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Knee Strength and Ankle Range of Motion Influencing Gait Velocity
and Gait Asymmetry in Patients With Chronic Stroke

Jong-im Won!, PhD, PT, Chang-man An? MSc, PT
Dept. of Physical Therapy, College of Medical Science, Jeonju University
’Dept. of Physical Therapy, Chonbuk National University Hospital

Abstract

The common features of walking in patients with stroke include decreased gait velocity and increased
asymmetrical gait pattern. The purpose of this study was to identify important factors related to
impairments in gait velocity and asymmetry in chronic stroke patients. The subjects were 30
independently ambulating subjects with chronic stroke. The subjects’ impairments were examined,
including the isokinetic peak torque of knee extensors, knee flexors, ankle plantarflexors, and ankle
dorsiflexors. Passive and active ranges of motion (ROM) of the ankle joint, ankle plantarflexor spasticity,
joint position senses of the knee and ankle joint, and balance were examined together. In addition, gait
velocity and temporal and spatial asymmetry were evaluated with subjects walking at their comfortable
speed. Pearson correlations and multiple regressions were used to measure the relationships between
mmpairments and gait speed and impairments and asymmetry. Regression analyses revealed that ankle
passive ROM and peak torque of knee flexors were important factors for gait velocity (R?=.41), while
ankle passive ROM was the most important determinant for temporal asymmetry (R?=.35). In addition,
knee extensor peak torque was the most significant factor for gait spatial asymmetry (R?=.17). Limitation
in ankle passive ROM and weakness of the knee flexor were major contributors to slow gait velocity.
Moreover, limited passive ROM in the ankle influenced the level of temporal gait asymmetry in chronic
stroke patients. Our findings suggest that stroke rehabilitation programs aiming to improve gait velocity
and temporal asymmetry should include stretching exercise for the ankle joint.

Key Words: Ankle range of motion; Gait asymmetry; Gait velocity; Knee strength; Stroke.
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Table 1. Characteristics of subjects with chronic stroke (N=30)

Characteristics Values Range

Age (year) 48.6+10.5% 29~171
Sex (male/female) 24/6
Type of lesion (infarct/hemorrhage) 13/17
Hemiplegic side (left/right) 14/16

Time since stroke onset (month) 58.4+36.6 26~156

K-MBI" (score) 84.1+55 72~93

Ymean+standard deviation, "Korean version of the modified Barthel index.
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Table 2. Physical impairment measures of subjects (N=30)
Values Range
MMAS PF* (0/1/2/3/4) of affected side 0/11/15/4/0
Ankle ROMP of affected side (°)
Passive ROM 60.70+7.90° 44.00~74.00
Active ROM 32.60+11.70 16.30~57.30
Peak torque of affected side (Nm)
Knee extensor 75.10+42.70 14.08~153.70
Knee flexor 14.30+9.80 .90~36.10
Ankle plantarflexor 15.40+17.90 .10~63.00
Ankle dorsiflexor 14.60+9.80 .00~41.00
Joint position error of affected side (°)
Knee 11.20+7.70 3.70~29.50
Ankle 10.50+7.00 3.00~28.40
Limit of stability (%) 32.70+14.60 11.00~65.00
4modified modified Ashworth scale of plantarflexor, Prange of motion, ‘meantstandard deviation.
Table 3. Gait parameters in comfortable-speed walking conditions (N=30)
Gait parameters Affected Unaffected
Stance time (s) 92+.17 ((71~1.38)* 1.05+.21 (.80~1.47)
Single support time (s) .39+.07 (.28~ .57) 52+.09 (40~.72)
Step length (m) A2+.07 (24~ .56) 34+£.09 (14~ .58)

Velocity (™)
Cadence (steps/min)
Temporal asymmetry (ratio)

Spatial asymmetry (ratio)

56+.15 (29~.92)
85.61+13.84 (55.80~109.20)

24+.14 (.04~ .56)

32+.34 (.03~1.26)

*meantstandard deviation (range).
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Table 4. Correlations between physical impairment measures and gait variables

Gait speed Temporal asymmetry Spatial asymmetry

MMAS PF*? =35 27 40"
Ankle ROMP

Passive ROM 54 -.59"" -.26

Active ROM 33 -.18 =31
Peak torque

Knee extensor A7 -.28 -41"

Knee flexor 46" -.32 -.16

Ankle plantarflexor 427 -37" -.36"

Ankle dorsiflexor 417 -.39" -.39"

Joint position error

Knee -.90 -.03 .26

Ankle -.20 .04 14

Limit of stability 38" -.46" =31

Age -.01 15 .06

Time since stroke onset .01 .03 .30

amodified modified Ashworth scale of plantarflexor, "range of motion, "p<.05, **p<.0l.

Table 5. Regression analyses for gait variables

Gait Variables R* F Significant factors BgP p
Gait speed Al 9.27 Ankle PROM® 46 .006
Knee flexor peak torque 35 .029

Temporal asymmetry 35 15.29 Ankle PROM -.60 .001
Spatial asymmetry 17 5.61 Knee extensor peak torque -41 .025

dsquare of correlation coefficient, Pstandardized coefficient, “passive range of motion.
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