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Common Gait Abnormalities of Each Joint in Children with Spastic Cerebral Palsy

Eun Sook Park, M.D., Dong-Wook Rha, M.D., Hyoung Bin Kim, M.D. and Min June Kim, M.D.

Department and Research Institute of Rehabilitation Medicine, Yonsei University College of Medicine

Objective: To investigate the prevalence of gait abnor-
malities of each joint of lower legs in children with spastic
cerebral palsy (CP) and to find out the influences of subtype
of CP, age, previous surgery and motor function on the gait
abnormalities.

Method: The gait analysis and foot scan from 320 children
with CP were reviewed. Types of gait abnormalities were
classified into 5 types for hip joint, 4 types for knee joint
and 8 types for foot and ankle joint. The prevalence of gait
abnormalities was assessed and the influence of subtype of
CP, age, previous surgery and GMFCS (gross motor func-
tion classification system) level were also investigated.
Results: In foot and ankle joint, intoeing (63.8%) was the

most common in all CP. In knee joint, jumping knee
(32.8%) was the most common in diplegic and hemiplegic
CP but crouch (47.6%) was the most common in quadri-
plegic CP. The likelihood of having planovalgus and crouch
significantly increased with age and pes calcaneus increased
after orthopaedic surgery. The children with lower functional
level on GMFCS tended to show stiff and recurvatum knee
pattern.

Conclusion: Predominent gait abnormalities in each joint
were assessed. Age, previous surgery, motor function and
subtype of children with CP had a significant effect on the
prevalence of gait abnormalities in each joint. (J Korean
Acad Rehab Med 2009; 33: 64-71)
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Table 1. Patients Demographics

A T Ol SotoIM

Diplegia Hemiplegia Quadriplegia

Number of subjects 226 73 21
Percent of total subjects 70.6% 22.8% 6.5%
Age (years)(meantSD) 7.46+3.84 7.64t4.54 11.38+4.74
Sex (male : female) 141 : 85 52:21 16:5
GMFCS (I : II : IIT) 29:114:83  31:41:1 1:12:8

SD: Standard deviation, GMFCS: Gross motor function classifi-
cation system
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Table 2. Definitions of Gait Abnormalities

Gait abnormlity

Definition

Foot & Ankle Equinus
Equinovarus

Equinovalgus

Planovalgus
Calcaneus

Normal foot
Intoeing

Out-toeing

Knee Jump knee

Crouch knee
Stiff knee

Recurvatum knee
Hip Scissoring

Excessive hip adduction

Excessive hip flexion
Excessive internal rotation

Rotational malalignment

Ankle plantarflexion >1 SD more than mean for normal during stance phase & no varus
or valgus on foot scan

Ankle plantarflexion >1 SD more than mean for normal during stance phase & varus
on foot scan (COPI >1 SD more than mean for normal)

Ankle plantarflexion >1 SD more than mean for normal during stance phase & valgus
on foot scan (COPI <1 SD less than mean for normal)

Without equinus & valgus on on foot scan (COPI <1 SD less than mean for normal)

Ankle dorsiflexion >1 SD more than mean for normal during significant portion of stance
phase (50% of stance phase)

Normal kinematics of ankle & within 1 SD of mean for normal COPI

Internal foot progression >1 SD more than mean for normal

External foot progression >1 SD more than mean for normal

Knee flexion at least 30° during early stance phase and incomplete knee extension during
late swing phase, but, nearly normal (10°~20°) extension during mid or terminal
stance phase

Knee flexion at least 30° throughout the stance phase & incomplete knee extension during
late swing phase

Peak knee flexion in the swing phase less than 45° & delay of peak knee flexion after
72% of the gait cycle

Knee extension in stance phase beyond 0°

Knee adduction >1SD more than mean for normal during significant portion of swing
phase (50% of swing phase)

Knee adduction >1SD more than mean for normal during significant portion of stance
phase (50% of stance phase)

Peak hip extension during stance phase >1SD less than mean for normal

Internal hip rotation > 1SD more than mean for normal during significant portion of stance
phase (50% of stance phase)

Excessive internal hip rotation with excessive external foot progression (> 1SD more than
mean for normal, regardless of cause, tibial torsion versus foot deformity)

SD: Standard deviation, COPI: Center of pressure index
Center of pressure index=(area in lateral column of foot scan)/(area in medial column of foot scan)

COPI of normal control group=1.3+0.2
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Table 3. Prevalence of Gait Abnormalities in Children with Spastic Cerebral Palsy

Total patients Diplegia

Hemiplegia Quadriplegia

Foot &
ankle

Intoeing (63.8%)
Planovalgus (30.3%)
Equinovalgus (19.7%)
Out-toeing (17.8%)
Equinovarus (16.9%)
Equinus (14.1%)
Normal (10.9%)
Calcanus (5.3%)
Jumping knee (32.8%)

Intoeing (63.3%)
Planovalgus (31.9%)
Equinovalgus (22.1%)
Out-toeing (18.1%)
Equinus (13.3%)
Normal foot (11.1%)
Equinovarus (10.6%)
Calcanus (6.6%)
Jumping knee (30.5%)

Knee Crouch (28.8%) Crouch (29.2%)

Recurvatum (18.8%) Recurvatum (19.9%)

Stiff knee (16.9%) Stiff knee (18.1%)

Excessive hip flexion (60.6%) Excessive hip flexion (65.0%)
Hip Excessice hip adduction Excessive hip adduction

(18.4%)

Excessive hip internal
rotation (15.6%)

Rotational malalignment
(15.3%)

Scissoring (6.9%)

(17.7%)

Excessive hip internal
rotation (14.6%)

Rotational malalignment
(14.6%)

Scissoring (8.0%)

Intoeing (65.8%)
Equinovarus (35.6%)
Planovalgus (20.5%)
Equinus (17.8%)
Out-toeing (16.4%)
Equinovalgus (13.7%)
Normal foot (12.3%)
Calcanus (1.4%)
Jumping knee (42.5%)
Crouch (21.9%)

Intoeing (61.9%)

Planovalgus (47.6%)

Out-toeing (19.0%)

Equinovarus (19.0%)

Equinovalgus (14.3%)

Equinus (9.5%)

Normal foot (4.8%)

Calcanus (4.8%)

Croch (47.6%)

Jumping knee (23.8%)

Recuvatum (15.1%) Recurvatum (19.0%)

Stiff knee (13.7%) Stiff knee (14.3%)

Excessive hip flexion (46.8%) Excessive hip flexion (61.9%)

Excessive hip adduction Excessive hip internal rotation
(17.8%) (38.1%)

Excessive hip internal Rotational alignment (28.6%)
rotation (12.3%)

Rotational malalignment
(9.6%)

Scissoring (1.4%)

Excessive hip adduction
(28.6%)
Scissoring (14.3%)
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Table 4. Most Prevalent Gait Abnormalities for Cerebral Palsy with
or without Previous Surgery

Previous surgery (n=271) No previous surgery (n=49)

Prevalence of foot and ankle gait abnormalities
Intoeing (42.9%) Intoeing (66.1%)
Planovalgus (26.5%) Planovalgus (30.7%)
Out-toeing (24.5%) Equinovarus (21.2%)
Normal foot (22.4%) Equinovalgus (20.2%)
Calcaneus (20.4%) Out-toeing (16.5%)
Equinus (6.1%) Equinus (15.1%)
Equinovalgus (4.1%) Normal foot (10.6%)
Equinovarus (4.1%) Calcaneus (1.8%)

Prevalence of knee gait abnormalities
Jumping knee (32.7%) Jumping knee (38.1%)
Crouch (26.5%) Crouch (27.5%)

Stiff knee (20.4%) Recurvatum (15.1%)
Recurvatum (16.3%) Stiff knee (14.7%)

Prevalence of hip gait abnormalities

Excessive hip flexion Excessive hip flexion

(59.2%) (56.4%)

Excessive hip adduction Excessive hip internal
(16.3%) rotation (18.3%)
Rotational malalignment Excessive hip adduction
(10.2%) (13.8%)

Excessive hip internal Rotational malalignment
rotation (2.0%) (13.3%)

Scissoring (2.0%) Scissoring (4.6%)

LA Ol SOtHIM E5HA LIEHL

rr
ol
b
1]
U
10
HI
0%
o
0z
=)
3

Table 5. Adjusted Odd Ratios for Gait Abnormalities with Age
(Adjusted for Previous Surgery and GMFCS)

Gait abnormality Odd ratio 95.0% C.I Significance
Planovalgus 1.296 1.205 1.394 0
Crouch 1.15 1.084 1.22 0
Rotational malalignment  1.08 1.008 1.158 0.007
Excessive hip adduction 1.077 1.007 1.151 0.031
Excessive hip internal 1.072 1.002 1.147 0.043

rotation

Excessive hip flexion 1.06 1.001 1.122 0.044
Calcanus 1.035 0915 1.171 0.584
Out-toeing 1.029 0962 1.1 0.409
Intoeing 0965 0913 1.02 0.207
Scissoring 0957 0.835 1.096 0.523
Normal foot 0931  0.845 1.026 0.152
Recurvatum 0.93 0.856 1.011 0.09
Jumping knee 0914  0.858 0.973 0.005
Equinovalgus 0.909  0.835 0.989 0.026
Equinovarus 0905 0.83 0.987 0.024
Stiff knee 0.904 0.823 0.992 0.034
Equinus 0.66 0.547 0.796 0

C.I: Confiden index
*p-value <0.05, the odd ratio differs significantly from 1.0

Table 6. Adjusted Odd Ratios for Gait Abnormalities with Pre-
vious Surgery (Adjusted for Age and GMFCS)

Gait abnormality Odd ratio 95.0% C.I Significance
Calcanus 12273 408 36916 0
Normal foot 2936 1302 6.62 0.009
Out-toeing 132 0.607 2.869  0.484
Stiff knee 1.289 0.551 3.018  0.558
Recurvatum 1.082 0467 2511 0.854
Excessive hip adduction 1.041 0444 2437 0.927
Jumping knee 0954 0485 1.876 0.892
Excessive hip flexion 0949 0499 1.806  0.874
Crouch 0.887 043 1.833  0.747
Rotational malalignment 0.661 0.243 1.802 0.419
Planovalgus 0512 0.734 2.853 0.109
Equinus 0475 0.133 1.695  0.251
Intoeing 0.406 0215 0.767  0.005
Scissoring 0369 0.047 2.895  0.369
Equinovarus 0.181 0.042 0.778  0.022
Equinovalgus 0.177 0.041 0.757 0.02
Excessive hip internal 0.091 0.012 0.683 0.02

rotation

C.I: Confiden index
*p-value <0.05, the odd ratio differs significantly from 1.0
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Table 7. Adjusted Odd Ratios for Gait Abnormalities with GMFCS
(Adjusted for Age and Previous Surgery)

Gait abnormality Odd ratio 95.0% C.I Significance

Stiff knee 2583 157 4102 0

Scissoring 2347 1159 4753 0.018
Recurvatum 2.028 1.304 3.155 0.002
Excessive hip flexion 1.948 1381 2746 O

Calcanus 1.765 0.828 3.763 0.141
Rotational malalignment 1.568 0.988 2.488 0.056
Excessive hip internal 1.465 0931 2307 0.099

rotation

Excessive hip adduction 1461 0956 2234 0.08
Crouch 1423 0991 2.043 0.056
Equinus 1.319 0.825 2.108 0.247
Intoeing 1.262 0903 1.762 0.172
Planovalgus 1.253 0.881 1.782 0.209
Equinovalgus 1.181  0.787 1.772 0.422
Out-toeing 0.856 0.564 1.3 0.467
Normal foot 0.667 0399 1.115 0.123
Equinovarus 0.65 0.422 0.999 0.049
Jumping knee 0.525 0368 0.749 0

C.I: Confiden index
*p-value <0.05, the odd ratio differs significantly from 1.0
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