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Preface 

This research report is the final test of my physiotherapy education. Of course there is still more to learn 

once I have received my diploma. Physiotherapy with all its specializations, is a very broad discipline and 

offers quite a variety to its practitioners. Oppositely, there are also opportunities for its practitioners to 

broaden the field even more, by forming, testing and implementing new theories. Fontys University of 

Applied Sciences and more specifically my thesis supervisor, have given me this opportunity as well. The 

intervention I studied was quite unheard of within physiotherapeutic fall prevention. I would like to thank my 

thesis supervisor for allowing me to choose my own topic and letting me explore these new grounds. This 

greatly benefited my motivation as well, because it is so much easier to put months of effort into a project, 

when you are genuinely interested in the topic. Additionally, I can only be grateful for the excellent and 

elaborate supervision provided by my supervisor throughout the project. 

 

 

Furthermore, I would like to thank my parents and fellow students, for their sincere interest and advice. I 

received exceptionally much help from a number of students, without whom the experiment could never have 

been executed. Therefore, thank you to the participants and my ‘assistants’, who all sacrificed much of their 

time, which has been a scarce and valuable treasure these past months. 

 

 

Enjoy reading the product of the combined efforts of all these people and myself. I hope that you appreciate 

reading about an intervention which has rarely been considered in the context of physiotherapeutic fall 

prevention. 



 
 

Abstract 

Introduction: This study investigates a potentially new tool for physiotherapeutic fall prevention in elderly, 

namely Abdominal Breathing (AB). A previous study has indicated better stability with AB than Thoracic 

Breathing (TB) in young healthy individuals. So far clinical relevance has been limited, because Normal 

Breathing (NB) was not included and because tasks were not sufficiently challenging to provoke and 

measure falls (or less extremely, failure to maintain posture). 

Objective: Specifically, this study aimed to determine whether AB improves balance performance compared 

to NB and TB, in challenging balance conditions. 

Method: A randomized cross over experiment was performed, balanced for sequence and carry -over effects, 

to measure and compare effects of AB, NB and TB on balance. Twelve healthy, young physiotherapy 

students were recruited by mail. Subjects performed three Balance Error Scoring System (BESS) series for 

each breathing pattern. Outcome measures were BESS scores, number of trials in which steps/falls occurred 

and six center of pressure parameters (obtained with a force plate). The first two outcome measures were 

obtained on basis of a video recording. Data was analyzed using SPSS and with 20 dependent variables, the 

Bonferroni adjusted significance level was set at P = 0.005. 

Results: No significant differences or trends were found between the breathing patterns.  

Conclusion: The results suggest that AB does not offer significant protection in situations in which balance 

is challenged. 
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Introduction 

Many elderly people (aged 65 and older) are faced with the fear and consequences of falling. Falls are 

indeed prevalent in this part of the population; in one Dutch study, 31.6 % of elderly subjects reported a fall 

and 14.8 % reported multiple falls having occurred in the preceding year.
1
 Being responsible for 84 % of 

injury related hospital admissions in a study by Peel et al., falling appears to be the leading cause for injury in 

older adults.
2 

 

 

In the same study, more injurious falls in elderly occurred at home (55.2%) than in residential institutions 

(27.2%).
2
 Nevertheless, the actual risk of such a fall appeared to be higher for institutional care residents.

3-5
 

With respect to age and sex, in a Canadian study prevalence of fall related admissions in elderly increased 

with age and was twice as high for females as for males.
6
 Another risk factor identified by some studies is 

postural sway as measured by Centre of Pressure (CoP) displacements .
7-8

 Postural sway is the movement of 

a person's Centre of Gravity relative to the supporting surface. The CoP in this context, is the point through 

which the resultant force of a body passes through this surface.
9
 Evidence has suggested many more risk 

factors, including bilateral vestibular hypofunction
10

, certain visual deficits
11

, medication
12-13

, reduced 

proprioception and cutaneous sensation
14

, lower limb weakness
7
 and cognitive impairment

3
.  

 

 

Subsequent to a fall, victims are often left with injury, reduced function, limited participation and occasionally 

death.
16, 2  

In a study by Stel et al. on falls in the elderly, 68.1 % resulted in physical injury, 17.2 % required 

medical treatment and 5.9 % caused severe injury comprising fracture, joint dislocation or brain injury.
16

 

Following their last incident, many remained limited functionally (35.3 %), socially (16.7 %) and physically 

(15.2 %).
16 

Peel et al. even found a fatality rate of 5.2 %.
2
 In the Netherlands, these injuries account for € 

474.4 million (20.8 %) of annual health care costs.
17 

 

 

Fall prevention deserves our attention and no doubt additional means on top of the already existing ones are 

more than welcome. From a physiotherapeutic perspective, an important sub-goal in the fall prevention 

process is balance improvement. For this end, one potential approach has not yet been thoroughly 

considered. That is: Abdominal Breathing (AB). Characteristic for this type of breathing is that respiratory 

volume excursion is predominantly accounted for by abdominal expansion, whereas in Thoracic Breathing 

(TB) it is mainly the thorax that expands. Eastern martial arts and Zazen Buddhism have long advocated AB, 

and ascribed various benefits to it, including improved balance. Experimental data reveals possible 

mechanisms to support this hypothetical effect. For example, AB has been shown to result in greater 

diaphragmatic excursion than TB
18

, pushing the bowels further inferiorly
19

 and thus lowering the body's 

Centre of Gravity (CoG). Additionally, AB appears to result in higher intra-abdominal pressure
18

, which in turn 

increases lumbar rigidity
20

. Possibly, a lower CoG and a more rigid spine could offer some protection from 
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destabilizing forces, thereby facilitating postural stability. Research by Hodges et al. also suggested that 

diaphragmatic activity plays a postural role.
21

 Conclusively, AB deserves consideration as a balance 

improving tool. 

 

 

Hamaoui et al. already investigated the effects of AB and TB on CoP measures of pos tural stability, in normal 

non-challenging sitting and standing positions. They found significantly smaller AnteroPosterior (AP) 

amplitudes of the CoP (indicating greater stability) in AB compared to TB.
22

 However, the currently available 

research does not provide a sufficient link to fall prevention: Firstly, AB has not yet been compared to Normal 

Breathing (NB), which would bear more direct clinical relevance. Secondly, falls or (less extremely) failure to 

maintain posture have not previously been provoked and measured. This research will attempt to make up 

for these shortcomings, to help determine whether or not AB could contribute to the array of 

physiotherapeutic fall prevention methods for the elderly. 

For the above mentioned reasons, the aim of this study is to more elaborately determine whether AB 

improves balance performance compared to NB and TB, in challenging balance conditions. 



3 
 

Method 

Aim and study design 

This was an intervention study with a randomized crossover design, aiming to compare the effect of AB, NB 

and TB on balance. Each participant received identical interventions and only the sequence of interventions 

differed. The design was balanced for sequence and carry-over effects, i.e. an equal amount of participants 

was assigned to all six possible intervention sequences (by drawing pieces of paper from a bag).  

 

Subject recruitment 

A recruitment e-mail was sent to all students from a physiotherapy programme in Eindhoven, the 

Netherlands. An informed consent form was signed before the experiment (Appendix I). Inclusion criteria 

were: scholarship at the school in question and being generally healthy. Exclusion criteria were respiratory 

disorders; operation on the lower limb, back, abdomen or thorax in the past 6 months; significant impairment 

of the lower limb, back, abdomen or thorax and finally; balance disorders or medication known to affect 

balance.  

 

Measurement tools 

Two tools were used simultaneously for balance measurements: the Balance Error Scoring System (BESS) 

test and force plate posturography to derive CoP displacements. They were applied in all three conditions: 

AB, NB and TB. The BESS is a method to measure imbalance by counting the occurrence of predefined 

errors as the subject performs three testing positions (double leg, single leg and tandem stance) on two 

different surfaces (firm ground and foam pillow). Consequently there are six trials in total per BESS series 

(see Appendix II for the six stances). In each trial the respective stance has to be maintained for twenty 

seconds with eyes closed. According to the BESS, an error is  ascribed in each of the following events: hands 

lifting of the iliac crest; opening the eyes; a step, stumble or fall; hips moving into more than 30º abduction or 

flexion; lifting of forefoot or heel and finally; remaining out of the testing position for more than 5 seconds. In 

case multiple errors occur simultaneously only one error is ascribed. Maximum error score is ten per trial and 

thus sixty for a whole series of six trials. In the event a subject begins to fall, an assistant is nearby to help 

him/her regain balance and re-assume the testing position. Also, subjects are told to open their eyes and do 

whatever necessary to regain stability whenever balance is lost.
23-24

 

The second tool: force plate posturography, was simultaneously used to measure performance during the 

BESS trials. In the three “firm ground trials”, subjects were standing directly on the force plate and in the 

three “foam trials” on an overlying foam pillow. 
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Measurement Protocol 

 

The experiment was conducted in a gait lab, at the inst itute from which the students were recruited. To 

improve time efficiency, two subjects were present at a time, allowing one to be tested during the breaks of 

the other. During the measurements the subject was always positioned on the force plate. For CoP 

measurements an AMTI mobile force plate type OR6-7 (USA) was used, measuring 46 x 50 cm. Output was 

recorded using the SYBAR 3.0 recording software, at a sampling frequency of 100 Hz. The foam pillow was 

an AIREX Balance-pad measuring 41 x 50 x 7 cm. Only an assistant was standing by the subject’s side to 

provide support when needed. Camera footage was made for more reliable BESS evaluation, using a digital 

HD video-camera. In all trials except for the tandem stance, subjects were filmed directly from the front. For 

the tandem stance, subjects had to turn 45° in order to fit both feet on the force plate. This rotation was 

accounted for in the calculation of CoP parameters. 

 

Subjects were informed of the purpose of the experiment, while care was taken not to c ommunicate any 

expectations concerning the effectiveness of any of the breathing patterns. Before the measurements, 

subjects were first familiarized with the three patterns. For abdominal breathing, they were instructed to 

inhale by expanding the abdomen and exhale by reversing the expansion, with minimal participation of the 

thorax. Conversely, for thoracic breathing they were instructed to inhale by expanding the thorax and exhale 

by reversing the expansion, with minimal participation of the abdomen. For normal breathing, they were 

asked not to pay attention to their breath, and simply breath as they would normally. Additionally, it was 

emphasized for safety and research purposes that they were not supposed to hyper- or hypo-ventilate in any 

way. For every breathing pattern, five minutes were reserved for instructions and practice directly before it 

was performed during the balance tests. Participants were asked to continue the prescribed breathing 

pattern throughout every series and to resume practicing every time the other subject was halfway his series.  

 

The experiment was conducted in accordance with the description of the BESS test provided earlier.  Before 

testing, subjects were informed about the scoring system. Three BESS series were executed consec utively 

for the first breathing condition, followed by an equal amount of BESS series for the second and third 

conditions. In a study by Broglio et al., calculating the average of three test repetitions was indicated for 

acceptable reliability (a G coefficient of 0.81 for males and 0.79 for females).
23

 The order of the three 

conditions was randomly determined. 

 

Outcome measures 

For each breathing pattern (AB, TB and NB), balance performance was quantified using three outcome 

measures: the mean of BESS scores for three BESS series, the number of trials with steps/falls in three 

consecutive series and the mean of CoP parameters for three series. CoP parameters studied in this 

experiment included mean speed of displacement on a firm surface, mean MedioLateral (ML) amplitude and 

root-mean-square values for ML displacement. These have all been shown to be predictive for falls in 
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elderly.
25

 Other parameters obtained were mean AP, ML and total speed of displacement on both surfaces. 

Occurrence of a step in any trial completely excluded its force plate measurements from further analysis. 

Such an error would have caused an excessive discrepancy between testing conditions and involved the 

possibility that the subject made contact outside the force plate, rendering force plate measurements 

useless. 

 

Data analysis 

Correct performance of the prescribed breathing was not objectively monitored during the actual trials. 

Therefore comparisons were made on an intention to treat basis, meaning trials were included regardless of 

compliance with the prescribed breathing patterns. Data from the BESS scores of all twelve subjects was 

found fit for analysis. The statistical program used was SPSS 20. For every breathing pattern the mean of 

three series was calculated in Excel. These  means were compared with a Repeated Measures Analysis Of 

Variance, once sufficient normality of the data was found. Normality was tested using the Shapiro-Wilk test 

and normality was refuted for any P < 0.05. The number of trials with steps/falls occurring in three series was 

analyzed in the same manner. 

From the force plate data major parts were excluded from the analysis for two reasons: Firstly, as expected 

many of the trials could not be used because the subjects made a step. Secondly, some of the data was 

unexpectedly lost because files could not be retraced back to the corresponding trial, due to a number of 

unexplained file-naming errors.  Due to the missing data, the remainder was no longer balanced with respect 

to intervention sequences, i.e. some of the intervention sequences occurred more frequently than others. In 

order to arrive at a complete set of measurements that is balanced for sequence and gender, the investigator 

chose to reduce the number of BESS stances and participants included in the CoP  analysis. Remaining 

BESS stances were double leg stance on firm ground, tandem stance on firm ground and double leg stance 

on the foam pillow (data for these stances was mostly complete because they rarely caused steps or falls).  

Remaining participants were six; one from each of the intervention sequences. Taking into account the 

requirements (balance for sequence, balance for gender and completeness of the subjects’ data) two 

possible sets of six subjects remained, from which one was randomly chosen by drawing a piece of paper 

from a bag. The raw force platform data (force arms and moments) was processed using Excel to calculate 

the final outcome measures. Statistical comparisons of the three breathing conditions was done separately 

for each CoP parameter. Given the small sample size for CoP parameters, the non-parametric Friedman test 

was used. 

To determine the significance level a Bonferroni correction was applied, which involves dividing the original 

significance level by the number of dependent variables. The rationale for such a correction is that the 

chance of a type I error (data accidently showing a statistical difference where there is actually none) 

increases proportionally with the number of dependent variables. The non-adjusted significance level was set 

at 0.1. Dependent variables taken into account were 20 (the BESS score, number trials with steps/falls and 



6 
 

six CoP parameters for three stances). Inserting these numbers in the calculation gave: 0.1 / 20 = 0.005. 

Thus the adjusted significance level was 0.005. 

 

Ethical paragraph 

The study protocol was approved by the Medical Ethical Committee of Maxima Medisch Centrum  (see 

Appendix III). All subjects signed the informed consent form. Privacy was respected and video footage was 

exclusively accessible to the author for BESS scoring. None of the results obtained were mentioned in 

combination with names but  instead ID numbers were used. The names were noted on a separate and 

confidential list along with the number, so that subjects could be informed about their results or watch the 

video footage, if so desired. For safety reasons, a spotter was always present by the subject’s side to 

prevent falls. The breathing patterns used were harmless and in the instructions special attention was paid to 

avoid hyper- and hypo-ventilation. Furthermore, subjects were explicitly told that whenever they were about 

to fall, they were to open their eyes and regain balance. Finally, subjects were generally healthy, free from 

respiratory disorders and impairment of the lower limb and back, thereby minimizing the risks involved. 
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Results 

Eventually twelve subjects  were recruited, of whom six males and six females, with a mean age of 24.3 (SD 

= 2.9 years,  range 21-30 years). Analysis of CoP values was eventually limited to six subjects of whom three 

males and three females, with a mean age of 23.4 (SD = 1.2 years, range 21-25 years). Statistical analysis 

yielded no significant differences between breathing patterns for BESS scores (P = 0.919), number of 

steps/falls (P = 0.974) and CoP parameters (Table 1). BESS scores for AB, NB and TB averaged 10.1 (SD = 

4.9) , 9.9 (SD = 5.7) and 9.7 (SD = 5.6), respectively. The amount of trials with steps/falls in three 

consecutive series averaged 5.8 (SD = 2.7), 5.8 (SD = 2.8) and 5.9 (SD = 2.7) for AB, NB and TB 

respectively. Medians and interquartile ranges of CoP parameters are presented in Table 1.  

 

Table 1: Statistical comparison of CoP parameters for different breathing patterns (n=6) 

 

Abbreviations: Adominalbreathing (AB), Normal Breathing (NB), Thoracic Breathing (TB), MedioLateral 
(ML), AnteroPosterior (AP), Root-Mean-Square (RMS) 

*Computed with the Friedman test, significance level is set at 0.005  
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Discussion 

This study aimed to determine whether AB improves balance performance in comparison to NB and TB  in 

challenging balance conditions, to help determine whether AB should play a role in physiotherapeutic fall 

prevention for elderly people. The results suggest that neither AB, NB or TB have any significant effect on 

balance performance, as measured by BESS scores, number of steps/falls and the CoP parameters used in 

this study. 

 

 

Interestingly, this is in contrast with the results of Hamaoui et al., who found more favorable CoP measures in 

AB than in TB. They measured AP and ML CoP amplitudes in ten healthy young adults  (mean age 25, SD = 

5) and manipulated three dependent variables: posture (sitting and standing), locus of breathing (AB and TB) 

and depth of breathing (deep, quiet and apnoea i.e. no breathing). Subjects stood on firm ground with the 

feet shoulder width apart and with open eyes. One of their findings was a significantly smaller mean AP CoP 

amplitude in AB than TB, in both sitting and standing. However, in standing this difference only reached 

significance with deep breathing (P < 0.05) whereas only a trend was found with quiet breathing.
22

 

 

 

Their findings and the differences in methodology might explain why they did find a difference in favor of AB, 

while no difference emerged in this study.
22

 Firstly, deep breathing used by Hamaoui et al. (opposed to 

normal depth of breathing in this study) might have increased the differences between breathing patterns, 

thereby attaining significance.
22

 However, since in this study not even a trend was found in favor of AB, deep 

breathing is unlikely to account fully for the discrepancies between studies.  Another plausible factor is that 

due to the greater difficulty of the stances in this experiment, compliance with the prescribed breathing 

patterns might have been poor. This might have prevented potentially existent effects from emerging.  

 

Finally, there is another theory that might indirectly explain the contrasting results: Rather than counteracting 

other destabilizing influences, AB might only be less disturbing to balance than TB. In other words, it would 

‘do less harm’ rather than providing active protection. Some evidence for this theory is also provided by 

Hamaoui et al.: They found that AP sway in both breathing conditions increased from apnoea to quiet 

breathing, and again from quiet breathing to deep breathing, which suggests that respiration does indeed 

disturb balance.
22

 Their data also implies that AB is less of a disturbance, as it was accompanied by a 

smaller increase in sway than TB.
22

 To understand how this theory can explain the contrasting results, one 

should imagine its implications when disturbances (other than breathing) and their resulting sway increase: 

Since AB would have no effect on these other disturbances, when they increase AB will become a relatively 

smaller factor.  Probably due to the more difficult stances used, the mean AP amplitudes in this study (0.79 – 

1.35 cm) were indeed greater than that of Hamaoui et al. (< 0.35 cm)
 22

 and this might have reduced AB to a 

proportionally minute and immeasurable factor.
 
Shortly, differences in results could be a consequence of 
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differences in depth of breathing, lack of compliance with prescribed breathing patterns and/or the possibility 

that AB is not protective but merely less disturbing than TB. 

 

 

Unique to this study was the implementation of the BESS. The BESS takes into account other manifestations 

of imbalance than force plate posturography and therefore contributed to a broader perspective on the 

effects of locus of breathing. An isolated analysis was even made for steps and falls (excluding the other 

BESS errors), which increases the link to fall prevention in elderly people. Also, the number of CoP 

parameters included was quite extensive and included some that have previously been shown to be 

predictive for falls in elderly. Another strength was the inclusion of NB, which is a clinically more relevant 

control intervention than TB. Furthermore, in accordance with the intention to treat principle, this study 

assessed the effect of the used intervention (brief instructions and practicing) rather than the direct effect of 

locus of breathing. This benefits its generalizability to clinical practice, where treatment protocols do not 

always work out as intended either, especially in difficult multitasking conditions.  

 

 

The methodology of this study has a number of weaknesses: Firstly, the sample size was small and limited 

the statistical power. Regarding generalizability to clinical practice, it must be said that a sensible 

physiotherapeutic treatment protocol would have been more extensive, involving a longer duration and a 

more gradual build up towards difficult multitasks with balancing. Limiting inclusion to healthy young 

participants also reduced the generalizability to the population of elderly fallers. Concerning compliance, 

some subjects confirmed that they failed to continuously perform the prescribed breathing because breathing 

and balance were both competing for their attention. Unfortunately, locus of breathing was not objectively 

checked during this experiment. With respect to BESS scoring, performance was filmed by only one camera 

and as a result some errors (obscured by the stance leg) may not have been observed. On the other hand, 

the BESS is normally scored by a single observer and its reliability has also been confirmed in this way. Thus 

the assumption was made that scoring based on a video recording was at least  as accurate. Because of the 

practical circumstances, most measurements had to be made with a mobile force plate, which was higher 

than floor level. This is not consistent with the usual BESS protocol, in which the subject or foam pillow is on 

level ground.  As a result, the reliability that was established for the BESS might not fully apply to its use in 

this experiment. 

 

 

There were also unforeseen limitations to this study: As two subjects were about to be tested,  the lab 

became temporarily unavailable due to faulty planning. Therefore four subjects, including two whom's force 

plate data was later included, had to be tested in a class room at the facility. Due to these circumstances, 

experiments of two subjects had to be interrupted for two hours between the first and second breathing 

patterns, i.e. between AB and NB for one subject and between AB and TB for the other. The latter subject’s 

force plate data was also included in the analysis. Although otherwise consistency of intervals between trials 
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was mostly maintained, experiments were sometimes unintentionally interrupted up to several minutes, 

mostly due to computer problems. As a result of these inconsistencies, possible differences in recovery time 

may have acted as a confounding factor. On one occasion technical problems occurring midway an 

experiment necessitated the use of another force plate (of the same model) that was level with the floor and 

thus notably different. This was potentially confounding since the need to habituate to this change might  

have negatively affected performance. As previously described only six out of twelve subjects were selected 

for CoP analysis, to maintain a balance for sequence effects (e.g. learning and fatigue) and carry -over 

effects. Consequently statistical power was lost. To yield more power, another option would have been to 

simply include all the available data. However, it was estimated that the resulting imbalance (for sequence 

effects especially) would be unacceptable.  

 

 

Based on the results of this study, AB would be of no additional value in fall prevention treatment. No 

adverse effects were found either. The results showed that the short interventions used, did not provide 

protection from instability in challenging balancing situations. Although contrastingly, Hamaoui et al. indicated 

benefits of AB in non-challenging balance conditions
22

, protection is rather needed in situations in which 

stability is being perturbed. In this respect the results of this study are more generalizable to clinical practice 

than those of Hamaoui et al. No research has yet been done on the effect of more extensive AB 

interventions. Conclusively, there is presently no scientific basis for the use of AB in fall prevention. Future 

studies could record respiratory changes in abdominal and thoracic circumference using inductance 

plethysmography, to objectively check compliance with the prescribed locus of breathing. Alternatively, these 

recordings could also be used to calculate the ratio between abdominal circumference and thoracic 

circumference, to indicate to what extent breathing is abdominal. This ratio would only be valid for within 

subject comparisons but it could still be used to check for within subject correlations between the ratio and 

balance performance. Furthermore this study has indicated that if any existent effect is to be found,  the 

intervention has to be more extensive, including a longer duration and a gradual build up towards multitask 

conditions. To maximize generalizability to the elderly population, the participants should be selected 

accordingly. 

 

 

Conclusion 

In this study, AB, NB and TB demonstrated no significantly different effects  on balance, as measured by 

BESS scores, number of trials with steps/falls and six CoP parameters. However, due to the methodological 

limitations, its result should be interpreted with caution. Nevertheless, it can be concluded that there is 

currently no scientific basis for the use of AB in fall prevention. Further research should be done, focusing on 

a more extensive AB intervention, of longer duration and with a more gradual build up. Also, s tudying elderly 

subjects and objectively measuring their compliance with the breathing patterns would be of additional value.  
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Appendix I: Informed Consent Form 
 
 
 

RESEARCH SUBJECT INFORMED CONSENT FORM 
Prospective Research Subject: Read this consent form carefully and ask as many 
questions as you like before you decide whether you want to participate in this research 
study. You are free to ask questions at any time before, during, or after your participation in 
this research. 

 
Project Information    

Project Title: Breathing and balance 

Principal Investigator: Alexander Janzing 
Organization: Fontys University of 
Applied Sciences 

Location: Dominee Theodor Fliednerstraat 2, 
5631 BN Eindhoven 

Phone: 06 49 25 54 31 

 
1. PURPOSE OF THIS RESEARCH STUDY 

You are hereby invited to participate in a research experiment, investigating the effect of 
abdominal and thoracic breathing on upright balance. 

2. PROCEDURES 

For time efficiency you will be tested along with one other person. The location is the 
gait lab. After signing the informed consent, you will be familiarized with either 
thoracic, normal or abdominal breathing and get the chance to practice the 
breathing for five minutes. Then three Balance Error Scoring System (BESS) series 
will follow, during which you should try to maintain the breathing pattern. After a 
break the procedure will be repeated with the other breathing patterns. 

The BESS test covers a range from low to high balance demands. One series consists 
of six twenty second trials including three stances of varying difficulty on two 
surfaces (firm ground and foam pillow). You will be standing on the force plate or 
foam pillow overlying the force plate. Each time you will be asked to assume a 
stance, close your eyes and maintain the position for twenty seconds, with a spotter 
by your side in case you loose balance. Your performance will be filmed by two 
video-camera's, to be scored according to the BESS. Part of you performance will 
also be measured with the force plate, which can be used to calculate the amount of 
instability. 

3. POSSIBLE RISKS OR DISCOMFORT  

All together the experiment will take between 1h 45 min. and 2 h of your time, including 
sufficient breaks.  There will be a small risk of falling. This risk is limited because you 
are allowed to open your eyes and regain your balance once you loose it and 
because a spotter will be present besides you. If you follow instructions on the 
breathing patterns they will involve no danger. 

4. POSSIBLE BENEFITS 

By participating you would contribute to results that may help determine if and how 
breathing may improve balance. Improving balance can help to prevent falls in 
elderly people, along with the injury, loss of function and death that they cause. 

Additionally, through experience as a subject you will be thoroughly familiarized with a 
balance test and you will observe first hand how an experiment is conducted. 
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5. FINANCIAL CONSIDERATIONS 
There is no financial compensation for your participation in this research. 

6. CONFIDENTIALITY 

Your privacy will be protected. Results and camera footage obtained from the 
experiment will be treated as confidential. Results (not video footage) may be 
published for scientific purposes but will not give your name or any other identifiable 
references to you. Video footage will only be inspected by Alexander Janzing, who is 
also conducting the research. It will serve only for BESS evaluation and will be 
destroyed upon completion of the study. 

If you wish to obtain any of your results or recordings made this will be arranged. Your 
name will then be listed separately and confidentially with a reference to your data. 
This list will also be destroyed upon completion of the study. 

7. TERMINATION OF RESEARCH STUDY 

If you wish to withdraw from the study you are absolutely free to do so at any time 
without consequences. 

8. AVAILABLE SOURCES OF INFORMATION 
Any further questions you have about this study will be answered by the Principal 

Investigator, whom you may also contact about any problems related to this study: 

Name:    Alexander Janzing 

Telephone number: 0649255431 

E-mail:   ajanzing@student.fontys.nl 

9. AUTHORIZATION 

I have read and understand this consent form, and I volunteer to participate in this 
research study. I understand that I will receive a copy of this form. I voluntarily 
choose to participate, but I understand that my consent does not take away any 
legal rights in the case of negligence or other legal fault of anyone who is involved in 
this study. I further understand that nothing in this consent form is intended to 
replace any applicable Federal, state, or local laws.  

 
Participant Name: 
Date:  
 
Participant Signature: 
Date:  
 
Principal Investigator Signature:  
Date:  
 
Signature of Person Obtaining Consent: 
Date:  
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Appendix II: BESS stances 

 

   

   

From left to right: double leg stance, single leg stance and tandem stance. 
Top row: Firm ground 
Bottom row: foam pillow 
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Appendix III: Approval by Medical Ethical Commitee 
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Appendix IV: Assessment form project plan 
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