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“The motor system is only as good as the sensory system”

Karl and Berta Bobath



ABSTRACT

Multiple Sclerosis (MS) is a progressive degenerative condition of the central nervous
system which affects both motor and sensory components. Common symptoms include
muscle weakness, balance and mobility problems, fatigue, and sensory problems. There is
a strong body of evidence that exercise intervention can be beneficial for people with MS
(PwMS). However there is very little evidence in the MS literature about treatments that
may target the sensory system.

Whole Body Vibration (WBYV) is a technology that has potential to influence the
motor and sensory systems due to its mechanism. Vibration stimulus is delivered through
the mechanoreceptors of the feet and stimulates muscle spindle activity what enhances
muscle contraction. WBYV intervention has been suggested to have a beneficial effect on
muscle strength, balance, flexibility and bone mineral density in healthy populations.

Initially, a systematic review of the literature was undertaken to examine the effects
of WBV intervention in neurological populations. The findings of this review suggested
insufficient evidence of the effects of WBYV intervention when compared to no intervention
or to other treatments. It has also highlighted a number of limitations in the reviewed
studies, such as lack of using “gold standard” tools, high variability of study protocols or
lack of blind assessors. One of the main concerns in the systematic review was that only
one study had looked at changes in sensation after WBV intervention.

In order to assess changes in the sensory system post exercise intervention, reliable
measurement tools are essential. However, only one study investigated reliability of
sensory tools in PwWMS. Therefore, test-retest and inter-rater reliability studies of four
sensory measures in PwWMS were carried out. The findings from these studies indicated that
the ICC values for the Neurothesiometer (NT) and Verbal Analogue Scale (VAS) for
sensation were high and these two scales should be considered for measuring changes in
sensation in ambulatory PwMS.

Sensory information plays an important role in motor control and in providing
feedback required to perform motor tasks, such as walking or to control balance. The next
study investigated the relationship between foot vibration threshold and walking and
balance in PWMS. Findings revealed that foot vibration threshold measured with NT has
good to moderate relationship with the Berg balance scale, the 6 minute walking test and
the Timed Up and Go test. This study has also provided the preliminary evidence that
vibration threshold can distinguish between those PwMS with and without walking
limitations.

Taking into account the findings from literature review, the RCT used a “gold
standard” tool to measure strength, a reliable tool to measure changes in vibration
threshold and a novel, more comprehensive tool to measure changes in balance. It
investigated the feasibility and effectiveness of 12 weeks of WBV intervention on muscle
strength, sensation and other clinical measures in PwMS. Findings suggest that WBV
intervention is feasible and well tolerated by PwWMS. Significant between group differences
were only found for vibration threshold, unexpectedly in favour of the exercise group only.
Although WBYV and exercise interventions improved certain variables, no significant
between group differences for muscle strength, gait and balance were found. This
suggested that WBYV intervention was not more effective than standard exercise but it may
be as effective as the exercises.

This thesis added to the literature the preliminary evidence of clinical sensory
assessments in individual with MS and suggested that WBV may work to the same degree
as the exercises in PWMS.



DECLARATION

I declare that this doctoral thesis is entirely my own work and that it has not
been submitted at this or any other University or higher education

institution for any academic award.

Signature:

Marcin Kacper Uszynski



ACKNOWLEDGEMNETS

Firstly, I wish to express my sincere gratitude to my principal supervisor Dr
Susan Coote for your constant support, advice and encouragement in all
aspect of this project. Thank you for your time and constructive feedback
throughout all those years.

Thank you to Professor Alan Donnelly for input and advice at the key
moments regarding many aspects of this thesis. Your research expertise has
been very helpful in highlighting many aspects of this project.

To the Irish Research Council for the awarding of my postgraduate
scholarship, without which this project could never have been undertaken.

To the staff of the Clinical Therapies Department at the University of
Limerick for advice and assistance during this process. A very special
thank you to Dr Maria Garrett for all your help during my first year on
campus.

To Dr Jean Saunders and Dr Helen Purtill, for your input into statistical
analysis of the data.

To all my fellow post-grad students in Clinical Therapies, for all the
brainstorming meetings and your input in writing up my papers.

To all the colleagues at the Multiple Sclerosis Society of Ireland Western
Regional Office in Galway for facilitating all my research projects.

To all the patients who participated in different research projects. Without
you this thesis would not have been possible.

To Ms Edel Madden at the Galway Clinic Physiotherapy Department for
your advice regarding the Isokinetic muscle testing and for incorporating
my research project within your busy department schedule.

A special thanks to my parents, Irena and Janusz, for believing in me and
supporting me over the duration of this process. Thank you for loving me
and giving me strength to reach for the stars and chase my dreams.

vi



Finally above all else, I would like to say a special thank you to my
beautiful wife Joanna. I appreciate everything what you have done for me.
You were patient and supportive when [ was spending nights studying. You
believed in me, inspired me and took over all house chores to allow me
fulfilling my academic dream. You gave me the most precious gift, our son
Jan and I do not think I will ever be able to thank you enough for that. You
are all my love.

vii



Table of Contents

ABSTRACT .....uuueeueeinrccsnnneene iv
DECLARATION..uuiiiiiitinitiininnicnsnnecssnscssssecssssesssssssssssscsssssssssssssssssssssssssssasssssasssssssssses \%
ACKNOWLEDGEMNETS vi
LIST OF TABLES .....uuiitiictiinntninneecnsnnicsseecssseecssssesssssessssssssssessssssssssssssssssssss xiii
LIST OF FIGURES ....uuuuiiiiniiiiniinnnnensnnicnsneecsssnscssssscssssssssssssssssssssssssssssssssssssssssssss XV
CHAPTERS
CHAPTER 1 INTRODUCTION 1
1.1 THESIS OUTLINE .....ooutiiiiiiiiiieee ettt sttt sttt 2
1.2 THESIS AIM AND OBJECTIVES. ... .ottt 3
1.3 INTRODUCTION TO THE TOPIC .....ccoiiiiiiiiiiiieicietereseeeete et 4
1.3.1 Multiple Sclerosis basics: pathophysiology, epidemiology, diagnosis of MS, course
Of MS, SigN and SYMPLOIMIS .....cveerurirerierieiieiiestteseesreereereesteesttessaessseesseesseesssesssesssessseessenns 4
1.3.2 Sensory problems in people with Multiple Sclerosis .........cceceeieeiierieniiniiiieeeeiee 5
1.3.3 Role of the sensory system in MOtOr CONLIOL ........c.ccovevierierienrieieeieree e ere e eeeens 6
1.3.4 SenSOry OULCOME MIECASULES....cccureerureerutieeiteeriteeniteeeteeesuteesteesbaeesabeesbeeesseeesseesnsaeenas 7
1.3.5 Evidence of benefits of adding sensory input/component t0 €Xercise........cceevrevveernenns 8
1.3.6 Evidence for exercise and the use of technology to enhance treatment in PWMS........ 9
1.3.7 Potential mechanisms of Whole-body vibration.............cccceeevvevieniiencienciiereeeeeeeen, 10
1.3.8 Rationale for the thesis: gaps in the literature, potential treatment strategies ............ 11

CHAPTER 2 THE EFFECTS OF WHOLE BODY VIBRATION (WBYV)
INTERVENTION ON BODY FUNCTIONS, ACTIVITY LIMITATIONS AND
PARTICIPATION RESTRICTIONS IN PEOPLE WITH NEUROLOGICAL

CONDITIONS — A SYSTEMATIC REVIEW.......iinniicnsnnicsssnsssssssssssssssassssnes 15
2.1 INTRODUCTION .....oiiiiieieieietieet ettt sttt ettt sttt e s eseeseesessessensensenseneeneenens 16
B B B o) =T o USRS 18
22 METHODS ...ttt ettt ettt ettt st e b et et en e eseese e st esessensesenseneeneeneenees 18
R T (o] 1 1 2111y USSR 18
2.2.3 Methodological quality: PEDIO.......c..ccivviiiiiiiriiicieeieeteeeeeeee e 19
23 RESULTS ..ottt ettt ettt ettt ettt et et e et e et e b et et e s e eseeseeseesessensesenseneeneeneeneees 20
2.3.1 ATHICIE SCLECTION ...ttt sttt bbb st st 20



2.3.2 PaTtICIPANES....cccctiiiiiieeiieeciieeeiteesteeeetteesiteesteeestbeessbee e sseessseeessaeessseeessseesssesessesssseeanes 32

2.3.3 Methodological quality of included StUdIes ..........cccvervieerieriierierieeieeie e 32
2.3.4 WBYV Intervention ParameEters ..........cueeeveeerreeerreeroreeesiseesiseeessseesssesessseesssesessesssseeaes 34
2.3.5 StUAY AESIN...eciieiieciieeieeieeteeeerte ettt et teesteestteste e beesseeseessaessseenseesseenseesreessneans 37
2.3.6 OULCOIME MEASUIES .....eeneeenieeneeeteerteentteauteeteesteesseasstesaseanseanseesseesseesnseeseenseesseesseesnseans 37
2.3.6.1 Impairment of body functions — Strength ...........ccccoeevveeiieriiniencineeeesee e 39

2.3.6.2 Activity Limitations - Balance...........cccoeveeiiiiiiiiiiiieieceeee et 39
2.3.6.3 Activity limitations = GaIt ........cccceerieriiiiiieiiesie ettt 40

2.4 DISCUSSION ...ttt ettt ettt ettt et sat e e e bt et e bt eseetesbeetesbeemeenseeneenee 41
2.4, 1 LIMIEATIONS 1. uteentteteeetieeiie et ettt et te sttt et ete e teesbeessteeateembeenbeebeesbtesstesateenteebeesaeesnneans 45

2.5 CONCLUSION ...ttt ettt ettt ettt et et sb et e e bt et e bt e meete s bt et e sbeemeenbeeneenee 46

CHAPTER 3 TEST-RETEST AND INTER-RATER RELIABILITY OF FOUR
SENSORY MEASURES IN PEOPLE WITH MULTIPLE SCLEROSIS.............. 48

CHAPTER 3A TEST-RETEST RELIABILITY OF FOUR SENSORY

MEASURES IN PEOPLE WITH MULTIPLE SCLEROSIS......cccccvevieneeicssanncnns 49
3A. 1 INTRODUCTION .....eiiiiiieietteee ettt ettt ettt et s s et esteemeeseeneenes 50
BA2METHODS ...ttt ettt ettt et e e te et et e e se e besseessessesssensesseenseseessensenseennas 51
BA 2.1 MEASULES ...ttt ettt ettt sttt ettt et e bt e sbe e s it e et e e be e bt e sbeesatesabeeabeebeenne 52
BA2.2 PTOCEAUIE ...ttt ettt et e e s v e etae e taeeenteeesabeeenbeeesaseeenseeennas 54
3A.2.3 StatiStical ANALYSIS ...cccveivveiiieeriieriierieeteete et et et eseesre e b e esreesreesreestaessbeesbeesbeesseenens 55
BAZRESULTS .ottt ettt ettt te et e b e e e e s e s seessesseessenseeseenseseesaensesseeneas 56
A4 DISCUSSION ..ottt ettt ettt ettt e e s te et e s e e seessesseassassesssensesseensenseessensesseensas 63
3A.4.1 Study HMILALIONS ....eevveieeiiiieiiieieeeeeste et ere et e e seeser e e b e ereesreesteeseaesssessseesseesseesens 66
3A.5 CONCLUSIONS ...ttt ettt ettt et e s te et esbe e e essesseessessesssensesseessenseessensesseensas 66

CHAPTER 3B INTER-RATER RELIABILITY OF FOUR SENSORY

MEASURES IN PEOPLE WITH MULTIPLE SCLEROSIS......ccvcceveniercercssanscnns 69
3B.1 INTRODUCGTION ....c.ciiiitieiiteee ettt ettt sttt et e st eneeeesse et esseeneeseeneenes 70
3B.2 METHODS. ...ttt ettt ettt et e bt e neeseene et e eseeneenseeneenes 71
3B.2.1 PartiCIPANTS .....eccuieiierieeeieeie ettt este st e eie et et et e steeseaesasesnseenseeseessnesssesnseenseenseensns 71
3B.2.2 IMEASUIES. ....euteeuiiettentte et et et et e et e st e et et et e bt e sbeesbeesateeate e bt e bt esbeesateeabeeabeebeeas 72
3BL2.3 PIOCEAUIE. ....cueeiieniieieeieeteet ettt ettt ettt et be et a e sbe et sbe et e sbeeaeens 75
3B.2.4 Statistical aNalYSIS .....c.ccvviiviiiiiieriiiiiecie ettt ettt srr e srae b ebeesbeebaeees 75
3BL3 RESULTS . .ttt sttt ettt et s bt et e b sbt et e sb et e bt ebe et e sbeenees 76



3B.4 DISCUSSION ..ottt ettt ettt ettt seeteetessessessesseseeseeseeseesessensensensensenseseass 83
3B.4.1 Study HMItAtIONS ....ccveeveeerieeieeiierieesiesie ettt eie e e e saeseaeebeesteesseesseesssessseesseensaessnes 86
3B.5 CONCLUSIONS ..ottt ettt ettt ettt ettt s b e bt e e e e eseeseesessensensesensenseseens 87

CHAPTER 4 RELATIONSHIP BETWEEN FOOT VIBRATION THRESHOLD
AND WALKING AND BALANCE FUNCTIONS IN PEOPLE WITH

MULTIPLE SCLEROSIS 89

4.1 INTRODUCTION ..ottt ettt ettt b st 90

A2 METHODS ..ottt ettt s 91

4.2.1 RECTUILITIENIE ...ttt ettt ettt ettt sttt e st eb et et et e b e eae et e sbeentesteeneeaens 91

4.2.2 Experimental design and oUtCOME MEASUIES ........c..eeveerueerieeriieriieeieeieerieesieeseeseeeae 92

4.2.2.1 SENSOTY TESES ..veeruriieiieeeiieeitieesiee ettt esteesteeeseeessseesseeessseesseesssseesnsessnsseessseenssees 92

4.2.2.2 Functional Capacity tESTS.....cevuiruieriierieeniieeieeie et et et ettt et e saeesaee s 93

4.2.3 StatiStiCal ANAlYSIS......ccvierierieiiiiieere et este e ere e e ere e e sa et e b e erb e e taestaessaeenneenns 93

A3 RESULTS ..ottt ettt ettt b e bbbt sttt ettt eae b e 94

4.3.1 Basic participants’ CharacCteriStiCS.......uuvuuerierierrerreeriesreesieesresreeseeseesseesseessnesneenns 94

4.3.2 Relationship between vibration threshold and functional tests ...........ccccceeveeriennenne. 95
4.3.3 Differences in foot vibration threshold between PwMS with gait not affected (MS-

GNA) and gait affected (MS-GA). .....oorieiierieiieeeeree ettt e e eeas 96

4.3.4 ROC ANALYSIS 1.euvevvenieiieiieiieieriesteste ettt ettt ettt sttt ettt ettt et sttt ettt ese e 97

4.4 DISCUSSION ..ottt ettt ettt ettt sttt ettt sa et 98

44,1 LIMITATIONS . .teeutietieeeieeiteeie et ettesttestteeteeteebe e beesseesstesaseenbeenbeebeenstasstesaeesnsesnseeseans 100

4.5 CONCLUSIONS ...ttt sttt ettt ettt eaeeaes 102

CHAPTER 5 EFFECTS OF 12 WEEKS OF WHOLE BODY VIBRATION
INTERVENTION ON MUSCLE STRENGTH, SENSATION AND OTHER
CLINICAL VARIABLES IN PEOPLE WITH MULTIPLE SCLEROSIS - A

RANDOMIZED CONTROLLED FEASIBILITY STUDY .. 103
S.TINTRODUCTION .....ootiiieieeteiece ettt ettt ettt teestessesssesesseessasesssensessesssensesssensenns 104
ST ATITIS ettt ettt ettt ettt et e e et e et e e et et et e en e et e ene et e bt ene e st eneeneeeteeneenens 105
S2METHODS ...ttt ettt ettt te et e b e s aaessesseessassessaensesseessensenseensenns 106
5.2.1 DIBSIZN..c.utiiiiiiiiciiecieeie et ettt e et e et e te e st e et esebe e beeba e ta e tbeerbeerbeeabeebeesraeseaeeereeens 106
5.2.2 PATtICIPANES ....vveeieeeiieiieeieesieesite et eteesteesteesseeseteseseenseenseeseesssesssesnsesnseensasssnesnsennsennns 106
5.2.3 RANAOMISALION ....eutitieiieiieiieiete ettt et e st e et e e te e eseetesseeneesesseeneesseeneensens 107
5.2.4 INEEIVENILION. .....itiiiiiiieiiete sttt ettt ettt b e et e b sbe et et est et e sbeeaesbeeatenbens 107
5.2.5 OULCOME MEASUTIES...c..veeteeteeruteriteateeteenteesttesstesuteeteebeesbeesbeesatesaeesnteenbeesseesseesaeesane 109
5.2.5.1 Body function and structure level..........c..ccoceiiriiininiininiiieeeeeee 109

X



5.2.5.2 ACHIVILY 1VEL..cuiiiiiiiiiiiiccee e 110

5.2.5.3 Participation 1@Vel .........c.cccuveiieiiieiieriesie ettt ere e saee e snne e 111

5.2.6 Statistical ANalySIS .....coceeririiiiiieie ettt et 112

S RESULTS ettt e e et b et b et e bt e bt et e s bt e st e bt e st eneesneensesteeneans 113
5.3.1 RECTUILIMENL ......eiiiiiieieet ettt ettt ettt et et e bt esbt e sat e st e eateeteesbeesneesaeeens 113
5.3.2 ProtoCOl fRaSIDILItY ....eeveeiiiieieiiieie ettt ettt e ser e esbeeseessaesraesrnesnne e 115
5.3.3 BaSELINE data.....cccueeiiiiiiiieiie ettt et e 115
5.3.4 Primary OULCOME MEASULE......c..eerueereenteesteenuieeteeteeteenteesseesseesseesaseenseesseesseesseesnsenas 117
5.3.4.1 MUSCLE StIENGLN......eiiiiiiiiiecieeie ettt e e e sreesaaesrnesene e 117

5.3.5 Secondary OUCOME MEASUIES ........eerveerteeruienuierieeteeteenieeneeestteseeeseeeeeesseeseeesseesanenns 119
5.3.5.1 Foot Vibration threshold............cccooiiiiiiiiiiiieeeee e 119

5.3.5.2 Normally distributed data (6MWT, MFIS and MBT) .....cc.ccoociiiiiiiiiiiiens 121

5.3.5.3 Skewed distributed data (TUG, MSIS-29, VAS).....coveviiriieiiereeeeee e 123

5.4 DISCUSSION .....ooiiitieieeie ettt ettt e et e e s te st ebasseessesseessesesssensasseessensesssensesssansessessaens 125
R B 5301 15 T USSP 128

5.5 CONCLUSION ......oiitieeieeteetete ettt et este st et e ste st eseeseessesseessesesseensesseessensesssessesssensessessnens 128
CHAPTER 6 DISCUSSION ....uciiiiuiiiinrinsnrcssnicssssscsssssssssssssssssssssssssssssssssssssssssssssssss 131
6.1 CHAPTER OUTLINE ..ottt ettt ettt see e 132
6.2 SUMMARY OF THE FINDINGS .......oooiiieiiiieieieeteieetetete ettt ennens 132
6.2.1 WBYV [ItratUure TEVIEW ......cevuiiiiieieeiiesteeeiteeie ettt ettt et e sateseeeeteeteesteesbeesneesaneens 132
6.2.2 Test-retest and inter-rater reliability of four sensory measures............cocvevverevenennns 133
6.2.3 Relationship between vibration threshold and gait and balance...............ccccceeueenen. 133
6.2.4 Pilot feasibility RCT ......ccciciiiiiiiieiiieciee ettt str e ere e sreestaessaesene e 133

6.3 CLINICAL IMPLICATIONS ..ottt ettt ettt ettt ettt ebesseesesseesaessesssensesseennens 135
6.3.1 Whole Body Vibration intervention..........c.cccueecvieereerreeseeseeseessesseesseesseeseesnesneens 135
6.3.1.1 INtrOAUCHION.....ueieiieiieiiie ettt ettt ettt sttt eenteeteesbeesaeesneeens 135

6.3.1.2 Is WBYV more effective than other treatment? ............ccccoeeeiiereiieieneeeeeee 135

6.3.1.3 Is WBYV intervention feasible?...........cccoceevieiieiieiieiesieeeee ettt 136
6.3.1.4 Is WBYV intervention accessible? ...........cooieiiririirieieereeees e 136

6.3.1.5 Is supervision needed during WBV intervention? ..........ccccecevereeveneneenenneenn 136

6.3.1.6 What vibration parameter should be used? ..........ccccvevieviiniiiiciicrieeecee e, 137

6.3.2 The use of sensory measures in clinical practice ...........ccovvvereereieriireneenieneeseenienns 138
6.3.2.1 INEOAUCLION ...ttt ettt ettt ettt e aeeneeeeeneenes 138
6.3.2.2 Which sensory tool should be used to measure changes in the sensory system?139

6.4 RECOMMENDATIONS FOR FUTURE RESEARCH........cccocoviiininiiieeicceeeen 140
6.4.1 How can methodological quality be improved?..........cccccevveiviiiieiieeneeneesee e 140
6.4.2 What outcome measures should be used?.........ccccooeviiiininieniiiinneeecee 141

Xi



6.4.2.1 Can WBYV affect muscle strength in PWMS .........c.ccooiiiiiiiiiiiieee 141

6.4.2.2 Can WBYV affect gait in PWMS?......ccooiiiiiiicieeeeece et 142

6.4.2.3 Can WBYV Improve balance? ...........cceevviieciieniiecieeiieecee et 143

6.4.2.4 Can WBYV affect different body SyStems? ...........cccvevveriercrrncieeneenieeneeseesneenns 145

6.4.2.5 Should sensation be measured in future RCT?.......ccccooiiiiiniiiiiiiiiieneee 146

6.4.2.6 Are there reliable sensory measures in PWMS? ......coccovviviiiciiinienieneeeie e 146

6.4.3 What protocol should be used in next WBV trial? .........c.cccoiiviiiiiiiniiieeecee 148
6.4.3.1 Vibration PArameELers .......c..ceeueeerevieerrieerieeeseeesreessreeeseseeassesessreessesessesesssesssseees 148

6.4.3.2 FOLIOW UP @SSESSIMENL ....c.veerevieiireiieieeiiesieereereeseesseesseesesessseesseesseesseesseesssennns 149

6.4.3.3 Should “placebo” group be included in future WBV study?.........ccceeeeviennnnn 149

6.4.3.4 Is WBY protocol feasible? .........ccceviiviiriiniieiieeeeeree e 149

6.4.4 Recommendations for future ”best practice” RCT - Three-arm trial ....................... 151

6.5 CONCLUSIONS ...ttt ettt et e sttt e e e s bt e et e ese et e sbeeneeseeneeneenee 153
CHAPTER 7 PUBLICATIONS 155
7.1 Journal PUDLICALIONS ........oeoueiiiiitieitie ettt ettt ettt e st st eeaeeebeesbeesaeesneeenneeane 155
7.2 Published conference proCeedings.........ccevverierieriiiriieiieiiesieseeseesreereereesseesseessnessnesens 156
7.3 Other oral and poster conference presSentations............coec.vecveereereereenieeerieeseeseeseeseeseeenne 157
REFERENCES .....tiiintiiniinnnicnsnicnssisssssisssssisssssssssssssssssssssssssssssssssssssssssssssssssssssss 158

xii



LIST OF TABLES

Table 2.1 Characteristics and results of multiple sclerosis studies..........ccccueevveerieeecieeecreeennnen. 25
Table 2.2 Characteristics and results of stroke Studies..........ccceereerierirriieiieeeieeee e 29
Table 2.3 Characteristics and results of Parkinson’s disease studies. .........cccoeceeveneriencneeeene 30
Table 2.4 Characteristics and results of cerebral palsy study..........ccoeevereiiecierieniienienieeieeiens 31
Table 2.5 Methodological quality scores (PEDro scale). .......ccccovvevierienciieciieieniesiecieeieeiens 33
Table 2.6 Criteria list for evaluation of vibration exercises (Rehn et al. 2007). ..........ccoeeveenees 36
Table 2.7 Most commonly used outcomes and results within and between groups................... 38
Table 3A.8 Questions for VAS for sensation for the hand and the foot.............cccovevvvevieiennenns 53
Table 3A.9 Descriptive StUAY STATISTICS. ..evvirevieerierierieiiesreerteeseeseesresreesreeseesseesssessseeseesseens 56
Table 3A.10 Test-retest reliability results for the Neurothesiometer. ............cccevvverierienieenenns 58
Table 3A.11 Test-retest reliability results for the Verbal Analogue Scale for sensation. .......... 59

Table 3A.12 Test re-test reliability results for the Erasmus MC modifications to the Nottingham

Sensory Assessment (EMINSA)......oooiiiiiiii ettt 60
Table 3A.13 Test re-test reliability results for Semmes-Weinstein Monofilaments (SWM)...... 61
Table 3B.14 Questions for VAS for sensation for hand and foot. ............ccccoeeveeiiiiiiiiiccieenen. 73
Table 3B.15 Descriptive study StatiStiCS. ....cecvirrtierierieiieeie ettt ettt eeeeeens 77
Table 3B.16 Inter-rater reliability results for the Neurothesiometer. ............cccccoeceviinirieenenns 78
Table 3B.17 Inter-rater reliability results for Verbal Analogue Scale for sensation.................. 79

Table 3B.18 Inter-rater reliability results for the Erasmus Modification to the Nottingham

Sensory Assessment (EMINSA)......oooiiiiiiiie ettt 80
Table 3B.19 Inter-rater reliability results of Semmes-Weinstein Monofilaments (SWM). ....... 81
Table 4.20 Basic participants’ CharacteriStiCS ........uevvervveirieerieeriesiiesreereereeseeseeseaeseseesseesseens 95

Table 4.21 Spearman’s rank correlation coefficients (Rho) between vibration threshold and gait

0014 0121 T USSR 96
Table 5.22 Exercise protocol used in @ StUAY. .......cceevvieriiiieiiiiiecie e 108
Table 5.23 Differences between groups for the number of completed sessions, exertion and

EXETCISE trAININE LIMNIC. 1.uveeviereieiereeieesieesieesttesteereeteeseesseesseesssessseasseesseesseesseesssessseassessssesssessnes 115
Table 5.24 Descriptive StUAY SAtISTICS ...ccuveiiererieciieriiesierieireereereesreeseeseesreereesreesseesssesenes 117

Table 5.25 Pre and post treatment absolute values for primary outcome measure (muscle
strength) in the WeaKeSt L8Z........cccviiiiiiieiieieiece ettt snaeenneeeaens 118

Table 5.26 Pre and post treatment absolute values for a vibration threshold in the affected foot.

.................................................................................................................................................. 120
Table 5.27 Pre and post absolute values for normally distributed variables: 6MWT, MFIS and
MBT 011ttt 122



Table 5.28 Pre and post treatment absolute values for TUG, MSIS29total, MSIS29 physical
component, MSIS29 psychological component and VAS for hand and foot..........c..cccceeneee.

Xiv



LIST OF FIGURES

Figure 1.1 Schematic diagram of potential mechanisms of vibration (Cardinale and Bosco
2003. Exerc. Sport Sci. Rev., VOL. 31, NOL. PP. 3-7).uuieiiieeieieeiee ettt 11
Figure 2.2 Summary of the SyStematiC TEVIEW PIOCESS. ......eevvverreereeriverirrereesseerressesseesseesseens 20
Figure 3A.3 Test-retest variability of vibration threshold for four locations on the foot
measured by the Neurothesiometer expressed as Bland and Altman plots. ..........cceevveeveerieenenns 62
Figure 3B.4 Inter-rater variability of vibration threshold for four locations on the foot measured
by the Neurothesiometer expressed as Bland and Altman plots. .........cceeveeviereerieneencieenieeniens 82
Figure 4.5 Boxplot showing difference in vibration thresholds (measured in V/um) between
people with MS with gait not affected (MS-GNA)(n=14) and gait affected (MS-GA)(n=20)... 97
Figure 4.6 The characteristics of the ROC analysis for vibration threshold at the heel............. 98
Figure 5.7 Flow of participants’ diagram (CONSORT 2010). .....cccceovevierierieereereeeereeeen. 114

XV



XVi



CHAPTER 1 INTRODUCTION



1.1 THESIS OUTLINE

This thesis is presented as a series of papers which were submitted to peer-reviewed

journals and are either accepted for publication or are under review.

Chapter 1 introduces the thesis topic and presents basic information about
pathophysiology, epidemiology, diagnosis and course of Multiple Sclerosis (MS), and
the signs and symptoms of MS. This chapter outlines the occurrence of sensory
problems in people with Multiple Sclerosis (PwMS) and the role of the sensory system
in motor control. It continues by examining examples of sensory outcome measures
used in a clinical practice, the evidence of the benefits of adding sensory input to
exercise, and the evidence for exercises and the use of technology in enhancing
treatment in PWMS. The final section provides the rationale for the thesis and highlights

the gaps and limitations in MS literature.

In Chapter 2 of this thesis, the systematic review of the literature investigating the
effects of Whole Body Vibration (WBYV) intervention on muscle strength, balance, gait
and other clinical measures in neurological populations is presented. This systematic

review was accepted for publication in Physical Therapy Reviews.

In Chapter 3A and 3B, the test-retest and inter-rater reliability of the Neurothesiometer
(NT), the Verbal Analogue scale (VAS) for sensation, the Erasmus modifications to the
revised Nottingham sensory assessment (EmNSA) and the Semmes-Weinstein
monofilaments (SWM) in PWMS are examined. The test-retest reliability paper was
accepted for publication in the International Journal of Rehabilitation Research. The

inter-rater reliability paper has been submitted to the International Journal of MS Care.
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In Chapter 4, the relationship between vibration threshold and clinical measures of
balance and gait in PWMS is investigated. This paper was accepted for publication in

Gait & Posture.

In Chapter 5 of this thesis, a parallel-group, pretest-posttest, single-blinded, simple
randomised control feasibility study investigating the effects of 12 weeks of WBV
intervention on muscle strength, sensation and other clinical measures of gait, balance,
and quality of life in PwMS is presented. This paper was submitted to Clinical

Rehabilitation.

Chapter 6 presents the summary of the thesis findings and discussion. This chapter also
presents the implications for clinical practice and future research, followed by thesis

conclusions.

1.2 THESIS AIM AND OBJECTIVES

The aim of this thesis was to determine if WBV technology can augment rehabilitation

in PWMS and if this intervention can affect the sensory system.

The main objectives of this thesis were as follows:

a) To conduct the systematic review of the literature investigating the effects of WBV
intervention in neurological conditions, including PWMS.

b) To examine the reliability of sensory measures in PwMS.

¢) To investigate the relationship between vibration threshold and clinical measures of

balance and gait in PwMS.



d) To conduct a pilot parallel-group, pretest-posttest, single-blinded, randomised
controlled feasibility study in order to 1) obtain sample size required to detect
differences in muscle strength and 2) to investigate the effects of 12 week s of the WBV
intervention on muscle strength, sensation and other clinical measures of gait, balance,

and quality of life in PWMS.

1.3 INTRODUCTION TO THE TOPIC

1.3.1 Multiple Sclerosis basics: pathophysiology, epidemiology, diagnosis of MS,
course of MS, sign and symptoms

Multiple Sclerosis (MS) is a progressive degenerative condition of the central nervous
system (CNS) that is associated with inflammation and damage to myelin and axons
which leads to the formation of sclerotic plaques in CNS (Cameron et al. 2012). The
cause is not completely understood, however it is believed that a combination of several
different genetic, sociodemographic, and environmental factors can trigger the MS
process (Cameron et al. 2012, Compston and Coles 2008).

MS affects between 2 and 2.5 million people worldwide, including
approximately 8,000 people in Ireland (MS Ireland 2014). Prevalence rates vary from
high in central and northern Europe, North America, and Australia (50-200/100,000) to
low rates in Asia, Africa and Middle/South America (10-30/100,000) (Beer et al. 2012).
Studies have shown that MS is two to three times more common in women than men
and the onset of MS is on average 5 years earlier in women than in men (Olek 2007,
Orton et al. 2006). Most people are diagnosed with MS between 20 and 50 years of age
(Milo and Kahana 2010). MS is the most common cause of disability amongst young

adults (Wakerley et al. 2008) and leads to long-term changes in the quality of their life.
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The diagnosis of MS is made based on neurological symptoms using various
diagnostic criteria. The most broadly used criteria for the diagnosis of MS are the
McDonald criteria (Polman et al. 2011), which focus on clinical, laboratory, and
radiologic evidence of lesions at different times and in different areas. In most
circumstances, an MRI of the brain is used to confirm the diagnosis and rule out
alternative conditions. There are four typical patterns of MS: relapsing-remitting (RR),
secondary progressive (SP), primary progressive (PP) and progressive relapsing (PR)
(Lublin et al. 2014). Approximately 80% of people have RR MS which is characterised
by clearly defined relapses (exacerbations or attack) followed by full or almost full
recovery of function (remission) (Compston and Coles 2008).

The signs and symptoms associated with MS vary and while some of them are
more common than others, they differ in each individual. Most frequently reported
symptoms include: muscle weakness, balance and mobility problems, visual
disturbances, lack of co-ordination, tremor, bladder or bowel dysfunction, fatigue,
speech problems or cognitive difficulties (Wakerley et al. 2008, Compston and Coles
2008). Fatigue and mobility limitation have huge impact on employment and negatively
affect quality of life (Goksel et al. 2011). Also sensory impairments are one of the first
and common symptoms of MS (Merchut and Gruener 1993, Heijenbrok et al. 1992,

Sanders and Arts 1986).

1.3.2 Sensory problems in people with Multiple Sclerosis

Sensory disturbances are a significant problem for PwMS. Although complete loss of
sensation is rare in MS, sensory impairments are commonly seen in this group and up to

80% of patients present with some sensory disturbances (Merchut and Gruener 1993,



Heijenbrok et al. 1992, Sanders and Arts 1986). Somatosensory abnormalities usually
take the form of dysesthesias (tingling, buzzing, pins and needles or vibrations) or
anaesthesia’s (complete loss of sensation in part of the body). Sensory loss can be a
significant cause of disability (Newsome et al. 2011, Kelleher et al. 2010) and several
studies have found that somatosensory impairments have a significant effect on gait
(Kelleher et al. 2009, Baram and Miller 2006), balance (Citaker et al. 2011, Jonsdottir
and Cattaneo 2009) and lead to decreased mobility, independence and quality of life
(Goldman et al. 2008, Cattaneo et al. 2007b) in PwWMS. Impairments in the sensory

system have a negative effect on motor control in PwMS.

1.3.3 Role of the sensory system in motor control

Current evidence suggests that the sensory system plays a significant role in motor
control (Umphred et al. 2012, Shumway-Cook and Woollacott 2007). Motor control is
the ability to regulate or direct the mechanisms essential to movement (Shumway-Cook
and Woollacott 2007). Sensory receptors from somatosensory (exteroceptors and
proprioceptors), visual, and vestibular systems respond to the body interaction with
external environment and to movement created by the body. Sensory information is
transmitted along ascending pathways to the spinal cord, brain stem and finally to the
appropriate lobe of the cerebral cortex (Umphred et al. 2012). The CNS uses sensory
information in different ways to regulate posture and movement. Sensory information
contributes to the reflexive control of the movement at the spinal cord level (e.g.
locomotor pattern generators) and also can modulate movement that results from
commands originating in higher centers of the nervous system (Shumway-Cook and

Woollacott 2007). Before movement is initiated, sensory information is obtained about



the position of the body in space, body parts in relation to one another and about
environmental conditions. Visual and vestibular systems deliver additional information
necessary for static and dynamic balance and postural control. This information is then
integrated and used in the selection and execution of the movement strategy (Umphred
et al. 2012). Sensory information is necessary in providing sensory feedback required
for movement and postural control and lesions in the somatosensory cortex, sensory
pathways and spinal cord can cause a number of impairments. Sensation is important in
motor control therefore we need to target the sensory system in treatment. Furthermore,
to be able to evaluate the effect of exercise intervention on the sensory system, we need

reliable sensory measures.

1.3.4 Sensory outcome measures

Many subjective and objective sensory tools have been used to assess many different
sensory modalities for example proprioception, light touch, or vibration threshold in
neurological populations including MS; the Nottingham Sensory Assessment (NSA)
(Lincoln et al. 1998), the Erasmus MC modifications to the Revised NSA (EmNSA)
(Stolk-Hornsveld et al. 2006), Semmes-Weinstein Monofilaments (SWM) (Citaker et al.
2011) or Vibratron II (Newsome et al. 2011, Zackowski et al. 2009). However, the
psychometric properties of the above tools have not been published for PwMS.
Furthermore, a recent systematic review of measures of sensation in neurological
conditions stated that “gold standard” sensory measures are lacking and very limited
advice exists around which measurement tools should be used for different domains and
patient population (Connell and Tyson 2012). Both in clinical and research practice,

reliable measures are necessary to accurately assess changes post intervention. While



there is still little known about the psychometric properties of sensory measures in
PwMS, some studies show that by adding sensory input/component to the intervention,

positive improvements in the motor system can be achieved.

1.3.5 Evidence of benefits of adding sensory input/component to exercise

There is a body of evidence suggesting that various improvements in the motor system
may be achieved when sensory input/component is added to motor intervention. The
study by Gandolfi et al. (2014) reported significant improvements in balance task-
related domains during standing and walking conditions in 10 PwMS who underwent
sensory integration balance training when compared to robot-assisted gait training.
Another study by Cattaneo et al. (2007b) shows evidence of greater improvement in
dynamic balance when sensory inputs were added to motor treatment. Prosperini et al.
(2010) reported that visuo-proprioceptive training improved balance and reduced falls in
29 PwMS when intervention was compared to control group with no intervention. This
evidence suggests that by adding sensory input/component to the exercise intervention,
greater improvements in balance may be achieved in PwMS. It has also been suggested
that using specialized footwear and orthoses may improve sensory feedback and lead to
improvement in gait and also reduce fatigue in PWMS (Kelleher et al. 2010, Kelleher et
al. 2009). These studies provide evidence of the importance of adding a sensory
input/component to rehabilitation of MS. Still, very little is known about how the
exercises affect the sensory system in PwMS. On the other hand, there is lot of evidence
of benefits of exercises for other symptoms such as muscle weakness, impaired balance

and mobility.



1.3.6 Evidence for exercise and the use of technology to enhance treatment in PwMS

There is a significant body of evidence supporting the effectiveness of exercise-based
rehabilitation interventions for PWMS (Sa 2013, Motl and Pilutti 2012). Two recently
published systematic reviews by Sa et al. (2013) and Motl and Pilutti (2012) suggested
beneficial effects of different exercise interventions (aerobic training, breathing-
enhanced upper extremity exercises, endurance exercises, exercise classes, progressive
resistance training, upper and lower limb strengthening, and yoga) on muscle strength,
aerobic capacity and walking performance, and on fatigue, gait, balance and quality of
life in PwMS.

The systematic review by Kjolhede et al. (2012) concluded that progressive
resistance training has a positive effect on muscle strength, reporting improvements in
isometric muscle strength between 7 and 21% and in dynamic muscle strength between
20 and 50% in PwMS. Another review by Paltamaa et al. (2012) indicated small, but
significant, effects of physiotherapy on balance in PWMS who have a mild to moderate
level of disability. Also the review by Snook and Motl (2009) suggests that exercise
training is associated with a small improvement in walking mobility among individuals
with MS. This body of evidence supports that exercises are beneficial for PwMS.

There is also some evidence that the provision of assistive technology in MS
(e.g. neuromuscular electrical stimulation (Wahls et al. 2010, Paul et al. 2008), robot-
assisted gait training (Schwartz et al. 2012, Wier et al. 2011, Beer et al. 2008, Lo and
Triche 2008), or vibrating platforms (Hilgers et al. 2013, Eftekhari et al. 2012,
Claerbout et al. 2012)) may also be beneficial in delivering or augmenting exercise
programmes, although no superior effects of those strategies were found. In Ireland

access to physiotherapy is limited; therefore there is a need to find a way of augmenting
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exercise. Whole Body Vibration is a technology that may have potential to be an
adjunct to exercise intervention in PwMS; however current evidence is not clear about

its effectiveness.

1.3.7 Potential mechanisms of Whole-body vibration

Vibration is defined as a mechanical stimulus which is characterised by an oscillatory
motion (Cardinale and Bosco 2003). Vibration stimulus can be delivered to the body
either directly (segmental vibration) or indirectly (whole-body vibration). There are a
number of proposed mechanisms through which vibration may enhance muscle
contraction. The most common hypothesis is that vibration can affect a muscle spindle
(a peripheral sensory receptor). When a muscle spindle is trigger, it excites 1a afferent
neuron. The excitation of la afferent causes a monosynaptic spinal reflex, called a
Tonic vibration reflex (TVR)(Eklund and Hagbarth 1966). It increases activation of
alpha-motorneurones and enhances muscle contraction. There is also evidence that 1a
afferent input can activate the primary and secondary somatosensory cortex (Cardinale
and Bosco 2003), the cortical motor areas (Lewis et al. 2001) and even the corticospinal
pathways (Mileva et al. 2009, Carson et al. 2004). Vibration stimulus can also activate
the mechanoreceptors on the sole of the feet, particularly the Meissner and Pacinian
corpuscles. These receptors are sensitive to different frequencies of vibration and can
enhance gamma-motorneurones and higher centers of the Central Nervous System.

Cochrane (2011) in his review suggests that muscle tuning and neuromuscular aspects
may also be potential mechanisms used to explain the vibration phenomenon. He

concludes that it is unclear from the current research evidence which mechanism(s) are
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responsible for enhancing muscle contraction and it could be that multiple mechanisms

are involved. Figure 1.1 presents some of the potential mechanisms of vibration.

Figure 1.1 Schematic diagram of potential mechanisms of vibration (Cardinale and Bosco
2003. Exerc. Sport Sci. Rev., Vol. 31, Nol. pp. 3-7).

1.3.8 Rationale for the thesis: gaps in the literature, potential treatment strategies

Up to 80% of PWMS experience sensory problems in the course of the disease (Merchut
and Gruener 1993, Heijenbrok et al. 1992, Sanders and Arts 1986). Sensory
impairments are common in PwMS and lead to problems with balance (Citaker et al.
2011, Cattaneo et al. 2007b), mobility (Kelleher et al. 2009, Baram and Miller 2006)
and can be a significant cause of disability (Newsome et al. 2011). Although sensory

disturbances are significant, very little is known about how to target the sensory system
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and how to objectively and accurately measure changes in sensation after treatment in
PwMS.

One potential treatment may be WBYV intervention which targets both sensory and
motor systems. Vibration stimulates muscle spindle activity, and therefore enhances
muscle contraction (Cochrane 2011, Rittweger 2010, Cardinale and Bosco 2003).
During WBYV the stimulus is transmitted to the body through the feet and the sensory
system is stimulated. There is evidence of the positive and significant effects of WBV
training on muscle performance (Cormie et al. 2006, Roelants et al. 2004b, Torvinen et
al. 2003), flexibility (Cochrane and Stannard 2005), balance (Bruyere et al. 2005,
Bautmans et al. 2005, Torvinen et al. 2002) and bone density (Verschueren et al. 2004)
in healthy populations.

With this in mind, the benefits of WBYV intervention may be expected in PwMS and
an investigation of its effectiveness is warranted. Three systematic reviews in
neurological populations (Rabert et al. 2012, Pozo-Cruz et al. 2012, Wunderer et al.
2008) found weak to moderate or insufficient evidence of the effects of WBV
intervention on different clinical outcomes when the WBV group was compared either
to no intervention or to another intervention. However, several new studies, including
studies in MS (Hilgers et al. 2013, Eftekhari et al. 2012, Diego et al. 2012, Claerbout et
al. 2012) have been published since and therefore an updated review of the effectiveness
of WBV in neurological populations was needed.

The first objective of this thesis was to conduct an updated systematic review of the
literature into the effects of WBYV intervention on body functions, activity limitations

and participation restrictions in people with neurological conditions, including MS.
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During WBYV intervention, vibration stimulus is transmitted to the body through the
feet and since mechanoreceptor of the plantar surface of the feet are sensitive to
vibration, changes in the plantar foot sensitivity may be expected. However, in order to
evaluate the effects of targeting the sensory system in treatment, it is necessary to have a
reliable sensory measure. To the best of our knowledge, only one study by Newsome et
al. (2011) investigated the reliability of sensory measures in PwMS.

Therefore, the second objective of this thesis was to conduct a study that
investigated the inter-rater and test-retest reliability of four sensory measures in PwMS,

commonly used in clinical and research practice.

There is evidence that the sensory system plays an important role in providing
sensory feedback to perform different motor tasks, and to control balance in healthy
populations (Umphred et al. 2012, Shumway-Cook and Woollacott 2007). Only few
studies looked at the relationship between sensation and short walking tests (Newsome
et al. 2011), gait pattern (Kelleher et al. 2009) and balance (one-leg standing balance)
(Citaker et al. 2011) in PWMS. Specifically, vibration threshold is an important sense as
it travels with proprioception in the dorsal column where high prevalence of lesions was
reported in PWMS (Zackowski et al. 2009).This highlights the need to further and in
more detail investigate the relationship between sensation, specifically vibration sense
and other functional measures in PwMS.

Therefore, the third objective of this thesis was to explore the relationship between
foot vibration threshold and long walking tests (6 minute walking test), dynamic

balance (Timed up and Go test) and functional balance (Berg balance scale) in PWMS.
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The WBYV literature review highlighted potential reasons for unclear evidence of the
effectiveness of WBYV intervention in neurological populations. The key findings were a
lack of blinding assessors, inconsistency in using “gold standard” measurement tool to
assess changes in muscle strength, lack of assessing changes in sensation, and the high
variability in research design, outcome measures used and vibration parameters.

Therefore, to address these limitations, a pilot Randomised Control Trial (RCT)
investigating the effects of 12 weeks of WBV intervention on muscle strength, sensation
and other clinical measures of gait, balance and quality of life in PWMS was carried out.
Isokinetic dynamometry was used to assess changes in muscle strength, the
Neurothesiometer was used to assess changes in vibration threshold and Mini-BESTest
was used to assess various domains of balance post intervention. A blind assessor was
used and the frequency of vibration was set up to activate muscle contraction most
efficiently based on the literature guidelines.

The main aim of this RCT was to investigate the feasibility and the effectiveness of
WBYV intervention as a potential treatment which may target the motor and sensory
systems in PWMS and to determine if WBYV technology can augment rehabilitation in

this population.
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CHAPTER 2 THE EFFECTS OF WHOLE
BODY VIBRATION INTERVENTION ON
BODY FUNCTIONS, ACTIVITY
LIMITATIONS AND PARTICIPATION
RESTRICTIONS IN PEOPLE WITH
NEUROLOGICAL CONDITIONS - A
SYSTEMATIC REVIEW
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2.1 INTRODUCTION

Vibration training has recently become a popular modality in professional sport
and fitness and also has been suggested as a potential tool to augment exercise in the
rehabilitation of various neurological conditions (Madou and Cronin 2008, Wunderer et
al. 2008). The first use of vibration as an exercise intervention is attributed to Russian
scientists in 1985 who reported that vibration was effective in improving strength in
healthy subjects (Cardinale and Bosco 2003).

Vibration has been defined as a mechanical stimulus characterized by an
oscillating motion (Cardinale and Bosco 2003) and is characterized by four main
parameters: Frequency (Hz), Amplitude (mm), Acceleration (m/s’) and Duration (Rauch
et al. 2010). Vibration can be applied indirectly to the body via an oscillating platform —
Whole Body Vibration (WBYV), or directly to muscle belly or tendon via smaller units —
Segmental Vibration (SV). Direct vibration is usually applied at a high frequency (100-
150 Hz), small amplitude (1-2 mm) and for a short period of time (2-15 s) which results
in a transient increase in muscle activity, via the Tonic vibration reflex (TVR) (Eklund
and Hagbarth 1966). Indirect vibration is applied through the feet or hands and uses
lower frequency (25-45 Hz), at high amplitude (2-10 mm) with longer duration of time
(5-30 minutes) (Cochrane 2011). Exercises on a WBYV platform are usually performed
by maintaining a static squat with knees flexed to different angles or as a combination
of static and dynamic exercises.

The exact mechanism of vibration is still unclear. The most common hypothesis
is that vibration stimulates muscle spindles resulting in increased activation of alpha-
motorneurones and this enhances muscle contraction (Cardinale and Bosco 2003).
Spinal reflexes, muscle activation in response to vibration impact (muscle tuning),

neuromuscular aspects and central motor command have been suggested as other
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possible mechanisms used to explain the vibration phenomenon (Cochrane 2011). The
variation in the parameters of frequency, amplitude, acceleration and duration may, in
part, be responsible for the highly varied outcomes in studies of WBYV to date. It has
been suggested that, in healthy populations, a frequency range of 30 to 50 Hz has the
ability to activate muscles most effectively (Cormie et al. 2006, Roelants et al. 2006,
Luo et al. 2005, Cardinale and Lim 2003a, Torvinen et al. 2003). The review of Luo et
al. (2005) also suggests that a larger vibration amplitude (4 mm) activated lower limb
muscles more than a lower amplitude (1 mm). Other studies suggest that EMG activity
increases with higher vibration amplitude (2-5 mm) and greater frequency (30-50 Hz)
(Pollock et al. 2010, Roelants et al. 2006, Cardinale and Lim 2003b). The effects of
vibration may be seen after short interventions (a few bouts lasting from 20 to 240
seconds) (Rittweger 2010) or prolonged intervention lasting 20 - 30 minutes (Luo et al.
2005). It has been suggested by some authors that WBV training in healthy populations
is ‘as good as’ or even better than conventional resistance training (Roelants et al.
2004a, Delecluse et al. 2003). In summary, in healthy subjects, vibration has been
suggested to have a beneficial effect not only on muscle strength (Cormie et al. 2006,
Roelants et al. 2004a, Torvinen et al. 2003), but also on balance (Bruyere et al. 2005,
Bautmans et al. 2005, Torvinen et al. 2002), flexibility (Cochrane and Stannard 2005),
and bone mineral density (Verschueren et al. 2004).

Given the positive results of WBYV in healthy subjects, several authors have
analysed the effect of vibration in people with static and progressive neurological
conditions. A search of the literature found three systematic reviews (Rabert et al. 2012,
Pozo-Cruz et al. 2012, Wunderer et al. 2008), and three narrative reviews (Kessler et al.
2012, Chanou et al. 2012, Madou and Cronin 2008) investigating the effects of WBV

intervention in neurological conditions which demonstrates the increasing interest in
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this topic. They all concluded that there is a lack of high quality evidence for the effects
of WBV in people with neurological conditions. Since their searches in 2011, several
new studies with improved methodological quality have been published. This
systematic review updates the literature and aims to provide new information to guide
practice in this area. It is novel in that we analysed outcome measures across
impairments of body functions, activity limitations and participation restrictions using
the framework of the World Health Organisation’s International Classification of

Functioning (WHO ICF) (WHO 2001).

2.1.1 Objectives

To assess the effects of WBV on impairment of body functions, activity limitations and
participation restrictions level in neurological conditions.
To assist healthcare professionals in evidence based decision making regarding the

optimal parameters of WBYV intervention and training protocols.

2.2 METHODS

2.2.1 Search strategy

Electronic databases including EMBASE, Academic Search Complete, AMED,
Biomedical References Collection: Expanded, MEDLINE, CINAHL Plus with Full
Text, SPORTDiscus with Full Text, PEDro, and the Cochrane Library were searched
using a combination of search terms: whole body vibration or whole-body vibration,
(AND) neurological population, multiple sclerosis, stroke, Parkinson’s disease, motor
neuron disease, spinal cord injury and cerebral palsy. The search was narrowed by using

“SmartText Searching” with limiters: full text, scholarly (peer reviewed) journals,
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published from the 1% of January 1996 until the 31% of December 2013; source types:
academic journals; subject: major heading: vibration.

Studies were included if they had a pretest-posttest control group design with direct
comparison. Literature reviews, single case studies, studies without a comparison,
studies with a single session of WBV application, studies on animals, and only abstracts
were excluded.

Both authors of this review conducted the searching, screening and data extraction
independently. The authors then met to compare findings and discuss discrepancies.
Where disagreements occurred they were discussed and resolved without need for a

third party.

2.2.3 Methodological quality: PEDro

The methodological quality of each included research paper was evaluated using the
Physiotherapy Evidence Database (PEDro) scale. The PEDro scale is a valid measure of
the methodological quality of clinical trials (De Morton 2009). This scale was chosen
because it has been used in previous systematic (Pozo-Cruz et al. 2012, Chanou et al.
2012, Wunderer et al. 2008) and narrative reviews (Madou and Cronin 2008) of WBV
and it provides a comprehensive overview of the external and internal validity of the
studies included in this review. As published by Lau et al. (2011), studies scoring 9 or
10 were considered methodologically to be of “excellent” quality, those scoring 6 — 8
were considered to be of “good” quality, while studies scoring 4 — 5 were of “fair”
quality. Studies below 4 points on the PEDro scale were considered to be of “poor”
quality. If no rating was available on the PEDro website the authors scored the study

independently and then met to discuss discrepancies as above. Additionally, we used the
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tool recommended by Rehn et al. (2007) to classify the parameters of WBYV intervention

in order to inform clinical decision making for the application of WBV.

2.3 RESULTS

2.3.1 Article selection

Figure 2.2 shows the process by which articles were selected for this systematic review.
The database search yielded 244 articles. After removing duplicates, checking inclusion
and exclusion criteria, and evaluating the content of each paper, a total of 16 studies

were included in this review.

Database Search

A “SmartText Searching” with limiters:
EMBASE, Academic Search Complete, - Full text,
AMED, Biomedical References - Scholarly (Peer Reviewed)
Collection: Expanded, MEDLINE, Journals,
CINAHL Plus with Full Text, & - Published from the 1st of January
SPOTRDiscus with Full Text, and 1996 until the 31st of December
COCHRANE library and Physiotherapy 2013;
Evidence Database (PEDro) - Source types: Academic Journals;

- Subject: major heading: vibration

. - Removal of duplicates
Articles found 3] - Did not meet inclusion
n =244 criteria
n =215
\ 4

Articles considered for more detailed Excluded n =13
screening - 6 systematic or narrative

n=29 reviews

- 7 not intervention studies

y
Articles included in systematic review
n=16

Figure 2.2 Summary of the systematic review process.
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The basic study characteristics, including study design, the vibration parameters, the
intervention protocols, all outcome measures used across the impairments, activity and
participation levels and the detailed results are presented separately for each condition

in tables 2.1, 2.2, 2.3 and 2 4.
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References  Sample size  Level of Interventions — type Equipment and F: Frequency Outcome measures Results
and study disability (T), frequency (F) and  type of vibration A: Amplitude
design Mean + SD duration (D) V: Vibration protocol
(unless R: Rest period
otherwise E: Type of exercise
stated) T: Total duration of
vibration
Hilgers et n=060 EDSS 3.3+1.5 T: WBV: static squat  Power Plate pro5,  F: 30Hz Impairments: Muscle Within-groups:
al. 2013 WBV =30 WBV3.5+£1.2 + standard Power Plate A: lmm - 6 first strength using STS test Significant 7in both
CG =30 CG 3.3x1.3 rehabilitation International, sessions, Activity: TUG, 10mWT,  groups for STS test,
programme London, U.K 2 mm - last three 6MWT TUG test, 10mWT
RCT (a warm up: 3 x 30 sessions Participation: BORG Between groups:
sec. moderate squats) NR V: 3 x 60 sec. perceived exertion scale 6MWT significantly
CG: standard rehab R: 30 sec. - first 3 better in WBV group
programme sessions, 5 sec. later
E: static
F: 3 sessions/week T: 27 min
D: 3 weeks
Eftekhariet n=24 EDSS 2-4 T: WBV (6 static Crazy Fit Massage, F: gradually Impairments: MVC of Within-groups:
al. 2012 WBV =12  WBV postures) plus Fitness Vibration increased from 2-5 Q, PcM and LatD using Significant 1 in MVC in
CG=12 2.87+0.82 resistance training Machine, Power Hz to 20 Hz Brzycki formula, SB all muscle groups for
CG CG: no intervention Plate (TQ908) e., A:2 mm Activity: 10mWT WBYV group only
RCT 2.7940,65 China V: 3 series x 30 sec x Significant Tin SB and
F: 3 session/week 6 postures significant | in 10mWT
D: 8 weeks NR R: 30 sec. between in WBV group only
each 2 series and 1-2 Between Groups:
minutes between each MVC in all muscle

posture
E: static
T: 216 min

groups, 10mWT and
right leg SB significantly
better in WBV group



€¢

Diego et al.
2012

Claerbout et
al. 2012

n=32
WBV =17
CG =15

RCT

n =47
WBYV full =
16

WBYV light
=14
CG=17

RCT

EDSS <5
WBV
3.99+0.8
CG
4.58+0.4

EDSS 3 -7
WBV-light
51412
WBV-full
53+1.3
CG5.2+1.1

T: WBYV - semi-squat
position (static), shoes
on,

CG: No additional
intervention during
study period

F: 5 days/week
D: 1 week

WBYV full=2cm mat,
WBYV light=10cm mat
(reduced acceleration
by 37-67%)

T: WBV groups —
MDT + wbv
exercises: unipodal
and bilateral static
and dynamic squat,
toe stand, lunge
(dynamic), barefoot
CG - conventional
multidisciplinary
intervention (MDT)

F: 10 sessions
D: 3 weeks

Zeptoring®
vibrating platform;
Scisen

GmbH, Germany

Multidirectional
stochastic vibration

Vibrafit; Fysiomed
NV-SA, Edegem,
Belgium

Vertical vibration

F: 6 Hz

A: 3 mm
V:5x 1 min
R: NR

E: static
Total: 25 min

Gradually increased
in 10 sessions
F:30-40 Hz

A: 1.6 mm
V:30-45-60 sec.

R: 30 sec — 1 min

E: static and dynamic
Total: 7— 13 min

Impairments: SOT, BBS
Activity: TUG, 10mWT,
MCT,

Participation: FSS

Impairments: Isometric
muscle strength of TA, Q,
H and GM, BBS
Activity: SMWT, TUG

Within-groups:
Significant 1 in WBYV for
condition 1 and 3 in SOT
& latency in MCT.

- 1TUG in WBV (p=.05).
Between groups:
Latency in MCT
significantly better in
WBYV group

Within-groups:
Significant 1 (pre/post)
for all muscle groups and
for SMWT, TUG, BBS.
Between groups:
Significant 1 only in
WBV-full group for
maximal Q and H
strength
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Broekmans
etal. 2010

Schyns et
al. 2009

n=23
WBV =11
CG =12

RCT

n=12

Randomized
Cross-over
pilot study

EDSS 1.5 -
6.5

WBV 4.5+0.4
CG 4.1+03

HAI1-6

T: WBV high (knee
angle between 120°-
130°) and deep (angle
90°) squats, wide
stance squats, lunges
and heel rises — static
week 1-20,
progressed to
dynamic week 11-20
CG nothing

F: 5 sessions/2 weeks
D: 20 weeks

T:WBV-+exe/Rest/exe
no vibration

Exe no vib./Rest/
WBV+exe

10 different
strengthening and
stretching exercises
for the lower limbs

F: 3 session/ week
D: 10 weeks

Alpha Vibe®
Nijverdal, The
Netherlands

Vertical vibration

VibroGym
International BV,
The Netherlands

Vertical vibration

F:20-45Hz

A: 2.5 mm
V:30-45-60 sec.
gradually increased
from start to week 20
R: 120 — 30 sec.

E: static and dynamic
Total: NR
(start-2.5min, 10
week-8.0min and
week 20-16.5 min per
1 session)

F: 40 Hz

A:2 mm

V:30sec

R: NR

E: static and dynamic
Total: 96 min

Impairments: Isometric
strength of KE and KF,
dynamic and endurance
muscle strength of KE,
BBS

Activity: 2MWT,
T25FWT, TUG
Participation: VAS for
leg fatigue and exertion
overall, and BORG
perceived exertion scale

Impairments: Isometric
strength of HF and HE,
HAbd and HAdd Q, H,
and ADF, Muscle tone —
MAS, NSA for sensation
and proprioception
Activity: 10mWT, TUG
Participation: MSIS 29,
MSSS 88

Within-groups:
Significant 1for
isometric KF at 45° and
90° (pre/post) in CG

Within-group:

A trend towards 1 for
TUG, 10mWT, muscle
strength and | in muscle
spasm and pain score
after WBV plus
exercises training
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Jackson et n=15 EDSS0-6.5 T: WBV 2Hz or 26 The Maxuvibe F:2 Hz or 26 Hz Impairments: Isometric =~ Within-group:

al. 2008 WBV 4.2+£2.3 Hz - squat with knee platform, A: 6 mm torque of the KF and KE
Randomized flexion at 25°, thin- Fitogroup BV, V: 30 sec. A consistent trend of
cross-over soled shoes on, Hoogstrat, Holland R: NA higher torque values
study no additional E: static after the 26 Hz WBV
physiotherapy Rotational Total: 30sec at 2Hz + .
vibration 30 sec at 26Hz when compared with the

2 Hz condition for both
Q and H muscles

F: 2 sessions with
1 week interval
between

D: 1 week

Sample size - sample of subjects who completed intervention, RCT — Randomised Control Trial, NA — not applicable, NR — not reported, SD: Standard Deviation, SE:
Standard Error, WBV: Whole Body Vibration group, CG: control group, EDSS: Expanded Disability Status Scale (range 0 - 10), HAI: Hauser Ambulation Index, Knee
Flexor (KF), Knee Extensor (KE), Tibialis Anterior (TA), Quadriceps (Q), Hamstrings (H), Gluteus Medius (GM), Pectoralis major (PcM), Latissimus dorsi (LatD), Hip
flexors (HF), Hip extensors (HE), Hip abductors (HAbd) and Hip adductors (HAdd), Ankle dorsiflexors (ADF), 6 minute walking test (6MWT), 3 minute walking test
(BMWT), Timed Up and Go test (TUG), Berg balance scale (BBS), sit to stand test (STS), Standing balance (SB), 2 minute walking test 2MWT), Timed 25 Foot walk test
(T25FWT), 10 meter walking test (10mWT), Multiple Sclerosis Impact scale 29 (MSIS-29), Multiple Sclerosis Spasticity Scale 88 (MSSS-88), Sensory Organization Test
(SOT), Maximum Voluntary Contraction (MVC), Fatigue severity scale (FSS), Motor Control test (MCT), Modified Ashworth scale (MAS)

Table 2.1 Characteristics and results of multiple sclerosis studies.
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References  Sample size Level of Interventions — type Equipment and F: Frequency Outcome measures Results
and study disability (T), frequency (F) type of vibration A: Amplitude
design Mean + SD and duration (D) V: Vibration protocol
(unless R: Rest period
otherwise E: Type of exercise
stated) T: Total duration of
vibration
Tankisheva n=13 FAC(3-95) T: WBV: staticand  Power Plate® Gradually increased Impairment: Muscle Within-groups:
etal. 2014 WBYV =6 WBYV (4-5)  dynamic exercises F: 35 and 40Hz strength: maximal Significant 1 only in WBV
CcG=7 CG(3-9 (standing on toes, Vertical vibration ~ A: 1.7 and 2.5mm voluntary isometric group for isometric knee
high and low squat V:30to 60 sec. with  torque of Qand Hata  extension (60° knee angle) and
RCT (50° to 60° and 90° of 5 to 17 repetitions per  knee angle of 60° and isokinetic knee flexion

knee flexion), wide-
stance squat and 1-
legged squat)

CG: nothing

F: 3 sessions/weekly
D: 6 weeks

exercise

R: NR

E: static and dynamic
Total: NR but max of
19 minutes in the last
weeks of training

isokinetic knee
extension-flexion test at
velocity of 60°/s and
240°/s — Biodex system
Muscle tone (GS, S, Q,
H, Add and PS) —
MAS, Dynamic
postural control —
Equitest and SOT
Participation: BORG
perceived exertion
scale

(240°/s) in paretic leg post 6-
week intervention and for
isokinetic knee extension
(240°/s) post 6-week follow
up period in paretic leg

- Significant | only in CG for
isokinetic knee extension
(240°/s) post 6-week follow
up period in paretic leg

- Significant 1 only in WBV
group for SOT for condition 4
—normal vision and sway-
referenced support surface
Between groups:
Significantly greater 1 in
WBYV group for isometric
knee extension 60° knee angle
post 6-week intervention and
for isokinetic knee extension
(velocity 240°/s) post 6-week
follow up period in paretic leg



Lt

Marin et al.
2013

Pang et al.
2013

n=20
WBV =11
CG=9

RCT

n=76
WBYV =38
EXE =38

RCT

NIHSS >1 and T: WBYV - static

<20 score
WBYV 1.3+£0.6
CG1.2+04

FAC
WBV 5
CG5

squat with a knee
flexion of 30° + 2-hr
rehabilitation
sessions per month
CG: the same
protocol but without
vibration

F: 1 to 2 sessions/
week (17 sessions in
total)

D: 12 weeks

T: WBV — exercises
on the platform (6
different sets of
exercises — lunge,
squat, one-leg
standing, weight
shifting forward and
side-to-side), sport
foot-wear

CG: exercises on the
platform without
vibration

F: 3 days/week
D: 8 weeks

Galileo Home,
Galileo, Novotec,
Germany

Oscillating
vibration

The Jet-Vibe
System, Danil
SMC Co. Ltd.,
Seoul, South
Korea

Vertical vibration

F: Increased
frequency from 5 to
21Hz

A: between 4 — 6mm
V: Increased in sets
from 4 to 7 and in
time per set from 30
to 60sec

R: 60sec

E: static

Total: 86 minutes and
20 sec

F:20-30Hz
A:0.44 — 0.60 mm
V: Gradually
increased

6 boutsx 1.5 -2.5
min

R: NR

E: dynamic

Total: 432 minutes

Impairment: Muscle
architecture of RF, VL,
medial GS, muscle
strength: maximal
voluntary isometric
knee extension —
Biodex 4, BBS

Impairment: Isometric
knee flexion and
extension strength,
serum levels of bone
formation and
resorption markers,
muscle tone — MAS
Participation: VAS —
level of satisfaction
with the program

Within-groups:

Significant 1 in both groups
for muscle thickness of the RF
and VL for paretic and non-
paretic limb

No significant change within
or between groups on BBS

Within-groups:

-Significant time effect for
concentric knee extension and
flexion peak power on the
paretic side within both
groups.

-Significant time effect only
for concentric knee flexion
peak power on the non-paretic
side within both groups.
-Significant | on MAS for the
paretic knee only in WBV
group

Between groups:

Significant greater 1 in WBV
group in relation to the level
of satisfaction with the
program
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Brogardh et
al. 2012

Lau et al.
2012

n=31
WBYV =16
CG =15
RCT
n=76
WBYV =38
CG =38
RCT

FIM

WBV
83.1£3.1
CG 83.5£3.2

NR

T: WBV: semi-squat
position (static),
barefoot with knees
bent 45°- 60°

CG: placebo - semi-
squat on the platform
with A=0.2mm

F: 2 sessions/1 week
D: 6 weeks

T: WBV — exercises
on the platform (6
different sets of
exercises — lunge,
squat, one-leg
standing, weight
shifting forward and
side-to-side), sport
foot-wear

CG: exercises on the
platform without
vibration

F: 3 days/week
D: 8 weeks

Xrsize vibrating
platform, Askims
Verkstadsvag,
Sweden

Vertical vibration

The Jet-Vibe
System, Danil
SMC Co. Ltd.,
Seoul, South
Korea

Vertical vibration

F: 25 Hz

A:3.75 mm

V: Gradually
increased

40 — 60 seconds from
4-12 times

R: 1 min

E: static

Total: NR but no
longer than 45
minutes a single
session

F:20-30Hz
A:0.44 — 0.60 mm
V: Gradually
increased

6 boutsx 1.5 -2.5
min

R: NR

E: dynamic

Total: 432 minutes

Impairment: Muscle
strength: isometric knee
extension and
isokinetic knee flexion
and extension, muscle
tone — MAS, BBS
Activity: TUG,
6MWT, 10mWT
Participation: SIS

Impairment: Isometric
knee flexion and
extension strength,
BBS, Dynamic postural
control

Activity: 10mWT,
6MWT

Participation: ABC

Within-groups:

-Significant 1 in WBV only
for I0mWT and in BBS
-Significant 1 in both groups
for GO MWT and TUG
-Significant 1 in CG only for
isometric knee extension
strength in the paretic limb

Within-groups:

Significant 7in both groups
for BBS, 10mWT, 6MWT,
muscle strength, some
condition of dynamic postural
control and ABC score
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Van Nes et
al. 2006

n=>53
WBV
CG

RCT

=27

=26

FAC (0-4)
Median
WBV 1

CG1

(Patient needs
firm
continuous
support from
1 person who
helps carrying
weight and
with balance

T: WBYV - static
squat barefoot with
knees and hips bent
45° flexion

CG: music and
exercises

F: 5 sessions/ week
D: 6 weeks

Galileo 900,
Enschede, The
Netherlands

Oscillating
movements

around a sagittal
axis in the middle

F: 30 Hz
A:3 mm
V:4x45 sec
R: 1 min
E: static
Total: 90 min

Impairments: Muscle
tone — MAS, ST, M1,
BBS

Activity: RMI, BI,
TCT, FAC

Within-group:

Significant 1for BBS, BI,
RMI, TCT, FAC, MI and ST
in both WBV and CG groups

Sample size - sample of subjects who completed intervention, RTC — Randomised Control Trail, NA — not applicable, NR — not reported, SD: Standard Deviation, SE:
Standard Error, WBV: Whole Body Vibration group, CG: Control group, FIM: Functional Independence Measure (range 18 - 126), FAC: Functional Ambulation Categories
(range 0 — 5), NIHSS: National Institutes of Health Stroke Scale (range 0 — 42), 6 minute walking test (6MWT), Timed Up and Go test (TUG), Berg balance scale (BBS), 10
meters walking test (10mWT), Stroke Impact Scale (SIS), Activities-specific balance confidence scale (ABC), Modified Ashworth scale (MAS), Somatosensory threshold
(ST), Motricity Index (MI), Rivermead Mobility Index (RMI), Barthel Index (BI), Trunk Control Test (TCT), Quadriceps (Q), Hamstrings (H), Soleus (S), Adductors (Add),
Psoas (PS) Rectus femoris (RF), Vastus lateralis (VL), Gastrocnemius (GS)

Table 2.2 Characteristics and results of stroke studies.
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References  Sample size Level of Interventions — type Equipment and F: Frequency Outcome measures Results
and study disability (T), frequency (F) and type of A: Amplitude
design Mean + SD duration (D) vibration V: Vibration protocol
(unless R: Rest period
otherwise E: Type of exercise
stated) T: Total duration of
vibration
Ariasetal. n=21 UPDRS T: WBYV - squat Fit Massage, F: 6 Hz Impairment: UPDRS  Within-groups:
2009 WBV =10 WBV24.8+7.1 (static) ), knees PYC Fitness A: 13 mm total and section III —  Significant 1 in gait: velocity,
CG =11 CG 30.5+7.1 slightly bent International V:5x 1 min motor section, BBS step amplitude and cadence and
CG: placebo - semi- Inc. R: 1 min Activity : Gait, TUG for FRT, PBT, UPDRS total
RCT squat without E: static PBT, FRT and UPDRS (III), TUG and
vibration Left-right Total: 60 min Participation: PDQ- BBS within both WBV and CG
No additional alternating 39 No significant change in PDQ-
physiotherapy 39
F: 12 session Between groups:
D: 5 weeks - no significant differences
Ebersbach n=21 UPDRS T: WBV — squat Galileo 2000,  F:25Hz Impairment: Within-groups:
et al.2008 WBV =10 EG23.0+4.9 (static) knees and hips  Novotec A:7—14 mm Dynamic Significant 7 in WBYV only for
CG =11 CG259+8.1 slightly bent Medical V:2x 15 min posturography, dynamic posturography
CG: Conventional Systems, R: NR UPDRS (section III), Significant 1 in TBS, SWST,
RCT physiotherapy Germany E: static TBS, walking velocity and UPDRS
150 min exercises Total: 450 min Activity: SWST, for both groups
daily extra for all Left-right walking velocity, PT Between groups:
F: 5 days/week alternating - no significant differences

D: 3 weeks

Sample size - sample of subjects who completed intervention, RCT — Randomised Control Trial, NA — not applicable, NR — not reported, SD: Standard Deviation, SE:
Standard Error, WBV: Whole Body Vibration group, CG: Control group, UPDRS: Unified Parkinson’s Disease Rating Scale, Timed Up and Go test (TUG), Berg balance

scale (BBS), Functional reach test (FRT), Pegboard test (PBT), Quality of Life Questionnaire in Parkinson’s Disease (PDQ-39), Tinetti balance scale (TBS), Stand-walk-sit
test (SWST), walking velocity, Pull Test (PT)

Table 2.3 Characteristics and results of Parkinson’s disease studies.
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References  Sample size Level of Interventions — type Equipment and F: Frequency Outcome measures  Results
and study disability (T), frequency (F) type of vibration A: Amplitude
design Mean + SD  and duration (D) V: Vibration protocol
(unless R: Rest period
otherwise E: Type of exercise
stated) T: Total duration of
vibration
Ahlborget CP NR T: WBV — squat NEMES-LSC, F: Increased from 25 Impairment: Within-groups:
al. 2006 n=14 (static) ), knees and Nemesis BV, to 40 Hz Muscle tone — Significant reduction in knee
WBYV =7 hips in 50° of flexion =~ Hengelo, The A:NR MAS, Isokinetic extensor muscles spasticity of
cG =7 CG: Resistance Netherlands V: gradually (concentric and stronger leg only for WBV (p=.031)
training — leg press increased from 2 x4  eccentric) work and  Significant 1for most of concentric
RCT device NR x 30 sec with rest 120  peak torque in and eccentric muscle work and peak

No additional
physiotherapy

F: 3 sessions/week
D: 8 weeks

sec after 4 repetitions
to 3 x 110 sec with
no rest

R: from 120 sec to 15
sec

E: static

Total: 49 min and 50
sec

quadriceps
Activity : 6MWT,
TUG, GMFM -
only dimensions D
— standing and E —
walking, running
and jumping

torque measurements only within
CG at the angle speed 30°s
Significant 1 for some concentric
and eccentric muscle work and peak
torque measurements within WBV
and CG at the angle speed 90°/s
Significant increase for GMFM only
within WBV (p=.031)

Between groups:

No significant differences

Sample size - sample of subjects who completed intervention, RCT — Randomised Control Trial, NA — not applicable, NR — not reported, SD: Standard Deviation, SE:
Standard Error, WBV: Whole Body Vibration group, CG: Control group, CP: Cerebral Palsy, Timed Up and Go test (TUG), 6 minute walking test (6MWT), Gross motor
function measure (GMFM), Modified Ashworth Scale (MAS)

Table 2.4 Characteristics and results of cerebral palsy study.



2.3.2 Participants

We identified seven studies investigating the effects of WBV in multiple sclerosis
(Hilgers et al. 2013, Diego et al. 2012, Claerbout et al. 2012, Eftekhari et al. 2012,
Broekmans et al. 2010, Schyns et al. 2009, Jackson et al. 2008), six in stroke
(Tankisheva et al. 2014, Marin et al. 2013, Pang et al. 2013, Brogardh et al. 2012, Lau
et al. 2012, van Nes et al. 2006), two in Parkinson’s disease (Arias et al. 2009,

Ebersbach et al. 2008), and one in cerebral palsy (Ahlborg et al. 2006).

2.3.3 Methodological quality of included studies

The methodological quality of the 16 RCTs ranged from 4 to 9 on the PEDro scale, with
a mean (SD) of 6.18 (1.58). Only one paper (Brogardh et al. 2012) scored 9 points out
of 10 on the PEDro scale and was considered to have “excellent” methodological
quality. Seven studies scored between 8 and 6 and were considered of “good”
methodological quality. Eight studies scored between 5 and 4 and were considered

“fair”. Scores for each paper are presented in Table 2.5.
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Questions number on PEDro scale

References Pathology 1 2 3 4 5 6 7 8 9 10 11 Score*
Brogardh et al. 2012 Stroke | 1 1 0 1 | 1 1 | 1 1 on
Marin et al. 2013 Stroke 1 1 1 1 0 0 1 1 1 1 1 8
Pang et al. 2013 Stroke 1 1 1 1 0 0 1 1 1 1 1 8
Lau et al. 2012 Stroke 1 1 1 1 0 0 1 1 1 1 1 8"
Van Nes et al. 2006 Stroke 1 1 1 1 0 0 1 1 1 1 1 &
Tankisheva et al. 2014 Stroke 1 1 1 1 0 0 1 1 0 1 1 7
Claerbout et al. 2012 MS 1 1 1 1 0 0 1 1 0 1 1 "
Diego et al. 2012 MS 1 1 0 1 0 0 1 1 0 1 1 6
Hilgers et al. 2013 MS 1 1 0 1 0 0 1 0 0 1 1 5N
Eftekhari et al. 2012 MS 1 1 0 1 0 0 0 1 0 1 1 5n
Broekmans et al. 2010 MS 1 1 0 1 0 0 0 1 0 1 1 b
Jackson et al. 2008 MS 0 1 0 1 0 0 1 0 0 1 1 5N
Arias P et al. 2009 PD 0 0 0 1 0 0 1 1 0 1 1 5N
Ebersbach G et al. 2008 PD 0 1 0 1 0 0 1 0 0 1 1 5N
Schyns et al. 2009 MS 1 1 0 0 0 0 1 0 0 1 1 47
Ahlborg et al. 2006 CP 1 1 0 1 0 0 0 1 0 0 1 40

MS-Multiple Sclerosis, PD-Parkinson’s’ Disease, CP-Cerebral Palsy,

1- Eligibility criteria, 2- Random allocation, 3- Concealed allocation, 4- Baseline comparability, 5- Blind subjects, 6- Blind therapists, 7- Blind assessors, 8- Adequate follow-
up, 9- Intention-to-treat analysis, 10- Between-group comparisons, 11- Point estimates and variability

Key: criterion fulfilled = 1, criterion not fulfilled = 0. The scale consists of 11 items. *Eligibility criteria item does not contribute to total score.

A higher score indicates better methodological quality, maximum of 10 points.

~ Result has been confirmed with PEDro database.

Table 2.5 Methodological quality scores (PEDro scale).



2.3.4 WBYV intervention parameters

The summary of the vibration parameters is reported in Table 2.6. One study analysed a
short duration of WBYV intervention (1 week) (Jackson et al. 2008), whereas the other
studies analysed longer durations (between 3 and 20 weeks) (Tankisheva et al. 2014,
Hilgers et al. 2013, Marin et al. 2013, Pang et al. 2013, Diego et al. 2012, Claerbout et
al. 2012, Brogardh et al. 2012, Lau et al. 2012, Eftekhari et al. 2012, Broekmans et al.
2010, Schyns et al. 2009, Arias et al. 2009, Ebersbach et al. 2008, van Nes et al. 2006,
Ahlborg et al. 2006). Only two studies reported the waveform of vibration (Diego et al.
2012, Lau et al. 2012) and five specified if footwear was worn during vibration exercise
(Tankisheva et al. 2014, Claerbout et al. 2012, Lau et al. 2012, Jackson et al. 2008, van
Nes et al. 2006). All sixteen studies included in this review specified the number of
exercise sessions and amplitude and frequency of vibration and they were diverse:
frequency ranged from 2 to 45 Hz (Eftekhari et al. 2012, Broekmans et al. 2010,
Jackson et al. 2008), amplitude ranged from 0.44 to 14 mm (Lau et al. 2012, Ebersbach
et al. 2008). Thirteen out of sixteen studies reported the vibration direction and time in a
single session that ranged from 30 seconds to 17 minutes (Tankisheva et al. 2014,
Jackson et al. 2008), and only eight specified the full length of the intervention that
ranged from 60 seconds to 450 minutes (Jackson et al. 2008, Ebersbach et al. 2008). All
studies described the posture adopted during the WBYV intervention and that varied from
one static squat maintained throughout a session (Hilgers et al. 2013, Marin et al. 2013,
Diego et al. 2012, Brogérdh et al. 2012, Eftekhari et al. 2012, Arias et al. 2009, Jackson
et al. 2008, Ebersbach et al. 2008, van Nes et al. 2006, Ahlborg et al. 2006) to a

combination of static and dynamic exercises (Tankisheva et al. 2014, Pang et al. 2013,
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Claerbout et al. 2012, Lau et al. 2012, Broekmans et al. 2010, Schyns et al. 2009)

performed on the vibrating platform.
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Author Pathology 1 2 3 4 5 6a 6b 6¢ 7 Total
Lau et al. 2012 Stroke 1 1 1 1 1 1 1 1 1 9
Diego et al.2012 MS 0 1 1 1 1 1 1 1 1 8
Jackson et al. 2008 MS 1 1 1 1 0 1 1 1 1 8
Van Nes et al. 2006 Stroke 1 1 1 1 0 1 1 1 1 8
Tankisheva et al. 2014 Stroke 1 1 1 1 0 1 1 0 1 7
Marin et al 2013 Stroke 0 1 1 1 0 1 1 1 1 7
Ebersbach et al.2008 PD 0 1 1 1 0 1 1 1 1 7
Pang et al 2013 Stroke 0 1 1 1 0 1 1 0 1 6
Claerbout et al. 2012 MS 1 1 1 1 0 0 0 1 1 6
Broekmans et al. 2010 MS 0 1 1 1 0 1 1 0 1 6
Arias et al. 2009 PD 0 1 1 1 0 1 1 0 1 6
Ahlborg et al. 2006 CP 0 1 0 1 0 1 1 1 1 6
Hilgers et al. 2013 MS 0 1 0 1 0 1 1 0 1 5
Brogardh et al. 2012 Stroke 0 1 1 1 0 0 1 0 1 5
Eftekhari et al 2012 MS 0 1 0 1 0 1 0 0 1 4
Schyns et al. 2009 MS 0 1 1 1 0 0 1 0 1 4

9¢

MS-Multiple Sclerosis, PD-Parkinson’s’ Disease, CP-Cerebral Palsy,

Answer alternatives are yes = 1 point or no = 0 points, maximum of 9 points

1-Is the footwear during vibration exercise specified?, 2-Is the magnitude or amplitude of vibration specified?, 3-Is the direction of vibration specified?, 4-Is the frequency of
vibration specified?, 5-Is the waveform of vibration specified?, 6a-Is the duration of the individual exercise session specified?, 6b-Is the number of exercise sessions
specified?, 6¢-Is the full length of the exercise period specified?, 7-Is the posture adopted during vibration exercise described?

Table 2.6 Criteria list for evaluation of vibration exercises (Rehn et al. 2007).



2.3.5 Study design

Four studies compared WBYV training to a control group who received no intervention
(Tankisheva et al. 2014, Diego et al. 2012, Eftekhari et al. 2012, Broekmans et al.
2010). The greatest proportion of studies compared WBYV to specific strengthening and
balance exercises (Pang et al. 2013, Lau et al. 2012, Schyns et al. 2009), resistance
training (Ahlborg et al. 2006), placebo (Brogardh et al. 2012, Arias et al. 2009), or other
interventions such as multidisciplinary team (MDT) intervention (Claerbout et al.
2012), exercises and music therapy (EMT) (van Nes et al. 2006), or standardised
physiotherapy (Marin et al. 2013, Hilgers et al. 2013, Ebersbach et al. 2008). Only one
study compared different WBYV protocols (various vibration frequencies) (Jackson et al.

2008).

2.3.6 Outcome measures

Strength, balance and gait were the most frequently reported domains measured in the
reviewed studies, whereas sensation and measures of participation were the least
considered. The level of detail of how the outcome measures were carried out varied
across the studies and the variety of measures prohibited data synthesis.

The findings of the included studies are reported in the following order. Firstly, studies
that reported change when the WBV group was compared to a control group receiving
no intervention, followed by studies that reported change when WBV was compared to
other interventions. Table 2.7 presents the most commonly reported domains and
indicates if there were any statistically significant improvements found within groups

and between groups for muscle performance, gait and balance.
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Reference Population = Main outcome Significant Time Effect Within Significant

Group Effect
WBV CG CG WBYV v Control
group no treatment other treatment

Muscle

performance
Eftekhari et al. 2012 MS yes no - yes*
Hilgers et al. 2013 MS yes - yes no
Claerbout et al. 2012 MS yes - yes yes*
Broekmans et al. 2010  MS no yes - no
Schyns et al. 2009 MS trend - no no
Jackson et al. 2008 MS trend - no no
Tankisheva et al. 2014 Stroke yes no - yes*
Marin et al. 2013 Stroke no - no no
Brogardh et al. 2012 Stroke no - yes no
Pang et al. 2013 Stroke yes - yes no
Lau et al. 2012 Stroke yes - yes no
Ahlborg et al. 2006 CP yes - yes no

Gait

10 meter

walking test
Eftekhari et al. 2012 MS yes no - yes*
Hilgers et al. 2013 MS yes - yes no
Diego et al. 2012 MS no no - no
Schyns et al. 2009 MS trend - no no
Brogardh et al. 2012 Stroke yes - no no
Lau et al. 2012 Stroke yes - yes no
Ebersbach et al. 2008 PD yes - yes no

Timed 25 Foot

test
Broekmans et al. 2010  MS no no - no

2 minute

walking test
Broekmans et al. 2010  MS no no - no

3 minute

walking test
Claerbout et al. 2012 MS yes - yes no

6 minute

walking test
Hilgers et al. 2013 MS yes - yes yes*
Brogardh et al. 2012 Stroke yes - yes no
Lau et al. 2012 Stroke yes - yes no

Timed Up and

Go test
Hilgers et al. 2013 MS yes - yes no
Diego et al. 2012 MS trend no - no
Claerbout et al. 2012 MS yes - yes no
Broekmans et al. 2010  MS no no - no
Schyns et al. 2009 MS trend - no no
Brogardh et al. 2012 Stroke yes yes no
Arias et al. 2009 PD yes - yes no
Ahlborg et al. 2006 CpP no - no no

Balance

Berg Balance

scale
Diego et al. 2012 MS no no - no
Claerbout et al. 2012 MS yes - yes no
Broekmans et al. 2010  MS no no - no
Marin et al. 2013 Stroke no - no no
Brogardh et al. 2012 Stroke yes - no no
Lau et al. 2012 Stroke yes - yes no
Van Nes et al. 2006 Stroke yes - yes no
Arias et al. 2009 PD yes - yes no

Standing

balance
Eftekhari et al. 2012 MS yes no - yes*

Sensory

Organisation

test
Diego et al. 2012 MS yes no - no
Tankisheva et al. 2014 Stroke yes no - no

MS-Multiple Sclerosis, PD-Parkinson’s’ Disease, CP-Cerebral Palsy, WBV-Whole Body Vibration, CG-Control group, v-versus
* Statistically significant difference between the WBV group and a control group in favour of WBV intervention

Table 2.7 Most commonly used outcomes and results within and between groups.
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2.3.6.1 Impairment of body functions — Strength

Three studies reported changes in muscle strength when WBV was compared to no
intervention (Tankisheva et al. 2014, Eftekhari et al. 2012, Broekmans et al. 2010).
Broekmans et al. (2010) found no statistical improvement in the WBV group after
intervention but reported a statistical decrease in maximal isometric knee-flexor torque
(45° and 90°) at study termination in their control group. In contrast, Tankisheva et al.
(2014) and Eftekhari et al. (2012) reported a statistically significant improvement in the
WBYV group and moreover, they found significant differences between groups in favour
of WBYV intervention when compared to no intervention.

When WBYV intervention was compared to other treatments, a statistically significant
improvement was reported within both the WBV and control group for five studies
(Hilgers et al. 2013, Pang et al. 2013, Claerbout et al. 2012, Lau et al. 2012, Ahlborg et
al. 2006). Only one study (Claerbout et al. (2012)) found that the WBV group had a
greater improvement in strength when compared to multidisciplinary treatment for
PwMS.

The cumulative findings suggest that while groups improve in strength following WBV,
this improvement is not consistently greater than either no intervention or a comparison

intervention.

2.3.6.2 Activity Limitations - Balance

When WBYV training was compared to a control group receiving no intervention, no
significant change was reported for the Berg balance scale (BBS) either within or
between groups (Diego et al. 2012, Broekmans et al. 2010). Six studies compared WBV
to other interventions and four reported a statistically significant improvement on BBS
within both groups (Lau et al. 2012, Claerbout et al. 2012, Arias et al. 2009, van Nes et
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al. 2006), one in the WBV group only (Brogardh et al. 2012) and one in neither (Marin
et al. 2013). Only one study reported statistically significant greater improvements in
the WBV group than in a control group receiving no intervention for standing balance
(Eftekhari et al. 2012).

Of note, balance was also assessed using other tests, such as the functional reach test
(Arias et al. 2009) or Tinetti balance scale (Ebersbach et al. 2008), where significant
improvements were reported within both the WBV and control group that was receiving
other treatments but without significant differences between groups.

There is inconsistent evidence to suggest that while WBV can bring about an

improvement in balance it is not more effective than no intervention or other treatments.

2.3.6.3 Activity limitations - Gait

When WBV was compared to a control group who did not have an intervention, only
one study found significant differences between groups in favour of WBYV intervention
(Eftekhari et al. 2012). The other two studies reported no statistically significant change
in gait (10 meter walk test (10mWT), Timed 25 Foot walk test (T25FWT), and 2 minute
walk test 2MWT)) (Diego et al. 2012, Broekmans et al. 2010). When WBV
intervention was compared to other treatments, three studies reported a statistically
significant improvement in 10mWT within both the WBYV and control group (Hilgers et
al. 2013, Lau et al. 2012, Ebersbach et al. 2008), and one study only in the WBV group
(Brogéardh et al. 2012).

Four studies (Hilgers et al. 2013, Claerbout et al. 2012, Brogérdh et al. 2012, Lau et al.
2012) reported a significant improvement after WBV training within both the WBV and

comparison treatment groups in 3 minute and 6 minute walk tests 3MWT and 6MWT
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respectively). However, only one study of Hilgers et al. (2013) showed significant
differences in favour of the WBV group in between group analysis.

No significant change in the Timed Up and Go Test (TUG) was found when WBV was
compared to a control group with no intervention (Diego et al. 2012, Broekmans et al.
2010). When WBV was compared to control group receiving other treatment, four
studies reported a significant improvement in TUG within both groups (Hilgers et al.
2013, Claerbout et al. 2012, Brogardh et al. 2012, Arias et al. 2009) and two in neither
group (Schyns et al. 2009, Ahlborg et al. 2006). No study found a significant difference
between groups when WBYV was compared to other treatment.

Although significant improvements were reported after WBYV training, these changes in
walking tests are not consistently greater than that due to no intervention or other

treatments.

2.4 DISCUSSION

The objective of this literature review was to assess the effects of WBV for
people with neurological conditions and to assist clinicians with evidence based
decisions regarding the optimal parameters of WBYV intervention and training protocols.

One of the key finding of this review is the high variability in research design,
measurement protocols, vibration parameters and intervention characteristics of the
reviewed studies. This makes it difficult to synthesise or compare findings and provide
clinical recommendations. There were a small number of high quality studies - only one
study can be classified as “excellent” using the PEDro rating scale (Brogirdh et al.
2012). It should be noted that WBV training is well tolerated by patients with

neurological conditions and no adverse effects were reported in the reviewed studies.

41



Strength, gait and balance were the most commonly assessed domains in the
reviewed studies. Of concern is that only four studies out of sixteen reported statistically
significant difference in favour of WBV intervention for these variables (Tankisheva et
al. 2014, Hilgers et al. 2013, Eftekhari et al. 2012, Claerbout et al. 2012). It possible that
small sample sizes contributed to type 2 error. Data synthesis and meta-analysis was not
possible due to the number of different measures used.

The proposed mechanism for the effect of WBV is to enhance muscle
contraction and therefore lead to gains in muscle strength. However, the cumulative
evidence for the effects of WBYV training on strength in neurological populations is not
convincing. This is surprising given the body of evidence for its effect in healthy
populations (Cormie et al. 2006, Luo et al. 2005, Roelants et al. 2004a, Torvinen et al.
2003). Inconsistency in using a “gold standard” measurement tool, such as the
isokinetic dynamometer, the relatively short duration of the interventions or the lack of
clarity as to whether the interventions were delivered according to the overload
principles, may have led to lack of significant improvements in muscle strength.
Interestingly, three more recent studies found significant improvements in strength
when WBYV training was compared to a control group receiving either no intervention
(Tankisheva et al. 2014, Eftekhari et al. 2012) or other intervention (Claerbout et al.
2012), although there are no clear differentiating features of those studies that could
explain that finding.

It is generally known that the central nervous system plays an important role in
muscle strength gains. Reductions in muscle activity in people with neurological
conditions may be due to both peripheral and central mechanisms. For instance, in
multiple sclerosis, Chang et al. (2011) suggest that central nervous system factors were

a greater factor in reduced muscle fatigue than peripheral elements; the same may be
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true of muscle power. Therefore if the mechanism of WBYV is to stimulate muscle
spindle (i.e. peripheral elements) it may not be effective in changing central processes
necessary for increased muscle contraction.

The Berg balance scale (BBS) was commonly used in the studies, however, only
one paper (Eftekhari et al. 2012) reported significant improvement in BBS scores in
PwMS when comparing WBYV to a control that had no intervention. It is possible that
the BBS is not sensitive enough to detect changes in this domain in these populations.
Cameron and Nilsagard (2013) suggest that the BBS does not assess all potential
postural control systems in PwMS and a systematic review of the psychometric
properties of the BBS in the stroke population suggested considering other balance
measures in conjunction with the BBS to address its floor and ceiling effects (Blum and
Korner-Bitensky 2008). The addition of data derived from force plates or stabilometry
systems could be considered, as could measures such as the Mini-BESTest
(Franchignoni et al. 2010) which considers more postural control systems than the BBS.
The use of more sensitive measures may explain why improvements are seen in healthy
subjects (Moezy et al. 2008, Bruyere et al. 2005, Bautmans et al. 2005, Torvinen et al.
2002), but not in those with neurological conditions. However, as the interventions in
the studies reviewed generally did not challenge the participants’ balance (i.e. they were
static exercises or completed with arm support) it is not unexpected that the BBS scores
did not improve.

Walking was the most frequently measured domain. Although statistically significant
improvements in walking tests were reported in many studies following WBYV training,
only two studies reported greater improvements in the WBV group when compared to
another treatment for the 10 meter walk test (Eftekhari et al. 2012), and for the 6MWT

(Hilgers et al. 2013). It is possible that dynamic rather than static exercise may have a
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greater effect on walking outcomes or that the specific task of walking needs to be
practiced to see improvements in this domain. Interestingly, it has been suggested in the
literature that 9 minutes of WBYV intervention at 20 Hz delivered 10800 stimulatory
impulses to the lower limbs, and corresponds to the number of impulses received during
3 hours walking at regular speed (Rauch 2009). If this short dose of WBV has the same
result as a long period of resistance or aerobic exercise, then WBV may be preferable
for people experiencing fatigue. It may also be possible for people with neurological
conditions to exercise independently of a therapist on a WBYV platform, hence providing
an augmented exercise experience, though few studies have directly investigated this.

Few studies investigated the impact of WBYV training on participation and used
patient reported outcome measures. Anecdotally in our clinical experience patients
report positive feedback from WBYV training, expressing a higher level of energy after
training, and that their feet felt warmer and more sensitive. Further evaluation of the
effect of WBYV on sensory domains and on participation level measures is warranted and
qualitative methods to augment the quantitative findings are suggested.

The second objective of this review was to assist clinicians in evidence based
decision making regarding the optimal parameters of WBV intervention. The variety of
intervention protocols and the lack of comparison of different WBYV protocols makes it
difficult to recommend the optimal parameters. However, non-significant tendencies in
the data from the studies in this review suggest that studies with total durations ranging
from 3 to 8 weeks, using a frequency between 2.5 - 45 Hz for at least 3 minutes of
vibration intervention in a session over minimum of 9 sessions, may have possible
benefits and are well tolerated by participants, but this requires verification in well

powered trials of high methodological quality.
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The reviewed studies used mostly a static squat position and, few used a
combination of static and dynamic exercises. There does not appear to be any
correlation between the type of exercises and outcome. Nevertheless it seems to be
logical that due to the active nature of our lives we should consider a combination of

static and dynamic exercises whilst exercising on a vibrating platform.

2.4.1 Limitations

The fact that only two investigators completed the review process may be a
limitation. Despite this, the study used a recognised framework for reporting outcomes
(ICF), and considered both the quality of the studies, and the reporting of the
intervention parameters.

One of the greatest limitations in the studies included is their low
methodological quality. We applied the commonly used PEDro rating scale, however
alternatives such as the Cochrane System of Bias may be more useful than rating scales
where criteria are either met or unmet and might allow greater consideration of the key
issues. In this case we used the PEDro scale as it had been used in previous reviews of
WBY and allowed the comparison of newer studies to those previously reviewed.

The lack of blind assessors is of great concern as this can result in considerable
detection bias. Additionally, the low number of studies reporting concealed allocation,
blind assessors and intention to treat analysis should be addressed in future trials.
Blinded subject and therapists may be achieved through the use of “placebo” platforms.
This may also help to account for the “technology” effect that may contribute to the
results in terms of adherence and patient reported measure.

As the procedures used to generate the outcome data are not described in full in

the reviewed studies, it is possible that deviations from standard protocols resulted in

45



sub-optimal consistency of measurement. Future studies should consider describing
fully the outcome protocols used and generating standard error of the measure estimates
to allow the differentiation between real change and that due to measurement error.
Estimates of the minimal clinically important difference, from the perspective of the
person and the therapist would also assist in making judgements about the effectiveness
of WBYV (and other interventions).

The level of disability reported in the studies indicates that in most cases
participants were either fully ambulatory with or without a walking aid, or their gait was
only moderately impaired. There is a need for studies to investigate the effects of WBV

treatment on people with greater level of disability.

2.5 CONCLUSION

There is insufficient evidence to suggest that WBV training is more effective
than a control group receiving no intervention, or than another intervention. This
finding may be an example of “no evidence of effect” as opposed to “evidence of no
effect” as studies generally have small numbers and below optimal methodological
quality and none found that comparison interventions were significantly better than
WBYV. Of note is that the intervention is well tolerated by the participants and that no
adverse effects were noted. It is not possible to make a conclusive statement about the
optimal format of WBV intervention, as studies have used a variety of WBV
parameters.

This finding supports that of previous reviews in this area; however four recent studies
reported statistically greater improvements in the WBV group for muscle strength,

balance or gait. Given the shorter duration of treatment, and the possibility of working
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independently of therapists on a WBV platform, WBV may be a useful adjunct to

treatment but further studies exploring this are required.
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CHAPTER 3 TEST-RETEST AND
INTER-RATER RELIABILITY OF FOUR
SENSORY MEASURES IN PEOPLE WITH
MULTIPLE SCLEROSIS

Chapter 3 of this thesis contains the test-retest (chapter 3a) and inter-rater (chapter 3b)
reliability studies. The same thirty four participants were analysed in both studies. The
recruitment process, inclusion and exclusion criteria, and outcome measures used were
the same for both studies. For test-retest reliability one senior physiotherapist collected
data on two separate occasions with one week interval between testing. For inter-rater
reliability, the same senior physiotherapist and one basic grade physiotherapist collected

data on the same day with a 1.5 hour interval between tests.
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CHAPTER 3A TEST-RETEST
RELIABILITY OF FOUR SENSORY
MEASURES IN PEOPLE WITH
MULTIPLE SCLEROSIS
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3A.1 INTRODUCTION

Due to the high prevalence of plaques in the dorsal column of the spinal cord
(Zackowski et al. 2009) and lesions in various brain areas, sensory pathways are often
affected in people with Multiple Sclerosis (PwMS). Sensory abnormalities are one of
the earliest symptoms and occur in up to 80% PwMS (Sanders and Arts 1986, Merchut
and Gruener 1993, Heijenbrok et al. 1992). Sensory disturbances have a significant
effect on gait (Kelleher et al. 2009, Baram and Miller 2006), balance (Citaker et al.
2011, Cattaneo et al. 2007b) and quality of life in this population (Goldman et al. 2008,
Cattaneo et al. 2007b). An intact sensory system is important to provide feedback to
perform tasks such as walking, balance control or motor learning (Umphred et al. 2012).

Several subjective and objective sensory tools have been used in clinical and
research practice to assess many different sensory modalities for example
proprioception, light touch, or vibration threshold in neurological populations including
Multiple Sclerosis (MS); the Nottingham Sensory Assessment (NSA) (Lincoln et al.
1998), the Erasmus MC modifications to the Revised NSA (EmNSA) (Stolk-Hornsveld
et al. 2006), Semmes-Weinstein Monofilaments (SWM) (Citaker et al. 2011) or
Vibratron IT (Newsome et al. 2011, Zackowski et al. 2009). However, the psychometric
properties of the above tools have not been investigated extensively in PwMS. To the
best of our knowledge, only one study (Newsome et al. 2011) investigated test-retest
reliability of foot vibration threshold in PWMS; we found no other studies that reported
psychometric properties of sensory measures for PWMS in an extensive search of the
literature.

Test-retest reliability is an important property because it provides information
about the consistency of responses over time. Reliability can be expressed as relative or

absolute reliability. Relative reliability is often quantified by the interclass correlation
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coefficients and should be always supported by the Bland and Altman plots (Rankin and
Stokes 1998). Absolute reliability is an expression of the measurement error in the same
units as the original measurement, quantified by the standard error of measurement
(SEM) (Finch et al. 2002).

This study aimed to determine the test-retest reliability of the Verbal Analogue
Scale for sensation (VAS), the Erasmus modifications to the Nottingham Sensory
assessment (EmNSA), the Semmes Weinstein monofilaments (SWM) and the

Neurothesiometer (NT) in PwWMS.

3A.2 METHODS

120 information leaflets were posted to randomly selected participants on the
MS Society's database. Interested participants were asked to contact the lead
investigator. Participants who walked with or without an aid were included in this study
(score 0, 1, 2, 3 or 4 inclusive on the mobility section of the Guy’s Neurological
Disability Scale (GNDS)) (Sharrack and Hughes 1999). Participants were excluded if
they had a recent relapse in the last 3 months, corticosteroid treatment within 28 days of
the start of this study, recent fractures or surgical procedures which may restrict their
mobility or function and a history of peripheral neuropathy. On the assessment day,
each participant gave informed consent. The study was approved by the Education and
Health Sciences Research Ethics Committee, University of Limerick.
Demographic data including age, gender, time since diagnosis, level of mobility and

type of MS were collected during initial assessment.
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3A4.2.1 Measures

The measures were chosen as they are used in clinical practice, reported in the literature

and assess patient report and objective measures of sensation.

The Neurothesiometer (NT) (Horwell Scientific, London, United Kingdom) was used to
determine vibration threshold. This instrument delivers vibration of increasing
amplitude (measured in V or um) and determines the minimum threshold at which
vibration is perceived (O'Neill et al. 2006). The minimum reading at which vibration
sensation was perceived was recorded. Three readings were taken from the same place
and the average was then calculated (Bril and Perkins 2002). Firstly, the investigator
demonstrated the expectant vibration sensation (buzzing sensation) on the patients’
hand. The subject was asked to close their eyes or turn their head away and the
Neurothesiometer was then placed over selected places of participants’ more affected
side of the body. The voltage was gradually increased until the subject reported feeling
vibration. Four sites of the plantar aspect of the foot were tested: the great toe, the first
metatarsophalangeal joint (13 MTPJ), the fifth metatarsophalangeal joint (5" MTPJ) and
the heel. A high ICC value (0.974, p <0.001) was found for the Neurothesiometer in

people with diabetic polyneuropathy (Jurado et al. 2009).

Verbal analogue scales (VAS) were used to determine patient's subjective feeling of
sensation in upper and lower extremities. These scales have been used widely to assess
variations in intensity of musculoskeletal pain and have moderate to good test-retest
reliability (Spearman’s rank correlation values varied from 0.60 to 0.77) (Boonstra et al.
2008). In our study we included various sensory stimuli (see table 3A.8). These

represent the domains often reported by patients in clinical practice.
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Questions

1. Do you have any numbness in your hands/feet?
0 = no sensation, 10 = normal feeling

2. Do you have any problems knowing where your hands/feet are?
0 = don’t know where they are at all, 10 = normal feeling

3. Do you have any pins and needles, tingling or burning sensations in your hands/feet?
0 = no feelings, 10 = worst imaginable feelings

4. Do you have any pain in your hands/feet?
0 =no pain, 10 = worst imaginable pain

5. Do you have any problems feeling pain in your hands/feet?
0 =no problems, 10 = can’t feel pain at all

6. Do you have any problems feeling temperature in your hands/feet?
0 = unable to feel, 10 = normal feeling of temperature

Table 3A.8 Questions for VAS for sensation for the hand and the foot.

The Erasmus MC modifications to the revised NSA (EmNSA) (Stolk-Hornsveld et al.
2006) is a screening tool for sensory impairments of upper and lower extremities and
consists of following items: light touch, pressure, pinprick, sharp-blunt discrimination
and proprioception. This is a modified version of the original Nottingham Sensory
Assessment scale for stroke patients, developed by Lincoln et al. (1998). It was reported
to have good to excellent test-retest reliability in neurological and neurosurgical
inpatients with intracranial disorders (Weighted Kappa coefficients ranged from 0.58 to
1.00) (Stolk-Hornsveld et al. 2006). In this study, the testing protocol published by
Stolk-Hornsveld et al. (2006) was used. When the participant correctly identified the
test sensation on 3 trials it was considered “normal”, if the participant identified the test
sensation, but not on all 3 trials in each region of the body, it was “impaired” and finally
if the participant failed to identify the test sensation on 3 trials it was considered
“absent”. Each testing sense (light touch, pressure, pinprick, sharp and blunt, and
proprioception) for each region of the body (upper limb — fingers, hand, forearm and
arm; lower limb — toes, foot, leg and thigh) was analysed separately.
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The Rolyan Semmes Weinstein monofilaments (SWM) are a standard set of SWM
(Homecraft Rolyan, A Patterson Medical Company, United Kingdom) and were used to
assess the threshold for light touch. In this study, a six piece foot kit and testing protocol
as published by Mawdsley et al. (2004) were used. Each subject was asked to close their
eyes during the testing procedure and to respond with a "yes" if they could feel the test
stimulus. For each trail, the monofilament was applied to the skin surface and once fully
bent, was held on the skin for approximately 1.5 second and then removed. The SWM
was found to have good inter-rater reliability (ICC=0.965) in people with peripheral
nerve injury (Novak et al. 1993a, Novak et al. 1993b). In our study, we tested SWM on
four sites (upper limb — fingers, hand, forearm and arm; lower limb — toes, foot, leg and
thigh). For statistical analysis, to allow comparison to previous studies (Schreuders et al.
2008, Zackowski et al. 2004, Zackowski et al. 2009), we converted the filaments size
into an ordinal scale in order to calculate Interclass Correlation Coefficient (ICC); 1
represented normal sensation, 2, diminished light touch, 3, diminished protective
sensation, 4, loss of protective sensation and 5, untestable or deep pressure sensation

only.

3A4.2.2 Procedure

One senior physiotherapist collected data on two separate occasions with a one week
interval between testing; measurements were taken in random order on both testing
days. The rater received training from a senior researcher and a manual of the protocol
was created in order to ensure standardisation of approach. Every participant gave
informed consent. The rater did not have access to the previous testing scores and data

were not inputted until all data were collected.
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3A4.2.3 Statistical analysis

Statistical analyses were undertaken using IBM SPSS® Statistics V. 20 (Armonk, New
York, USA). For the EmNSA test we initially used percentage agreement (Py), and
Cohen’s kappa (K) (Cohen 1960). However, the distribution of responses across the
categories was found to be highly skewed towards the ‘normal’ response category.
Therefore, we computed the prevalence-adjusted bias-adjusted kappa (PABAK) (Byrt et
al. 1993) for the dichotomised response categories ‘normal’ and ‘impaired/absent’, with
associated prevalence and bias indices. In addition to the reliability statistics, we
calculated the percentage of normal sensory responses (Ps%) for each test, where a
normal sensory response was defined as a mormal' test result recorded at both rating
times. Ps% provided an important estimate of the percentage of PwMS that would be
classified as having normal sensation by the test.

Continuous data from the VAS and Neurothesiometer tests were analysed using the
two-way mixed, single measure with absolute agreement Intraclass Correlation
(ICC[3,1]) with 95% Confidence Interval (95%CI) and Bland and Altman analysis
(Martin Bland and Altman 1986). Standard error of Measurement (SEM) was also
calculated as SEM = SDdiff/\2, (under the assumption of similar variances where
SDdift = the standard deviation of the differences between test and retest observations)
(Beckerman et al. 2001, Stratford and Goldsmith 1997). For the SWM test, Cohen’s
Kappa and percentage agreement were computed, and to allow comparison to previous
studies, ICC (3,1) values were computed and expressed as the quadratic weighted kappa
as outlined by Fleiss and Cohen (1973).

Values for ICC measures were interpreted using the Portney and Watkins (2009)
guidelines where below .50 represents poor reliability, coefficients from .50 to .75

represent moderate reliability and above .75 suggests good reliability (Portney and
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Watkins 2009). The classification of reliability for categorical data proposed by Landis

and Koch (1977) was used for Kappa and PABAK: <0: poor, 0.00-0.20: slight, 0.21-

0.40: fair, 0.41-0.60: moderate, 0.61-0.80: substantial, 0.81-1.00: almost perfect.

3A.3 RESULTS

Of the 34 participants tested, 26 were female (76.5%). The mean age was 49.5 (SD

11.13). The mean time since diagnosis was 12 years and 10 months (SD 5.84). The

greatest percentage of subjects (41.2%) scored 0 on the GNDS which indicated they

reported that gait was not affected. The majority of participants (61.8%) were diagnosed

with relapsing remitting MS. Twenty nine participants (85.2%) reported a sensory

problem on VAS testing. Descriptive study statistics are presented in table 3A.9.

n=34

Frequency (%)

GNDS score
0 - Walking not affected

14 (41.2%)

1 - Walking is affected, but walks independently 4 (11.8%)
2 - Usually uses unilateral support outdoors 11 (32.4%)
3 - Usually uses bilateral support to walk outdoors 4 (11.8%)
4 - Usually uses wheelchair to travel outdoors, but able to stand and walk a few steps | 1 (2.9%)
with or without help
Type of MS
Benign 1 (2.9%)
Relapsing remitting 21 (61.8%)
Primary progressive 4 (11.8%)
Secondary progressive 4 (11.8%)
Unknown 4 (11.8%)

Patient reported sensory problems (Visual Analogue Scale )

Any question

Upper limb
Numbness
Pins and needles, tingling and burning sensation
Problems feeling temperature

Lower limb
Numbness
Pins and needles, tingling and burning sensation
Problems feeling temperature

29 (85.2%)

25 (73.5%)
19 (55.9%)
17 (50.0%)
12 (35.3%)

28 (82.3%)
23 (67.6%)
22 (64.7%)
14 (41.2%)

GNDS — Guy’s Neurological Disability Scale (mobility section), n - number of participants

Table 3A.9 Descriptive study statistics.
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Detailed results of the test-retest reliability testing for NT, VAS, EmNSA and SWM can

be found in table 3A.10, 3A.11, 3A.12 and 3A.13.
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Neurothesiometer  Time 1 Time 2 ICC 95% CI d’ SDdiff SE of d’ 95%CI for > SEM

n=34 x (SD) X (SD)

Lower limb

Plantar great toe 19.7 (13.0) 17.3 (11.3) 0.84 0.71-0.92 0.26 7.20 1.25 -2.73-2.31 5.09
Plantar 1% MTPJ 17.3 (11.3) 18.2 (13.2) 0.89 0.77-0.95 -2.01 5.34 0.98 -3.47-0.51 3.78
Plantar 5™ MTPJ 17.8 (14.3) 17.8 (14.3) 0.81 0.63-0.91 -1.06 7.61 1.44 -4.02-1.89 5.38
Plantar heel 20.6 (15.1) 22.9(16.2) 0.92 0.85-0.96 -1.37 5.99 1.08 -3.93-0.90 4.24

15 MTPJ - first metatarsophalangeal joint, 5" MTPJ - fifth metatarsophalangeal joint, Timel- 1 testing day, Time 2 - second testing day (week later), mean (%) and

Standard Deviation (SD); n - number of participants
ICC (3,1) Interclass Correlation Coefficient, single measurement, absolute agreement, 95% CI - 95% confidence interval, d’ - mean difference, SDdiff - standard
deviation of the differences, SE of d’ - standard error of the mean, 95% CI for d’ - 95% confidence interval of the mean, SEM standard error of measurement =SDdiff/\2

Table 3A.10 Test-retest reliability results for the Neurothesiometer.
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n=34 Time 1 Time 2 P,% ICC 95% CI d’ SDdiff SE of d’ 95% CI for &’ SEM

X (SD) X (SD)

VAS Hand

Ql 8.1(2.2) 8.6 (2.0) 50.0 0.80 0.61-0.90 -0.56 1.26 0.22 -1.00-0.12 0.89
Q2 9.7 (L.1) 9.9 (0.6) 88.2 0.66 0.42-0.81 -0.15 0.74 0.13 -0.41-0.11 0.53
Q3 1.6 (2.3) 1.3(2.2) 61.8 0.89 0.79 - 0.94 0.35 1.04 0.18 -0.01-0.72 0.74
Q4 0.8 (1.9) 0.5 (1.6) 76.5 0.67 0.46 - 0.83 0.27 1.40 0.24 -0.22-0.75 0.99
Q5 0.7 (1.6) 0.4 (1.1) 79.4 0.61 0.35-0.79 0.29 1.24 0.21 -0.14-0.73 0.88
Q6 8.6 (2.2) 8.7 (2.0) 58.8 0.86 0.74 - 0.93 -0.03 1.14 0.20 -0.43-0.37 0.81
VAS Foot

Ql 7.4(2.9) 7.9 (2.7) 41.2 0.79 0.62 - 0.89 -0.44 1.80 0.31 -1.07-0.19 1.27
Q2 8.9(2.2) 9.2 (1.7) 73.5 0.77 0.62 - 0.89 -0.24 1.30 0.22 -0.69 - 0.22 0.92
Q3 32 3.1 2.5(2.9) 353 0.79 0.61 - 0.89 0.68 1.89 0.32 0.02-1.34 1.33
Q4 1.5(2.5) 0.9 (2.0) 67.6 0.70 0.47-0.84 0.62 1.72 0.30 0.02-1.22 1.22
Q5 1.5(2.8) 1.0 (2.3) 73.5 0.74 0.54 - 0.86 0.50 1.81 0.31 -0.13-1.13 1.28
Q6 8.5(2.3) 83(2.2) 50.0 0.76 0.58 - 0.87 0.15 1.54 0.26 -0.39 - 0.68 1.09

QI - Question 1(Do you have any numbness in your hands/feet?), Q2 - Question 2(Do you have any problems knowing where your hands/feet are?), Q3 - Question 3 (Do you
have any pins and needles, tingling or burning sensation in your hands/feet?), Q4 - Question 4(Do you have any pain in your hands/feet?), Q5 - Question 5(Do you have any
problems feeling pain in your hands/feet?), Q6 - Question 6 (Do you have any problems feeling temperature in your hands/feet?), n - number of participants

Timel- 1 testing day, Time 2 - second testing day (week later), mean (X) and Standard Deviation (SD), P;% - Percentage of normal sensory responses, ICC (3,1) Interclass
Correlation Coefficient single measurement, absolute agreement, 95% CI - 95% confidence interval, d’ - mean difference, SDdiff - standard deviation of the mean difference,
SE of d’ - standard error of the mean, 95% CI for d” - 95% confidence interval of the mean, SEM standard error of measurement =SDdiff/\2

Table 3A.11 Test-retest reliability results for the Verbal Analogue Scale for sensation.



EmNSA P% Py K BI PI PABAK

Light touch (n=34) Fingers 94.1 094 0.48 (p<0.001) 0.00 0.88 0.88
Hand 94.1 1.00 1.00 (p<0.001) 0.00 0.88 1.00
Forearm 97.1 0.97 Undefined -0.03 0.97 0.94
Arm 100.0 1.00 Undefined 0.00 1.00 1.00
Toes 824 0.85 0.22 (p=0.15) -0.03  0.79 0.71
Foot 853 0.85 -0.08 (p=0.65) -0.03 0.85 0.71
Leg 853 0091 0.52 (p<0.001) -0.03  0.79 0.82
Thigh 91.2 0.97 0.78 (p<0.001) -0.03 0.85 0.94

Pressure (n=34)
Fingers 97.1 0.97 0.49 (p<0.001) 0.00 0.94 0.94
Hand 97.1 0.97 Undefined 0.03 0.97 0.94
Forearm 97.1 0.97 Undefined -0.03 0.97 0.94
Arm 100.0 1.00 Undefined 0.00 1.00 1.00
Toes 94.1 0.94 Undefined -0.06 094 0.88
Foot 100.0 1.00 Undefined 0.00 1.00 1.00
Leg 100.0 1.00 Undefined 0.00 1.00 1.00
Thigh 100.0 1.00 Undefined 0.00 1.00 1.00

Pinprick (n=34)
Fingers 97.1 0.97 0.49 (p<0.001) 0.00 0.94 0.94
Hand 97.1 1.00 1.00 (p<0.001) 0.00 0.94 1.00
Forearm 100.0 1.00 Undefined 0.00 1.00 1.00
Arm 100.0 1.00 Undefined 0.00 1.00 1.00
Toes 94.1 0.97 0.65 (p<0.001) -0.03 0091 0.94
Foot 94.1 0.94 -0.03 (p=0.86) 0.00 0.94 0.88
Leg 100.0 1.00 Undefined 0.00 1.00 1.00
Thigh 97.1 0.97 Undefined 0.03 0.97 0.94

Sharp and blunt

Upper Limb (n=32) Fingers 40.6  0.69 0.37 (p=0.04) -0.06 0.13 0.38
Hand 53.1 0.69 0.27 (p=0.12) 0.00 0.38 0.38
Forearm 34.4  0.47 -0.09 (p=0.60) -0.16 0.22 -0.06
Arm 37.5 0.69 0.38 (p=0.03) 0.06 0.06 0.38

Lower Limb (n=28) Toes 7.1 0.68 0.14 (p=0.40) 0.14 -0.57 0.36
Foot 53.6 0.79 0.54 (p<0.001) 0.14 0.29 0.57
Leg 17.9  0.57 0.17 (p=0.27) 0.29 -0.21 0.14
Thigh 35.7 0.50 -0.03 (p=0.88) 0.14 0.21 0.00

Proprioception

(N=34)
Thumb 97.1 1.00 1.00 (p<0.001) 0.00 0.94 1.00
Wrist 100.0 1.00 Undefined 0.00 1.00 1.00
Elbow 97.1 0.97 Undefined 0.03 0.97 0.94
Shoulder 100.0 1.00 Undefined 0.00 1.00 1.00
Big Toe 67.6 0.85 0.62 (p<0.001) -0.15  0.50 0.71
Ankle 100.0 1.00 Undefined 0.00 1.00 1.00
Knee 97.1 0.97 Undefined 0.03 0.97 0.94
Hip 100.0 1.00 Undefined 0.00 1.00 1.00

Upper limb (fingers, hand, forearm, arm), Lower limb (toes, foot, leg, thigh), n - number of participants

Ps% - Percentage of normal sensory responses, P, - Percentage agreement, K - Cohen’s Kappa value, BI -
Bias Index, PI - Prevalence Index, PABAK - prevalence-adjusted bias-adjusted kappa, Undefined - SPSS
did not compute value due to zero variability in one of the variables

Table 3A.12 Test re-test reliability results for the Erasmus MC modifications to the Nottingham
Sensory Assessment (EmNSA).



SWM P% K P, K, (95% CI)

Upper Limb (n=34)

Fingers 324 0.32 (p=.002) 52.9 0.72 (0.50 - 0.85)
Hand 26.5 0.26 (p=.113) 47.1 0.67 (0.43 - 0.82)
Forearm 23.5 0.11 (p=354) 41.2 0.24 (-0.09 - 0.53)
Arm 38.2 0.46 (p<0.001) 64.7 0.66 (0.41 - 0.81)
Lower Limb (n = 34)

Toes 8.8 0.29 (p=.01) 61.8 0.55(0.26 - 0.75)
Foot 11.8 0.26 (p =.009) 471 0.68 (0.45 - 0.83)
Leg 5.9 0.16 (p =.096) 441 0.36 (0.03 - 0.62)
Thigh 2.9 0.12 (p=.228) 38.2 0.18 (-0.17 - 0.49)

P% - Percentage of normal sensory responses, K - Cohen’s Kappa, P, - Percentage Agreement, K,, -
quadratic weighted Kappa (95% confidence intervals); n - number of participants

Table 3A.13 Test re-test reliability results for Semmes-Weinstein Monofilaments (SWM).

The ICC values for NT can be considered good with the highest ICC for plantar aspect
of heel. High ICC values were supported by low SEM values and low mean differences
with associated 95% confidence intervals that include zero. Bland and Altman plots for
NT, Figure 3A.3, show good agreement across the test sites. The plot for the 1% MTPJ
site may suggest some heteroscedasticity of the differences at higher vibration
thresholds. A regression analysis of the differences for the natural logarithm
transformed 1** MTPJ data found the slope to be non-significant (slope = -0.065, p-value

= 0.124) indicating the absence of systematic bias.
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Figure 3A.3 Test-retest variability of vibration threshold for four locations on the foot
measured by the Neurothesiometer expressed as Bland and Altman plots.

Good ICC values (above ICC of 0.75) were found for hands and feet, for question 1
relating to feeling numbness, question 3 relating to having pins and needles, tingling
and burning sensation and question 6 relating to having problems feeling temperature

on VAS. These results are supported by low values of SEM and low mean difference
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values. ICC values for question 2, 4 and 5 were lower, in a range between ICC 0.77 and
0.61. Percentages of normal sensory responses (Ps%) were high for questions 2, 4 and 5
reflecting a low number of measured sensory problems.

Good test-retest reliability values were found for EmNSA for all sections of the test
with the exception of the sharp and blunt test. However, further analysis showed high
Ps% for most of the test sections, indicating that nearly all participants had normal
sensory responses. Sharp and blunt was the only section which had a low percentage of
normal responses and for this section the test-retest reliability was poor.

The Cohen’s Kappa and Quadratic Weighted Kappa showed generally poor values for
the SWM for the upper and lower limbs. Percentage agreement between two testing
days suggested moderate agreement. Cumulatively these results suggest poor test-retest

reliability of SWM.

3A.4 DISCUSSION

Despite the high prevalence of sensory problems among PwMS, to the best of the
authors’ knowledge, there is only one study (Newsome et al. 2011) considering the
psychometric properties of sensory tests for PwMS. Therefore, the aim of this study was
to investigate test-retest reliability of different sensory tools that are often used in
clinical practice and are both subjective and objective in nature.

We found that test-retest reliability of the Neurothesiometer and VAS was
considered good, above 0.75 according to the guidelines of Portney and Watkins (2009).
The test-retest reliability for EMNSA was found to be high (with an exception of sharp
and blunt sense). However, the very high percentage of normal sensory responses (Ps%)

for the test and corresponding low variability across the response categories may be
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indicative of a low sensitivity of the test in identifying sensory problems. The results of
test-retest reliability for SWM were generally poor.

The Neurothesiometer was found to have good test-retest reliability with high
ICC values and low SEMs. The present study confirms previously reported results by
Jurado et al. (2009) who also found high ICC value for NT (ICC 0.974) in people with
diabetic neuropathy. To the authors’ knowledge, only one study to date has investigated
reliability of vibration threshold in PWMS (Newsome et al. 2011). They found high ICC
values (0.91) for test-retest reliability for vibration threshold measured using the
Vibratron II device. Cumulatively results from this study and from previously reported
in diabetic neuropathy (Jurado et al. 2009) suggest that NT has good test-retest
reliability and therefore may be considered for detecting changes in vibration threshold
post intervention in PwMS.

ICC values for questions 1, 3 and 6 on VAS for sensation were high, generally
above 0.75 and therefore test-retest reliability can be considered good (Portney and
Watkins 2009). The VAS questions 2, 4 and 5 had high Ps% reflecting a low prevalence
of sensory problems. Therefore, reliability estimates of these questions should be
interpreted with caution. To our knowledge, there are no studies reporting the use of
VAS to test sensation in PwWMS. However VASs are commonly used in clinical practice
(Boonstra et al. 2008, Pautex et al. 2005, Guyatt et al. 1987, Huskisson et al. 1976) and
have the advantage of being easy to administer. VAS is a potentially useful tool in
evaluating patient reported changes in sensation. Based on our data we would suggest
questions 1, 3 and 6 may be useful but this requires confirmation in further studies and
with people with other levels of disability due to MS.

EmNSA is a scale that was designed to detect sensory problems for people with

stroke (Lincoln et al. 1998) that was subsequently modified to improve reliability
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(Stolk-Hornsveld et al. 2006). Our data suggested generally high absolute agreement
and high PABAK values. However, there was little or no variability in the response
categories with very high percentages of normal sensory responses being recorded
across all testing senses, except for sharp and blunt test. These results suggest that either
the participants did not have sensory problems or that the test had a ceiling effect.
Similar results to ours were reported by Stalk-Hornsveld et al. (2006) where generally
good to excellent test-retest reliability was found. However, they did not interpret their
results considering the percentage of normal sensory responses (Ps%). Findings from
our study suggest that test-retest reliability may be artificially inflated by low responses
variability and high percentage of normal sensory responses. Therefore these results
suggest using EmNSA scale with caution and these findings require verification in
larger studies.

We found that the test-retest reliability for SWM was poor with moderate
agreement between two testing days. We used two statistical methods, firstly to
investigate these results and secondly to be able to compare our results with previously
reported in literature. Both Cohen’s Kappa and quadratic weighted Kappa statistics
yield generally low values, suggesting that the test-retest reliability was poor. Our
results are contrary to previously reported findings in peripheral nerve injury (Rozental
et al. 2000) and in Charcot-Marie-Tooth Disease (Schreuders et al. 2008) populations.
These studies reported generally high values for the test-retest reliability. Also, the
study by Collins et al. (2010) in a healthy population reported that the test-retest
reliability was moderate to good for the left foot (ICC per 5 different locations ranged
from 0.69 — 0.84) but poor to moderate for the right foot (0.36 — 0.61). The testing
technique, level of training, force used to bend a monofilament when testing or the

location of sensory receptors on the testing area may be important factors that lead to
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variability of the results. SWMs are a portable and easy to administer testing tool that

may be more useful as a diagnostic tool than a measure of outcome.

3A.4.1 Study limitations

We did not collect data for people with MS with significant disability and who
were unable to walk so our results may not be applicable to that population. Another
potential limitation was the relative inexperience of the rater in using SWM, NT and
EmNSA. However, the rater received standard training and practice opportunities before
the trial commenced, and reflects therapists who would use these tools in clinical
practice.

The percentage of normal sensory responses (Ps%) was high for some sensory
tests and the wording of some questions for VAS may not have identified sensory
problems in the group and that led to many “normal” responses. This could be
indicative of the inability of the test to detect sensory problems as 85.2% of our sample
reported difficulties with sensation. Lack of variability in response data and high Ps%
can artificially inflate the test reliability measures. We recommend reporting Ps% values

in conjunction with reliability results for this reason.

3A.5 CONCLUSIONS

Sensory deficits are common in PwMS. Reliable measurement tools are
necessary in clinical and research practice to detect changes in sensation after treatment.
Results of this study suggest that NT and three questions on VAS for sensation had

good test-retest reliability and may be useful in measuring changes in sensation after
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treatment in PWMS. On the other hand, findings for EmNSA and SWM revealed either
questionable or poor test-retest reliability, suggesting that those two tests have to be

further investigated.
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CHAPTER 3B INTER-RATER
RELIABILITY OF FOUR SENSORY
MEASURES IN PEOPLE WITH
MULTIPLE SCLEROSIS
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3B.1 INTRODUCTION

Sensory disturbances are a significant problem for people with Multiple
Sclerosis (PwMS). Although complete loss of sensation is rare in Multiple Sclerosis,
sensory impairments are commonly seen in this group and up to 80% of patients present
with some sensory disturbances (Sanders and Arts 1986, Merchut and Gruener 1993,
Heijenbrok et al. 1992). Sensory loss can be a significant cause of disability (Kelleher et
al. 2010, Newsome et al. 2011) and several studies have found that somatosensory
impairments have a significant effect on gait (Kelleher et al. 2009, Baram and Miller
2006), balance (Citaker et al. 2011, Cattaneo et al. 2007b) and lead to decreased
mobility, independence and quality of life (Goldman et al. 2008, Cattaneo et al. 2007b)
in people with MS (PwMS).

Although sensory problems are a common feature in PwMS, there is very little
research into how exercise affects the sensory system. An intact sensory system plays a
significant role in providing feedback that is required to perform tasks such as walking,
balance control or motor learning (Umphred et al. 2012). In order to assess changes in
the sensory system after exercises we need reliable sensory measurement tools.

Inter-rater reliability is particularly important property for outcome measures,
particularly given the age of onset of MS, and that the same patient may be assessed by
two different clinicians over the course of their treatment.

Several subjective and objective sensory tools (Verbal or Visual analogue scales,
the Nottingham Sensory Assessment (NSA) (Lincoln et al. 1998), the Erasmus MC
modifications to the Revised NSA (EmNSA) (Stolk-Hornsveld et al. 2006), Semmes-
Weinstein Monofilaments (SWM) (Citaker et al. 2011) or Vibratron II (Newsome et al.
2011)) have been used in studies and clinical practice to detect sensory impairments in

neurological populations, including MS. However, the psychometric properties of above
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tools have not been investigated in an MS population. Furthermore, a recent systematic
review of measures of sensation in neurological conditions stated that “gold standard”
sensory measures are lacking and very limited advice exists around which measurement
tools should be used for different domains and patient populations (Connell and Tyson
2012).

This study aimed to determine the inter-rater reliability of the Verbal Analogue
Scale for sensation (VAS), the Erasmus modifications to the Nottingham Sensory
assessment (EmNSA), the Semmes Weinstein monofilaments (SWM) and the
Neurothesiometer (NT) in MS population. These measures were chosen as they are used
in clinical practice, reported in the literature and assess both patient report and objective

measures of sensation.

3B.2 METHODS

3B.2.1 Participants

120 information leaflets were posted by the MS office coordinator to randomly selected
participants on the MS Society's databases. Interested participants were asked to contact
the lead investigator. Participants who were able to walk with or without an aid were
included in the study (score 0, 1, 2, 3 or 4 on the mobility section of the Guy’s
Neurological Disability Scale (GNDS)) (Sharrack and Hughes 1999). Participants were
excluded if they had a relapse in the last 3 months, corticosteroid treatment within 28
days of the start of this study, recent fracture or surgical procedure which may restrict
their mobility or function or had a history of peripheral neuropathy. Thirty four
participants out of 40 interested met the eligibility criteria and were recruited to this

study. On the assessment day, each participant gave informed consent. The study was
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approved by the Education and Health Sciences Research Ethics Committee, University
of Limerick. Demographic data including, age, gender, time since diagnosis, mobility

level were collected during initial assessment by the interview.

3B.2.2 Measures

The measures were chosen as they are used in clinical practice, reported in the literature

and assess patient report and objective measures of sensation.

The Neurothesiometer (NT) (Horwell Scientific, London, UK) was used to determine
vibration threshold. This instrument delivers vibration of increasing strength (measured
in V or um) and determines the minimum threshold at which vibration is perceived
(O'Neill et al. 2006). In this study, the method of limits as published by Bril and Perkins
(2002) was used. Firstly, the investigator demonstrated the expectant vibration sensation
(buzzing sensation) on the patients’ hand. The subject was asked to close their eyes or
turn their head away and the Neurothesiometer was then placed over selected places of
participants’ more affected side of the body. The voltage was gradually increased until
the subject reported feeling vibration. The minimum reading at which ‘buzzing’ was
perceived was recorded. Three readings were taken from the same place and average
was then calculated. Four sites of the plantar aspect of the foot were tested: the great
toe, the first metatarsophalangeal joint (1% MTPJ), the fifth metatarsophalangeal joint
(5™ MTPJ) and the heel. The Neurothesiometer was found to have good inter-rater

reliability (ICC=0.9441) in people with diabetic polyneuropathy (Jurado et al. 2009).
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Verbal analogue scales (VAS) were used to determine patient's subjective feeling of
sensation in upper and lower extremities. These scales have been used widely to assess
variations in intensity of musculoskeletal pain and have moderate to good reliability
(Spearman’s rank correlation values varied from 0.60 to 0.77) (Boonstra et al. 2008). In
our study we included a variety of sensory stimuli, (see table 4.14). These represent the

domains often reported by patients in clinical practice.

Questions

1. Do you have any numbness in your hands/feet?
0 =no sensation, 10 = normal feeling

2. Do you have any problems knowing where your hands/feet are?
0 = don’t know where they are at all, 10 = normal feeling

3. Do you have any pins and needles, tingling or burning sensations in your hands/feet?
0 = no feelings, 10 = worst imaginable feelings

4. Do you have any pain in your hands/feet?
0 = no pain, 10 = worst imaginable pain

5. Do you have any problems feeling pain in your hands/feet?
0 =no problems, 10 = can’t feel pain at all

6. Do you have any problems feeling temperature in your hands/feet?
0 = unable to feel, 10 = normal feeling of temperature

Table 3B.14 Questions for VAS for sensation for hand and foot.

The Erasmus MC modifications to the revised NSA (EmNSA) (Stolk-Hornsveld et al.
2006) is a screening tool for sensory impairments of upper and lower extremities and
consists of following items: light touch, pressure, pinprick, sharp-blunt discrimination
and proprioception. This is a modified version of the original Nottingham Sensory
Assessment scale for stroke patients, developed by Lincoln et al. (1998). It was reported
to have good to excellent inter-rater reliability in neurological and neurosurgical
inpatients with intracranial disorders (Stolk-Hornsveld et al. 2006). In this study, the

testing protocol as published by Stolk-Hornsveld et al. (2006) was used. When the
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participant correctly identified the test sensation on 3 trials it was considered “normal”,
if the participant identified the test sensation, but not on all 3 trials in each region of the
body, it was “impaired” and finally if the participant failed to identify the test sensation
on 3 trials it was considered “absent”. Each testing sense (light touch, pressure,
pinprick, sharp and blunt, and proprioception) for each region of the body (upper limb —
fingers, hand, forearm and arm; lower limb — toes, foot, leg and thigh) was analysed

separately.

The Rolyan Semmes Weinstein monofilaments (SWM) is a standard set of SWM
(Homecraft Rolyan, A Patterson Medical Company, Nunn Brook Road Huthwaite
Sutton in Ashfield Nottinghamshire UK) and was used to assess the threshold for light
touch. The Rolyan SWM set consists of hand-held testing filaments which are precisely
calibrated and of equal length (38mm). In this study, a six piece foot kit and a testing
protocol as published by Mawdsley et al. (2004) were used. Each subject was asked to
close their eyes during the testing procedure and to respond with a "yes" if they could
feel the test stimulus. For each trail, the monofilament was applied to the skin surface
and once fully bent, was held on the skin for approximately 1.5 second and then
removed. The lightest monofilament was used first and followed with a thicker
monofilament if previous was not detected. The SWM was found to have good inter
rater reliability (ICC=0.965) in people with peripheral nerve injury (Novak et al. 1993a,
Novak et al. 1993b). In this study, SWM were used on four sites on upper and lower
limb. For statistical analysis, to allow comparison to previous studies (Schreuders et al.
2008, Zackowski et al. 2004, Zackowski et al. 2009), we converted the filaments size
into the ordinal scale to be able to calculate Interclass Correlation Coefficient (ICC); 1

represented normal sensation, 2 diminished light touch, 3 diminished protective
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sensation, 4 loss of protective sensation and 5 untestable or deep pressure sensation

only.

3B.2.3 Procedure

One senior and one basic grade physiotherapist collected data. Both raters received
identical training and an information manual to ensure standardisation of approach. No
communication was allowed between raters. Neither of the raters had access to the other
raters’ testing scores. Participants were tested twice on the same day with a 1.5 hour
interval between tests. Firstly background information was collected by the first rater
and then assessment was carried out with the NT, VAS, EmNSA and SWM in a random
order. After 1.5 hour rest period, participants were tested by the second rater using the
same 4 sensory tests. The testing order was identical for both raters. Participants were

randomly assigned to either rater 1 or rater 2 for the first assessment.

3B.2.4 Statistical analysis

Statistical analyses were undertaken using IBM SPSS® Statistics V. 20 (Armonk, New
York, USA). For the EmNSA test we initially used percentage agreement (Py), and
Cohen’s kappa (K) (Cohen 1960). However, the distribution of responses across the
categories was found to be highly skewed towards the ‘normal’ response category.
Therefore, we computed the prevalence-adjusted bias-adjusted kappa (PABAK) (Byrt et
al. 1993) for the dichotomised response categories ‘normal’ and ‘impaired/absent’, with
associated prevalence and bias indices. In addition to the reliability statistics, we
calculated the percentage of normal sensory responses (Ps%) for each test, where a
normal sensory response was defined as a 'normal' test result recorded by both raters.
Ps% provided an important estimate of the percentage of PwMS that would be classified

as having normal sensation by the test.
75



Continuous data from the VAS and Neurothesiometer tests were analysed using the
two-way random, single measure with absolute agreement Intraclass Correlation
(ICC[2,1]) with 95% Confidence Interval (95%CI) and Bland and Altman analysis
(Martin Bland and Altman 1986). Standard error of Measurement (SEM) was also
calculated as SEM = SDdiff\2, (under the assumption of similar variances where
SDdiff = the standard deviation of the differences between test and retest observations)
(Beckerman et al. 2001, Stratford and Goldsmith 1997). For the SWM test, Cohen’s
Kappa and percentage agreement were computed, and to allow comparison to previous
studies, ICC (2,1) values were computed and expressed as the quadratic weighted kappa
as outlined by Fleiss and Cohen (1973).

Values for ICC measures were interpreted using the Portney and Watkins (2009)
guidelines where below .50 represents poor reliability, coefficients from .50 to .75
represent moderate reliability and above .75 suggests good reliability (Portney and
Watkins 2009). The classification of reliability for categorical data proposed by Landis
and Koch (1977) was used for Kappa and PABAK: <0: poor, 0.00-0.20: slight, 0.21-

0.40: fair, 0.41-0.60: moderate, 0.61-0.80: substantial, 0.81-1.00: almost perfect.

3B.3 RESULTS

Of the 34 participants tested, 26 were female (76.5%). The mean age was 49.5 (SD
11.13). The mean time since diagnosis was 12 years and 10 months (SD 5.84). The
greatest percentage of subjects (41.2%) scored 0 on the GNDS which indicated that they
reported gait was not affected. The greatest percentage of participants (61.8%) were
diagnosed with relapsing remitting MS. Twenty nine participants (85.2%) reported a
sensory problem on VAS testing. Descriptive study statistics are presented in table

3B.15.
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n=34 Frequency (%)
GNDS score
0 - Walking not affected 14 (41.2%)
1 - Walking is affected, but walks independently 4 (11.8%)
2 - Usually uses unilateral support outdoors 11 (32.4%)
3 - Usually uses bilateral support to walk outdoors 4 (11.8%)
4 - Usually uses wheelchair to travel outdoors, but able to stand and walk a few I (2.9%)
steps with or without help
Type of MS
Benign I (2.9%)
Relapsing remitting 21 (61.8%)
Primary progressive 4 (11.8%)
Secondary progressive 4 (11.8%)
Unknown 4 (11.8%)
Patient reported sensory problems (Visual Analogue Scale )
Any question 29 (85.2%)
Upper limb 25 (73.5%)
Numbness 19 (55.9%)
Pins and needles, tingling and burning sensation 17 (50.0%)
Problems feeling temperature 12 (35.3%)
Lower limb 28 (82.3%)
Numbness 23 (67.6%)
Pins and needles, tingling and burning sensation 22 (64.7%)
Problems feeling temperature 14 (41.2%)

GNDS — Guy’s Neurological Disability Scale (mobility section), n - number of participants

Table 3B.15 Descriptive study statistics.

Detailed results of the inter-rater reliability testing from NT, VAS, EmNSA and SWM

can be found in table 3B.16, 3B.17, 3B.18 and 3B.19.
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Neurothesiometer Rater 1 Rater 2 ICC 95% CI d’ SDdiff SE of d’ 95%ClI for d’ SEM

n=34 x (SD) X (SD)

Lower Limb

Plantar great toe 19.7 (13.0) 15.7 (11.9) 0.78 0.59-0.89 2.62 7.63 1.37 -0.18 -5.42 5.40
Plantar 1* MPJ 17.3(11.3) 16.8 (13.8) 0.84 0.69 - 0.92 -0.38 7.04 1.26 -2.96 - 2.20 4.98
Plantar 5™ MPJ 17.8 (14.3) 15.0 (14.2) 0.79 0.61-0.90 1.67 7.96 1.48 -1.36-4.70 5.63
Plantar heel 20.6 (15.1) 15.7 (12.7) 0.73 0.49 -0.86 3.97 9.55 1.74 0.40-7.53 6.75

1" MTPJ - first metatarsophalangeal joint, 5™ MTPJ - fifth metatarsophalangeal joint, mean (%) and Standard Deviation (SD); n - number of participants
ICC (2,1) Interclass Correlation Coefficient, single measurement, absolute agreement, 95% CI - 95% confidence interval, d’ - mean difference, SDdiff - standard
deviation of the differences, SE of d’ - standard error of the mean, 95% CI for d’ - 95% confidence interval of the mean, SEM standard error of measurement =SDdiff/\2

«  Table 3B.16 Inter-rater reliability results for the Neurothesiometer.
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6L

n=34 Rater 1 Rater 2 Ps% ICC 95% CI d’ SDdiff SE of d’ 95% CI for d’ SEM

x (SD) x (SD)

VAS Hand

Ql 8.1(2.2) 8.1(2.4) 441 0.93 0.86 - 0.96 0.03 0.90 0.16 -0.29 - 0.35 0.64
Q2 9.7(1.1) 9.8 (1.0) 91.2 0.82 0.67-0.91 -0.06 0.65 0.11 -0.29-0.17 0.46
Q3 1.6 (2.3) 1.9 (2.3) 50.0 0.82 0.67-0.90 -0.32 1.41 0.24 -0.82-0.17 0.99
Q4 0.8 (1.9) 0.8 (1.9) 76.5 0.85 0.72-0.92 -0.03 1.06 0.18 -0.40 - 0.34 0.75
Q5 0.7 (1.6) 0.8 (1.8) 79.4 0.60 0.34-0.78 -0.06 1.54 0.26 -0.60 - 0.48 1.09
Q6 8.6 (2.2) 8.5(2.5) 64.7 0.69 0.47-0.83 0.12 1.87 0.32 -0.54 -0.77 1.32
VAS Foot

Q1 7.4 (2.9) 6.9 (2.8) 324 0.91 0.80-0.96 0.53 1.11 0.19 0.14-0.92 0.78
Q2 8.9(2.2) 8.6(24) 67.6 0.84 0.70-0.92 0.35 1.28 0.22 -0.09 - 0.80 0.90
Q3 32(3.1) 2.8 (2.8) 353 0.75 0.55-0.86 0.44 2.11 0.36 -0.29 - 1.18 1.49
Q4 1.5(2.5) 1.3 (2.5) 70.6 0.79 0.62 -0.89 0.21 1.67 0.29 -0.38-0.79 1.18
Q5 1.5(2.8) 1.3(2.3) 70.6 0.78 0.60 - 0.88 0.21 1.74 0.30 -0.40 - 0.81 1.23
Q6 8.5(2.3) 8.6 (2.4) 58.8 0.70 0.48-0.84 -0.12 1.82 0.31 -0.75-0.52 1.29

QI - Question 1 (Do you have any numbness in your hands/feet?), Q2 - Question 2 (Do you have any problems knowing where your hands/feet are?), Q3 - Question 3
(Do you have any pins and needles, tingling or burning sensation in your hands/feet?), Q4 - Question 4 (Do you have any pain in your hands/feet?), Q5 - Question 5 (Do
you have any problems feeling pain in your hands/feet?), Q6 - Question 6 (Do you have any problems feeling temperature in your hands/feet?); n - number of participants
Mean () and Standard Deviation (SD), P% - Percentage of normal sensory responses, ICC (2,1) Interclass Correlation Coefficient single measurement, absolute
agreement, 95% CI - 95% confidence interval, d’ - mean difference, SDdiff - standard deviation of the differences, SE of d’ - standard error of the mean, 95% CI for d’ -
95% confidence interval of the mean, SEM standard error of measurement =SDdiff/\2

Table 3B.17 Inter-rater reliability results for Verbal Analogue Scale for sensation



EmNSA P,% P, K BI PI  PABAK
Light touch (n=34) Fingers 88.2 91.1  0.35(p=0.03) -0.03 0.85 0.82

Hand 94.1 94.1 Undefined 0.06 0.94 0.88
Forearm 100 100 Undefined 0.00 1.00 1.00
Arm 100 100 Undefined 0.00 1.00 1.00
Toes 79.4 823  0.26 (p=0.05) -0.09 0.74 0.65
Foot 882 O91.1 0.36 (p=0.01) -0.03 0.85 0.82
Leg 824 823  0.07 (p=0.58) -0.03 0.79 0.65

Thigh 91.2 94.1 0.58 (p<0.001) -0.03 0.85 0.88
Pressure (n=34)
Fingers 94.1 94.1 -0.03 (p=0.86) 0.00 0.94 0.88

Hand 97.1 97.0 Undefined 0.03 0.97 0.94
Forearm 97.1 97.0 Undefined -0.03 0.97 0.94
Arm 100 100 Undefined 0.00 1.00 1.00
Toes 94.1 94.1 Undefined -0.06 0.94 0.88
Foot 94.1 94.1 Undefined -0.06 0.94 0.88
Leg 912 91.1 Undefined -0.09 0.91 0.82
Thigh 912 91.1 Undefined -0.09 0.91 0.82
Pinprick (n=34)
Fingers 97.1 97 Undefined 0.03 0.97 0.94
Hand 97.1 97 Undefined 0.03 0.97 0.94
Forearm 97.1 97 Undefined -0.03 0.97 0.94
Arm 100 100 Undefined 0.00 1.00 1.00
Toes 88.2 88.2 -0.05(p=0.75) -0.06 0.88 0.77
Foot 94.1 97 0.65 (p<0.001) -0.03 0.91 0.94
Leg 97.1 97 Undefined -0.03 0.97 0.94

Thigh 94.1 94.1 -0.03 (p=0.86) 0.00 0.94 0.88

Sharp and blunt

Upper Limb (n=30) Fingers 30.0 60 0.21 (p=0.23) -0.13  0.00 0.20

Hand 46.7 633  0.20 (p=0.28) -0.03 0.30 0.27
Forearm  46.7 63.3  0.20 (p=0.26) -0.10  0.30 0.27

Arm 36.7 66.6 0.33(p=0.07)  0.00 007 033
. _ Toes 40 72 007 (p=0.69) 0.2 -0.64 044
Lower Limb (n=25)  p 440 60 0.14(g=0.48) 008 028 020
Leg 200 60  023(p=0.17) 020 -024  0.20
Thigh 360 60  0.19(=035)  0.00 0.2 0.0
Proprioception
(n=34) Thumb 941 97  0.66(p<0.001) -0.03 091  0.94
Wrist 100 100  Undefined 000 100  1.00
Elbow 97.1 97 Undefined 0.03 0.97 0.94
Shoulder 100 100 Undefined 0.00 1.00 1.00
BigToe 67.6 794 041 (p=014) -0.09 056  0.59
Ankle 100 100  Undefined 000 100  1.00
Knee 97.1 97 Undefined 003 097 094
Hip 100 100  Undefined 000 100  1.00

Upper limb (fingers, hand, forearm, arm), Lower limb (toes, foot, leg, thigh), n - number of participants
Ps% - Percentage of normal sensory responses, P, - Percentage agreement, K - Cohen’s Kappa value, BI -
Bias Index, PI - Prevalence Index, PABAK - prevalence-adjusted bias-adjusted kappa, Undefined - SPSS
did not compute value due to zero variability in one of the variables

Table 3B.18 Inter-rater reliability results for the Erasmus Modification to the Nottingham
Sensory Assessment (EmNSA).
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SWM P,% K P, Ky (95% CI)
Upper Limb (n=34)

Fingers 29.4 0.22 (p=0.03) 47.1 0.60 (0.33 - 0.78)
Hand 353 0.36 (p<0.001) 55.9 0.78 (0.60 - 0.88)
Forearm 20.6 0.27 (p=0.02) 50.0 0.30 (-0.05 - 0.58)
Arm 26.5 0.31 (p=0.01) 52.9 0.27 (-0.05 - 0.54)
Lower Limb (n = 34)

Toes 59 0.10 (p=0.29) 41.2 0.46 (0.15 - 0.68)
Foot 11.8 0.19 (p=0.04) 41.2 0.48 (0.18 - 0.70)
Leg 59 0.09 (p=0.31) 353 0.38 (0.08 - 0.63)
Thigh 2.9 0.17 (p=0.10) 41.2 0.42 (0.09 - 0.66)

P% - Percentage of normal sensory responses (both raters), K - Cohen’s Kappa, P, - Percentage
Agreement, K, - quadratic weighted Kappa (95% confidence intervals); n - number of participants

Table 3B.19 Inter-rater reliability results of Semmes-Weinstein Monofilaments (SWM).

The ICC values for NT can be considered generally good with the highest ICC for
plantar first metatarsophalangeal joint. The lowest ICC was found for plantar aspect of
heel. High ICC values were supported by low SEM values and low mean differences
with associated 95% confidence intervals that include zero. Bland and Altman plots for
NT (Figure 3B.4), show excellent agreement for low vibration thresholds, good

agreement for higher vibration thresholds and almost all differences are within the

limits of agreement (x£1.96 SDdifY).
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15 MTPJ - first metatarsophalangeal joint, 5 MTPJ - fifth metatarsophalangeal joint.

Figure 3B.4 Inter-rater variability of vibration threshold for four locations on the foot measured
by the Neurothesiometer expressed as Bland and Altman plots.
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Good ICC values, above 0.75 were found for the hands and feet for question 1- relating
to having numbness and question 3 - relating to having pins and needles, tingling or
burning sensation. These results are supported by low values of standard error of
measurement and low mean difference values. For questions 2, 4, 5 and 6, the ICC
values were in a range between 0.60 for question 5 relating to having problems feeling
pain in the hands to 0.85 for question 4 relating to having any pain in hands. However,
for those questions the percentage of normal sensory responses (Ps%) was high
reflecting a low number of reported sensory problems.

Good inter-rater reliability values were found for EmNSA for all sections of the test
with the exception of the sharp and blunt test. However, further analysis showed high
Ps% for most of the test sections, indicating that nearly all participants had normal
sensory responses. Sharp and blunt was the only section of the test to identify sensory
problems and for this test the inter-rater reliability was poor.

The Cohen’s Kappa and Quadratic Weighted Kappa showed generally poor values for
the SWM for the upper and lower limbs. Percentage agreement between two raters
suggested moderate agreement. Cumulatively these results suggest poor inter-rater

reliability of SWM.

3B.4 DISCUSSION

Despite the high incidence of sensory problems in the MS population and the
importance of sensory feedback for motor performance, only one study by Newsome et
al. (2011) investigated the inter-rater reliability of sensory tests for people with Multiple
Sclerosis. Therefore, the study aimed to establish the inter-rater reliability of VAS,

SWM, EmNSA and NT in PwMS.
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The reliability of VAS and NT was generally considered good. The inter-rater
agreement for EmNSA was found to be high (with an exception of sharp and blunt
sense). However; the very high percentage of positive sensory responses (Ps%), may
indicate a poor ability of the test to detect sensory problems. The results of inter-rater
reliability for SWM were generally poor with moderate percentage agreement between
raters.

The Neurothesiometer was found to have good reliability with high ICC values
generally above 0.75. SEMs were around 5 — 6 points on a 0-51 scale which was
generally less than 10 % of the range of the scale. Our study confirms previously
reported results in diabetic neuropathy population, where Jurado et al. (2009) reported
good inter-rater reliability with ICC value of 0.94. To the authors’ knowledge only one
study so far by Newsome et al. (2011) has investigated inter-rater reliability of vibration
threshold in PwMS using the Vibratron II. This is the first study to investigate inter-
rater reliability of NT in PwWMS and our results are very promising. This study suggest
that NT has good inter-rater reliability and therefore may be considered for detecting
changes in vibration threshold post intervention in PwMS.

Data analysis for VAS revealed high ICC values for both the hand and foot,
suggesting good inter-rater reliability according to the guidelines of Portney and
Watkins (2009). However, further analysis showed that some questions had the very
high percentage of positive sensory responses, where both raters selected either a 10° or
0’ on the VAS scale, reflecting a low prevalence of sensory problems. For these
questions the reduced variability of the responses across the range of possible VAS
scores had the effect of inflating the ICC scores for the sample. Therefore, reliability
estimates of these questions should be interpreted with caution. When searching the

available literature, we did not find any papers using VAS to test sensation in PwMS.
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However, VASs are commonly used in clinical practice (Pautex et al. 2005, Boonstra et
al. 2008, Guyatt et al. 1987, Huskisson et al. 1976), have the advantage of being easy to
administer and consider the patients report of sensory problems. Patient-cantered
outcome measures are increasingly important in evaluating interventions on health
related quality of life in PwWMS (Miller et al. 2010). Therefore VAS is potentially useful
tool in evaluating patient reported changes in sensation in PwMS. Based on our data we
would suggest questions 1 relating to feeling numbness in the hands and feet and 3
relating to having pins and needles, tingling or burning sensation in the hands and feet
may be useful but this requires confirmation in further studies.

The EmNSA is a tool that was designed to detect sensory impairments in upper
and lower limbs, testing senses such light touch, pinprick, or proprioception. We found
that many EmNSA tests had zero variability in some response categories and very high
percentages of positive responses (Ps%), indicating a low test sensitivity in detecting
sensory problems. Data analysis suggested generally good reliability across all tests,
except for sharp and blunt test. However; due to high Ps% for many sections of
EmNSA, these results require verification in larger studies. Similar to ours, high
Weighted kappa values were found in Stolk- Hornsveld et al. (2006) paper, where
predominantly good to excellent inter-rater reliability was reported. Our analysis has
found that the inter-rater reliability can be artificially inflated by low response
variability and where there are high percentages of normal responses on the tests.
Therefore these results suggest using EmNSA scale with caution and these findings
required verification in larger studies. Future studies should report the percentage of
maximum responses on the scale in order to distinguish between these two factors.

SWM was the only test that reported relatively low Ps %, especially in the lower

limb, suggesting that monofilaments were sensitive in detecting sensory problems.
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However, all three statistical methods used to establish reliability reported generally low
values, suggesting poor inter-rater reliability. Our results are contrary to previously
reported findings by Novak et al. (1993a) (1993b) who reported good inter-rater
reliability of SWM for nerve injury with ICC value of 0.97, and Schreuders et al.
(2008) who found high ICC values of 0.86 in Charcot-Marie-Tooth Disease. Our results
corresponded with findings by Collins et al. (2010) where poor to moderate inter-rater
reliability was reported in healthy participants and Rozental et al. (2000) where “fair to
slight” reliability was reported in asymptomatic individuals with peripheral nerve
injuries and compression syndromes. The testing technique, level of training, force used
to bend a monofilament when testing or the location of sensory receptors on the testing
area may be important factors that lead to variability of the results. SWMs are a portable
and easy to administer testing tool that may be more useful as a diagnostic tool than a

measure of outcome.

3B.4.1 Study limitations

A few limitations of this study should be discussed. First, we did not collect data for
participants who were restricted to wheelchair and were unable to walk so our results
may not be applicable to that population. Secondly, it may be also possible that the
wording of some questions for VAS was not specific enough to identify sensory
problems in the group and that led to many “normal “answers which artificially inflated
the ICC values. Another potential limitation was the lack of clinical experience by the
testers in using SWM, NT and EmNSA though both received standard training and
practice opportunities before the trial commenced and are representative of clinicians

that would use these tools in practice.
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The percentage of positive responses (Ps%) by both raters was high for some
sensory tests. This may suggest that the participants did not have sensory problems or it
could be indicative of the inability of a test to detect sensory problems. Over 85% of our
participants reported sensory problems, therefore further evaluation of the
responsiveness of these tools is required. Lack of variability in response data and high
Ps% can artificially inflate the test reliability measures. We recommend reporting Ps%

values in conjunction with reliability results for this reason.

3B.5 CONCLUSIONS

The evidence from this inter-rater reliability study suggests that two questions
(feeling numbness in the hands and feet and having pins and needles, tingling or
burning sensation in the hands and feet) on VAS for sensation and the Neurothesiometer
are reliable sensory measurement tools in PwMS. This is reflected by the high ICC
values with narrow 95% CI and low SEM values, generally less than 10% of the range
on the scale. On the other hand, results for SWM and EmNSA showed either poor inter-
rater reliability or questionable results, suggesting that these two scales need to be
further investigated before they can be applied to practice. It is also possible that these

scales may not be suitable when the scores of two different raters are used.
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CHAPTER 4 RELATIONSHIP BETWEEN
FOOT VIBRATION THRESHOLD AND
WALKING AND BALANCE FUNCTIONS
IN PEOPLE WITH MULTIPLE
SCLEROSIS
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4.1 INTRODUCTION

Sensory disturbances are a significant problem for people with Multiple Sclerosis
(PwMS). Although complete loss of sensation is rare, up to 80% of patients present with
some sensory impairment (Sanders and Arts 1986, Merchut and Gruener 1993).

There is a significant body of evidence that the sensory system plays an
important role in providing the feedback required to perform motor tasks such as
walking or to control balance (Umphred et al. 2012). It is known that poor sensation
contributes to poor balance (Shumway-Cook and Woollacott 2007) and leads to
significant alterations in gait (Eils et al. 2004).

Previous studies have demonstrated the relationship between sensation and
balance and gait in PwMS. Kelleher et al. (2009) found that reduced light-touch and
pressure sensation on the plantar aspect of the foot affected gait pattern in PwMS and
Citaker et al. (2011) reported that decrease in light touch, vibration and two-point
discrimination sensation of the foot sole was related with imbalance in PwMS.
Newsome et al. (2011) reported a correlation between a great toe vibration sensation
and the Expanded Disability Status Scale (EDSS) and Timed 25 Foot Walk test
(T25FW). Additionally, Jonsdottir and Cattaneo (2009) reported that by adding sensory
strategies to rehabilitation of PWMS we can achieve better motor outcomes.

It 1s therefore important that we target sensation in our treatment and evaluate
the effects of treatments on sensation. Although there are many different sensory
modalities assessed in clinical practice (i.e. proprioception, light touch, pressure),
quantitative measurement of sensory function are lacking. Vibration sensation is an
important sensory domain in PwMS because of the prevalence of plaques in dorsal
column (Zackowski et al. 2009). The dorsal column also carries proprioceptive

information that is important in the motor control of balance and gait (Shumway-Cook
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and Woollacott 2007). The Neurothesiometer (NT) is a portable, clinical tool that
objectively measures vibration sensation and may be a way of estimating dorsal column
integrity in the rehabilitation setting. Recent work from our lab showed that the NT is
reliable for measuring foot vibration threshold PwMS (Uszynski 2013a, Uszynski
2013b) both between and within raters.

This study builds on to the literature on foot vibration thresholds in PwMS
(Newsome et al. 2011, Citaker et al. 2011) by testing vibration at additional sites and
further investigating the relationship with clinical measures of balance (the Berg
balance scale (BBS)) and, both short (the Timed up and go test (TUG)) and long (the 6
minute walking test (6MWT)) walking tests.

The primary objective of this study was to investigate the relationship between
foot vibration threshold and function in PWMS. Our secondary objectives were to: 1)
investigate which areas on the plantar aspect of foot should be measured, and 2)
investigate whether the NT can detect differences between PwWMS whose gait was and

was not affected.

4.2 METHODS

4.2.1 Recruitment

Data for the same group of people with MS (n=34) who were recruited for the reliability
studies was used in this study. Participants were eligible if they were able to walk
independently or with an assistance of a walking aid (score 0, 1, 2, 3 or 4 inclusive on
the mobility section of the Guy’s Neurological Disability Scale (GNDS)) (Sharrack and

Hughes 1999). Participants were excluded if they had a relapse in the last 3 months,
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corticosteroid treatment within 28 days of the start of this study, recent fracture or
surgical procedure which may restrict their mobility or function. The study was
approved by the Education and Health Sciences Research Ethics Committee, University

of Limerick. On the assessment day each participant gave written informed consent.

4.2.2 Experimental design and outcome measures

Firstly background information was collected by the assessor and then the assessment
was carried out with the NT. Subsequently, standardised functional tests for gait and
balance namely 6MWT, TUG and BBS were carried out in a random order. Participants

performed functional tests with shoes on and with their usual walking devices if needed.

4.2.2.1 Sensory tests

The Neurothesiometer (NT) (Horwell Scientific, London, UK) was used to examine the
threshold for vibration. This instrument delivers vibration of increasing strength
(measured in V or um) and determines the minimum level at which vibration is
perceived (O'Neill et al. 2006). In our study, we used the method of limits as published
by Bril and Perkins (2002). The minimum reading at which vibration was perceived was
recorded. Three readings were taken from the same place and the average was then
calculated. Four sites of the plantar aspect of the foot were tested: the great toe, the first
metatarsophalangeal joint (1 MTPJ), the fifth metatarsophalangeal joint (5" MTPJ ) and
the heel. Our recent study has confirmed that the NT has high ICC values for inter-rater
(ICC values ranging 0.73 — 0.84 for different testing points on the foot) and test-retest

reliability (ICC values 0.81 — 0.92) in PwMS (Uszynski 2013a, Uszynski 2013b) .
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4.2.2.2 Functional capacity tests

The Timed Up and Go (TUG) is a measure of dynamic balance and is measured in
seconds. It requires the participants to stand up from a chair, walk 3 meters, turn around,
walk back and be seated. The TUG has shown good reliability and concurrent validity
as a measure of physical mobility (Cattaneo et al. 2006).

For the 6 Minute Walking Test (6MWT) participants were asked to walk for a period of
six minutes on a 10 meter track and the distance walked in 6 minutes was measured in
meters. Subjects were asked to walk “as quickly and safely as possible”. This test has
been shown to be a valid (Goldman et al. 2008) and reliable (Paltamaa et al. 2005)
outcome measure for PwWMS and is the best predictor of habitual walking (Gijbels et al.
2010).

The Berg Balance Scale (BBS) is a clinical scale of functional balance that has fourteen
items that explore the ability to sit, stand, lean, turn and maintain the upright position on
one leg. The BBS has been shown to have good reliability (Cattaneo et al. 2007a) and

validity (Cattaneo et al. 2006) in PwMS.

4.2.3 Statistical analysis

Statistical analyses were undertaken using IBM SPSS Statistics v. 20 (Armonk, New
York, USA). Descriptive statistics are reported using mean =+ standard deviation (SD),
median and interquartile range (IQR) or percentage as appropriate. All numerical
variables were examined for normality using formal tests of normality and visual

inspections of histograms. Boxplots were used to identify outliers as points that were
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outside the range of 1.5 IQR or 3 IQR for extreme points. Correlation of the NT scores
with the functional capacity tests (TUG, 6MWT and BBS) were assessed using
Spearman’s rank correlation. Values for Spearman’s rank correlation were interpreted
using the Portney and Watkins guidelines (2009): 0.00-0.25 little or no relationship,
0.25-0.50 fair relationship, 0.50-0.75 moderate to good and above 0.75 good to
excellent relationship.

Responses on the GNDS mobility scale allowed participants to be grouped as MS-Gait
affected (MS-GA), (scores from 1 to 4 inclusive on mobility section of GNDS), and
MS-Gait not affected (MS-GNA), (score 0 on GNDS scale). Vibration thresholds from
the NT were compared between the two groups using the Mann-Whitney U-test.
Predictive discriminating values were calculated using a receiver operating
characteristic (ROC) curve analysis and optimal NT cut-off values are proposed for
discriminating between the MS-GA and MS-GNA groups, taking sensitivity and
specificity into consideration. A 5% level of significance was used for all statistical

tests.

4.3 RESULTS

4.3.1 Basic participants’ characteristics

Thirty seven participants were eligible for this study. Three subjects were not assessed
due to a recent relapse, missing an appointment and family commitments. Therefore 34
participants were included in all analyses. Of the 34 participants tested, 26 were female

(76.5%) and the mean age was 49.5 years (SD 11.13). The greatest percentage of
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subjects (41.2%) scored 0 on the GNDS which indicated they reported that gait was not

affected. Table 4.20 presents descriptive data for study participants.

n=34 Frequency (%)
GNDS score
0 - Walking not affected 14 (41.2%)
1 - Walking is affected, but walks independently 4 (11.8%)
2 - Usually uses unilateral support outdoors 11 (32.4%)
3 - Usually uses bilateral support to walk outdoors 4 (11.8%)
4 - Usually uses wheelchair to travel outdoors, but able to stand and walk a few steps I (2.9%)
with or without help
Self-reported type of MS
Benign I (2.9%)
Relapsing remitting 21 (61.8%)
Primary progressive 4 (11.8%)
Secondary progressive 4 (11.8%)
Unknown 4 (11.8%)

GNDS: the Guy’s Neurological Disability Scale - mobility section, MS: Multiple Sclerosis, n - number of
participants

Table 4.20 Basic participants’ characteristics

4.3.2 Relationship between vibration threshold and functional tests

The relationship between vibration threshold and clinical tests of balance and walking
was investigated using Spearman’s rank correlation and the results are displayed in
Table 4.21. Of the three clinical measures, balance (BBS) had the strongest relationship
with foot vibration threshold. Moderate to good correlation coefficients (-0.527 and -
0.585) were found for foot vibration threshold and balance and were all significant. As
vibration thresholds increased, participants’ scores on BBS decreased reflecting poorer
balance ability.

For 6MWT distance, we found significant negative moderate correlations between this
and foot vibration threshold on all testing areas of the foot (-0.484 to -0.557), indicating
that poorer sensation is associated with a shorter walking distance.

Also, significant fair correlations between foot vibration threshold and TUG test was
found for all testing area on the plantar aspect of the foot with the highest coefficient of

0.498 for 1% MTPJ.
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Of the four testing areas, the threshold at the 1% MTPJ had the strongest correlations

with all clinical tests.

n=34 TUG BBS 6MWT
Great toe 0.454* -0.527* -0.500*
1" MTPJ 0.498* -0.585% -0.557*
5" MTPJ 0.454%x -0.548%* -0.484%
Heel 0.445%* -0.565% -0.490%*

1" MTPI: First Metatarsophalangeal Joint; 5™ MTPJ: Fifth Metatarsophalangeal Joint; TUG: the Timed
up and go test in seconds; BBS: the Berg balance scale (range 0-54 points); 6MWT: the 6 minute walking
test in meters; n - number of participants

* Correlation is significant at the 0.05 level; ** Correlation is significant at the 0.01 level

Table 4.21 Spearman’s rank correlation coefficients (Rho) between vibration threshold and gait
and balance

4.3.3 Differences in foot vibration threshold between PwMS with gait not affected
(MS-GNA) and gait affected (MS-GA).

In Figure 4.5 boxplots illustrate the foot vibration thresholds in the MS-GNA and MS-
GA groups. Outliers were detected in the MS-GNA group for one case in the great toe,
1 MTPJ and 5™ MTPJ , and for another case in the 5" MTPJ and heel. These cases were
discussed and the values were deemed valid (theoretically possible and not as a result of
measurement or equipment issues) and so were included in the analysis. The Mann-
Whitney U test p-values (Figure 4.5) show significant differences between the groups
for all testing areas. MS-GNA group scored significantly lower on NT than MS-GA
group, indicating that those PwMS who reported no problems with gait, had lower
vibration threshold. The highest median (IQR 25th-75th) in MS-GNA group was found
for great toe (9.25 (7.2-14.3)), which compared to 23.83 (15.16, 38.00) in the MS-GA
group. The lowest median (IQR 25th-75th) in the MS-GNA group was reported for the

5" MTPJ (6.8 (5.8-9.8)), which compared to (22.33 (9.00, 33.33)) in the MS-GA group.

96



N CIms-Gha
_ Oms-ca
> ].
=
- p—
2 o 5 °
2 - ; -
n
5
=
=
A d |:| L]
g 4 u - o
o;
<
S -
=
o
S 1 I I
1 _[
5- %
D—
| I I 1
Great toe 1st MTPJ Sth MTRJ Heel
{p=0.001) ip = 0.001) ip = 0.004) ip=0.0013

1 MTPJ: First Metatarsophalangeal Joint; 5™ MTPJ: Fifth Metatarsophalangeal Joint, Two-sided p-value
reported for the Mann-Whitney U test.

Figure 4.5 Boxplot showing difference in vibration thresholds (measured in V/um) between
people with MS with gait not affected (MS-GNA)(n=14) and gait affected (MS-GA)(n=20).

4.3.4 ROC analysis

In our study the ROC curve for NT scores was plotted using sensitivity and 1-
specificity values for discriminating between MS-GA and MS-GNA. The characteristics
of the ROC analysis for NT threshold at the heel (AUC: 0.840, 95% CI 0.702 — 0.974)
are given in Figure 4.6. This analysis found that NT scores above a value of 15.0 V

predicted MS-GA with a sensitivity of 76.5% and specificity of 85.7%.
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Cut-off: 15.0 V
Sensitivity = 76.5%
Specificity = 85.7%

Figure 4.6 The characteristics of the ROC analysis for vibration threshold at the heel.

4.4 DISCUSSION

The results of this study demonstrate a significant relationship between foot
vibration threshold and functional measures in PwMS. Vibration threshold at the 1%
MTPJ had the strongest correlation with BBS, TUG and 6MWT. We also found that
foot vibration threshold is significantly different between those with and without
walking problems. A value of 15 V at the heel has high sensitivity and specificity for
distinguishing between those with and without walking problems. These findings
suggest that vibration threshold measured by NT may be an important variable to
consider when evaluating the effect of rehabilitation interventions or identifying those

in need of intervention.
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The first objective of our study was to investigate the relationship between foot
vibration threshold and function in PwWMS. We found the strongest relationship with
BBS followed by TUG and 6MWT and all correlations were significant. Our data
confirm previously reported findings by Newsome et al. (2011) and Citaker et al.
(2011), that vibration threshold is related to clinical measures.

Additionally our data suggest that the threshold at the 1% MTPJ is the most
strongly correlated with these tests and that the values are higher than those for the great
toe as found by Newsomes’ group (2011), who used the Vibratron II device or by Brill
et al. (1997), who compared NT to Vibratron. Therefore we suggest that this part of the
foot to be considered for inclusion in vibration threshold testing protocols.

We also found that foot vibration threshold can distinguish between those
PwMS with and without walking limitations. Those who reported no problems with
walking had lower thresholds than those who had problems with gait. The mechanism
by which vibration threshold contributes to normal motor control and hence the function
of walking, is not clear. However, vibration threshold may be acting as a proxy measure
for dorsal column integrity, and hence the ability to transmit proprioceptive information
and this might explain its relationship to functional measures.

Our data suggest that a value of 15 V at the heel can be considered a cut-off
value for distinguishing between those PwMS who do and do not have walking
problems. This is the first study to establish predictive validity of the measure, and
reinforces the findings from the correlation analysis suggesting that as vibration
threshold increases, walking and balance function decrease. Our previous study found
that the NT is a reliable assessment tool that can be used to measure foot vibration
threshold in PwMS and combined with these data suggest that it should be considered

as a measure in exercise and rehabilitation trials.
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Despite the high prevalence of sensory problems in MS, researchers and
clinicians to date have primarily focused on strategies to treat balance and motor
problems and there has been little consideration of strategies to treat sensory
impairments. Some studies shown evidence of greater improvement when sensory
strategies were added to motor treatment (Jonsdottir and Cattaneo 2009). It has been
also suggested that due to sensory loss, sensory training of the foot sole, textured insoles
or transcutaneous electrical nerve stimulation may be included in early treatment in MS
to increase sensory feedback (Cuypers et al. 2010, Kelleher et al. 2010, Thoumie and
Mevellec 2002).

Whole Body Vibration (WBV) training might have a role to play in addressing
sensory limitations and has been already suggested to improve muscle strength, balance,
and gait in PwWMS (Hilgers et al. 2013, Eftekhari et al. 2012, Claerbout et al. 2012).
Objective measurement of sensation pre and post WBV is needed to further investigate
if this primarily sensory intervention can influence sensation, and hence improve motor
function for PwWMS. Vibration threshold with the NT is one option particularly given the

characteristics of WBV intervention.

4.4.1 Limitations

The small sample size and lack of a “healthy” control group in our study is a
possible limitation. Our sample was however broadly representative of PwWMS who
present for physiotherapy (Coote et al. 2010). We also did not collect data for
participants who rely on wheelchairs for mobility, so our results may not be applicable

to that population.
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The lack of standardisation of the pressure applied with the device is a potential
source of error in using this device. The use of a force transducer to quantify this would
be optimal; however our reliability estimates suggest good repeatability with low mean
differences.

These data suggest a cut off of 15 V may distinguish between those with and
without gait dysfunction, however the lack of normal values for vibration threshold
make it difficult to contextualise this finding. The lack of normative values and the cost
of the device may be barriers to use in clinical practice. However, it is otherwise quick,
easy to use, and provides an objective sensory measurement.

We used the mobility section of GNDS scale in preference to EDSS as this scale
is easy to administrate in clinical practice and provides further subdivisions for those
using walking aids. It would be interesting to investigate whether vibration threshold
measured by the NT has the ability to distinguish between people with different EDSS
scores.

We used commonly used measures of balance and walking in this trial. It would also be
interesting to investigate the relationship between foot vibration threshold and newer
clinical measures, for example the Mini-BESTest (Franchignoni et al. 2010). Mini-
BESTest was constructed to consider the various sensory strategies needed for balance
and may distinguish between those PwMS with more subtle balance and gait
limitations.

Finally, during the initial screening process, we did not use any clinical tests to confirm
if PwMS had peripheral neuropathy or coexisting conditions such as diabetes.
Somatosensory evoked potentials may be a useful, non-invasive means of assessing
somatosensory system functioning and may help to establish if sensory problems in a

study group are due to peripheral or central impairments.
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4.5 CONCLUSIONS

The findings of this study confirm the relationship between foot vibration
threshold and clinical measures of balance and walking in PwMS. Of the areas on
plantar aspect of the foot that were tested, the 1* MTPJ had the strongest relationship
with investigated clinical measures and should be considered when testing vibration
threshold in PwMS. We also found that the NT can distinguish between PwWMS who
have or not have walking impairments.

Cumulatively these analyses suggest that vibration threshold may be important
to consider when identifying people in need of intervention or when evaluating the

effect of rehabilitation and exercise interventions.
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CHAPTER 5 EFFECTS OF 12 WEEKS OF
WHOLE BODY VIBRATION
INTERVENTION ON MUSCLE
STRENGTH, SENSATION AND OTHER
CLINICAL VARIABLES IN PEOPLE
WITH MULTIPLE SCLEROSIS - A
RANDOMIZED CONTROLLED
FEASIBILITY STUDY
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5.1 INTRODUCTION

Multiple Sclerosis (MS) is a central nervous system disorder that leads to motor,
sensory and cognitive impairments. Symptoms may include reduced muscle strength,
numbness or pins and needles, balance and mobility problems and fatigue (Umphred et
al. 2012, Finlayson 2012, Compston and Coles 2008).

There is a growing body of evidence suggesting the benefits of exercise in
people with MS (PwMS) (Sa 2013, Motl and Pilutti 2012, Rietberg et al. 2005).
However little attention has been directed at improving sensation in PwWMS. The sensory
system plays an important role in motor control; for example the excitability of
mechanoreceptors on the plantar surface of the foot influence gait and postural control
(Kelleher et al. 2009, Wang and Lin 2008, Roll et al. 2002, Perry et al. 2000) and
proprioception sense is an important factor in balance control (Bloem et al. 2000).

Whole body vibration (WBV) intervention may be a potential treatment for
addressing impairments in muscle strength and sensation in PwMS. Vibration stimulates
muscle spindle activity, and therefore enhances muscle contraction (Cochrane 2011,
Rittweger 2010, Cardinale and Bosco 2003). During WBYV the stimulus is transmitted to
the body through the feet and, since mechanoreceptors of the plantar surface of the feet
are sensitive to vibration, changes in the plantar foot sensitivity might be expected.
There is evidence of the significant effects of WBV on muscle performance (Cormie et
al. 2006, Roelants et al. 2004a, Torvinen et al. 2003), flexibility (Cochrane and Stannard
2005) or balance (Bruyere et al. 2005, Bautmans et al. 2005, Torvinen et al. 2002) in
healthy populations. With this in mind, there may be beneficial effects of WBV

intervention for PwMS.
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To date, a number of studies have investigated the effects of WBV in PwWMS
(Uszynski et al. 2014, Hilgers et al. 2013, Eftekhari et al. 2012, Diego et al. 2012,
Claerbout et al. 2012, Broekmans et al. 2010, Schyns et al. 2009, Jackson et al. 2008).
Some studies reported within group improvements in muscle strength (Hilgers et al.
2013, Eftekhari et al. 2012, Claerbout et al. 2012), gait (Uszynski et al. 2014, Hilgers et
al. 2013, Eftekhari et al. 2012) and balance (Uszynski et al. 2014, Claerbout et al. 2012,
Eftekhari et al. 2012, Diego et al. 2012), however only few found superior effects of
WBYV when compared to control group receiving no intervention (Eftekhari et al. 2012)
or other treatments (Uszynski et al. 2014, Hilgers et al. 2013, Claerbout et al. 2012).
Only two studies by Schyns et al. (2009) and from our group (2014) looked at the effect
of WBV on sensation and no significant changes were found within and between groups
when measured with the Nottingham Sensory Assessment (NSA).

Potential reasons for a lack of evidence of benefits regarding WBV effectiveness
may be due to different outcome measures used, a lack of “gold standard” measurement
tools and standard exercise protocols, different vibration parameters, small sample sizes
or the use of unreliable tools. To address these potential limitations this pilot study used
a “gold standard” tool to measure changes in muscle strength (Isokinetic
Dynamometer), a novel, reliable sensory tool to measure changes in sensation
(Neurothesiometer) and a new comprehensive balance scale that tests all balance

domains (Mini-BESTest).

5.1.1 Aims

The aims of this study were to: 1) investigate the feasibility of the study protocol and

outcome measures, 2) to obtain data in order to inform the power calculations for a

105



larger randomised controlled trial (RCT), and 3) investigate if WBYV is more effective

than the same duration and intensity of standard exercises in PwMS.

5.2 METHODS

5.2.1 Design

This was a parallel-group, pretest-posttest, single-blind, randomised controlled
feasibility study. Ethical approval was received from the ethics committees of both the

clinical and academic institutions (ref: 2013 06 11 EHS).

5.2.2 Participants

Participants with Multiple Sclerosis who walked independently or used an assistive
device (scores 0, 1, 2, and 3 inclusive on the Guys Neurological Disability scale
(GNDS) (Sharrack and Hughes 1999), mobility component) were recruited from an MS
Society Database. 120 letters were sent to potential participants by the Multiple
Sclerosis office coordinator. The participants were excluded from the study during
phone screening if they had a relapse within the last 3 months, corticosteroid treatment
within 28 days of the study commencement, contra-indications for electrotherapy,
fracture, total joint replacement, osteoporosis with vertebral body fracture in the last 6
months, any conditions following thrombosis, any psychiatric disorders, epilepsy,
pregnancy (if applicable) or tumors. There were 45 responses to the invitations, 40
people were found eligible for taking part in this study and of those 27 consented to

participate.
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5.2.3 Randomisation

Participants were randomly assigned to the WBV or the EXE group. The
allocation sequence was generated by the investigator who was not involved in
assessment, by sequentially removing cards with one of two treatments in brown
envelopes from a box. Following the randomisation, the assessments were carried out
by the assessor who remained blinded to the allocation throughout the study period.
Demographic information including gender, type of MS, age and mobility level was

recorded during baseline assessment.

5.2.4 Intervention

The intervention consisted of 3 weekly sessions (one physiotherapy led and two
physiotherapy assistant supervised) over 12 weeks. Both groups completed the same six
exercises. Table 5.22 shows the detailed exercise protocol, the description of each
exercise and the way that exercises were progressed using the overload principles

(repetitions, sets and resistance were systematically increased over 12 weeks).
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801

Exercise

Description

Training intensity at Week 1

Exercise progression

Warm up

Either cycling on a stationary bike or walking on a treadmill

5 minutes at own pace

N/A

Dynamic squat

High squat — feet hip width apart, knees angle between 120° -130°, straight
back, hands on bars if needed

3 sets of 8 repetitions

- 1 number of repetitions
- from two to one legged squat
- | rest period between sets

Static squat

Low squat — feet hip width apart, knees angle 90°, straight back, hands on
bars if needed

3 sets of 10 seconds ‘hold’

- 1 time for “holding” in each set
- from two to one legged squat
- | rest period between sets

Dynamic calf raises

Feet hip width apart, hands on bars if needed, straight back, lift your heels
up and push on your toes

3 sets of 8 repetitions

- 1 number of repetitions
- from two to one legged squat
- | rest period between sets

Static lunges

One foot up on a vibrating platform (WBV) or on an aerobic step (EXE),
second foot down on the floor, straight back, hands on bars if needed, bend
knee of the leg kept on the floor

3 sets of 10 seconds ‘hold’
for each leg

- 1 time for “holding” in each set
- | rest period between sets
- no holding on bars

One leg standing

Lift and keep one leg up behind you, hands on bars if needed

3 sets of 10 seconds ‘hold’
for each leg

- 1 time for “holding” in each set
- no holding on bars

Steps up and down

Step up on a vibrating platform (WBV) or on an aerobic step (EXE) with
one leg followed by the second and step down then, hold on bars if needed

3 sets of 8 repetitions for
each leg

- 1 number of repetitions
- | rest period between sets
- no holding on bars

Cool down Lower limb stretches including , hamstring, quadriceps and gastrocnemius | 1 repetition of 30 seconds N/A
muscles ‘hold’ for each leg
Rest period Sitting or standing position 10 seconds between each set | - | rest period between sets

of each exercise.

N/A: not applicable, 1: increase, |: decrease, WBV - Whole Body Vibration group, EXE - Exercise group

Table 5.22 Exercise protocol used in a study.




The WBYV group performed exercises on a vibrating platform (Crazy Fit 1000 Watt,
maximum speed 70, amplitude 0 — 10 mm, a side alternating vibration transmission),
with a constant vibration frequency (F) of 40 Hertz (Hz). Low vibration F (5-45Hz)
increases muscle performance (Cochrane and Stannard 2005, Luo et al. 2005, Cardinale
and Bosco 2003, Torvinen et al. 2002, Bosco et al. 1999) and no adverse effects for low
F have been reported. Participants were familiarized with the vibrating platforms and
instructed in the exercises. Training intensity and rest period for both groups was
individually adapted by the supervising physiotherapists in accordance with the
overload principle. Participants rated their exertion on Borg’s rating of perceived
exertion (RPE)(Borg 1982) after each training session (6 - no exertion at all to 20 -
maximal exertion). A logbook was completed to record the frequency, intensity, and

time of training sessions.

5.2.5 Outcome measures

5.2.5.1 Body function and structure level

Muscle strength was assessed using an Isokinetic Dynamometer (Biodex Medical
System 3, Inc., 20 Ramsay Road, Shirley, New York, USA) according to the
manufacturer guidelines. After standardised warm up, each participant was seated on
the backward inclined (5 degrees) chair and secured by seatbelts. The rotational axis of
the dynamometer was aligned with the transverse knee-joint axis. The chair,
dynamometer and attachment positions were noted before testing and were replicated at
follow up. Each subject was tested at three angular velocities of 90 (five repetitions),

180 (ten repetitions) and 300 (fifteen repetitions) degrees per second (°/sec) for
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isokinetic knee flexion and extension. Isokinetic dynamometry is considered the “gold

standard” strength testing tool.

Vibration threshold was tested by using the Neurothesiometer (Horwell Scientific,
London, United Kingdom). This instrument delivers vibration of increasing amplitude
(measured in Volt (V)) and determines the minimum threshold at which vibration is
perceived (O'Neill et al. 2006). We used the method of limits as published by Bril and
Perkins (2002). The minimum reading at which vibration sensation was perceived was
recorded. Three readings were taken from the same place and the average was then
calculated. Four sites were tested: the great toe, the first metatarsophalangeal joint (1%
MTPJ), the fifth metatarsophalangeal joint (5™ MTPJ) and the heel. High ICC values
(test-retest reliability, ranging from 0.81 for 5™ MTPJ to 0.92 for heel) were found for

the Neurothesiometer in PWMS (Uszynski 2013b)."

Verbal analogue scales (VAS) were used to determine patient's subjective numbness and
the presence of pins and needles, tingling or burning sensation in the feet and hands. It
is used widely to assess variations in intensity of musculoskeletal pain and has moderate
to good test-retest reliability (Boonstra et al. 2008). Participants reported on 10 point
scale where 0 stands for having “normal feeling “ and 10 the worst imaginable feeling.

VAS have high test-retest reliability in PwMS (Uszynski 2013b).

5.2.5.2 Activity level

The Timed Up and Go (TUG) is a measure of dynamic balance and is measured in

seconds. It requires the participants to stand up from a chair, walk 3 meters, turn around,
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walk back and be seated. The TUG has shown good reliability and concurrent validity

in PWMS (Cattaneo et al. 2006).

6 Minute Walk Test (6MWT). Participants were asked to walk for a period of six
minutes on a 10 meter track and the distance walked in 6 minutes was measured in
meters. Subjects were asked to walk “as quickly and safely as possible”. This test has
been shown to be a valid (Goldman et al. 2008) and reliable (Paltamaa et al. 2005)

measure for PwMS.

Mini-BESTest (MBT) (Franchignoni et al. 2010) is a 14 item scale that assesses the
following four systems of dynamic balance: anticipatory postural adjustments, postural
responses to perturbation, sensory orientation and balance during gait with and without
a cognitive task. Items are scored on an ordinal scale where 2 is normal, 1 is moderate
and 0 is severe performance. The total MBT score ranges from a minimum of 0 to a
maximum of 28 points. The MBT has shown high test-retest ICC values (ICC 0.88) in
people with Parkinson’s disease (Leddy et al. 2011), and in people with chronic stroke
(ICC 0.97) (Tsang et al. 2013). The MBT was used in this study because it is a
comprehensive tool that has ability to assess various balance domains and the
psychometric properties of MBT are promising in various neurological populations

(Leddy et al. 2011, Tsang et al. 2013).

5.2.5.3 Participation level

Multiple Sclerosis Impact Scale version 2 (MSIS-29) is a self-report questionnaire

measuring the physical (20 items) and psychological (9 items) impact of MS. The
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MSIS-29 has high test-re-test reliability (Hobart et al. 2001), good validity and
sensitivity (McGuigan and Hutchinson 2004) in PwMS. Scores were converted to a

scale of 1 - 100 using the formula proposed by Hobart et al. (2001).

Modified Fatigue Impact Scale (MFIS) is a self-report questionnaire, which provides an
assessment of the effects of fatigue in terms of physical, cognitive, and psychosocial
functioning (Fisk et al. 1994). It has good reliability (Kos et al. 2005) and validity (Kos

et al. 2003) in PWMS.

5.2.6 Statistical analysis

All data were analysed using IBM SPSS Statistics 21 for Windows with the significance
level set to p < 0.05. The distribution of the data was analysed using histograms and the
Shapiro—Wilk test of normality. Differences between groups at baseline were assessed
using the Independent Samples T-test for normally distributed variables and the Mann-
Whitney U-test for skewed data. For categorical variables, a Fisher’s exact probability
test was used to compare data at baseline.

The distribution of variables for muscle strength was positively skewed and a natural
logarithm was used to transform the data. For muscle strength, the between group
differences were analysed using ANCOVA analysis of natural log transformed post
scores between the WBV and EXE groups, adjusting for natural log transformed pre-
scores.

Data for MFIS, 6MWT and MBT total were normally distributed. To be consistent with
muscle strength data analysis, for the between group differences, ANCOVA was also
used.

Effect sizes associated with F statistics are expressed as partial eta-squared (nz).
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For variables with a skewed distributed (vibration threshold, TUG, MSIS29 total score,
MSIS29 physical and psychological components and VAS for hand and foot) a change
score (pre minus post) was calculated and then the Mann-Whitney U-test used to test for
the differences between two groups. The effect sizes were calculated using following
formula r = z / square root of N where N = total number of cases (Pallant 2010), using
Cohens 1988 criteria of 0.1 = small effect, 0.3 = medium and 0.5 = large effect (Cohen
1988). Where significant differences were found between groups the Wilcoxon Signed
Rank test was used to investigate the differences between time points (pre versus post)
within groups.

Post hoc power calculations for the difference between groups were carried out using
nQuery Advisor™7. The power analysis was based on observed standard deviations and
effect sizes (Cohen’s d) of 0.5 and 0.8, providing estimates of group sample sizes that

would be required to detect the respective effect with 80% power.

5.3 RESULTS

5.3.1 Recruitment

Baseline assessment took place in January 2014 followed by 12 weeks of intervention

and follow up in May 2014. The flow of participants is described in figure 5.7.
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Invited to participate (n=120)
Enrolment
Assessed for eligibility (n=40)
Excluded (n=13)
Declined to participate (n=2)
> Other reasons such as travel,
work and family commitments
(n=11)
Allocation
A 4 v
Allocated to intervention (n=14) Allocated to intervention (n=13)
Received allocated intervention (n=13) Received allocated
Did not receive allocated (n=1) - intervention (n=13)
withdrew after assessment due to
family circumstances
A 4
A 4 ) . . .

. . . _ Discontinued intervention (n=1)
Discontinued intervention (n=1) — — insufficient compliance due to
receiving steroid treatment severe fatigue

Analysis
A 4 \ 4
Analysed (n=12) Analysed (n=12)

Figure 5.7 Flow of participants’ diagram (CONSORT 2010).
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5.3.2 Protocol feasibility

Two participants were lost to follow up, which suggests an attrition rate of 11.1%. Both
groups completed an average 33 of 36 sessions in 12 weeks (WBV median 33.5 (IQR
29.3-35.0), EXE 33.0 (32.0-36.0)), which suggest compliance rate of 90%. There was
no statistically significant difference between WBV and EXE group for the number of
completed sessions, exertion and total training time (Table 5.23). No adverse effects

were reported.

n=24 WBYV EXE P
n=12 n=12

Completed sessions in total 0.900*

min-max 25-36 20-36

med (IQR 25th — 75th) 33.5(29.3-35.0) 33.0(32.0-36.0)

Borg’s perceived exertion scale total 0.107*

min-max 8.3-14.1 12.3-15.8

med (IQR 25th — 75th) 12.1 (10.8-13.8) 13.1(12.4-13.9)

Training time in total 0.940°

min-max 13.8-23.6 17.0-21.7

x (SD) 19.4 (3.1) 19.5 (1.5)

Data are given as mean ( x ) and Standard Deviation (SD), median (med) and Interquartile range (IQR
25™.75™ WBV — Whole Body Vibration group, EXE — Exercise group, n - number of participants

P - between groups differences. “Mann-Whitney U test for skewed data, ® Independent sample t-test for
normally distributed data

Table 5.23 Differences between groups for the number of completed sessions, exertion and
exercise training time.

5.3.3 Baseline data

No significant differences between groups were found for the measures at baseline
(Table 5.24), with the exception of the psychological component of MSIS-29 (WBV
median 48.1, (IQR 36.1-59.3), EXE 18.5 (11.1-42.6), p=0.002) and age (WBV 45.5

(38.5-52.3), EXE 54 (45.0-61.5) p=0.029).
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n=27 WBV n=14 EXE n=13 p-value
Gender- Male/Female 4/10 0/13 0.098°
Type of MS NA
Relapsing Remitting 9 (64.3%) 5 (38.5%)

Primary Progressive 1 (7.1%) 2 (15.4%)

Secondary Progressive 2 (14.3%) 3(23.1%)

Benign 1 (7.1%) 1 (7.7%)

Unknown 1 (7.1%) 2 (15.4%)

GNDS Mobility section NA
0-gait unaffected 8 (57.1%) 5 (38.5%)

1-gait affected but doesn’t use aid 2 (14.3%) 2 (15.4%)

2-uses unilateral aid for outdoor 3 (21.4%) 3 (23.1%)

3-uses bilateral aid for outdoor 1 (7.1%) 3(23.1%)

Age, years 45.5 (38.5-52.3) 54 (45.0-61.5) 0.029*
Primary outcome measure

Muscle strength, Foot-pounds (FtLb)

Knee extension 90° uninvolved leg 62.8 (42.3-98.4) 38.9 (36.3-61.8) 0.141°
Knee extension 90° involved leg 70.5 (42.1-90.7) 51.8 (31.9-64.6) 0.054 2
Knee flexion 90° uninvolved leg 36.1 (27.1-51.6) 30.5(18.9-41.3) 0.202 2
Knee flexion 90° involved leg 26.9 (19.4-46.9) 20.6 (12.8-32.5) 0.141°
Knee extension 180° uninvolved leg 42.8 (27.5-69.5) 31.9(23.3-42.6) 0.141°
Knee extension 180° involved leg 51.0 (26.4) 35.3(12.5) 0.063
Knee flexion 180° uninvolved leg 31.2(14.9) 26.4 (9.6) 0.328®
Knee flexion 180° involved leg 22.4(16.3-33.6) 16.9 (11.2-26.6) 0.280*
Knee extension 300° uninvolved leg 33.3(24.3-51.2) 26.0 (18.0-34.8) 0.105°
Knee extension 300° involved leg 35.8(29.1-56.4) 29.3 (23.6-35.9) 0.155%
Knee flexion 300° uninvolved leg 28.6 (11.5) 27.5(9.3) 0.797°®
Knee flexion 300° involved leg 27.0 (18.7-30.8) 21.9 (13.3-29.7) 0.375%
Secondary outcome measures

Vibration threshold, V/um, range 0-51

Left foot plantar aspect

Great toe 18.1 (9.0) 27.3(15.2) 0.072b
1" MTPJ 14.1 (8.8-26.8) 26.5 (11.0-46.8) 0.259*
5" MTPJ 11.2 (6.7-22.2) 24.6 (8.0-50.0) 0.155%
Heel 12.7 (7.4-20.0) 43.6 (6.8-50.7) 0.185%
Right foot plantar aspect

Great toe 21.0 (10.1-34.4) 25.3(10.3-46.5) 0.488*
1" MTPJ 17.1 (9.6-34.9) 19.0 (11.0-51.0) 0.350*
5" MTPJ 16.5(8.7-37.5) 35.0 (9.0-50.1) 0.350*
Heel 19.4 (7.9-42.9) 31.2 (9.8-50.5) 0.488*
Verbal Analogue Scale, range (0-10)

Hand

Q1- numbness 0.0 (0.0-0.0) 0.0 (0.0-3.0) 0.280%
Q2- pins and needles, tingling or 0.0 (0.0-5.0) 0.0 (0.0-2.0) 0.793 2
burning

Foot

Q1- numbness 0.0 (0.0-4.0) 0.0 (0.0-4.0) 0.981*
Q2- pins and needles, tingling or 4.0 (0.0-5.0) 0.0 (0.0-3.5) 0.280°

burning
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Timed Up and Go test, seconds 7.0 (6.4-9.0) 10.7 (6.2-17.1) 0.094 ¢

6 Minute Walking test, meters 434.2 (299.3- 366.0 (181.4-423.2) 0.068°?
521.1)

Modified Fatigue Impact Scale, points,  45.5 (29.0-55.3) 38.0 (35.0-47.5) 0.720*

range (0-84)

Multiple Sclerosis Impact Scale 29 36.9 (17.3) 34.5(17.6) 0.718v

total score

range (0-100)

Multiple Sclerosis Impact Scale 29 - 32.7 (18.7) 39.6 (22.9) 0.399°
physical component, range (0-100)

Multiple Sclerosis Impact Scale 29 - 48.1 (36.1-59.3) 18.5 (11.1-42.6) 0.002*
psychological component, range (0-
100)

MiniBesTest total score, points, range  19.5 (15.0-25.3) 15.0 (4.5-21.0) 0.116*
(0-28)

Data are given as mean and Standard Deviation (SD) or median and Interquartile range (IQR 25™ -75™)
2 — Mann-Whitney U test (non-parametric test — baseline comparison), ® - Independent —samples t-test
(parametric test — baseline comparison), °— Fisher’s Exact Probability test, NA- not applicable; n -
number of participants

Table 5.24 Descriptive study statistics

5.3.4 Primary outcome measure
5.3.4.1 Muscle strength

ANCOVA analysis of natural log transformed scores showed no statistically significant
between group differences when controlling for baseline scores (p > 0.05 for all tests).
Effect sizes were small and ranged from n* = 0.001 for knee flexion at 90° to 0.026 for
knee extension at 180°. Table 5.25 presents raw data for both groups and it is noted that

the absolute values increased for both groups.
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WBY n=12 EXE n=12

Knee Pre Post A %A  Pre Post A %A P Effec
X (SD) X (SD) X (95%CI) x X (SD) X (SD) X (95%CI) X t size
med (IQR) med (IQR) med (IQR) med med (IQR) med (IQR) med (IQR) med nz

Ext 90° 98.7 (53.3) 100.9 (49.2) 35(-1.8-8.9) 22 67.8 (24) 73.1 (20.9) 5.3 (1.6-8.8) 7.8 0.628 0.011
102 (49.1-129.3) 104.7 (63.5-123.4)  3.5(-3.5-9.1) 2.6 70.5 (48.4-88.7)  80.4 (56.3-90.7) 6.0 (1.5-10.6)  14.0

Flex 90° 44.1 (24.9) 45.6 (23.3) 1.5 (-4.7-7.7) 34 32 (15.3) 35.1(14.8) 3.1(-0.7-7.1) 9.7 0.907 0.001
36.1 (20.7-68.6) 39.5(23.2-65.9) 2.0 (-3.5-4.5) 9.4 30 (18.6-45.4) 34.8 (23.7-42.4) 5.4 (-0.0-7.2) 16.0

Ext 180° 70.8 (38.5) 76.7 (40.4) 6.0 (-0.5-12.3) 8.3 49.4 (16.8) 53.8 (15.9) 4.5 (0.3-8.5) 8.9 0.466 0.026
69 (35.1-97.3) 73.2 (41.2-95.2) 42 (-2.2-16.7) 6.1 50.8 (34.4-64.3) 62.6 (38.9-66.4) 2.8(-04-5.7) 232

Flex 180°  35.1 (18.8) 37.8(21.8) 2.7 (-2.6-8.0) 7.7 27.4(11.4) 28.3(10.4) 09(-3.7-58) 33 0.664 0.009
33.2 (17.9-48.8) 33.8 (18.6-55.9) 3.9 (-2.3-7.2) 1.8 27.7(16.4-36.6) 28.9 (17.9-35.7) -0.3(-2.3-6.9) 43

Ext 300° 58.3(27.9) 62 (30.5) 3.7 (-0.4-7.9) 6.3 43.4 (12.9) 48 (10.2) 4.6 (0.3-8.9) 10.6 0.727 0.006
48.5 (35-76.9) 54.4 (36.6-75.5) 3.7(0.1-6.1) 12.2 42.6 (33.5-49.5) 48.4 (40.5-56) 4.2 (1.6-8.5) 13.6

Flex 300°  34.3 (14.9) 344 (17.1) 0.1 (-4.7-5.0) 0.3 31.5(12.2) 29.3 (8.3) -2.2(-72-2.8) -7.0 0.545 0.018
36.6 (25.1-42.2) 33.6 (18.8-44.9) -0.1 (-6.9-5.6) -8.2 30 (20.7-40.4) 31.2(23-35.4) 0.5(-7.7-3.7) -4.0

Data are given as mean (%) and Standard Deviation (SD), median (med) and Interquartile range (IQR 25™ - 75™), WBV - Whole Body Vibration group, EXE - Exercise group

A - change, %A - percentage change
90°, 180°, 300° - angular velocities during isokinetic muscle testing, muscle strength measured in Newton meters

P - between WBV group and EXE group difference: ANCOVA analysis of natural log transformed post scores between the WBV and EXE groups, adjusting for natural log

transformed pre scores

Table 5.25 Pre and post treatment absolute values for primary outcome measure (muscle strength) in the weakest leg.



5.3.5 Secondary outcome measures
5.3.5.1 Foot Vibration threshold

Mann-Whitney U-test on change scores revealed statistically significant differences
between the WBV and EXE groups in change in vibration threshold scores for the 5t
MTPJ and heel in favour of the EXE group. Mean and median scores decreased for all
testing sites in the exercise group and in great toe and 1% metatarsophalangeal joint in
the WBYV group. Wilcoxon Signed Rank test showed statistically significant decrease in
vibration threshold at great toe (z = -2,118, p = 0.034, with a medium effect size r =
0.43) in WBYV group and at the 5™ MTPJ and heel (z = -2.401, p = 0.016 with a medium
effect size r = 0.49 and z = -2.497, p = 0.013, with a large effect size r = 0.50

respectively) in EXE group. Detailed results are presented in Table 5.26.
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WBY n=12 EXE n=12

Testing  Pre Post A %A P Pre Post A %A P P’

area x (SD) X (SD) X (95%CI) x X (SD) x (SD) X (95%CI) X
med (IQR) med (IQR) med (IQR) med med (IQR) med (IQR) med (IQR) med

Great toe  20.5 (9.2) 14.5(7.9) -6.1 (-11.7--0.4) -293  0.034 24.4(l16.1) 19.5 (16.5) -4.9 (-14.7-5.0) -20.1 0350 0.514
17.7 (14.1-25.8)  14.6 (6.8-20.5) -49 (-12.2--0.6) -17.5 22.6 (9.4-38.1) 10.8(6.5-33.3) -1.7(-15.0-7.7) -52.2

I*MTPJ 21.5(15.0) 18.6 (15.9) -2.9 (-7.0-1.1) -13.5  0.136  26.2(17.7) 19.5(17.6) -6.7 (-16.0-2.6) -25.6  0.131 0.977
17.0 (9.4-36.7) 13.2 (6.8-20.5) -3.4 (-8.0-2.5) -22.4 22.2(9.3-46.5) 10.3 (6.8-33.0) -2.0 (-7.4-0.7) -53.6

5"MTPJ  19.2(15.7) 19.2 (16.0) 0.0 (-2.5-2.5) 0.0 0.814 28.7(20.1) 17.5 (16.1) -11.2(-20.1--2.2)  -39.0 0.016 0.014
15.2 (7.4-22.5) 13.3(11.4-24.5) -1.0(-2.7-2.7) -12.5 24.2 (8.1-50.8) 9.6 (5.8-28.5)  -4.3(-20.1--1.5) -60.3

Heel 20.0 (16.0) 20.9 (14.2) 1.0 (-1.7-3.7) 4.5 0.433 28.9(20.0) 18.6 (19.1) -10.3 (-19.3--1.3)  -35.6  0.013 0.005
13.9 (7.8-36.8) 15.5(10.3-37.4) 0.5 (-0.7-3.8) 11.5 26.0 (9.1-50.8) 9.4(4.7-39.1) -4.2(-19.2--0.2) -63.8

Data are given as mean ( X ) and Standard Deviation (SD), median (med) and Interquartile range (IQR 25".75™), WBV — Whole Body Vibration group, EXE — Exercise

group, Vibration threshold measured in Volt (V)
P’ - between WBV group and EXE group difference: the Mann-Whitney U test on change scores (post-pre)
P’- between time-points (pre - post treatment) difference: Wilcoxon Signed Rank test

Affected site was based on patient report, 1 MTPJ — the first metatarsophalangeal joint area, 5™ MTPJ — the fifth metatarsophalangeal joint area,

Table 5.26 Pre and post treatment absolute values for a vibration threshold in the affected foot.



5.3.5.2 Normally distributed data (6 MWT, MFIS and MBT)

After adjusting for baseline scores, ANCOVA showed no statistically significant
differences between groups for any of these measures (6MWT: F(1, 21) = 2.08, p =
0.163 , 1> = 0.09; MFIS: F(1, 21) = 1.00, p = 0.327, n* = 0.04 and MBT: F(1, 21) = 0.34,
p = 0.563, n* = 0.01). It is noted that the absolute values for both groups suggest
improvement in all of these measures. Table 5.27 presents detailed results for these

variables.
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Outcome WBV n=12 EXE n=12

Pre Post A %A  Pre Post A %A P
X (SD) X (SD) X (95%CI) x X (SD) X (SD) X (95%CI) x
med (IQR) med (IQR) med (IQR) med med (IQR) med (IQR) med (IQR) med
6MWT m 398.7(136.3) 429.9(130.4) 31.2 (4.6-57.8) 7.8 332.3(131.9) 337.3(145.2) 5.0 (-25.7-35.6) 1.5 0.163
434.2 (291.9-511) 450 (318.8-529.3) 18.7 (-5.4-71.1) 3.6  368.3(207.8-446.2) 346.5(201.6-444.5) -6.5(-22.6-42.2) -5.9
MFIS 40.3(18.8) 35.2(19.1) -5.2 (-12.6-2.3) -12.7 404 (11.1) 303 (11.1) -10.1(-18.7--1.5) -25.0  0.327
(0-84 scale)  45.5(29.3-55.3) 40 (17-51.8) -0.5 (-10-0.8) -12.1  38.5(34.5-47.8) 29.5 (22-35.8) -7.5 (-22.5--1.3) -23.4
MBT total 18.1(7.1) 20.3(6.7) 2.3(0.5-4.0) 122 14.5(8.2) 17.6 (8.6) 3.1(1.5-4.6) 214 0.563
(0-28 scale)  17.5(13-24.8) 19 (16-27.8) 2.0 (0.3-4.8) 8.6 15.5(7.3-21) 20.5 (9.5-23.8) 2.5(1.3-4.8) 323

Data are given as mean (%) and Standard Deviation (SD), median (med) and Interquartile range (IQR 25™ - 75™), WBV - Whole Body Vibration group, EXE - Exercise group
A - change, %A - percentage change

P - between WBYV group and EXE group difference: ANCOVA analysis of variance of post treatment scores between WBV and EXE groups, while controlling for pre-
treatment scores as a covariate

6MWT - 6 minutes walking test in meters, MFIS - the Modified Fatigue Impact Scale, MBT - the Mini-BESTest total score

Table 5.27 Pre and post absolute values for normally distributed variables: 6MWT, MFIS and MBT total



5.3.5.3 Skewed distributed data (TUG, MSIS-29, VAS)

Mann-Whitney U-test on change scores showed no statistically significant differences
between groups on any of the variables (p > 0.05). All median and means changes with

accompanying percentage changes are presented in Table 5.28.
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Outcome WBY n=12 EXE n=12
Pre Post A % A Pre Post A %A P
X (SD) X (SD) X (95%CI) x X (SD) X (SD) X (95%CI) X
med (IQR) med (IQR) med (IQR) med med (IQR) med (IQR) med (IQR) med
TUG seconds 8.7 (3.8) 8.1(5.4) -0.7 (-1.9-0.7) -6.9 11.1(5.6) 10.9 (6.4) -0.2 (-2.3-1.9) -1.8 0.977
7.3 (6.6-9.2) 6.9 (5.0-8.8) -0.8 (-1.8-0.3) -5.5 10.0 (5.7-15) 9.0 (5.7-17.2) -0.8 (-1.8-0.01) -10
MSIS29 total 38.6 (16.8) 30.3 (13.4) -8.3 (-13.5--3.2) -21.5  33.2(17.8) 23.6 (17.5) -9.7 (-17.4--2.0) -28.9
(0 - 100 scale) 36.8 (27.0-55.2) 34.5(20.1-42.2) -7.5(-17.0--1.4) -6.25  30.5(17.0-49.7) 20.7(10.3-31.3) -6.9(-15.5--3.2) -32.1  0.887
MSIS29 physical 34.0 (18.2) 29.2 (15.4) -4.7 (-10.8-1.1) -14.1  38.6(23.6) 27.9(24.3) -10.7 (-20.4--1.0)  -27.7
(0 - 100 scale) 31.7 (20.0-49.2) 32.5(13.8-42.5) -0.8 (-12.9-3.3) 2.5 30.8 (17.5-57.9) 21.7(10.0-41.3) -9.2(-12.9-4.2) -29.5 0.443
MSIS29 48.8 (19.6) 32.7 (18.9) -16.0 (-27.3--4.8) -32.9 21.3(15.9) 14.2 (9.7) -7.1 (-12.8--1.4) -33.3
psychological 50.0 (41.7-59.3) 29.6 (22.2-50.9) -13.0 (-22.2--4.6) -40.8 14.8(11.1-38.0) 13.0 (4.6-24.1) -3.7 (-17.6-0.0) -12.2 0.178
(0 - 100 scale)
VASI1 hand 0.6 (1.4) 0.2(0.4) -0.4 (-1.2-0.4) -66.7 1.4 (2.1) 0.7 (1.8) -0.8 (-2.0-0.5) -50.0
(0 -10 scale) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 0.0 (0.0-3.5) 0.0 (0.0-0.0) 0.0 (-1.0-0.0) 0.0 0.932
VAS2 hand 2.0 (2.5) 0.3(1.2) -1.7 (-3.1--0.3) -85.0 1.7(2.5) 0.9 (2.2) -0.8 (-2.4-0.9) -47.1
(0 — 10 scale) 0.0 (0.0-4.0) 0.0 (0.0-0.0) 0.0 (-4.0-0.0) 0.0 0.0 (0.0-4.0) 0.0 (0.0-1.5) 0.0 (-1.5-0.0) 0.0 0.347
VASI foot 1.8 (2.5) 0.9 (2.4) -0.9 (-2.1-0.2) -50.0 2232 0.8 (1.6) -1.3 (-2.9-0.3) -63.6
(0 — 10 scale) 0.0 (0.0-4.8) 0.0 (0.0-0.0) 0.0 (-1.5--0.0) 0.0 0.5 (0.0-2.0) 0.0 (0.0-0.0) 0.0 (-4.0-0.0) -100  0.671
VAS?2 foot 3.02.3) 0.7 (1.4) -2.3 (-3.8--0.8) -76.7 2.3 (3.3) 1.8 (2.8) -0.5 (-1.6-0.6) -21.7
(0 -10 scale) 4.0 (0.3-4.8) 0.0 (0.0-0.8) -1.0 (-4.0--0.5) -100  0.5(0.0-4.3) 0.0 (0.0-4.5) 0.0 (-1.5-0.0) -100  0.052

Data are given as mean () and Standard Deviation (SD), median (med) and Interquartile range (IQR 25™ — 75™), WBV - Whole Body Vibration group, EXE - Exercise group
A - change, %A - percentage change, P - between WBYV group and EXE group difference: the Mann-Whitney U test on change scores (post-pre), TUG - the Timed up and go
test, MSIS29 total - Multiple Sclerosis Impact scale 29 total score, MSIS29 physical - Multiple Sclerosis Impact scale 29 physical component, MSIS29 psychological -
Multiple Sclerosis Impact scale psychological component, VAS - Verbal analogue scale for sensation, 1 - question one (do you have any numbness?), 2 - question two (do
you have pins and needles, tingling or burning sensation?)

Table 5.28 Pre and post treatment absolute values for TUG, MSIS29total, MSIS29 physical component, MSIS29 psychological component and VAS for
hand and foot.



5.4 DISCUSSION

The results of this pilot study suggest that this protocol for WBYV intervention is
feasible and no side effects are reported. Only two participants dropped out from the
study (attrition rate of 11.1%) and an average 33 sessions (compliance rate 90%) were
completed in both groups over the 12 weeks of intervention. The training intensity
averaged 65-70% effort for WBV and 70-75% effort for EXE group and the training
time was 20 minutes of exercise for each session for both groups. Of note, 30% of
eligible participants did not take part in the study due to personal circumstance that
prevented attending the scheduled classes.

For the primary outcome measure, isokinetic muscle strength, although both
groups improved post treatment we found no significant differences between groups. To
date, only two studies by Eftekhari et al. (2012) and Claerbout et al. (2012) found
significant differences between groups when WBYV intervention was compared to no
intervention or to multidisciplinary rehabilitation, respectively. However these studies
did not use a “gold standard” tool to measure changes in muscle strength. Our findings
compare with data reported by Broekmans et al. (2010), who also used an isokinetic
dynamometry and compared WBYV to no intervention. They also did not find between
group differences for muscle strength. The small sample size, small amount of absolute
change and high variability of measures at baseline with large SD and IQR values may
have led to lack of significant differences between groups post intervention in our study.
It is also possible that a lack of significant differences between groups for muscle
strength in people with MS is caused by the presence of lesions in spinal cord and/ or in

brain. It may interrupt the mechanisms of vibration which are mostly based on either
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tonic vibration reflex or the excitability of la afferent neurones delivering stimulus to
the sensory and motor cortex. In healthy populations, the central nervous system is
intact and no interruption in vibration stimulus conduction along nerves is present. If
vibration stimulus is interrupted by lesions due to MS, the effects of vibration may not
be seen.

This pilot study provides data for a larger RCT in relation to the sample size
required. Post hoc power analysis estimates that a minimum sample size of 394 in each
group would be required to detect the observed small effect sizes in muscle strength
with 80% power. We originally proposed that muscle strength should be the primary
outcome measure in a larger RCT due to mechanism of WBV. However, the sample
sizes suggested by the power calculations in this pilot study are impractical. Therefore
we are now proposing that future studies would be powered to detect a difference
between groups on the 6 minute walk test. A sample size of 52 in each group would be
sufficient to detect the observed moderate effect size for the six minute walk test, with
80% power and is practically attainable. Additionally the use of this measure is
supported by studies that suggest that mobility is the greatest concern for people with
MS (Heesen et al. 2008).

A key finding of this pilot study was a significant difference between groups for
vibration threshold. This is first study to examine the effects of WBV or exercise on
vibration threshold in PwMS. Previously studies found no statistically significant
changes within and between groups on NSA (Uszynski et al. 2014, Schyns et al. 2009).
However, the reliability of NSA has not been investigated in PWMS and it is possible
that additionally, it may not be sufficiently sensitive in detecting changes in sensation in
this population. These preliminary data are promising and may suggest that both

exercise interventions reduce vibration threshold and possible affected sensation in
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PwMS. However, neither of these changes in vibration threshold exceeded minimal
detectable change (MDC) values, obtained based on data in test-retest reliability study
(chapter 3a of this thesis; MDC for great toe is 14.11, for 1* MTPJ 10.48, for 5™ MTPJ
14.91 and for heel 11.75). Also, for the 1* MTPJ which was found to be the most
strongly correlated with gait and balance in PwMS (chapter 4 of this thesis), vibration
threshold did not change significantly in any of groups. Findings from this small pilot
study have to be interpreted with caution as the changes in vibration threshold observed
after treatment are likely to be due to measurement error than due to treatment effect.
These findings need further confirmation with larger RCT.

This study found small improvements on MBT post treatments in both groups
but similarly to muscle strength, no statistical differences between groups for balance
were found. This is first study that used MBT to measure changes in balance after WBV
intervention. Previous studies in PwMS that used the BBS reported significant
improvements within (Uszynski et al. 2014, Claerbout et al. 2012) and between groups
(Uszynski et al. 2014), with others (Diego et al. 2012, Broekmans et al. 2010) finding
no significant changes on BBS. Balance is a complex phenomenon involving many
systems and domains (Shumway-Cook and Woollacott 2007) and discrepancies in
findings may due to the ceiling effect or reduced responsiveness of the BBS (King et al.
2012).

In relation to functional tests, this study found no differences between groups on
either 6BMWT or TUG test. Of note, although there was no statistical difference on the
6MWT, this study found an improvement of 31.2 meters in the WBV group and only 5
meters in the EXE group. Baert et al. (2014) suggest that values equal or greater than
21.6 meters can be considered clinically meaningful in PwMS. This preliminary finding

may suggest that WBV intervention led to clinically meaningful improvements in
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6MWT in this sample of PWMS when comparing to only small change in the EXE
group. However, this conclusion needs to be interpreted with caution and verified in a
definitive, adequately powered, RCT.

Of note, interesting data were found on VAS question 2 relating to pins and
needles, tingling or burning sensation in the foot where the reduction in VAS was
approaching statistical significance in favour of the WBV group (p = 0.052). It is
possible that the observed effect might have been caused by the “technology” factor
rather than by the intervention itself but warrants further investigation given the

importance of sensation for motor control.

5.4.1 Limitations

This study has a number of limitations. Our assessor was blinded to the
participant’s intervention however; due to the nature of this intervention our participants
were not. Additionally the same therapist supervised both groups. A potential weakness
of this study and source of performance bias was lack of “placebo” group. Future
studies should possible use a three arm design with whole-body vibration, exercise and
placebo group to eliminate a “technology” effect. Further studies should try to evaluate
the effects of whole-body vibration intervention on participants with other impairments

such as increased muscle tone or pain.

5.5 CONCLUSION

Data from this pilot study found that the study protocol was feasible. The
dropout rate was low and compliance was high. Interventions were well tolerated and no
adverse effects were reported. This study found that for muscle strength in a larger
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RCT, a sample size of 394 would be required to detect a small effect with 80% power
and 5% significance. Based on the observed data from the six minute walk test, a
sample of 52 in each group would be sufficient to detect a moderate effect size, with
80% power and 5% significance.

Results suggest that both groups improved after interventions on various
outcomes, however no statistically significant differences were found between groups.
A clinical meaningful change (31.2 meters) was noted for 6MWT in the WBV group
only.

Data from this preliminary study suggest that WBYV training may be included in the
rehabilitation of PwWMS as no adverse effects were found. No additional benefits over
standard exercise were found in this pilot study, however the effects on vibration

threshold and 6MWT warrant further investigation.
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CHAPTER 6 DISCUSSION
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6.1 CHAPTER OUTLINE

In this chapter, the findings from studies included in the thesis will be discussed. This
chapter will demonstrate how the findings from a systematic literature review led to the
design of firstly the reliability studies, followed by the relationship study and finally the
pilot RCT. This chapter will present the implications for clinical practice and future

research, followed by thesis conclusions.

6.2 SUMMARY OF THE FINDINGS

6.2.1 WBYV literature review

The systematic review presented in this thesis updated the literature regarding the
effectiveness of WBV intervention in neurological populations. Since the review by
Rabert et al. (2012), several new studies with improved methodological quality have
been published and therefore an update was needed. This updated review supports
findings of previous reviews in this area, that there is insufficient evidence that WBV
intervention is more effective than no intervention or other treatments when the
outcome measures were analysed across impairments of body functions, activity
limitations and participation restrictions. This review was the first in this area which
used the World Health Organisation’s International Classification of Functioning
framework to structure the results. The key finding was the low methodological quality
of the reviewed studies and a high variability of study designs, outcome measures and
vibration parameters. Only one study investigated the effects of WBV on sensation and

very few the impact of WBV on participation. Findings from the review suggest that
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WBYV intervention is not more effective than standard exercise but it may have similar

effects as other treatments, and is safe and well tolerated by patients including PwMS.

6.2.2 Test-retest and inter-rater reliability of four sensory measures

To date only one study investigated the reliability of sensory measures for PwMS.
Sensory impairments are significant in this population and need to be addressed in
treatment. Therefore reliable tools are essential to accurately assess changes in sensation
after intervention. The reliability studies found that NT and VAS had high ICC values,
supported by low standard error of measurement and therefore may be considered useful
tools in measuring changes in sensation after treatment in PwMS. Findings for EmNSA
and SWM are either questionable or poor, therefore these tools should be used with

cautions and further studies are warranted.

6.2.3 Relationship between vibration threshold and gait and balance

The reliability studies found that NT can be used to assess changes in vibration
threshold in PwWMS. The relationship between sensation and function in PwMS has not
been broadly investigated. The relationship study included in this thesis added to the
literature preliminary evidence of good to moderate correlation between foot vibration
threshold and balance and walking in PwMS. The first metatarsophalangeal joint (1*
MTPJ) was found to have the highest correlation with gait and balance of all foot areas
tested, suggesting that this area should be considered for vibration threshold testing.
One of the key findings was that NT can distinguish between PwMS with and without

walking limitations.

6.2.4 Pilot feasibility RCT
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Data from the pilot RCT suggest that the WBV protocol is feasible in PwMS. WBV
intervention was safe and well tolerated by ambulatory PwMS. This study also provided
evidence for sample size required to conduct well-powered RCT. Based on the observed
data from the 6MWT, a sample of 52 in each group would be sufficient to detect a
moderate effect size, with 80% power and 5% significance. Although a “gold standard”
tool to measure changes in muscle strength and more comprehensive scale to assess
different domains of balance were used in this RCT, no significant differences between
groups were found for these outcomes. The novelty of this RCT was that it used the
reliable Neurothesiometer to measure changes in vibration threshold. Preliminary
findings revealed statistically significant differences between groups for vibration
threshold in favour of the exercise group. Additionally, the post-hoc analysis found
statistically significant improvements within both groups post interventions. It suggests
that both interventions might have possibly affected vibration threshold and it may have
led to an increase in foot sensitivity in this sample of PwMS. Cumulative findings from
this pilot study suggest that although WBV and EXE group improved on certain
variables, twelve weeks of WBYV intervention did not improve muscle strength, balance,
or other clinical measures to a greater degree than standard exercise. WBV intervention
is not more effective than exercise; however, it may be as effective as exercise and

could be an alternative intervention to exercise.
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6.3 CLINICAL IMPLICATIONS

6.3.1 Whole Body Vibration intervention

6.3.1.1 Introduction

Whole Body Vibration is a technology that has been used as a modality mainly in
professional sport and fitness. WBV platforms are now an integrated part of the exercise
equipment throughout many gyms and training facilities, are easily accessible and
therefore they are increasingly popular.

Due to positive improvements post WBV training in muscle strength (Cormie et al.
2006, Torvinen et al. 2003, Roelants et al. 2004b), flexibility (Cochrane and Stannard
2005), and balance (Bruyere et al. 2005, Bautmans et al. 2005, Torvinen et al. 2002)
found in the healthy populations, it is not unexpected that there is an increasing interest

in this technology in the rehabilitation field, including PwMS.

6.3.1.2 Is WBYV more effective than other treatment?

Findings from the systematic review in this thesis and of other reviews suggest that
although improvements were found for muscle strength, balance or gait, they were not
greater than in other interventions. It suggests that WBV intervention does not bring
additional benefits to exercises but it may be as effective as exercise. Because
improvements were found in both groups, WBV intervention may be an alternative

intervention to standard exercise.
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6.3.1.3 Is WBYV intervention feasible?

This thesis provides evidence that WBYV intervention is a safe and well tolerated
intervention. No side effects were reported and WBYV has the potential of working
independently of the therapist for ambulatory PwWMS. Previous studies and the pilot

RCT reported great adherence to study protocol and low attrition rate.

6.3.1.4 Is WBYV intervention accessible?

The relatively low cost of purchasing a standard vibrating platform (€350 - €450) or a
rental scheme available in the Republic of Ireland makes it possible to have this device
at home which can lead to greater adherence to practice exercise by patients.

Also, some local gyms, sport facilities or physiotherapy practices have vibroplates
which make them easily accessible.

The study by Learmonth et al. (2012) suggests that leisure centered-based exercise
group intervention is effective in improving activity levels, balance and strength in
people moderately affected with multiple sclerosis, with no worsening of theirs fatigue
levels. Therefore exercising in local gyms is feasible and beneficial and WBV may be

an element of this gym work.

6.3.1.5 Is supervision needed during WBYV intervention?

In the pilot RCT, one of three sessions a week was directly supervised by a chartered
physiotherapist and similar improvements were found in both groups. One supervised

session was needed to monitor participants exercise progression and to make sure that
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they practiced exercise according to the overload principles. It is possible that all three
sessions need to be directly supervised to make sure that participants are working
“hard” enough to achieve significant changes in outcome measures. For participants
with cognitive impairments all three sessions may need to be supervised as it is possible

that they may find it difficult to follow study protocol.

6.3.1.6 What vibration parameter should be used?

It is very difficult to recommend to clinicians the vibration parameters, mostly due to a
lack of evidence on which are the most beneficial. However, the body of evidence in
healthy population suggests that low frequencies of between 5 - 40 Hz increase EMG
activity, muscle force and power (Cochrane and Stannard 2005, Luo et al. 2005,
Cardinale and Bosco 2003, Torvinen et al. 2002, Bosco et al. 1999). Therefore, similar
frequencies may also be potentially beneficial for improving strength in neurological

population without causing any harm.

No side effects were reported when vibration was delivered for duration of between 30
seconds (Jackson et al. 2008) and 20 minutes (Uszynski et al. 2014) in a single session.
However this parameter is most variable across all so a definite recommendation is

impossible.

Some studies reported improvements in muscle strength while only a static squat was

maintained throughout the intervention. Others reported benefits after both static and

dynamic exercise. However, due to the nature of our lives, it seems to be logical that a
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combination of static and dynamic exercises should be considered while exercising on a

vibrating platform.

Of note, this thesis also found that the majority of the studies which reported changes in
different outcomes after WBV intervention were of poor methodological quality. In MS
studies, we do not have well powered RCTs of high methodological quality therefore,
findings have to be interpreted with caution and further studies are warranted in this
topic. This seems to be just the beginning of WBYV research in neurological populations.

The recommendations for future research will be presented in section 7.4 of this thesis.

6.3.2 The use of sensory measures in clinical practice

6.3.2.1 Introduction

It is essential in clinical and research practice to have reliable outcome measures to
capture changes after physiotherapy intervention. We have reliable tools to measure
changes in muscle strength, walking or balance in PwWMS but there is only one study
that investigated the reliability of sensory outcome measure in PwMS (Newsome et al.
2011). Sensation is one of the domains that plays an important role in movement and
motor control and therefore has to be measured and targeted in physiotherapy

interventions.
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6.3.2.2 Which sensory tool should be used to measure changes in the sensory system?

The findings of the studies in this thesis suggest that NT and VAS are reliable tools and
they may be considered potentially useful in measuring changes in sensation post
treatment.

When considering a testing point on the foot, data from this thesis suggest testing
vibration threshold at 1* MTPJ. This point was strongly correlated with balance and
short and long distance walking in PwMS.

NT is a portable, clinical tool that objectively measures vibration threshold and may be
a way of estimating dorsal column functioning in the rehabilitation setting. As vibration
threshold increases, participants perform poorer on balance and gait measures.
However, the cost of purchasing is around €1,500 which may be a barrier for some

clinical practices.

The thesis findings suggest that commonly used VAS could also be used in clinical
practice. It has the advantage of being easy to administer and cost-effective. Patient-
centered outcome measures are increasingly important in evaluating interventions on
health related quality of life in PwMS (Miller et al. 2010). Data from this thesis suggest
that VAS is a potentially useful tool in evaluating patient reported changes in sensation

in PwMS.

In relation to SWM and EmNSA, findings revealed either questionable or poor

reliability, suggesting that those two tests have to be further investigated.

Based on the thesis findings, clinicians should consider using NT to objectively measure
changes in vibration threshold and VAS to assess patient reported perception of changes

in sensation in PwMS.
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6.4 RECOMMENDATIONS FOR FUTURE RESEARCH

This section will discuss how the findings from each of the studies conducted can be
used to inform the next steps for the development of a protocol for a large well designed
RCT in order to further evaluate the effects of WBYV intervention for ambulatory people
with MS. This section will present limitations and future recommendations for reviews

in this area.

6.4.1 How can methodological quality be improved?

One of the greatest limitations in the studies included in this review was their poor
methodological quality and small sample sizes used. The systematic review presented in
this thesis found that only one study (Brogérdh et al. 2012) had high methodological
quality measured on PEDro scale (9 out of 10 possible points on the scale). Many
studies were lacking in blind subjects and therapists (source of detection bias) and also,
a low number of studies reported concealed allocation (source of selection bias) and
intention-to-treat analysis (source of attrition bias) causing potential threats to those
studies internal validity. Sample sizes in the studies were relatively small and very few
reported sample size calculations required to detect significant difference between
groups for primary outcomes. All of these limitations can be easily addressed by
designing well-powered RCT with blind assessors, and if possible blind therapists,
allocation concealment and follow up analysis. Researchers need to move to a larger

well designed study in future.
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6.4.2 What outcome measures should be used?

6.4.2.1 Can WBYV affect muscle strength in PwMS

Muscle strength should be considered the primary outcome measure in future studies
investigating the effects of WBYV intervention. Muscle strength is a common
impairment in PwWMS and reduced muscle strength is strongly related to limitations in
functional capacity, fatigue and quality of life in this population (White et al. 2004).
There is also evidence of direct correlations between muscle strength and gait (Dodd et
al. 2011). Secondly, vibration stimulates muscle spindles resulting in increased
activation of alpha-motorneurones and this enhances muscle contraction (Cardinale and
Bosco 2003). For those reasons, muscle strength should be a primary outcome measure
in future WBYV studies.

The systematic review found that very few studies used an isokinetic
dynamometer to measure changes in muscle strength after WBYV intervention. Isokinetic
dynamometry is considered the “gold standard” tool and has been found reliable in
PwMS (Lambert et al. 2001, Armstrong et al. 1983). Therefore future studies should use
this tool to measure changes in muscle strength after WBYV intervention. One possible
limitation of isokinetic dynamometer is a lack of reliability studies in the cohort of
PwMS with cognitive impairments or when people have spasticity in the lower leg
preventing them from moving the leg throughout a desired range of movement.
Cognitive problems (up to 65% PwMS (Motl et al. 2011)) and muscle spasticity (up to
84% (Rizzo et al. 2004)) are common symptoms in MS and it is possible that they may
affect muscle testing. Reliability of isokinetic dynamometer in PwMS with greater
disability who have cognitive impairments and lower limb muscle spasticity is urgently
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needed before next RCT in PWMS is carried out in this population. Data from the RCT
in this thesis suggest that future studies should have a sample size of minimum 394
participants in each group to be able to detect the small effect sizes in muscle strength
with 80% power. This seems to be impractical. Therefore, other outcome measures,
such as walking may be considered the primary outcome in the future. Future studies
should also investigate responsiveness of isokinetic dynamometer and the minimal
clinically important difference (MCID) for muscle strength in PWMS as the reference
values for those are lacking. Although isokinetic dynamometer is considered the “gold
standard” tool, there are still several limitations that need to be addressed in advance of

future WBYV studies.

6.4.2.2 Can WBYV affect gait in PwMS?

Walking was the most frequently measured domain within the reviewed studies. Both
short and long walking distance tests were used in the reviewed papers. Walking
limitation is one of the most common problems in PwMS with about 41% to 75% of
people experiencing mobility problems (LaRocca 2011, Hobart et al. 2001). Therefore,
it is not unexpected that the majority of papers that investigated the effects of WBV
intervention used walking tests as their outcomes. The literature review and also the
RCT found that there is no evidence that WBV intervention is more effective on
walking than other treatments. However, studies in the thesis review and our RCT
report improvements within WBV group post intervention. Therefore we cannot say
that WBYV does not affect walking in PwMS. It is possible that due to small sample sizes

and large variability, the statistical significance between groups could not be achieved
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for walking measure. It is possible that with a well-powered study, between group
differences could reach a statistically significant level for walking.

The findings from RCT suggest that walking (6MWT) may be considered as a
primary outcome measure in future studies. A sample size of 52 participants in each
group would be sufficient to detect moderate effect size for SMWT with 80% power and
5% significance.

In future studies researchers should also consider what the main aim for
participants is? If the main goal is to improve walking endurance, WBV may not be the
best treatment. It is believed that the specificity of training is an important factor in
achieving improvement in particular skills or function. If an improvement in walking is
desired, this skill has to be practiced. Reviewed studies report that more static than
dynamic or functional exercises were performed on the vibrating platform during
intervention and participants maintained mostly static squat position or practiced static
exercises throughout WBYV intervention. According to the principles of training
specificity, improvements in walking outcomes would be difficult to achieve. In
summary, future trials should use gait as an outcome measure (potentially as a primary
outcome measure) as it is a common impairment and PwMS consider walking as the
most valuable bodily function (Heesen et al. 2008). If the main aim for participants is to
improve muscle endurance, researchers may consider using an alternative treatment to

WBYV intervention to improve walking,

6.4.2.3 Can WBYV improve balance?

Balance is a complex domain involving integration of several systems such as
vestibular, visual and somatosensory systems. WBV intervention is usually delivered
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through standing on a vibration platform. These platforms are equipped with bars and
participants are allowed to use arms for support while practicing the exercise. It is
possible that a lack of change in balance is because WBYV intervention did not challenge
balance enough or the measurement tool was not able to detect changes in different
balance domains. It is also possible that a lack of significant differences between groups
was due to small sample sizes in the studies and large variability in measures.

Therefore, if the patients aim is to improve dynamic balance, it may be more
appropriate to use an alternative treatment to WBV. Future studies may also consider
adding to a study protocol some functional exercises such as throwing and catching a
ball, reaching in different directions or squatting on one leg without assistance of arms.
Changes in the exercise protocol to make sure that it challenges dynamic components of
balance may target balance more and significant improvements may be found.
However, adding functional exercise will lead to performance bias where we will not be
sure if the effects in balance are due to WBYV intervention or are due to adding the
functional exercises?

It is also possible that the choice of the balance tool that is supposed to measure
changes plays an important role. The literature review found that the majority of studies
used the BBS scale to measure changes in balance and no superior effects of WBV
intervention when compared to other interventions were found. It is possible that the
BBS was not sensitive enough to detect changes in these populations. Therefore, future
studies may use a different balance tool such as stabilometry platform to detect changes
after WBV. However, reliability of this tool in PWMS needs to be first investigated.

Balance should be measured as it is a key problem for PwWMS. However, it is not
clear if current WBV exercise protocol affects balance and if outcome measures used

are sensitive enough to capture changes in balance after WBYV intervention in PwMS.
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6.4.2.4 Can WBY affect different body systems?

Most authors agree that vibration stimulus has the ability to activate the primary afferent
endings of the muscle spindles which activate the alpha motor neurons to recruit muscle
fibres into contraction. But the musculoskeletal system is not the only system which
can be affected by vibration. It has been mentioned before that 1a afferent input has also
the ability to excite the corticospinal pathway (Carson et al. 2004) and activate the
cortical motor areas (Lewis et al. 2001). Vibration can also affect the cutaneous
receptors (mechanoreceptors) located on the sole of the feet what can lead to the
excitability of the both primary and secondary somatosensory cortex. Also review by
Rittweger (2010) suggest that vibration may have effect on bone mineral density and
may be used in order to reduce the perception of pain in patients with acute and chronic
musculoskeletal pain. The same review suggests that vibration can increase muscle
flexibility and therefore improve a joint range of movement. There is little evidence that
vibration stimulus can effectively change abnormal muscle tone. However, anecdotally,
participants report that after using whole-body vibration platforms muscle tone,
especially in lower limbs, decreases. Furthermore, they report that this reduction in tone
increases their functional activity for example: transfer or moving around. Finally, there
is evidence about hormonal responses to vibration stimulus (Rittweger 2010, Cardinale
and Bosco 2003).Initial findings suggest that the level of testosterone, growth hormone,
cortisol, catecholamines, blood lipids or blood glucose increases in response to whole-
body vibration exercise. The abovementioned effects suggest that whole-body vibration
may affect a number of different body systems and further research is warranted to

explore the exact mechanism of vibration.
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6.4.2.5 Should sensation be measured in future RCT?

Although during WBYV intervention, vibration stimulus is delivered to the body through
the mechanoreceptors on the sole of the foot, which are sensitive to vibration, the effects
of WBV on sensation were one of the least investigated in the reviewed studies.
Sensation is important as it provides feedback required to perform different tasks such
as walking, balance or reaching. Furthermore up to 80% of PwWMS experience sensory
problems. For these two simple but such important reasons the sensory system must be
targeted in the intervention and changes post intervention must be evaluated. Before

sensation can be measured in the RCT, reliable tools have to be chosen.

6.4.2.6 Are there reliable sensory measures in PwMS?

NT was found to be a reliable, portable, clinical tool that objectively measure
changes in vibration sensation and should be used in future studies. However, before
NT can be used, the normative values for vibration threshold need to be provided in
order to establish the level of abnormal vibration sensation in PwWMS. There is also
evidence that factors such as e.g. age, diabetes or neuropathy may influence vibration
threshold and therefore they need to be considered as possible confounders in future
studies. While obtaining the normative values for NT, other important concepts of
measuring change post treatment, such as a minimal detectable change (MDC), a
minimal clinical important difference (MCID) or test responsiveness should be
calculated and reported in future studies.

NT should be used in future studies because it is not only a reliable tool but also

it showed a strong relationship with function in PwMS. This thesis found that vibration
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threshold significantly correlate with balance and functional measures of gait in PWMS,
suggesting that this sense may be important in assessing in PwMS. Assessment of
changes in vibration threshold may be useful when identifying people in need of
intervention or when evaluating the effect of rehabilitation and exercise intervention in
PwMS. Vibration threshold is an important sensory modality because of the prevalence
of plaques in dorsal column of ascending pathways in MS (Zackowski et al. 2009). This
study demonstrated that vibration threshold is strongly correlated with functional
measures of balance and gait in PwMS and therefore it supports its use as an outcome
measure in future studies.

The thesis findings suggest that further studies are needed to identify the optimal
wording of the VAS scale for sensation. Some questions might have been confusing or
difficult to answer by participants. Future studies should carefully choose wording for
VAS when this scale is used in assessing patient report feeling of sensation. One
potential limitation of VAS is the high percentage of normal sensory responses.
Therefore, reliability estimates of these questions should be interpreted with caution.
VAS should be used in future studies as this scale has the advantage of being easy to
administer and may be considered a patient-centred outcome measure that provides a
more comprehensive evaluation of the effects of the sensory problem on patient’s life.

Although findings from reliability studies are very promising, they should be
considered preliminary as the studies had a relatively small sample size of 34
participants. Furthermore, data were not collected from PwMS with significant
disability EDSS > 6.5 and who were not able to walk. Therefore, findings from these
studies are not applicable to that cohort of PwMS. Future studies should use a larger
sample size and consider stratifying population of PwMS into subgroups based on the

level of disability using either the GNDS mobility component or EDSS. It would
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provide more comprehensive data and allow the findings to be generalized across the

whole population.

6.4.3 What protocol should be used in next WBYV trial?

6.4.3.1 Vibration parameters

One key finding in the systematic review was a high variability of vibration protocols
used during intervention. Main vibration parameters such as vibration frequency,
amplitude or vibration duration in a single session and in total varied significantly in the
reviewed papers. It is difficult to recommend the most optimal frequency or amplitude
for future RCT due to a lack of evidence which vibration parameters are the most
beneficial. Future high quality studies comparing low frequency (F) of 2-10 Hz to
higher F of 40-50 Hz are needed.

Future studies should also provide evidence of the most beneficial duration of a
single vibration session as it varied significantly in previous studies. Fatigue in PWMS
is a big factor that may influence duration of exercise. At least 75% of PwMS report
fatigue at some point of the disease course (Braley and Chervin 2010). One of the
possible approaches could be using WBYV intervention as it usually takes less than 30
minutes. It has been suggested in the literature that 9 minutes of WBV intervention
corresponds to 3 hours of walking at regular speed (Rauch 2009). Future studies may try
to compare a typical duration (20 minutes) of the WBV intervention to 1 hour
standardised exercise intervention. However this design has limitations such as
duration, exercise intensity and number of repetitions will be different in each group and

may lead to the performance bias.
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Lack of evidence about the most beneficial frequency, amplitude or vibration

duration makes it difficult to recommend the optimal vibration parameters.

6.4.3.2 Follow up assessment

The majority of the reviewed studies and also the RCT in this thesis did not include
follow up assessments. Future studies should also include the follow up analysis, as
studies with pre, post and follow up analysis will not only investigate the effects of
WBYV intervention but also will determine if potential improvements were maintained

after the study completion.

6.4.3.3 Should “placebo” group be included in future WBYV study?

Including a “placebo” group in future trials is needed as it provides information if
improvements after WBV intervention are due to intervention itself or due to
“technology” effect. Before this design is used, the optimal vibration parameters need to
be found. Future study could use two platforms; one would deliver optimal amplitude

and frequency (WBYV group) and second would deliver only noise (placebo group).

6.4.3.4 Is WBYV protocol feasible?

This thesis RCT and previously published studies found that WBV protocol is feasible,
safe and well tolerated by people with neurological conditions. Compliance rate was

high (90%) with a small dropout rate (11%) in the RCT. This protocol may be used in
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next RCT trial, however in relation to balance and gait measures, it is not clear if this
WBYV protocol has the potential to influence these domains.

The majority of the studies reported that WBV protocols were delivered in
supervised physiotherapy facilities. Future studies should try to evaluate the effects of
WBYV intervention when it is practiced independently by a participant at home with
minimum supervision of the therapist. Future studies could possibly compare the effects
of WBV intervention when it is delivered by trained physiotherapists in their clinical
practice versus intervention delivered by a health care assistant in the health centre
versus intervention practiced independently by the participants at home. It will provide
information about a level of supervision needed while practicing WBV exercises.

Also a home-based intervention may be a cost-effective treatment. Costs of
hiring a trained physiotherapy assistant to deliver a 1 hour treatment in Ireland are
significantly cheaper (€20.00 per hour) than hiring a chartered physiotherapist (at least
€45.00). Study by Toomey and Coote (2013) suggested that a home-based intervention
delivered at a community level, outside the hospital environment, has potential as a
model of care that bring both physical and psychological benefits for PwMS. The
patient has to be assessed and an exercise programme has to be designed by a chartered
physiotherapist first, before a trained physiotherapy assistant can deliver a home-based

intervention.
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6.4.4 Recommendations for future “best practice” RCT - Three-arm trial

This thesis recommends designing a three-arm RCT in the future. This trial should be
preceded by a study investigating the reliability of isokinetic dynamometer in PwMS
with cognitive impairments and muscle spasticity. Normative values and minimal
clinically important differences should be established for isokinetic dynamometer and
NT. Also the wording of VAS should be reviewed and studies should be carried out to
find the most optimal vibration frequency, amplitude and duration. It may be necessary
to firstly conduct more basic research which will compare for example low vibration
frequency with high or will look at different vibration amplitudes and durations of
vibration. If data from these studies are available, only then the RCT comparing WBV
to nothing and to placebo can be carried out.

The ideal three-arm RCT should have high methodological quality. This thesis
would recommend using the blind assessors and therapists, concealing the allocation
sequence and using intention-to-treat analysis when designing and conducting RCT in
the future.

The three-arm RCT design including a WBV group, an EXE group and a
placebo group would investigate firstly if WBYV intervention is effective (better than
nothing), secondly if WBV is more effective than another intervention, and finally if
improvements after WBYV intervention are due to intervention or due to “technology *
effect. The RCT should use isokinetic dynamometer to assess changes in muscle
strength, NT to assess changes in vibration threshold and VAS to assess patient reported
feeling of sensation. Balance and walking measures should be included in next RCT
because these are important domains for PwMS. However it is not clear if WBV

intervention is specific enough to affect balance and walking or if the existing outcome
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measures are able to detect changes in these domains. It is impossible to recommend
vibration parameters at this stage as we don’t know them yet. Measures of fatigue and
the impact of MS should be used in next RCT as they are patient-centered outcomes and
they provide more comprehensive evaluation of the effects of rehabilitation (Miller et
al. 2010). If findings from three-arm RCT conclude that WBYV is effective or more
effective than other treatments, then the next studies may look at the effects of WBV
intervention when it is unsupervised, in the participants’ home. It will explore the

opportunity of using WBYV technology as a home-based intervention.
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6.5 CONCLUSIONS

This main aim of this thesis was to determine if WBV technology can augment
rehabilitation in PwMS and if this intervention can have beneficial effects on the motor

and sensory system.

This PhD thesis has found that WBYV intervention is not more effective than standard
exercise in PwMS. This is supported by the systematic review, and the results of the
pilot RCT. Improvements post treatment were noted in both WBV and EXE group for
muscle strength, gait, balance, fatigue and the impact of MS; however they were not
greater in either group. It suggests no additional benefits of WBV over traditional
exercise but it may suggest that WBV intervention is as effective as traditional exercise.
Although this thesis found that WBYV has no superior effects to standard exercise, WBV
intervention was found feasible, well tolerated by ambulatory PWMS and it may

potentially be practised independently of the therapist.

This thesis has also provided preliminary evidence of reliability properties of four
sensory measures in PwMS. This thesis has found that the Neurothesiometer and the
Verbal Analogue Scale for sensation are reliable tools. The ICC values were high for
both scales and were supported by low standard error of measurements. This thesis was
novel in this matter as only one study to date has investigated reliability of sensory
measures in MS population. This thesis suggests considering NT to objectively measure

changes in vibration threshold and VAS to assess patient subjective feeling of sensation.
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This thesis has also identified the relationship between foot vibration threshold and
static (BBS) and dynamic balance (TUG), and long walking distance (6MWT) in
PwMS. As vibration threshold increased, PwWMS performed poorer on balance tests and
gait. Preliminary findings also suggest that vibration threshold can distinguish between

those people who have walking limitations and those without.

Finally this thesis has found that WBYV and exercise intervention may possibly affect the
sensory system in PwMS. Findings from the pilot RCT revealed that there was a
statistically significant difference for vibration threshold in favour of the exercise group.
Additionally post-hoc analysis found that vibration threshold has significantly decreased
in both groups. It may suggest that both interventions influenced the sensory system and
possibly improved foot sensitivity in PwMS. However these findings are preliminary

and further well-powered studies are warranted to confirm this.
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effectiveness and feasibility of Whole Body Vibration platform as a treatment approach

to sensorimotor impairments in Multiple Sclerosis patients”. Poster presentation. 8"
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Annual Rehabilitation and Therapy Research Society Conference, University College

Dublin, Ireland Physical Therapy Reviews. 2013. vol. 18, issue 1, page 70-71

7.3 Other oral and poster conference presentations

Uszynski M. Purtill H. and Coote S. “Comparing the same duration of whole body
vibration and exercise in Multiple Sclerosis patients with mild disability — a randomised
pilot study”. Oral presentation. 10 years of Clinical Therapies Research in Univeristy of

Limerick. Limerick, Ireland, 1st of Febraury 2013

Uszynski M. Purtill H. and Coote S. “Comparing the same duration of whole body
vibration and exercise in Multiple Sclerosis patients with mild disability — a randomised
pilot study”. Oral presentation. RIMS 15th SIG on MOBILITY, Milan, Italy, 9th-10th

November 2012

Uszynski M. Larkin A. Sheridan S. Sands D. Killeen M. Burke C. and Coote S. “The
effectiveness and feasibility of Whole Body Vibration platform as a treatment approach
to sensorimotor impairments in Multiple Sclerosis patients”. Poster presentation. 8th

Annual Rehabilitation and Therapy Research Society Conference, University College

Dublin, Ireland, 25th of May 2012

Uszynski M. and Coote S. “Whole Body Vibration — does it really work?” Oral

presentation. Rehabilitation Study Day, University Hospital Galway, Ireland, February

2012
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