
  

  

Abstract— The background research shows a high incidence 
of falls and loss of balance related injuries, which cause 
serious consequences to individual health and quality of life, 
as well as substantial healthcare impact in services and costs. 
The literature review emphasizes that arm movements have 
a potentially significant effect on balance, and indentifies the 
use of balance boards as a relevant and meaningful tool for 
dynamic balance evaluation. The primary objective of this 
initial study was to develop a method to test and evaluate the 
effect of arm movements on the maintenance of postural 
stability. Further we investigated the impact of dominant and 
non-dominant arms, the reaction time of arms, and the 
amount of activity of arms related to dynamic balance 
control. The study applied an accelerometer-based balance 
board test to measure postural stability as related to arm 
movements. The evaluation consists of accelerometers 
placed on the two arms and the balance board. Data were 
acquired from four different subjects and processed 
accordingly. The finding verified that arms play an 
important role in the improvement of balance. Our findings 
suggest that the dominant arm is more active in balance 
control and that the movement of arms most often occurs 
just prior to and during loss of balance. The results also 
suggest that the amount of arm movement activity directly 
relates to balance control and the use of the dominant arm.  

I. INTRODUCTION 

Balance related accidents and injuries are a major 
problem, especially with an aging population and rank among 
the most serious clinical issues. Balance impairments are 
particularly high among elders who suffer from stroke, 
traumatic brain injury, Parkinson’s disease, and diabetic 
peripheral neuropathy, and in general for people who suffer 
from various neurological disorders. The resulting accidents 
and injuries can be fatal, and also contribute to early nursing 
home placement[1]. The importance of balance and falls 
prevention in the elderly has arguably never been greater. 
Falls are very common and usually result in injuries leading 
to serious physical and social effects, which have an impact 
on the individual, their family and the community[2]. For 
general neurologists and other physicians or healthcare 
providers and even care givers postural balance represents 
one of the most challenging aspects in the elderly population 
which requires attention and exploration of effective ways to 
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evaluate risk and develop training programs that prevent 
falls. A challenging aspect has been the development of 
reliable assessment tools and methods to investigate and 
study balance and identify loss of balance. We investigated 
arm movement effect on postural balance. The hypothesis of 
this study was that greater use of arms leads to better 
stability. Further it was also hypothesized that the dominant 
arm has a greater effect in balance control.  

ARM MOVEMENTS DURING FALLS OR LOSS OF BALANCE 

While falling or losing balance the arms may be used to 
provide protection, or to reach for support in a possible fall. 
The arms can also provide mechanical counterbalancing, to 
help stabilize the body, or to counteract angular momentum, 
especially when falling[3]. Arm movement produces forces 
in the body through momentum as well as through a change 
in the static joint positions. The equilibrium condition of 
different arm positions has often been used to evaluate the 
role of arm movements in posture[4,5]. The arm movements 
disturb the equilibrium position of the body either in 
anticipation of or in reaction to loss of balance. Even while 
walking, arm movements create torque with respect to the 
trunk[6,3,7].  

The existing evidence supports the use of balance boards 
as a relevant and meaningful tool for dynamic balance 
evaluation while using arms. The balance board is a standard 
wobble board used in clinical settings for physiotherapy. 
Several studies show that they provide valuable information 
for postural balance diagnostics[8,9]. In addition, it has been 
shown that exercise programs on balance boards can improve 
patients’ postural balance and muscle strength and overall 
functional capability[10,11]. 

IMPORTANCE OF STUDY 

The analysis of the related literature shows considerable 

number of studies that confirm the high incidence and severe 

consequences of loss of balance. Many studies suggest that 

falls lead to more accidents and injuries among the older 

population[8]. It has been documented that in the United 

States over 15,400 deaths occurred due to falls-related to 

loss of balance or poor postural control in 2001. The related 

medical expenses were over $20 billion per year, and it is 

projected that they will reach $32 billion per year by 

2023[12]. Another review estimated the impact for those 60 

years and older. They concluded an annual cost of over $23 
billion in United States in 2008[13]. 

An analysis of the 2005 Canadian Community Health 
Survey (CCHS) which was based on a large national sample 
(N=132,221), also indicates that among Canadians, loss of 
balance leading to falls is a major contributor to injuries in 
adults aged 65 and older[8]. Also, slips, trips and stumbles as 
grounds for serious injury were also documented to have 
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greater occurrence among the elderly. Hospitalization and 
emergency room visits were also much higher among this 
group which was associated not only with falls-related hip 
fractures but with other results of falls such as fear of falling 
and isolation from society, considering the fact that some 
95% of hip fractures are caused by falls[8,2]. 

II. METHOD 

A.  Subjects 

This study included four participants who volunteered from 
a group of 10 healthy individuals with a mean age of 56. The 
participants had no background of neurological or other 
underlying disease, no history or fear of falls, and no 
vestibular, somatosensory, cognitive or musculoskeletal 
impairments that might have restricted them in participating.  

B.  Data Acquisition 

The test consisted of maintaining balance for 60 seconds, on 

a balance board that had been instrumented with a triaxial 

accelerometer to monitor balancing performance. A 

commercially available, round balance board (PT Balance 

Board, PT fitness) was used that was 5.5 cm high with a 

diameter of 36 cm and 18˚ of inclination freedom.  

 

Figure 1.  The Balance Board (adapted from [8]) 

The participants were equipped with accelerometers on both 
arms (Figure 2). The experimental measurements were taken 

using MEMS differential capacitance accelerometers 

(Kionix Inc., USA, model KXM52-1050 and Analog 

Devices Inc., modelMMA7260Q, 3-axial accelerometer with 

a range of ±2.0g). All of the measurements were recorded 

for post-processing. The testing on the balance board was 

performed twice. In the first trial, the test was performed 

with the arms positioned against the body (limited arms), 

while in the second trial, it was performed with the arms 

being used freely (free arms). The test was first 

demonstrated to the participants so that the participants 

could familiarize themselves with the apparatus and the 
testing procedure for a total of approximately 15 minutes 

before data were collected. The familiarization period was 

implemented in order to provide experience with the testing 

protocol to all participants before the data collection. 

 

Figure 2.  Accelerometer placement on both arms and the balance board 
(adapted from [8]), COM = centre of mass 

Signals were acquired using a 12-bit data acquisition system 
(NI-USB 6008, National Instruments). The sampling 
frequencies of the accelerometers on the balance board and 
the arms were respectively 10 Hz and 1000 Hz. The entire 
accelerometer signal readings were pre-filtered by hardware 
using a low-pass filter (fc = 0.16 Hz) and were further 
processed on a PC. Real-time acquisition and processing 
were performed using a LabVIEW 8.0 (National 
Instruments) custom-built application. The post-processing 
and filtering were performed using Matlab 2011b 
(MathWorks Inc.). 

C.  Signal Processing 

The signals were processed and analyzed according to the 
manufacturer’s calibration specifications (Kionix Inc.). The 
evaluation of accelerometer vector magnitudes, which 
characterize a measurement of the magnitude of the 
accelerations (Kionix Inc.), represent a physiologically 
meaningful representation of arm movements. These 
measurements and comparisons of magnitudes and 
variations over time provide interpretable results about arm 
movement dynamics[14,15].  Since human motion is 
typically in the 0.3 to 3.5 Hz range[15], the signals were 
filtered by a band-pass filter to eliminate unnecessary 
frequencies above 10Hz. Further in order to reduce 
computational complexity and remove noise from the signal, 
a 10-point moving average filter was applied to the 
accelerometer data, according to the equation below[16]: 

       ! ! ! !
!

!"
!!! ! !!!

!!!
      (1) 

Accelerometer outputs were measured in three spatial 
dimensions (X, Y, Z) and combined to represent movements 
according to the equation below[15]: 

       !"# ! ! !! ! !! ! !!        (2) 

The balance region detection algorithm is based on 
analyzing signal slope, amplitude and width 
components[16]. It is adapted from the Pan and Tompkins 
algorithm for ECG signal analysis[17]. The block diagram in  
3 shows our implementation. 
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Figure 3.  Block diagram implementation of the algorithm 

The derivative operation performed highlights the high 
slopes of the signal attributed to fast movements, which are 
indicative of loss of balance, and at the same time suppresses 
the low-frequency components. The derivative filter used in 
equation 3 below is ideal for processing signals up to 30Hz 
[16]. The squaring operation further emphasizes the lower 
values, which are due to the loss of balance, and takes the 
absolute value of the signal. 

! ! !
!

!
!! ! ! ! ! ! ! ! ! ! ! ! ! !!!! ! !!  (3) 

The moving-window integration filter performs an 
enveloping operation, which helps to easily recognize the 
multiple regions of balance loss during the recording. A 
window size of N = 80 in equation 4 below was found to be 
ideal for this type of signal independent of their frequency of 
occurrence, duration and magnitude.  

! ! !
!

!

! ! ! ! ! ! ! ! ! ! ! ! !

!!! !!!!
     (4) 

The thresholding procedure is used to define the regions of 

balance loss, based on user defined and experimentally 

determined, threshold values. This allows the user to define 

the sensitivity of selection to reflect the individual subject’s 

differences and their abilities to maintain balance on the 

balance board. Finally the area of the obtained envelope by 
the integration gives us the amount of activity performed by 

the arms or the balance board during loss of balance.  

III. RESULTS 

Based on the performance on the balance board, the 
results indicate improved maintenance and recovery of 
postural balance with free arm movements. It is clear from  
4c that while the subject used his arms he experienced a lot 
less instability and loss of balance. This is particularly easy 
to see from  4d (after derivative threshold) where we have a 
lot less loss of balance occurrences when arms are used to 
help maintain balance. In total for all four of the subjects, we 
observed 66.3% more instances of loss of balance when the 
subjects did not use their arms as compared to when they did 
use their arms to help them in controlling their balance. It is 
also evident in all of the four subjects as is shown in  4e and 
4f (after integral threshold) that when subjects did not use 
their arms, their loss of balance was more frequent, longer 
and severe.  

 
Figure 4.  Balance board data from subject 2, Blue line = free arm 

movement, Red line = no arm movement, a): Raw data, b) 10 point MA 
filter, c): Derivative & Squared, d): Derivative threshold, e): Integral 

(envelope), f): Integral threshold.  

While analyzing the arm movements of the subjects we 
found that during loss of balance the arms were generally 
used prior and/or during the loss of balance as is apparent in  
5 below.  

 

Figure 5.  Derivative thresholding of arms and balance board with free arm 
movement from subject 3. 

It is also clear from this  that the dominant arm was used 
more frequently. The study provides strong indication that 
both dominant and non-dominant arms and their coordinated 
activity play an important role for balance maintenance. 
Even though the results show that the use of the dominant 
arm is more frequent it is particularly important to use both 
arms in a coordinated manner during both recovery and 
stable balance. 

 Based on the results of the integral threshold of arms and 
the balance board as the example shown in  6, the duration 
and amount of loss of balance is a lot less when arms are 
used in controlling the balance. It is also evident that at 
times of balance loss the arms were used more actively. The 
reason why there are arm movements appearing in the lower 
part of  6 when there is supposed to be no movement of arms 
is because of the detection of loss of balance by the sensors 
on the arms. Another reason might be due to unintentional 
small reflexes to correct postural balance. 
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Figure 6.  Integral threshold of arms and balance board with free arm 
movement and without arm movements from subject 2 

When evaluating and observing the entire obtained results 
from the calculation of the areas under the integral threshold 
one can only conclude that there is strong indication that 
arms provide an improved counterbalancing mechanism 
during dynamic balance maintenance. The results of all 
subjects combined have been tabulated below. 

TABLE I.  CALCULATED RESULTS OF AREAS UNDER THE INTEGRAL 

THRESHOLD 

 Area Mean Median 

Balance board (with arm 

movement) 
0.0162 0.004 0.004 

Balance board (no arm movement) 1.2973 0.3243 0.2939 

Right arm (movement) 0.0057 0.0014 0.0014 

Right arm (no movement) 0.0053 0.0013 0.0014 

Left arm (movement) 0.0045 0.0011 0.0012 

Left arm (no movement) 0.0044 0.0011 0.0012 

 
As we can see from the table above, there is a very big 
difference in the area of instability when arms were used 
versus when the arms were limited to no movement. This 
difference was calculated to be 97.5%. The difference in the 
area of the right arm movement (dominance) versus left arm 
movement while correcting balance was calculated to be 
11.7%. Therefore both of these results provide further prove 
on the importance of arm movement in loss of balance as 
well as the greater use of the dominant arm in this process. 

IV. CONCLUSION 

While the literature review emphasized that arm movements 
to have a potentially significant effect on balance, this paper 
showed that the proposed accelerometer-based balance 
board test provides useful diagnostic information for 
postural balance and arm movements evaluation as they are 
related to each other. The study confirmed the important 
impact of arm movement on postural stability and provides 
an insight into dynamics of the arm movements and balance 
maintenance. Furthermore the greater use of the dominant 
arm was demonstrated. All of the results were also verified 
by the calculations of amount of activity of arms related to 
dynamic balance control. This was an initial study and for 

future work more measurements should be performed with a 
larger sample size. 
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