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Abstract  In the present study, a group of people aged 20-85 who 
visited the bone mineral densitometry center of the Shariati 
Hospital, were analyzed. Participants were asked to stand up 
barefoot on Wii balance board and in front of a Kinect sensor. We 
calculated the center of pressure (COP) and center of mass (COM) 
using the data from Wii balance board and Kinect, respectively. 
By evaluating balance parameters, we show that there is a reverse 
relationship between center of mass acceleration and femur's bone 
mineral density. Further research in the subject may facilitate the 
design of equipment that can reduce the rate of falling in patients. 
 

Keywords- falling; center of pressure; center of mass; 
acceleration of cneter of mass; Femur bone mineral density; Kinect, 
Wii balance board  

III.  INTRODUCTION 
It is estimated that more than 200 million people around the 
world suffer from osteoporosis. The major complication of 
osteoporotic patients is the fragility fracture, which may 
decrease their quality of life and morbidity. Due to considerable 
health care related costs and the 
life, the study of fragility fracture has attracted a lot of attention. 
Indeed, several fracture predictors are studied in the literature. 
Baseline fracture is a useful predictor of further fractures for 
patients who experience a second fracture within the first year. 
[1]  Another fracture predictor is Bone Mineral Density (BMD) 
which overlooks the possible fractures in osteopenia patients.  

Moreover, the WHO introduced the Fracture Risk Assessment 
Tool (FRAX) in 2008 to predict osteoporotic fractures through 
next 10 years in patients with osteopenia. FRAX is mainly 

fracture history, family history of hip 
fracture, cigarette smoking, long-term glucocortoid therapy, 
low body mass index (BMI), and excessive alcohol intake, with 
or without information of BMD. [2] Indeed, since the disease is 
highly multifactorial, measuring just a single risk factor (like 
BMD) would not provide us with a comprehensive assessment 
of the fracture risks. [3] 

Applying the WHO risk prediction algorithm to estimate hip 
fracture possibility through next 10 years, has facilitated 
efficient osteoporotic treatments. The US economic analysis 
also indicates that this application is cost-effective in 
osteoporotic patients. In addition, physicians report an absolute 
fracture risk, which is preferred to BMD. [4, 5, 6, 7] 
 
Osteoporotic fractures are mainly caused by falling and balance 
disorders. Thus, balance disorders are prevalent among 
osteoporotic patients. Balance is like a complex that receives 
various information from different organs to inform the body of 
where the body is. The data comes from vision, auditory, and 
joints. [8, 9] 
 
Osteoporosis is defined by the loss of bone mass, which may be 
due to various risk factors. [10] It has been shown that the rate of 
bone turnover is higher in spongy bones (such as vertebral 
column) than compact bones. [11] As a result, bone loss in 
vertebral column could lead to spinal curvature deformity. It is 
shown that there is a relationship between postural deformity 
and postural sway and instability. Also, postural instability has 
been considered a risk factor for falls and, as a result, 
osteoporotic fractures. [12] 

 

Balance can be thought as the ability of body to control and 
keep the center of pressure (COP) on the base of support (BOS). 
[13] There are several contributing factors, which a
level of stability: 1) size of the BOS: greater the BOS, the more 
stability one has; 2) height of the center of mass: increase in the 
height would decrease the level of stability (COM); 3) location 
of the COM on the BOS: if COM goes out of BOS, the moment 
of our body weight may cause a falling; 4) body mass: the more 
body mass we have, the more stability level we get; and 5) 
friction with BOS: it helps to have higher stability level. [14]  

In some studies, it has been shown that the height of the 
COM decreases in osteoporotic patients, but its effect on 

cant. Besides, a great loss of 
body mass has been reported in osteoporotic patients, which has 
a negative effect on their stability. [15] In addition, there is a 
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possibility that BMD loss affects the COM by causing a change 
in the body posture, and thus pe [16] 

In several previous studies -

the horizontal acceleration of the body and can be used to 
determine the postural stability in falling. [17, 18, 19] 
 
     From another perspective, there are psychometric properties 
that 
Thus to target appropriate interventions, assessment of fear of 
falling is crucial in promoting independence, function, 
wellness, and safety of older adults. The Falls Efficacy Scale-
International (FES-I) is a short, easy to administer tool that 
measures the level of concern about falling during social and 
physical activities inside and outside the home whether or not 
the person actually does the activity. The level of concern is 
measured on a four point scale (1=not at all concerned to 4=very 
concerned) [20, 21]  Furthermore, there is another method, ABC 
scale, which provides us with additional psychometric support 
for FES. It is also more suitable to detect loss of balancing 
confidence in more highly functioning seniors. Greater 
situation-specificity of items may also assist clinicians in 
targeting appropriate interventions. [22] 

 

IV. MATERIALS AND METHOD 
In this cross sectional study, people aged 20-85 who visited 

the bone mineral densitometry center of the Shariati Hospistal 
were included. For every person the descriptive information, 
accident and fracture history, and underlying diseases were 
collected by three different questionnaires. Next, dynamic 
information from Wii Balance board and Kinematic 
information from Kinect were assessed. 

A. Subjects 
People aged 20-85 who had undergone bone mineral 

densitometry in the BMD center of the Shariati Hospital in 
Spring 2015 were considered for the study. 

Considering the low prevalence of Osteoporosis in men, 
men were excluded from the study. In addition, people with the 
following conditions were excluded, leaving five women, 
eligible for the study: 

not let the person to participate in our tests: using walker 
through daily activities, having prosthesis in the body, any 
neurologic disorder, diabetic people, rheumatologic people 
with muscular weakness, osteoarthritis, people with poor sight 
vision, people with poor auditory system, any structural 
impairment and deformity, and history of using glucocorticoids 
drugs. 

The study was approved by the ethics committee of 
Endocrinology and Metabolism Research Institute affiliated to 
Tehran University of Medical Sciences. 

B. Measurements 
We collected the data using DXA machine (Lunar, 7164, 

GE, Madison, WI), Kinect 1 (Microsoft Corp., Redmond, WA, 
US), and Wii Balance Board (Nintendo Co. Ltd., Kyoto, Japan).  

We assessed the balance parameters by Kinect 1 and Wii 
balance board. Participants were asked to stand up bare foot on 
Wii balance board, which were in front of Kinect. The test 
duration was 60s. Kinect data acquisition frequency was 30 Hz 
and Wii balance board frequency was 40 Hz. Both data were 
filtered using Butterworth 6th order low pass filter with 8 Hz 
cutoff frequency.  

C. Statistical analysis 
For statistical analysis, using PASS 14 and NCSS 10, 

The 0.05 
were considered significant and sample size assumed N = 5..  

V.  RESULTS 
We collected the required data by questionnaires and 

apparatus. Age, height, and weight from descriptive 
questionnaires; FES and ABC scores from fear of falling 
questionnaires; f  and L1-L4 BMD from 
DXA results;  ct; and 
finally, COP location was assessed from Wii balance board. We 
calculated b  AP 
direction using MATLAB 2014. We then calculated the mean 
and standard deviation which are listed in the following tables. 

 

A. Raw data 
The mean and standard deviation of the age, height, weight, 
BMI, and FES of participants are shown in Table I: 

TABLE I.  MEAND AND STANDARD DEVIATION OF AGE, 
HEIGHT, WEIGHT, BMI, FES AND ABC SCORE OF PARTICIPANTS 

Parameters Summary of results 
Mean SD 

Age(years) 62.5 7.6 

Height(cm) 154 6 

Weight(kg) 67.8 11.5 

BMI( ) 28.6 4.7 
FES score 
(0.25-1) 0.48 0.14 

ABC score 
(0-100) 64.7 21.5 

 

femur, and L1-L4 BMD are shown in Table II. 

TABLE II.  MEAN AND STANDARD DEVIATION OF  
NECK, TOTAL FEMUR AND L1-L4 BMD 

Parameters Summary of results 
Mean SD 

Femur Neck 
BMD( ) 

0.867 0.12 

Femur 
BMD( ) 0.896 0.16 

L1-L4 
BMD( ) 1.096 0.16 

 
The mean and standard deviation of the ML and AP COM 
acceleration and COP-COM of participants are shown in 
Table III: 

Osteoporosis Research Center, Tehran University of 
Medical Sciences  
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TABLE III.  MEAN AND STANDARD DEVIATION OF ML AND AP 
COM ACCELERATION AND ML AND AP COP-COM 

Parameters Summary of results 
Mean SD 

ML COM acceleration 
( ) 

-0.37 0.10 

AP COM acceleration 
( ) -0.197 0.55 

ML COP-COM 
(cm) 4.92 2.04 

AP COP-COM 
(cm) 3.44 1.03 

B. Analysis 
Using NCSS 10 the correlation coefficient between 

dependent and independent variables was calculated and the 
result is shown in the following table: 

TABLE IV.  PEARSON CORREALTION COEFFICIENT TEST BETWEEN 
BALANCE PARAMETERS AND BMD RESULTS AND FEAR OF 

FALLING SCORES 

Ind. 
variable 

Dependent variables 
ML 

cop-com 
AP 

cop-com 
ML Acc. AP Acc. 

FES 
-0.114 

(P = 0.043) 
0.596 

(P = 0.032) 
-0.529 

(P = 479) 
-0.508 

(P = 0.502) 

ABC 
0.095 

(P = 0.038) 
-0.631 

(P = 0.176) 
0.467 

(P = 0.348) 
0.447 

(P = 0.371) 
Femur 
Neck 

-0.656 
(P = 0.038) 

-0.471 
(P = 0.831) 

-0.960 
(P = 0.012) 

-0.968 
(P = 0.008) 

Femur 
-0.538 

(P = 0.050) 
-0.459 

(P = 0.709) 
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VI. DISCUSSION 
     In relation to bone mineral density and postural stability, 

, et al. (2006) [23] investigated the relationship 
between postural sway and unsteadiness by using viscoelastic 
model in osteoporotic patients. They studied COP in quiet 
stance in 37 postmenopausal women (aged 42-79 years), 
diagnosed with osteopenia or osteoporosis who engaged in a 
range of activity levels. Then, by using COP-COM, they 
computed the selected properties of postural mechanics 
(stiffness and viscosity) and dynamics (frequency and damping) 
of stance.  

D. C. Abreu, et al. (2010) [24] evaluated the relationship 
between balance and BMD loss by using Polhemic system. 
They separated people into three groups: 1) women with normal 
bone mineral density, 2) women with osteopenia, and 3) women 
with osteoporosis. They observed that the third group has the 
worst balance, possibly due to their body changes. Also, Brech 
GC, et al. (2013) [25] evaluated the association between 
osteoporosis and postural balance in 126 postmenopausal 
women aged 55 65 years. They separated people into two 
groups according to the bone mineral density values of their 
lumbar spine: the osteoporosis group and the control group. 
They also evaluated functional mobility, postural balance, 
muscle strength, and mean velocity of the COP. They observed 
postmenopausal women aged between 55 and 65 years do not 
present changes in postural balance irrespective of lumbar 
osteoporosis. Besides, greater COP mediolateral displacement 
is related to the occurrence of falls in postmenopausal women 
in the previous year.  

Cangussu L. M. et al. (2012) [26] evaluated the association 
between postural balance and BMD in postmenopausal women 
and its relation to risk for falls. They studied 225 women with 

according to BMD divided them into two 
groups: T-score values > - -2 SD (n = 
85). They showed there is no differences between the groups (p 
< 0.05) for stabilometric parameters. 

Hita-Contreras F. et al. (2014) [27] evaluated the 
relationship between BMD and postural stability and the fear of 
falling in postmenopausal people. They studied118 
postmenopausal women with age 50-65 years and according to 
their BMD values, participants were divided into two groups: 
BMD >  SD (n =  SD (n = 23). For postural 
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stability tests, they used a resistive multi-sensor 
platform (Sensor Medica, Rome, Italy). They observed  Spanish 
postmenopausal women under 65 years, a BMD   SD is 
significantly associated with postural instability and an 
increased fear of falling, which are two highly influential 
factors in the risk of falling. 

Based on the statistical analysis, there is a reverse 
correlation between femurs neck BMD and ML COP-COM 
displacement (1- -0.656), ML acc. of 
COM (1- P = 0.012, r = -0.960), and AP acc. of COM 
(1-  = 0.977, P = 0.008, r = -0.968). There is no correlation 
between ML COP-COM displacement and FES score (1-  = 
0.627, P = 0.043, r = -0.114) and there is a direct relationship 
between AP COP-COM (1-  = 0.716, P = 0.032, r = 0.596). 
Also there is no correlation between ABC score and ML COP-
COM displacement (1-  = 0.662, P = 0.038, r = 0.095). 
Moreover, we observed a reverse correlation between femur 
BMD and ML Acc. of COM (1-  = 0.992, P = 0.006, r = -
0.975), and AP acc. of COM (1-  = 0.998, P = 0.004, r = -
0.980). Besides, there is a reverse correlation between L1-L4 
and ML COP-COM displacement (1-  = 0.654, P = 0.039, r = 
-0.620). 

 
Given the desired statistical power of %80 or above, leads us 

to conclude that femurs neck and total femur BMD has a reverse 
correlation with ML and AP acceleration of COM. Besides, we 
observed a reverse correlation between L1-L4 BMD and ML 
COP-COM displacement. All in all, we recommend that 
increasing the sample size would lead us to more reliable 
conclusions between other parameters.  

 

VII. CONCLUSION 
 

One of the advantages of our study is using the Wii balance 
board and Kinect as balance assessment tools; since, these 
apparatus are portable and cheaper than the regular balance 
assessment tools in laboratories. 

For future directions, we believe that discovering the exact 
relation between bone density and balance error (COP-COM) 
enables us to predict the balance status of a patient by measuring 
the bone density instead of the more complicated and time-
consuming balance tests. Further research in this field would 
also facilitate the design of the equipment that prevent the rate 
of falling in patients. For example, by designing shoes that 
incorporate the balance error of a patient, we can reduce the fall 
risk of the patient and hence, the chance of bone fraction. 
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