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Background: 7o present the current knowledge on the characteristics, assessment, and treatment of upper
limb intention tremor to inform and improve future intervention studies in patients with multiple sclerosis
(MS), we conducted a literature review for articles on upper limb intention tremor in patients with MS.

Methods: Two reviewers conducted searches in PubMed, Web of Science, and MEDLINE (Ovid). Relevant
articles, sorted on inclusion criteria, were examined for descriptions and assessments of upper limb inten-
tion tremor, and intervention studies were evaluated based on treatment type.

Results: Eight descriptive studies were found reporting on the incidence and severity of tremor, impair-
ments, and lesion load. Ten studies focused on measurement of tremor using various assessments. Interven-
tion studies included eight articles using a diverse set of noninvasive techniques mainly showing transient
reduction in tremor amplitude and temporary increase in function. Eighteen studies on pharmacologic
interventions were found, with most displaying positive outcomes and mediation of tremor; others showed
little to no benefit. Surgical interventions included 17 studies on thalamotomy and 20 on deep brain stim-
ulation. Most studies showed tremor improvement after surgery; however, most sample sizes were small,
and interventions were highly invasive, with potential adverse effects resulting from surgery.

Conclusions: The literature on upper limb intention tremor in MS is relatively sparse. More studies are
required to determine mechanism of action and to provide more suitable and sustainable interventions to
decrease upper limb intention tremor and improve quality of life of individuals with MS. Int ] MS Care.
2018;20:211-223.

ultiple sclerosis (MS) is an inflammatory and

degenerative disease of the central nervous

system that causes demyelination and axonal
loss and results in increasing physical impairment over
time.! Herein, we focus on upper limb intention tremor
in the context of MS. Owing to the complex interac-
tions of multiple tremor types that can be observed in
MS, it is important to have a precise definition when
defining this particular phenotype. A 1998 consensus
statement by the Movement Disorder Society on tremor
defines action tremor as “any tremor that is produced

by voluntary contraction of muscle, including postural,
isometric, and kinetic tremor.” The consensus report
also states that intention tremor is considered a form of
kinetic tremor related to action tremor (as opposed to a
rest tremor).? Intention tremor is categorized as “target-
directed movements” and is described as “[the tremor]
amplitude increases during visually guided movements
towards a target at the termination of the movement
where the possibility of position-specific tremor or
postural tremor produced at the beginning or end of a

movement is excluded.”?®?
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Previous studies have offered variable reports on the
prevalence of tremor in MS, suggesting that approxi-
mately 25% to 60% of patients may display some form
of tremor depending on the population studied.’”
The different forms of MS-associated tremor can be
very complex to decipher because some components
of action tremors can occasionally blend together.® For
example, a particular study may describe action tremor
without determining the specific components of action
tremor, namely, kinetic and intention.? Furthermore,
because MS is a multifocal disease with lesions appear-
ing in various brain regions, it can compound the dif-
ficulties in locating the sources of tremor.”” Further
compounding the difficulty of tremor assessment in MS
is overlap with other involuntary movement conditions,
such as ataxia. In a recent study examining patients with
MS with or without visible tremor on clinical examina-
tion, it was observed that patients with visible tremor
showed more ataxia and dysfunction of the cerebellum
than patients with MS without visible tremor.'’ Ataxia
is thought to be observed separately from tremor by the
unnecessary contraction of muscle groups not associated
with the goal-directed movement.® Tremor is also associ-
ated with other debilitating symptoms, such as anxiety

' which are known comorbidities in

and depression,
patients with MS.

Upper limb intention tremor is a common cause
of disability in MS, affecting up to 25% of patients.'
Patients with MS with intention tremor have increased
difficulty with a variety of daily activities,>!*!4

eating, writing, dressing, and bathing. The purpose of

such as

this review was to provide a report on the current litera-
ture surrounding upper limb intention tremor in patients
with MS. We examine pharmacologic and nonpharma-
cologic treatments as reported in the literature, provide
descriptions of severity, and present the methods that
have been used to evaluate upper limb intention tremor
in past studies. We aimed to address whether there is
a consensus on treatment paradigms or methods of
evaluating upper limb intention tremor in the literature.
We also critically examined the literature to inform and
improve future studies on the assessment and treatment
of upper limb intention tremor in patients with MS.

Methods

In October 2014, we searched Web of Science,
PubMed, MEDLINE (Ovid), and MS-related journals
that were not included in the databases. For the initial
search, a qualified librarian helped provide the most

effective search strategy. The search terms were zremor,
intention tremor, action tremor, and multiple sclerosis.
Two reviewers (J.K.M. and J.A.R.) independently per-
formed the search using the same search strategy. The
independent search results were then merged, and dupli-
cates were removed. The inclusion criteria were English-
language articles, non—conference proceedings, research
articles, human studies, and articles that included MS-
related intention or action tremor. The two reviewers
independently applied the inclusion criteria to article
titles and then to abstracts, and any disagreements or
questionable articles were resolved and decided on by
discussion. Standardized data extraction tables created a
priori by the senior author (S.].F.) were completed by
both reviewers. Four tables were created summarizing
literature related to noninvasive interventions, phar-
macology, thalamotomy, and deep brain stimulation
(DBS). Data collected on interventions included study
design, intervention type, sample size, measurements,
main results, and mechanisms of action, as well as
adverse effects for pharmacologic and surgical interven-

tions (Tables 1-4).

Results

Search Results

The initial search in each database yielded the fol-
lowing results: Web of Science (n = 369), PubMed (n
= 426), MEDLINE (Ovid) (n = 279), and additional
MS-related journals (n = 4). After removing duplicates,
the initial search yielded 623 articles. After apply-
ing the inclusion criteria, a final capture of 81 arti-

8,9,12,14-71,73-92

cles was used for data extraction (Figure 1).

Descriptive Literature

Overall, there were eight articles that analyzed
descriptive characteristics of intention tremor in
MS.821419 These articles used a combination of behav-
ioral measurements, neuroimaging, and questionnaires
as measures to determine associated descriptors of inten-
tion tremor. Across all studies there were 180 patients
with MS with upper limb intention tremor and 96 con-
trols. The types of studies included cohort cross-section-
al controlled (n = 3), cohort cross-sectional (n = 3), and
case studies (n = 2). Characteristics of intention tremor
reported on by the studies related to the incidence and
severity of tremor, abnormal eye movements, impair-
ment in the extremities of patients, and lesion load. One
article studied 100 patients with MS to determine the
prevalence of intention tremor and found that 58% of
the patients had tremor, and six patients had intention
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Figure 1. Search strategy
The initial capture included 623 articles. After excluding dupli-
cates, conference proceedings, and non-English-language
articles, 147 articles remained. After excluding articles based
on relevance of title, 93 articles remained. Articles were then
reviewed based on their abstracts, and 81 articles remained,
which was the final capture. MS, multiple sclerosis.

tremor."”” Moreover, Feys and colleagues'* investigated
the level of disability in patients with MS and found that
94% had a moderate-to-severe cerebellar impairment
and 81% experienced tremor while writing. Descriptive
characteristics of abnormal eye movements as they relate
to upper limb intention tremor included abnormal sac-
cadic eye coupling'® and increased size of fixational eye
movements.'” These studies suggested that imprecise eye
movements may contribute to the abnormal hand move-
ments in intention tremor. Measures of impairment
in the extremities included delayed tendon reflexes'®
and the influence of central oscillations on voluntary
movements."” These studies indicated that the action of
intention tremor is influenced by multiple mechanisms,
including pathologic control at a supraspinal level, pos-
sibly due to lesions in the cerebellar system, or slowed
nerve conduction velocity."*" Two studies investigated
lesion load, with one study finding that lesion load was
highest in the pons and cerebellum, with a significant
correlation between tremor amplitude and lesion load
in the contralateral pons,® suggesting that the lesions in
the pons may be associated with tremor. Although the
previous study examined the infratentorial regions of
the brain, a series of case studies looking at upper limb
intention tremor and ataxia in five patients observed that

Upper Limb Intention Tremor in MS

these patients did not show cerebellar-associated lesions
but rather lesion load in the per-central sulcus region
in the five patients examined.” Other areas of investiga-
tion by the two studies included the midbrain and the
medulla oblongata, and the results suggest that intention
tremor is primarily caused by lesions in the afferent and/
or efferent pathways of the cerebellum.®’

Assessment Literature

A multitude of assessments are used in the measure-
ment of tremor in MS, including, but not limited to,
performance-based assessments (including clinician-
rated tests [ie, tremor rating scales] and objective tests
[ie, the Nine-Hole Peg Test]) and patient-reported
outcomes, such as quality-of-life questionnaires (for a
review on assessments, see the study by Panicker and
Pal®). The search found ten articles that were specifi-
cally focused on assessments, which were applied to and
verified for use in upper limb intention tremor. Of the
ten articles, four demonstrated the application of exist-
ing assessments to tremor, including the visually guided
tracking task??® and the Stewart-Holmes maneuver.**
Five studies examined the validity and reliability of
assessments. One study examined the comparative reli-
ability and validity of rating upper limb intention
tremor using the finger-to-nose task, spiral drawing, and
handwriting by correlating them to finger tapping, the
Nine-Hole Peg Test, and the activities of daily living
questionnaire.” The study used three blinded examiners
and found that all three ways of rating tremor in patients
with MS were proved to be valid.”® Another study con-
firmed the validity and reliability of digitized circle and
square drawing for quantifying intention tremor severity
and related disability in patients with MS.?® The reli-
ability of the Fahn Tremor Rating Scale (FTRS) was also
examined in patients with MS.?” Overall, the results of
this study demonstrated good intrarater and interrater
reliability.”” A single-item questionnaire, the Tremor
and Coordination Scale (TACS), was also assessed for
criterion and construct validity.”® The TACS was
assessed using correlations with multiple measures,
including the Expanded Disability Status Scale, the
Nine-Hole Peg Test, age, and body mass index. The
findings from this study supported the criterion and
construct validity of the TACS.?® Last, one study exam-
ined the reliability, validity, and use of a tool called the
Multidimensional Assessment of Tremor (MAT).? The
MAT characterizes many dimensions of tremor in MS,
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including subjective descriptions on how tremor affects
daily life and a person’s psychosocial life, as well as an
objective and clinician-rated measure of tremor sever-
ity.”? The reliability, criterion validity, and clinical utility
of the MAT were supported.” In general, all the assess-
ments were proved to be reliable and valid for use in MS
tremor.

Noninvasive Interventions

Eight articles were categorized as noninvasive inter-
ventions (Table 1). Noninvasive interventions are gener-
ally administered to reduce tremor and allow for com-
pensation to improve functionality. The main results
were a transient reduction in tremor amplitude and a
temporary increase in function using noninvasive tech-
niques. Diverse interventions included visually guided

3032 tendon vibration,* peripheral cooling,?

techniques,
weighting extremities,” proximal positioning, manual
techniques,'* positioning techniques, and the adminis-
tration of electromagnetic fields.*® One clear benefit of
noninvasive interventions was the lack of adverse effects,
where only minor inconveniences were mentioned, such
as one intervention in which patients with MS reported
that the given splints were obtrusive or fit poorly,'* or
a peripheral cooling intervention that was reported by
some to be uncomfortable.*

Pharmacologic Interventions

Eighteen articles were categorized as pharmacologic
interventions (Table 2). Eleven pharmacologic drugs
were investigated, including isoniazid,” " botulinum

toxin A,*42 cannabis,*®% levetiracetam,4

primi-
done,?”* 4-amino-pyridine,” ethanol,’® glutethimide,”
natalizumab,’? ondansetron,” and topiramate.’* Phar-
macologic interventions were used because of their abil-
ity to increase inhibitory action on the central nervous
system and afferent nerve activity in the peripheral
nervous system. Overall, isoniazid was the most studied
pharmacologic drug and was successful in approximately
60% to 80% of patients. Ondansetron was the only
pharmacologic drug that was found to have no effect
on tremor severity. Several of the pharmacologic drugs
investigated revealed conflicting outcomes, with most
studies finding some positive results and approximately
one-quarter of the studies showing null findings, some-
times in the same study. The most relevant adverse
effects across all pharmacologic interventions were
fatigue and weakness. An overall methodological limita-
tion in the pharmacologic studies included a lack of con-
trolled trials, and, therefore, blinded studies.

Surgical Interventions

Overview

Surgical interventions for upper limb intention trem-
or were composed of two categories: thalamotomy and
DBS. In both cases, the surgical targets are the thalamus;
although specific targets in the thalamus vary by patient,
they commonly include the ventrolateral nucleus or the
ventral intermediate nucleus.

Thalamotomy

Thalamotomy is a process by which an area of the
thalamus is ablated by various methods. There were
17 articles that fell under the category of thalamotomy
as their main intervention (Table 3). Two of the stud-
ies”¢ used a radiofrequency method, which limits the
invasiveness of the surgery. Thalamotomy was gener-
ally effective in most groups, although some patients
experienced a relapse of tremor often 1 year or more
after surgery. Two articles in the search included control
groups,”
tive and included information from patients in the first

although one of the articles was retrospec-

study. Some studies were older and included only physi-
cians’ descriptions as outcomes.”**? Speelman and van
Manen® proposed a tremor rating scale for severity of
arm intention tremor, which was used in a later study
by another group.®* Of the remaining studies, three

667 three compared thalamotomy

were case studies,
and DBS,%7° and one included the use of magnetic
resonance imaging (MRI)- and computed tomogra-
phy—guided thalamotomy.”" In general, studies showed
tremor improvement after surgery; however, outcome
measures were varied because there was no standard
evaluation method. Sample sizes in studies tended to be
small. Although thalamotomy is overall effective in treat-
ing upper limb intention tremor in patients with MS, it
is a highly invasive procedure and has a risk of damaging
areas outside of the therapeutic target, leading to serious
postoperative complications. Some potential adverse
effects resulting from surgery can include weakness and
fatigue, seizures, or increased paresis.

Deep Brain Stimulation

Deep brain stimulation is a more recently developed
surgical technique for treating tremor and involves the
implantation of electrodes in the brain.”? These elec-
trodes are implanted and battery operated to stimulate
the target area. Twenty studies met the criteria for DBS
and upper limb intention tremor in MS (Table 4). None
of the studies contained a control group. Multiple stud-
ies reported improvement of tremor after surgery as a

International Journal of MS Care

214



Upper Limb Intention Tremor in MS

'159] 63 3J0H-dUIN ‘1dHN ‘SIS0J9]s a|dijnw ‘S|Al “JOWal] JO JUSWISSISSY [eUOISUWIPIINIA ‘1A ‘Djew ‘|A dowaly uonuajul ‘|| ‘dnoib ‘10 ‘Djewsy ‘o :suoneiraiqqy

“19ke| Jendajow

1e[3G2J32 pue UOIeWLIo} Jejndpal RE|IpS

p[ay daubewond3|e

ur AyAie [ed1323)9 snoauejuods 159} 950U-0}-Jabuly pue 3)2uP sapawiydLy 03 dn ‘aye J93em jo dnd e bupjuup pasind Jua.nd-buneussyje 9661
13)|e Aew spjaly onaubew o33 ur Juswianoidwiy ‘Buijids Jnoyum yuLp 03 3|qy  ‘alojeg ‘3211 SAPAWIYDIY )9} 950U-0}-1aDUI4 :sINSEI|N SN UL € josuonedydde Joug  suodaiased o yApues
sp[ay onaubewoyda|3
(poypwi d1ydeibojoyd) spiodal Jowsay ‘sbuimesp
JOWRJ} Ul UoRONPal 9AD3Iqo pey SN Jale ‘burddey aannada 453} asou-03-1abuld saInsea|N 187/ }oyod
UM § ‘ow 9 Jse3) Je 10} SIYDIom 3y} 210M 7| ‘969¢ ow 9 Layje ‘Kyanoe 22 '(SIN yum [euondss  z/61 ¢ "le
ur uoionpal diNadesay) ‘958G Ul PIdNPaI sem Jowdl|  ‘210jog Bunnp By z-#°0 Jo bunsisuod syyblam pes| pasn  01) SIA Ul 1] 0§ ISLM PIYBIA -s01) 39 JamdH
sanbiuyday
uonezijiqels jewixoid sem |njasn 1sojA ‘i Jood e Aoy pauiquiod ‘bunuyds
10 SSAUDAISNIIO 0} aNp ddueydadde mo| pey syulds ow | “m  paaRdsad-yas ‘suodal aaneljenb ‘A sainseajy ‘Bunybram ‘anbiuyday }oyod
‘uonelIsniy 3sealdap pjnod AISA0ISIP-Jj3s Ueyy Jayjel | 1oy Ajiep 'sanbiuyda) Jo uonenjeAs pue duewopad 1¥/N [eNUBJA] SUOIUIAIIIUI [euondas ;0107 “Ie
Adesayy sa1ieq ‘saibajens [eJoireyaq [edlaUq SWOS  ‘dI0feg ‘Buturesy ‘uonedsnpa ‘uondnponul [euanbag Z'SNULL9 |eJoiAeyaq paduanbag -S01) 19 sameH
Buijood yse) buiddey sabuiy “ysey buppen-days pue
1ye buiddey sabuly ‘Aydesbouds pue ssyem buinod
uonedidde buij00d Jo [eAOWI JaYJe UL S[eAIIUI “ysey buppes}-dajs “4sa) asou-03-1abul] sainseajy
0¢ 1oy pajsisiad s)nsay ‘buljo0d Wiealo) pauleIsns  ujw-Q | "AlpAndadsal ‘buljood syelspow }oyod
JO SINYISURUI JUBIRYIP Ja1je djse) buppden-dais 03 -¢ uay) pue dasp 10§ D8] PUB D,§T :IdYdURWOAI 101/ [euoI}Ias 45002
6 Aouanb d ‘ A b ’ b d - " A
Swasaye axndesoudoid 153y uunp Adusnbaly pue spnyijduwe Jowsu) padnpay  ‘a10)9g e Aq pansIyde sem wiealoy Jo buijood 8 SIN UL L] 8L uljood |esaydiad ss0l)  “[e 19 shd4
0} 3ybnoy} ale suoneIqIA Uopud} Aydesbouids “ysey
1o buijoo) "uondenUOd HulpaaIINS Bunpen-days pue 153} asou-03-19bul4 :SAINSLIN 16/W L
113} $330%3 Ajipeas pue sysiuobejue "PaPI0I31 DIM SUOIIPUOD  “S|03U0D 9 € 1D
3} UO UOISUS) Saseaudul quij buinow UOIJRICIA-OU PUE UOIRIGIA Ul SJUSWIAOW Bues 4 0/ 6 Jowai
JO WMuaWoW Bulppy “owasy (9%08) Jowa13 INOYM 350U} papinb-Aiowsw z| Jo bunsisuod seAlsjul € ou SN 61 < 4D J0yod
01 3due)sIsal piroid Jo dje|osi 0} 'sA (9587) dnoib Jowa} SN Ul 199449 1s9][ews Y)m “yse} bunpes-dajs 1sum mojs papinb-Alowsw J6/W LL [BUOI}I3S-550.1D 9007
paubisap U aARY SUONUSAIIU|  ‘Spn)ijduie JUSWSAOW Ul 358313P Padnpul UOHRIGIA Burnp s3[PsNW JOSUIXD ISLIM 0} UORRIGIA “SIA Ul 1] 0Z 1| 4D uoieIgIA Uopud| pajloNu0) ¢ "[e 19 sAa4
suonejndiuew jesayduag
Bunppen
pabueyd das-puey “Jaydel) puey-aka paulquiod e buisn }oyod
Sem puey a3 JO 3Deqpad) [BNSIA UIYM syse) burydesy PapJ023. SUSWSAOW puey pue 343 :sainseajy s|jonuod JUSWIAOW puey JO  [BUOI}IIS-SSOLD 9007
papinb Ajjensia buunp apnyjdwe Jowas) padnpay *SUOIIPUOD [BNSIA 4 PASN L ‘SN UL L] €1 Peqpas) [ensia buibueyd PIJJOAUOD) [ 19 SA
se||inoJ] jo ajeds bunel eixee ‘buiddey
19buly pue | dHN ‘1919331 suoydsasy buny pue
19em bunnod s} asou-0}-19bulq :sainseajy JusaWAAOW
-UORDEIUI JO 34N0S 3G 19mos sem dnoib MS_ 10} JusWRAOW \ *(puey-a4s papeo) \ JLL/INS  papaup-[eob pue sysey
AW SAINPNS 1U2I puey pue 943 1oy dwi} uoneniu| ‘Adeindde padnpal puey-a£3) SUORIPUOd 7 Japun elep 943 Pada|o) ‘sjosuod 9| iz 4D Buiwie buunp Juswarow }oyod
4o pue jusiaye , , , / .

S} pUE WaISUIRq PU WN[PARI3) pamoys pue ‘A}120[9A Juswarow sead pakejsp !(puey-a4s papeo) pue ‘Ajuo puey ‘puey-a43) J0L/N 9 943 snoaugyNWIS [BUOI}IIS-SSO.D €002
jo Aco_ﬁcem\An_A *SI0LI3 puey Sasned pey ‘1amoys sysey burwre pawlopad dnoub s SUONIPUOD ¢ JapUn yjse} Bulwie pawopad ‘SN Ul 1191 1| 1D pue ]| buissassy pajjonuo) | "“[e 19 sha4
JUSWAAOW 33 [ewrioude Jeyy pue ajeIndde 18/N / SuonIpuod

SjuaWAAOW 33 jeinddeul Aq  Ajqeuoseas pautewsl burdes) pue pasesdsap Jowal) 159) 950U-0}-19DUI4 :SAUNSLI|N  “5|01IU0D G| 17 1D [ensiA 0} asuodsal ul }0yod
pasned aq Aew puey sy} Jo Joid ‘papn20 Ajjeried sem UOISIA USUAN ‘3]qejieA. sem "SUOIIPUOD [ensiA 4ZLN9 A5eINdDR JUSLISAOW  [2UOI}ISS-SSO0ID €002
3y} Jo Med Jey) paisabbns siy)  UOISIA [[nj uaym Jowasy pasunouo.d pey dnoib SN G Japun ysey buydel}-days papind pawopad ‘SN Ul 1] 81 1 4D pue || buissassy PIJJOAUOD) (¢ “[e 19 SA
anbiuyday papinb Ajjensip
SwsiueyYddN S}Nsal uley syujod eyeq [SUETTEYLICETY ‘'oN ‘syuedpiaeg 3d£} uonuansau| ubisaq Apms

SW Ul JowaJ} uolyudjul 94pbIsaAul

O} P3SN SUOUSAIDJUI DAISDAUIUON °| 3[qPL

International Journal of MS Care

215



McCreary et al.

RYe 9105 eIxeIR ‘sbuimelp 9007 o,"'[®
(uonexe 3eds burnjes Jowauy ur uondNpal JuedIUb! ue 31059 elids “)s3) asou-0}-1abuly ‘aeds Hurel Jowsu 1 Apnis [agej-uad d ouell
‘35Us|oUWOs ‘Uonepas “jnsul andapida | Auigei | .u } uj uondnpal juediubis  p od [edids 359} } 1479 i 18 18/W9:¥L Apms 3qej-usdQ ¥ 1S
‘ssaulzzIp ‘aydepeay ‘ayde pewo)s ‘anbiey :s3y) [eL1} JOAOSSOLD
‘w9242 pue ‘xa30d ‘sndwedoddiy SJUISSASSE pajj0u0d
Buipnpui ‘sayis sueiquisw dndeuds oy buipuiq IM-G | pue ‘¢ | -ogaoe|d
o1y12ads0aI)s pue ‘ajqeinies ‘9|qisianal aaey 0} Ayjeuonduny uj JuawaAoldwi 10 -6 -9 -y -0 Aydesbourds “ysey ‘puijg-s|gnop 600¢
umoys bnup ondajidanue ue s| WedeIRAs]  AJSASS JOWIY Ul 3SBIIAP JUBdIUBIS pulyJou I “M §| J9AQ Bupyoen-days 3sum ‘aireuuonsanb 1ay ‘sy.4 LU/ 8L ‘paziwopuey [ 19 K94
NEAERLIEYEY
uoljesjsiuiwpe 1ye Jowsau e Jo buipiodal 6861 1"Ie
(ewoydne ‘epoydsAp ‘souecumsip I19}4e SINOY JOWaI} Uonde Ul Juswaroidw]  pue a1ojeg 113ubRWOIIB[R ‘X3|y2I pUB 3UOY JPSNIA N L Jodai ase) 19 U
Kiowaw ‘ssaupapeay-3ybi| ‘ssauismoup :s3y) |el1} JSAOSSOLD
‘(33835 [RJUBW pajj013u0d
‘pooww) Jowai} Uo 19943 dA13[gNS asned osje Aew -ogade|d
sigeuue)) “auljoyd|A}ade 2)eASJe Aew pue UjU0j0ISS Jowuy quuij Jaddn uo 1238 aanisod Juedyiubis M € Jowsay jo Aouanbayy “ysey buiddey 1abuly ‘puljg-s|qnop 007
(30 axednal ypojq pue) aseaja. sploulgeuue)) 0U pey 0B1IX3 SIqeuURD pasdisiuiwpe AjjelQ 1oy ym z A1ang ‘IdHN ‘sbuimesp [eaids ‘ajeds bunes jeatur) 18/W9 ¥l ‘paziwiopuey  ¢,"|e 19 X04
siqeuue)
quij Jaddn papafur  saye ym g alreuuonsanb 1qy ‘Aydesbourds
(rssaufeam :3y) ur JOWaJ} Ul pa.Indd0 juswaoidwi Juedyiubis oN  pue g ‘auljeseg pue Bunum ‘buel [ed1uld parepljes JZ/WN €S Apmsiond usdo /661 2D
“Jowu) [BL1} JSAOSSOLD
$9)RJOIBWIR ‘UINY Ul ‘Jey} JO34D [B1IUID B dARY paj|013u0d
Aqauayy pue quuij pa3dalul woy AN Jaqly dA13U ow 9 Jano alreuuonsanb 100D ‘pulg-a|gqnop  Z10Z 1,12
JuJRe YNM d1apa3ul Aew v uixoy winuinjog  A31aAds Jowausy paaosdw Ajuedjiubis Juswieas]  ym 9 A1aA3 ‘syjse} Jojow pue BuiLm ‘uoen|ead [edul)d 1/1/W 692 ‘paziwiopuey  }epn 1o Uep
V uIxo} wnuinjog
syuaijed Ry 9861
Ul JOWaJ} JO UOIINPaI P|0J3IY) O PIOJOM]  pue 2.0Jog $s@3 ‘Anawoiuob Jybi| paziejod 17N LS Apnis 10jid o,"[e 39 SPURL4
Apuspuadapu a3 7 ‘ssejb e woly dn (4am01 yd1q e buip|ing G861 & I€
yuup 03 Ajiqe padojenap ¢ ‘pancsdwi syuaied §  -mojjoj ow-g | 5955010 7 UIMIBq dul| e buimelp) aAeyend) JE/NT:S JIENEN ) 19 MOLIO
pizeiuosi buiyel anunRuod Adesayy
Lo 03 paydo juaned | (1] Yum G) uonenjeAd Jo Jajje ow | pue uonen|eAd 2160|0InNauU paziplepuels (L yum  Apmis pajjotjuod G861 5[0
B . .\ 4 1 — : -
1032105 3] AeLU SAINTINLS U313 PUR 1UBIBLE poyiaw aJow Jo | ul parosdwi jowauy syusned g Buunp ‘aio0jeg uonen|eAd [ed1UI ‘uolen|eAd aAR[gnS 6)4E/WNOL:€EL jpgel-uadg 39 aenbng
S)1 pue Wa)sulelq pue WN|[9gauad Jo uondunysig ey
'S10419 puRY SISNED JUSWAAOW 3A3 [ewiouqe JowsaJ) [euonuaul 19A0ss010-3]bUIs
ey} pue S)USWSAOW 343 d)einddeul Aq pasned 0} pasoddo se Jows.uy [einysod Joj [edyBUSY Mg (yse3 bupyoeL-[ensiA) sweiboway ‘puljg-s|qnop /861
3q Aew puey jo Joud Jo 1ed Jey) paisabbns si ‘quawanoldwil [ewiuiw pamoys syusned 9 10j Yaam A1an3 ‘$5@3 ‘uoneulwexa 2160j0IN3u [elaudn 1¥/W9:0L ‘paziwiopuey  ,¢"[e 19 y9z0g
pizeiuos|
SWSIuUeRYIIN S}nsaJ ulepy sjuiod ejeq SJUBWIRINSEIN| ‘oN’‘sjuedpiyied ubisag Apmgs

SW Ul Jowal} uolyudjul 94pBISOAUI Of Pasn suoluaAIduI d16ojodpWIDYd T 9|qPL

International Journal of MS Care

216



Upper Limb Intention Tremor in MS

‘Jo0waJ) uonualul ‘I | ‘pide dukingoulwe-A ‘ygyo ‘9jeds buney Jowal] uyeq ‘syj4 ‘oewsy ‘{ ‘Aydeibolwondslp ‘DINT Bjeds smels Ajjiqesig papuedx] ‘SSA3 30949 asiaApe ‘Jy Bulal)

3411 Jo Ajenb 100 4531 bad 3]0H-dUIN “LdHN ‘Sisolapds aidiinw ‘SN ‘Djew ‘A

P jo s

’

oe 1qy isu

“Juawnea) Jo Japio [eanageydie Aq uay) pue ‘(ajqpnpoida sou) uBisap Aq QUBLLIEaI) YRS Ul SAIPNIS JO JSqUINU A 1511} PALIOS 318 SIIY BI0N

"SQUBIQUIAW [eUOINAU padxaIadAy buizijiqels
‘s101da231 a3ewein|b Jo adAigns e saziuobejue 3

‘saadold JuesinAuodnUE YHIm 3pLieyddesouoWw S||b{s J0jOW dUlj Se [[aMm se Az s||pfs Jojow 0102 45"[2
painsqns-ajeweyns e s djewedido]  panosdwiy Ajjednewelp duesip bupjjem sjusned 03 p  wolq 3uly UoRUBW N 3dUe)SIP Bupjjem uo sndo4 i1 Jodalase) 13 JopaoIyds
djewe.ido]
Bunes asuodsal Apnis pajjoiuod
“1siuobejue 10ydedal f1 - aAndalgns s usned pue 21035 aw02IN0 [euondUN) Rye aandadsoud 100Z e
aAnRdwod aAd|Rs AlybIy e si uosasuepuQ se paJnseaw JowaJy ul abueypd juedyiubis oN Y | ‘au0jeg UM 3344 ‘Buimelp [eaids ‘Buikdod Jeis ‘| JHN 16/INS ¥l |9gel-uadQ 19 1sowepeqn
uoJjasuepuQ
“Ja111eq UleIg-poojq buissod woly
$192 aunwiwi Juaraad 03 paAdIfRq I Y| “sIoNqIyul 3|eds Bunes eixeje ‘3eds UOIRUIPIO0D Apnys
3|N23j0W UOISAYPE. SAI}IJ3S JO SSeP Ul S| pue aW} 130 A}1IBASS JOWRI) Ul UOINPaI pue JowsaJ} ‘o[eds bojeue |ensia ‘dedjpuey $|0J3U0D 677 |0J}U0D-358D 107
Apognue jeuopouow paziuewny e si qewnzijeleN e Jo sabueyp ayy anosdwi Aew juswiear]  aAdadsonRy Joway) ‘alieuuonsanb QY paiejai-iowsl)  ‘(qewnzijeleu) 7oz paseq-AanIng  ,c“|e 13 JyuIy
qewnzijeieN

(anbryey ‘uonepas :s3y)
'$1094J9 Jues|nAUOdUR

paA3IYIL Sem
35N 3NUNRUOD  3S0p 3|qels

pue aanepas sy bulieys ‘jeygieqousyd 03 asoyd syuaned ¢ ‘panoidwi syuaned 4 ul bunssy  JBye p | apnyjubew pue jamod “ysey 1661
0} Jejiwis AJjeanionais s apiwiyiInD  1densqy ‘syuaned ¢ u bunssy jeuonduny paaoidw)  pue /7 ‘au0jeg  buppen-ynsind ‘Y14 ‘1593 dooy s} pieoghay 17N 9 Apnispgel-uady  s"[e 19 Udsly
aplwiyILIN|o
“swisiueydaw 8007
s1613ygyD ybnoiyy pajelpaw aq Aew pue uondwnsuod joyodje oc 3Y pue
AyanpesadAy Jejjagalad sadnpai joyodje Jo joueyig Yum (Bunum 9jqiba| ssow) Joway ur uondnpay  julod awiy | 19)39] UaNIM WL odal ased) puowwey
loueyyy
"uonpUNysAp Jejjagaad sarosdwil jeyy Jax20|q sbuipiodas DA paseanaq ‘aireuuonsanb  1ayye ow €102 ¢ 'I8
jauueyd-wnisseyod 3|qisianal e si auipuAd-ouiwe-y Jowsuy panosdui| { gHN Ul uswsAoidwy g1 pue Y yz DN 2depuns ‘aireuuonsanb Jowsaly ‘| JHN i1 yodaiasey 19 ddaiuyds
aulplAd-ouiwe-
dn-mojjo4
uonesnsiuiwpe Jo3m z| pue 9 4104
(anbiey pue ‘easneu “0BiaA ‘SsaUISMOIP 1sTy) 4O ym 9 Jaye SN yam suaned i || panosduw) 03 dn ‘Buijeseg S¥.14 ‘LdHN ‘@Jieuuonsanb Qy 18/WZ:0L Apmis10lid ¢,"[e 30 LdpeN
“XN|} 9PLOJYD P3jRIPaW-YgYD Alojdiyu 6861
$9SBRIDUI 0S| BUOPIWILIJ “Jues|nAuodiue juslod e si J/NURYSLIBH
pue [eygieqouayd si 3}ijoqeiau Jofew s,auopiwilg syuaned Yjoq Ul Jowal) padnpay 3|qenen aAeNEND 417 SALIs ASE)  pue UBUSH
auopiwig
swisiueYIIN| STEYRITEIN sjuiod ejeq SJUBWIAINSEI|A ‘oN‘sjuedpieq ubisaq Apms

(panuKuod) W Ul Jowauy uoyudul 9yBIYSIAUI Of pasn suolyudAIBjuI J160jodDWLIDY °Z 3]gPL

International Journal of MS Care

217



McCreary et al.

“uone|NWINS diweley) ‘s1
‘leAlAIns auy-10waly ‘4] ‘Apanesadoaid ‘dosid ‘Ajpanesadolsod ‘dojsod sa) Bad aj0H-3UIN ‘LdHN ‘sisolapas ajdnnw ‘Sz ‘buibew adueuosal dnsubew ‘YA ‘uoneuiwex] 91815 [RIUSA-IUIA ‘ISIAIA Jowal) uonuaul ‘1|
‘awolpuAs alieg-ure||ind ‘sgn ‘ainsesy aduapuadapul [euondund ‘N4 ‘ajeds sness Aujigesig papuedx3 ‘ssa3 ‘uonenwns uresq dasp ‘sgq ‘Aydesbowoy paindwod ‘1 Buiall Ajiep Jo saniAde QY SUoneIARIqAY

doysod ow ¢ e panjosal

swoydwAs §gn ‘sg0 Jo sisoubelp [edg1uld 03 dojsod U

p g1 e passaibo.d ‘doysod p €| ssauxeapy paonpal sem Jowas] ow ¢ ‘dojsod p g| pue ¢| ‘doaiqd assanpe §gn dojsod audsap synsay L 8661 99"'[E 312 9GRDIN
doisod A ¢ Jed aAup doysod £ ¢

payodal JoN pue yjem 03 3|qy ‘dojsod axyowss pue ‘a3uum “qes 03 3|qy  ‘doysod ow 9 ‘doysod p | ‘doaiy saniAnde Ajieq L Y761 ¢"'[E 19 UdURIE]
UOoISNJUOD ‘SSaUNLIM BPIS 7961 o5'|IDJeses
1ybJ ‘Buieunn Jndip ‘sisased pasealnu| panoidwi syuaned 4 doysod ow 9 03 dn ‘doasy saniAnoe Ajiep jo uodai uepisAyd ¥ pue [ynquakesy|
K1abans Jodau uepisAyd 7961
eLpWsAQ J9ye Ajpioys paip jusiied | ybnoyye ‘1| paseaidaq doysod ow 9-1 ‘doasd  “Ajiqe Buialj Ajiep ‘593 asou-03-1abul4 % 10’004 pue 1abeoig

S3LI3s/saIpNs Ase)

Jodau uepisAyd

payodal JoN 11 ur yuswiaroidwi pey syusned o | doysod pue doaig Burisages ‘saipnys ainydid uonoy SIN9 :ZL 0961 z5'19do0D
(uonaajul
punom pue sisasedouow) sgq ‘(etiypesAp dnoub s9q ut 9%9¢ pue dnoib ) ul 9z/ uonisod Buim-jeq ‘payd3auasino
pue ‘sisaled ‘uoisnjuod ‘sainzids) S| 9 Aq paonpau sem ]| ‘Jowaly ul Juswanosdwi pey ||y doysod A y< 03 | ‘doald  swue jo uonenjeas ‘4s3) asou-03-1bul{  SgA 0L ‘SLOL :0Z 5007 o,"[e 30 1e3Ng
sawod1no 3sod/a1d :saipnys 10yo)
uoissaudap ‘uonpunysAp Areunn doaud ]| jewiuiw pey pue doysod [4IN pue 1D S661
JUBISUEL} ‘UOISNJUOD ‘BUIMO]S J0JoWOYdIAS] Juswarosdwi ou pey | ‘doysod || panosdwi pamoys § ow 7| pue ¢ pueym ‘doald  ‘malaai [edlulpd ‘0apia Aq pajes Jowu 6 .,/MOppeH pue 3[1IYM
$92URGINISIP UORLNIIIW abueyd ou pamoys g pue ‘synsal ajeapou
‘e1sayysadAyiway pue sissediway pey ¢ ‘uonduny wie parosdwii 1oy synsal poob pey
‘uonelado Jo apis 0} 9zeb paxiy ‘siopuosip  syusned 9 ‘Dbueyd ou PIMOYS g pue ‘s)nsal jesspow sjusned ¢ juswliedwi uoidUN) Wie pue $861 ¢o'USURIN
yd9ads ‘awolpuAs 3qoj [eyuol} ‘8dUsjoUWos pey | ‘1] 92npal 03 synsal poob pey sjuaned g 1o} A ¢ |< ‘doisod ow g-¢ ‘doald  AJaAss 1| Joy ajeds buijel padojpasg i UeA pue uew|ads
SIA yum syuaned ¢ ur paaosdul
eLYMeSAp ‘ssauyeap Jowauy uondy ‘doysod Jowaiy ur yuswarosdw) dojsod ow | |-z ‘doaig Buimesp pue bupumpuey SINE:LL 0007 o5"'[& 32 UefuRIN

1591 %D0|q pue Xoq ‘3[eds
SIAl JO JUBSSASSY [eUOIIUNS ‘A4

ow 7| 0} paurejal doysod  ‘sioyine Ag pajeasd siskjeue Juswanow 1002
Jeb buiuasiom ‘ssauxeapy j0u sem ybnoyyje ‘doisod Juswanoidwi Jued; ow 7| pue ¢ ‘doasd syuiod awy 7 aanenuenb ‘ajeds bunes Jowsay jed1uld S94a € 's19:6 o' '[B 12 0JOWINSIBN
Jowa1) bunum
sisalediway dAIssaIbold  Jo dduRLINdAU pey 7 ‘dojsod juswanosdwi Juedubis K| 030w G :dn-mojj04  ‘9P2u1D SIPAWIYDIY “}$9) dS0U-0}-1abul4 9 /007 «"'[e 39 NaIyIeN
9%E Y 4o
S41 yum £ ¢ :uoissasddns sowsy 3s36u0 ‘synsal Jood
pey ¢ pue ‘pabueydpun a1am ¢ ‘synsal Jua|[adxa pey
pauodaijoN sjuaned € ‘ow 7| 1y “owsaiy paroidwi pasuanadxa |y 11es A 7| sem A1abing  uonenjeas uepisAyd ‘ssa3 ‘ofeds 41 S9a € ‘sL9:6 2107 "[e 32 uessey
(A z'z 'uesw) doysod
UOISNJUO [BUINJIOU ‘SINZIDS dn-mojjoy 23e| Je Juswarosdwi Juadal jsow ‘dojsod ow 9 ‘dojsod aureuuonssnb 1av ‘ssal ‘(F861) 866 Lyo'UOSPIRYDIY
“elyesAp jo bujuasiom ‘sisaediway pjiA pauleIsns pey 985 ‘ow 9 1e 96/ Ul Juswanoidw]  ym 9 ‘doysod Ajpreipaww ‘doaly Usue\ uea pue uew(aads Aq ajeds ¥ pue A3jymd
abueyd
sa.nz1ds ‘swjqold Buimojjems pue ydaads ou pey | ‘1 Jo JuawaAoidwi pey 9 ‘g ul palindal
Juaisuel) ‘bujussiom sisasediway dnseds ybnoyye ‘1| jo adueseaddesip 339|dwod pey 5z doysod £ g-| uoneneas uepIsAyq K43 £961 g5'19d00D
payodal JoN 11 Jo Juswanoidu doysod ow 7| pue ¢ ‘doaiq spodau jusned pue uepisAyd SINZ 9 0961 ,19do0D
wi3)-buo :sa1pnys 110yoH
S pue Aouanyy feqian “ueds ybip 800C
pawodal JoN ur sabueyd aAnUbO) ‘uondnpal Jowsaly uediubis doysod ow ¢ ‘doaiq §159) aAIUBO)  S|ONUOD G ‘S1 9 || oc”'[2 12 Iyeysueye|
uoissaidap
‘uonPUNy [9MOQ pue Jappe|q padnpal 1dHN
‘anbiye} ‘Asdajida yum uosiad Jo ainzias doysod ow 7| 03 2105 Jowa.} daUIY “ysey buiddey sabuly ‘Bpad sapawydly
‘elypesAp ‘sisasediway eajejenuod  ul uswaAodu JuedubIg Juawanoidwi pamoys | | doysod ow 7| pue ¢ ‘doaiqd ‘bunlimpuey ‘s3) asou-03-13bul{  S|OJU0D || ‘SI €| bT 100Z ,“|e 1 1sn)y
S3IpN1§ Pa|[013uod)
$193J43 3SIIAPY s)nsaJ ulep sutod ejeq SJUBWIAINSEIN| ‘oN ‘syuedpipieq Apms

SW Ul JOowa.} uoludjul §03.4 0f Pasn AWOOWD|DY} UOLUIAISUI DIIBING °g 9|qp]

International Journal of MS Care

218



Upper Limb Intention Tremor in MS

*341] Jo Ayjenb 100 ‘Ajpanesadoald ‘doaud ‘Ajpanesadoisod ‘doysod sa| Bad dJoH-aUIN ‘1dHN ‘sisoa)s ajdinw ‘A ‘Buibew adueuosas dnaubew ‘|YIA ‘Bjeds buney Jayiebyoory ‘Sydl

‘10WaJ) UORUUL ‘|| ‘DWIOIPUAS daieg-ule||inD ‘g0 ‘ajeds buney Jowsal] uyeq ‘Sy 14 ‘Aydesbolwonds)p ‘DIAT B1eds snels Aljigesig papuedx3 ‘ssa3 ‘uonenwins utelq daap ‘Sgq ‘Buial] Ajiep Jo ssniAide “1qy :suoneirsiqqy

payodal JoN

payodal 10N

doysod £ | paurewsas |0u0d Jowal]

‘leaids apnud e meip pue ‘Bwieu 33um ‘dnd e woly yuup 03 Ajiqy

| [9A3] Ye paurewsa. Juswanodwi ‘paip pey Aineq ybnoyyy

auldseq 38 Ob/SE Yum pasedwod

doysod ow
Z1 01 dn ‘doysod ym | ‘doalg

doysod A
abueypd Jayje ow ¢ ‘(pabueyd

yjse) bunpesy fensip

159) 950U-03-13bul4

200T 15"[e 39 IpueN

¥00¢
o[ 33 duejbuLIo

S00C

panodal JoN 0F/+Z Pue 0t/8Z Sem Syl ul abueyd sbunyas Jye ow ¢ sbunas) dosod ow g | ‘doaiyg SuY ‘ssa3 L 06 ]€ 39 NSoLIeN
(K19bans puodas)
puey ybu yum dnd>  doysod ow | ‘(A1961ns 3si1y)
payodal JON B WO UL pUe puBy 13| YIM dALP 0} 3|qy ‘paroidwl Jowal| doysod ow ¢ 03 dn ‘doasg spodau Juaned ‘Sy14 L £00T 95"[€ 33 W
Apuapuadapul yuup
pue jes 0} 3|qY ‘puey 13| yum panosdwi pue (3jgeun Ajsnoiaaid) €107
payodal JoN  puey 3ybu yum JdHN wiogad 03 3|qy 9| Aq panosdwil Jowal| dojsod ow 9 03 dn ‘doaug 1531 BunjelA J1ed] ‘ILdHN ‘SY14 L o5’ '[B 19 e21qed0Y
Jowan $9100S Jowa}
SSAUNRIM paseatoul pamoys juaned | ‘doysod A 4 ye panoidwi syuaned ¢ doysod £ ¢ jsed| Je ‘doasd quuij Jaddn ‘Buipelb [1PUNOD) YdJeasay [edIPSN 9 1007 &[0 10 Wedy
0861 ¢, 'UBIPTON
euypesig panoidwi |je Ajjeyopaauy doysod ow 9 03 dn ‘doasg J10WaJ} JO UOIINPaJ JO UORBAIRSAO € pue adug
$31495/s31pN3s ased)
7@y uo juswanoidwi 958 pue ‘Aydeibourds uo Juswanoidwi 010z
pPaHodal JON  9%G/-9S ‘Juawanoiduwl 9504 Ueawl e pamoys ‘dn-mojj0} ow-¢ 1y dojsod ow ¢ ‘doaig alreuuonsanb gy payipow ‘Aydesbouids S 15”8 19 Jepuey
sawod3no 3sod/aid :saipnis 10yod
3Jeds buney Jowsal] A3|ydui{-uieg uo Jowal} ur uondNpal alleuuonssnb €107
uondayu| 050€ & PIMOYS | | “IOWaJ} Ul UORINP3I 940G & PIMOYS § doysod ow 7| pue 9 ‘doasd OO ‘a[eds buney Jowal) AS|ypui{-uieg ‘Sy14 9] A TRERIN 4
BIIENEN] doysod
uonpajul ‘uonesado buunp aunziag 0} PaNURUOd 940€ ‘A € Iy Juswiarosdwil pamoys 9405 ‘A | I ow z| pue ‘g ‘c pue doaiq SYl4 0l 0107 ¢,""[e 32 Sa.10].
s9|qed uondNpas Jowauy Jusuewsad ypum squilj 0| pamoys dn-mojjoy  jutod awiy a3e| se dojsod A ¢< JoWwdJ} yIm 1107
UOISU3)X3 JaA0 UOIsoud djeds ‘sainziag 9187 {(9%98-9%0 ‘9buel) 04p Jo JuswaAosdw Jowaly uesly  ‘doysod ow z| uyum ‘doalyd 321D SIPAWIYRIY ‘Bjeds buney [edwuld  squij 9L Ll ,,”[e 39 ueseyready]
JULIp Jo/pue e 03 Ayjiqe paurejuew ¢ ‘dn-mojjo} 159} [ed1bojoydAsdoinau €007
payodal JoN a1e| 1k |7 0} panosdwi sem doald °G JO 310JS UBSW JOWRI] ow gi-6 ‘abuey YN ‘SS@T ‘a]eds Joway A3|ypul-ureg 6 2 [ 39 J9pINYdS
uond3yul (ow g} sbuipi0das DI ‘sysey buppesy  Jowsas Yyim 002
‘elyulesAp ‘ainzias Juaisues) ‘sisaediway 21025 ueaw doaid wouy panosdwil 959¢  ‘ueaw) doysod snotea ‘doaly -wJe papinb Ajjensia ‘pajjosiuod-isndwo)  squi | 0L 26712y pue IpueN
(Jows1y uonae) ysey
dnd pue 159) asou-03-1abuly ‘(Jowady [eanysod)
s19p[noys e spuey yum ainisod pauieisns 6661 v/l
eLIOJRWRY [RIGRIRIR| ysey dnd pue 1s9] 3sou-03-16uly Ul parosduwl Joway uondy doysod £ | 03 ow ¢> ‘doalg ‘(Jowauy 1534) 3|edS buirel Joway [ediuld) Sl 19 A1awobiuoly
Jowauy doysod 3|eds Aypeded jenuew 100 Asaing 102
Jo uoissaiboud ‘eryyiesAp pajeselbby syuaijed |je ur Juswanoiduw) ow 9 pue ‘¢ ‘| pue doaig SNJLIS U}|edH Wio4 Loys Wap-9¢€ ‘Sy14 6 c5"'[& 33 1UIBSSOH
(z00z
$s2.InzIds ‘ewoleway ‘Buimols 12U 33| piroid 53503 dAIssaIXT ‘dojsod 53500 ybIy se jjom ‘e 32 Jadooy woly syuanjed buisn) Aiabns
10j0woydAsd pazijessusb ‘euyesAp  se s350d [eiul YbiH (z00z ‘Je 39 JadooH Aq paniodau se) doysod doysod jo suonedjdwi 3503 ‘aureuuonsanb 100 €007 g5"21HYM
‘uorpuny Jappe|q paseasdap ‘uoissaidaq oW 7| JowsaJ} pue uoippuny puey ui juswasosdwi juediubls  ow z| pue ‘9 ‘c ‘| pue doald ‘)59 uoIdUN4 pueH U3sG3| ‘SY14 PAIPOIN 0l pue sjadooH
UOI1I3JU] ‘SSAULIM ‘BLIOJRWIBY  SINSEAW OO Pue 3s3] UONDUNS pueH Uasga( ul juswanoidwi doysod alleuuonsanb 100 2002
‘saunzias ‘eisayisased quuij Jaddn juaisuel| juediubis ‘syuiod dojsod | je Jowauy Ul uondNpal JuedIUbIS  ow 7| pue ‘9 ‘¢ ‘| pue doalyd ‘)$9] UoIdUN4 pueH U3sG3| ‘SY14 PAIPOIN oL 9,e 39 Jadooy
SN3INU SNIP3WLISIUI [eJJUSA UBY) dUI| 3JNSSIWWIOD Jolaisod
/I0LI2JUB Y}IM 1BIUOD Ul 3I9M SIPOIIIIJS Uaym padunouold Juswarow dsesb 1002
payodaljoN  aJow sem Ing syusnied e Ui pajejaliod Juawarodui Juedyiubig doysod ow # jsed)| e ‘doaisd -03-ydeas ‘Sy14 payipow “uswadeid 9posddI SN LL LT 25" 39 boziay
payodal 10N dn-mojjo} Je Burjes Joway pasesidsp pamoys syuaned ||y dojsod ow 7| pue ¢ ‘doaig SYl4d  SWZ:LL £00T 15"'[e 39 Pwey
UONU)aJ dulN Judisuel) ‘eisayysaled
JURISURJY PJIL ‘UOIIIBJUI JOUIW ‘PIAOWISL Apuapuadapul pasy 03 Ayjiqe panoidw) (doysod ow 7z pue € :100)
S9PO0J1I3[3 SNY} PUB UOIIJUI I9AS ‘doysod ow 7| 01 dn Joway ur uswsoidwi Juedyublg doysod ow 7| pue g ‘doaiq alreuuonsanb 100 ‘sy14 4 2002 o5"'[B 33 %29

dn-mojjo} 310yod

$139}J9 ISIDAPY

s)nsa. urejy

syuiod ejeq

SjuswRinses |

‘ON ‘syuedpiyied

Apmg

SW Ul JOWa.1} UoLUS}UI §D3I} O} PAsSn §gQ UOHUDAIDJUI DIBING *fy 9|qpL

International Journal of MS Care

219



McCreary et al.

result of a thalamotomy-like effect before initiations of
stimulation.”?7¢ Also, several studies reported continued
benefit in patients after the electrodes were turned off.”””
As in thalamotomy, there were no standard outcomes
across studies, making it difficult to compare results,
although multiple studies used the FTRS.”*#*¥” Others
used the modified FTRS,”*% a clinical tremor rating
7477 the Bain-Finchley Tremor Rating Scale,* the
Expanded Disability Status Scale,” the finger-to-nose
test,”® and a novel visual tracking task.”"?? Similar to the
studies that included the FTRS, most of these studies
also included other outcome measures. Also similar to

scale,

thalamotomy articles, the 7 values tended to be small in
these studies, likely due to the invasiveness of the sur-
gery. Although DBS has the advantage of being able to
stimulate a brain region instead of simply ablating it, it
is still a complex neurosurgery, which imposes increased
risks to the patient’s health after surgery. Potential
adverse effects resulting from surgery can include post-
operative infection, seizures, hematoma, or dysarthria.

Discussion
Although there have been previous reviews on MS-

>12 overall this review provides the most

related tremor,
comprehensive overview of upper limb intention tremor
in MS related to the descriptive literature, the assessment
literature, and the intervention literature, including
noninvasive, pharmacologic, and surgical interventions.
The literature on noninvasive interventions included a
diverse set of strategies to investigate tremor, with stud-
ies mostly achieving a transient reduction in tremor
amplitude and a temporary increase in function. The
suggested mechanism being investigated by interven-
tions using visually guided techniques for upper limb
intention tremor was that of inaccurate and abnormal
eye movements.’’?* The source of this interaction may
be dysfunction in the cerebellum and brainstem and
its afferent and efferent structures. Interventions using
peripheral manipulations have been designed to iso-
late or provide resistance to tremor.>>*> The suggested
mechanism of these manipulations is based on adding
momentum of the moving limb to increase the tension
on the antagonists, which readily excites their succeeding
contraction.

Regarding the pharmacologic literature, many stud-
ies had small samples of patients. Most pharmacologic
interventions had outcomes with some participants dis-
playing positive results and mediation of tremor and
others having little to no benefit from the intervention.
Opverall, isoniazid was the most common pharmacologic

agent investigated and was successful in approximately
60% to 80% of patients. Isoniazid was investigated due
to its inhibition of y-aminobutyric acid aminotransfer-
ase that leads to an increase in y-aminobutyric acid.’®
However, all of these studies were conducted before the
1990s; therefore, a follow-up study, even if it is retro-
spective, may be beneficial. On the other hand, ondan-
setron was the only pharmacologic agent that was found
to have no effect on tremor severity. Ondansetron is a
highly selective and competitive 5-HT, receptor antago-
nist, and it has previously been suggested that the het-
erogenicity of patients with MS makes this type of phar-
macologic intervention inappropriate.’>* Along with
the limitation of the pharmacologic literature having an
uncharacteristically small number of participants, there
was also a lack of controlled trials. A previous review of
tremor in MS similarly found that the published studies
on medical treatment of MS-related tremor consisted
mostly of case reports and uncontrolled open-label stud-
ies, or a scarce number of small randomized controlled
trials.” Follow-up studies on some pharmacologic
agents that showed potential, such as glutethimide and
4-amino-pyridine, would be warranted. Larger con-
trolled studies, even if retrospective, may benefit this area
of research.

One issue with studies conducted in upper limb
intention tremor has been inconsistent outcome mea-
sures. More than 40 outcome measurements were
used across all the literature reviewed. We found that
the most commonly used measure of assessment was
the FTRS (21 references), or individual functional
assessments from within this scale (ie, finger-to-nose
test, spiral drawing, pouring water, bat-wing; 37 refer-
ences). The most frequent individual assessment from
the FTRS was the finger-to-nose test (13 references).
Subsequently, the most frequent measurements outside
the FTRS were handwriting and drawing (ten refer-
ences), the Nine-Hole Peg Test (seven references), and
finger tapping (five references). For a useful review of
these measurements, see the article by Lamers et al.”?
Note that subjective assessments, including qualitative
assessments, physician reports, and self-perceived evalu-
ations, were present in 18 articles. In a past review of
surgical treatments for MS-related tremor, most studies
provided basic, minimal information on the effect on
functional status and tremor-associated disability causing
great caution in making any comparisons across stud-
ies.” Similarly, in the present review, a comparison of
decreased tremor amplitude due to DBS is impossible
to compare with a study of thalamotomy that was evalu-
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ated by Archimedes spiral. Furthermore, in studies using
similar outcome measures, discrepancies can be observed
based on instructions given to participants and variations
of certain tests. For example, although the finger-to-
nose test is commonly used, there are variations on how
the test is administered, leading to potentially altered
outcomes. For example, Feys et al.”* examined the
finger-to-nose test following four separate protocols for
its administration and found that clinically observable
tremor severity could be altered depending on whether
an individual is required to touch his or her nose or hold
a stable position. Nevertheless, given the wide use of the
FTRS (or one of its individual functional tests) in past
studies, with further studies of its psychometric proper-
ties and improved standardization techniques, it seems
to be the most promising comprehensive measure of
assessment for upper limb intention tremor. It is clear
from the findings of this review that a consistent scor-
ing system should be used across future studies in upper
limb intention tremor. This, however, becomes more
complicated depending on the research study questions
being addressed. Advantages to a standardized testing
protocol would be the ability for comparisons between
studies where interventions have been used. An ideal test
battery would assess multiple functions of both coordi-

PRACTICE POINTS

® One of the debilitating physical manifestations
in MS can be intention tremor, which in general
consists of rhythmic, oscillatory movement of a
body part produced involuntarily. This article
offers a literature review of intervention studies
focused on upper limb intention tremor specifi-
cally in patients with MS.

e The current literature on upper limb intention
tremor in MS is relatively sparse, but a variety of
studies were found in the following categories:
surgical interventions (thalamotomy, deep brain
stimulation), pharmacologic interventions, and
noninvasive interventions.

e Owing to the heterogeneity in existing studies, it
is currently not possible to compare and combine
findings, which confirms the importance of and
need for consistent outcome measures and larger
multicenter studies to investigate and treat upper
limb intention tremor. With a multidisciplinary
approach (including physicians, specialists, and
physical and occupational therapists), it may be
possible to develop clear treatment paradigms
for patients and improve their quality of life in the
future.

Upper Limb Intention Tremor in MS

nation and functional daily activity outcomes using a
scale with the least amount of interexaminer variation
and standardized quantification methods.

The mechanism by which tremor occurs is still not
fully documented in upper limb intention tremor. The
treatment of upper limb intention tremor in MS may
be dramatically improved if there were clearer data on
its mechanism. In surgical interventions, the area of the
thalamus to be stimulated or lesioned is generally evalu-
ated individually in patients. One emerging technology
in future surgical interventions is focused ultrasound.
Although two of the studies reviewed used gamma-knife
radiosurgery,’>*® MRI-focused ultrasound has improved
the accuracy of the surgical target definition and may be
useful in tremor.” This technology is already showing
promise in the treatment of essential tremor when used
for a thalamotomy procedure.”®

In terms of strengths, this review provided a sum-
mary of evidence from studies conducted on MS-related
upper limb intention tremor. Unfortunately, we were
unable to perform a meta-analysis owing to high het-
erogeneity across study protocols and high variation
in the measures of assessment. The review also high-
lighted some limitations in the literature that should
be acknowledged. First, an overall limitation included
a lack of randomized trials and a lack of controlled,
blinded studies. Second, there was a lack of objective
evaluation methods due to a variety of assessment tools
used (with no universal scoring system used and, there-
fore, no consistent measurement of recovery). Moreover,
there were a variety of physician-reported outcomes that
led to contradictory information. Last, the studies were
generally limited to a small sample population.

In this review, we were unable to find articles review-
ing pathology in patients with MS with or without
intention tremor. These types of studies may be ben-
eficial in determination of partial causes of upper limb
intention tremor because, for example, lesion loca-
tion may be examined and correlated with upper limb
intention tremor in patients with MS. Currently, it is
unknown whether lesion location is directly responsible
for the development of this condition. Besides postmor-
tem studies, lesions in patients developing upper limb
intention tremor may be evaluated and correlated using
MRI. This would allow evaluation of patients with MS
with and without upper limb intention tremor to per-
form a properly controlled MRI study looking at lesion
sizes and locations.

Furthermore, the shortcomings of the study protocols
and the use of small sample sizes could be improved by
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future larger-scale multicenter studies. To address these
limitations, future studies should be more proactive in
their research design, including controlled studies and
more objective methods of assessment. To improve the
potential for a future meta-analysis of findings, future
studies would benefit from more consistency in outcome
measures because it is currently difficult to compare out-
comes across studies.

In conclusion, after reviewing articles on upper limb
intention tremor in patients with MS, a variety of stud-
ies were found; however, owing to design differences,
lack of controls, and inconsistent outcome measures, it
is currently not possible to compare many of the stud-
ies. This leaves physicians and health care professionals
with a lack of specific guidelines on how to approach
the treatment of upper limb intention tremor in patients
with MS. What is clear from this literature is the impor-
tance of and the need for a mulddisciplinary approach
(including physicians, specialists, and physical and
occupational therapists) to investigate and treat upper
limb intention tremor. With more consistent outcome
measures and larger multicenter studies, as well as
improvements in technology and mechanisms of upper
limb intention tremor in MS, we may be able to develop
clear treatment paradigms for patients and improve their

quality of life in the future. O
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