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Upper Limb Intention Tremor  
in Multiple Sclerosis

An Evidence-Based Review of Assessment and Treatment
J. Keiko McCreary, PhD*; James A. Rogers, BSc (Hons)*; Susan J. Forwell, PhD

Background: To 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 J MS Care. 
2018;20:211-223.

Multiple 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.1 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).2 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.”2(p4)
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effective search strategy. The search terms were tremor, 
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.J.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-
cles8,9,12,14-71,73-92 was used for data extraction (Figure 1).

Descriptive Literature
Overall, there were eight articles that analyzed 

descriptive characteristics of intention tremor in 
MS.8,9,14-19 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 

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.3-5 
The different forms of MS-associated tremor can be 
very complex to decipher because some components 
of action tremors can occasionally blend together.6 For 
example, a particular study may describe action tremor 
without determining the specific components of action 
tremor, namely, kinetic and intention.2 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.7-9 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.10 Ataxia 
is thought to be observed separately from tremor by the 
unnecessary contraction of muscle groups not associated 
with the goal-directed movement.6 Tremor is also associ-
ated with other debilitating symptoms, such as anxiety 
and depression,11 which are known comorbidities in 
patients with MS.

Upper limb intention tremor is a common cause 
of disability in MS, affecting up to 25% of patients.12 
Patients with MS with intention tremor have increased 
difficulty with a variety of daily activities,3,13,14 such as 
eating, writing, dressing, and bathing. The purpose of 
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 
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these patients did not show cerebellar-associated lesions 
but rather lesion load in the per-central sulcus region 
in the five patients examined.9 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.8,9

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 
Pal20). 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 task21-23 and the Stewart-Holmes maneuver.24 
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.25 The study used three blinded examiners 
and found that all three ways of rating tremor in patients 
with MS were proved to be valid.25 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.26 The reli-
ability of the Fahn Tremor Rating Scale (FTRS) was also 
examined in patients with MS.27 Overall, the results of 
this study demonstrated good intrarater and interrater 
reliability.27 A single-item questionnaire, the Tremor 
and Coordination Scale (TACS), was also assessed for 
criterion and construct validity.28 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.28 Last, one study exam-
ined the reliability, validity, and use of a tool called the 
Multidimensional Assessment of Tremor (MAT).29 The 
MAT characterizes many dimensions of tremor in MS, 

tremor.15 Moreover, Feys and colleagues14 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 coupling16 and increased size of fixational eye 
movements.17 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 reflexes18 
and the influence of central oscillations on voluntary 
movements.19 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.18,19 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,8 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 

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.
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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-
ies55,56 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,57,58 although one of the articles was retrospec-
tive and included information from patients in the first 
study. Some studies were older and included only physi-
cians’ descriptions as outcomes.59-62 Speelman and van 
Manen63 proposed a tremor rating scale for severity of 
arm intention tremor, which was used in a later study 
by another group.64 Of the remaining studies, three 
were case studies,65-67 three compared thalamotomy 
and DBS,68-70 and one included the use of magnetic 
resonance imaging (MRI)– and computed tomogra-
phy–guided thalamotomy.71 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.72 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 

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.29 The reliability, criterion validity, and clinical utility 
of the MAT were supported.29 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 
techniques,30-32 tendon vibration,33 peripheral cooling,34 
weighting extremities,35 proximal positioning, manual 
techniques,12 positioning techniques, and the adminis-
tration of electromagnetic fields.36 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,12 or 
a peripheral cooling intervention that was reported by 
some to be uncomfortable.34

Pharmacologic Interventions
Eighteen articles were categorized as pharmacologic 

interventions (Table 2). Eleven pharmacologic drugs 
were investigated, including isoniazid,37-40 botulinum 
toxin A,41,42 cannabis,43,44 levetiracetam,45,46 primi-
done,47,48 4-amino-pyridine,49 ethanol,50 glutethimide,51 
natalizumab,52 ondansetron,53 and topiramate.54 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.



International Journal of MS Care
215

Upper Limb Intention Tremor in MS
Ta

bl
e 

1.
 N

on
in

va
si

ve
 in

te
rv

en
tio

ns
 u

se
d 

to
 in

ve
st

ig
at

e 
in

te
nt

io
n 

tr
em

or
 in

 M
S

St
ud

y
D

es
ig

n
In

te
rv

en
tio

n 
ty

pe
Pa

rt
ic

ip
an

ts
, N

o.
M

ea
su

re
m

en
ts

D
at

a 
po

in
ts

M
ai

n 
re

su
lts

M
ec

ha
ni

sm
s

Vi
su

al
ly

 g
ui

de
d 

te
ch

ni
qu

e

Fe
ys

 e
t a

l.,
30

 
20

03
Co

nt
ro

lle
d 

cr
os

s-
se

ct
io

na
l 

co
ho

rt

As
se

ss
in

g 
IT

 a
nd

 
m

ov
em

en
t a

cc
ur

ac
y 

in
 re

sp
on

se
 to

 v
isu

al
 

co
nd

iti
on

s

G
r 1

: 1
8 

IT
 in

 M
S,

 
6 

M
/1

2 
F;

  
G

r 2
: 1

5 
co

nt
ro

ls,
 

7 
M

/8
 F

Pe
rfo

rm
ed

 g
ui

de
d 

st
ep

-tr
ac

ki
ng

 ta
sk

 u
nd

er
 5

 
vi

su
al

 c
on

di
tio

ns
.

M
ea

su
re

s: 
Fi

ng
er

-to
-n

os
e 

te
st

1
M

S 
gr

ou
p 

ha
d 

pr
on

ou
nc

ed
 tr

em
or

 w
he

n 
fu

ll 
vi

sio
n 

w
as

 a
va

ila
bl

e;
 W

he
n 

vi
sio

n 
w

as
 p

ar
tia

lly
 o

cc
lu

de
d,

 
tre

m
or

 d
ec

re
as

ed
 a

nd
 tr

ac
ki

ng
 re

m
ai

ne
d 

re
as

on
ab

ly
 

ac
cu

ra
te

It 
is 

su
gg

es
te

d 
th

at
 p

ar
t o

f t
he

 
er

ro
r o

f t
he

 h
an

d 
m

ay
 b

e 
ca

us
ed

 
by

 in
ac

cu
ra

te
 e

ye
 m

ov
em

en
ts

 
an

d 
th

at
 a

bn
or

m
al

 e
ye

 m
ov

em
en

t 
ca

us
es

 h
an

d 
er

ro
rs

. D
ys

fu
nc

tio
n 

of
 

ce
re

be
llu

m
 a

nd
 b

ra
in

st
em

 a
nd

 it
s 

af
fe

re
nt

 a
nd

 e
ffe

re
nt

 st
ru

ct
ur

es
 m

ay
 

be
 so

ur
ce

 o
f i

nt
er

ac
tio

n.

Fe
ys

 e
t a

l.,
31

 
20

03
Co

nt
ro

lle
d 

cr
os

s-
se

ct
io

na
l 

co
ho

rt

As
se

ss
in

g 
IT

 a
nd

 
sim

ul
ta

ne
ou

s e
ye

 
m

ov
em

en
t d

ur
in

g 
ai

m
in

g 
ta

sk
s a

nd
 g

oa
l-d

ire
ct

ed
 

m
ov

em
en

t

G
r 1

: 1
6 

IT
 in

 M
S,

 
6 

M
/1

0 
F;

G
r 2

: 1
6 

co
nt

ro
ls,

 
5 

M
/1

1 
F

Pe
rfo

rm
ed

 a
im

in
g 

ta
sk

 u
nd

er
 3

 c
on

di
tio

ns
 

(e
ye

-h
an

d,
 h

an
d 

on
ly,

 a
nd

 lo
ad

ed
 e

ye
-h

an
d)

; 
Co

lle
ct

ed
 e

ye
 d

at
a 

un
de

r 2
 c

on
di

tio
ns

 (e
ye

-h
an

d,
 

lo
ad

ed
 e

ye
-h

an
d)

.
M

ea
su

re
s: 

Fi
ng

er
-to

-n
os

e 
te

st
, p

ou
rin

g 
w

at
er

 
an

d 
lif

tin
g 

te
le

ph
on

e 
re

ce
iv

er
, N

H
PT

 a
nd

 fi
ng

er
 

ta
pp

in
g,

 a
ta

xi
a 

ra
tin

g 
sc

al
e 

of
 T

ro
ui

lla
s

1
M

S 
gr

ou
p 

pe
rfo

rm
ed

 a
im

in
g 

ta
sk

s s
lo

w
er

, h
ad

 
de

la
ye

d 
pe

ak
 m

ov
em

en
t v

el
oc

ity
, a

nd
 sh

ow
ed

 
re

du
ce

d 
ac

cu
ra

cy
; I

ni
tia

tio
n 

tim
e 

fo
r e

ye
 a

nd
 h

an
d 

m
ov

em
en

t f
or

 M
S 

gr
ou

p 
w

as
 sl

ow
er

Fe
ys

 e
t a

l.,
32

 
20

06
Co

nt
ro

lle
d 

cr
os

s-
se

ct
io

na
l 

co
ho

rt

Ch
an

gi
ng

 v
isu

al
 fe

ed
ba

ck
 

of
 h

an
d 

m
ov

em
en

t
13

 IT
 in

 M
S;

 1
4 

co
nt

ro
ls

Us
ed

 4
 v

isu
al

 c
on

di
tio

ns
.

M
ea

su
re

s: 
Ey

e 
an

d 
ha

nd
 m

ov
em

en
ts

 re
co

rd
ed

 
us

in
g 

a 
co

m
bi

ne
d 

ey
e-

ha
nd

 tr
ac

ke
r, 

ha
nd

-s
te

p 
tra

ck
in

g

1
Re

du
ce

d 
tre

m
or

 a
m

pl
itu

de
 d

ur
in

g 
vi

su
al

ly
 g

ui
de

d 
tra

ck
in

g 
ta

sk
s w

he
n 

vi
su

al
 fe

ed
ba

ck
 o

f t
he

 h
an

d 
w

as
 

ch
an

ge
d

Pe
rip

he
ra

l m
an

ip
ul

at
io

ns

Fe
ys

 e
t a

l.,
33

 
20

06
Co

nt
ro

lle
d 

cr
os

s-
se

ct
io

na
l 

co
ho

rt

Te
nd

on
 v

ib
ra

tio
n

G
r 1

: 2
0 

IT
 in

 M
S,

 
11

 M
/9

 F
;

G
r 2

: 1
9 

M
S 

no
 

tre
m

or
, 9

 M
/1

0 
F;

G
r 3

: 1
6 

co
nt

ro
ls,

 
7 

M
/9

 F

Vi
br

at
io

n 
to

 w
ris

t e
xt

en
so

r m
us

cl
es

 d
ur

in
g 

m
em

or
y-

gu
id

ed
 sl

ow
 w

ris
t s

te
p-

tra
ck

in
g 

ta
sk

. 
3 

in
te

rv
al

s c
on

sis
tin

g 
of

 1
2 

m
em

or
y-

gu
id

ed
 

tra
ck

in
g 

m
ov

em
en

ts
 in

 v
ib

ra
tio

n 
an

d 
no

-v
ib

ra
tio

n 
co

nd
iti

on
s w

er
e 

re
co

rd
ed

.
M

ea
su

re
s: 

Fi
ng

er
-to

-n
os

e 
te

st
 a

nd
 st

ep
-tr

ac
ki

ng
 

ta
sk

, s
pi

ro
gr

ap
hy

1
Vi

br
at

io
n 

in
du

ce
d 

de
cr

ea
se

 in
 m

ov
em

en
t a

m
pl

itu
de

, 
w

ith
 sm

al
le

st
 e

ffe
ct

 in
 M

S 
tre

m
or

 g
ro

up
 (2

8%
) v

s. 
th

os
e 

w
ith

ou
t t

re
m

or
 (5

0%
)

In
te

rv
en

tio
ns

 h
av

e 
be

en
 d

es
ig

ne
d 

to
 is

ol
at

e 
or

 p
ro

vi
de

 re
sis

ta
nc

e 
to

 
tre

m
or

. A
dd

in
g 

m
om

en
tu

m
 o

f 
m

ov
in

g 
lim

b 
in

cr
ea

se
s t

en
sio

n 
on

 th
e 

an
ta

go
ni

st
s a

nd
 re

ad
ily

 e
xc

ite
s t

he
ir 

su
cc

ee
di

ng
 c

on
tra

ct
io

n.
 C

oo
lin

g 
or

 
te

nd
on

 v
ib

ra
tio

ns
 a

re
 th

ou
gh

t t
o 

ef
fe

ct
 p

ro
pr

io
ce

pt
iv

e 
af

fe
re

nt
s.

Fe
ys

 e
t a

l.,
 

20
05

34
Cr

os
s-

se
ct

io
na

l 
co

ho
rt

Pe
rip

he
ra

l c
oo

lin
g

18
 IT

 in
 M

S,
 8

 
M

/1
0 

F
Co

ol
in

g 
of

 fo
re

ar
m

 w
as

 a
ch

ie
ve

d 
by

 a
 

cr
yo

m
an

ch
et

: 2
5°

C 
an

d 
18

°C
 fo

r d
ee

p 
an

d 
m

od
er

at
e 

co
ol

in
g,

 re
sp

ec
tiv

el
y.

M
ea

su
re

s: 
Fi

ng
er

-to
-n

os
e 

te
st

, s
te

p-
tra

ck
in

g 
ta

sk
, 

po
ur

in
g 

w
at

er
 a

nd
 sp

iro
gr

ap
hy

, fi
ng

er
 ta

pp
in

g 
an

d 
st

ep
-tr

ac
ki

ng
 ta

sk
, fi

ng
er

 ta
pp

in
g 

ta
sk

Be
fo

re
; 

th
en

 3
- t

o 
10

-m
in

 
in

te
rv

al
s 

af
te

r 
co

ol
in

g

Re
du

ce
d 

tre
m

or
 a

m
pl

itu
de

 a
nd

 fr
eq

ue
nc

y 
du

rin
g 

st
ep

-tr
ac

ki
ng

 ta
sk

 a
fte

r d
iff

er
en

t i
nt

en
sit

ie
s o

f 
su

st
ai

ne
d 

fo
re

ar
m

 c
oo

lin
g;

 R
es

ul
ts

 p
er

sis
te

d 
fo

r 3
0 

m
in

 a
fte

r r
em

ov
al

 o
f c

oo
lin

g 
ap

pl
ic

at
io

n

H
aw

es
 e

t 
al

., 
20

10
12

Cr
os

s-
se

ct
io

na
l 

co
ho

rt

Se
qu

en
ce

d 
be

ha
vi

or
al

 
in

te
rv

en
tio

ns
: M

an
ua

l 
te

ch
ni

qu
e,

 w
ei

gh
tin

g,
 

sp
lin

tin
g,

 c
om

bi
ne

d 
te

ch
ni

qu
es

6 
IT

 in
 M

S,
 2

 
M

/4
 F

Se
qu

en
tia

l i
nt

ro
du

ct
io

n,
 e

du
ca

tio
n,

 tr
ai

ni
ng

, 
pe

rfo
rm

an
ce

 a
nd

 e
va

lu
at

io
n 

of
 te

ch
ni

qu
es

.
M

ea
su

re
s: 

M
AT

, q
ua

lit
at

iv
e 

re
po

rts
, s

el
f-p

er
ce

iv
ed

 
ef

fic
ac

y

Be
fo

re
; 

da
ily

 fo
r 1

 
w

k;
 1

 m
o 

la
te

r

So
m

e 
be

ne
fic

ia
l b

eh
av

io
ra

l s
tra

te
gi

es
; E

ar
lie

r t
he

ra
py

 
ra

th
er

 th
an

 se
lf-

di
sc

ov
er

y 
co

ul
d 

de
cr

ea
se

 fr
us

tra
tio

n;
 

Sp
lin

ts
 h

ad
 lo

w
 a

cc
ep

ta
nc

e 
du

e 
to

 o
bt

ru
siv

en
es

s o
r 

po
or

 fi
t; 

M
os

t u
se

fu
l w

as
 p

ro
xi

m
al

 st
ab

iliz
at

io
n

H
ew

er
 e

t 
al

.,35
 1

97
2

Cr
os

s-
se

ct
io

na
l 

co
ho

rt

W
ei

gh
te

d 
w

ris
t

50
 IT

 in
 M

S 
(1

0 
w

ith
 M

S)
, 2

2 
M

/2
8 

F

Us
ed

 le
ad

 w
ei

gh
ts

 c
on

sis
tin

g 
of

 0
.2

4-
2 

kg
 d

ur
in

g 
ac

tiv
ity

.
M

ea
su

re
s: 

Fi
ng

er
-to

-n
os

e 
te

st
, r

ep
et

iti
ve

 ta
pp

in
g,

 
dr

aw
in

gs
, t

re
m

or
 re

co
rd

s (
ph

ot
og

ra
ph

ic
 m

et
ho

d)

Be
fo

re
; 

af
te

r; 
6 

m
o 

la
te

r

Tr
em

or
 w

as
 re

du
ce

d 
in

 5
8%

, t
he

ra
pe

ut
ic

 re
du

ct
io

n 
in

 
36

%
; 1

2 
w

or
e 

th
e 

w
ei

gh
ts

 fo
r a

t l
ea

st
 6

 m
o;

 4
 w

ith
 

M
S 

ha
d 

ob
je

ct
iv

e 
re

du
ct

io
n 

in
 tr

em
or

El
ec

tr
om

ag
ne

tic
 fi

el
ds

Sa
nd

yk
,36

 
19

96
Ca

se
 re

po
rts

Br
ie

f a
pp

lic
at

io
ns

 o
f 

al
te

rn
at

in
g-

cu
rre

nt
 p

ul
se

d 
el

ec
tro

m
ag

ne
tic

 fi
el

d

3 
IT

 in
 M

S
M

ea
su

re
s: 

Fi
ng

er
-to

-n
os

e 
te

st
, A

rc
hi

m
ed

es
 c

irc
le

, 
dr

in
ki

ng
 a

 c
up

 o
f w

at
er

Be
fo

re
; 

af
te

r; 
up

 to
 

5 
d 

la
te

r

Ab
le

 to
 d

rin
k 

w
ith

ou
t s

pi
llin

g;
 Im

pr
ov

em
en

t i
n 

Ar
ch

im
ed

es
 c

irc
le

 a
nd

 fi
ng

er
-to

-n
os

e 
te

st
El

ec
tro

m
ag

ne
tic

 fi
el

ds
 m

ay
 a

lte
r 

sp
on

ta
ne

ou
s e

le
ct

ric
al

 a
ct

iv
ity

 in
 

re
tic

ul
ar

 fo
rm

at
io

n 
an

d 
ce

re
be

lla
r 

m
ol

ec
ul

ar
 la

ye
r.

Ab
br

ev
ia

tio
ns

: F
, f

em
al

e;
 G

r, 
gr

ou
p;

 IT
, i

nt
en

tio
n 

tr
em

or
; M

, m
al

e;
 M

AT
, M

ul
tid

im
en

sio
na

l A
ss

es
sm

en
t o

f T
re

m
or

; M
S,

 m
ul

tip
le

 s
cl

er
os

is;
 N

H
PT

, N
in

e-
H

ol
e 

Pe
g 

Te
st

.



International Journal of MS Care
216

McCreary et al.

St
ud

y
D

es
ig

n
Pa

rt
ic

ip
an

ts
,N

o.
M

ea
su

re
m

en
ts

D
at

a 
po

in
ts

M
ai

n 
re

su
lts

M
ec

ha
ni

sm
s

Is
on

ia
zi

d

Bo
ze

k 
et

 a
l.,

37
 

19
87

Ra
nd

om
ize

d,
 

do
ub

le
-b

lin
d,

 
sin

gl
e-

cr
os

so
ve

r 
tr

ia
l

10
: 6

 M
/4

 F
G

en
er

al
 n

eu
ro

lo
gi

c 
ex

am
in

at
io

n,
 E

D
SS

, 
tr

em
og

ra
m

s (
vi

su
al

-tr
ac

ki
ng

 ta
sk

)
Ev

er
y 

w
ee

k 
fo

r 
8 

w
k

6 
pa

tie
nt

s s
ho

w
ed

 m
in

im
al

 im
pr

ov
em

en
t; 

Be
ne

fic
ia

l f
or

 p
os

tu
ra

l t
re

m
or

 a
s o

pp
os

ed
 to

 
in

te
nt

io
na

l t
re

m
or

It 
is 

su
gg

es
te

d 
th

at
 p

ar
t o

f e
rr

or
 o

f h
an

d 
m

ay
 b

e 
ca

us
ed

 b
y 

in
ac

cu
ra

te
 e

ye
 m

ov
em

en
ts

 a
nd

 th
at

 
ab

no
rm

al
 e

ye
 m

ov
em

en
t c

au
se

s h
an

d 
er

ro
rs

. 
D

ys
fu

nc
tio

n 
of

 c
er

eb
el

lu
m

 a
nd

 b
ra

in
st

em
 a

nd
 it

s 
af

fe
re

nt
 a

nd
 e

ffe
re

nt
 st

ru
ct

ur
es

 m
ay

 b
e 

so
ur

ce
 o

f 
in

te
ra

ct
io

n.
D

uq
ue

tte
 e

t 
al

.,38
 1

98
5

O
pe

n-
la

be
l 

co
nt

ro
lle

d 
st

ud
y

13
: 1

0 
M

/3
 F

 (9
 

w
ith

 IT
)

Su
bj

ec
tiv

e 
ev

al
ua

tio
n,

 c
lin

ic
al

 e
va

lu
at

io
n,

 
st

an
da

rd
ize

d 
ne

ur
ol

og
ic

 e
va

lu
at

io
n

Be
fo

re
; d

ur
in

g 
an

d 
1 

m
o 

af
te

r 
th

er
ap

y

10
 p

at
ie

nt
s t

re
m

or
 im

pr
ov

ed
 in

 1
 o

r m
or

e 
m

et
ho

d 
of

 e
va

lu
at

io
n 

(5
 w

ith
 IT

); 
1 

pa
tie

nt
 o

pt
ed

 to
 

co
nt

in
ue

 ta
ki

ng
 is

on
ia

zid

M
or

ro
w

 e
t 

al
.,39

 1
98

5
Ca

se
 se

rie
s

5:
 2

 M
/3

 F
Q

ua
lit

at
iv

e 
(d

ra
w

in
g 

a 
lin

e 
be

tw
ee

n 
2 

cr
os

se
s, 

bu
ild

in
g 

a 
br

ic
k 

to
w

er
)

18
-m

o 
fo

llo
w

-
up

4 
pa

tie
nt

s i
m

pr
ov

ed
; 3

 d
ev

el
op

ed
 a

bi
lit

y 
to

 d
rin

k 
fro

m
 a

 g
la

ss
; 2

 a
te

 in
de

pe
nd

en
tly

Fr
an

ci
s e

t a
l.,

40
 

19
86

Pi
lo

t s
tu

dy
5:

 1
 M

/4
 F

Po
la

riz
ed

 li
gh

t g
on

io
m

et
ry

, E
D

SS
Be

fo
re

 a
nd

 
af

te
r

Tw
of

ol
d 

to
 th

re
ef

ol
d 

re
du

ct
io

n 
of

 tr
em

or
 in

 
pa

tie
nt

s

Bo
tu

lin
um

 to
xi

n 
A

Va
n 

D
er

 W
al

t 
et

 a
l.,

41
 2

01
2

Ra
nd

om
ize

d,
 

do
ub

le
-b

lin
d,

 
co

nt
ro

lle
d 

cr
os

so
ve

r t
ria

l

26
: 9

 M
/1

7 
F

Cl
in

ic
al

 e
va

lu
at

io
n,

 w
rit

in
g 

an
d 

m
ot

or
 ta

sk
s, 

Q
O

L 
qu

es
tio

nn
ai

re
Ev

er
y 

6 
w

k 
ov

er
 6

 m
o

Tr
ea

tm
en

t s
ig

ni
fic

an
tly

 im
pr

ov
ed

 tr
em

or
 se

ve
rit

y
Bo

tu
lin

um
 to

xi
n 

A 
m

ay
 in

te
rfe

re
 w

ith
 a

ffe
re

nt
 

ne
rv

e 
fib

er
 a

ct
iv

ity
 fr

om
 in

je
ct

ed
 li

m
b 

an
d 

th
er

eb
y 

ha
ve

 a
 c

en
tr

al
 e

ffe
ct

 th
at

, i
n 

tu
rn

, a
m

el
io

ra
te

s 
tr

em
or

.
(A

E:
 w

ea
kn

es
s.)

Cl
ar

ke
,42

 1
99

7
O

pe
n 

pi
lo

t s
tu

dy
5:

 3
 M

/2
 F

Va
lid

at
ed

 c
lin

ic
al

 ra
tin

g,
 w

rit
in

g 
an

d 
sp

iro
gr

ap
hy

, A
D

L 
qu

es
tio

nn
ai

re
Ba

se
lin

e;
 2

 a
nd

 
8 

w
k 

af
te

r
N

o 
sig

ni
fic

an
t i

m
pr

ov
em

en
t o

cc
ur

re
d 

in
 tr

em
or

 in
 

in
je

ct
ed

 u
pp

er
 li

m
b

Ca
nn

ab
is

Fo
x 

et
 a

l.,
43

 
20

04
Ra

nd
om

ize
d,

 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d 
cr

os
so

ve
r t

ria
l

14
: 6

 M
/8

 F
Cl

in
ic

al
 ra

tin
g 

sc
al

e,
 sp

ira
l d

ra
w

in
gs

, N
H

PT
, 

fin
ge

r t
ap

pi
ng

 ta
sk

, f
re

qu
en

cy
 o

f t
re

m
or

Ev
er

y 
2 

w
k 

fo
r 

3 
w

k
O

ra
lly

 a
dm

in
ist

er
ed

 c
an

na
bi

s e
xt

ra
ct

 h
ad

 n
o 

sig
ni

fic
an

t p
os

iti
ve

 e
ffe

ct
 o

n 
up

pe
r l

im
b 

tr
em

or
Ca

nn
ab

in
oi

ds
 re

le
as

e 
(a

nd
 b

lo
ck

 re
up

ta
ke

 o
f) 

se
ro

to
ni

n 
an

d 
m

ay
 e

le
va

te
 a

ce
ty

lc
ho

lin
e.

 C
an

na
bi

s 
m

ay
 a

lso
 c

au
se

 su
bj

ec
tiv

e 
ef

fe
ct

 o
n 

tr
em

or
 (m

oo
d,

 
m

en
ta

l s
ta

te
).

(A
Es

: d
ro

w
sin

es
s, 

lig
ht

-h
ea

de
dn

es
s, 

m
em

or
y 

di
st

ur
ba

nc
e,

 d
ys

ph
or

ia
, e

up
ho

ria
.)

M
ei

nc
k 

et
 

al
.,44

 1
98

9
Ca

se
 re

po
rt

1 
M

M
us

cl
e 

to
ne

 a
nd

 re
fle

x,
 e

le
ct

ro
m

ag
ne

tic
 

re
co

rd
in

g 
of

 a
 tr

em
or

Be
fo

re
 a

nd
 

af
te

r
Im

pr
ov

em
en

t i
n 

ac
tio

n 
tr

em
or

 h
ou

rs
 a

fte
r 

ad
m

in
ist

ra
tio

n

Le
ve

tir
ac

et
am

Fe
ys

 e
t a

l.,
45

 
20

09
Ra

nd
om

ize
d,

 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d 
cr

os
so

ve
r t

ria
l

18
: 7

 M
/1

1 
F

FT
RS

, A
D

L 
qu

es
tio

nn
ai

re
, w

ris
t s

te
p-

tr
ac

ki
ng

 
ta

sk
, s

pi
ro

gr
ap

hy
O

ve
r 1

8 
w

k;
 

0-
, 4

-, 
6-

, 9
-, 

13
-, 

an
d 

15
-w

k 
as

se
ss

m
en

ts

D
id

 n
ot

 fi
nd

 si
gn

ifi
ca

nt
 d

ec
re

as
e 

in
 tr

em
or

 se
ve

rit
y 

or
 im

pr
ov

em
en

t i
n 

fu
nc

tio
na

lit
y

Le
ve

tir
ac

et
am

 is
 a

n 
an

tie
pi

le
pt

ic
 d

ru
g 

sh
ow

n 
to

 h
av

e 
re

ve
rs

ib
le

, s
at

ur
ab

le
, a

nd
 st

er
eo

sp
ec

ifi
c 

bi
nd

in
g 

to
 sy

na
pt

ic
 m

em
br

an
e 

sit
es

, i
nc

lu
di

ng
 

hi
pp

oc
am

pu
s, 

co
rt

ex
, a

nd
 c

er
eb

el
lu

m
.

(A
Es

: f
at

ig
ue

, s
to

m
ac

h 
ac

he
, h

ea
da

ch
e,

 d
izz

in
es

s, 
irr

ita
bi

lit
y,

 1
 e

pi
le

pt
ic

 in
su

lt,
 se

da
tio

n,
 so

m
no

le
nc

e,
 

ag
ita

tio
n)

St
ria

no
 e

t 
al

.,46
 2

00
6

O
pe

n-
la

be
l s

tu
dy

14
: 6

 M
/8

 F
Tr

em
or

 ra
tin

g 
sc

al
e,

 fi
ng

er
-to

-n
os

e 
te

st
, s

pi
ra

l 
dr

aw
in

gs
, a

ta
xi

a 
sc

or
e

Be
fo

re
 a

nd
 

af
te

r
Si

gn
ifi

ca
nt

 re
du

ct
io

n 
in

 tr
em

or
 ra

tin
g 

sc
al

e

Ta
bl

e 
2.

 P
ha

rm
ac

ol
og

ic
 in

te
rv

en
tio

ns
 u

se
d 

to
 in

ve
st

ig
at

e 
in

te
nt

io
n 

tr
em

or
 in

 M
S



International Journal of MS Care
217

Upper Limb Intention Tremor in MS
Ta

bl
e 

2.
 P

ha
rm

ac
ol

og
ic

 in
te

rv
en

tio
ns

 u
se

d 
to

 in
ve

st
ig

at
e 

in
te

nt
io

n 
tr

em
or

 in
 M

S 
(c

on
tin

ue
d)

St
ud

y
D

es
ig

n
Pa

rt
ic

ip
an

ts
,N

o.
M

ea
su

re
m

en
ts

D
at

a 
po

in
ts

M
ai

n 
re

su
lts

M
ec

ha
ni

sm
s

Pr
im

id
on

e

H
en

ki
n 

an
d 

H
er

ish
an

u,
47

 
19

89

Ca
se

 se
rie

s
2 

F
Q

ua
lit

at
iv

e
Va

ria
bl

e
Re

du
ce

d 
tr

em
or

 in
 b

ot
h 

pa
tie

nt
s

Pr
im

id
on

e’
s m

aj
or

 m
et

ab
ol

ite
 is

 p
he

no
ba

rb
ita

l a
nd

 
is 

a 
po

te
nt

 a
nt

ic
on

vu
lsa

nt
. P

rim
id

on
e 

al
so

 in
cr

ea
se

s 
in

hi
bi

to
ry

 G
AB

A-
m

ed
ia

te
d 

ch
lo

rid
e 

flu
x.

(A
Es

: d
ro

w
sin

es
s, 

ve
rt

ig
o,

 n
au

se
a,

 a
nd

 fa
tig

ue
)

N
ad

er
i e

t a
l.,

48
 

20
12

Pi
lo

t s
tu

dy
10

: 2
 M

/8
 F

AD
L 

qu
es

tio
nn

ai
re

, N
H

PT
, F

TR
S

Ba
se

lin
e;

 u
p 

to
 

6 
an

d 
12

 w
k 

of
 

fo
llo

w
-u

p

Im
pr

ov
ed

 IT
 in

 p
at

ie
nt

s w
ith

 M
S 

af
te

r 6
 w

k 
of

 
ad

m
in

ist
ra

tio
n

4-
am

in
o-

py
rid

in
e

Sc
hn

ie
pp

 e
t 

al
.,49

 2
01

3
Ca

se
 re

po
rt

1 
F

N
H

PT
, t

re
m

or
 q

ue
st

io
nn

ai
re

, s
ur

fa
ce

 E
M

G
24

 h
 a

nd
 1

8 
m

o 
af

te
r

Im
pr

ov
em

en
t i

n 
N

H
PT

; I
m

pr
ov

ed
 tr

em
or

 
qu

es
tio

nn
ai

re
; D

ec
re

as
ed

 E
M

G
 re

co
rd

in
gs

4-
am

in
o-

py
rid

in
e 

is 
a 

re
ve

rs
ib

le
 p

ot
as

siu
m

-c
ha

nn
el

 
bl

oc
ke

r t
ha

t i
m

pr
ov

es
 c

er
eb

el
la

r d
ys

fu
nc

tio
n.

Et
ha

no
l

H
am

m
on

d 
an

d 
Ke

rr,
50

 
20

08

Ca
se

 re
po

rt
1 

M
W

rit
te

n 
le

tte
r

1 
tim

e 
po

in
t

Re
du

ct
io

n 
in

 tr
em

or
 (m

or
e 

le
gi

bl
e 

w
rit

in
g)

 w
ith

 
al

co
ho

l c
on

su
m

pt
io

n
Et

ha
no

l o
r a

lc
oh

ol
 re

du
ce

s c
er

eb
el

la
r h

yp
er

ac
tiv

ity
 

an
d 

m
ay

 b
e 

m
ed

ia
te

d 
th

ro
ug

h 
G

AB
Ae

rg
ic

 
m

ec
ha

ni
sm

s.

G
lu

te
th

im
id

e

Ai
se

n 
et

 a
l.,

51
 

19
91

O
pe

n-
la

be
l s

tu
dy

6:
 4

 M
/2

 F
Ke

yb
oa

rd
 te

st
, h

oo
p 

te
st

, F
TR

S,
 p

ur
su

it-
tr

ac
ki

ng
 

ta
sk

, p
ow

er
 a

nd
 m

ag
ni

tu
de

Be
fo

re
; 7

 a
nd

 
14

 d
 a

fte
r 

st
ab

le
 d

os
e 

w
as

 a
ch

ie
ve

d

Im
pr

ov
ed

 fu
nc

tio
na

l t
es

tin
g 

in
 5

 p
at

ie
nt

s; 
Ab

st
ra

ct
 

te
st

in
g 

in
 4

 p
at

ie
nt

s i
m

pr
ov

ed
; 3

 p
at

ie
nt

s c
ho

se
 to

 
co

nt
in

ue
 u

se

G
lu

te
th

im
id

e 
is 

st
ru

ct
ur

al
ly

 si
m

ila
r t

o 
ph

en
ob

ar
bi

ta
l, 

sh
ar

in
g 

its
 se

da
tiv

e 
an

d 
an

tic
on

vu
lsa

nt
 e

ffe
ct

s.
(A

Es
: s

ed
at

io
n,

 fa
tig

ue
)

N
at

al
iz

um
ab

Ri
nk

er
 e

t a
l.,

52
 

20
14

Su
rv

ey
-b

as
ed

 
ca

se
-c

on
tr

ol
 

st
ud

y

20
2 

(n
at

al
izu

m
ab

), 
22

9 
co

nt
ro

ls
Tr

em
or

-re
la

te
d 

AD
L 

qu
es

tio
nn

ai
re

, t
re

m
or

 
ha

nd
ic

ap
, v

isu
al

 a
na

lo
g 

sc
al

e,
 tr

em
or

 a
nd

 
co

or
di

na
tio

n 
sc

al
e,

 a
ta

xi
a 

ra
tin

g 
sc

al
e

Re
tr

os
pe

ct
iv

e
Tr

ea
tm

en
t m

ay
 im

pr
ov

e 
th

e 
ch

an
ge

s o
f a

 
re

du
ct

io
n 

in
 tr

em
or

 se
ve

rit
y 

ov
er

 ti
m

e
N

at
al

izu
m

ab
 is

 a
 h

um
an

ize
d 

m
on

oc
lo

na
l a

nt
ib

od
y 

an
d 

is 
in

 c
la

ss
 o

f s
el

ec
tiv

e 
ad

he
sio

n 
m

ol
ec

ul
e 

in
hi

bi
to

rs
. I

t i
s b

el
ie

ve
d 

to
 p

re
ve

nt
 im

m
un

e 
ce

lls
 

fro
m

 c
ro

ss
in

g 
bl

oo
d-

br
ai

n 
ba

rr
ie

r.

O
nd

an
se

tr
on

G
ba

da
m

os
i e

t 
al

.,53
 2

00
1

O
pe

n-
la

be
l 

pr
os

pe
ct

iv
e 

co
nt

ro
lle

d 
st

ud
y

14
: 5

 M
/9

 F
N

H
PT

, s
ta

r c
op

yi
ng

, s
pi

ra
l d

ra
w

in
g,

 fr
ee

 w
rit

in
g

Be
fo

re
; 1

 h
 

af
te

r
N

o 
sig

ni
fic

an
t c

ha
ng

e 
in

 tr
em

or
 m

ea
su

re
d 

as
 

fu
nc

tio
na

l o
ut

co
m

e 
sc

or
e 

an
d 

pa
tie

nt
’s 

su
bj

ec
tiv

e 
re

sp
on

se
 ra

tin
g

O
nd

an
se

tr
on

 is
 a

 h
ig

hl
y 

se
le

ct
iv

e 
co

m
pe

tit
iv

e 
5-

H
T 3 r

ec
ep

to
r a

nt
ag

on
ist

.

To
pi

ra
m

at
e

Sc
hr

oe
de

r e
t 

al
.,54

 2
01

0
Ca

se
 re

po
rt

1 
F

Fo
cu

s o
n 

w
al

ki
ng

 d
ist

an
ce

 b
ut

 m
en

tio
n 

fin
e 

m
ot

or
 sk

ill
s

Fr
om

 4
 d

 to
 

2 
y

Pa
tie

nt
’s 

w
al

ki
ng

 d
ist

an
ce

 d
ra

m
at

ic
al

ly
 im

pr
ov

ed
 

as
 w

el
l a

s fi
ne

 m
ot

or
 sk

ill
s

To
pi

ra
m

at
e 

is 
a 

su
lfa

m
at

e-
su

bs
tit

ut
ed

 
m

on
os

ac
ch

ar
id

e 
w

ith
 a

nt
ic

on
vu

lsa
nt

 p
ro

pe
rt

ie
s. 

It 
an

ta
go

ni
ze

s a
 su

bt
yp

e 
of

 g
lu

ta
m

at
e 

re
ce

pt
or

s, 
st

ab
ili

zin
g 

hy
pe

re
xc

ite
d 

ne
ur

on
al

 m
em

br
an

es
.

N
ot

e:
 A

rt
ic

le
s 

ar
e 

so
rt

ed
 fi

rs
t b

y 
nu

m
be

r o
f s

tu
di

es
 in

 e
ac

h 
tr

ea
tm

en
t, 

by
 d

es
ig

n 
(m

os
t r

ep
ro

du
ci

bl
e)

, a
nd

 th
en

 b
y 

al
ph

ab
et

ic
al

 o
rd

er
 o

f t
re

at
m

en
t.

Ab
br

ev
ia

tio
ns

: A
D

L,
 a

ct
iv

iti
es

 o
f d

ai
ly

 li
vi

ng
; A

E,
 a

dv
er

se
 e

ffe
ct

; E
D

SS
, E

xp
an

de
d 

D
isa

bi
lit

y 
St

at
us

 S
ca

le
; E

M
G

, e
le

ct
ro

m
yo

gr
ap

hy
; F

, f
em

al
e;

 F
TR

S,
 F

ah
n 

Tr
em

or
 R

at
in

g 
Sc

al
e;

 G
AB

A,
 γ

-a
m

in
ob

ut
yr

ic
 a

ci
d;

 IT
, i

nt
en

tio
n 

tr
em

or
;  

M
, m

al
e;

 M
S,

 m
ul

tip
le

 s
cl

er
os

is;
 N

H
PT

, N
in

e-
H

ol
e 

Pe
g 

Te
st

; Q
O

L,
 q

ua
lit

y 
of

 li
fe

. 



International Journal of MS Care
218

McCreary et al.
Ta

bl
e 

3.
 S

ur
gi

ca
l i

nt
er

ve
nt

io
n 

th
al

am
ot

om
y 

us
ed

 to
 tr

ea
t i

nt
en

tio
n 

tr
em

or
 in

 M
S

St
ud

y
Pa

rt
ic

ip
an

ts
, N

o.
M

ea
su

re
m

en
ts

D
at

a 
po

in
ts

M
ai

n 
re

su
lts

Ad
ve

rs
e 

ef
fe

ct
s

Co
nt

ro
lle

d 
St

ud
ie

s
Al

us
i e

t a
l.,

57
 2

00
1

24
: 1

3 
TS

, 1
1 

co
nt

ro
ls

Fi
ng

er
-to

-n
os

e 
te

st
, h

an
dw

rit
in

g,
 

Ar
ch

im
ed

es
 c

irc
le

, fi
ng

er
 ta

pp
in

g 
ta

sk
, 

N
H

PT

Pr
eo

p,
 3

 a
nd

 1
2 

m
o 

po
st

op
11

 sh
ow

ed
 im

pr
ov

em
en

t; 
Si

gn
ifi

ca
nt

 im
pr

ov
em

en
t i

n 
ki

ne
tic

 tr
em

or
 sc

or
e 

to
 1

2 
m

o 
po

st
op

Co
nt

ra
la

te
ra

l h
em

ip
ar

es
is,

 d
ys

ar
th

ria
, 

se
izu

re
 o

f p
er

so
n 

w
ith

 e
pi

le
ps

y,
 fa

tig
ue

, 
re

du
ce

d 
bl

ad
de

r a
nd

 b
ow

el
 fu

nc
tio

n,
 

de
pr

es
sio

n
Ja

ha
ns

ha
hi

 e
t a

l.,
58

 
20

08
11

: 6
 T

S,
 5

 c
on

tr
ol

s
Co

gn
iti

ve
 te

st
s

Pr
eo

p,
 3

 m
o 

po
st

op
Si

gn
ifi

ca
nt

 tr
em

or
 re

du
ct

io
n;

 C
og

ni
tiv

e 
ch

an
ge

s i
n 

di
gi

t s
pa

n,
 v

er
ba

l fl
ue

nc
y,

 a
nd

 M
M

SE
N

ot
 re

po
rt

ed

Co
ho

rt
 s

tu
di

es
: l

on
g-

te
rm

Co
op

er
,61

 1
96

0
6:

 2
 M

S
Ph

ys
ic

ia
n 

an
d 

pa
tie

nt
 re

po
rt

s
Pr

eo
p,

 3
 a

nd
 1

2 
m

o 
po

st
op

Im
pr

ov
em

en
t o

f I
T

N
ot

 re
po

rt
ed

Co
op

er
,60

 1
96

7
32

Ph
ys

ic
ia

n 
ev

al
ua

tio
n

1-
8 

y 
po

st
op

25
 h

ad
 c

om
pl

et
e 

di
sa

pp
ea

ra
nc

e 
of

 IT
, a

lth
ou

gh
 

re
cu

rr
ed

 in
 2

; 6
 h

ad
 im

pr
ov

em
en

t o
f I

T;
 1

 h
ad

 n
o 

ch
an

ge

Sp
as

tic
 h

em
ip

ar
es

is 
w

or
se

ni
ng

, t
ra

ns
ie

nt
 

sp
ee

ch
 a

nd
 sw

al
lo

w
in

g 
pr

ob
le

m
s, 

se
izu

re
s

Cr
itc

hl
ey

 a
nd

 
Ri

ch
ar

ds
on

,64
19

98
24

Sc
al

e 
by

 S
pe

el
m

an
 a

nd
 v

an
 M

an
en

 
(1

98
4)

, E
D

SS
, A

D
L 

qu
es

tio
nn

ai
re

Pr
eo

p,
 im

m
ed

ia
te

ly
 p

os
to

p,
 6

 w
k 

po
st

op
, 6

 m
o 

po
st

op
, m

os
t r

ec
en

t 
po

st
op

 (m
ea

n,
 2

.2
 y

)

Im
pr

ov
em

en
t i

n 
79

%
 a

t 6
 m

o;
 5

8%
 h

ad
 su

st
ai

ne
d 

im
pr

ov
em

en
t a

t l
at

e 
fo

llo
w

-u
p

M
ild

 h
em

ip
ar

es
is,

 w
or

se
ni

ng
 o

f d
ys

ar
th

ria
, 

se
izu

re
s, 

no
ct

ur
na

l c
on

fu
sio

n

H
as

sa
n 

et
 a

l.,
68

 2
01

2
9:

 6
 T

S,
 3

 D
BS

TF
S 

sc
al

e,
 E

D
SS

, p
hy

sic
ia

n 
ev

al
ua

tio
n

Su
rg

er
y 

w
as

 1
2 

y 
ea

rli
er

Al
l e

xp
er

ie
nc

ed
 im

pr
ov

ed
 tr

em
or

; A
t 1

2 
m

o,
 3

 p
at

ie
nt

s 
ha

d 
ex

ce
lle

nt
 re

su
lts

, 3
 w

er
e 

un
ch

an
ge

d,
 a

nd
 3

 h
ad

 
po

or
 re

su
lts

; L
on

ge
st

 tr
em

or
 su

pp
re

ss
io

n:
 5

 y
 w

ith
 T

FS
 

of
 4

.3
%

N
ot

 re
po

rt
ed

M
at

hi
eu

 e
t a

l.,
55

 2
00

7
6

Fi
ng

er
-to

-n
os

e 
te

st
, A

rc
hi

m
ed

es
 c

irc
le

, 
w

rit
in

g
Fo

llo
w

-u
p:

 5
 m

o 
to

 1
 y

Si
gn

ifi
ca

nt
 im

pr
ov

em
en

t p
os

to
p;

 2
 h

ad
 re

cu
rr

en
ce

 o
f 

tr
em

or
Pr

og
re

ss
iv

e 
he

m
ip

ar
es

is

M
at

su
m

ot
o 

et
 a

l.,
69

 
20

01
9:

 6
 T

S,
 3

 D
BS

Cl
in

ic
al

 tr
em

or
 ra

tin
g 

sc
al

e,
 q

ua
nt

ita
tiv

e 
m

ov
em

en
t a

na
ly

sis
 c

re
at

ed
 b

y 
au

th
or

s, 
FI

M
, F

un
ct

io
na

l A
ss

es
sm

en
t o

f M
S 

Sc
al

e,
 b

ox
 a

nd
 b

lo
ck

 te
st

2 
tim

e 
po

in
ts

 p
re

op
, 3

 a
nd

 1
2 

m
o 

po
st

op
Si

gn
ifi

ca
nt

 im
pr

ov
em

en
t p

os
to

p,
 a

lth
ou

gh
 w

as
 n

ot
 

re
ta

in
ed

 to
 1

2 
m

o
W

ea
kn

es
s, 

w
or

se
ni

ng
 g

ai
t

N
ira

nj
an

 e
t a

l.,
56

 2
00

0
11

: 3
 M

S
H

an
dw

rit
in

g 
an

d 
dr

aw
in

g
Pr

eo
p,

 2
-1

1 
m

o 
po

st
op

Im
pr

ov
em

en
t i

n 
tr

em
or

 p
os

to
p;

 A
ct

io
n 

tr
em

or
 

im
pr

ov
ed

 in
 3

 p
at

ie
nt

s w
ith

 M
S

W
ea

kn
es

s, 
dy

sa
rt

hr
ia

Sp
ee

lm
an

 a
nd

 v
an

 
M

an
en

,63
 1

98
4

11
D

ev
el

op
ed

 ra
tin

g 
sc

al
e 

fo
r I

T 
se

ve
rit

y 
an

d 
ar

m
 fu

nc
tio

n 
im

pa
irm

en
t

Pr
eo

p,
 3

-9
 m

o 
po

st
op

, >
1.

5 
y 

fo
r 

9 
pa

tie
nt

s
8 

pa
tie

nt
s h

ad
 g

oo
d 

re
su

lts
 to

 re
du

ce
 IT

, 1
 h

ad
 

m
od

er
at

e 
re

su
lts

, a
nd

 2
 sh

ow
ed

 n
o 

ch
an

ge
; 6

 p
at

ie
nt

s 
ha

d 
go

od
 re

su
lts

 fo
r i

m
pr

ov
ed

 a
rm

 fu
nc

tio
n,

 3
 h

ad
 

m
od

er
at

e 
re

su
lts

, a
nd

 2
 sh

ow
ed

 n
o 

ch
an

ge

So
m

no
le

nc
e,

 fr
on

ta
l l

ob
e 

sy
nd

ro
m

e,
 sp

ee
ch

 
di

so
rd

er
s, 

fix
ed

 g
az

e 
to

 si
de

 o
f o

pe
ra

tio
n,

 
he

m
ip

ar
es

is 
an

d 
he

m
ih

yp
es

th
es

ia
, 

m
ic

tu
rit

io
n 

di
st

ur
ba

nc
es

W
hi

ttl
e 

an
d 

H
ad

do
w

,71
 

19
95

9
Tr

em
or

 ra
te

d 
by

 v
id

eo
, c

lin
ic

al
 re

vi
ew

, 
CT

 a
nd

 M
RI

Pr
eo

p,
 4

 w
k 

an
d 

3 
an

d 
12

 m
o 

po
st

op
8 

sh
ow

ed
 im

pr
ov

ed
 IT

 p
os

to
p;

 1
 h

ad
 n

o 
im

pr
ov

em
en

t 
an

d 
ha

d 
m

in
im

al
 IT

 p
re

op
Ps

yc
ho

m
ot

or
 sl

ow
in

g,
 c

on
fu

sio
n,

 tr
an

sie
nt

 
ur

in
ar

y 
dy

sfu
nc

tio
n,

 d
ep

re
ss

io
n

Co
ho

rt
 s

tu
di

es
: p

re
/p

os
t o

ut
co

m
es

Bi
tta

r e
t a

l.,
70

 2
00

5
20

: 1
0 

TS
, 1

0 
D

BS
Fi

ng
er

-to
-n

os
e 

te
st

, E
va

lu
at

io
n 

of
 a

rm
s 

ou
ts

tr
et

ch
ed

, b
at

-w
in

g 
po

sit
io

n
Pr

eo
p,

 1
 to

 >
4 

y 
po

st
op

Al
l h

ad
 im

pr
ov

em
en

t i
n 

tr
em

or
; I

T 
w

as
 re

du
ce

d 
by

 
72

%
 in

 T
S 

gr
ou

p 
an

d 
36

%
 in

 D
BS

 g
ro

up
6 

TS
 (s

ei
zu

re
s, 

co
nf

us
io

n,
 p

ar
es

is,
 a

nd
 

dy
sa

rt
hr

ia
), 

 D
BS

 (m
on

op
ar

es
is 

an
d 

w
ou

nd
 

in
fe

ct
io

n)
Co

op
er

,62
 1

96
0

12
: 6

 M
S

M
ot

io
n 

pi
ct

ur
e 

st
ud

ie
s, 

re
fe

rr
in

g 
ph

ys
ic

ia
n 

re
po

rt
Pr

eo
p 

an
d 

po
st

op
10

 p
at

ie
nt

s h
ad

 im
pr

ov
em

en
t i

n 
IT

N
ot

 re
po

rt
ed

Ca
se

 s
tu

di
es

/s
er

ie
s

Br
oa

ge
r a

nd
 F

og
,67

 
19

62
4

Fi
ng

er
-to

-n
os

e 
te

st
, d

ai
ly

 li
vi

ng
 a

bi
lit

y,
 

ph
ys

ic
ia

n 
re

po
rt

Pr
eo

p,
 1

-6
 m

o 
po

st
op

D
ec

re
as

ed
 IT

, a
lth

ou
gh

 1
 p

at
ie

nt
 d

ie
d 

sh
or

tly
 a

fte
r 

su
rg

er
y

D
ys

m
et

ria

Kr
ay

en
bu

hl
 a

nd
 

Ya
sa

rg
il,

59
 1

96
2

4
Ph

ys
ic

ia
n 

re
po

rt
 o

f d
ai

ly
 a

ct
iv

iti
es

Pr
eo

p,
 u

p 
to

 6
 m

o 
po

st
op

4 
pa

tie
nt

s i
m

pr
ov

ed
In

cr
ea

se
d 

pa
re

sis
, d

iffi
cu

lt 
ur

in
at

in
g,

 rg
ht

 
sid

e 
w

ea
kn

es
s, 

co
nf

us
io

n
La

iti
ne

n 
et

 a
l.,

65
 1

97
4

1
D

ai
ly

 a
ct

iv
iti

es
Pr

eo
p,

 1
 d

 p
os

to
p,

 6
 m

o 
po

st
op

, 
3 

y 
po

st
op

Ab
le

 to
 e

at
, w

rit
e,

 a
nd

 sm
ok

e 
po

st
op

; A
bl

e 
to

 w
al

k 
an

d 
dr

iv
e 

ca
r 3

 y
 p

os
to

p
N

ot
 re

po
rt

ed

M
cC

ab
e 

et
 a

l.,
66

 1
99

8
1

Re
su

lts
 d

es
pi

te
 p

os
to

p 
G

BS
 a

dv
er

se
 

ev
en

t
Pr

eo
p,

 1
3 

an
d 

18
 d

 p
os

to
p,

 3
 m

o 
po

st
op

Tr
em

or
 w

as
 re

du
ce

d
W

ea
kn

es
s 1

3 
d 

po
st

op
, p

ro
gr

es
se

d 
at

 1
8 

d 
to

 c
lin

ic
al

 d
ia

gn
os

is 
of

 G
BS

, G
BS

 sy
m

pt
om

s 
re

so
lv

ed
 a

t 3
 m

o 
po

st
op

Ab
br

ev
ia

tio
ns

: A
D

L,
 a

ct
iv

iti
es

 o
f d

ai
ly

 li
vi

ng
; C

T,
 c

om
pu

te
d 

to
m

og
ra

ph
y;

 D
BS

, d
ee

p 
br

ai
n 

st
im

ul
at

io
n;

 E
D

SS
, E

xp
an

de
d 

D
isa

bi
lit

y 
St

at
us

 S
ca

le
; F

IM
, F

un
ct

io
na

l I
nd

ep
en

de
nc

e 
M

ea
su

re
; G

BS
, G

ui
lla

in
-B

ar
re

 s
yn

dr
om

e;
  

IT
, i

nt
en

tio
n 

tr
em

or
; M

M
SE

, M
in

i-M
en

ta
l S

ta
te

 E
xa

m
in

at
io

n;
 M

RI
, m

ag
ne

tic
 r

es
on

an
ce

 im
ag

in
g;

 M
S,

 m
ul

tip
le

 s
cl

er
os

is;
 N

H
PT

, N
in

e-
H

ol
e 

Pe
g 

Te
st

; p
os

to
p,

 p
os

to
pe

ra
tiv

el
y;

 p
re

op
, p

re
op

er
at

iv
el

y;
 T

FS
, t

re
m

or
-fr

ee
 s

ur
vi

va
l; 

 
TS

, t
ha

la
m

ic
 s

tim
ul

at
io

n.



International Journal of MS Care
219

Upper Limb Intention Tremor in MS
St

ud
y

Pa
rt

ic
ip

an
ts

, N
o.

M
ea

su
re

m
en

ts
D

at
a 

po
in

ts
M

ai
n 

re
su

lts
Ad

ve
rs

e 
ef

fe
ct

s

Co
ho

rt
 fo

llo
w

-u
p

Be
rk

 e
t a

l.,
80

 2
00

2
12

FT
RS

, Q
O

L 
qu

es
tio

nn
ai

re
Pr

eo
p,

 2
 a

nd
 1

2 
m

o 
po

st
op

(Q
O

L:
 3

 a
nd

 2
2 

m
o 

po
st

op
)

Si
gn

ifi
ca

nt
 im

pr
ov

em
en

t i
n 

tr
em

or
 u

p 
to

 1
2 

m
o 

po
st

op
; 

Im
pr

ov
ed

 a
bi

lit
y 

to
 fe

ed
 in

de
pe

nd
en

tly
Se

ve
re

 in
fe

ct
io

n 
an

d 
th

us
 e

le
ct

ro
de

s 
re

m
ov

ed
, m

in
or

 in
fe

ct
io

n,
 m

ild
 tr

an
sie

nt
 

pa
re

st
he

sia
, t

ra
ns

ie
nt

 u
rin

e 
re

te
nt

io
n

H
am

el
 e

t a
l.,

81
 2

00
7

11
: 2

 M
S

FT
RS

Pr
eo

p,
 3

 a
nd

 1
2 

m
o 

po
st

op
Al

l p
at

ie
nt

s s
ho

w
ed

 d
ec

re
as

ed
 tr

em
or

 ra
tin

g 
at

 fo
llo

w
-u

p
N

ot
 re

po
rt

ed
H

er
zo

g 
et

 a
l.,

82
 

20
07

21
: 1

1 
M

S
El

ec
tr

od
e 

pl
ac

em
en

t, 
m

od
ifi

ed
 F

TR
S,

 re
ac

h-
to

-
gr

as
p 

m
ov

em
en

t
Pr

eo
p,

 a
t l

ea
st

 4
 m

o 
po

st
op

Si
gn

ifi
ca

nt
 im

pr
ov

em
en

t c
or

re
la

te
d 

in
 a

ll 
pa

tie
nt

s b
ut

 w
as

 m
or

e 
pr

on
ou

nc
ed

 w
he

n 
el

ec
tr

od
es

 w
er

e 
in

 c
on

ta
ct

 w
ith

 a
nt

er
io

r/
po

st
er

io
r c

om
m

iss
ur

e 
lin

e 
th

an
 v

en
tr

al
 in

te
rm

ed
iu

s n
uc

le
us

N
ot

 re
po

rt
ed

H
oo

pe
r e

t a
l.,

76
 

20
02

10
M

od
ifi

ed
 F

TR
S,

 Je
bs

en
 H

an
d 

Fu
nc

tio
n 

Te
st

, 
Q

O
L 

qu
es

tio
nn

ai
re

Pr
eo

p 
an

d 
1,

 3
, 6

, a
nd

 1
2 

m
o 

po
st

op
Si

gn
ifi

ca
nt

 re
du

ct
io

n 
in

 tr
em

or
 a

t a
ll 

po
st

op
 p

oi
nt

s; 
Si

gn
ifi

ca
nt

 
im

pr
ov

em
en

t i
n 

Je
bs

en
 H

an
d 

Fu
nc

tio
n 

Te
st

 a
nd

 Q
O

L 
m

ea
su

re
s

Tr
an

sie
nt

 u
pp

er
 li

m
b 

pa
re

st
he

sia
, s

ei
zu

re
s, 

he
m

at
om

a,
 w

ea
kn

es
s, 

in
fe

ct
io

n
H

oo
pe

r a
nd

 
W

hi
ttl

e,
88

 2
00

3
10

M
od

ifi
ed

 F
TR

S,
 Je

bs
en

 H
an

d 
Fu

nc
tio

n 
Te

st
, 

Q
O

L 
qu

es
tio

nn
ai

re
, c

os
t i

m
pl

ic
at

io
ns

 o
f 

su
rg

er
y 

(u
sin

g 
pa

tie
nt

s f
ro

m
 H

oo
pe

r e
t a

l. 
20

02
)

Pr
eo

p 
an

d 
1,

 3
, 6

, a
nd

 1
2 

m
o 

po
st

op
Si

gn
ifi

ca
nt

 im
pr

ov
em

en
t i

n 
ha

nd
 fu

nc
tio

n 
an

d 
tr

em
or

 1
2 

m
o 

po
st

op
 (a

s r
ep

or
te

d 
by

 H
oo

pe
r e

t a
l. 

20
02

); 
H

ig
h 

in
iti

al
 c

os
ts

 a
s 

w
el

l a
s h

ig
h 

co
st

s p
os

to
p;

 E
xc

es
siv

e 
co

st
s p

ro
vi

de
 li

ttl
e 

be
ne

fit

D
ep

re
ss

io
n,

 d
ec

re
as

ed
 b

la
dd

er
 fu

nc
tio

n,
 

dy
sa

rt
hr

ia
, g

en
er

al
ize

d 
ps

yc
ho

m
ot

or
 

slo
w

in
g,

 h
em

at
om

a,
 se

izu
re

s

H
os

se
in

i e
t a

l.,
83

 
20

12
9

FT
RS

, 3
6-

ite
m

 S
ho

rt
 F

or
m

 H
ea

lth
 S

ta
tu

s 
Su

rv
ey

 Q
O

L,
 m

an
ua

l c
ap

ac
ity

 sc
al

e
Pr

eo
p 

an
d 

1,
 3

, a
nd

 6
 m

o 
po

st
op

Im
pr

ov
em

en
t i

n 
al

l p
at

ie
nt

s
Ag

gr
av

at
ed

 d
ys

ar
th

ria
, p

ro
gr

es
sio

n 
of

 
tr

em
or

M
on

tg
om

er
y 

et
 

al
.,74

 1
99

9
15

Cl
in

ic
al

 tr
em

or
 ra

tin
g 

sc
al

e 
(r

es
t t

re
m

or
), 

su
st

ai
ne

d 
po

st
ur

e 
w

ith
 h

an
ds

 a
t s

ho
ul

de
rs

 
(p

os
tu

ra
l t

re
m

or
), 

fin
ge

r-t
o-

no
se

 te
st

 a
nd

 c
up

 
ta

sk
 (a

ct
io

n 
tr

em
or

)

Pr
eo

p,
 <

3 
m

o 
to

 1
 y

 p
os

to
p

Ac
tio

n 
tr

em
or

 im
pr

ov
ed

 in
 fi

ng
er

-to
-n

os
e 

te
st

 a
nd

 c
up

 ta
sk

In
te

rc
er

eb
ra

l h
em

at
om

a

N
an

di
 a

nd
 A

ziz
,92

 
20

04
10

: 1
4 

lim
bs

 
w

ith
 tr

em
or

Co
m

pu
te

r-c
on

tr
ol

le
d,

 v
isu

al
ly

 g
ui

de
d 

ar
m

-
tr

ac
ki

ng
 ta

sk
s; 

EM
G

 re
co

rd
in

gs
Pr

eo
p,

 v
ar

io
us

 p
os

to
p 

(m
ea

n,
 

15
 m

o)
36

%
 im

pr
ov

ed
 fr

om
 p

re
op

 m
ea

n 
sc

or
e

H
em

ip
ar

es
is,

 tr
an

sie
nt

 se
izu

re
, d

ys
ar

th
ria

, 
in

fe
ct

io
n

Sc
hu

ld
er

 e
t a

l.,
89

 
20

03
9

Ba
in

-F
in

ch
le

y 
tr

em
or

 sc
al

e,
 E

D
SS

, M
RI

, 
ne

ur
op

sy
ch

ol
og

ic
al

 te
st

Ra
ng

e,
 9

-4
8 

m
o

Tr
em

or
 m

ea
n 

sc
or

e 
of

 5
.4

 p
re

op
 w

as
 im

pr
ov

ed
 to

 2
.1

 a
t l

at
e 

fo
llo

w
-u

p;
 3

 m
ai

nt
ai

ne
d 

ab
ili

ty
 to

 e
at

 a
nd

/o
r d

rin
k

N
ot

 re
po

rt
ed

Th
ev

at
ha

sa
n 

et
 a

l.,
77

 
20

11
11

: 1
6 

lim
bs

 
w

ith
 tr

em
or

Cl
in

ic
al

 R
at

in
g 

Sc
al

e,
 A

rc
hi

m
ed

es
 c

irc
le

Pr
eo

p,
 w

ith
in

 1
2 

m
o 

po
st

op
, 

>3
 y

 p
os

to
p 

as
 la

te
 ti

m
e 

po
in

t
M

ea
n 

tr
em

or
 im

pr
ov

em
en

t o
f 4

4%
 (r

an
ge

, 0
%

-8
6%

); 
La

te
 

fo
llo

w
-u

p 
sh

ow
ed

 1
0 

lim
bs

 w
ith

 p
er

m
an

en
t t

re
m

or
 re

du
ct

io
n

Se
izu

re
s, 

sc
al

p 
er

os
io

n 
ov

er
 e

xt
en

sio
n 

ca
bl

es
To

rr
es

 e
t a

l.,
73

 2
01

0
10

FT
RS

Pr
eo

p 
an

d 
3,

 6
, a

nd
 1

2 
m

o 
po

st
op

At
 1

 y
, 5

0%
 sh

ow
ed

 im
pr

ov
em

en
t; 

At
 3

 y
, 3

0%
 c

on
tin

ue
d 

to
 

be
ne

fit
Se

izu
re

 d
ur

in
g 

op
er

at
io

n,
 in

fe
ct

io
n

Za
ka

ria
 e

t a
l.,

84
 

20
13

16
FT

RS
, B

ai
n-

Fi
nc

hl
ey

 T
re

m
or

 R
at

in
g 

Sc
al

e,
 Q

O
L 

qu
es

tio
nn

ai
re

Pr
eo

p,
 6

 a
nd

 1
2 

m
o 

po
st

op
5 

sh
ow

ed
 a

 5
0%

 re
du

ct
io

n 
in

 tr
em

or
; 1

1 
sh

ow
ed

 a
 3

0%
 

re
du

ct
io

n 
in

 tr
em

or
 o

n 
Ba

in
-F

in
ch

le
y 

Tr
em

or
 R

at
in

g 
Sc

al
e

In
fe

ct
io

n

Co
ho

rt
 s

tu
di

es
: p

re
/p

os
t o

ut
co

m
es

M
an

da
t e

t a
l.,

87
 

20
10

5
Sp

iro
gr

ap
hy

, m
od

ifi
ed

 A
D

L 
qu

es
tio

nn
ai

re
Pr

eo
p,

 3
 m

o 
po

st
op

At
 3

-m
o 

fo
llo

w
-u

p,
 sh

ow
ed

 a
 m

ea
n 

40
%

 im
pr

ov
em

en
t, 

5%
-7

5%
 

im
pr

ov
em

en
t o

n 
sp

iro
gr

ap
hy

, a
nd

 1
8%

 im
pr

ov
em

en
t o

n 
AD

L
N

ot
 re

po
rt

ed

Ca
se

 s
tu

di
es

/s
er

ie
s

Br
ic

e 
an

d 
M

cL
el

la
n,

75
 1

98
0

3
O

bs
er

va
tio

n 
of

 re
du

ct
io

n 
of

 tr
em

or
Pr

eo
p,

 u
p 

to
 6

 m
o 

po
st

op
An

ec
do

ta
lly

 a
ll 

im
pr

ov
ed

D
ys

ar
th

ria

H
ya

m
 e

t a
l.,

79
 2

00
7

6
M

ed
ic

al
 R

es
ea

rc
h 

Co
un

ci
l g

ra
di

ng
, u

pp
er

 li
m

b 
tr

em
or

 sc
or

es
Pr

eo
p,

 a
t l

ea
st

 3
 y

 p
os

to
p

5 
pa

tie
nt

s i
m

pr
ov

ed
 a

t 4
 y

 p
os

to
p;

 1
 p

at
ie

nt
 sh

ow
ed

 in
cr

ea
se

d 
tr

em
or

W
ea

kn
es

s

Ko
ca

bi
ca

k 
et

 a
l.,

85
 

20
13

1
FT

RS
, N

H
PT

, T
ra

il 
M

ak
in

g 
Te

st
Pr

eo
p,

 u
p 

to
 6

 m
o 

po
st

op
Tr

em
or

 im
pr

ov
ed

 b
y 

51
%

; A
bl

e 
to

 p
er

fo
rm

 N
H

PT
 w

ith
 ri

gh
t h

an
d 

(p
re

vi
ou

sly
 u

na
bl

e)
 a

nd
 im

pr
ov

ed
 w

ith
 le

ft 
ha

nd
; A

bl
e 

to
 e

at
 a

nd
 

dr
in

k 
in

de
pe

nd
en

tly

N
ot

 re
po

rt
ed

Li
m

 e
t a

l.,
86

 2
00

7
1

FT
RS

, p
at

ie
nt

 re
po

rt
s

Pr
eo

p,
 u

p 
to

 9
 m

o 
po

st
op

 
(fi

rs
t s

ur
ge

ry
), 

10
 m

o 
po

st
op

 
(s

ec
on

d 
su

rg
er

y)

Tr
em

or
 im

pr
ov

ed
; A

bl
e 

to
 d

riv
e 

w
ith

 le
ft 

ha
nd

 a
nd

 d
rin

k 
fro

m
 a

 
cu

p 
w

ith
 ri

gh
t h

an
d

N
ot

 re
po

rt
ed

M
ar

ro
su

 e
t a

l.,
90

 
20

05
1

ED
SS

, K
RS

Pr
eo

p,
 1

2 
m

o 
po

st
op

 (s
et

tin
gs

 
ch

an
ge

d)
, 3

 m
o 

af
te

r c
ha

ng
e

3 
m

o 
af

te
r s

et
tin

gs
 c

ha
ng

e 
in

 K
RS

 w
as

 2
8/

40
 a

nd
 2

4/
40

 
co

m
pa

re
d 

w
ith

 3
5/

40
 a

t b
as

el
in

e
N

ot
 re

po
rt

ed

M
or

in
gl

an
e 

et
 a

l.,
78

 
20

04
1

Fi
ng

er
-to

-n
os

e 
te

st
4 

y 
po

st
op

Al
th

ou
gh

 b
at

te
ry

 h
ad

 d
ie

d,
 im

pr
ov

em
en

t r
em

ai
ne

d 
at

 le
ve

l 1
N

ot
 re

po
rt

ed

N
an

di
 e

t a
l.,

91
 2

00
2

1
Vi

su
al

 tr
ac

ki
ng

 ta
sk

Pr
eo

p,
 1

 w
k 

po
st

op
, u

p 
to

 1
2 

m
o 

po
st

op
Ab

ili
ty

 to
 d

rin
k 

fro
m

 a
 c

up
, w

rit
e 

na
m

e,
 a

nd
 d

ra
w

 a
 c

ru
de

 sp
ira

l; 
Tr

em
or

 c
on

tr
ol

 re
m

ai
ne

d 
1 

y 
po

st
op

N
ot

 re
po

rt
ed

Ab
br

ev
ia

tio
ns

: A
D

L,
 a

ct
iv

iti
es

 o
f d

ai
ly

 li
vi

ng
; D

BS
, d

ee
p 

br
ai

n 
st

im
ul

at
io

n;
 E

D
SS

, E
xp

an
de

d 
D

isa
bi

lit
y 

St
at

us
 S

ca
le

; E
M

G
, e

le
ct

ro
m

yo
gr

ap
hy

; F
TR

S,
 F

ah
n 

Tr
em

or
 R

at
in

g 
Sc

al
e;

 G
BS

, G
ui

lla
in

-B
ar

re
 s

yn
dr

om
e;

 IT
, i

nt
en

tio
n 

tr
em

or
; 

KR
S,

 K
lo

ck
ge

th
er

 R
at

in
g 

Sc
al

e;
 M

RI
, m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g;

 M
S,

 m
ul

tip
le

 s
cl

er
os

is;
 N

H
PT

, N
in

e-
H

ol
e 

Pe
g 

Te
st

; p
os

to
p,

 p
os

to
pe

ra
tiv

el
y;

 p
re

op
, p

re
op

er
at

iv
el

y;
 Q

O
L,

 q
ua

lit
y 

of
 li

fe
.

Ta
bl

e 
4.

 S
ur

gi
ca

l i
nt

er
ve

nt
io

n 
D

BS
 u

se
d 

to
 tr

ea
t i

nt
en

tio
n 

tr
em

or
 in

 M
S



International Journal of MS Care
220

McCreary et al.

agent investigated and was successful in approximately 
60% to 80% of patients. Isoniazid was investigated due 
to its inhibition of γ-aminobutyric acid aminotransfer-
ase that leads to an increase in γ-aminobutyric acid.38 
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-HT3 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.53,56 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.5 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.93 
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.5 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-

result of a thalamotomy-like effect before initiations of 
stimulation.73-76 Also, several studies reported continued 
benefit in patients after the electrodes were turned off.77-79 
As in thalamotomy, there were no standard outcomes 
across studies, making it difficult to compare results, 
although multiple studies used the FTRS.73,80-87 Others 
used the modified FTRS,76,88 a clinical tremor rating 
scale,74,77 the Bain-Finchley Tremor Rating Scale,89 the 
Expanded Disability Status Scale,90 the finger-to-nose 
test,78 and a novel visual tracking task.91,92 Similar to the 
studies that included the FTRS, most of these studies 
also included other outcome measures. Also similar to 
thalamotomy articles, the n 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-

related tremor,5,12 overall this review provides the most 
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.30-32 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.33,35 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. 
Overall, isoniazid was the most common pharmacologic 
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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,55,56 MRI-focused ultrasound has improved 
the accuracy of the surgical target definition and may be 
useful in tremor.95 This technology is already showing 
promise in the treatment of essential tremor when used 
for a thalamotomy procedure.96

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 

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.94 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.

•	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.

•	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.
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with ataxia. Am J Occup Ther. 2000;54:89-96.
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Ther Health Care. 2004;17:81-95.
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ment is temporally influenced by the central oscillation in action tremor 
caused by multiple sclerosis. Neurosci Lett. 2008;445:122-125.
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2000;74:53-62.

24.	Waubant E, Tezenas du Montcel S, Jedynak C, et al. Mul-
tiple sclerosis tremor and the Stewart-Holmes manoeuvre. Mov Disord. 
2003;18:948-952.

25.	Alusi S, Worthington J, Glickman S, et al. Evaluation of three different 
ways of assessing tremor in multiple sclerosis. J Neurol Neurosurg Psy-
chiatry. 2000;68:756-760.

26.	Feys P, Helsen W, Prinsmel A, et al. Digitised spirography as an evalu-
ation tool for intention tremor in multiple sclerosis. J Neurosci Methods. 
2007;160:309-316.

27.	Hooper J, Taylor R, Pentland B, et al. Rater reliability of Fahn’s tremor 
rating scale in patients with multiple sclerosis. Arch Phys Med Rehabil. 
1998;79:1076-1079.

28.	Marrie R, Goldman M. Validation of the NARCOMS Registry: Tremor 
and Coordination Scale. Int J MS Care. 2011;13:114-120.

29.	Daudrich B, Hurl D, Forwell S. Multidimensional assessment of tremor 
in multiple sclerosis. Int J MS Care. 2010;12:23-32.

30.	Feys P, Helsen W, Liu X, et al. Effect of visual information on step-
tracking movements in patients with intention tremor due to multiple 
sclerosis. Mult Scler. 2003;9:492-502.

31.	Feys P, Helsen W, Lavrysen A, et al. Intention tremor during manual 
aiming: a study of eye and hand movements. Mult Scler. 2003;9: 
44-54.

32.	Feys P, Helsen W, Buekers M, et al. The effect of changed visual 
feedback on intention tremor in multiple sclerosis. Neurosci Lett. 
2006;394:17-21.

33.	Feys P, Helsen WF, Verschueren S, et al. Online movement control in 
multiple sclerosis patients with tremor: effects of tendon vibration. Mov 
Disord. 2006;21:1148-1153.

34.	Feys P, Helsen W, Liu X, et al. Effects of peripheral cooling on inten-
tion tremor in multiple sclerosis. J Neurol Neurosurg Psychiatry. 
2005;76:373-379.

35.	Hewer R, Cooper R, Morgan M. An investigation into the value 
of treating intention tremor by weighting the affected limb. Brain. 
1972;95:579-590.

36.	Sandyk R. Treatment with electromagnetic field alters the clinical course 
of chronic progressive multiple sclerosis: a case report. Int J Neurosci. 
1996;88:75-82.

37.	Bozek C, Kastrukoff L, Wright J, et al. A controlled trial of isoniazid 
therapy for action tremor in multiple sclerosis. J Neurol. 1987;234: 
36-39.

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 multidisciplinary 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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