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Abstract

The purpose of this study was to compare the ring lock type knee-ankle—foot orthosis (KAFO) with
newly developed 4-bar linkage KAFO on the gait characteristics of persons with poliomyelitis clinically.
This 4-bar linkage is the stance control type KAFO which provide the stability during stance phase and
knee flexion during swing phase. Two subjects participated in this study voluntarily. We provided the
customized 4-bar linkage KAFO then asked the subjects to walk in level surface and stairs under the
two different KAFO conditions. The characteristics of gait in the persons with poliomyelitis were
evaluated using a 3D motion analysis system and force plate. Additionally 6 minute walk test for
physiological cost index were conducted using pulse oximeter to measure the energy consumption. In the
results of this study, the differences of 4-bar linkage KAFO compared with ring lock type KAFO are as
follows: (1) Walking speed, stride length, and step length on level increased in subjects, (2) The gait
symmetry was improved by generated knee flexion and decreased pelvic external rotation on level and
stairs walking, (3) Decreased vertical excursion of center of mass and pelvic elevation during swing
phase was decreased on level, (4) Knee extension moment, hip flexion moment, hip and knee internal
rotation moment of non-braced limb were decreased on level walking, (5) Walking speed in 6-minute
walk test was increased and physiological cost index was decreased. These findings indicate that 4-bar
linkage KAFO compared with ring lock type KAFO is effective in enhancing pattern, endurance, and
energy consumption in level surface and stairs walking.

Key Words: 4-bar linkage; Center of mass; Knee-ankle-foot orthosis; Physiological cost index;
Six minute walk test.
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Table 1. Manual muscle test of subjects (N=2)
Subject 1 Subject 2
Left Right Left Right
Hip flexion Good Normal Normal Normal
Hip extension Good Normal Normal Normal
Hip adduction Good Normal Good Normal
Hip abduction Good Normal Normal Normal
Knee flexion Fair Normal Fair Normal
Knee extension Fair Normal Fair Normal
Ankle dorsiflexion Zero Normal Zero Normal
Ankle plantar flexion Trace Normal Zero Normal
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Table 2. The time-distance variables of gait
Subject 1 Subject 2

Locked 4-bhar Locked 4-bar

Waking speed (m/sec) 64 79 72 83

Cadence (step/min) 100.10 99.10 82.30 87.00

Stride length (m) 73 96 1.05 1.14

Step length of braced limb (m) .33 A48 58 .60

Step length of non-braced limb (m) 41 5l 49 53

Foot off of braced limb (% of gait cycle) 58.10 62.10 60.70 57.70

Step length time of braced limb (sec) 61 62 .80 74
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Figure 3. The knee flexion angle in sagittal
plane (flexion/extension). oj]
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Table 3. The kinematic variables on level walking

Subject 1 Subject 2

Locked 4-bar Locked 4-bar
K1* (°) 4.21 15.95 1.46 11.63
K2" (°) 2.76 12.70 -.81 1052
K3° () 3.71 75.60 -.87 50.36
PR? (°) -21.14 -2.60 -14.94 -10.63
AH® (mm) 797.00 771.00 926.30 908.70
VE' () 8.32 6.07 18.71 9.97

first peak knee angle in sagittal plane (+flexion/-extension), Psecond peak knee angle in sagittal plane
(+flexion/-extension), “third peak knee angle in sagittal plane (+flexion/~extension), “peak pelvic rotation angle
during the swing phase (+internal/-external), “peak anterior superior iliac spine (ASIS) height in orthotic side,
faverage vertical excursion of center of mass (COM) during the gait.

Table 4. The kinematic variables on stairs walking

Subject 1 Subject 2
Locked 4-bar Locked 4-bar
ascending K* (°) 3.01 85.16 -2.20 51.34
PR (°) -28.18 -7.53 -16.90 -13.93
descending K (°) 3.35 73.28 -3.40 53.48
PR (°) 12.17 -2.90 -8.71 -12.94

“peak knee angle in sagittal plane during the swing phase (+flexion/-extension), bpeak pelvic rotation during the
swing phase (+internal/-external).
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Figure 4. The moment of knee and hip joint in sagittal plane (+extension/—flexion).
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Figure 5. The moment of hip and knee joint in transverse plane (+internal/-external).
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Table 5. The results of 6 minute walk test and physiological cost index
Subject 1 Subject 2
Locked 4-bar Locked 4-bar
6 minute walk test (m/min) 40.9 53.7 489 59.7
Physiological cost index (pulse rate/m) 636 473 573 406
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