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This study aimed to determine the underlying mechanisms of age-related
differences in postural control of 7-18 years old girls by determining the
differences between different age groups and adults in their sensory
preferences for compensatory responses. 118 non-athlete girls aged 7 to 18
were selected by available sampling and divided into four age groups: 7-9
(n=31), 10-12 (n=32), 13-15 (n=28), and 16-18 (n=27). A reference group of
adults (n=28, Mean= 27.9 years) was examined for comparison. Sensory
organization test (SOT) with computerized dynamic posturography was used to
manipulate sensory inputs. One-way analysis of variance and Tukey post hoc
test showed a significant difference between all age groups in 6 test conditions
(P<0.05). The use of somatosensory and vestibular sensory inputs to maintain
balance was almost the same in different age groups, but significant
differences were observed in the use of visual inputs. From the age of 13, the
postural control performance of girls becomes similar to that of adults, which
can be due to the delayed development of the visual system. In general, it
seems that for perfect postural control, first the somatosensory sensory system
and then the vestibular and visual systems mature.
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Extended Abstract

Motor skills, regardless of the performer's skill level, are manifestations of the motor
control system. Two key consequences of muscle control are mobility and postural
control. Postural control is defined as the ability to regulate the position of the body in
space to achieve the dual objectives of body stability and orientation. The orientation
component refers to maintaining the relationship between different parts of the body and
the body with the environment to perform a specific task effectively. Conversely, the
stability component is the balance or the capacity to control body mass in relation to the
base of support.

The efforts of numerous studies in the field of identifying specific mechanisms related to
age differences have shown that their focus has usually been on a limited age range and
a single control mechanism. However, progress in this field has been limited for several
reasons. For instance, age-comparison studies have concentrated on a narrow age
range, typically comparing children with young adults or young and older adults.
Additionally, these studies have often relied solely on data related to the center of
pressure (COP), such as its path length or sway area, which reflects the mechanisms of
the components without specifying their different effectiveness and contributions.
Therefore, this study aimed to determine the underlying mechanisms of age-related
differences in postural control of 7-18 years old girls by assessing the differences between
various age groups and adults in their sensory preferences for compensatory responses.
By adopting a comprehensive approach that considers multiple age ranges and
incorporates various measures of postural control, this research seeks to provide a more
nuanced understanding of the developmental changes in postural control mechanisms
during childhood and adolescence.

The current study is classified as applied research, employing a clinical and laboratory
methodology conducted in a semi-experimental fashion. The research involved the
manipulation of sensory system information related to postural control across five distinct
independent groups. A total of 118 female students aged 7-18 from schools in northern
Tehran were selected using a combination of available and purposeful sampling
techniques, distributed across four age groups: 7-9 (n=31), 10-12 (n=32), 13-15 (n=28),
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and 16-18 (n=27). Additionally, 28 adults (with a mean age of 27.9 years) were included
as a reference group for comparative analysis. The research encompassed a total of 146
subjects, providing a comprehensive evaluation of the study parameters.

The study's entry criteria were rigorously assessed using three distinct methods: a
guestionnaire, physical examination (including measurements), and consultation with a
specialist physician from the Red Crescent Rehabilitation Center. These criteria
encompassed the following key points: a) Participants were required to have height,
weight, and body mass index (BMI) within the normal range for their respective age group;
b) Exclusion criteria included the absence of any issues related to the nervous system,
neurological defects, vestibular and proprioceptive systems, or visual impairments; c)
Participants were also screened for any structural abnormalities in their upper and lower
body organs, as well as deviations in the spine and lower limbs; d) Additionally, individuals
with a history of surgery or injury to the ankle, knee, or thigh joints were excluded; e)
Participants with a recent history of anesthesia within the past 6 months were not eligible;
f) Lastly, individuals with a history of regular exercise or physical activity were not included
in the study cohort. These stringent criteria were meticulously applied to ensure the
selection of a suitable and homogeneous participant group for the study.

Prior to the test, the subjects’ arch height was assessed using the Brody method and line
drawing evaluation to identify individuals with a healthy and normal sole structure.
Additionally, body mass index (BMI) was calculated based on height and weight
measurements to exclude individuals falling outside the normal range. Following the
screening of 326 candidates, 172 qualified individuals were selected to proceed to the
research phase, while 26 others declined to participate further, citing reasons such as
apprehension about the testing environment. For the evaluation of postural control, the
EquiTest computerized dynamic posturography device (model EQO356) manufactured
by the American company NeuroCom was utilized (see Figure 1). This device is
renowned for its advanced capabilities in studying and manipulating sensory inputs that
influence postural control. Equipped with safety belts connected to the subject's chest
and pelvis (suitable for individuals aged 4 years and above), the device ensures stability

and prevents falls or injuries. It features two movable force platforms measuring 18.8 x
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18.8 inches (47.7 x 47.7 cm) and 8 sensory channels for analyzing kinetic variables
related to postural control. During the test, participants are instructed to stand on the
platform with both feet and respond to sudden movements to regain their vertical stance.
Vertical and anterior-posterior forces are utilized to determine the horizontal position of
the center of pressure, ankle muscle moments, and shear forces exerted by each leg.
Parameters such as linear displacement of the foot pressure center and angular
fluctuations of the body's center of mass are calculated and adjusted based on
participants' height and ankle axis (age and height data are inputted into the device
beforehand). The task requires subjects to maintain stability under varying conditions.
The device offers a range of tests, with this study focusing on the sensory organization
test to assess postural control mechanisms.

This test comprises six distinct conditions. The first three conditions involve stationary
force platforms, while the remaining three incorporate movement in the anterior and
posterior directions.

In the initial condition, the individual has access to all sensory information relevant to
postural control. The second condition involves the removal of visual system input through
the use of a blindfold. In the third condition, the eyes remain open, but the visual
environment is in motion, presenting distorted visual cues. Moving on to the fourth
condition, the force platforms are mobile, eliminating proprioceptive information. The fifth
condition combines visual deprivation with a blindfold and the removal of proprioceptive
input through the moving force platform, focusing on testing the vestibular system's role
in height control. The final condition eliminates all three sensory inputs - visual, auditory,
and proprioceptive. Each scenario lasts for 20 seconds and is repeated three times.

The findings revealed distinct variations in postural control among subjects aged 7 years
to adulthood across all sensory manipulation conditions. Notably, the group aged 7 to 9
years exhibited a significant disparity compared to older age groups, indicating that girls
in this age range may not possess the same level of sensory postural control organization
as adults until reaching the age of 9. Conversely, no significant differences were noted in
the performance of the 10 to 12-year-old group when compared to both younger and older
age groups. Consequently, the period between 10 to 12 years could be identified as a
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transitional phase for girls in terms of postural control, as no significant distinctions were
observed when comparing this age group to adults from 13 to 15 years old.

According to the dynamic systems approach, the difference between children and adults
probably involves their differences in how precisely the posture control system adapts
when sensory information conflicts with each other. In adults, if a sensory system provides
unreliable information, their postural control systems can reduce the emphasis on the
information from this system and increase the emphasis on the information from another
system that is more reliable. Probably, children cannot evaluate sensory information as
accurately as adults. In the current study, the participants did not reach the same
accuracy as adults until the age of 13.

In general, the disparities observed among age groups in utilizing various inputs for
postural control may stem from variances in biomechanical and neurological factors
between children and adults. It is plausible that as individuals gain experience in
balancing tasks with age, they adapt their compensatory strategies to address external
disturbances or sensory alterations. However, the precise timeframe required to adjust
sensory-motor information and attain a posture control pattern akin to that of adults
remains somewhat ambiguous, as noted by Thurman and Corbetta (2019). Moreover, the
processing of emotions influencing posture control may undergo changes from childhood
to adolescence, attributed to the progressive enhancement of frontal control over cortical
regions, subsequently influencing strategies in response to diverse disturbances.
Considering the relatively lower significance of the vestibular system compared to the
somatosensory system, it can be postulated that the developmental sequence for optimal
postural control involves the somatosensory system first, followed by the vestibular
system, and the visual system. Whether this prioritization is influenced by distinct
emotional perception and processing or other factors unique to adults warrants further
investigation. Given that the study focused exclusively on girls, a notable limitation arises
from the inability to differentiate and discern patterns of growth and hormonal fluctuations
impacting postural control. It is advisable to objectively and careful assess and regulate
participants' level of physical activity, a factor addressed solely through questionnaires in
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this study, despite its confirmed association with postural control development.
Furthermore, future research should consider other crucial variables describing postural

control, such as muscle activation patterns, to enrich our knowledge of this subject.
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