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Research Context  

This master thesis is part of an ongoing research project done by the Rehabilitation Sciences 

department of Hasselt University. More specifically, it is part of the PhD research project 

‘Benign Paroxysmal Positional Vertigo (BPPV) in nursing home facilities: effectiveness of 

treatment and impact on balance, gait, and falls’. This project is being conducted by Ms. Laura 

Casters under the supervision of Prof. Dr. Joke Spildooren. This master thesis consists of a 

cross-sectional study examining the postural balance of nursing home residents with either 

BPPV, positional nystagmus (PN) or without nystagmus.                                                                                                                   

BPPV is a disorder of the vestibular system. It is regarded as the most frequently occurring 

vestibular disorder, with a higher prevalence in older adults. During certain postural changes 

or head movements, people with BPPV experience nystagmus which may cause dizziness and 

balance problems (Bhattacharyya et al., 2017; Instrum & Parnes, 2019). Balance problems in 

the older adults are the cause of an increased risk of falls and gait problems. This can lead to 

increased risk of fractures (and therefore hospitalization), depression, anxiety, decreased 

quality of life and increased mortality. It is therefore important that these balance problems 

are identified in time and the appropriate treatment can be initiated (Cuevas-Trisan, 2017; 

Rubenstein, Josephson, & Robbins, 1994). PN presents itself, like BPPV, when the head is 

placed in certain positions. People with PN report in general no other symptoms. Relatively 

little research has been done on the impact of PN and there has not always been a clear 

distinction between BPPV and PN in previous studies (Geisler, Bergenius, & Brantberg, 2000; 

Martens, Goplen, Nordfalk, Aasen, & Nordahl, 2016; Roberts, Bittel, & Gans, 2016). Until now, 

the impact of BPPV and PN has never been studied specifically in residents of nursing homes. 

Both students chose the research design in consultation with the supervisor. The students had 

no part in determining the method since this study was developed within an ongoing research 

project. Both students participated in the recruitment and data acquisition during several 

periods in July, August and September 2021 and had a small part in the data processing in 

September 2021. Both students had equal input in the writing process and did this 

independently with feedback from the supervisor. 
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1. Abstract  

Background: Benign Paroxysmal Positional Vertigo (BPPV) is a peripheral vestibular disorder 

and is the leading cause of vestibular vertigo. The prevalence of BPPV rises with age. Another 

symptom of BPPV is postural balance problems. Symptoms arise suddenly and are caused by 

changes in head position. Positional nystagmus (PN) can also be triggered by changes in head 

position. PN can occur without any other symptoms besides the nystagmus. The incidence of 

balance problems increases with age. Balance problems are the leading cause of falls in older 

adults and the fall risk is especially high for people living in nursing homes. 

Objectives: This study examined the differences in balance between adults living in nursing 

homes with BPPV, PN or without nystagmus. 

Participants: All 40 participants are residents of the same nursing home. Eleven participants 

were classified into the no-nystagmus group, 23 into the PN group and six into the BPPV group 

Measurements: The m-CTSIB measured the static balance and the TUG, 10MWT and 360° turn 

test measured the dynamic balance of all participants. The DHI and the FES-I were conducted 

as secondary outcome measures. 

Results: A significant difference (⍴=0.016) between the three groups was found in the TUG, 

parameter ‘time from stand to sit (s)’. Post hoc tests showed a significant difference between 

the no-nystagmus group and the BPPV group (⍴=0.043), between the no-nystagmus group and 

the PN group (⍴=0.048) and between the BPPV group and the PN group (⍴=0.036). The other 

measurements did not result in a significant difference between the groups. 

Conclusion: This study reports, except for one parameter, no difference in balance between 

older adults living in nursing homes with BPPV, PN or without nystagmus. 

Keywords: benign paroxysmal positional vertigo, positional nystagmus, nursing home, static 

balance, dynamic balance, healthy control group 
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2. Introduction  

Benign Paroxysmal Positional Vertigo (BPPV) is the leading cause of vestibular vertigo 

(Bhattacharyya et al., 2017). It is estimated that the lifetime prevalence of BPPV is 3.2% for 

women and 1.6% for men (von Brevern et al., 2007). People of all ages can develop BPPV. 

However, the prevalence of BPPV rises with age (Bhattacharyya et al., 2017). 

BPPV is a peripheral vestibular disorder caused by otoliths detaching from the utricle and then 

descending in one or multiple semicircular canals (SCC). This causes the SCC to send an 

abnormal signal which can result in the illusion of motion, called vertigo (Instrum & Parnes, 

2019; von Brevern et al., 2007). The inner ear has three SCC; the posterior, anterior and 

horizontal SCC. BPPV can occur in any one of them, although it occurs predominantly in the 

posterior SCC. Between 85% and 95% of all BPPV cases occur in the posterior SCC. The 

horizontal SCC accounts for 5% to 15% of all BPPV cases. Anterior SCC BPPV occurs rarely 

(Bhattacharyya et al., 2017). There are two forms of BPPV: canalithiasis and cupulolithiasis. If 

the otoliths float freely in the SCC, it is canalithiasis. If the otoliths attach to the cupula in the 

SCC, it is cupulolithiasis (Instrum & Parnes, 2019; von Brevern et al., 2007). One of the causes 

of the rising prevalence in older adults is the degeneration of the otolithic membrane 

(Balatsouras, Koukoutsis, Fassolis, Moukos, & Apris, 2018). 

BPPV can, besides vertigo, also cause nystagmus, nausea, dizziness and postural balance 

problems. These symptoms arise suddenly, caused by changes in head position 

(Bhattacharyya et al., 2017). Despite it being the most common cause of vestibular vertigo, 

BPPV is frequently misdiagnosed. Especially in the older population, as the symptoms are 

often attributed to age-related changes or multimorbidity. This leads to unnecessary 

diagnostic tests and possibly treatments for disorders they do not have (Bhattacharyya et al., 

2017; Palmeri & Kumar, 2022). Vertigo is the main complaint in younger BPPV patients, 

whereas older BPPV patients report more postural balance problems and dizziness, which may 

lead to a higher fall risk and falls (Balatsouras et al., 2018).  

Osoba, Rao, Agrawal, and Lalwani (2019) define postural balance as the capacity to maintain 

the center of gravity within the stability limits. Older adults have a higher incidence of postural 

balance problems. This is caused by age related changes since vestibular and sensory systems 

deteriorate with age. In addition, there is also a decrease in muscle mass and strength. 

Postural balance has a crucial role in a person’s health and well-being since postural balance 
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problems are the leading cause of falls in older adults, which results in 70% of accidental 

deaths in people older than 75 years (Balatsouras et al., 2018; Cuevas-Trisan, 2017; Osoba et 

al., 2019). The fall risk is especially high for people living in nursing homes; Rapp, Becker, 

Cameron, König, and Büchele (2012) reported an average of 2.18 falls per year for men and 

1.49 falls per year for women. Most falls only result in minor injuries, however between 10 

and 25% of the falls result in a fracture and/or hospitalization. In addition, BPPV can lower the 

quality of life and increase the risk of depression and a sedentary lifestyle (von Brevern et al., 

2007).  

During the diagnostic tests for BPPV, the clinicians check for vertigo and nystagmus. There is 

a danger of misdiagnosis since these tests may also trigger positional nystagmus. PN occurs in 

healthy adults who report no other symptoms (Martens et al., 2016). In current literature on 

positional nystagmus, no consensus has yet been found on the prevalence, which ranges 

between 7.5% and 88% for healthy subjects without a history of vestibular or central nervous 

system disorders. Adults from all age groups have been diagnosed with PN (Geisler et al., 2000; 

Roberts et al., 2016).  

Multiple studies have reported on the postural balance of BPPV patients. However, previous 

studies have not examined the consequences of BPPV for older adults living in nursing homes. 

Furthermore, no study has yet examined the differences in postural balance between older 

adults living in nursing homes with BPPV, PN or without nystagmus. Since BPPV may cause 

balance problems, it was hypothesized that the participants with BPPV have more balance 

problems than the participants without nystagmus. It was also hypothesized that participants 

with PN have more balance problems than the participants without nystagmus since the 

nystagmus is caused by an abnormality in the vestibular system (Roberts et al., 2016).  
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3. Methods  

3.1. Research Question  

“What is the influence of benign paroxysmal positional vertigo (BPPV) and positional 

nystagmus on postural balance in older adults living in nursing homes?” 

3.2. Medical Ethics Committee   

This study was approved by the medical ethics committee of the university of Hasselt on 28 

May 2021. The code of this study is CME2020/053. The full document can be found in 

Appendix A. 

3.3. Design  

This study has a cross-sectional study design. It is part of the PhD project of Ms Laura Casters, 

entitled ‘Benign Paroxysmal Positional Vertigo (BPPV) in nursing home facilities: effectiveness 

of treatment and impact on balance, gait, and falls’. The supervising principal investigator of 

this PhD project is Prof. Dr. Joke Spildooren. At this moment, this project is ongoing.   

3.4. Participants  

3.4.1. Recruitment  

Participants were recruited from the nursing home and assisted living facilities “Leopoldspark” 

situated in Leopoldsburg, Flanders, Belgium from July 2021 until December 2021. All residents 

received written information (a letter) about the study. Furthermore, residents who met the 

inclusion criteria, based on available patient records, were personally asked to participate in 

the study. Subsequently, a convenience sample was conducted. 

3.4.2. Selection criteria  

Residents could be included in the study if they lived in the nursing home or assisted living 

facilities for over three months. They had to be able to understand simple, basic instructions 

such as ‘keep your eyes closed’ and ‘remain still for the next 30 seconds’. Furthermore, all 

participants had to be able to stand still for ten seconds with or without a walking aid. 

Residents with a diagnosis of a progressive neurological disorder resulting in a rapid 

deterioration within three months (for example ALS) were excluded from the study. Other 

exclusion criteria were: participating in a rehabilitation program for a pathology of less than 

six months, heart failure, anxiety and spontaneous nystagmus. 
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3.4.3. Groups  

All participants were tested for BPPV and positional nystagmus. Following this, the 

participants were classified into one of three groups. Participants with a positive BPPV test 

were classified into the ‘BPPV group’ and participants with PN were classified into the ‘PN 

group’. Participants without a positive BPPV test and without PN were classified into the ‘no-

nystagmus group’. 

3.5. Procedure  

The participants signed an informed consent at the beginning of the study. Firstly, all 

participants’ baseline characteristics were logged. Secondly, all participants underwent BPPV 

tests and PN tests. Thirdly, balance tests were performed followed by both the Dizziness 

Handicap Inventory (DHI) and the Falls Efficacy Scale International (FES-I). A schematic 

representation of the procedure can be found in Figure 1.  
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characteristics 

(T0) 

BPPV and PN 
tests (T1) 
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(T2)  

Balance tests +  
DHI and FES-I   

(T2) 

PN 

Balance tests + 
DHI and FES-I  

(T2) 

Figure 1. Schematic representation procedure  
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3.5.1. Baseline characteristics  

The following baseline characteristics of all participants were collected: age, gender, walking 

aid and number of comorbidities. The Montreal Cognitive Assessment (MOCA) was used to 

evaluate the cognitive capacity of all participants. 

3.5.2. BPPV tests  

The participant’s neck mobility was evaluated before the BPPV tests were performed. 

Participants had to be able to rotate their head at least 45° to both sides and bend their head 

30° towards flexion and extension. The presence of spontaneous nystagmus was evaluated 

using videonystagmography (VNG) goggles. If this was excluded, the BPPV tests were carried 

out. Before and during the BPPV tests, participants were asked to keep their eyes wide open 

and to answer questions by talking and not by nodding their heads. The participants wore VNG 

goggles during the tests to detect nystagmus. These goggles projected the eye movements on 

a computer screen and were calibrated before every test. The computer program recorded 

the eye movements, allowing for a detailed analysis afterwards. The side-lying test was 

performed to both the left and right side to detect posterior and anterior canal BPPV. Next, 

the supine roll test was performed to detect horizontal canal BPPV. During each test, the 

participants were asked if they experienced vertigo and how long it lasted. The same 

examiners performed all these tests. 

Side Lying test  

According to the practice guideline of Bhattacharyya et al. (2017), the Dix-Hallpike test is the 

gold standard to detect posterior canal BPPV. If it is not possible to carry out this test, the side-

lying test can be used as an alternative. The head is moved 20° beyond the horizontal in a 

rapid movement during the Dix-Hallpike test. This movement can result in neck complaints, 

especially in older adults. Because of this, only the Side Lying test was used in this study, with 

which the diagnosis of posterior and anterior canal BPPV was made. This test started with the 

participant sitting in an upright position on the edge of the table. The head was rotated 45° to 

the contralateral side of the canal that was being tested. While maintaining the rotation of the 

head, the examiner laid the participant down with a rapid maneuver on his homolateral side. 

This position was maintained for at least 30 seconds. For example, to test the right posterior 

or anterior canal, the head was rotated 45° to the participant’s left side and the participant 

was laid on his right side. Possible vertigo was questioned and possible nystagmus was 

evaluated on the computer screen. For both posterior and anterior canal BPPV, when the 
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vertigo and the nystagmus lasted less than 60 seconds, it was classified as canalithiasis. When 

the vertigo or the nystagmus lasted longer than 60 seconds, it was classified as  cupulolithiasis 

(Bhattacharyya et al., 2017; von Brevern et al., 2015).  

Vertigo in combination with rotatory (towards the lower ear), upbeating nystagmus during 

the Side Lying test was used to define posterior canal BPPV. The nystagmus’ latency period 

lasted from one to a few seconds after the test was performed. Both the vertigo and the 

nystagmus had a duration of less than two minutes (von Brevern et al., 2015). To define 

anterior canal BPPV, vertigo in combination with downbeating nystagmus had to be present. 

It was possible that the nystagmus had a rotatory component (towards the lower ear), but this 

was not necessary to define anterior canal BPPV. The nystagmus’ latency period started 

immediately or one or a few seconds after performing the test. Again, both the vertigo and 

the nystagmus had a duration of less than two minutes (von Brevern et al., 2015). 

Supine Roll test  

The Supine Roll test was used to detect horizontal canal BPPV. This test started with the 

participant in supine position on the table. The head was placed on a pillow with 30° of neck 

flexion. Firstly, the head of the participant was rotated by the examiner in a rapid maneuver 

to one side.  After this, the examiner rotated the participant’s head in a rapid maneuver back 

to neutral position. This was followed by rotating the head to the opposite side and back to 

the neutral position in the same manner. Every position was maintained for at least one 

minute. The side towards which the head was turned was the side that was tested. Possible 

vertigo was questioned and possible nystagmus was evaluated on the computer screen during 

every position. When both sides had a positive result, the side in which the nystagmus was 

most severe was considered the affected side. (von Brevern et al., 2015).  

Vertigo and geotropic (towards the lower ear), horizontal beating nystagmus with a duration 

of less than one minute had to be present to define horizontal canal canalithiasis BPPV. The 

nystagmus had no or a brief latency period after performing the test (von Brevern et al., 2015). 

Vertigo and ageotropic (towards the upper ear), horizontal beating ageotropic nystagmus had 

to be present to define horizontal canal cupulolithiasis BPPV. Both the vertigo and the 

nystagmus had a duration of more than one minute, but less than two minutes. The nystagmus 

had no or a brief latency period (von Brevern et al., 2015). 
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3.5.3. PN tests  

The presence of PN was evaluated during the BPPV tests (Side Lying test and Supine Roll test). 

One of the following three conditions had to be present to classify the participants in the PN 

group. Firstly, the nystagmus should not match the nystagmus expected in BPPV. For example, 

the Side Lying test elicited horizontal nystagmus. Secondly, the nystagmus should last more 

than two minutes. Thirdly, the nystagmus should match the nystagmus expected in BPPV, but 

the slow-phase velocity of the nystagmus was six degrees or more per second (Martens et al., 

2016). 

3.5.4. Balance tests  

The participants wore four APDM sensors while performing the balance tests. One sensor was 

placed on the sternum, one on the lower back (L5) and one on the dorsal side of each foot. 

The APDM sensors are a valid and reliable system (ICC 0.91-0.99) in measuring gait and 

balance parameters according to the studies of Washabaugh, Kalyanaraman, Adamczyk, 

Claflin, and Krishnan (2017), Hou, Wang, Li, Komal, and Li (2021) and Sankarpandi, Baldwin, 

Ray, and Mazzà (2017). All tests were performed in the same space and were conducted by 

the same examiners. The participants performed the tests with their shoes on. There were no 

specific guidelines on the type of shoes the participants were allowed to wear. The 

participants had to be able to walk without the assistance of another person during the 

dynamic balance tests. When they used a walking aid during their daily life they were allowed 

to use this aid during the dynamic balance tests.  

Static balance test: modified Clinical Test of Sensory Interaction on Balance (m-CTSIB) 

The sensors measured the performance time (s), sway area (m²/s⁴), mean sway velocity (m/s), 

path length (m/s²), coronal path length (m/s²) and sagittal path length (m/s²) during every test 

condition. Each participant performed the four test conditions of the m-CTSIB. During the first 

test condition, the participants were instructed to stand on a flat, firm surface with their eyes 

open for 30 seconds. The second test condition also consisted of standing on a flat, firm 

surface, but with their eyes closed for 30 seconds. During the third test condition the 

participants were instructed to stand on an Airex Balance-pad (50cm x 41cm x 6cm) with their 

eyes open for 30 seconds. The fourth test condition also consisted of standing on the foam 

surface, but with their eyes closed for 30 seconds. The test conditions were always performed 

in this order and each condition was performed once. The participants had to perform each 

test condition with their feet at hip width apart and their arms hanging next to their bodies. 
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At least one researcher stood always close to the participants during the test to ensure their 

safety. The participants had a guardrail in front of them as well which they could grab if they 

lost their balance during a test. A chair or the participant’s wheelchair was also placed behind 

them so that they could sit down in case they had lost their balance and so they could sit down 

between the different test conditions. The test stopped immediately if the participants 

grabbed the guardrail, sat down on the chair, took a step or when the researcher had to 

intervene to prevent the participant from falling. The test conditions in which the participants 

had to close their eyes were also stopped if the participant opened his eyes. According to 

Watson and Trudelle-Jackson (2021), the m-CTSIB has a good to excellent test-retest reliability 

(ICC 0.76-0.91) in older adults. 

Dynamic balance test: TUG 

Before the test took place, the three-meter distance was measured with a measuring tape. 

Pieces of tape indicated the starting point and ending point. The front legs of the chair were 

placed on the starting point. The participants started the TUG by sitting on a chair with their 

back against the backrest. When the researcher gave the start signal they got up, walked three 

meters, turned around and walked back to the chair and ended the test by sitting down. A 

researcher performed the test once as an example. The participants were instructed to 

perform the test three times as fast as possible, but in a safe manner. The best attempt was 

used in the statistical analysis. Sensors measured the performance time (s), the turn duration 

(s), the maximal turn velocity (°/s), the time from sit to stand (s) and the time from stand to 

sit (s) of each attempt of the participants. The same chair was used for every participant. The 

TUG has a high test-retest reliability (ICC 0.74-0.99) and a high interrater reliability (ICC 0.91-

0.99) in older adults according to the systematic review of Rydwik, Bergland, Forsén, and 

Frändin (2011). According to the systematic review of Langley and Mackintosh (2007), the TUG 

has an excellent inter-rater reliability (ICC 0.98-0.99) and an excellent intra-rater reliability 

(0.97-0.98) in community dwelling older adults. 

Dynamic balance test: 360° turn test 

The participants were instructed to turn 360° at their own pace and in the direction of their 

choosing. They got three attempts and the best attempt was used in the statistical analysis. 

The sensors recorded the performance time (s) and turn velocity (°/s) of each attempt. The 

maximal turn velocity was used in the statistical analysis. The study of Tager, Swanson, and 

Satariano (1998) found an excellent test-retest reliability (ICC 0.92) in older adults. According 
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to the study of Berg (1989), the 360° turn test has a high intra-rater reliability (ICC 0.89-0.94) 

and a high inter-rater reliability (ICC 0.71-0.99) in older adults. 

Dynamic balance test: 10MWT 

Like the TUG, the ten-meter distance was measured beforehand with a measuring tape and 

pieces of tape indicated the starting point and ending point. A researcher instructed the 

participants to walk the ten-meter distance at their own pace. They started from a standing 

position. The sensors started recording the time when they started walking. They had one 

attempt. The sensors recorded the performance time (s), the cadence (steps/min), the gait 

speed (m/s), the percentage of double support, stance and swing during the gait cycle (%GCT), 

the stride length (m) and the lateral step variability. The study of Peters, Fritz, and Krotish 

(2013) found an excellent test-retest reliability (ICC 0.96-0.98) and an excellent validity (ICC 

0.99) of the 10MWT in older adults. 

3.5.5. Secondary outcome measures  

The DHI was used as a questionnaire to assess the severity of possible dizziness and its impact 

on daily life. This questionnaire consists of 25 statements regarding the previous month, which 

the participant had to answer with ‘never’, ‘sometimes’ or ‘always’. The answer ‘never’ 

resulted in zero points, ‘sometimes’ in two points and ‘always’ in four points. In other words, 

a higher score relates to more dizziness. The FES-I was used as a questionnaire to assess the 

fear of falling of all participants. This questionnaire consisted of 16 statements which the 

participant had to answer with ‘not worried at all’ (one point), ‘a little worried’ (two points), 

‘quite worried’ (three points) or ‘very worried’ (four points). In other words, a higher score 

relates to a greater fear of falling.  

3.6. Statistical Analysis  

Statistical analysis was performed using the JMP Pro 16 software. The data of the no-

nystagmus group, the PN group and the BPPV group were compared to each other. The null 

hypothesis proposed that no difference existed between the three population averages. The 

alternative hypothesis proposed that a difference existed between the three population 

averages. It therefore follows that a two-tailed test was used. Firstly, the numeric data were 

examined for independence, normality and homoscedasticity. Normality was examined using 

the Shapiro-Wilks test and homoscedasticity using the Brown-Forsythe test. ANOVA was used 

as statistical test when the assumptions of normality and homoscedasticity were met. 

However, the Kruskal-Wallis test was used when the assumption normality was not met and 
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the Welch’s ANOVA test when the assumption homoscedasticity was not met. When both 

assumptions were not met, no statistical analysis was carried out. Post hoc tests were carried 

out using the Wilcoxon method for nonparametric comparisons for each pair. Regarding the 

categorical data, the Fisher’s Exact test was used to perform the statistical analysis. A ⍴-value 

of <0.05 was considered significant in all cases. The complete statistical decision tree can be 

found in Appendix B for the numeric data and in Appendix C for the categorical data.  
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4. Results  

4.1. Participants  

Up until now, 50 participants were tested for BPPV and positional nystagmus. Table 1 

represents the prevalence of the no-nystagmus, PN and BPPV participants. Of these 50 

participants, 40 agreed to participate in the balance tests. As a result, this study had a sample 

size of 40 participants. Eleven participants were classified into the no-nystagmus group, 23 

into the PN group and six into the BPPV group. Table 2 represents the BPPV forms and the 

involved SCC of all six BPPV participants. The posterior SCC was involved in three participants, 

the horizontal SCC in the other three participants. Two BPPV participants with horizontal canal 

BPPV had cupulolithiasis, the other BPPV participants had canalithiasis. 

 

Table 1  
Prevalence  

 Total No-nystagmus PN BPPV 

n  
%  

50 
100% 

18 
36% 

26 
52% 

6 
12%  

 

Table 2  
BPPV-group – BPPV forms and involved SCC  
  Canalithiasis (n)  Cupulolithiasis (n)  Total (n)  

Posterior SCC  
   Left side  
   Right side  
   Both sides  

 
2 
- 
1 

 
- 
- 
- 

3 
- 
- 
- 

Horizontal SCC 
   Left side   
   Right side  

 
1 
- 

 
1 
1 

3 
- 
- 

 

4.2. Baseline characteristics  

The three groups were compared in terms of age, gender, walking aid and number of 

comorbidities. No significant difference was found between the groups in the baseline 

characteristics. Table 3 represents the numeric baseline characteristics in terms of median 

(interquartile range) and Table 4 represents the categorical baseline characteristics in terms 

of number of participants. 
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Table 3  
Results numeric baseline characteristics   

  Median (IQR)   

Variable Statistical test No-nystagmus 
(n=11)  

PN  
(n=23)  

BPPV  
(n=6)  

⍴-Value 

Age (years)  KW 88 (6)  86 (8)  88 (10.50)  0.588  

MOCA  KW 17 (5)  16 (8)  19.50 (9.25)  0.746 

Comorbidities (n)  KW 3 (2)  2 (4)  3.50 (3.75)  0.308  

‘IQR’ = Inter Quartile Range, ‘KW’ = Kruskal Wallis test  
 

Table 4  
Results categorical baseline characteristics  

  Number    

Variable Statistical test No-nystagmus 
(n=11)  

PN  
(n=23)  

BPPV  
(n=6)  

⍴-Value 

Gender  
   Male  
   Female  

FE 
- 
- 

- 
7 
4 

- 
8 

15 

- 
2 
4 

0.238 
- 
- 

Walking aid  
   None  
   Walker  

FE 
- 
-  

- 
1 

10 

- 
4 

18 

- 
1 
4 

0.613 
- 
- 

   Wheelchair  - 0 1 1 - 
‘FE’ = Fisher’s Exact test  

 

4.3. Balance tests  

4.3.1. Static balance test: m-CTSIB  

Table 5 represents the results of the four test conditions of the m-CTSIB. All results are 

represented in terms of median (interquartile range) per examined parameter and per group 

as both statistical tests used were nonparametric (Kruskal-Wallis test and Welch’s test). No 

significant differences were found between the three groups. The statistical analysis of the 

eyes open on firm surface test condition with parameters sway area and mean sway velocity 

were not carried out as the assumptions of both normality and homoscedasticity were not 

met. 

4.2.2. Dynamic balance tests: TUG, 10MWT, 360° turn test  

Table 6 represents the results of the dynamic balance tests. The results are presented in terms 

of median (interquartile range) per examined parameter and per group when a nonparametric 

statistical test (Kruskal-Wallis test) was used. Moreover, when a parametric statistical test 

(ANOVA) was used, the results are presented in terms of mean (standard deviation) per 

examined parameter and per group. A significant difference (⍴=0.016) between the three 

groups was found in the TUG, parameter ‘time from stand to sit (s)’. A significant difference 

was found between the no-nystagmus group and the BPPV group (⍴=0.043), between the no-
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nystagmus group and the PN group (⍴=0.048) and between the BPPV group and the PN group 

(⍴=0.036). However, in the other TUG parameters and in the other dynamic balance tests no 

significant differences were found between the three groups. 

 

Table 5 
Results static balance test: m-CTSIB  

  Median (IQR)   

m-CTSIB condition Statistical 
test 

No-nystagmus 
(n=11)  

PN  
(n=23)  

BPPV  
(n=6)  

⍴-Value 

EO, firm       
   Time (s)  
   Sway area (m²/s⁴) 
   Mean sway velocity (m/s) 
   Path length (m/s²)  
   Coronal path length (m/s²) 
   Sagittal path length (m/s²)   

KW 
/ 
/ 

KW 
KW 
KW 

30 (0) 
/ 
/ 

12.10 (6.63) 
7.07 (3.70)  
8.97 (5.41)  

30 (0) 
/ 
/ 

10.20 (6.24) 
6.12 (4.92)    
7.30 (5.46)   

30 (1.70) 
/ 
/ 

13.85 (17.21) 
7.45 (9.55)  
9.85 (7.29)  

0.059 
/ 
/ 

0.722 
0.982 
0.513 

EC, firm  
   Time (s)  
   Sway area (m²/s⁴) 
   Mean sway velocity (m/s) 
   Path length (m/s²)  
   Coronal path length (m/s²) 
   Sagittal path length (m/s²)   

 
KW  
KW 
KW   
KW  
KW 
KW   

 
30 (10.40)  
0.13 (0.26)  
0.18 (0.36)  

22.40 (19.17)  
8.79 (10.66)  

14.90 (11.72)  

 
30 (0)  

0.11 (0.12)  
0.17 (0.13)  

11.60 (10.30)  
7.18 (5.98)  
8.54 (6.17)  

 
30 (5.06)  

0.09 (0.49)  
0.23 (0.61)  

11.85 (13.25)  
5.66 (5.90)  

9.67 (12.42)  

 
0.325 
0.751 
0.305 
0.766 
0.739 
0.457 

EO, foam  
   Time (s)  
   Sway area (m²/s⁴) 
   Mean sway velocity (m/s) 
   Path length (m/s²)  
   Coronal path length (m/s²) 
   Sagittal path length (m/s²)   

 
KW 
KW 
KW 
KW 
KW 
W 

 
30 (0) 

0.17 (0.10)  
0.22 (0.19)  

14.10 (2.90)  
8.27 (4.57)  
10 (3.84)  

 
30 (0)  

0.24 (0.22) 
0.28 (0.21)   
17 (13.30)  

10.20 (7.31)  
10.70 (8.33)  

 
30 (20.84) 
0.17 (0.20) 
0.13 (0.28) 

13.65 (21.45) 
8.26 (13.67)  
8.69 (14.59)  

 
0.111 
0.620 
0.072 
0.445 
0.282 
0.574  

EC, foam  
  Time (s)  
   Sway area (m²/s⁴) 
   Mean sway velocity (m/s) 
   Path length (m/s²)  
   Coronal path length (m/s²) 
   Sagittal path length (m/s²)   

 
KW  
KW 
KW   
KW 
KW   
W  

 
10.68 (23.35)  

0.73 (0.72)  
0.27 (0.30)  

39.25 (36.10)  
8.27 (4.57)  
10 (3.84)  

 
8.70 (7.07)  
0.75 (1.01)  
0.22 (0.25)  
35.90 (41)  

10.20 (7.31)  
10.70 (8.33)  

 
6.21 (13.11)  
0.67 (0.39)  
0.21 (0.27)  

42.80 (35.63)  
8.26 (13.67)  
8.69 (14.59)  

 
0.304  
0.863 
0.803 
0.966 
0.282 
0.574 

‘IQR’ = Inter Quartile Range  
‘EO’ = eyes open condition, ‘EC’ = eyes closed condition  
‘firm’ = firm surface condition, ‘foam’ = foam surface condition  
‘KW’ = Kruskal Wallis test, ‘W’ = Welch’s test   

 



17 
 

Table 6  
Results dynamic balance tests: TUG, 360° turn test, 10MWT  

Test  Statistical 
test 

No-nystagmus 
(n=11)  

PN  
(n=23)  

BPPV  
(n=6)  

⍴-Value 

  Median (IQR)  Mean (SD)  Median (IQR)  Mean (SD)  Median (IQR)  Mean (SD)   
TUG  
   Time (s)  
   Turn duration (s)  
   Turn max. velocity (°/s)  
   Time sit-stand (s)  
   Time stand-sit (s)  

 
KW 

ANOVA  
ANOVA  

KW  
KW  

 
19.20 (8.80)  

-  
- 

1.52 (0.41)    
1.13 (0.44)  

 
- 

3.82 (0.87)  
84.87 (22.25)  

-  
-  

 
17.40 (9.40)  

-  
- 

1.22 (0.34)  
0.95 (0.13)  

 
- 

3.45 (0.87)  
101.70 (29.54)  

-  
-  

 
30.15 (20.83)  

-  
- 

1.15 (1.87)  
0.87 (0.14)  

 
- 

3.23 (1.30) 
100.60 (57.13)  

-  
-  

 
0.144  
0.401 
0.376 
0.131 

  0.016* 

360° turn  
   Time (s)  
   Max. velocity (°/s)  

 
ANOVA 
ANOVA   

 
- 
-  

 
6.15 (1.37)  

98.25 (37.45) 

 
- 
- 

 
5.77 (2.05) 

111.92 (43.49)  

 
- 
- 

 
5.90 (2.66)  

90.23 (62.02)  

 
0.875  
0.516 

10MWT  
   Time (s)  
   Cadence (steps/min)  
   Gait speed (m/s)  
   Double support (%GCT)  
   Stance (%GCT)  
   Swing (%GCT)  
   Stride length (m)  
   Lateral step variability  

 
KW  
KW  

ANOVA  
ANOVA  

KW  
KW 

ANOVA   
KW  

 
17.90 (8)  

95.70 (21.80)  
-  
-  

64.90 (2.75)  
35.10 (2.75)  

-  
1.72 (0.86)  

 
- 
- 

0.57 (0.19)  
29.35 (6.76)  

- 
- 

0.76 (0.23)  

 
18.85 (6.30)  

99.30 (26.71)  
-  
- 

64.65 (2.97)  
35.18 (3.47)  

-  
1.68 (1.11)  

 
- 
- 

0.62 (0.21)  
29.83 (5.32) 

-  
- 

0.73 (0.18)  
- 

 
25.35 (15.05)  
89.83 (18.29)  

- 
-  

69.10 (6.95)  
30.90 (6.99)  

- 
1.50 (1.70)  

 
- 
- 

0.50 (0.26)  
35.46 (9.26)  

-  
- 

0.66 (0.26) 
-   

 
0.383 
0.208 
0.486 
0.139 
0.226 
0.363 
0.622 
0.883  

‘IQR’ = Inter Quartile Range, ‘SD’ = Standard Deviation  
‘KW’ = Kruskal Wallis test  
‘%GCT’ = percentage of gait cycle  
‘*’ = ⍴-Value <0.05  
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4.4. Secondary outcome measures  

Table 7 represents the results of the secondary outcome measures (DHI and FES-I). The results 

are presented in terms of median (interquartile range) per questionnaire and per group as a 

nonparametric statistical test (Kruskal-Wallis test) was used. No significant differences were 

found between the three groups. 

 

Table 7  
Results secondary outcome measures: DHI and FES-I  

  Median (IQR)   

Test  Statistical test No-nystagmus 
(n=11)  

PN  
(n=23)  

BPPV  
(n=6)  

⍴-Value 

DHI  KW 2 (12)  0 (8)  20 (33.50)  0.073 

FES-I  KW  15 (7)  16 (7)  18 (16.25)  0.876  

‘IQR’ = Inter Quartile Range  
‘DHI’ = Dizziness Handicap Inventory, ‘FES-I’ = Falls Efficacy Scale International 
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5. Discussion  

This is the first study that compared the static and dynamic balance of nursing home residents 

with BPPV, PN or without nystagmus. Residents of nursing homes have a high fall risk (Rapp 

et al., 2012; Rubenstein et al., 1994). Therefore it is important to know if older adults with 

BPPV or PN have more balance problems than older adults without nystagmus. Additionally, 

it is important that the distinction is made between BPPV and PN. BPPV is frequently 

misdiagnosed (Bhattacharyya et al., 2017; Palmeri & Kumar, 2022). A significant difference 

(⍴=0.016) between the three groups was found in the TUG, parameter ‘time from stand to sit 

(s)’. The other measurements did not result in a significant difference between the groups. 

In this study the prevalence of BPPV was 12%, contrastively to that of PN, which was 52%. The 

prevalence of PN is consistent with the findings of previous studies (Geisler et al., 2000; Lynch, 

Nayak, & Isaacs, 1985). The prevalence of BPPV is rather low compared to other studies that 

reported the prevalence of BPPV in older adults (Balatsouras et al., 2018; Moreira, Costa, 

Melo, & Marchiori, 2014). Studies that diagnosed BPPV solely by the presence of nystagmus 

during the Dix-Hallpike test or another BPPV test may have mistaken PN for BPPV (Moreira et 

al., 2014). If PN was mistaken for BPPV in previous studies regarding balance problems, the 

treatment effect would be lower. It would have seemed as if BPPV patients had no balance 

problems.  

5.1. Static Balance  

This study found no significant difference between the three groups during the m-CTSIB. These 

findings are in contrast to findings of previous studies. These previous studies used the m-

CTSIB to compare the static balance between a BPPV group and a healthy control group. They 

found in general a significant difference during the test condition eyes closed, on a foam 

surface. The BPPV group always had more balance problems than the healthy control group 

(Adelsberger, Valko, Straumann, & Tröster, 2015; Celebisoy, Bayam, Güleç, Köse, & Akyürekli, 

2009; Chang, Hsu, Yang, & Wang, 2006; Cohen-Shwartz, Nechemya, & Kalron, 2020; Cohen, 

Mulavara, Peters, Sangi-Haghpeykar, & Bloomberg, 2014; D'Silva, Kluding, Whitney, Dai, & 

Santos, 2017; Monteiro, Ganança, Ganança, Ganança, & Caovilla, 2012; Nair, Mulavara, 

Bloomberg, Sangi-Haghpeykar, & Cohen, 2018). This significant difference could be explained 

by the fact that people must use their vestibular system to maintain their balance while 

standing with their eyes closed on a foam surface. It could be expected that people with BPPV 
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have more difficulties with this since BPPV is a disorder that affects the vestibular system 

(Bhattacharyya et al., 2017). It is possible that this study found no significant difference 

between the BPPV group and no-nystagmus group because the subjects were all nursing home 

residents. The previous mentioned studies used participants of all ages. Older adults, even 

those without vestibular problems, have experienced a deterioration of vestibular system due 

to age related changes (Balatsouras et al., 2018; Osoba et al., 2019). Additionally, it is possible 

that no significant difference was found since the BPPV group had only six participants. A 

power analysis was done using nQuery software. The sample size was calculated to detect a 

between-group difference of 0.285 for the eyes open, firm surface test condition of the m-

CTSIB. The significance level was set at 0.05 and the power was set at 80%. Hence, it became 

evident that a sample size of at least 28 participants in each group was needed to find the 

minimal detectable change. Moreover, there was a loss of power due to the fact that non-

parametric tests had to be used. Additionally, a comparison was made between three groups 

instead of two, which also caused a loss of power.  

The static balance of the PN group was not significantly different from the no-nystagmus 

group. These findings correspond to the findings of Lynch et al. (1985). This study tested ten 

healthy adults between 69 and 76 years old. Four of the participants tested positive for 

positional nystagmus and showed no balance problems. 

5.2. Dynamic balance  

No significant differences were found between the groups except for the time (s) from stand 

to sit during the TUG. Both the BPPV group and PN group performed worse than the no-

nystagmus group regarding this parameter. Two previous studies that examined dynamic 

balance by conducting the TUG found significantly more balance problems in the BPPV group. 

These studies only measured the time of the entire test (Cohen-Shwartz et al., 2020; Vaz, 

Gazzola, Lança, Dorigueto, & Kasse, 2013).  

This study found no significant difference between the groups during the 360° turn test and 

10MWT. The studies of Cohen-Shwartz et al. (2020), Cohen, Mulavara, Peters, Sangi-

Haghpeykar, and Bloomberg (2012) and Zhang et al. (2021) found a significant decrease in 

walking speed during walking tests for their BPPV group. As mentioned before, no significant 

difference may have been found between the groups because of the deterioration of the 

vestibular system caused by age related changes in older adults and the small sample size. No 

previous studies have conducted dynamic balance tests on people with positional nystagmus.   
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5.3. Strengths and limitations  

There is a risk of selection bias, as all the participants came from the same nursing home. They 

decided whether they wanted to participate in the study and whether they only participated 

in the BPPV tests or also in the balance tests. This could have led to non-participation bias and 

healthy user bias. Only the results of participants who participated in both the BPPV tests and 

the balance tests were included in this study. It follows that the findings of this study may not 

be generalizable to all older adults living in nursing homes. The risk of examiner bias was 

negated by having the same examiners perform the BPPV and balance tests. Confounding bias 

was avoided as best as possible by considering all possible influencing factors (baseline 

characteristics). A statistical analysis showed that there was no difference between the three 

groups considering the baseline characteristics. The balance tests that were conducted had 

good psychometric properties (Berg, 1989; Chan & Pin, 2019; Langley & Mackintosh, 2007; 

Peters et al., 2013; Rydwik et al., 2011; Tager et al., 1998).  

The sample size of this study was small. This is due to the fact that this study is part of an 

ongoing research project. Furthermore, there was a big difference in sample size between the 

three groups that were tested. This may have affected the precision of the statistical analysis 

to detect group differences. It is possible that if the groups had been larger, more significant 

differences had been found. All the different parameters that the APDM sensors were able to 

measure during the balance tests were included in this study. Due to technical problems with 

the sensors, some participants had no reliable measurements during the 360° test. This made 

the sample size even smaller.  

A statistical analysis was only conducted if the assumptions of normality and homoscedasticity 

were met. This had as a consequence that the statistical analysis of two parameters in the m-

CTSIB test condition eyes open on a firm surface could not be carried out. 

5.4 Recommendations for future studies 

While all the balance tests used in this study had good psychometric properties, it is 

recommended that future studies first research the existing literature to determine which 

tests are the best for measuring balance in people with vestibular disorders. The researchers 

also recommend future studies to use bigger sample sizes. 
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Statistical decision tree numeric data  
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Statistical decision tree categorical data

    Followed path for all categorical data  

 



Appendix D  
Permission to defend the master thesis   
 
  



   
  



  



  



  
 
  



  
  



  



Appendix E  
Inventory form  
  
  



 
 

 

 



Appendix F  
Declaration of honor   
 
  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  



 


