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The effect of biomechanical isokinetic excercise of residual muscles in
the stump on restoring gait of transfemoral and transtibial amputees

Jung Hwa Hong (Dept. of Control and Instrumentation Engineering, Korea University), Chang
Ho Song (Dept. of Physical Therapy, Sahmyook University), Jac Yun Lee, and Mu Seung Mun
(Korea Orthopedics and Rehabilitation Engineering Ctr.)

ABSTRACT

The physical restoration technology for lower limb amputees is being advanced as the biomechatronics is being
applied to the area of rehabilitation. As the advanced prosthetics for lower limb amputees are introduced, a suitable
prescription of biomechanical rehabilitation training becomes important to utilize the advanced full features of the
devices. Since lower limb amputation significantly affects biomechanical balance of musculoskeletal system for gait,
an appropriate and optimal biomechanical training and exercise should be provided to rebalance the system before
wearing the prostheses. Particularly, biomechanical muscular training for hip movements in the both affected and
sound lower limbs is important to achieve a normal-like ambulation. However, there is no study to understand the
effect of hip muscle strength on the gait performance of lower limb amputees. To understand the hip muscle
strength characteristics for normal and amputated subjects, the isokinetic exercises for various ratios of concentric
contraction to eccentric contraction were performed for hip flexion-extension and adduction-abduction. As a results,
biomechanical isokinetic training protocols and performance measurement methodologies for lower limb amputees
were developed in this study. Using the protocols and measurement methods, it has been understood that the
appropriate and optimal biomechanical prescription for the rehabilitation process for lower limb amputees is
important for restoring their gait ability.

Key Words : Biomechanical Restoration, Isokinetic Excercise, Lower Limb Amputation, Rehabilitation,

Musculoskeletal Biomechanics
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PEAS Yeto] AFHQ AFdee BFstn A Table 3. Subject's characteristics of Control group.
deo] e, g #AzA9 o 5o sty —
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Aol AF7} o] F oA YA % Aol age(years) 24 2+2 6g =t
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S733E A% ST 24F g ol 4AY Height(cm) 171.9£3.5
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3. Statistical analysis
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(Table 4,5.6).

Table 4. Flexion and Extension Peak Torque of

Case 1.
motion and Concentric Eccentric
anFu ar
velocity Peak Torque(Nm) Peak Torque(Nm)
Flexion Ampu. Ampu.
30 ° /s 61.5 96.3 73.7 133.2
90 ° /s 52.4 89.2 82.3 140.5
Extension
30° /s 67.9 1105 718 128.5
90 ° /s 57.8 71.3 81.8 140.5

Ampu.= Amputated

Table 5. Flexion and Extension Peak Torque of

Case 2.
motion and Concentric Eccentric
angular

velocity Peak Torque(Nm) Peak Torque(Nm)
Flexion Ampu. Ampu.
30%/s 73.8 58.3 140.1 112.1
90°/s 68.2 58.4 161.4  90.0
Extension
30°/s 102.5 53.7 148.3 106.5
90°/s 96.7 453 174.5 895
Ampu.= Amputated
2. o)A
Z
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case 19] 9AA &7} case 2004 & ¥ S A3
7} U hthTable 7,8,9).

Table 6. Flexion and Extension Peak Torque of

Case 3
motion and Concentric Eccentric
32 (;lcfatg/ Peak Torque(Nm) Peak Torque(Nm)
Flexion Ampu. Ampu.
30 ° /s 94.5 102.2 174.2 159.6
9 ° /s 86.2 92.4 185.2 165.4
Extension
30 ° /s 120.1 133.7 175.6 102.3
90 ° /s 110.2 989 167.4 159.4

Ampu.= Amputated
Table 7. Abduction and Adduction Peak Torque of

Case 1.
motion and Concentric Eccentric
Jekciy Peak Torque(N k Nm
velocity eak Torque(Nm) Peak Torque(Nm)
Abduction  Ampu. Ampu.
30° /s 71.4 94.7 85.8 104.7
90 ° /s 22.5 83.1 722 96.3
Adduction
30 ° /s 57.1 92.6 109.2 113.0
90 " /s 19.8 83.3 82.4 104.8

Ampu.= Amputated
Table 8. Abduction and Adduction Peak Torque of

Case 2.
motion and Concentric Eccentric
vebocity Peak T Peak Torque(Nm
velocity eak Torque(Nm) Peak Torque(Nm)
Abduction Ampu. Ampu.
30° /s 94.0 63.8 134.4 89.9
9 ° /s 64.1 53.1 149.7 920
Adduction
30° /s 71.6 65.6 138.8 84.7
90 ° /s 69.6 60.9 141.7 87.3

Ampu.= Amputated
Table 9. Abduction and Adduction Peak Torque

of Case 3.
motion and Concentric Eccentric
%rc} ouc1at§/ Peak Torque(Nm) Peak Torque(Nm)
Abduction Ampu. Ampu.
30 ° /s 84.8 78.1 142.9 139.1
90 ° /s 67.9 60.4 145.0 133.8
Adduction
307 /s 106.5 115.7 143.5 131.9
90 ° /s 101.5 96.0 138.4 127.3

Ampu.= Amputated
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Table 10. Eccentric/Concentric strength ratios : frontal and sagittal motion.
Control Casel Case2 Case3
Right Left ampu. normal normal ampu. normal ampu.
Flexion
30° 1.53 1.61 1.20* 1.38 1.90* 1.92* 1.56 1.84
Extension
30° .16 1.23 1.20 1.27 1.70* 1.67* 1.19 1.39
Abduction
30° 1.40 1.40 1.47 0.91* 141 143 1.78* 1.69
Adduction
30° 1.40 1.50 1.83* 0.93* 1.37 1.88* 1.20 1.34

ampu.: amputated

* p<.01

Table 11 Reciprocal strength ratios

: frontal and sagittal motion

Control Casel Case2 Case3
Right Left ampu. normal normal ampu. normal ampu.
Extension/Flexion
30° 1.21 1.22 1.10 1.15 1.39* 0.92* 1.27 1.31
90° 1.28 1.31 1.10* 0.80* 1.42 0.78* 1.28 1.07
Adduction/Abduction
30° 0.96 0.97 0.80* 0.98 0.76* 1.03* 1.26* 1.48*
90° 0.99 1.01 0.88 1.00 1.09 1.15 1.59* 1.49*

ampu.: amputated

* p<.0l
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Table 12. Linear Parameters of Gait.
Case 1 Case 2 Case 3 Control
Cadence
(steps/min) 102 94 99 115
Speed(m/sec) 1.09 1.03 1.04 1.32
Stride length(m) 1.29 1.29 1.25 1.36
Step time(Sec)  0.56 0.66 0.61 0.69
Single limb 3292 3277 3792 5004
support(%) (Right) (Left)  (Left) :
Double limb 2928 2745 2027 36.04
support(%) (Right) (Left) (Left) ’
control group - /4 50th
2) +E5HYEY wg
a@de) eERsEd waE 4y 2
casel & AT wlmo A 1BY WA Aol
7b AT case2s A, Wz 8] Zhef A
ol 7k ASATh case3& EAtolE Ho|A skt
Table 13. Kinematic analysis of hip.
Case 1 Case 2 Case 3
(right) (lefty  (lefty ~ Control
Maximal hip <
Hexion 329 36.2 32.7 35.7
Maximal hip
extension 10.3 57 10.0 10.4
Maximal hi
dduction? 12 14 7.3 8.2
Maximal hi
Abdotion? 38 36 71 6.8
Maximal hip
Internal Rotation 10-1 4.8 10.7 18.7
v. 1%
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FooTs EHSEAT oo gET AFEER
axsn) AN ATAA FWe A F
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