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Abstract

Purpose: This study aimed at investigating the effect of linear pedagogy on gait
kinematics characteristics in 3- 3 to 5-year-old children.

Methods: Twenty-four children aged 3-5 years were randomly divided into two groups
of experimental group (n=12) and control group (n=12). The intervention group
performed the correct walking pattern for six weeks twice per week. The angels of the hip,
knee, and ankle joints were measured on the sagittal plane at the moment of heel-contact
and the toe-off instants, before and after the intervention, using video analysis (GoPro
camera (2.7 K resolution and 120 frames per second) and kinematic data extraction
through Kinovea software). Paired t-test and MANOVA were used for intra-group and
inter-group comparisons, respectively, at a significance level of 0.05.

Results: In the intervention group, in the moment of heel-ground contact, the amount of
dorsiflexion of the ankle increased by 35.5% after the intervention, knee flexion decreased
by 20.62%, and hip flexion decreased by 20%. Moreover, in the moment of toe-off the
ground, the amount of plantar flexion of the ankle increased by 37.73% after the
intervention, knee flexion decreased by 16.74%, and hip extension increased by 37.61%.
Based on the results of MANOVA analysis, there was a significant difference between the
exercise and control groups in the kinematic walking variables.
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Conclusion: Given that a linear pedagogy period had a significant effect on improving
the kinematic pattern of gait, it is recommended to use linear pedagogy along with other
educational interventions in order to change the walking pattern and increase the level of
activity in children and at the same time prevent non-contact injuries during movement in
children aged 3 to 5 years.

Keywords: Gait, Linear pedagogy, Kinematics, Lower limb

Extended Abstract

Background and Purpose

Walking is an ontogenetic motor skill (i.e., experience and environment affect the
acquisition of a suitable pattern, and or skills that are more environmentally
determined). Lack of care, a monotonous environment, and a lack of experience
and mobility opportunities typically lead to developmental delays in the
emergence of appropriate displacement patterns during early childhood [1]. On
the other hand, the increasing trend of orthopedic injuries in children leads to
many economic problems and psychological damage to the child and his family.
It also imposes a lot of economic burden on the health system [2]. Although the
mechanism of orthopedic injuries in early childhood is not accurately discernible;
however, research has shown that the correction of motor patterns plays a
significant role in preventing falls [3]. Therefore, the aim of this study was to
investigate the effect of linear pedagogy on the kinematic pattern of gaitin 3to 5
year-old children.

Materials and methods

This  quasi-experimental study received an ethics code number
IR.KHU.REC.1399.031 from the Faculty of Physical Education & Sport Science,
Kharazmi University and carried out based on ethical principles. The present
study included 24 children aged 3-5 years without mobility problems who
attended the kindergarten. Participants selected through the convenience sampling
method were randomly divided into two groups: experimental group (n=12) and
control group (h= 12). The intervention group trained (repeating the correct
walking pattern) for six weeks and two sessions per week. In order to measure the
angles of the hip, knee and ankle joints on the sagittal plane at the moment of heel-
contact and toe-off instant, before and after the intervention, video analysis
method was used that included two steps: 1. motion capture and 2. evaluation and
extraction of data. GoPro camera (2.7 K resolution and 120 frames per second)
was used to record motion, which was placed on a fixed tripod astrophotography
on the sagittal plane at a distance of two meters from the test site. Passive
reflective markers (25 mm diameter) were mounted on the right lower limb of the
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subjects by modified Helen Hayes method (anterior superior iliac spine (ASIS),
greater trochanter of femur, external condyle of knee, external malleolus of fibula,
calcaneus and fifth metatarsal bones) [4]. Next, the participant was asked to follow
the specified path. Of course, the participant had to walk a six-meter path at the
desired speed [5]. Afterward, the kinematic variables were calculated using
Kinovea software, which has good validity and reliability for motion evaluations
and analysis [6, 7]. At the next step, the children received a walking training
program for six weeks. In order to make a stable change in walking pattern, it is
recommended to participate in exercises for at least six to eight weeks [8]. Then,
the post-test was performed. Paired t-test and MANOVA were used for intra-
group and inter-group comparisons, respectively, at a significance level of 0/05.

Findings

Statistical calculations were performed using SPSS software (version 24). The
normality of data distribution was checked using Shapiro-Wilk test the results of
which were higher than the alpha level (p > 0.05). So, the data distribution was
normal. Paired t-test was used to determine the difference between pre-test and
post-test (intra-group difference). For comparison between groups, because the
assumptions of homogeneity of regression slope and homogeneity of variance
(which are two necessary assumptions for analysis of covariance) were significant
in some kinematic variables, it was not possible to use the analysis of covariance;
therefore, first the gain score (difference between post-test and pre-test) was
calculated, then multivariate analysis of variance (MANOVA) was used. The
significance level was considered 0.05 for all calculations.

The results of paired t-test showed that in the intervention group, in the moment
of heel-ground contact, the amount of dorsiflexion of the ankle increased by
35.5% after the intervention, knee flexion decreased by 20.62% and hip flexion
decreased by 20%. Furthermore, in the moment of toe-off the ground, the amount
of plantar flexion of the ankle increased by 37.73% after the intervention, knee
flexion decreased by 16.74%, and hip extension increased by 37.61%. Based on
the results of MANOVA analysis, there was a significant difference between the
exercise and control groups in the kinematic walking variables.

Conclusion

The aim of this study was to investigate the effect of linear pedagogy intervention
on the kinematic pattern of gait in children of 3 to 5 years old. The results showed
that linear pedagogy intervention had a significant effect on changing the joint
angles of the ankle, knee and hip at the moment of heel-ground contact and the
moment of toe-off the ground. The findings of the present study were consistent
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with those of Persch (2009) and Cao et al. (2007) [3, 9]. It may be due to the fact
that in linear pedagogy, the emphasis was on the correct pattern of walking and
the person was given feedback while walking. As a result, it leads to increased
movement of the ankle and hip joints, followed by decreased movement of the
knee joint. As Ling et al. (2020) pointed out in their study, by providing feedback
during the implementation of motor patterns, we can teach children to learn and
repeat the appropriate pattern while performing the movements [10]. Therefore,
according to the findings of Ota et al. (2014), an increase in ankle dorsiflexion
during the stance phase of walking can prevent kinetics and kinematics changes
in the knee joint during walking and thus reduce the risk of injury to the knee joint
[11].

Given that a linear pedagogy period had a significant effect on improving the
kinematic pattern of gait; therefore, it is recommended to use linear pedagogy
along with other educational interventions in order to change the walking pattern
and increase the level of activity in children and at the same time prevent non-
contact injuries during movement at the age of 3-5 years.
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