
Introduction
Cerebral palsy (CP) comprises a group of permanent dis-
orders of the development of movement and posture,
which causes activity limitations.[1] Children with unilater-
al lesions are termed hemiparetic and children with bilat-
eral lesions are termed diparetic. Hemiparetic group com-
pared with the diparetic group with within the same Gross
Motor Function Classification System (GMFCS) level
would have better gait and lower extremity function, but

worse upper extremity function. Children with hemi-
paretic CP tend to walk at an earlier age than those with
diparetic.[2,3]

The hip joint plays a key role for the lower limb align-
ment, and deformity of this joint gives rise to function
impairments in the lower limb.[4,5] Because of the muscle
impairment during the growth phase, 15-20% of overall
children population affected by CP have the risk of devel-
oping hip dislocation. A high correlation of hip dislocation
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Abstract

Objectives: The aim of this study was to evaluate the certain radiological hip parameters and the effects of these parame-
ters on the functional capacity of cerebral palsy (CP) children, to compare the Gross Motor Function Measure (GMFM-66
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and to define possible differences or similarities with the control group. 

Methods: The radiographic parameters measured for CP and control groups were caput-collum-diaphyseal angle (CCD), migra-
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nificant relationships between radiological parameters. Hemiparetics had statistically higher GMFM-66 dimension E score than
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Conclusion: The threshold values for hip parameters were determined with CP in GMFCS level 1. The hemiparetic and
diparetic children with CP, who were at the GMFCS level I and age group, had similar hip morphology. Development of
femoral head and acetabulum in these children were not different from control group. Evaluating the functional levels of
patients according to GMFM-66 scores with radiographic parameters is believed to contribute to the monitoring CP children. 
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with the level of GMFCS has been reported.[5] Therefore,
the functional capacity of the CP patients is affected and
the quality of daily living activities decreases.[6]

The GMFCS was standardized as a method of classi-
fying CP children by their level of functional mobility.[7]

The GMFCS is a simple, valid, and objective classification
method that consists of five levels. Level I, children with
minimal or no disability with respect to community
mobility; level II, children with limitations walking
indoors and outdoors but not using devices; level III, chil-
dren with limitations walking indoors and outdoors and
using assistive devices; level IV, children using methods of
mobility that require physical assistance or powered
mobility in most settings; level V, children who are total-
ly dependent on external assistance for mobility.[2,3,7,8]

Hip diseases are followed by surveillance programs in
CP patients. This program encompasses the processes of
the early identification and intervention of hip patholo-
gies.[4,9,10] Data obtained by clinical examination and radio-
logical imaging are the vital components of the pro-
gram.[4,5,9–14] The Gross Motor Function Measure
(GMFM-66) is used to measure changes in gross motor
function over time or to evaluate interventions in CP
patients.[15,16] The GMFM is a criterian-referenced obser-
vational measure to assess children with CP. It measures
the the items of gross motor activitiea in five dimensions;
A: lying and rolling, B: sitting, C: crawling and kneeling,
D: standing, and E: walking, running and jumping.[16]

Hip dislocation/subluxation causes significant morbid-
ity in CP patients with advanced GMFCS. It is rarely a
problem in ambulatory and mild forms of CP (GMFCS
level 1).[15,16] Although these types of CP children have
been followed up, we have not encountered the data
regarding the radiological hip indices. The aim of this
study was to evaluate the certain radiological hip parame-
ters and the effects of these parameters on the functional
capacity of CP children, and to compare the GMFM-66
scores of hemiparetic and diparetic children with spastic
CP in GMFCS level I. Also, control group with healthy
hips were used to define possible differences or similarities
with the CP group. 

Materials and Methods
The antero-posterior radiographs (Hofmann DMT
GmBH Selector D2 and Siemens Multix Tap equip-
ments, Siemens Healthcare GmbH, Elangen, Eermany)
of hips of the CP group in a standard technique in prone
position[17] obtained at our institution were reviewed ret-
rospectively. The CP group, followed at the Department
of Child Neurology, was consisted of 34 children with

spastic CP (24 right-sided hemiparetic and 10 diparetic)
with GMFCS level I. Descriptive values of those with
relevant to gender and age were shown in Table 1.
Evaluation of the motor function capacity of the CP
group according to the crawling and kneeling (C), stand-
ing (D) and walking (E) dimensions of the GMFM-66[12]

was taken at their routine examination visits. Children
with history of spine or hip operation, botulinum toxin
injections, GMFCS level II-V, hypotonic/dyskinetic CP,
uncoordinated children and low quality images were
excluded. The control group consisted of 26 children
submitted to the emergency department because of trau-
ma. Descriptive values of this group were given in Table
1. The graphics excluding dislocation and broken hips,
legs and spine were chosen carefully from the archive.
The appropriate dosed and standardized positioned ones
were taken into account for the study.[17] The graphics
were digitalized by a CR device then evaluated at the
KODAK workstation by a radiologist. The study was
carried out according to the principles of the Declaration
of Helsinki. The ethical approval was taken from the
Clinical Research Ethics Committee of Mersin
University. The following radiographic parameters for
each hip measured for both groups were (Figures 1 and
2): The caput-collum-diaphyseal (CCD) angle: The
angle formed between the femoral neck and shaft in the
frontal plane (Figure 1a);[6,18] Migration index (MI): The
percentage of the distance between the lateral cortex of
the femoral head and the lateral margin of acetabulum to
the distance between the lateral and medial cortex of the
femoral head (Figure 1b);[5,10,12,13,19] Center edge angle
(CEA): The angle between a line drawn from the center
of the femoral head to the outer edge of the acetabular
roof and a vertical line drawn through the center of the
femoral head (Figure 1c);[12,19–21] Acetabular index (AI):
The angle formed between the Hilgenreiner line and a
line extending along the acetabular roof (Figure
1d);[5,12,19–21] Pelvic obliquity (PO): The angle formed
between the line connecting both inferior margins of the
pubis and the horizontal line extending from the inferi-
or pubis (Figure 1d).[12,22]
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Gender 

Female (n) Male (n) Years of age 

Hemiparetic 10 14 7.5±2.4

Diparetic 4 6 8.4±3.1

Control 16 10 10.±2

Table 1
Descriptive value of the hemiparetic, diparetic and control groups.
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The Shapiro Wilk test was used to control normality
of the continuous measurements. The distribution was
normal in terms of hip parameters and one-way-
ANOVA test was used to compare group differences.
Levene test was used to check homogeneity of variances.
Differences between groups were tested by the
Bonferroni post-hoc test. The paired sample t-test was
used for differences between the left and right measure-
ments in each group. Correlation between variables was
investigated by calculating the Pearson correlation coef-
ficient. Mean and standard deviation values were given as
descriptive statistics, except PO. For PO, the median and
quartile values were given and the Kruskal-Wallis test
was employed for comparison between the groups. Also,
because of not normally distributed scores, the median
and quartile values are given and, Mann-Whitney U test
was used to compare the CP groups in terms of GMFM-
66 dimensions. SPSS Trial version was used for all sta-
tistical analysis. For the statistical significance p<0.05
was adopted.

Results
The descriptive values of radiological parameters except
PO, regarding hemiparetic and diparetic CP children, and
the control group were given in Table 2. The compar-
isons of these parameters within and between groups were
analyzed in Table 2. No significant differences were
found in terms of sides of the same individual in each
group (p>0.05). Significant differences were found
between groups for left CCD, right MI, right and left AI,
and right and left CEA (p<0.05). When pair-wise compar-
isons were examined, it was observed that there was a sig-
nificant difference for left CCD between hemiparetic
(146.42±9.17) and diparetic (154.30±7.32) cases (p=0.022).
There was a significant difference for right MI between
diparetic (0.19±0.12) and the control groups (0.09±0.05),
(p=0.002). There were significant differences for right AI
between hemiparetic (11.95±3.05) and control groups
(9.50±3.13), and diparetic (12.67±4.56) and control
(9.5±3.13) groups (p=0.02 and p=0.019, respectively).

Figure 1. (a-d) The antero-posterior radiographics showing certain hip parameters. (a) Acetabular index diaphyseal angle (CCD). (b) Migration index
(MI)=(a/b)x100. (c) Center edge angle (CEA). (d) Acetabular index (AI). a: acetabular index; b: pelvic obliquity (PO).

a b

c d



There was a significant difference for left AI between
hemiparetic (12.11±4.48) and the control (8.81±2.71)
groups (p=0.003). There were significant differences for
right CEA between hemiparetic (28.31± 5.18) and the
control (34.85±5.18) groups, and diparetic (28.13±3.87)
and control (34.85±5.18) groups (p=0.001 and p=0.005,
respectively). There was a significant difference for left
CEA between hemiparetic (30.58±5.75) and the control
(34.88±5.57) groups (p=0.049).

For the PO, the median and 25-75% quartile values
were: 1° and 0–3° for hemiparetics, 4 and 1-5 for diparet-
ics, 10 and 0–30 for the control group. No significant dif-
ference was found between the hemiparetic, diparetic and
control groups (p=0.163). Correlation analyses unveiled
significant relationships between radiological parameters
(Table 3). The scores of functional capacity of CP chil-
dren measured with GMFM-66 were given in Table 4.

Discussion 
The GMFCS have the advantages of reliability, validity
and simple applicability. However, a significant ambiguity
was reported in distinguishing level I from level II.[23] For
further reliable classifications, we analyzed the radiologi-
cal hip parameters of the children with GMFCS level I
spastic type CP and evaluated their functional capacity
according to these outcomes.

Although CCD angle was reported to have a high
variance, it is normally measured approximately 150° in
newborns, 135° at six years of age, 120–130° in adults,

and 147° to 154° in CP children.[6,18,24] In the present
study, the age distribution of children, both in CP and
control groups, was between 5 to 12 years of age.
Although, a certain CCD angle has not been described
for these ages, the mean CCD angle of our cases has
found to be over the average that was reported for the 6
years old group. When we compared the CCD angles of
CP and control groups, the CCD angles in left hips of
diparetics were found to be statistically significantly
higher than left hips of hemiparetics (p=0.027). In the lit-
erature, where the CCD angle is reported to be high in
CP patients, none of them have reported the specific
angle values according to the CP subtype.[6,13]

Particularly, no difference related to the CCD angle was
observed in hemiparetic CP children in our study.
Additionally, the CCD angle was found to have a posi-
tive correlation between sides in each group (Table 3).

The CCD angle and MI is reported to be significantly
higher in GMFCS level IV-V quadriparetic patients than
in the GMFCS level I-III diparetic patients. As well as,
when there is a positive correlation between MI and CCD
angles, a tendency to develop coxa valga is observed in the
hips with higher MI values.[25] Our study demonstrated
higher MI values in the right hips of diparetic CP cases
than in the control group, while a powerful positive cor-
relation was determined between CCD angle and MI
(Table 3). According to the findings of the study, due to
the mild increase of CCD in CP group, there need to be
monitored closely in terms of coxa valga.
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Table 2
Comparisons of certain radiological parameters within and between groups.

Control Right hemiparetic Diparetic
n=26 n=24 n =10 pa

CCD R 147.69±6.84 149.52±9.34 152.90±6.2 0.199

L 148.85±5.41 146.42±9.17 154.30±7.32† 0.027

pb 0.259 0.058 0.285

MI % R 0.09±0.05 0.13±0.07 0.19±0.12* 0.003

L 0.09±0.05 0.11±0.07 0.14±0.08 0.154

pb 0.565 0.351 0.335

AI R 9.50±3.13 11.95±3.05* 12.67±4.56* 0.017

L 8.81±2.71 12.11±4.48* 11.40±3.4 0.008

pb 0.098 0.848 0.370

CEA R 34.85±5.18 28.31±5.18* 28.13±3.87* <0.001

L 34.88±5.57 30.58±5.75* 31.70±6.2 0.044

pb 0.961 0.101 0.395

pa: p-value of one-way ANOVA test; pb: p-value of paired t test; *indicator of difference with control group; †indicator of difference with hemiparetic group; AI: acetabular index;

CCD: caput-collum-diaphyseal angle; CEA: center edge angle; MI: migration index; L: left side; R: right side.



The mean AI angle between 5 to 11 years of age was
reported to be 12.9±4.5° and the upper limit for normal
coverage was accepted as 22°.[20] The AI angle was report-
ed to be similar in spastic patients with stable and normal
hips.[26] In our study, the mean AI angle was found to be
within the normal limits in all groups. However, the AI

parameter of hemiparetics was found to be higher in both
hips than in the control group. Also, it was found to be
higher in right of the diparetics than the control group
(Table 2). Although normal limits were found in the study,
the greater values in CP patients reflect the higher acetab-
ular inclination and the predisposition to hip displacement.

17Radiological hip indices correlate with GMFCS level I and GMFM-66 scores in cerebral pasy 

Anatomy • Volume 13 / Issue 1 / April 2019

Table 3
Correlations between radiological parameters of the hemiparetic and diparetic CP groups.

CCD-L MI-R MI-L AI-R AI-L CEA-R CEA-L

Right hemiparetic CCD-R r 0.738* -0.092 -0.404 -0.464† -0.531* -0.193 0.140
p <0.001 0.708 0.086 0.046 0.019 0.428 0.568

CCD-L r 1 -0.055 -0.310 -0.337 -0.220 -0.148 0.077
p 0.822 0.197 0.158 0.366 0.545 0.753

MI-R r 1 0.417 0.373 0.146 -0.533 0.037
p 0.076 0.116 0.550 0.019†† 0.879

MI-L r 1 0.502† 0.576* -0.132 -0.519†

p 0.028 0.010 0.590 0.023

AI-R r 1 0.619* -0.461† -0.423
p 0.005 0.047 0.071

AI-L r 1 -0.169 -0.695*
p 0.489 0.001

CEA-R r 1 0.459†

p 0.048

Diparetic CCD-R r 0.847* 0.701† 0.005 0.565 -0.366 -0.738† 0.253
p 0.002 0.024 0.989 0.113 0.299 0.015 0.480

CCD-L r 1 0.258 0.072 0.160 -0.670† -0.314 0.002
p 0.471 0.844 0.680 0.034 0.376 0.995

MI-R r 1 -0.033 0.828* 0.171 -0.953* 0.449
p 0.928 0.006 0.638 <0.001 0.193

MI-L r 1 -0.051 0.049 0.212 -0.841*
p 0.896 0.893 0.556 0.002

AI-R r 1 0.487 -0.782† 0.335
p 0.184 0.013 0.378

AI-L r 1 -0.100 -0.025
p 0.783 0.945

CEA-R r 1 -0.536
p 0.110

Control CCD-R r 0.677* 0.115 0.125 -0.232 -0.094 -0.205 -0.110
p <0.001 0.576 0.542 0.254 0.648 0.316 0.592

CCD-L r 1 0.319 0.126 -0.194 -0.095 -0.176 -0.030
p 0.112 0.540 0.343 0.645 0.389 0.885

MI-R r 1 0.762* 0.427† 0.374 -0.667* -0.504*
p <0.001 0.029 0.060 <0.001 0.009

MI-L r 1 0.432† 0.598* -0.551* -0.729*
p 0.028 0.001 0.004 <0.001

AI-R r 1 0.761* -0.620* -0.678*
p <0.001 0.001 <0.001

AI-L r 1 -0.551* -0.742*
p 0.004 <0.001

CEA-R r 1 0.729*
p <0.001

AI: acetabular index; CCD: caput-collum-diaphyseal angle; CEA: center edge angle; MI: migration index; L: left side; R: right side.*p<0.001, †p<0.05.



The normal value of CEA for 5 to 10 years of age is
reported to be 25.2±5.2° and 30±5.6° between 11 to 15
years of age. The lower limit of this angle between 5 to
10 years is 15° and 19° for 11 to 15 years of age. The
CEA is reported to be a little bit higher in left hips,
which is explained by the weight bearing differences
between two sides.[20] In this study, interestingly the CEA
was found to be lower in both hips of hemiparetic CP
children and in the right hips of diparetic CP children
than in the control group. Terjesen indicated the rela-
tionship of MI with CEA and AI in CP patients.[12] In the
present study, negative correlation between CEA and MI
parameters was observed in both hips of hemiparetics
and diparetics. Similarly, negative correlation was found
in both hips of hemiparetics and in the right hip of
diparetics between CEA and AI (Table 3).

In comparing treatment outcomes, choosing chil-
dren at the same age and the same GMFCS level is sug-
gested in spite of normal children as control group.[7] In
this study, comparison of hemiparetic and diparetic CP
children in terms of hip sides revealed no statistically
significant difference, except for the CCD angle in left
hips. Therefore, we thought that the hip parameters of
CP children at the same age and the GMFCS level I
revealed similar morphology independent of the CP
subtype.

Evaluation of the hemiparetic CP patients according
to GMFM-66 revealed lack of ability in stability, kneel-
ing and standing up activities. However, these cases were

reported to have better activity scores when compared to
other types of CP. According to gross motor develop-
ment, diparetic CP patients were observed to have less
ability, especially in standing and walking activities. In
the same study, scores of GMFM-66 dimensions C, D
and E for hemiparetic CP patients were 97±4.17%,
84.78±10.72% and 84.61±8.32%, and for diparetic CP
patients 44.88±33.31%, 28.95± 27.97% and 30.45±
33.11%, respectively.[27] Significant differences between
the scores were reported in that study as topographic dis-
tribution and GMFCS levels were ignored in evaluation
phase. The results of this study demonstrated higher
scores of GMFM-66 in the GMFCS level I hemiparetic
and diparetic CP children (Table 4), in accordance with
the previous report of Oeffinger et al.[3]

The “C” dimension of GMFM-66 includes more
upper extremity involving activities than “D” and “E”.
Although, hemiparetic CP patients are known to have
better abilities in walking and lower extremity functions,
they are reported to have lower capacity in upper
extremity functions than diparetic CP patients.[2] In this
study, scores of hemiparetics in dimension “E” were
found to be significantly higher than diparetics and
scores of diparetics in dimension “D” were found to be
significantly higher than hemiparetics. However, no sig-
nificant difference was observed between the two groups
by means of “C” scores (crawling and kneeling activities).
According to GMFM-66, hemiparetic children in
GMFCS level I were found to have higher ability in
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Figure 2. (a) AI on the right side and the CEA on the left side in diparetic CP girl aged 9 years. (b) The CCD on the right side and the PO on right side
in hemiparetic CP boy aged 9 years. CCD: caput-collum-diaphyseal angle; CEA: center edge angle; CP: cerebral palsy; PO: pelvic obliquity.

a b



walking, running and jumping activities than diparetics.
Our study results were compatible with this report
(Table 4).

The present study has an important limitation
regarding less number of study populations. Due to hav-
ing q mild form of CP with GMFCS level I children
need less interventional treatments. Nevertheless, find-
ing CP children without botulinum toxin injections, cog-
nitive impairments and hypotonic/dyskinetic types is dif-
ficult. In further studies, a larger study population or
community based registry will be evaluated within all
GMFCS levels.

Conclusion
Threshold values of certain radiographic parameters of
the CP children with GMFCS level I were determined in
the present study. The radiographic findings revealed
that development of the femoral head and acetabulum
was not different from the control group and the litera-
ture data. Accordingly, these results support the effect of
walking on hip development and the protective role in
hip biomechanics according to GMFM-66 scores. 
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