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Changes of the Muscle-tendon Lengths in a Three-dimensional Musculoskeletal
Model according to the Hip Transverse Angle in Cerebral Palsy Patients with Crouch
Gait
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Table 1. Comparison of Kinematic Parameters between Cerebral Palsy and Normal Control

Sagittal kinematics Midstance peak pelvic anterior tilt
Midstance minimum hip flexion angle
Initial contact knee flexion angle
Midstance minimum knee flexion angle
Midstance peak ankle dorsiflexion angle
Transverse kinematics Midstance average pelvic transverse angle
Midstance average hip transverse angle
Midstance average foot progression angle
Sagittal kinetics Midstance peak hip extension moment
Midstance peak hip power generation
Midstance peak knee extension moment

Midstance peak knee power generation

Midstance peak ankle plantarflexion moment

Midstance peak ankle power generation

Cerebral palsy Normal p-value
19.67+8.24 14.51+5.79 0.0299*
8.26+10.94 -4.75+4.72 <0.0001*
36.56+11.40 11.81+5.48 <0.0001*
16.49+16.94 9.31+3.67 0.1597
12.48+8.64 20.53+2.91 <0.0001*
1.51+10.52 -1.32+4.25 0.2377
0.56+8.76 -1.86+4.14 0.2264
-4.69+15.14 -3.69+6.57 0.7737
0.75+0.53 0.79+0.29 0.6235
1.07+1.02 1.05+0.71 09174
0.43+0.59 0.20+0.16 <0.0001*
0.59+0.80 0.62+0.33 0.8154
0.84+0.59 1.07+0.16 <0.0001*
1.24+1.79 2.71+0.90 <0.0001*

Values are mean=standard deviation.
*The difference is significant (p<0.05).
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Table 2. Comparison of Midstance Average Percent Muscle Lengths
between Cerebral Palsy and Normal Control

Cerebral palsy Normal p-value
Gluteus medius 0.961+0.072  0.973+0.051 0.4823
Adductor 1.060+0.277  0.925+0.223 0.0395*
Rectus femoris 0.936+0.032  0.978+0.017  <0.0001*
Biceps femoris 1.008+0.067 0.986+0.045 0.1585
Semimembranosus  1.002+0.058  0.977+0.024 0.0559
Gracilis 1.064+0.074  1.018+0.041 0.0082*
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Table 3. Comparison of Tempospatial Parameters among Groups

Group | Group Il Group Il p-value
Cadence 110.85+42.40 102.43+46.20 119.28+28.37 0.0002*
Walking speed 059+028  0.44+0.35 0.63+0.26 <0.0001*
Step length 0.29+0.12  0.26+0.15  0.33+0.13 <0.0001*
Stride length 0.59+022  049+0.31  0.63+0.24 0.0004*
Single support  24.15+14.96 21.18+15.88 23.03+15.75<0.0001*

Double support  31.02+23.06 36.36+26.73 23.33+16.17 0.0019*
Foot off 70.83+11.79 75.52+12.85 67.35+6.11 0.5617

Values are mean=standard deviation.
*The difference is significant (p<0.05).

Values are mean=standard deviation.
*The difference is significant (p<0.05).
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Figure 1. Sagittal and transverse kinematics during gait. The flexion of knee during midstance and internal rotation of hip are more increased in group
I compared to the other groups. Patients in group Il show more severe crouch and internal rotating gait. The two thin solid lines represent the normal
ranges.
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Table 4. Comparison of Kinematic Parameters among Groups

Telof|af o] - Zo] s}

Group | Group Il Group Il p value
Sagittal Midstance peak pelvic anterior tilt 21.29+8.91 20.97+6.89 15.95+9.70 0.0299*
Kinematics  stance minimum hip flexion angle 6.69+12.04 7.50+9.97 10701232 <0.0001*
Initial contact knee flexion angle 28.54+9.96 36.08+9.99 41.19+13.12 <0.0001*
Midstance minimum knee flexion angle 7.62+14.60 13.68+14.98 26.79+17.74 0.1597
Midstance peak ankle dorsiflexion angle 10.29+7.43 12.99+6.99 12.22+12.00 <0.0001*
Transverse Midstance average pelvic transverse angle 5.54+16.59 2.76+9.15 -3.10+9.07 0.0078*
kinematics y idstance average hip transverse angle 13.97+3.84 1.04+5.46 10474427  <0.0001*
Midstance average foot progression angle -14.13+10.34 -4.68+13.05 -0.69+19.43 0.0195"
Sagittal Midstance peak hip extension moment 0.79+0.43 0.67+0.48 0.93+0.63 0.0759
Kinetics Midstance peak hip power generation 1.09+0.56 1.0241.13 1.19+0.92 0.9759
Midstance peak knee extension moment 0.24+0.15 0.45+0.32 0.46+1.02 0.4636
Midstance peak knee power generation 0.40+0.39 0.63+0.93 0.58+0.55 0.2669
Midstance peak ankle plantarflexion moment 0.51+0.26 0.49+0.28 0.60+0.17 0.1791
Midstance peak ankle power generation -0.08+0.13 0.08+0.13 0.09+0.24 0.2470
Values are mean + standard deviation.
* The difference was significant (p<0.05).
Table 5. Comparison of Midstance Average Percent Muscle Lengths ] |3 9h& Y] 3l t/ 0.2 51§70 B E L} glof A Zfo] 7} g
among Groups A He 27] 9 W] 2] B §21o] ApoloA u| e
Group | Group Il Group Il p-value Al 2z Qlth Crouch B3 o A ST 23] Jke &
Gluteus medius ~ 0.936+0.065 0.959+0.074 0.975+0.068 0.1178 2 9l 27 olzy|o] R HURS BAstA o) Ha) =
Adductor 1.009+0.316 1.044+0.279 1.100+£0.207 0.0039* 2 A|7|o|A]2] LE5+4 W Q= olska B w 2 93t 71 0 2 AY
Rectus femoris 0.935+0.033 0.935+0.032 0.942+0.032 0.4199 ZIE T,
Biceps femoris  1.003+0.075 1.006+0.068 1.030+0.046 0.0014* Rethlefsen 592 = /d uhu] hotof A W £2] BaYo] 714 37
ARS == FHo| S7tolt, JstA] uhelolA i £4] HaY

Semimembranosus 1.012+0.076 1.004+0.051 0.992+0.051 0.0001*
Gracilis 1.055+0.104 1.060+0.072 1.069+0.054 0.0142*

Values are mean =+ standard deviation.
*The difference was significant (p<0.05).
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Figure 2. Percent muscle lengths during gait cycle. In group Ill, percent lengths of adductor, biceps femoris and gracilis muscle are increased and
percent length of semimembranosus is decreased compared to the other groups during midstance phase. However there are no statistical differences
between these groups and normal control. The two thin solid lines represent the normal ranges.
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Changes of the Muscle-tendon Lengths in a Three-dimensional
Musculoskeletal Model according to the Hip Transverse Angle in
Cerebral Palsy Patients with Crouch Gait

Ju-Young Kim, M.D.*, Hyun-Woo Kim, M.D., Ki-Seok Lee, M.D., Soo-Bong Hahn, M.D.,
Hui-Wan Park, M.D., and Kun-Bo Park, M.D.'
Department of Orthopaedic Surgery, Yonsei University Medical College, Seoul,
*Namgang Hospital, Junju, TInje University College of Medical, Pusan, Korea

Purpose: Crouch gait is one of the common pathologic gaits in children with cerebral palsy. Hamstring lengthening for alleviation of
knee flexion is often considered as a first choice for the treatment of crouch gait. However, there have been a variety of reports about
the lengths of the hamstring muscle. The purpose of this study was to classify the crouch gait on the transverse plane and to suggest
a guide line for hamstring lengthening by analyzing the length of these muscles.

Materials and Methods: The subjects for this study were selected in ambulatory spastic diplegia patients with crouch gait. A
total of sixty-two patients (124 cases) were included. The gait parameters and the muscle lengths were compared. The range of +1
standard deviation of the normal middle stance hip rotation was considered as the normal range. The subjects were divided into
three groups as hip external rotated (group 1), normal (group Il) and hip internal rotated (group Ill) according to the hip rotation.
Results: The flexion of the knee and hip was the greatest in group Ill and dorsiflexion of the ankle was the least in group I. On
comparison of moment and power on the sagittal plane, there was no significant difference among the groups. In group IlI, the
percent lengths of the adductor, biceps femoris and gracilis muscles were increased the most, whereas the percent length of the
semimembranosus was decreased the most. There was no statistical difference between groups | and Il and the normal control
group.

Conclusion: Irrespective of the hip rotation, the length of the hamstring muscle in patients with crouch gait did not differ compared
to that of the normal control. But if rotational osteotomy is done for the correction of the increased femoral anteversion in group Il
then we should consider lengthening the semimembranosus muscle.

Key words: cerebral palsy, crouch gait, musculoskeletal model, hip rotation
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