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Objective: It is well known that abnormal automatic postural responses impair balance control in patients with multiple sclerosis (PwMS) and these responses 
can be ameliorated with training. However, the difference between patients with MS and the healthy population on the adaptation capacity of postural responses to 
perturbations remains unclear. The aim of the present study was to evaluate the adaptation capability to postural perturbations in PwMS and to reveal differences 
between healthy controls. 
Materials and Methods: Sixty-nine ambulatory PwMS with Expanded Disability Status Scale (EDSS) scores below or equal to 5.5, and 61 healthy subjects were 
recruited for the study. Adaptation Test with NeuroCom Smart Balance Master System, Berg Balance Scale (BBS), and EDSS were administered. The adaptation 
test was performed in the toes-up and toes-down directions; five consecutive perturbations were given for each direction. The sway energy score was calculated for 
postural sway that were released during these perturbations.
Results: According to the adaptation test results, healthy volunteers’ sway energy scores were significantly lower than those of PwMS in five consecutive perturbations 
(toes-up p<0.001, toes-down p<0.001). Healthy volunteers and PwMS were adapted in trial 3 for both directions and sway energy score changes in time were found 
similar between the groups. The toes-up adaptation rate in PwMS (17%) was statistically lower than in healthy group (31%) (p=0.026), and the toes-down adaptation 
rate was similar (p=0.175). The BBS and EDSS had significant correlations with average toes-up sway energy scores (r=-0.402, r=0.392, respectively).
Conclusion: Ambulatory PwMS have preserved adaptation to automatic postural responses, with higher sway energy scores. A low adaptation rate in the toes-up 
direction should be taking into account when planning the motor strategy training. 
Keywords: Multiple sclerosis, automatic postural responses, adaptation, fall risk

Amaç: Anormal otomatik postural yanıtların multipl sklerozlu (MS) bireylerde denge kontrolünü bozduğu ve bu anormal yanıtların eğitim ile iyileştirilebileceği 
iyi bilinmektedir. MS’li bireylerde, otomatik postural yanıtların pertürbasyonlara adapte olma durumunun, sağlıklı bireylerden farkı net değildir. Bu çalışmanın 
amacı, MS hastalarının postural pertürbasyonlara adaptasyon yeteneğini değerlendirmek ve sağlıklı kontroller arasındaki farkları ortaya koymaktır.
Gereç ve Yöntem: Genişletilmiş Engellilik Durum Ölçeği (EDSS) puanı 5.5 ve altında olan 69 MS hastası ve 61 sağlıklı birey çalışmaya dahil edilmiştir. 
NeuroCom Smart Balace Master sistem ile adaptasyon testi, Berg Denge Ölçeği (BBS) ve EDSS uygulanmıştır. Adaptasyon testi ile toes up (geriye) ve toes-down 
(öne) yönlerinde, her bir yön için 5 deneme olacak sekilde ardı sıra pertürbasyonlar verilmiştir. Bu pertürbasyonlar sırasında açığa cıkan postural salınımlar için 
salınım enerji puanı hesaplanmıştır. 
Bulgular: Adaptasyon testi sonuçlarına gore, 5 ardışık pertürbasyonda, sağlıklı bireylerin salınım enerji puanları MS’li bireylerden anlamlı derecede düşüktür 
(toes-up p=0,0001, toes-down p<0,001). Sağlıklı bireyler ve MS hastaları her iki yönde de 3. denemede adapte olmuşlardır ve salınım enerji puanlarının zaman 
içerisindeki değişimi gruplarda benzerdir. Toes-up adaptasyon oranı MS’li bireylerde (%17) sağlıklı bireylerden (%31) istatistiksel olarak düşük bulunmuştur 
(p=0,026); BBS ve EDSS yalnızca toes-up salınım enerji puanı ile anlamlı korelasyon göstermiştir (r=-0,402, r: sırasıyla 0,392).
Sonuç: Ambulatuvar MS hastalarında postüral cevapların adaptasyon yeteneği korunmuştur ancak daha yüksek salınım enerji puanları vardır. Motor stratejisi 
eğitimini planlarken, toes-up yönündeki adaptasyon oranının sağlıklılardan daha düşük olduğu dikkate alınmalıdır.
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Introduction
Multiple sclerosis (MS) is a chronic, inflammatory, and 

autoimmune disease of the central nervous system (CNS). 
Demyelinated plaques in the CNS, which disseminate spatially and 
temporally, cause neurologic signs and symptoms (1,2). Postural 
control problems are some of the most debilitating symptoms, 
which have various mechanisms due to the involvement of many 
parts of CNS in patients with MS (PwMS) (2). The main postural 
control problems are reported as: difficulty in maintaining 
positional stability, limited and slowed movement toward limits 
of stability, poorer trunk control, and delayed automatic postural 
responses to external perturbations (3).

Automatic postural responses are defined as the primary 
component of postural control to recover upright body balance 
following a sudden perturbation such as a slip or trip. They can 
be mechanically elicited by perturbing the base of support under 
the body’s centre of mass with a moving force plate (4,5,6,7). A 
normal response involves activation of particular muscle groups 
with an appropriate response amplitude and onset latencies (8). 
The reduction of magnitude of reactions with the repetition of 
perturbation is called adaptation and it is critical for postural 
control (9,10,11). 

Previous studies have indicated that PwMS have difficulties 
mostly in perturbed balance tests and perturbed tests have proven 
to be more sensitive at revealing postural control problems 
(12,13,14,15). Delayed onset in postural responses has also been 
reported in perturbed tests, and these delayed responses were 
explained by prolongation of somatosensory evoked potential 
latencies (14,16,17,18,19). Pratt et al. (20) reported that delayed 
postural responses latencies were compensated by increasing the 
magnitude of responses and using more compensatory control. 
Many studies also demonstrated that PwMS had reduced 
magnitude/delayed onset of anticipatory postural adjustments, 
and increased compensatory COP displacements compared with 
healthy subjects (21,22). 

The phenomenon of adaptation was studied in detail in 
healthy subjects and in patients with Parkinson’s disease 
(23,24,25,26,27,28). Despite the large body of studies on postural 
control, balance, centre of pressure changes using a force plate, very 
few reports are available on the adaptation to postural responses in 
PwMS. A small sample size study reported that PwMS had similar 
postural adaptation to age-matched healthy control participants 
(29). In the present study, we sought to evaluate the adaptation 
capability of postural perturbations in PwMS.

Materials and Methods
This cross-sectional study was conducted in Hacettepe 

University, Physical Therapy and Rehabilitation Department, 
Dizziness and Balance Disorders Research and Application Center, 
Turkey. The local ethics committee of Hacettepe University Non-
Interventional Ethics Committee approved the study (approval no: 
GO 17/637-32). All patients and healthy volunteers gave written 
informed consent according to the Declaration of Helsinki.

Participants 
Seventy-three PwMS were included in the study with the 

following eligibility criteria: MS diagnosed by a neurologist 

and aged between 18-59 years; able to walk at least 100 meters 
without aid or rest; having an Expanded Disability Status Scale 
(EDSS) score below or equal to 5.5. The exclusion criteria of 
the study were having accompanying neurologic, orthopaedic, 
systemic disease; having a peripheral vestibular balance disorder; 
have previously performed adaptation test; and being in an acute 
exacerbation period. 

Sixty-one healthy volunteers were recruited with the 
following criteria: no current or past medical diagnosis or injuries 
affecting balance; no medications affecting the CNS or known to 
affect balance/coordination; no symptoms of dizziness or light-
headedness; no symptoms suggestive of vestibular or neurologic 
disorders; no history of two or more unexplained falls within the 
past 6 months. 

Assessments
The patients’ demographic data [age, sex, body mass index 

(BMI)], course of disease (MS type, MS duration, time elapsed 
between the acute exacerbation and assessments) were recorded. 

EDSS: The EDSS is a quantitative rating scale of disability 
in PwMS. Eight functional systems are assessed and disability is 
graded between 0-10 according to these functional system scores. 
Higher scores indicate higher disability levels (30). Patients’ 
EDSS assessments were performed by a licensed and experienced 
physiotherapist (Y.S.). 

Adaptation test: This test is part of computerized dynamic 
posturography (CDP-Neuro-Com International, Inc., Clackamas, 
108 OR, USA), which assesses the patients’ automatic postural 
responses and ability to minimize the centre of gravity (COG) 
sway during the recovery period following a support surface 
rotation. The support surface rotates with toes-up (5 trials) and 
toes-down (5 trials) directions, successively, and always in the same 
order. The test does not get progressively more difficult (i.e. it is 
the same perturbation every trial). After the first 5 trials, instruct 
the participant that the platform will now move in the opposite 
direction, rotating downward. 

The sway energy score, which is a quantitative measure of 
magnitude of COG sway, was obtained for each of the five rotations 
and each direction. The sway energy score is a weighted sum of 
the root mean square COG sway velocity and sway acceleration 
measure over 2-5 second interval immediately following rotation. 
Lower scores reflect good performances (31). The percentage of the 
sway energy scores’ decline (adaptation rate) trial was calculated 
when comparing the average of the first and last trials. 

Berg Balance Scale (BBS): This scale assesses dynamic and 
static balance with 14 performance-based items. Lower scores 
indicate poor balance. It is widely used in clinical practice for 
measuring fall risk and is also a reliable and a valid test in PwMS 
(32,33,34).

Statistical Analysis
Statistical analyses were performed using the IBM SPSS 

Statistics software (version 23; IBM, Armonk; NY, USA). 
Continuous variables are expressed as mean±standard deviation 
(SD) or as medians (minimum-maximum); categorical variables 
are expressed as frequencies and percentages. Student’s t-test was 
used to compare age, BMI means, and adaptation rates. The paired 
t-test was used to compare toes-up and toes-down rotation sway 
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energy scores. Two-way repeated measures analysis of variance 
(ANOVA) was used to compare adaptation test results. ANOVA 
was performed with between-factor groups (MS group vs. healthy 
control group), within-factor trials (5 trial), and Huynh-Feld 
adjustment was used when sphericity was violated. A Bonferroni 
multiple comparisons post hoc test was performed to determine the 
significantly different pairwise. Pearson’s correlation coefficient 
test was used to find the relationship between the clinical scales 
and postural responses. P<0.05 was accepted as statistically 
significant. 

Results
Seventy-three PwMS met the inclusion criteria. Four were 

excluded from the analyses because they had fall scores in all the 
trials. In total, 69 PwMS and 61 healthy volunteers were recruited, 
and their results were analysed. There were no statistically 
significant differences between the groups in terms of age, BMI or 
sex (p>0.05) (Table 1). 

Toes-up
Five sway energy scores obtained from five consecutive toes-up 

rotations of base of support were compared between the groups. 
The two-way ANOVA demonstrated a statistically significant 
difference between the trials (effect size, eta squared: 0.239, 

p<0.001) and for the groups (observed power: 93%, effect size, 
eta squared: 0.086 p=0.001), but no statistically significant 
difference was found for group x time interaction (effect size, eta 
squared: 0.007, p=0.389). This means that PwMS and the healthy 
volunteers’ responses were similar to the consecutive toes-up 
perturbations. However, healthy volunteers had lower sway energy 
scores than PwMS (Table 2). 

Multiple comparisons with Bonferroni demonstrated that 
PwMS had similar sway energy scores in trials 3, 4, and 5. That 
means PwMS habituated in trial 3. Likewise, healthy volunteers’ 
sway energy scores in trials 3, 4, and 5 were similar, and they also 
habituated in trial 3 (Figure 1).

Toes-down
A significant decrease in toes-down sway energy scores were 

found (effect size: 0.218, p<0.001) in both groups. Healthy 
volunteers’ sway energy scores were significantly lower than 
PwMS (observed power 99%, effect size, eta squared: 0.178 
p<0.001). Sway energy score changes in time were found similar 
between the groups (effect size, eta squared: 0.016, p=0.114) 
(Table 2). According to pairwise comparisons of the groups, these 
differences were seen in all trials. Pairwise comparisons within 
groups demonstrated that both groups habituated in trial 3 
(Figure 2). 

Table 1. Demographic characteristics of the patients with multiple sclerosis and healthy subjects

MS group n=69
(mean±SD)

Control group n=61
(mean±SD)

p value 

Age (year) 35.79±9.31 33.77±10.25 0.240 

Sex F/M (n) 43/26 32/29 0.256

BMI (kg/m2) 22.85±3.65 23.95±3.62 0.086

Disease duration (year) 7.29±5.95 - -

MS type RRMS/SPMS/PPMS 61/5/3 - -

EDSS, median (interquartile range) 

EDSS 2
EDSS 2.5
EDSS 3
EDSS 3.5
EDDS 4
EDSS 4.5
EDSS 5.5

3.5 (3-4)
n (%)
1 (1.4)
3 (4.3)
23 (33.3)
27 (39.1)
13 (18.8)
1 (1.4)
1 (1.4)

- -

MS: Multiple sclerosis, SD: Standard deviation, BMI: Body mass index, RRMS: Relapsing remitting MS, SPMS: Secondary progressive MS, PPMS: Primary progressive MS, 
EDSS: Expanded Disability Status Scale, F: Female, M: Male

Table 2. Comparison of sways energy scores of adaptation test between groups and sway energy score changes in time 

Sway Energy Scores p value

Direction Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Time Group Time x 
group

Toes-up MS group 105.78±46.56 88.34±35.11 80.34±26.57 81.08±30.12 76.94±33.47 <0.001 0.001 0.389

Control group 98.42±36.83 75.09±20.89 68.09±21.73 62.42±16.76 62.29±17.45

Toes-down MS group 82.42±42.43 64.59±24.06 60.01±25.95 57.39±27.13 56.21±1794 <0.001 <0.001 0.114

Control group 58.21±13.99 48.50±16.87 44.31±16.17 43.73±18.92 41.29±1137
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Adaptation Rate 

The adaptation rate (the percentage of decline) in toes-down 
was 23.45±24.65% in PwMS, and 28.16±13.62% in healthy 
subjects. The toes-down adaptation rate was similar between the 
groups (p=0.175). The toes-up adaptation rate was 31.13±22.21% 
in healthy subjects, 17.39±44.73 in PwMS, which was statistically 
different (p=0.026) (Table 3). 

EDSS and BBS 
According to the Pearson correlation analyses, the average 

sway energy score of toes-up (means of 5 trials) was found to be 
moderately correlated with BBS (r=-0.402, p=0.001). A similar 
correlation was found between EDSS and toes-up average sway 
energy score (r=0.392, p=0.001), but the average toes-down sway 
energy scores were not significantly correlated (r=0.084, p=0.495).

Discussion
The present cross-sectional study has potentially useful findings 

and these can be stated as follows; PwMS have higher sway energy 
scores than healthy subjects who indicate poor postural control. 
Sway energy scores’ changes in time were similar between the 
groups and both groups adapted in trial 3 with in toes-down and 
toes-up directions. Moreover, PwMS habituate to toes-up direction 
with more difficulty compared with healthy controls (17% vs. 
31%). BBS and EDSS are significantly correlated with toes-up 
total sway energy scores. 

The impairment in postural control does not mean the same as 
impairment in adaptation capability. Adaptation capability may 
be preserved despite the poor postural control. Studies suggest 
that the cerebellar-cortical loop is mainly responsible for adapting 
postural responses based on prior experience and the basal ganglia 
is responsible for pre-selecting and optimizing postural responses 
based on the current context (5). Intact adaptation capabilities 
were reported previously in reaching activity in mildly affected 
PwMS; the authors postulated that adaptation capability might 
have affected patients with severe disability (35,36). Although 
studies reported that PwMS have the capacity to improve the use 
of a feed-forward postural strategy with training, their response to 
successive perturbations in a single test session has not yet been 
studied (29,37). In the current study, we found similar adaptation 
patterns of postural responses with healthy population. Moreover, 
they habituate toes-up direction with more difficulty, which has 
not been reported previously. 

Fjeldstad et al. (13) found a significant correlation between 
the BBS and average toes-up and toes-down sway energy scores. 
We found a significant correlation only in toes-up average sway 
energy scores with the BBS and EDSS. Additionally, patients 
habituate toes-up direction with more difficulty. This may mean 
that the toes-up test is more sensitive in revealing postural control 
impairments in PwMS. In Fjeldstad et al’s (13) study, all patients’ 
EDSS scores were below 3; we think that postural responses 
to perturbations might change with disease severity. Albeit 
indirectly, this directional difference was found in Peterson et al.’s 
(19) study. They found a significant correlation between backward 
stepping and disease severity. Although we assessed feet in-place 
automatic postural responses, which have a different nature from 
compensatory stepping reactions, we found a correlation with 
disease severity and toes-up average sway energy scores. This may 
be the result of backward and toes up perturbations relying more 
on startle reflex pathways in upper brain stem regions where MS 
lesions are seen more (28,38). 

Study Limitations
This study has some limitations. Electromyography assessments 

would strengthen our results. Performing age and a sex-matched 

Figure 1. Toes up sway energy scores 

MS: Multiple sclerosis

Figure 2. Toes down sway energy scores 

MS: Multiple sclerosis
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healthy group comparisons would be more reliable. We had to 
exclude patients who fell in all trials because there were no usable 
data. However, the patients should be divided as fallers and non-
fallers according to their fall history in daily living. Nevertheless, 
our study has potential strengths. The patients’ disability levels 
were close to each other, and 90% of the patients’ EDSS scores 
were between 3 and 4. 

Conclusion 
From a clinical point of view, adaptation capability is an 

important advantage for rehabilitation. This means that patients 
are able to adjust their balance against changing environmental 
demands and this offers physiotherapists a great functional 
potential to enhance poor postural control. Clinically, low 
adaptation rate in the toes-up direction should be taken into 
account when planning motor strategy training. Stabilizing 
reversal or rhythmic stabilization techniques of Proprioceptive 
Neuromuscular Facilitation approaches should be applied for 
motor strategy training and especially posterior perturbations 
should be preferred. Additionally, muscles on the posterior side of 
the body are activated in order to regain balance following toes-
up perturbations. Therefore, strengthening hamstrings, and the 
paraspinal and gastrocnemius muscles should increase stability in 
toes-up perturbations. 
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