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Abstract: To study age-wise development and gender differences of static postural control in Indian children between 3-15 years using mCTSIB
Methodology: 260 children, between ages of 3-15 years, were divided age wise into 13 groups, each group having 10 boys and 10 girls. They underwent analysis of postural sway velocity under 4 different conditions using the mCTSIB test on Neurocom Balance Master.
Mean sway velocity of each group was compared to adult values and between genders for age-wise and gender-wise differences. 
Results: Unpaired t-test showed no statistically significant difference (p>0.05) between sway velocity in children and adults at following ages. Eyes open on force plate-13 years and beyond; Eyes closed on force plate- 10 years & beyond; Eyes open on foam-15 years & beyond; Eyes closed on foam-8 years & beyond
There was statistically significant difference (p<0.05) with girls being better than boys at ages 5 and 9 in condition 3 and 4 of mCTSIB
Conclusion: Adult levels of postural sway are reached at age 13 years when all 3 sensory systems i.e. visual, vestibular, somatosensory act. Adult levels reached at 10 years when Vestibular and somatosensory system act, 15 years when visual and vestibular systems provide more information, 8 years when only vestibular system acts
At ages 5 and 9, girls are significantly better than boys under challenging sensory conditions
Clinical Significance: Basis for age-appropriate balance testing and exercise.
Keywords: Postural Control, mCTSIB, sway velocity.
1. INTRODUCTION
Postural control is defined by Shumway-Cook and Woollacott [1] as the ability to control the body's position in space for the combined purposes of stability and orientation. It involves the ability to use sensory information about position and movement of body in space to changing task and environmental conditions. It requires a complex interaction of musculoskeletal components including joint range of motion, flexibility, muscle properties as well as neural components such as neuromuscular response strategies, sensory processes including visual, vestibular and somatosensory systems, sensory strategies, internal representation mapping sensation to action and last but not the least higher level processes for adaptive and anticipatory aspects of postural control. [1]
Postural Control in quiet stance or static postural control is defined as the ability to maintain the projected Centre of Mass (COM) within the limits of the base of support (BOS). [1] The CNS must organise information from sensory receptors throughout the body before it can determine the body’s position is space. The visual, vestibular and somatosensory system each provide a ‘frame of reference’ for postural control.[2] Sensory strategies, that is, the relative weight given to a sense vary as a function of age, task and environment.[1],[3],[4]. Assessment of how the Central Nervous System adapts multiple sensory inputs for the purpose of postural control can be done by measuring the body sway under different sensory conditions such as eyes open or eyes closed on a firm and foam surface.[3]. The Centre of Pressure (COP) is a commonly used output measure of the postural control system, the trajectory of which can be obtained using a force plate. Though several clinical tests are available to assess balance control, the force platform provides an objective measurement of postural control. Based on the literature review, the number of studies reported on children utilising force platforms seem to be low in India. 
There have been several studies over the years examining the changes in spontaneous sway with development with varying results. Schlotz A W, in 2005 [5] investigated the sway velocity under three visual conditions(eyes open, blindfolded and sway referenced visual enclosure) and concluded that proprioceptive function seemed to mature at 3to 4 years of age whereas visual and vestibular systems reached adult level at 15 to 16 years. However, Sparto PJ, in 2004 [6] had stated that 7-12 year old children do not utilise somatosensory cues to the same extent as adults when visual and somatosensory cues are conflicting. Rival C in 2004 [7] suggested that processes underlying optimum postural stability are mature as soon as 6 years of age after measuring Centre of Pressure on a force plate. Though, in his study on 74 female and 80 male children using the Sensory organisation test (SOT), Peterson M L, in 2005 concluded that children do not demonstrate adult-like use of sensory information prior to the age of 12 years. [8] A recent literature review on postural sway in children concluded that considerable disagreement exists development of postural sway in children and that future research is necessary to determine for which age groups age-specific reference values are relevant. [9]
Understanding age-related postural control can serve as the basis for determining best therapeutic approach for children with related balance disturbances and hence the need of the study. The aim of the present study was to determine age at which postural sway reaches adult values under different sensory conditions in Indian children between the age of 3 to 15 years and if gender differences exist in the same, using the mCTSIB. The mCTSIB is a modification of the original CTSIB or foam and dome test and adds objective analysis of the patient’s functional balance control to quantify postural sway velocity during the following four sensory conditions
1. Eyes Open, Firm surface- It tests all available sensory feedback systems, i.e. Visual, vestibular and somatosensory
2. Eyes Closed, firm surface- It tests the effectiveness of the closed loop postural control system without visual feedback
3. Eyes Open, Foam- It examines how well the system resolves proprioceptive-visual and/or proprioceptive-vestibular conflicts
4. Eyes Closed, foam- It tests how well the system controls posture with just vestibular feedback
2.    METHODOLOGY
Study design: Normative.
Sample size and population: 260 normal children between 3-15 years. 20 adults between 20-35 years. The age group was selected as children below 3 years do not follow commands efficiently, have decreased attention span and would have difficulty maintaining quiet standing position required for the mCTSIB. Most studies have concluded that adult like postural control is achieved by children by 15 years of age, hence the upper limit.
Sampling technique: Purposive sampling.
Inclusion criteria: Normal healthy children. Normal healthy adults.
Exclusion criteria: Premature birth, delayed milestones, cerebral palsy, learning disability, illness in past 3 months, obesity, malnourishment, visual deficits, gymnastics.
Outcome measure:  Postural sway velocity with mCTSIB using the Neurocom Balance Master.
Data Collection and Analysis: 260 children were divided age-wise into 13 groups between ages of 3-15 years, each group having 10 boys and 10 girls of that age. Parents and teachers had to sign a consent form and student information sheet respectively. Materials used were height chart, measuring tape and Balance Master. Subject’s height and birth date were fed into the Balance Master system. The children were explained the entire procedure and a trial was taken to ensure their understanding. For both the children and adults, 3 trials each of 4 different conditions were performed with every trial lasting for 10 seconds.
Condition 1: Eyes open, Force plate (Fig.1)
Condition 2: Eyes closed, Force plate 
Condition 3: Eyes open, Foam (Fig.2)
Condition 4: Eyes closed, Foam 
To measure the sway velocity, the subject was made to stand on the force plate/foam with feet apart in such a way that the medial malleoli lie along the horizontal line marked on the force plate/foam, the toes touch the square markings made on the force plate/foam and the heels touch the T, M, S line as prompted by the system based on height. (Fig. 3)
The computer automatically obtained the sway velocity in degrees/second for 3 trials in each sensory condition and an average velocity after 3 trials. Also, a composite sway velocity averaged over 12 trials was obtained.
20 adults were also assessed for their postural sway velocity in 4 different sensory conditions. The Balance Master system has adult normative values for reference too. Mean sway velocity of children was compared to adult values for age-wise differences. Boys and Girls were also compared in each condition of the mCTSIB.
Statistical test: Unpaired t-test was used to find if statistical significance in sway velocities existed between children at each age and adults and also between boys and girls in the 4 conditions.
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Fig. 1                                                             Fig. 2
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Fig.3
3.   RESULTS
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GRAPH 1
Graph 1 shows the comparison of sway velocity in condition 1 of the mCTSIB between children at different ages from 3-15 years and adults. X axis represents the age in years and Y axis represents the mean sway velocity in degrees/second. The mean adult sway velocity is 0.34 degrees/second. There is a marked decrease in sway velocity from 3-6 years. Beyond 6 years there is a gradual decrease in sway velocity, with it reaching closer to adult values at 13 years (0.41 degrees/second) and beyond.
TABLE I- COMPARISON OF MEAN SWAY VELOCITY IN CONDITION 1 BETWEEN ADULTS AND CHILDREN AT DIFFERENT AGES
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Table I shows the mean sway velocity of adults in condition 2 of mCTSIB i.e. Eyes closed on force plate, is 0.34 degrees/second. It is seen that there is statistically significant difference in sway velocity up to the age of 12 years. (p<0.05 i.e 0.011) There is no statistically significant difference in the sway velocity of children from the age of 13 years to 15 years. (p>0.05)
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GRAPH 2
The above graph 2 shows that there is a marked decrease in sway velocity from 3 to 6 years of age with the sway velocity at 3 years being 2.63 degrees/second and at 6 years being 0.98 degrees/second. Beyond 6 years there is a gradual decrease in sway velocity, with it reaching closer to adult values (closer to 0.48 degrees/second) at 10 years (0.69 deg/sec) and beyond.
TABLE II- COMPARISON OF SWAY VELOCITY IN CONDITION 2 BETWEEN ADULTS AND CHILDREN AT DIFFERENT AGES
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Table II shows statistically significant difference in sway velocity up to the age of 9 years. (p<0.05) From the age of 10 years and beyond there is no statistically significant difference between adult and children sway velocity.
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GRAPH 3
Graph 3 shows mean adult sway velocity at 0.71 deg/sec. There is a marked decreae in sway velocity from 3 to 5 years of age. At 3 years the mean sway velocity is 3.12 deg/sec and at 5 years it is 1.71 deg/sec. Beyond 5 years there is a gradual decrease, with sway velocity reaching closer to adult values at 14 years (0.89 deg/sec) and beyond.
TABLE III- COMPARISON OF SWAY VELOCITY IN CONDITION 3 BETWEEN ADULTS AND CHILDREN AT DIFFERENT AGES
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Table III shows statistically significant difference in sway velocity upto the age of 14 years. (p<0.05). There is no statistically significant difference in sway velocity of children and adults in condition 3 at the age of 15 years. 
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GRAPH 4
Graph 4 shows mean adult sway velocity is 1.35 deg/sec in condition 4 of mCTSIB i.e. eyes closed on foam. There is amarked decrease in sway velocity from 3 to 6 years of age with the sway velocity at 3 years being 3.49 deg/sec and at 6 years being 1.99 deg/sec. Beyond 6 years there is a gradual decrease with it reaching closer to adult values at 8 years (1.63 deg/sec) and beyond.
TABLE IV- COMPARISON OF CONDITION 4 BETWEEN ADULTS AND CHILDREN AT DIFFERENT AGES
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Table IV shows that there is a statistically significant difference in sway velocity between children and adults up to the age of 7 years. From the age of 8 years to 15 years there is no significant difference. (p>0.05)
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GRAPH 5
Graph 5 shows the comparison of sway velocity in condition 1 of mCTSIB between boys and girls. At every age the female child has a lower value of sway velocity than their male counterparts. The mean sway velocity of females at age 3 is 2.13 deg/sec and male children is 2.46 deg/sec. At 15 years, it is 0.32 deg/sec and 0.34 deg/sec for female and male children respectively.
TABLE V- COMPARISON OF CONDITION 1 BETWEEN BOYS AND GIRLS AT DIFFERENT AGES
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Table V shows that on comparison of mean sway velocity of male and female children at different ages in condition 1 of mCTSIB, there is no statistically significant difference between them.
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GRAPH 6
Graph 6 shows comparison of mean sway velocity between male and female children in condition 2 of mCTSIB. At 3 years the mean sway velocity of female and male children is 2.63 deg/sec and 2.58 deg/sec respectively. At 15 years it is 0.36 deg/sec and 0.41 deg/sec for female and male children respectively. Female children had a lower sway velocity than male children at almost all ages.
TABLE VI- COMPARISON OF CONDITION 2 BETWEEN BOYS AND GIRLS AT DIFFERENT AGES
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Table VI shows that on comparing mean sway velocity between male and female children at different ages, there is no statistically significant difference in condition 2 of mCTSIB.
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GRAPH 7
Graph 7 shows the comparison of mean sway velocity of boys and girls at different ages in condition 3 of mCTSIB i.e. eyes open on foam. Female children had lower sway velocity than their male counterparts at almost all ages.
TABLE VII- COMPARISON OF CONDITION 3 BETWEEN BOYS AND GIRLS AT DIFFERENT AGES
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Table VII shows that on comparison of mean sway velocity in condition 3 of mCTSIB, there is a statistically significant difference between boys and girls at age of 5 and 9 years, with girls being closer to adult values than boys. 
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GRAPH 8
Graph 8 shows the comparison of mean sway velocity in female and male children at different ages in condition 4 of mCTSIB i.e. eyes closed on foam. Female children have lower sway velocity than male children at all ages except 11 and 12.
TABLE VIII- COMPARISON OF CONDITION 4 BETWEEN BOYS AND GIRLS AT DIFFERENT AGES
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Table VIII shows that there is a statistically significant difference in sway velocity of male and female children at age 5 and 9 years in condition 4 of mCTSIB.
4.   DISCUSSION
The data derived from the study was assessed to compare the sway velocity between children at different ages from 3 to 15 years and adults in 4 conditions of the mCTSIB and between male and female children of different ages in all 4 conditions.
From Graphs 1 to 4 it was seen that as age increases the sway velocity decreases in all conditions of the mCTSIB. The decrease in sway was more marked in the age group of 3 to 6 years, after which there was a gradual decline. E.g. At 3 years, for condition 1 the sway velocity was 2.29 deg/sec, at 4 years it was 1.63 deg/sec, at 5 years it was 0.97 deg/sec, at 6 years it was 0.86 deg/sec. Beyond this, the decrease in sway velocity was gradual from 0.64 at 8 years to 0.33 deg/sec at 15 years. 
Researchers studying the development of balance have found that transition from immature to mature responses is not linear but stage-like with the greatest variability occurring in the 4-6 year old children. It was proposed that this age is a transition period in the development of postural control [10]. At this time the nervous system uses visual-vestibular input to fine tune ankle joint proprioception in preparation for its increased importance in postural control and fine tunes the structural organization of the postural synergies themselves. [1], [11]
Usui N stated that the upright postural sway decreased markedly between the ages of 3 to 6 years and then slowly after the age of 6 years which is also seen in above study. [12] Shambes GM while studying postural control in children aged 4 to 8 years showed that 8 year old children showed less postural sway and more definitive muscular localization and that there was a marked decrease in postural sway from 4 to 7 years. [13] This marked decrease can be attributed to the maturation of the central nervous system. [14], [15] The mapping of individual senses to action and mapping of multiple senses to action which helps in creating internal representations necessary for coordinated postural abilities, develop up to the age of 6 years[11] along with a continuous development of multiple sensory and motor systems.  
It has been suggested, that adaptive capabilities that allow the child to modify sensory and motor strategies to changing task and environmental condition are developing the most up to the age of 6 years and that discontinuous changes seen in the development of postural control may be the result of critical dimensional changes seen in the body of the growing child. [10] The Centre of gravity is higher in younger children and moves lower as the ratio of trunk to limbs and head size to body size changes. Also, the center of pressure changes along the plantar arch. 
Beyond the age of 6 years, as the child becomes more active in sports, starts schooling, he is exposed to a variety of environment thus enriching his sensory motor experiences. Between the ages of 7 to 15 the child comes closer to adult values of postural control.
From Graph 1 and Table I it is seen that under normal conditions of quiet stance, children reach adult like level of postural sway by the age of 13 years, Thus when all 3 sensory systems provide accurate information, children are comparable to adults at 13 years and beyond. This is supported by study done by Hayes et al which states that the spontaneous sway in children reach adult like levels by 9-12 years of age for eyes open conditions. [16]
From Graph 2 and Table II it is seen that when visual feedback is absent, the effectiveness of the closed loop postural control system reaches adult levels by 10 years of age, suggesting that vestibular and somatosensory system contribution to static postural control seems to develop to adult levels by 10 years. As children do not reach adult levels in condition 1 until 13 years of age which is later than in condition 2, we can infer that visual system contribution to postural control becomes more effective at a later age. Peterson ML has also suggested that children under 11 years do no use visual information as effectively as adults [8]
From Graph 3 and Table III it is seen that with inaccurate proprioceptive input, when visual and vestibular system work, children become as effective as adults in resolving proprioceptive-vestibular conflict and proprioceptive-visual conflict by 15 years of age.
From Graph 4 and Table IV it is seen that children have adult like ability to resolve proprioceptive- vestibular conflicts with absent visual feedback by 8 years of age. In this condition, the vestibular system may contribute to maintenance of static postural control suggesting that at 8 years, vestibular system contribution to balance reaches adult values. This also supports our inference of visual system contribution to postural control by 13 years and beyond, as in condition 3 children get both visual and vestibular input but reach adult values at a later age. 
Assainte and Amblard have suggested that from the age of 7 to 8 years onwards, information specifying the head position relative to support surface becomes progressively more available to the equilibrium control centers. At around 7-8 years, there is a transient predominance of dynamic vestibular contribution to balance and lowering of visual contribution to balance. [17], [18], [19]
Overall, our results are supported by the study done by Sparto PJ who suggested that the ability to utilize individual senses when other senses are conflicting continues to develop until 12-13 years of age. [6]
From Graphs 5 to 8 when mean sway velocity of male children and female children was compared, it is seen that in condition 1 and 2 where proprioceptive information is correctly available, girls have a lower sway velocity than boys though the difference is not significant. In condition 3 and 4 there was a statistically significant difference in sway velocity of the male and female children at 5 and 9 years of age with females having lower sway values. 
It is proposed that, in females the corpus callosum is broader than in males and its myelination occurs at an earlier age. [20], [21]
The ability to organise information for balance and bilateral coordination seems to be better in girls than in boys. Also, with their leaner body and wider pelvis giving a better base of support, girls may be better than boys where balance is concerned. [5], [22]
According to research, around the age of 5 years there is a period of transition where somatosensory system starts showing its dominance and the child needs to re learn the motor strategies associated with balance. [1] Girls might be better equipped to deal with this change showing significantly better static control than boys where support system information is not correctly available. Around 9 years of age, as puberty begins, physical dimensions begin to change. Males tend to get top heavy thus riding the COG upwards which may contribute to more sway.
5. CONCLUSION
While studying the development of static postural control in children between 3 to 15 years, marked decrease is seen in the postural sway velocity between the ages of 3-6 years in all conditions of the mCTSIB, which marks a period of transition in the development of postural control.
In condition 1, eyes open on force plate, when all 3 sensory systems provide information regarding the body’s position in space, the difference in mean sway velocity between children and adults is non-significant at 13 years and beyond. In condition 2, eyes closed on force plate, when vestibular and somatosensory system provide information, the difference in sway velocity between children and adults is non-significant at 10 years and beyond. In condition 3, eyes open on foam, when visual and vestibular system provide information children are closer to adult values at 15 years of age. In condition 4, eyes closed on foam, the difference in sway velocity between children and adults in non-significant at 8 years and beyond. Vestibular system contribution to balance becomes adult like around 8 years of age.
Female children have a lower sway velocity than male children with significant difference at 5 and 9 years in conditions where support system information is not accurately available.
Results of this study can be used to design balance treatment protocols for children with emphasis on different systems at different ages based on the system development and contribution to balance. The ‘Sensory Organisation Test’ can be done to find out the individual system contribution to balance on a larger sample size.
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Comparison of sway velocity in Condition 1 between children and adults at different ages
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Comparison of sway velocity in condition 3 between children and adults at different ages
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Comparison of sway velocity in condition 4 between children and adults at different ages
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Gender

Unpaired T-test applied

Eyes open (firm) Male Female

Mean SD Mean SD T-value p-value Difference is-
3yrs 2.46 0.76 213 0.78 0.946 0.357 Not significant
4yrs 175 0.49 1.51 0.73 0.853 0.405 Not significant
5yrs 1.12 0.69 0.81 0.17 1.362 0.190 Not significant
6yrs 0.88 0.34 0.83 0.15 0.487 0.632 Not significant
Tyrs 0.86 0.27 0.72 0.12 1.491 0.153 Not significant
8yrs 0.67 0.22 0.61 0.20 0.572 0.574 Not significant
9yrs 0.66 0.18 0.52 0.22 1.537 0.142 Not significant
10yrs 0.53 0.20 0.49 0.19 0.534 0.600 Not significant
11yrs 0.51 0.14 0.48 0.09 0.511 0.616 Not significant
12yrs 0.45 0.17 0.49 0.07 -0.731 0.474 Not significant
13yrs 0.46 0.12 0.36 0.13 1.879 0.077 Not significant
14 yrs 0.44 0.16 0.30 0.13 2.071 0.053 Not significant
15yrs 0.34 0.10 0.32 0.17 0.265 0.794 Not significant
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Gender

Unpaired T-test applied

Eyes closed (firm) Male Female

Mean SD Mean SD T-value p-value Difference is-
3yrs 2.58 0.52 2.68 0.65 -0.405 0.690 Not significant
4yrs 213 0.53 1.79 0.76 1.159 0.262 Not significant
5yrs 1.37 0.83 1.05 0.30 1.158 0.262 Not significant
6yrs 1.04 0.28 0.93 0.34 0.800 0.434 Not significant
Tyrs 0.92 0.33 0.79 0.30 0.897 0.381 Not significant
8yrs 0.87 0.32 0.72 0.10 1.374 0.186 Not significant
9yrs 0.80 0.33 0.70 0.42 0.575 0.573 Not significant
10yrs 0.70 0.40 0.68 0.46 0.087 0.932 Not significant
11yrs 0.64 0.25 0.65 0.16 -0.145 0.886 Not significant
12yrs 0.72 0.59 0.70 0.21 0.118 0.907 Not significant
13yrs 0.59 0.36 0.60 0.35 -0.063 0.950 Not significant
14 yrs 0.52 0.18 0.50 0.11 0.201 0.843 Not significant
15yrs 0.41 0.08 0.36 0.19 0.781 0.445 Not significant
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Comparison of sway velocity in Condition 3 between male and female children at different ages
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Gender

Unpaired T-test applied

Eyes open (foam) Male Female

Mean SD Mean SD T-value p-value Difference is-
3yrs 312 0.78 3.13 0.46 -0.023 0.982 Not significant
4yrs 272 0.89 227 0.82 1.159 0.262 Not significant
5yrs 1.99 0.56 1.43 0.17 3.044 _
6yrs 1.87 0.78 1.48 0.30 1.493 0.153 Not significant
Tyrs 1.51 0.39 1.43 0.32 0.544 0.593 Not significant
8yrs 1.31 0.50 1.41 0.58 -0.427 0.674 Not significant
9yrs 1.41 0.37 1.10 0.24 2217 _
10yrs 1.19 0.54 1.02 0.35 0.834 0.415 Not significant
11yrs 1.12 0.34 0.97 0.27 1.086 0.292 Not significant
12yrs 1.1 0.38 1.01 0.23 0.706 0.489 Not significant
13yrs 1.04 0.33 0.90 0.17 1.195 0.248 Not significant
14 yrs 0.96 0.27 0.81 0.12 1.590 0.129 Not significant
15yrs 0.69 0.15 0.64 0.13 0.806 0.431 Not significant
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Comparison of sway velocity in condition 4 between male and female children at different ages
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Gender

Unpaired T-test applied

Eyes closed (foam) Male Female

Mean SD Mean SD T-value p-value Difference is-
3yrs 3.49 0.86 3.49 0.93 -0.017 0.987 Not significant
4yrs 2.88 0.46 269 0.77 0.667 0.513 Not significant
5yrs 2.86 1.26 1.83 0.61 2.331 _
6yrs 219 1.05 1.78 0.74 0.993 0.334 Not significant
Tyrs 1.87 0.36 1.71 0.37 0.982 0.339 Not significant
8yrs 1.79 0.52 1.46 0.29 1.743 0.098 Not significant
9yrs 1.93 0.51 1.45 0.48 2200 _
10yrs 1.55 0.40 1.37 0.40 0.968 0.346 Not significant
11yrs 1.32 0.34 1.36 0.30 -0.304 0.765 Not significant
12yrs 1.32 0.38 1.51 0.36 -1.124 0.276 Not significant
13yrs 1.37 0.49 1.05 0.31 1.748 0.097 Not significant
14yrs 1.35 0.33 117 0.30 1.271 0.220 Not significant
15yrs 1.20 0.21 1.03 0.20 1.792 0.090 Not significant
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