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Extended Abstract

Background and Purpose

Children with congenital deafness may experience difficulties in balance control and walking due to
reduced auditory input and, in some cases, vestibular dysfunction. These impairments can
contribute to altered gait patterns characterized by shorter steps, lower walking speed, and greater
gait variability compared with hearing peers. Previous biomechanical studies have also reported
differences in ground reaction force (GRF) patterns in deaf children, particularly in the mediolateral
and propulsive force components, which may reflect altered gait control strategies. Therefore,
detailed biomechanical assessment of gait, including spatiotemporal parameters and GRF
components, may help identify motor control deficits and support the development of targeted
rehabilitation interventions. One emerging approach for improving motor performance in children
with balance impairments is cognitive—balance training, which combines balance exercises with
cognitive tasks involving attention, memory, and decision-making. By simultaneously engaging
cognitive and motor processes, this type of training may improve motor control and movement
stability. Previous studies in different clinical populations have suggested that dual-task and
cognitive—motor exercises can enhance postural and cognitive performance. However, research on
children with congenital deafness remains limited and has primarily focused on static balance rather
than dynamic gait characteristics.

In addition, gait variability is considered an important indicator of gait stability and neuromuscular
control during walking. Increased step-to-step variability has often been associated with reduced
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movement stability and less consistent gait patterns. Nevertheless, it remains unclear whether
cognitive—balance training can reduce gait variability and modify GRF characteristics in children
with congenital deafness. Therefore, the present study aimed to investigate the effects of eight
weeks of cognitive—balance training on spatiotemporal gait parameters, gait variability (COV), and
three-dimensional ground reaction force components (vertical, anterior—posterior, and mediolateral)
in boys with congenital deafness. The findings of this study may contribute to the development of
more effective rehabilitation strategies for improving gait performance in this population.

Methods

The present study was conducted using a quasi-experimental pretest—posttest design with a healthy
control group. Participants consisted of 30 boys aged 7-12 years who were purposefully assigned to
two groups: 15 children with congenital deafness (intervention group) and 15 age-matched healthy
children (healthy control group). The inclusion criteria for the deaf group included severe-to-
profound bilateral congenital sensorineural hearing loss (>75 dB), no use of cochlear implants or
hearing aids, and absence of any musculoskeletal or neuromuscular disorders. Written informed
consent was obtained from the parents of all participants before participation.

Only the deaf intervention group participated in an eight-week cognitive—balance training program,
whereas the healthy control group continued their usual daily activities. Training sessions were
conducted three times per week, with each session lasting approximately 70 minutes and consisting
of 10 minutes of warm-up, 55 minutes of main exercises, and 5 minutes of cool-down. The main
training program included a combination of balance exercises and cognitive tasks, such as solving
simple arithmetic problems, memory games, and decision-making tasks during balance activities.
Participants performed these exercises on unstable surfaces, including balance boards and foam
pads, while maintaining postural stability. The intensity and complexity of the exercises
progressively increased throughout the intervention period, for example by performing tasks with
eyes closed or under time constraints during the later weeks. All sessions were supervised by a
physical education instructor and an occupational therapist experienced in working with deaf
children and communicating through sign language.

Pre- and post-tests were conducted during barefoot walking at a self-selected speed on a 12-meter
walkway. Kinematic data were collected using a Vicon motion analysis system (Oxford Metrics,
UK) equipped with six infrared cameras sampling at 100 Hz. Sixteen reflective markers were
attached to anatomical landmarks according to the Plug-in Gait model. Ground reaction force
(GRF) data were simultaneously collected using two Kistler force plates (model 9286EA) at a
sampling frequency of 1000 Hz. Kinematic and Kinetic data were synchronized through the Vicon
system. To reduce signal noise, data were filtered using a fourth-order Butterworth low-pass filter
with cut-off frequencies of 6 Hz for kinematic data and 20 Hz for kinetic data. Spatiotemporal gait
parameters, including cadence, stride length, step length, stride time, step time, walking speed,
stance and swing durations, and single- and double-support times, were calculated. For each
variable, the coefficient of variation (COV) was calculated across three gait cycles to quantify gait
variability. GRF components were analyzed in the vertical (Fz), anterior—posterior (Fx), and
mediolateral (Fy) directions during the stance phase. GRF waveforms were analyzed using
Statistical Parametric Mapping (SPM1D), which enables continuous functional comparisons
between groups throughout the stance phase. The Shapiro—Wilk test was first used to assess
normality of data distribution. Paired t-tests were applied for within-group comparisons (pre- vs.
post-test), and independent t-tests were used for between-group comparisons. The significance level
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was set at p < 0.05. Statistical analyses were performed using SPSS version 26 and MATLAB
(SPM1D toolbox).

Results

The results of the present study showed that the mean values of spatiotemporal gait parameters,
including cadence, stride length, walking speed, stride time, and stance time, did not differ
significantly between the deaf and healthy groups in either the pretest or posttest assessments.
Similarly, the eight-week cognitive—balance training program did not produce significant changes in
the mean values of these gait parameters within the deaf group. However, the analysis of gait
variability (COV) demonstrated that, prior to the intervention, variability in several spatiotemporal
gait parameters was significantly greater in the deaf group than in the healthy control group,
particularly for cadence, step time, stride length, and walking speed. Following the intervention, the
variability of these parameters decreased significantly in the deaf group (p < 0.05), and the
between-group differences were substantially reduced. These findings suggest a more consistent
gait pattern after the training intervention.

Ground reaction force (GRF) analysis also revealed changes following the intervention. In the
anterior—posterior direction, the deaf group showed a significant reduction in braking force during
the early stance phase (10-28% of stance) and a significant increase in propulsive force during the
late stance phase (72-89% of stance) (p < 0.05). In the mediolateral direction, a reduction in the
amplitude of lateral force during mid-stance was observed after training, which may reflect changes
in gait control strategies during walking.

Table 1. Comparison of Spatiotemporal Gait Parameters (Mean = SD) Between the Deaf and Healthy
Groups in Pre- and Post-Test Phases (Including Results of Independent and Paired t-Tests)

Spatial- Temporal DG Pre DG Post CG Pre CG Post Between- Between- Within- Within-
Variables groups (pre)  groups (Post)  group (DG) group (CG)
t P t p t p t p

Cadence (steps/min) 12590 +15.29  126.16 +8.51  126.65+11.56  126.57+11.10 0.15 088 011 091 0.07 094 0.18 0.86
Stride time (5) 0.967 + 0.099 0.960 + 0.076 0.956 + 0.087 0.955 + 0.087 033 074 016 087 031 076 034 0.74
Step time (s) 0.491 + 0.052 0.493 + 0.046 0.479 £ 0.047 0.477 £0.047 066 051 077 044 012 089 097 034
Single support (s) 0.386 + 0.050 0.395 + 0.039 0.390 £ 0.023 0.390 +0.024 027 079 041 068 078 045 015 0.88
Double support (s) 0.178 £ 0.031 0.164 + 0.039 0.179 £ 0.042 0.179+£0.044 006 094 099 033 130 021 0.00 1.00
Foot off (%) 59.05 + 2.49 58.14+1.94 59.07 +1.83 58.90 + 2.28 003 098 099 033 119 025 09 035
Stride length (m) 1.067 £0.118 1.085+0.171 1.132+0.124 1.127 +0.123 147 015 077 044 057 058 158 0.13
Step length (m) 0.555 +0.131 0.535+0.133 0.559 + 0.084 0.559 + 0.087 010 092 057 057 049 062 039 0.70
Walking speed 1.113+0.127 1.132+0.179 1.198 +0.194 1.197 £0.190 142 017 097 034 031 075 017 0.86
(mf/s)

Stance time () 0.571 £ 0.065 0.558 + 0.054 0.565 + 0.063 0.563 + 0.063 025 081 023 081 066 052 101 0.33
Sway time (s) 0.396 + 0.046 0.401 + 0.030 0.390 + 0.029 0.391 + 0.031 038 071 095 035 076 046 023 0.82

Conclusion

The findings of the present study showed that the eight-week cognitive—balance training program
did not produce significant changes in the mean values of spatiotemporal gait parameters such as
walking speed, stride length, and cadence. However, the intervention significantly reduced the
variability (COV) of several gait parameters in children with congenital deafness. Reduced gait
variability may reflect a more consistent gait pattern and improved movement control during
walking. Changes were also observed in the ground reaction force (GRF) patterns following the
intervention. Specifically, the deaf group demonstrated reduced braking force during early stance
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and increased propulsive force during late stance. In addition, a reduction in mediolateral force
amplitude during mid-stance was observed after training. These findings suggest that cognitive—
balance training may influence gait control strategies and dynamic movement regulation during
walking.

Taken together, the results indicate that cognitive—balance training may be a useful complementary
approach for improving gait control in children with congenital deafness. Nevertheless, the findings
should be interpreted with caution because of limitations such as the relatively small sample size
and the absence of long-term follow-up assessments. Future studies are recommended to include
larger samples and additional biomechanical and neuromuscular measurements to better clarify the
mechanisms underlying these adaptations.

Keywords: Congenital Deafness, Cognitive—Balance Training, Gait

Article Message

The findings of this study suggest that an eight-week cognitive—balance training program may
influence certain biomechanical aspects of gait in children with congenital deafness. The most
notable changes included reduced variability of spatiotemporal gait parameters and alterations in
specific ground reaction force (GRF) components, particularly increased propulsive force during
late stance. These findings indicate that cognitive—balance exercises may contribute to improved
gait control and movement consistency during walking. Therefore, this type of training may be
considered as a complementary approach in rehabilitation and physical activity programs for
children with congenital deafness.
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Figure 1- Marker placement of the Plug-in Gait model in the anterior view
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Table 1- Eight-week cognitive—balance training program
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increased task duration
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Reduced manual support

Tl Sy Gl
Increased response speed
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reduced support
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Increased task complexity
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Counting numbers,

color recognition
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arithmetic questions

$2915b smsSin 3Lt
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Rapid decision-
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decision-making
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Standing on a
balance board with
weight shifting
5 peiie a3 (59, (180,
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Walking on a
straight line and
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9 Sz S ol yor (2850l
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Walking with
direction changes
and weight transfer
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—ell al Soele
S
Basic cognitive—motor
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S S b P
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Table 2- Comparison of spatiotemporal parameters of gait (mean + standard deviation) between the deaf group and the healthy group in the pre-test and post-
test stages (including results of independent and paired t-tests)
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group CG
p t p t p t p t
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Table 3- Comparison of the variability of spatiotemporal parameters of gait (standard deviation £ mean) between the deaf group and the healthy group in the
pre-test and post-test stages (including the results of independent and paired t-tests
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p t p t p t p t
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Figure 2- Vertical ground reaction force (Fz) and its corresponding SPM{t} results
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Figure 3- Anterior—posterior ground reaction force (Fy) and the corresponding SPM{t} results
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Figure 4- Mediolateral ground reaction force (Fx) and the corresponding SPM{t} results
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