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 Abstract  

Background: Diabetes mellitus type 1 (T1D) is frequently associated with 

concurrent medical conditions that cause physical limitations.  

Purpose: Investigate the relation between anthropometric measurements 

and balance in children with T1D using Human Assessment Computer 

(HUMAC) balance system. Material and Methods: The assessment 

procedures were collected from Outpatient Diabetes Clinic of Abu El-rish 

Hospital. Participants: Sixty children with type 1 diabetes, age ranged from 

7 to 14 years, they had a disease from less than 5 years ago, didn't have 

other problems. Outcome measures: The (HUMAC balance system) 

HUMAC balancing system was used to evaluate the limitations of stability, 

pressure center, sensory organization, and balance.  

Results: Children with higher body mass index (BMI) decreased sensory 

integration and balance were all statistically significant, when standing on 

soft surface and eye closed. There was significant when related the height 

to center of pressure (COP) score and sensory integration especially when 

standing on soft surface and eye closed. 

Conclusion: Children with T1D who have higher BMI and height exhibit 

poor postural stability especially when standing on soft surface and eye 

closed. Early detection of these deficits is suggested to reduce the risk of 

complications in maturity. 

Keywords: Anthropometric measurements; Diabetes; Diabetes 

mellitus type 1; HUMAC balance system; Postural stability. 

 

 

Introduction: 

A set of metabolism-related conditions known 

as diabetes mellitus (DM) are identified by 

elevated plasma glucose levels. Diabetes's 

persistent hyperglycemia; brought on by 

deficiencies in either insulin activity or 

production, or both; can contribute to permanent 

damage, malfunction, and organ failure, 
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particularly to the kidneys, eyes, heart, nerves, 

and cardiovascular system (1). According to Cho 

et al.(2), individuals with diabetes are more likely 

to experience a variety of major, life-threatening 

health issues that raise healthcare costs, lower 

quality of life, and increase death rates. 

An autoimmune condition known as T1D 

causes the beta cells in the pancreas to be 

destroyed. Higher levels of insulin and 

malfunctioning pancreatic beta cells combine to 

cause increasingly diminished glucose 

regulation, which is the main cause of type 2 

diabetes (T2D), which is far more common (3). 

While the primary cause of death for diabetics is 

hyperglycemia-induced damage to the 

macrovascular system, which includes the 

coronary and cerebral blood vessels. The 

microvascular circulation in the kidney, eyes, 

and nerves is considerably more frequently 

damaged by hyperglycemia (4). 

Complications associated with diabetes 

comprise sensory, motor, and autonomic 

neuropathies, which can impact several 

physiological systems, including the 

neuromuscular system. Diabetes-related 

sensorimotor neuropathy is manifested by loss of 

muscle mass, abnormal stride, the development 

of new pressure sites, and ultimately foot ulcers. 

Loss of feeling, skeletal abnormalities, 

misshapen feet, painless trauma, and ultimately 

foot ulceration are the hallmarks of sensory 

neuropathy (5). 

Diabetes mellitus damages mechanoreceptors 

in the sole of the feet, alters proprioception, 

decreases the individual's capacity to maintain 

balance, and causes fatigue in the skeletal 

muscles of the lower extremities, all of which 

have an adverse effect on the structures and 

functions of the vestibular system, thereby 

affecting both static and dynamic balance (6). 

The ability of the body to maintain body 

posture without additionally assistance, with a 

possible risk of uncontrollably falling, is known 

as human postural stability function, and it is a 

crucial aspect of motor activity (7). Disorders, 

musculoskeletal or neurological problems, 

anthropometric parameters, aging, consumption 

of medications, physical condition, and specific 

training (e.g., intense exercises) can all have an 

impact on postural balance systems. Extrinsic 

factors that can affect postural balance include 

the type of footwear and the type of the floor. 

Anthropometric characteristics can impact the 

motor processes associated with the adjustment 

as well as the body's stability limits. Postural 

balance correlates directly with certain 

anthropometric characteristics, such as body 

mass (8). 

According to Minges et al. (9), overweight 

and obesity are currently common among young 

individuals with T1D and can have serious 

implications for health, including as 

cardiovascular problems and diagnosis of T2D. 

Approximately 50% of T1D patients are 

overweight or obese. In comparison to healthy 

controls, they also exhibit greater hip and waist 

circumferences (10). The vestibular system is 

also frequently negatively impacted by metabolic 

disorders of T1D, primarily affecting the central 

part of the organ. As stated by Fernandes et al. 

(11) this change is associated with the number 

and kind of hypoglycemia episodes along with 

the severity and management of the illness. 

Various deficits, such as nephropathy, 

retinopathy, and neuropathy, compromise the 

individual's ability to perform daily activities 

appropriately and achieve a satisfactory level of 

activity. Another potential diabetic consequence 

that could raise the risk of falls is vestibular 

dysfunction (12). 

Investigating the correlation between 

anthropometric parameters and postural 

equilibrium in children with diabetes is crucial 

since it assists a multidisciplinary team design 

the appropriate strategy to enhance those 

children' functional abilities. The relationship 

between anthropometric measures and postural 

balance in children with diabetes is an area of 

little published research. However, to the best of 

our knowledge, not many researches have 

examined the relationship between 

anthropometric measures and postural 

https://ejptr.journals.ekb.eg/
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equilibrium in children with diabetes. This study 

was conducted to evaluate and examine this 

relationship between anthropometric 

measurements [weight, height, body mass index 

(BMI)] and postural balance: (limits of stability 

(LOS), center of pressure (COP) and sensory 

integration) in children with T1D.     

 

Materials and Methods: 

Study design, duration and ethical 

considerations 

A cross-sectional observational study was 

conducted between August 2022 and March 

2023. The study protocol was approved by the 

Ethical Committee of the Faculty of Physical 

Therapy, Cairo University, Egypt (No: 

P.T.REC/012/003865). Children’s participation 

was authorized by a signed written consent form 

with parent’s/legal guardian’s acceptance for 

participation before starting the study 

procedures. A permit was accepted and signed 

from head of the endocrinology and diabetes unit 

of Abu El-Rish Hospial, Cairo University. 

Sample size estimation 

To avoid type II error, sample size calculation 

was performed using G*POWER statistical 

software (version 3.1.9.2; Franz Faul, Universitat 

Kiel, Germany) [Exact tests- correlational study, 

α=0.05, power = 80%, and effect size = 0.36] and 

revealed that the appropriate sample size for this 

study was approximately 55 subjects. 

Subjects 

Subjects included sixty volunteer children 

withT1D. These children were selected from the 

Outpatient Clinic of Abu El-rish Hospital. 

Inclusion criteria were: 1) Age ranged from 7 to 

14 years, 2) both sexes, 3) The duration of the 

disease is ranged between 3 to 5 years as over a 

5-year period, diabetes duration and poor 

glycemic control were found to be more 

substantial risk factors for the development of 

subclinical neuropathy (13). Children were 

excluded if they had: 1) other hormonal diseases 

(hypothyroidism or hyperthyroidism), 2) 

hereditary sensory and autonomic neuropathy, 3) 

orthopedics problems and any other disease may 

affect the research, and/or 4) subjects 

participating in regular sports activities. 

Assessment of anthropometric measurements 

Demographic and anthropometric 

measurements including age, sex, weight, height, 

body mass index) and data were recorded from 

medical records. A standard weight and height 

scale (Hanson professional scale, Hanson co.Ltd. 

Beccles, U.K) was used to determine the weight 

in (kg) and height (cm). BMI is a value derived 

from the mass (weight) and height of a person. 

The BMI is defined as the body mass divided by 

the square of the body height, and is expressed in 

units of kg/m², resulting from mass in kilograms 

and height in meters. BMI is used differently for 

children.  The BMI percentile charts were used 

children for both genders. BMI is age- and sex- 

specific and is often referred to as BMI-for-age.  

Assessment of balance    

In the current study, a computerized dynamic 

post urography called the HUMAC (commuter 

sports medicine, Inc., Stoughton, MA) was used. 

It is distinct technology used for postural control 

evaluation and treatment. This widely available, 

reasonably priced force plate offers both 

numerical data and visual feedback to the patient 

and examiner. With eight programs to select 

from, the system offers a number of reporting 

choices with unbiased, educational data to give 

medical professionals knowledge regarding the 

patients' improvement. This information is used 

for both baseline and follow-up analysis (14, 15). 

For the current investigation, the COP test, the 

mCTSIB, and LOS test were conducted. 

Stability test: It measures the participant’s 

ability to stabilize his/her balance at locations 

around their neutral position which means that 

higher values indicate better performance. 

Results are reported as the percent of time a 

subject holds his COP in each of the eight 

flashing targets in clockwise order (right/left and 

anterior/posterior weight distribution). These 

targets are eight specific points in which the 

current target flashes green when the participant 

is on-target and flashes yellow when he is off-

target. The HUMAC system provides a counts-

https://ejptr.journals.ekb.eg/
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down of the hold time to inform the participant 

knows when he/she should move to the next 

target. 

Average velocity and Path length: The 

average rate at which an object or bodily part 

moves over a certain time period. Average 

velocity can be estimated for individual body 

segments (e.g., arms, legs) or for the entire body 

during a given motion or activity in the context 

of human movement analysis. The COP path 

length represents the distance moved by 

the COP, which means that smaller values 

indicate better performance (16).  

The mCTSIB test: This test was used to assess 

the sensory integration of balance in the 

condition of eyes open and eyes closed, first the 

child was instructed to stand on the platform ,the 

therapist started the test after determining the 

position of the two feet and set the anatomical 

zero then instruct the child to look at target on the 

wall placed at level of her eyes for 30 seconds (as 

it was proved that 30 seconds to 60 seconds were 

enough duration for data analysis then he/she was 

instructed to close his/her eyes for another 30 

seconds on firm surface and then repeat for 

another 30 second eyes open, eyes closed on 

foam surface (17). 

Statistical Analysis 

Descriptive statistics was utilized in 

presenting the subjects demographic and 

collected data. Pearson Correlation Coefficient 

was conducted to investigate the correlation 

between weight, height and BMI and HUMAC. 

The level of significance for statistical tests was 

set at p < 0.05. All statistical measures were 

performed through the statistical package for 

social sciences (SPSS) version 25 for windows. 

 

Results:  

Subject characteristics: 

Sixty children with T1D participated in this 

study group. Their mean ± SD age, weight, 

height and BMI were 11.28 ± 2.23 years, 39.44 ± 

15.54 kg, 141.45 ± 14.20 cm and 18.95 ± 4.16 

kg/m². Participant characteristics are presented in 

table (1). 

HUMAC measurement of subjects 

The mean value ± SD of stability score, COP 

and path length were 41.60 ± 12.84,  92.17 ± 3.73 

cm, 15.19 ± 5.92 cm and average velocity 

respectively, while the mean value ± SD of 

EOSS, ECSS, EOFS and ECFS were 89.68 ± 

7.31, 83.83 ± 6.14, 80.90 ± 6.49 and 76.80 ± 7.91 

respectively (Table 2). 

Correlation between weight, height and BMI 

and HUMAC 

The correlations between weight and 

HUMAC measurements were moderate positive 

significant correlation with ECSS (r = 0.321, p = 

0.012) and ECFS (r = 0.362, p = 0.004), while 

were weak positive non-significant correlation 

with stability score (r = 0.097, p = 0.463), COP 

(r = 0.167, p = 0.201), path length (r = 0.089, p = 

0.498), EOSS (r = 0.031, p = 0.811) and with 

EOFS (r = 0.095, p = 0.471). The correlation 

between weight and average velocity was weak 

negative non-significant correlation (r = -0.211, 

p = 0.105).  (Table 3). 

The correlations between height and HUMAC 

measurements were moderate positive 

significant correlation with COP (r = 0.324, p = 

0.012), ECFS (r = 0.399, p = 0.002) and ECSS (r 

= 0.300, p = 0.020).  While the correlations were 

weak positive non-significant correlation with 

stability score (r = 0.086, p = 0.516), path length 

(r = 0.059, p = 0.656), EOSS (r = 0.024, p = 

0.856) and with EOFS (r = 0.066, p = 0.615). The 

correlation between weight and average velocity 

was weak negative non-significant correlation (r 

= -0.177, p = 0.176).  (Table 3). 

The correlations between BMI and HUMAC 

measurements were weak positive significant 

correlation with ECSS (r = 0.263, p = 0.042) and 

ECFS (r = 0.294, p = 0.023), while were weak 

positive non-significant correlation with stability 

score (r = 0.106, p = 0.421), COP (r = 0.016, p = 

0.903), path length (r = 0.118, p = 0.369), and 

with EOFS (r = 0.098, p = 0.455). The 

correlations with BMI were weak negative non-

significant correlation with average velocity was 

(r = -0.203, p = 0.120) and with EOSS (r = -

0.011, p = 0.937).  (Table 3). 
 

https://ejptr.journals.ekb.eg/
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Table 1. Participant characteristics. 

 
Mean ± SD Maximum Minimum 

Age (years) 11.28 ± 2.23 16 7 

Weight (kg) 39.44 ± 15.54 79 21 

Height (cm) 141.45 ± 14.20 169 118 

BMI (kg/m²) 18.95 ± 4.16 32.04 13.02 

 N %  

Sex distribution, n (%)    

Girls 32 53.3  

Boys 28 46.7  

SD, Standard deviation 
 

Table 2. Descriptive statistics of HUMAC measurement: 

 Mean ± SD Minimum Maximum 

Stability score 
41.60 ± 12.84 19 66 

COP 
92.17 ± 3.73 77 97 

Path length (cm) 
15.19 ± 5.92 7.49 38.36 

Average velocity (cm/s) 
0.99 ± 0.27 0.51 1.74 

EOSS 
89.68 ± 7.31 56 98 

ECSS 
83.83 ± 6.14 67 95 

EOFS 
80.90 ± 6.49 68 97 

ECFS 
76.80 ± 7.91 53 88 

SD, Standard deviation 

 
  

https://ejptr.journals.ekb.eg/
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Table 3. Correlation between weight, height and BMI and HUMAC: 

 Weight Height BMI 

r - value P- value r - value P- value r - value P- value 

Stability score 0.097 0.463 0.086 0.516 0.106 0.421 

COP 0.167 0.201 0.324 0.012* 0.016 0.903 

Path length 

(cm) 

0.089 0.498 0.059 0.656 0.118 0.369 

Average velocity 

(cm/s) 

-0.211 0.105 -0.177 0.176 -0.203 0.120 

EOSS 0.031 0.811 0.024 0.856 -0.011 0.937 

ECSS 0.321 0.012* 0.300 0.020* 0.236 0.42* 

EOFS 0.095 0.471 0.066 0.615 0.098 0.455 

ECFS 0.362 0.004* 0.399 0.002* 0.294 0.023* 

r value: Pearson correlation coefficient; p value: Probability value, * significant at p < 0.05. 

 

Discussion: 

The current study's objectives were to 

investigate the relation between anthropometric 

measurements and balance in children with T1D. 

In this regard, certain proxies of anthropometric 

measurements (weight, height, BMI) and 

postural balance: (LOS, COP and mCTSIB) were 

assessed. The primary findings of the current 

study were that: (1) Moderate positive significant 

between height and COP; (2) Weak positive non-

significant correlation between BMI, limits of 

stability and COP; (3) Weak positive significant 

correlation between BMI, ECSS and ECFS. 

The age of the children and the duration of the 

diagnosis were among the criteria that were used 

for selecting the participants for this current 

research, which may have an impact on results. 

Since postural control resembles that of an adult 

from six to ten years old, their ages ranged from 

seven to fourteen years. This is consistent with 

the findings of Kolar (18), who noted that the 

development of the phasic muscles' postural 

function is complete by the age of four years old. 

These muscles play an increasingly significant 

role in posture and its stabilization as the CNS 

matures. 

A common way to assess obesity is via the 

BMI, which is computed as weight (kg) divided 

by height squared (m2). It is commonly 

acknowledged as a useful tool for determining 

one's current body weight status and is associated 

with a number of health outcomes, such as 

mortality, T2D, and cardiovascular disease. It is 

unclear, therefore, how BMI and postural 

balance relate to individuals with T1D. Although 

obesity is widely recognized as a predictive 

indicator of impaired postural alignment in the 

general population, it is still controversial how 

BMI affects postural balance in individuals with 

T1D (19).  

The results of earlier studies, which showed 

that height is one anthropometric parameter 

related to stabilization and balance, support the 

findings of the current study. Furthermore, it has 

been demonstrated that height affects spinal 

alignment in T1D patients. Greater COP 

acceleration during postural exercises is seen in 

taller individuals, which may indicate a higher 

level of instability in their capacity to control 

their balance (20). 

Our results are consistent with earlier study 

conducted that, Santos et al. (20)) who conducted 

studies included T1D patients to investigate the 

association between height and COP 

displacement. They stated that, stability was 

impaired in those who were taller due to larger 

COP displacements in the A/P plane.  

https://ejptr.journals.ekb.eg/
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Based on previous researches, though, that 

postural condition of balance cannot be 

anticipated only by height since, as was said 

earlier, postural stabilizing is a multifaceted 

process comprising multiple body systems. In 

order to properly evaluate postural stability 

among individuals with T1D, an extensive 

evaluation of several factors is crucial, 

particularly physical characteristics, muscle 

power, and sensory capabilities (21). When 

studying postural balance in individuals with 

T1D, it is important to take into account several 

anthropometric parameters, as demonstrated by 

the association between height and COP 

displacement during postural sway activities 

(20). 

The present study's observations demonstrate 

that there is no significant association between 

postural balance and BMI. This is at 

contradiction with the result of Azzeh et al. (22), 

who found that in young, healthy people, a 

greater BMI was associated with diminished 

stability limits. In the study, a computerized 

dynamic posturography system was used to 

assess stability in 110 young volunteers. The 

results showed that LOS was considerably lower 

in participants with a higher BMI than in those 

with a lower BMI. 

Moreover, Cancela-Carral et al. (13) declared 

that insufficient control of balance and 

significant postural sway correlated to increase 

BMI. The composition of body fat could be one 

of the reasons. A greater percentage of fat is 

concentrated in the waist and abdominal area in 

those with higher BMIs, which might have 

implications on the body's COG. As 

consequently, balance control may be impaired, 

particularly in circumstances that require for 

greater steadiness, such standing on an uneven 

surface or closing one's eyes. 

The mechanisms behind the link between BMI 

and in T1D patients remain unknown. Several 

probably mechanisms, however, have been 

hypothesized regarding the relation between 

BMI and postural balance including increased 

joint stress, proprioception impairment, reduced 

muscular strength and higher insulin resistance 

(23-25). 

The results of the current study demonstrated 

positive correlation between BMI and closed eye 

sensory integration of balance tests. Multiple 

body systems are integrated to assist with the 

complex process of balance, such as the 

vestibular (inner ear), proprioceptive (sensory 

feedback from muscles and joints), and visual 

systems. If one or more of these organs 

malfunctions, equilibrium may be disrupted 

particularly while the eyes are closed (26). 

This also matches previous investigations that 

demonstrated children with T1D had lower 

balance control than healthy controls, 

particularly while their eyes were closed. The 

T1D group exceeded the healthy controls 

regarding postural sway when the eyes were 

closed either on solid or foam surfaces. Due to 

diminished sensory feedback from muscles and 

joints, vestibular function—which is in 

controlling balance and spatial orientation—may 

be impacted by T1D (27,28). 

The current study's findings can be explained 

by the fact that postural sway and stability are 

maintained and controlled by these tests relying 

on vestibular (closed eyes) and visual (open eyes) 

cues. Kluding et al (29) suggested that, children 

having T1D may be more susceptible to postural 

instability than their non-diabetic peers. 

Peripheral neuropathy, or damage to nerves other 

than the brain and spinal cord, altered sensory 

feedback, declined muscle strength, and other 

conditions can all cause postural imbalance 

issues in children with T1D. 

 

 

Conclusion: 

The current study's findings demonstrated that 

children with higher BMI had lower sensory 

integration and balance when standing on a solid/ 

soft surface with their eyes closed. There was a 

statistically significant relationship between 

height and COP score and sensory integration, 

particularly when standing on a solid/soft surface 

with eyes closed. 

https://ejptr.journals.ekb.eg/
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Limitations: 

This present study had limitations that may 

affect the reliability and applicability of its 

findings. The inclusion of children aged 7 to 14 

with T1D offers a considerable source of 

variation. Within this age range, developmental 

phases, treatment responses, and health 

behaviors can all vary substantially. To acquire 

more exact insights, narrowing down the age 

categories or including age-related parameters in 

the research would have been advantageous. 

Additionally, a significant shortcoming is the 

failure to document critical data such as 

Hemoglobin A1c test levels and insulin units for 

diabetic children. These variables are critical in 

understanding illness management and treatment 

outcomes. Without this information, it is difficult 

to draw meaningful conclusions about the effects 

of diabetes on the health of these children. 

Implications of physiotherapy practice: 

Children with T1D who have a greater BMI 

and height have poor postural stability, especially 

when standing on a solid/ soft surface with their 

eyes closed. Early diagnosis of these deficiencies 

is recommended to lower the risk of balance 

impairments and risk of fall. 
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