.53+£10.94
SPPB total score 10.00£3.06
Balance score 3.43+£0.79
Balance time (s) 27.90+3.99
Gait score 3.14+1.46
Gait speed (m/s) 0.85+0.41
Chair stand score 3.43£1.13
Chair stand time (s) 14.27+12.24

Female (mean+SD) p-value
64.10+8.63 0.0875
1.88+0.39 0.0001
1.87+0.38 0.0002
5.74+1.00 0.0006
5.74+0.98 0.0011
15.2342.68 0.0003
1.57+0.06 0.0002
6.18+0.76 0.0002
59.15+9.42 0.0053
20.60+3.20 0.0004
20.59+6.12 0.5727
24.13+£3.57 0.0805
41.37+37.09 0.0899
25.20+19.58 0.1342
20.03+5.99 0.1671
6.91+£20.40 0.7732
10.7142.02 0.5755
3.52+0.85 0.7991
28.05+3.38 0.9331
3.744+0.63 0.3266
1.06£0.26 0.2409
3.484+0.93 0.9073
11.88+8.64 0.6382

SD: standard deviation, ASM: appendicular skeletal muscle mass, Height: standing height, RSMI: relative skeletal muscle index,
BWT: body weight, SMM: total skeletal muscle mass, FM: fat mass, BMI: body mass index, PBF: percent body fat, Grip
asymmetry: grip strength asymmetry rate (Jright-left//meanx100), SPPB total score: short physical performance battery total score
(0~12), Balance score: static balance score (Andante Fit), Balance time: static balance time (sum across 3x10-s stages), Gait
score: 4-m gait score (SPPB domain, 0~4), Gait speed: usual 4-m gait speed, Chair stand score: 5-times chair stand score (SPPB

domain, 0~4), Chair stand time: 5-times chair stand time.
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Fig. 1. Correlation matrix and network analysis of body composition, limb asymmetry, and physical performance variables. (A)
Pearson correlation matrix among all variables. (B) Network representation of significant inter-variable correlations. ChairStand
Time sec: 5-times chair stand time, ChairStand Score: 5-times chair stand score (SPPB domain, 0~4), Gait Speed: usual 4-m
gait speed, Gait_Score: 4-m gait score (SPPB domain, 0~4), Balance Time sec: static balance time (sum across 3x10-s stages),
Balance Score: static balance score (Andante Fit), SPPB_Total: short physical performance battery total score (0~12), Grip_
Asymmetry: grip strength asymmetry rate (Jright-left|/meanx100), 1 grip: left handgrip strength, r grip: right handgrip strength,
PBF: percent body fat, BMI: body mass index, FM: fat mass, SMM: total skeletal muscle mass, BWT: body weight, RSMI:
relative skeletal muscle index, Height: standing height, ASM: appendicular skeletal muscle mass, 1l_sm: left leg skeletal muscle
mass, rl_sm: right leg skeletal muscle mass, la sm: left arm skeletal muscle mass, ra _sm: right arm skeletal muscle mass.
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Table IL Comparison of Functional Outcomes by Grip Strength
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oF 523%E AW RO UEhEth 2=

Balanced Unbalanced

Variable (T —— p-value
SPPB total score 11.06+1.34  10.23£2.65 0.2129
Balance score 3.56+0.73  3.45+0.91 0.6875
Balance time (s) 27.8343.34  28.17£3.57 0.7733
Gait score 4.00£0.00  3.36+1.05 0.0097"
Gait speed (m/s) 1.18+0.23  0.924+0.30 0.0043"
Chair stand score 3.50+0.82  3.45+1.06 0.8820
Chair stand time (s) 10.15£3.97 13.89+11.56  0.1706

SPPB: short physical performance battery.
"p<0.05, statistically significant.

Table IIL Results of Linear Regression Analysis Predicting Gait Speed
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Grip balance group

Unbalanced

Fig. 2. Gait speed by grip strength asymmetry.

Variable Estimate ()
Intercept 1.4263
Grip asymmetry rate -0.0042
BMI -0.0097
Age -0.0120
SMM +0.0073
Balance time (s) +0.0183
PBF +0.0012

Std. error t value p-value
0.4958 2.880 0.0075
0.0009 -4.630 <0.001
0.0128 -0.760 0.4519
0.0045 -2.680 0.0121
0.0093 0.790 0.4370
0.0111 1.650 0.1099
0.0010 1.210 0.2368

Std.: standard error, BMI: body mass index, SMM: skeletal muscle mass, PBF: percent body fat.
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Fig. 3. Linear regression coefficients predicting gait speed.
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