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3D Motion Analysis of Hip, Knee and Ankle Joints of Children
Aged Between 7-11 Years During Gait
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ABSTRACT

Objective: The purpose of this study is to constitute a normative walking kinematic database and to investigate the differences between 7-11 aged
children and between the left and right sides of those age groups.

Materials and Methods: Fifty children between the 7 and 11 years old (10 from each age group) participated in this study. The measurements were
made with Zebris© CMS 70 P 3D motion analysis system. Flexion- extension, abduction-adduction angles of the hip joint, the flexion-extension of the
knee and ankle joints and foot rotations for each age group for both sides were recorded.

Results: Even all the groups’ gait patterns were similar with the literature, 9 years old group has lower knee flexion and higher ankle extensions (p<0.05).
Eight and 9 years old groups have higher maximum ankle extension values when compared with the other age groups (p<0.05).

Conclusion: Kinematic analysis results of 7 to 11 years old children suggests adult-like gait patterns especially for the hip and knee. These findings stress

the importance of age-matched normative data for the kinematic gait analysis.
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Introduction

Walking is described as a movement that is executed with
the integration of neuromuscular and skeletal systems (1).
Systematic study of human locomotion by measuring body
movements, body mechanics, and the activity of the muscles
is called gait analysis. It has been performed objectively with
computer-assisted digital systems since 1980’s. Today there are
lots of equipments which are used in gait analysis. The most
important need of the departments that use these equipments
is the constitution of normal data to compare with the patients’
data. In this study we aimed to evaluate flexion- extension, ab-
duction- adduction angles of the hip joint, flexion- extension
angles of knee and ankle joints and foot rotations by constitut-
ing a normal group and analyze their results to compare with
those of handicapped children in future.

The availability of age matched normative gait data is an
essential component of clinical gait analyses for diagnosing
the abnormal gait. Gait analysis in children has been made
since 1980’s (1). From the beginning of 1990's researchers be-
gan to analyze the age-related differences in gait kinetics and
kinematics. However, developmental studies on age matched
gait analysis are limited in the literature. Researches about
pediatric kinematics have reported adult like kinematic pat-
terns by the ages of 5 and 7 years. Previous studies generally
include comparison of the results with adult values (2-4).

On the other hand, these comparisons should be done be-
tween the groups depending on the age specific anthropomet-
ric data (4). Otherwise, because of the effect of joint kinematics,
some statistical differences between equal groups may occur.
Many of these results provide that a 7 year old child has similar
gait with adults although there are some age maturity differenc-
es in gait kinematics (5). There are various factors of maturity of
gait patterns, such as the muscle recruitment variability, imma-
ture strategies of equilibrium under 7 years old, immature sen-
sory integration, developmental differences of body segments.

The purpose of this study is to constitute a normative da-
tabase and to investigate the differences between different
age groups and between the left and right sides of children in
primary-school age groups.

Materials and Methods

Fifty Caucasian (10 from each age group) children attend-
ing to State School of Music participated in this study. Chil-
dren were told that the purpose of the study was to provide
data for therapy and follow up of their handicapped peers.
The families of children were informed by the teachers. Par-
ents of all children gave consent for participating in the mea-
surements. Study protocol approved by Local Ethics Com-
mittee. The anthropometric characteristics of different age
groups are given in Table 1.

The preliminary results of ankle and knee joint movements were presented as a poster in 4t Asian Pasific International Congress of Anatomists,
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Before measurements, all children were examined by a
physician for physical disorders and none of them was elimi-
nated due to skeletal abnormalities. The students attended
for measurements in the laboratory according to the program
that was defined with their age groups and all measurements
were made by the same crew, at the same time period of each
day. The measurements were made by using Zebris® CMS 70P
3D motion analysis system.

Four transmitters were placed on each side; one on the
mid-thigh, one on the knee joint just between the lateral con-
dyles of femur and tibia, the third one on the lateral malleo-
lus and the last one on the fifth metatarsal head. Thus, the
lower extremity was modelled as three rigid parts joined by
articulations. Subjects with transmitters attached were walked
for 5 meters on the runway. This procedure was repeated five
times for each subject. Samples were recorded every 50 mil-
liseconds. The clearest record was chosen for evaluation and
reporting. Then, these records were checked against the er-
rors in computer and graphs were drawn for flexion-extension,
abduction-adduction angles of the hip joint; the flexion-exten-
sion of the knee and ankle joints and foot rotations for each
age group for both sides. For statistical analysis the peak val-
ues recorded during these movements were used. Repeated
measurements of ANOVA were used to identify significant dif-
ferences among the age groups. For pairwise comparisons for
both sides, Tukey's post hoc test was performed.

Results

The mean values of weight, height and the number of chil-
dren for each group were given in Table 1. As expected, the

height and weight values showed an increase in group of 11
years of age with respect to the group of 7 years of age. The
groups represented the physical characteristics of their age
group.

The peak values recorded during the movements of hip,
knee and ankle were represented in Table 2, Table 3 and Table
4, respectively. There were significant differences (p<0.05)
for maximum knee flexions and maximum internal foot rota-
tions in the group of 9 years of age. Statistically significant
difference (p<0.05) was found in maximum ankle extension in
the groups of 8 and 11-years of age when compared with the
other age groups.

In the comparison of the right and left side parameters,
there are significant differences between the maximum right
hip abduction of the 10 year-old group (Table 2) and maxi-
mum right knee flexion of the 9 year-old group, maximum
right knee extension of 10 year-old group (Table 3) and for
the ankle movements maximum right flexion of the 11 year-
old group, maximum right extension of 8,10 and 11 years old
groups and finally maximum right foot internal rotation of 11
year-old group (Table 4). Comparing asymmetry in gait has
been evaluated using some indexes for obtaining more reli-
able results (6). We use only one clear trial for evaluating the
peak levels of angular movements of children. So this may
cause some unexpected differences.

Mean normative flexion-extension, abduction-adduction
angles of the hip joint, flexion-extension of the knee and ankle
joints of both sides and foot rotations can be seen in each
graphic (Figures 1, 2 and 3). Besides, the percentage of stance
and swing phases can be seen in Figure 4.

Table 1. The anthropometric characteristics accross age groups

7 years old 8 years old 9 years old 10 years old 11 years old
(n=10) (n=10) (n=10) (n=10) (n=10)
Mean=SD Meanx=SD Mean=SD Meanx=SD Mean=SD
Weight, kg 22.2+3.4 26.7+3.6 29.2+4.2 31.5+5.2 39.5+4.8
Height, cm 124.6+6.5 127+£5.2 131.6+5.6 136+5.1 142.8+6.5
BMI, kg/m? 14.3+2.1 16.1+2.4 16.9+2.2 16.8+2.3 19.3+2.4
Table 2. Mean hip movements across age groups
Movement 7 years old 8 years old 9 years old 10 years old 11 years old
Mean SD Mean SD Mean SD Mean SD Mean SD
Max. right hip flex. 27.10 5.54 28.40 3.66 24.08 6.36 28.08 3.45 26.00 3.11
Max. left hip flex. 27.70 5.21 2653 7.22 23.21 8.58 29.23  4.57 26.50 4.53
Max. right hip ext. -7.84 4.52 -8.66  5.02 -7.06  6.65 -10.50 5.68 -9.14 592
Max. left hip ext. -7.74 6.76 -9.20 421 -6.90  3.57 -8.03  3.37 -7.49  3.80
Max. right hip abd. 2.75f 1.96 430 241 3.81 411 492t 274 3.62 1.85
Max. left hip abd. 6.33 5.54 356 172 1.51 4.44 287 248 258  3.31
Max. right hip add. -2.611 2.69 -1.57t  3.00 -2.51 2.10 -1.47 0.74 -1.66 282
Max. left hip add. -0.30 2.10 -3.30  2.32 -3.47 524 -2.96 257 -2.19  2.22
No significant differeneces in hip movements between the groups. Max: maximum, flex: flexion, ext: extension, abd: abduction, add: adduction
: Significant differences between right and left sides (p<0.05)
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Table 3. Mean knee movements across age groups

Movement 7 years old 8 years old 9 years old 10 years old 11 years old
Mean SD Mean SD Mean SD Mean SD Mean SD
Max. right knee flex. 47.92 11.73 51.30" 8.51 39.98* 21.76 4472 10.07 52.80 14.24
Max. left knee flex. 4138 4.24 35.82 12.10 33.56* 12.87 45.66 10.46 55.56 3.11
Max. right knee ext. 2.98 6.31 0.05 1.18 4.98 2.65 3.641 5.35 1.87 5.44
Max. left knee ext. 3.14  2.05 -1.76 373 -4.57  7.67 -7.06  6.76 243 7.00
*: Significant differences (p<0.05) in knee flexion values were found between the group of 9 years of age and the other age groups. Max: maximum, flex: flexion,
ext: extension, *: Significant differences between right and left sides (p<0.05)

Table 4. Mean ankle movements across age groups

Movement 7 years old 8 years old 9 years old 10 years old 11 years old
Mean SD Mean SD Mean SD Mean SD Mean SD
Max. right ankle flex. 6.85 21.53 3.58 6.34 6.04 1.91 6.92 297 7.901  2.62
Max. left ankle flex. 9.63 10.92 3.88 9.03 6.56 3.69 530 3.67 12.08 12.27
Max. right ankle ext. -12.33 8.07 -24.94*t  7.84 -8.22 953 9307 3.66 -14.26*t 9.20
Max. left ankle ext. -10.18 4.92 -15.62* 1279 -10.60 4.53 -1650 2.64 -21.85* 6.03
Max. right foot external rot. 11.00t  11.80 3.08 7.10 -1.56 559 145 0.92 520  9.00
Max. left foot external rot. 5.84 20.75 2.94 8.53 8.93 14.10 6.58 14.68 17.56 18.16
Max. right foot internal rot. -18.56 11.80 -5.64 7.07 -586* 1.76 -12.26 3.27 -6.04t  5.70
Max. left foot internal rot. -15.02 27.02 -1.88 11.73 -3.04* 596 -12.60 1.27 -12.78 30.43
*: Ankle extension values of the groups of 8 and 11 years of age were significantly different (p<0.05) from the other groups. Foot internal rotation values of the group of 9 years of age
were significantly different (p<0.05) from the other age groups. Max: maximum, flex: flexion, ext: extension, rot: rotation *: Significant differences between right and left sides (p<0.05)

Discussion

The purpose of this study was to determine if gait kine-
matics differ between various age groups of children and to
obtain a normative database in order to use in the gait labo-
ratories. Even we found some significant differences between
some peak levels, the results demonstrated that gait patterns
of each group seem similar.

The results obtained in this study were related to kine-
matic analysis of gait, namely the part which studies on the
angular movement values. Temporal and spatial data can be
obtained in this procedure. We evaluated stance and swing
phases in percentage by analyzing these data in this study.
According to these results the stance phase is tend to be
shorter in young ages but the values did not differ from the
classical value of stance phase which is 60% significantly (7-9).
Again, the shortening of stance phase depending on age and
tendency of increase in swing phase was consistent with the
literature (10, 11). The kinematic data were given in Figures
1, 2 and 3. In these graphics 0 time value indicated the heel
contact which was the start of the step and finish indicated the
contact of heel to floor again. The curves of flexion-extension
movements were near to those reported in the literature. In
the knee joint there are two periods of flexion: the first pe-
riod serves as shock absorber during loading response and
the second period provides foot clearence during initial swing
by showing a peak. Furthermore, there are two flexion curves
in the ankle joint: the first occurs during the loading response

and the second curve occurs during the stance phase. In the
graphics of foot rotations, the positive side represents the ex-
ternal rotation and the negative side represents the internal
rotation. In the relevant literature, the number of degrees of
internal rotation is given about 4° from heel contact through-
out the stance phase and then shows an external rotation to
a peak of 10 degrees in terminal swing. However, the foot
rotation results obtained in this study were not clear as those
reported in the literature. Inadequate number of children, im-
mature development of musculoskeletal coordination might
be the underlying reason for these results. Although some
authors have considered that the gait maturity is completed
at about 5 years of age, their findings were mostly from the
analysis of sagittal plane movements (12).

The curves of hip flexion-extension movements were simi-
lar with the literature (13). But in this study the initiation values
are lower between 5 and 10 degrees according to the litera-
ture. Any relevant report about the other age groups could not
be found in the literature for comparison. In the coronal plane,
movements of the hip joint, adduction has occurred in the stance
phase and abduction has occurred in the swing phase of the gait
cycle, as are in the literature. The movement angles between ab-
duction and adduction of the hip joint were about 5 degrees and
consistent with the literature (11, 13). Comparison of kinematic
parameters for 3-13 years was made by Chester et al. But no
comparison between left and right sides was made (13).

The results of this study are the mean values for 7-11 age
groups and essential for the comparison with the results of pa-
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Figure 1. Hip movement graphics of all age groups. A: 7
years old, B: 8 years old, C: 9 years old, D: 10 years old,
E: 11 years old

tients in these age groups and can serve as reference for the
assessment of possible orthopedic disorders in children with
similar ages (14). In comparison with the other tests’ graphs,
the foot rotation graphs were not clear enough. Even though
this study was kinematic and did not include children under 5
years old, the difference between adults and children under
five years old in ankle kinetics was also mentioned in the lit-

Figure 2. Knee movement graphics of all age groups. A: 7
years old, B: 8 years old, C: 9 years old, D: 10 years old,
E: 11 years old

erature (15, 16). This supports some late maturation of ankle
joint movements or moments.

Limitations

This study is a cross-sectional one and if a longitudi-
nal study will be planned it would be more valuable.The
mean values given in the figures are the mean of 10 subjects’
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Figure 3. Ankle movement graphics of all age groups. A:
7 years old, B: 8 years old, C: 9 years old, D: 10 years old,
E: 11 years old

clearest results. If the total 5 steps of each subject could
be taken for evaluation the mean values would be more appro-
priate. More reliable results can be taken in larger study groups
by measuring asymmetries in gait by using relevant formulas.

The tables according to sex would be more reliable if the
subjects’ number increased.
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Figure 4. Percentage of swing and stance phases during
gait. 1: 7 years old, 2: 8 years old, 3: 9 years old, 4: 10 years
old, 5: 11 years old
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