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Abstract

Background: Lack of the neuromuscular control during locomotion in the knee joint leads to an increased risk of
anterior cruciate ligament (ACL) injury in children. Hence, we aimed to explore the effects of a repetitive, model-ori-
ented, and self-organized approach on lower limb kinematics during gait in children.

Methods: In randomized controlled trial, 36 children with 4 £ 0.79 years of age from the children gym were ran-
domly (a lottery method) allocated into three groups, including (1) the model-oriented (n =10), (2) Differential
Learning (hn=11), and (3) control (n=10) groups. Kinematic data of hip, knee, and ankle joints in the sagittal plane
were recorded by a GoPro camera at the moments of heel-ground contact and toe-off the ground before and after a
6-week intervention (two sessions per week).

Results: The results indicate a 35% post-intervention increase of ankle dorsiflexion (95% Cl: — 5.63 _ —0.96) in the
moment of heel-ground contact in the model-oriented group; however, knee flexion (95% Cl: —1.05 _8.34) and hip
flexion (95% Cl: 3.01 _ 11.78) were respectively decreased by 20% and 20%. After the intervention, moreover, ankle
plantar flexion (95% Cl: — 9.18 _ — 2.81) and hip extension (95% Cl: — 12.87 _ — 3.72) have respectively increased by
37% and 37%, while knee flexion (95% Cl: 3.49 _ 11.30) showed a %16 decrease in the moment of toe off the ground.
As for the Differential Learning group, ankle dorsiflexion (95% Cl: — 5.19 _ — 1.52) increased by 33%, and knee (95% Cl:
0.60 _5.76) and hip flexion (95% Cl: 2.15 _ 7.85) respectively decreased by 17% and 17% at the moment of the heel-
ground contact following the intervention. At toe lifting off the ground, the plantar flexion (95% Cl: — 7.77 _—2.77)
increased by 35%, knee flexion (95% Cl: 2.17 _7.27) decreased to 14%, and hip extension (95% Cl: —9.98 _ —4.20)
increased by %35 following the intervention for the Differential Learning group subjects. Based on the results
obtained from the one-way ANOVA, there was a significant difference between these groups and the control group
in all kinematic gait variables (p < 0.05). However, no statistically significant differences were found between the two
experimental groups.

Conclusions: The results implied that the model-oriented repetitive and the self-organized Differential Learning
approach were both appropriate to alter the kinematic gait pattern in the 3-5-year-old children. Previous research has
almost exclusively recommended a model-oriented approach to change kinematic patterns and preventing non-
contact motor injuries. However, the present study showed that the Differential Learning approach can help children
to achieve the same goal by continuously changing environments and stimulating challenges.
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Trial registration: Current Controlled Trials using the IRCT website with ID number of, IRCT20130109012078N5 “Pro-

spectively registered” at 14/5/2021.
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Background

Children’s orthopaedic injuries are most common. These
injuries often result in physical limits, adding to the bur-
den on the victim and their immediate environment.
Still, most injuries in young children go undiagnosed [1].
Non-contact Anterior Cruciate Ligament (ACL) rupture
is thought to be caused by neuromuscular control break-
downs during dynamic motions. Thus, ACL injuries are
associated to neuromuscular and motor control kin-
ematic impairments [1-3]. Between 2005 and 2015, the
rate of ACL reconstruction in children aged 5 to 14 tri-
pled, from 10 instances (3.1%) to 310 (96.6%) [4]. There
were 175 males (54.7%) and 145 girls (45.3%) affected.
Girls (52%) had ACL injuries compared to boys (35%)
[5]. Growing numbers of ACL injuries in children and
adolescents are putting strain on the health system and
affecting their development [1-5]. Unknown neuromus-
cular control and movement pattern development [5].
Injured ACLs benefit from correcting lower limb motor
pattern and kinematics [5]. Correcting lower limb motor
pattern and kinematics help prevent degenerative joint
problems after ACL injuries [3].

The medial and lateral areas of the heel showed greater
peak pressure during knee extension in people aged
20.4+3.3. Increased COP-displacements in the ante-
rior—posterior and medio-lateral directions were linked
to reduced ankle plantar flexion and hip adduction. Heel
and ankle eversion are considered risk factors for lower
limb injuries when walking, running, or sprinting [4].
Foot striking causes internal tibialis tension, according
to Willems et al. (2006). This over-applied force in such
a structure causes the overuse injury [5]. Like Song et al.
2013 they pointed out that increased ankle eversion dur-
ing gaiting increases the injury risk in lower limbs [5].
Hence, acquiring a stepping pattern that reduces risk fac-
tors is a primary demand to prevent falling and sudden
stumbling during gating. Persch et al. (2009) concluded
that improving gait kinematics and increasing joint range
of motion during gaiting reduced the rate of falls [6].
Also, by improving the kinematic pattern of gait (absence
of asymmetric gait), the metabolic energy consumed by
the skeletal muscles during movement is reduced; so the
movement becomes more efficient and economical [7, 8].

As children have less opportunity to exercise in safe
conditions, learning a less injury-prone stride pattern
should be a priority. It is vital to improve fundamental
motor skills by assessing kinematic features and applying

suitable interventions in children aged 3-5 years, as this
is considered a critical developmental phase [9].

For motor skill learning, various approaches have been
suggested. These approaches include prototype-oriented
forms that are guided and taught by observational pat-
terns [10], verbal instructions [10], multiple repetitions,
and feedback, as well as learner-oriented ways that
employ discovery learning and self-organization to edu-
cate the individual. Similar therapies should have similar
benefits, according to the cognitive approach to reha-
bilitation and therapy. In view of the cognitive turn, this
method views learning as a mental movement pattern
that becomes more solidified through repetition of the
same perceptual trace pattern. [11, 12]. This perspective
thinks variability unsuitable for skill acquisition. Hence,
the more similar the exercised pattern is to the prototype,
the better the results [13]. The subject tries to internal-
ise or automatize the learning process by repeating the
prescribed movement pattern, and the pedagogue tries
to increase learning and attractiveness of the activity by
providing feedback to the learners [10, 13]. This method
is often used in research to modify movement patterns
to lower kinematic injury risk [14]. For example, Noehren
et al. (2011) used prescriptions and feedback to teach a
proper gait pattern to prevent hip adduction in the stance
face, which causes patellofemoral discomfort. Running
reduced hip adduction and pelvic drop. In one leg squats,
hip internal rotation and adduction were reduced to 23%
and 18% [14].

Recent learning theories focus on nonlinear causality,
where little causes can have large consequences, and vice
versa. Based on system dynamics and biomechanics. [15,
16]. Differential Learning (DL) [15—18] presented for the
first time a practical strategy to take advantage of natu-
rally existing variability in movement repeats [19, 20].
Contextual Interference method [21] allows for discrete
variations that do not allow for continuous and random
fluctuations (=errors). [21]. The DL approach viewed
greater fluctuations within the distinct color of noise as
the key source for learning and a potential source for
commencing a self-organization process amplification
[14, 22]. The distinction between “movement instruc-
tions” and “movement tasks” was proposed by reform
pedagogues [23]. Whereas “movement instructions” pre-
scribe the to-be-learned movement, “movement tasks”
provide a broad framework within which the learner
must solve a problem autonomously. A person can learn
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from their environment without repetition or corrective
feedback in the most extreme version of the DL tech-
nique [19, 22]. This method has a good effect on brain
activation [24, 25]. Less comparisons to stated ideals
and less criticism result in less dissatisfaction for learn-
ers. Both increase learning pleasure, shown in brain
activation. A holistic and systemic approach, DL does
not artificially isolate the individual from their environ-
ment. Biomechanically, gravitational and inertial forces
are continually at work, supplying critical neuromuscular
content. To keep the neuro-muscular system adaptable,
one must face obstacles. Because no two movements
are same, the DL method considers variability necessary
and relevant in practise [26, 27]. Whether a high-perfor-
mance athlete’s movement [18, 28] or an everyday action
arising from millions of repetitions [14, 29, 30], move-
ments have biomechanical distinctiveness. The brain sys-
tem becomes more versatile, resilient to disruptions, and
adaptable to tasks that fit the individual’s talents.

By preventing extra training pressures applied on the
individuals, precludes injuries and directs them to sus-
tain their efforts in achieving their goals [31]. In some
investigations, the effect of a DL-derivative on learning
fundamental movement skills (FMS) was reviewed [32].
In this research, skills involving catching and throwing
an object were assessed using the test of gross motor
development-2 (TGMD-2) before and after intervention
in children. The results showed that the average catch-
ing and overhead throwing scores have increased by 28%
following the intervention [32]. Also, Mohamadi Orangi
et al. (2021) compared the effectiveness of different peda-
gogical approaches in football on reducing the risk of
kinetic and kinematic ACL injury factors in young boys
[33]. Their results indicated advantages of the more vari-
able approaches compared to the somewhat repetitive
and prescriptive one in terms ofkinetic and kinematic
variables [33]. Thus, the findings of this study and Gokel-
er’s research suggest that different methods of learning
and motor control should be considered while perform-
ing anterior cruciate ligament injury rehabilitation after
sports injuries [34—36]. So that physiotherapists, occupa-
tional therapists, and doctors can successfully finish the
post-injury rehabilitation process and limit the risk of re-
injury [35, 36].

Adults have been the subject of most injury research.
Most child research compare the effectiveness of learning
modalities on fundamental sport skills. Only Axeti et al.
(2017) investigated the effect of play on the kinematics of
preschoolers’ walking patterns [9]. Their intervention had
a positive effect on the kinematics of the walking pattern
[9]. But no other learning methods were compared. Obe-
sity risk reduction and improvement in gait are expected
with improved walking behaviour in children [34]. This
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study compares the effects of old and newer learning
methods on kinematic gait patterns in children aged 3 to
5. Both methods should improve children’s gait kinemat-
ics since, according to DL-theory [14], children can learn
new exercises even when they are repeated. These fluc-
tuations are akin to those introduced by enhanced vari-
ability training.

Methods

Study design

Prior to data collection, this study was approved by the
research ethics committee of the Kharazmi University
(Approval ID, IR.KHU.REC.1399.031). The protocol was
prospectively registered on the IRCT website (ID num-
ber: IRCT20130109012078N5, date of first registration
14/5/2021). All participants’ parents were informed of
the study procedures, and they signed an informed con-
sent form obtained from a participant’s parent prior to
participating, in accordance with the Declaration of Hel-
sinki. In this study, the researchers and participant’s par-
ent was Not blinded to the groups’ randomization and
interventions receiving by participants.

In this study, lower limb kinematics in the moments
of heel-ground contact and toe-off the ground as gaiting
were considered a dependent variable. Also, a six-week
repetitive and variable training was reckoned as an inde-
pendent variable. The participants were recruited from
children’s gyms.

Participants

The research subjects included children aged 3-5 years
old (with no history of lower limb injuries and under-
lying disease such as diabetes, cardiac and circula-
tory anomalies, chronic lung disease, Down syndrome,
cancer & etc.) [the repetition-oriented group (height:
107.8 ¢cm=£2.39 cm, weight: 17 kg+1.56 kg); the
self-organized group (height: 108 cm=+2.40 cm,
weight: 16.45 kg+1.50 kg); the control group (height:
107.9 cm=£2.47 cm, weight: 16.70 kg£1.76 kg]. After
their parents filled out the consent form, the children’s
names were written on paper that were randomly placed
in a box as in a lottery method. Then, the names were
randomly picked up from the box. The first, second, and
third names were assigned to the repetitive, self-organ-
ized, and control groups in the next stage. The rest of the
names was assigned in the same sequence [37]. To mini-
mize the impact between the groups, the children in the
training groups were separated as much as possible, and
the training times were arranged so that they could not
meet. Using G-Power, the sample size was estimated at
the significance level of 0.05, with a 0.85 statistical power
and effect size of 0.3 (medium effect size), and repeated
measurements evaluated the statistical method of
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analysis of variance. Moreover, 33 people were assigned
into three groups, according to similar research [38], but
considering the possible drop out in the sample subjects,
36 people were finally considered for this study (12 par-
ticipants in each groups).

Biomechanical testing
The digital camera Gopro Black 7 (model: Hero; Com-
pany: Gopro; country: USA) was used to assess the gait
kinematics. The camera’s location with shoots 2.7 k video
at up to 120 frames per second was limited on the sub-
jects” side (in the sagittal plane and perpendicular to the
frontal plane) with a 2-m distance. The Helen-Hayes
method set the markers (anterior superior iliac spine,
femur greater trochanter, lateral knee condyle, lateral
malleolus, calcaneus bone, and fifth metatarsal bone).
Then, the subject was asked to follow the determined
path. Since we cannot control the movement of 3- to
5-year-olds, children were asked to walk as fast as pos-
sible. Indeed, the subjects should take a 6-m path with
a desirable speed. Given that kinematics and kinetics of
motion are affected by speed [39], the pre-test and post-
test movement speed was calculated using Kinovea soft-
ware. Although the speed was different in the pre-test
(1.21£0.27) and post-test (1.2710.29), the difference
was not statistically significant (p >0.05). Therefore, in
this study, velocity changes were not a factor affecting
kinematics. Subsequently, kinematic variables, includ-
ing joint angles of hip flexion, knee extension, ankle dor-
siflexion in the moment of heel-ground contact, ankle
plantar flexion, knee flexion, and hip extension in the
moment of toe off the ground were calculated using the
Kinovea software [40, 41]. Hisham and et al. (2017) in
their study that analysis of gait using Kinovea software,
indicated that the obtained data of HD video Cam-
Kinovea for the same subject under five trials weren’t
statically significant difference (variance<5%). So the
HD video Cam-Kinovea is reliable system for analysis of
gait [42]. According to the study of Adnan et al. (2018),
the most average variances between outcome results of
HD video cam-Kinovea and outcome results of an estab-
lished infrared motion capture system (Hawk-Cortex) in
the analysis of kinematics movement was less than 10%.
It was concluded that the integration of HD video cam-
Kinovea could become a valid motion capture-analysis
system [40]. In the study of Puig-Divi et al. (2019), the
kinematic data obtained by Kinovea software were com-
pared with the AutoCAD software as the “golden stand-
ard” [43]. The angles obtained from Kinovea software
were like the results of AutoCAD software with 95% con-
fidence. The digitization error was minimized by mini-
mizing the recording space to 2 m x 3.5 m. With a 2.7 k
resolution of the video camera, this corresponds to an
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error of 1.1 mm per pixel without filters. For the data cal-
ibration in the Kinovea software, two cones with a height
of 0.30 m and a cube with an edge length of 0.30 m were
used We zoomed the images in by 250% to calculate the
kinematic information in Kinovea software [43].

Interventions

The children assigned into the experimental groups
received the gait interventions for six weeks (to produce
a sustained change in the gait pattern, 6 to 8 weeks are
recommended to participate in the training) [44].

Training protocols
Schedule for the interventions of both groups

+ Duration of Intervention period: 6 weeks

« Sessions per week: two sessions per week

« Duration of a single session: 30 min (5, 20, and 5 min
were respectively specified for warm-up, main ses-
sion body involving gait pedagogy, and cool-down)
were determined to perform each session.

Model-oriented training
The supposed correct gait pattern was first presented
to the child (verbally and with a visual pattern), and the
child was then asked to walk on the determined path. As
a further matter, the subjects were provided with feed-
back [45].

Duration of intervention period, duration of sessions,
and preparation for sessions: Same as the model group.

DL-training group
As with the variable training in the sense of DL, each ses-
sion has been considered based on particular purposes, a
surrounding was designed, and the children were let walk
on such a landscape according to the training presented
in Table 1 [9].

Duration of intervention, duration of sessions, and
preparation for sessions: Same as the model group.

Control group
The control group only participated in pre-and post-tests.

Statistics

All data has been described based on mean and stand-
ard deviation. Deviation from Normal distribution was
proofed using the Shapiro—Wilk test. Since the results
obtained were higher than alpha (p > 0.05), the distribu-
tion was normal. Since the necessary assumptions were
not established to use the analysis of variance test with
repeated measures (and as the M Box test, performs
the Box’s M-test for homogeneity of variance matrices
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Table 1 Training session for the self-organized learning group
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Week Training

Pictures

First week (session 1 and 2)

accustomed to the environment)

Second week (session 3 and 4)
steps while walking)

Third week (session 5 and 6)
pattern during walking)

Fourth week (session 7 and 8)

for prevention)

Fifth week (session 9 and 10)

phase)

Sixth week (session 11 and 12)

The regular pattern of gait was designed on the ground, and
the child was then asked to take the determined path (to get

Walking between the cones and blocks (to vary the width of the

Walking on an inclined (sloping) surface (to vary the heel-toe

Walking on arranged tatami mats in different directions and a
spiral form (to vary maintaining the gravity center and height as
walking, and avoiding touching the tatami mat’s outer surface

Walking over obstacles placed on the course (to vary the appro-
priate flexion of the ankle, knee, and hip joints during the swing

Children walking among the blocks, over the inclined surface
and the obstacles arranged in a row (to vary all variations
together with all that they have acquired during these six weeks)

S °S% N
ol of o8&

X X X X
O O 6

N E—3 k-

— - —

o

obtained from multivariate normal data according to
one grouping variable, was significant for some research
variables), homogeneity of the variance matrices was not
well observed. Further, the significance of some variables
observed in Levene test shows that the assumption of
between-group variance equality was not met. Finally, the
results obtained from the Mauchly test indicated that this
test was significant for some variables. So, the assump-
tion of the within-subject variance equality has not been
fulfilled. Therefore, a two-way MANOVA test was per-
formed in which time (pre-test and post-test) and groups
factors were considered as independent variables and
measured kinematic factors were considered as depend-
ent variables. The results of the M box test (p>0.05)

showed that the homogeneity of matrix of covariances
was established. In all dependent variables, the results of
Levene test were not significant (p > 0.05), which showed
that the homogeneity of variance of the residuals of the
model was established. Pillar Trace test was used as a
result. Given that in the results of the two-way MANOVA
test, group and time factors and their interaction were
significant (Table 3); hence, to determine the difference
between pre-and post-tests (within-group difference), the
paired t-test was used (Table 4). To compare the groups,
the results of the Univariate tests table of General Lin-
ear Model were presented along with the results of the
LSD post hoc tests (Table 4). The significance level was
deemed 0.05 for all the calculations. The effect size (r)
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Table 2 Subjects'general characteristics
Variables Model oriented group Self-organized DL group Control group (n=10) P value

(n=10) (n=11)
Age (Y) 4+£081 4+£0.77 4£081 091
Weight (Kg.) 17£1.56 1645+1.50 16.70£1.76 0.81
Height (cm) 107.804+2.39 108£2.40 107904247 0.78
Body Mass Index (kg/cm?) 14.62+0.39 14.09+£0.29 143640.53 0.65
P> 0.05 means there is no significant difference among the groups
Table 3 Results of the two-way MANOVA test
Effect Value f Hypothesis df Error df P value Partial Eta

Squared

Intercept 0.99 1799.011 6 51 0.00 0.995
Group 0454 471 12 104 0.04 023
Time 0513 8.96 6 51 0.00 0.51
Group * time 0.344 2.79 12 104 0.03 0.31
Table 4 Within- and between-group changes

Model- Self- Control Univariate tests  Posthoc LSD

oriented organized of GLM

learning learning (DL) Model oriented Model- Self-organized

versus self- oriented versus control
organized versus control
Ankle dorsiflexion  Pre-test 45+28 409437 500+34 F=890 0.678 0.02¥ 0.04¥
atheelground  pogrrest  78+21%  745+21% 520435 d=024
contact (°) P=0.00
MCID=24°/1.6°
Knee flexion in Pre-test 9.10+738 745+54 740178 F=402 0.64 0.04¥ 0.09
the moment Posttest 4404£36*  427+3.7* 710474 d=012
of heel-ground P=0.04
contact (°) MCID =8.48°/6.8°
Hip flexion inthe  Pre-test 27.30+7.7 2545+5.1 2340£59 F=831 0.712 0.034¥ 0.025¥%
momentofheel  pocrtest 1990+4.8" 2045445 2340454 =026
ground contact (°) P=0.006
MCID=5.81°/2.8°

Ankle plantar Pre-test  840+47 855430 9.60+50 F=14.26 046 0.021¥% 0.027¥%
flexion in the Posttest 14404£29* 1382428* 1000452 d=0303
moment of toe off P=0.00
the ground (°) MCID=24°/1.6°
Knee flexion in Pre-test  39.80+2.0 3682446 3530+48 F=1381 0218 0.04¥ 0.041¥
themomentof  pogttest 3240453%  3209437% 3530444 9=029
toe off the ground P=0.00
) MCID=8.48°/6.8°
Hip extensionin  Pre-test ~ 5.60+£5.2 745+£438 900£70 F=1456 0462 0.037¥% 0.040¥
themomentof  pogttest 1390439% 1455440 950471 d=0306
toe off the ground P=0.00

©)

MCID=5.81°/2.8°

" Significant changes from the pre-test to the post-test in the significance level of 0.05

¥ Significant between-group changes in the significant level of 0.05
d =Partial Eta Square (Cohen’s D: the effect size value)

MCID = Minimal clinically important differences

GLM = General linear model
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was estimated for all comparisons [46] and classified as
small effect (r=0.10), medium effect (r=0.30), or large
effect (r=0.50) [47]. All the statistical calculations have
been conducted using SPSS 24 software.

Results
The general characteristics of the subjects were presented
based on the separated groups in the Table 2. There was
no significant difference among the subjects of the three
groups in terms of age, weight, and height of the children.
Five participants discontinued the treatment prior to
post testing due to personal reasons. Rates of compliance
reported 88.6%. No adverse effects were seen during the
study.The results of statistical analysis showed significant
increases in the hip joint flexion angles [20% for repetitive
(95% CI: 3.01 _ 11.78) and %17.76 for variable learning
(95% CI: 2.15 _ 7.85)], knee flexion [20.62% for repetitive
learning (95% CI: 1.05 _ 8.34) and 16.74% for DL (95% CI:
0.60 _ 5.76)], and ankle dorsiflexion [35.5% for repetitive
learning (95% CI:—5.63 _—0.96) and 33.85% for vari-
able learning (95% CIL:—5.19 _—1.52)] were found out
in the moment of heel-ground contact in both training
groups in the post-test as compared to the pre-test. The
joint angles of ankle plantar flexion [37.73% for repeti-
tive learning (95% CI: —9.18 _—2.81) and 35.56% for the
variable learning (95% CL: —7.77 _—2.77)], knee flexion
[16.74% for repetitive learning (95% CI: 3.49 _ 11.30) and
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14.83% for the variable learning (95% CI: 2.17 _ 7.27)],
and hip extension [37.61% for the repetitive learning (95%
CI: —12.87 _—3.72) and 35.76% for the variable learning
(95% CI:—9.98 _—4.20)] indicated a significant differ-
ence in the moment of toe off the ground in the post-test
compared to the pre-test (Table 3). The results obtained
from the variance analysis test showed that there is a sig-
nificant difference among the three groups (two experi-
mental and one control) (Table 3). As a result, the LSD
post-hoc test was conducted, and the related results were
presented in the Table 4 (Figs. 1, 2, 3, 4).

Discussion

This study was aimed to investigate the effect of two
learning approaches, including repetitive and variable
learning, on the kinematic gait pattern in children ages
3-5 years old. The main result obtained in the study
implied that both repetitive and variable approaches had
positive effects on altering the kinematic pattern of lower
limbs in walking.

The obtained results indicated that the repetitive
approach could lead to a statistically significant effect on
changes in ankle, knee, and hip joint angles at heel con-
tacts the ground (Table 4). The present research results
were consistent with those obtained in studies con-
ducted by Persch [6] and Cao et al. [48]. This result may
have happened because the target and to be tested gait

50

Model-oriented learning group

* Significant changes from the pre-test to the post-te
Fig. 1 Changes in kinematic variables from pre-test to post-test in the model-oriented learning group
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self-organized learning (DL) group

45 *

* Significant changes from the pre-test to the post-te

Fig. 2 Changes in kinematic variables from pre-test to post-test in the DL group

control group

ns: no Significant changes from the pre-test to the post-te

Fig. 3 Changes in kinematic variables from pre-test to post-test in the control
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o’ . .
Q & Model-oriented learning

Fig. 4 Comparison of changes in three groups from pre-test to post-test

a self-organized learning (DL)

® control

* Significant between-group changes; ns: no Significant between-group changes

pattern is emphasized in the repetitive approach, and the
subjects were provided with feedback during walking to
pay attention to the heel-ground contact. Therefore, this
process led to increased ankle dorsiflexion and hip flex-
ion, consequently decreasing knee flexion. In this regard,
Noehren et al. [45] explored the effect of repetitive gait
retraining based on real-time on hip kinematics in people
with the patellofemoral pain syndrome. They used feed-
back during the retraining sessions to avoid hip adduc-
tion in the stance phase. Their results demonstrated that
the hip adduction underwent a significant decrease in
those with the patellofemoral pain syndrome [45]. So,
providing subjects with feedback as performing related
activities and emphasizing the correct pattern causes the
movement kinematics to be improved. The movement
also changed in two ankle and hip joints.

Because of a decrease in knee flexion, the repetitive
approach will probably reduce the injury risk when walk-
ing. Moreover, the present results indicated that this
approach significantly affects the ankle, knee, and hip
joint angles at the toe-off the ground (Table 4). These
results are also consistent with those obtained by Persch
[6] and Cao et al. [48]. The plantar flexion of the ankle
joint and the hip extension increase, and knee flexion
decreases when toe-off the ground because the correct
gait pattern is emphasized in the repetitive approach. The

subjects are presented with feedback gaiting. It is empha-
sized to pay attention to the last point where the foot (i.e.,
toe) is off the ground and looks forward so that the body/
trunk tends forward. As Noehren et al. [45] emphasized
that the motor (movement) kinematics can be improved
by providing individuals with feedback when they are
moving, the movement pattern could also be modified,
and the movement kinematics of gait could be enhanced
by providing appropriate feedback in the a.

On the other side, the present study results showed
that the variable approach has significantly affected
ankle, knee, and hip joint angles (Table 4). The findings
of the current study are consistent with those of Axeti
et al. (2017), who found that the intervention signifi-
cantly could improve the kinematics of the gait pattern.
A possible explanation for this might be that manipulat-
ing surrounding conditions is one possibility of the prin-
ciples of the Differential Learning theory on which the
variable training was based to increase the amplitude
of the joint kinematics [9]. Accordingly, the stimuli on
the neurophysiological system were manipulated in this
intervention to allow self-organization in the children’s
gait patterns. It seems possible that these results are due
to, the designed path, the obstacles, and the inclined sur-
face were used to increase the variability of the heel-toe
pattern so that the children were implicitly “forced” to
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increase the ankle’s plantar and dorsiflexion as well as the
hip flexion [36]. In addition, they experienced a decrease
in knee flexion at the moment of the heel-ground contact
during downbhill walking. This result may be explained
by the fact that all the variables that characterize the
supposedly correct pattern were performed without
explicitly telling the children by designing correspond-
ing exercise parkour [49]. Similar effects are intended by
walking at different speeds or walking in curves, forward
or backward. Some authors have speculated that all vari-
ations in walking led to changes in the kinematics of the
gait and provided different stimuli to the muscular and
proprioceptive system that fosters a reorganization of the
whole movement organization in a more effective way [3,
9]. Therefore, it seems that the variable approach, which
is partially based on continuously changing boundary
conditions, may also be effective. However, it reduces
the injury risk by inducing a more appropriate pattern
and being prepared for eventual disturbances and the
effect on the learning dynamics because of the increased
experiences and more versatile activation of the protect-
ing muscles. According to the present study, the results
imply that the DL, in a broader sense, can have a sig-
nificant effect on changes in ankle, knee, and hip joint
angles when the toe takes off the ground (Table 4). These
results are in agreement with Axeti et al. (2017) finding
[9]. These factors may explain the boundary conditions of
the surroundings were varied to induce self-organization
and thereby finding an individually proper kinematic pat-
tern so that an inclined surface, slalom walking, cross-
ing obstacles, etc., was used to change, e.g., the heel-toe
pattern. Consequently, they were implicitly forced to
increase the amplitude in the ankle, knee, or hip joints
[50]. By offering a multifaceted area, the appropriate pat-
tern could be teased out by the children. In the context
of self-organization, it is essential to note that the inter-
ventions were randomly applied in a diffuse and random
increase of joint fluctuations and could have also been in
many other sequences. Instead of teaching the children
something or giving a new thing into the learning system,
it is more like removing blockages within themselves to
unleash skills they already have [18]. In a further step, the
children could have been asked to create a form or path
of locomotion by themselves too.

The post hoc variance analysis test results indicated
no statistically significant difference between the two
approaches regarding kinematic gait factors (Table 4).
Although the repetitive approach has been emphasized in
the literature exclusively to alter the kinematic movement
pattern to prevent injuries [45], the present research
results demonstrated that the appropriate pattern could
also be acquired by most variable training according to
DL theory. Although the logic also associates preventive
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aspects with the changed gait pattern, further research
is needed to prove this. Other tests like dynamic balance
tests for determining the reaction times could be one
possibility [51].

Furthermore, the post hoc tests indicate a statistically
significant difference between the repetitive and con-
trol group in all variables of the lower limb kinematic
at the moments of the heel-ground contact and toe
takes off the ground following the training intervention
(Table 4). Whereas a strong trend in differences between
the variable and the control group was seen in terms of
the kinematic knee flexion in the moment of the heal-
ground contact (Table 4), this kinematic factor may be
likely improved considering increased ankle dorsiflexion
and hip flexion within training sessions, particularly by
increasing the slope for one session or providing more
tasks with varying stride length. Therefore, these results
are only partially consistent with the results found by
Ghorbani Marzoni et al. [52] that funded that nonlin-
ear pedagogy effective on the children performance. A
significant drawback of all the designs that are based on
exactly and explicitly training the target pattern with all
the tested criteria, which is only plausible if the chosen
movement pattern leads to what it promises, fewer inju-
ries [45]. According to the most recent understanding of
motor control, this can be doubted and proven by other
transfer tests, e.g., walking speed in uneven terrain. How-
ever, manipulation was merely considered in the research
carried out by Ghorbani Marzoni et al. [52] to compare
the repetitive and variable approaches’ effectiveness.
Hence, the present research implies that both approaches
seem to have the same effectiveness in gait training in
young children, inducing the appropriate movement and
preventing non-contact injuries.

Nonetheless, some aspects need to be considered that
could lead to an expansion of our understanding of the
subject area. Because the sustainability of the interven-
tions was not objective of research this should be investi-
gated in future. A further aspect of interest would be the
replicability of the observed phenomena with more ses-
sions of intervention. Also differences related to the sex
and socio-cultural background of the children would be
of interest.

Conclusions

The results indicated that both the repetitive and vari-
able approaches can be appropriate for changing the
kinematic gait pattern in children aged 3-5. However,
the present research results provide evidence that the
variable approach based on Differential Learning the-
ory can provide the child with the appropriate pattern
by offering a stimulating surrounding as well. The vari-
able training also encourages children to move more
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and explore their body’s reactions in communication
with the discovery landscape, thereby enhancing their
activity level and rate.

Abbreviation
95% Cl: 95% Confidence interval of the difference (lower-upper).
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