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Abstract: The Balance Error Scoring System (BESS) is an easily administered test 

of short duration static balance. In daily activities including sports, people with low 

vision (partially sighted) or partial blindness and visual impairment face difficulty 

while balancing their body in static positions. The purpose of this study is to test 

balance and stability of people with low vision or partially sightedness (PS) and full 

blindness (FB) using BESS test. The BESS was used to measure the error in the 

range from 0 for "excellent balance" and 10 for "very poor balance". A total of 106 

volunteers participated in the study that included 43 PS (mean age = 17.5y, SD = 

3.2y) and 63 FB (mean age = 20y, SD = 3.4y) volunteers. The test for the BESS was 

taken for Non-Dominant Leg (NDL) and Dominant Leg (DL). Descriptive statistics 

and non-parametric tests were carried out. The study revealed that all the 

combinations of correlation between Firm Surface (FS) and Foam Surface (FOS) 

were statistically significant at p<.05. Test of age, height, and weight of the PS and 

FB group indicated significant differences between the groups in these variables. 

Surface firmness is less effective in evaluating balance for persons with visual 

impairments. 
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Introduction 

Three systems that regulate upright standing posture in human are visual, vestibular 

and somatosensory (Aydoğ, Aydoğ, Cakci, & Doral, 2006). It was suggested that optimal 

postural stability in a variety of situations requires information from all the three sensory 

systems (Horak, Diener & Nashner, 1989). Vision provides continuous information about 

the location and the position of the body in the environment that helps in alignment of the 

body parts as required. Previous studies have indicated that loss of information from eyes 

may cause persons with visual impairment to suffer from sudden fall, injuries and complete 

loss of balance (Horak, Diener, & Nashner, 1989; Nashner, Black, & Wall, 1982). It is known 

that among persons with visual impairment parts of the visual cortex are activated by other 

types of sensory stimulations in a cross-modal manner (Cohen et al., 1997; Theoret, Merabet, 

& Pascual, 2004). It means that some of the visual cortex would respond to sensory input 

from other remaining senses. However, this type of cross-modal plasticity would not be 

helpful in balancing functions. An individual needs the ability to control the relationship 

between the centre of mass (COM) and the base of support to maintain postural stability 

against disturbance (Winter, 2009). Absence of visual information affects the development 

of good postural habits (Alotaibi, Alghadir, Iqbal, & Anwer, 2016) and leads to many 

successive postural deviations in both static and dynamic situations. These lead to the 

incorrect distribution of muscular force throughout the body which precipitates postural 
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imbalance. Successful performance of static balance indicates that all force and torque acting 

on the body are in balance and the person's COM is within their control. Persons with visual 

impairment mainly rely on somatosensory and vestibular information to maintain postural 

stability and also adjust body positions in space to compensate for restrictions of vision 

(Anand, Buckley, Scally, & Elliott, 2003; Horvat, Ray, Ramsey, Miszko, Keeney & Blasch, 

2003). Few studies (Bell, Guskiewicz, Clark, & Padua,2011; Guskiewicz, & Perrin, 1996, 

Hassan, 1989, Shumway-Cook, & Horak, 1986, Shumway-Cook & Woollacott, 2007) suggest 

that vestibular information is not necessary for postural orientation during quiet stance 

when other sensory information is available. Rather, stability gets reduced in the absence of 

vision (Friedrich et al., 2008). 

Various attempts were made to assess the static balance ability of persons who had 

suffered concussion (Broglio, Zhu, Sopiarz, & Park, 2009; Collins et al, 1999; Jansen, Larsen, 

& Olesan, 1982; McCrea, Kelly, Kluge, Ackley, & Randolph, 1997; Shumway-Cook, & Horak, 

1986; Sugano & Takeya, 1970). Many of them were dependent on shophisticated 

instruments and trained manpower. The Balance Error Scoring System (BESS) was 

developed as a method of evaluating postural stability without the use of complex or 

expensive equipment (Fregly, 1974; Guskiewicz, 2001). The purpose of the study was to 

explore the stability and balance characteristics of persons with visual impairment through 

the use of Balance Error Scoring system. 

Materials and Methods 

Subjects 

Volunteers (n=106) were taken from a local Blind School in the age group of 13-27 years. 

The volunteers were classified in two groups following the classification system described in 

International Classification of Diseases, Tenth Revision (ICD-10, WHO, 2016). Category 

H54 of ICD-10 describes the classification of Visual Impairment including blindness 

(binocular or monocular). Volunteers (n=43) belonged to categories 2 & 3 (Partially Sighted; 

PS) of H54 and 63 were in categories 4 & 5 (Full Blind; FB). The volunteers had no known 

impairment in the other sensory or musculoskeletal system. The mean age of the PS group 

volunteers was 17.5y (SD= 3.2y) and of the FB group was 20.0y (SD= 3.4y). The body height 

and weight of the volunteers were measured using an anthropometer and an Omron digital 

weight scale following the methods described in ISAK Manual (Stewart et al, 2011). Three 

trials were attempted while measuring these values and the average of the three trials was 

accepted. The mean height of the volunteers in the PS group was 154.6cm (SD=7.1cm) and 

mean weight was 51.1kg (SD=6.9kg) and the corresponding values for FB group were height 

as 158.3cm (SD= 6.9cm) and weight as 51.1kg (SD=9.0kg). All volunteers gave written 

informed consent prior to participation. This study was approved by the Institutional Ethical 

Review Board at Ramakrishna Mission Vivekananda Educational and Research Institute, 

Coimbatore, India. Each volunteer was asked to inform which foot they would use for the 

football kick and the Dominant Leg (DL) was determined accordingly. In this experiment, 

six trials for DL and six trials for Non-Dominant Leg (NDL) were taken. 

Experimental Design and Procedure 

During the experiment, the volunteers were blindfolded by wearing a non-transparent 

cloth that completely occluded their central and peripheral vision. This was done to provide 

similar visual condition to the volunteers groups. The volunteers were instructed to adopt 

three different erect test positions (stance) during the test and in barefoot condition. Tested 

positions were: a) feet touching side-by-side (double leg stance), b) a single leg stance and 

c) a heel-to-toe stance (tandem stance). In each stance the hands were kept on the side of 

the hip. Every stance was carried out on two different types of surface. The first surface was 
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floor of the building that had high rigidity (Figure 1). The second type was a piece of thick 

foam pad containing micro air pockets of 50 cm × 41 cm × 6 cm dimension (Figure 2). The 

volunteers were told to hold each stance for 20 seconds continuously without changing the 

stance and any change in the stance would be considered as error. They were told about the 

possible errors as given in Table 1. In the event of coming out of the stance before the end of 

20 seconds the volunteers returned to the position as quickly as possible. The scoring was 

determined by the recording of errors following the method described by Riemann and 

colleagues (Riemann, Guskiewicz, & Shields, 1999) and is given in Table 1. Each deviation 

from the required stance was taken as one error. The highest possible score for one trial was 

10 error points. If a subject could not maintain one of the positions for at least 5 seconds 

during a trial, the highest error score of 10 was assigned to the volunteer for that trial. 

Participants performed three trials in each condition of the NDL and DL on both surfaces 

and data were recorded. The data with double leg stance was taken for six times since in this 

case leg dominance is not possible in this stance. One of the test items 'Opening the eyes' 

was not valid for the present study, therefore no such situation was recorded. 

 

Figure 1. A. Double Leg stance; B. Single Leg stance; C. Tandem stance on the firm (hard) surface in 
both Non-Dominant Leg (NDL) and Dominant Leg (DL). 

 

Figure 2. A. Double Leg stance; B. Single Leg stance; C. Tandem stance on the foam (soft) surface in 
both Non-Dominant Leg (NDL) and Dominant Leg (DL) 

Statistical Calculation 

At first, the data were treated through the Anderson-Darling test to determine whether 

they are following a normal distribution. Anderson-Darling test has been indicated as a best 
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choice for small sample data (Razali, & Wah, 2011). None of the variables were found to fall 

in normal distribution fitting. Therefore, non-parametric tests were done for the statistical 

procedures. Kendall's tau coefficient was calculated to study the relationship in relevant 

variables (Table 2). Wilcoxon-Mann-Whitney Test was carried out to find out the 

significance level of differences between the variables (Table 2). Statistical significance was 

set at p<0.05. Further, R studio and Gnumeric software were used for the statistical 

calculations. 

Table 1. List of items in Balance Error Scoring System* 

Serial 

Number 

Errors 

1 Lifting hands off the iliac crests 

2 Opening the eyes 

3 Stepping, stumbling or falling 

4 Moving the hip into more than 30º of flexion or 

abduction 

5 Lifting the forefoot or heel 

6 Remaining out of the testing position for more 

than 5 sec 
*The BESS score is calculated by adding 1 error point for each error. 

Table 2. Comparison sets and the categories for the Wilcoxon-Mann-Whitney Test and Kendall's Tau. 

Category Comparison sets 

Stance 

effect 

NDL 

FS SLS 

vs TS 

NDL 

FOS  

SLS vs 

TS 

NDL  TOTAL of 

Surface SLS vs TS 

(Two surfaces 

added) 

DL FS  

SLS vs 

TS 

DL FOS  

SLS vs 

TS 

DL TOTAL of 

Surface SLS vs 

TS (Two 

surfaces added) 

Leg 

dominance 

FS SLS 

NDL vs 

DL 

FS TS 

NDL vs 

DL 

FS TOTAL OF 

STANCE NDL vs 

DL (Two stances 

added) 

FOS 

SLS 

NDL vs 

DL 

FOS TS 

NDL vs 

DL 

FOS  TOTAL 

OF STANCE 

NDL vs DL 

(Two stances 

added) 

Surface 

effect 

NDL 

SLS FS 

vs FOS 

NDL 

TS FS 

vs FOS 

NDL TOTAL OF 

STANCE FS vs 

FOS  (Two stances 

added) 

DL SLS  

FS vs 

FOS 

DL TS 

FS vs 

FOS 

DL TOTAL OF 

STANCE FS vs 

FOS  (Two 

stances added) 

Nature of 

Blindness 

FS  

SLS FB 

vs PS 

 FS  

TS FB 

vs PS 

FST FB vs PB (Two 

stances added) 

FOS  

SLS FB 

vs PS 

FOS  

TS FB 

vs PS 

FOST FB vs 

PS(Two stances 

added) 
NDL= Non dominant leg; DL=Dominant leg; FS= Firm surface; FOS foam surface; TS= Tandem stance; SLS= 
Single Leg Stance; FST= Firm surface Total; FOST = Foam surface total; FB= Full Blind; PS=Partially Sighted. 

Results 

From the significance test of age, height, and weight of the PS and FB group there were 

statistically significant difference between the groups in these variables. In double leg stance, 

most of the volunteers did no error barring two volunteers, each, in the PS and FB group. 

The BESS errors in case of FB group on the firm surface (mean = 0.2, median = 0.0, SD = 

1.3) and on foam surface (mean = 0.3, median = 0.0, SD = 1.9). In PS group the BESS error 

values on the firm surface (mean = 0.07, median = 0.0, SD = 0.3) and on the foam surface 

(mean = 0.02, median = 0.0, SD = 0.2). No surface related or state of blindness related 

statistically significant difference was found when these data were placed through the 

significance test. 
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The right foot was the dominant leg of all volunteers. The BESS score in the non-

dominant leg and dominant leg support for PS and FB groups were shown in table 3. The 

results from the data indicate that tandem stance (TS) leads to fewer number of errors 

irrespective of leg dominance and surface condition, but with a large variance within the 

values.  Larger variance leads to the possibility of the presence of outlier data in TS 

condition and the difference became non-significant. This is evident when the values of TS 

or SLS (values in FS and FOS added) were taken in the box plot (Figure 3). 

 

 

FB= Full Blind PS=Partially Sighted NDL = Non-Dominant Leg DL= Dominant Leg 

TS=Tandem Stance SLS=Single Leg 

Stance 

ST = Surface Total  

Figure 3: Box Plot of the sum of errors in Firm Surface (FS) and Foam Surface (FOS) for different 
dominance and stance conditions   

Four categories of comparison were evaluated through tests of significance and 

relationship between the sets of variables. They are given in Table 3. These sets were carried 

out for FB and PS groups except for the comparison of effect of nature of blindness. 

Table 3: BESS score in Non-Dominant and Dominant Leg support 

  Non-Dominant Leg support  Dominant Leg support 

Group Statistics 

Firm Surface  Foam Surface  Firm Surface  Foam Surface 

Single 

Leg 

Stance  

Tandem 

Stance  

 Single 

Leg 

Stance  

Tandem 

Stance  

 Single 

Leg 

Stance  

Tandem 

Stance  

 Single 

Leg 

Stance  

Tandem 

Stance  

FB 

 

mean 15.2 4.4  20.8 6.7  15.9 4.1  20.9 5.4 

med 15.0 3.0  22.0 4.0  18.0 3.0  23.0 3.0 

SD 8.4 4.3  7.5 6.2  8.2 4.1  6.7 5.3 

PS 

  

mean 15.6 3.2  20.0 4.6  14.5 3.1  19.0 3.9 

med 15.0 2.0  23.0 3.0  15.0 2.0  22.0 2.0 

SD 6.5 3.3  6.7 4.3  7.2 3.6  6.8 4.3 
med = Median, SD = Standard Deviation, FB = Full blind, PS = Partially Sighted 
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Comparison of the Effect of Stance 

When stance was compared keeping the same surface and dominance, the difference in medians in 

case of both FB and PS were found statistically significant in all comparisons. From the correlational 

analyses all the combinations of correlation between SLS and TS were statistically significant. The 

highest correlation value was r= 0.5. 

Effect of leg Dominance 

In contrast to the above two comparisons of the effect of stance between FB and PS, leg 

dominance did not elicit any statistically significant difference in medians. However, from 

the correlational analyses, all the combinations of correlation between NDL and DL were 

statistically significant. The highest correlation value was r= 0.73. 

Comparison of the effect of Surface on Balance Ability 

Comparisons were made between the surfaces keeping the same stance and dominance. 

The difference in medians in case of FB was statistically significant in all comparisons except 

in case of Tandem stance with the dominant limb. For PS group TS with non-dominant and 

dominant both cases were not statistically significant although the values for FOS were 

higher in all the cases. From the correlational analyses all the combinations of correlation 

between FS and FOS were statistically significant. The highest correlation value was r = 0.66. 

Discussion 

Posture control in a human being requires maintaining the body position in space and 

the relationship of segments. The well-controlled human body will have the stability that 

would be determined by the position of the axis of the COM in relation to the base of support 

(Shumway-Cook, & Woollacott, 2007). It is natural that a double leg stance would provide 

better stability compared to single leg stance. Little error during double leg stance, found in 

the present study, supports this view. Since it is expected that both the limbs will take the 

body weight equally, the question of the dominant limb or non-dominant limb does not arise 

in case of double leg stance. A higher number of errors in a single leg stance indicates lower 

balance ability of persons with visual impairments (Docherty, Valovich McLeod, & Shultz, 

2006) 

It is important to note that the FB volunteers were taller than PS volunteers in the 

present study. There could be an effect of body height in the number of errors since taller 

persons may show greater postural sway. Further study would be required to provide a firm 

opinion on this aspect. 

Effect of Stance 

In case of tandem stance, although a type of double leg stance, the size of the base of 

support is less broad than a simple double leg stance (feet placed side by side) (Hile, Brach, 

Perera, Wert, Van Swearingen, & Studenski, 2012). In double leg stance, the body weight is 

generally carried by both the foot equally while in tandem stance the foot in the rear position 

is anticipated to bear the major part of the body weight (Jonsson, Seiger, & Hirschfeld, 

2005). This tandem position is expected to evaluate the lateral balance ability of a person, 

because the base in the stance is spread in an anteroposterior direction. Foot dominance 

could be an issue in determining the balance in this posture. Significantly lower error, in the 

present study, was found in TS as compared to SLS indicating that TS provides better 

balance than SLS. Correlation values between SLS and TS in both the FB and PS group 

indicate that any variable would be able to indicate the balance ability provided the surface 

and leg dominance remain similar. The human bipedal stance is an unstable position 

because of the small base and heavier mass of head on the top. This is similar to an inverted 
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pendulum that oscillates due to various internal and external factors (Schieppati, Tacchini, 

Nardone, Tarantola, & Corna, 1999). Under conditions of quiet stance, the disturbance in 

balance is perturbed by respiratory and cardiac motion in addition to the development of 

fatigue in postural muscles. It is interesting to note that in single leg stance, one leg is lifted 

from the ground and remains hanging in the air without any support. The knee of the lifted 

leg remains protruded in an anterior direction which may cause a shift in the COM towards 

the front. In addition, it is possible that the muscles responsible for hip & knee flexion get 

fatigued and thus the postural balance is disturbed. 

Effect of Leg Dominance 

It has been indicated that postural balance is destabilized when the COM and Centre of 

Pressure (COP) are at different locations (Shumway-Cook, & Woollacott, 2007; Hong, Guo, 

Song, Nagurka, Sung, & Yen, 2016). Also, the dominance of footedness was determined 

based of mobilizing action of kicking a football. There have been questions if a limb can be 

described as dominant in connection to the stability when the dominance is judged because 

of mobility factor (Gabbard, & Hart, 2000). Absence of significant difference in median 

value, while comparing the effect of NDL and DL, is an indication that leg dominance issue 

might be a redundant factor in the evaluation of balance ability. It is further supported by 

the significant correlation between NDL and DL error values. Therefore, test with any leg, 

NDL or DL would possibly be sufficient for balance evaluation. 

Effect of Surface 

Surface hardness is a contributing factor in perturbations of human static balance 

(Simeonov, & Hsiao, 2001). Caution was raised by Patel and colleagues (2008) in 

interpreting the balance test results using foam material as the surface since the softness of 

the foam may affect the result. Studies analyzing the postural sway in older persons have 

indicated the importance of visual information in stabilizing the body on foam surface 

(Tanaka, & Uetake, 2005). It is thus natural to get a significant difference in the errors 

between FS and FOS that was evident in the present data. A few earlier studies have also 

exhibited less error score on the firm surface compared to foam surface (Patel, Fransson, 

Lush & Gomez, 2008). The reason for non-statistically significant difference in errors 

between FS & FOS for TS stance lies in the small number of errors in this stance with a large 

standard deviation that resulted in a high degree of overlapping in the data set as observed 

in figure 3. Statistically significant correlation of the errors on FS & FOS in all conditions of 

leg dominance and stance contribute more to the idea that surface firmness may not be the 

criterion for balance evaluation in persons with visual impairments. 

Effect of Nature of Blindness 

Several studies have reported about the importance of vision in human posture control 

through the creation of reference system of the environment (Alotaibi et al., 2016; Dichgans, 

Mauritz, Allum, & Brandt, 1976; Paulus, Straube, & Brandt, 1984; Rutkowska et al., 2015). 

The data obtained in the present study have failed to show any difference between the PS 

and FB group possibly due to the specific experimental setup. The PS volunteers were 

blindfolded and thus they became similar in visual condition. It is also possible that the state 

of blindfoldedness is unnatural to the PS group to increase postural sway. In either case, it 

is indicative that in absence of vision even partially sighted persons would behave in a similar 

way to the full blind persons in respect to posture control. Such a phenomenon can happen 

if the posture control mechanism does not depend on visual inputs. 
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Conclusions 

The results of this study suggest that 

• Blind persons have poor static balance skills and hence, impairment of visual functions 
is associated with increased postural instability.  

• The double leg stance is not a necessity in the test set up. Elimination of one stance 
would reduce the testing duration and would enable more focus on the other two 
stances. Single leg stance is possibly the best indicator stance for balance ability of blind 
persons. 

• It is possible that the long-term repetition of static balance, skills could improve the 
balancing ability and also maintain equilibrium. Further study is required to establish 
this particular issue. 

Perspectives 

Balance ability is an important issue in the field of mobility functions of persons with 

visual impairments. Loss of balance can lead to accidents in various adapted sports, 

especially in games like 5 a side football (Gamonales, et al, 2018). This study has highlighted 

a simple method of evaluation of static balance ability and has suggested further 

simplification by removing the double leg stance. With this simplified method, even an 

inclusive school-level implementation would be possible globally (Mikeska, et al 2016; Reina 

and Ruiz, 2016). Consequently, evaluation of the balance might help in orientation and 

mobility training to enhance the improvement in balance ability.  
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