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INTRODUCTION

The human gait �����������������������������������������������is a form of biped locomotion with cyclic move-
ments, which calls for interaction among the neuromotor, sensory 
and musculoskeletal systems, and requires minimum metabolic 
energy consumption.1

The gait cycle is characterized by two consecutive initial contacts per-
formed by the same lower limb, and divided into two different phases 
(stance and swing). At the habitual gait speed of 80m/min, these 
phases represent respectively 62% and 38% of the gait cycle.
The stance phase is the period where the foot remains in contact 
with the ground and it can be divided into first double stance 
(contact)  (0% to 12%), single stance (mid-stance) (12% to 50%), 
and second double stance (propulsion or toe-off) (50% to 62%). 
The swing phase is the period when the limb is in progression 
movement and not in contact with the ground. It can be divided 
into initial swing (62% to 75%), mid-swing (75% to 85%) and 
terminal swing (85% to 100%).2

Kinematics is defined as the study of movements without taking 
into consideration the forces that produce them.

The knees flex twice during each gait cycle. Flexion rises to be-
tween 8o and 9o ������������������������������������������������� after initial contact, soon followed by their ex-
tension during stance up to about 40% of the cycle. In the initial 
third of the swing phase the knee flexes once again and reaches 
its flexion peak (60o) with the objective of adequately releasing 
the ipsilateral foot.3

The ankles also present two periods of plantar flexion followed 
by progressive dorsiflexion during most of the stance phase. 
After the toe-off, the ankles once again describe a dorsiflexion 
movement that lasts until initial contact.4

The current development of gait analysis and its growing applica-
tion to the study of pathological patterns, have created the need 
for knowledge of normality data. This is more evident in the study 
of children. Gait pattern in children differs substantially from the 
gait pattern of adults, which leads us to believe that measures 
during the various age brackets are necessary for critical com-
parisons, yet there is very little literature on this topic.5

Many factors complicate the distinction between normal and 
pathological gait in children. They are: musculoskeletal growth, 

original article

Evaluation of ankle and knee movement pattern 
during maturation of normal gait

Mauro César Morais Filho, Renata Albertin dos Reis, Cátia Myuki Kawamura

Citation: Morais Filho MC, Reis RA, Kawamura CM. Evaluation of ankle and knee movement pattern during maturation of normal gait. Acta Ortop Bras. [online]. 2010; 
18(1):23-5. Available from URL: http://www.scielo.br/aob

ABSTRACT

Objective: The purpose of this study was to evaluate the move-
ment pattern of knee and ankle during stance phase in order to 
analyze the behavior of these parameters during gait maturation 
process. Methods: Subjects without neuro-muscular diseases 
and with complete documentation at gait laboratory were includ-
ed. Kinematics data were collected during self-selected speed in 
the children group (n =34) with mean age of 9.7 + 2.7 years and 
in the adult group (n =17) with mean age 25 + 3.8 years. The 
variables analyzed were 1) Knee flexion at initial contact 2) First 
peak knee flexion in stance 3) Minimum knee flexion in stance 

and 4) Peak of ankle dorsiflexion in stance. Results: The results 
were compared and underwent statistical analysis. The children 
group showed higher knee flexion in stance than the adult group; 
however, dorsiflexion peak in stance did not present statically sig-
nificant differences between groups. Conclusion: In the studied 
group, knee flexion during stance phase was different between 
children (mean age 9.7 years) and adults (mean age 25 years), 
which suggests that gait maturation process can last until the 
second decade of life.
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maturation of the central nervous system, learning capacity and 
variations associated with changes in speed.2

Five essential determinants for gait maturity are: increase of sin-
gle stance duration, increase of gait speed, increase of stride 
length, increase of the proportion between pelvis width and the 
distance between the ankles, and cadence reduction,2 yet gait 
maturity acquisition age is a controversial subject in literature, 
ranging from 3.5 up to 11 years, according to the analysis me-
thod used.3,5-10

Accordingly, the aim of this study was to describe the knee and 
ankle movement pattern in the stance phase in different age 
groups, with the proposal of identifying how these parameters 
behave during normal gait maturation.

METHODS

Participants
This study involved the gathering of data on 51 normal individuals 
that were divided into two groups:

1 – �Group of children (n=34) with mean age 9.7 + 2.7 years (15 
boys and 19 girls);

2 – �Group of adults (n=17) with mean age 25 + 3.8 years (6 
men and 11 women).

The individuals were all volunteers and filled out the informed 
consent form for use of data gathered during the gait examina-
tion, which consists of a non-invasive and painless procedure. 
Before participation, all the procedures were explained to each 
individual and responsible caretaker.
All the data was gathered during gait with free speed on a 
8-meter track. The individuals wore swimsuits to allow the pla-
cement of markers directly on the skin and went barefoot during 
the exam.
The inclusion criteria for the study were that the individuals had to 
be sound, without previously known presence of osteo-muscular 
or neurological pathologies and without previous orthopedic sur-
gery on the lower limbs.

Place

This is a retrospective study, where the gathering of normal gait 
data was performed in the Gait Laboratory of Associação de As-
sistência à Criança Deficiente (AACD; Association for Assistance 
to Handicapped Children) in São Paulo, Brazil.

Instrumentation

The kinematics data was gathered by means of the three-dimen-
sional gait analysis system Vicon 370 (Oxford Metrics Limited; 
UK) composed of 6 infrared cameras with a frequency of 60fps 
(Hertz) and passive markers with a diameter of 25mm – the dy-
namic calibration system Dynacal 2, from the same company, 
was used to gather all the data.
The capturing programs employed were versions 2.7 and, sub-
sequently, 4.5 of Vicon DataStation, and the post-processing 
of the data was generated in full by the Vicon Clinical Manager 
(MCV), version 1.37. The latter has as biomechanical models the 
Helen Hayes marker system,11 the equations of Davis, Ounpuu, 

Tyburski and Gage for the estimate of the articular centers of 
the lower limbs.12

Six cycles were collected for each individual, selecting 1 repre-
sentative cycle from each side.
Part of the kinematics of the movement or the spatial orientation 
of the segments at each instant is expressed in Euler angles 
by the CGS, having as rotation sequence: flexion, abduction 
and rotation. The three Euler angles of the pelvis and the foot 
progression angle (a) are relative to a system of coordinates 
associated with the laboratory (global system) and it is defined 
by the calibration method of the Vicon 370 system. The other 
segments are oriented having as a reference the proximal ad-
jacent segment (local system), where a system of coordinates 
is generated with the help of anatomical points and previous 
anthropometric measurements.12

The following parameters of kinematics were analyzed for the 
study: 1) Knee flexion at initial contact, 2) First peak knee flexion 
in stance, 3) Minimum knee flexion in stance, 4) Peak of ankle 
dorsiflexion in stance.

Statistical Analysis

The statistical analysis was conducted through the application of 
the Student’s t-test, with p ≤ 0.05 or 5% considered significant.

RESULTS

The degree of knee flexion at initial contact was higher in the group 
of children 7.18o than in the group of adults 3.17o (p< 0.001).
The first peak knee flexion in stance was higher in the group of 
children 21.51o than in the group of adults 13.44o (p < 0.001).
The minimum knee flexion in stance was also higher in the group 
of children 6.19o than in the group of adults -0.24o (p < 0.001) 
(Figures 1 and 2).
However, the peak of dorsiflexion in stance did not demonstrate 
a significant statistical difference between the group of children 
13.58o and the group of adults 12.64o (p = 0.170) (Table 01).

Figure 1 – Comparison of the articular angles of the knees between the 
groups of children and adults.
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DISCUSSION

There is a clear need for objective measures instead of subjective 
judgments in gait evaluation. Gait analysis quantifies the walk 
and contributes to the evaluation of changes before therapeutic 
interventions. Furthermore, the collection of some normal gait 
parameters is necessary for pathological gait interpretation and 
quantification.
Through the data gathered in this study we observed that the 
adults exhibited a lower degree of knee flexion at initial contact, in 
the first flexion wave in stance, and in minimum flexion in stance 
when compared with the children. A possible explanation for 

these findings, is that through knee flexion in the stance phase, 
children obtain an approximation of the center of mass to the 
ground, providing greater gait stability.
The dorsiflexion peak in stance did not exhibit a significant diffe-
rence between the groups of adults and children.
Sutherland et al.3 observed an increase of about 10o in knee fle-
xion after initial contact in children aged 2 and 7 years, followed 
by a decrease in flexion, whereas at around 35 to 40% of the 
cycle the flexion angle was equivalent to that measured during 
initial contact. In the group of two year olds, the knees presented 
more flexion and returned more gradually to the initial contact 
position than in the seven year olds. The two year olds also pre-
sented a higher degree of dorsiflexion during stance phase.
In the study by Ganley and Powers7, no differences were obser-
ved in the joint kinematics of hip, knee and ankle between seven 
year olds and adults.
The growth process involves neuromuscular development toge-
ther with an increase in stature, and both aspects of this process 
can influence gait pattern development in normal children. Kyria-
ris8 reported slight differences in the gait of children above the 
age of 10 years when compared with adult gait, and declared 
that the determinant factor was lower limb length.
Ounpuu et al.5 observed evidence through the gathering of data 
on normal gait that children establish a mature kinematic and 
kinetic pattern before the age of 5.
However, in the sample studied the group formed by children 
with mean age of 9.7 years presented greater knee flexion in 
the stance phase when compared with the adult group. This 
data suggests that the gait maturation process persists after this 
age, which points to the performance of future studies for better 
definition of the normal gait maturation process.

CONCLUSION

This study shows that the knee movement pattern in the stan-
ce phase differs between the groups of children and adults. 
The children presented a higher degree of knee flexion at initial 
contact, in the 1st wave of flexion in stance, and in minimum 
flexion in stance. However, the ankle movement pattern in the 
stance phase did not present a statistically significant difference 
between the groups.
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Figure 2 – Comparison of the articular angles of the ankles between the 
groups of children and adults.

children’s group adults’ group

P valueMean 
value

SD
Mean 
value

SD

Knee flexion at initial 
contact

7.18 5.71 3.17 4.86 < 0.001

First peak knee flexion in 
stance

21.51 6.57 13.44 7.50 < 0.001

Minimum knee flexion in 
stance

6.19 4.76 –0.24
4.50 < 
0.001

Peak of ankle dorsiflexion 
in stance

13.58 4.06 12.64 3.95 = 0.170
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Table 1 – Differences between the groups of children and adults.

Subtitle: Values in degrees. SD (standard deviation).


