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Abstract Many patients with cerebellar ataxia have
serious disabilities in daily life, while pharmacological
treatment options are absent. Therefore, allied health care
is considered to be important in the management of these
patients. The goal of this review is to evaluate scientific
evidence for allied health care in cerebellar ataxia, to
identify effective treatment strategies, and to give recom-
mendations for clinical practice and further research. A
systematic search for clinical trials concerning allied health
care in cerebellar ataxias was conducted using the elec-
tronic databases of PubMed, Medline, Embase, Cinahl and
Pedro, and references lists of articles, in the time period
from 1980 up to and including December 2011 in English
and Dutch. We identified 14 trials, of which the four best
studies were formally of moderate methodological quality.
There was a wide variation in disease entities and inter-
ventions. The combined data indicate that physical therapy
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may lead to an improvement of ataxia symptoms and daily
life functions in patients with degenerative cerebellar
ataxia (level 2), and in other diseases causing cerebellar
ataxia (level 3). When added to physical therapy, occupa-
tional therapy might improve global functional status, and
occupational therapy alone may diminish symptoms of
depression (level 3). There are insufficient data for speech
and language therapy. Despite the widespread use of allied
health care interventions in cerebellar ataxia, there is a lack
of good quality studies that have evaluated such interven-
tions. We found some support for the implementation of
physical therapy and occupational therapy, but more
research is needed to develop recommendations for clinical
practice.
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Introduction

Ataxia is a neurological symptom that is characterized by
loss of coordination of movements. The term cerebellar
ataxia is used to indicate ataxia that is due to dysfunction of
the cerebellum, which leads to disturbances in gait, balance
and coordination, dexterity, eye movements, and speech.
Ataxic gait is associated with falls and limitations in daily
life [12, 16, 31, 40]. Despite the known impairments in
practice-dependent and adaption motor learning [12, 35,
36, 39, 45, 51, 55], patients with damage of the cerebellum
are capable of learning new strategies and to compensate
for the deficits [31, 35, 37].

There are many causes for cerebellar ataxia, but a
challenging group are the degenerative cerebellar ataxias.
These are progressive, mostly untreatable disorders and
lead to serious deterioration of mobility, independence, and
quality of life [7, 48]. For many patients with ataxia,
regardless of the cause, there are no pharmacological
treatment options. Patients are often referred for allied
health care interventions, which are considered the cor-
nerstone in further management. Physical therapy, speech
therapy, and occupational therapy are expected to prevent
secondary complications and minimize dependency in
daily life in patients with ataxia. However, despite the
common use of allied health care, there is an unclear sci-
entific status with regard to the effectiveness of these
interventions and a lack of evidence-based treatment
guidelines. This obviously results in a marked heteroge-
neity of treatments that patients with this movement dis-
order receive.

As a first step towards a more evidence-based practice,
we systematically evaluated the evidence for allied health
care interventions in cerebellar ataxia.

Methods
Search strategy

A systematic search was performed in the electronic dat-
abases of PubMed, Medline, Embase, Cinahl and Pedro.
Clinical trials were identified using a combination of the
following terms and MeSH terms: cerebellar ataxia, ataxia,
physiotherapy, physical therapy, training, exercise, reha-
bilitation, allied health care, speech therapy, language
therapy, voice therapy, and occupational therapy. The
selected time period was January 1, 1980 to December 31,
2011, and the articles had to be published in English or
Dutch. The retrieved articles were examined for useful
references.
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Selection

Articles were included if they were prospective clinical
trials evaluating the effectiveness of an allied health care
intervention (i.e. physical therapy, speech and language
therapy, or occupational therapy) in patients with cerebel-
lar ataxia, without interfering co-morbidity. The interven-
tions and outcome measures had to be clearly defined in the
article. Studies assessing patients both with and without
cerebellar ataxia were only included if individual data for
the patients with cerebellar ataxia could be extracted. Case
reports or series were considered if at least two different
studies described the same treatment methods.

Evidence grading

The selected articles were assessed by two of the authors
(EF, SK) and the findings of the studies were extracted and
summarized. Both the quality of the study design and the
conclusions were appraised according to the classification
of the levels of evidence using the EBRO classification
(Table 1) of the Dutch Cochrane Centre and the Dutch
Institute for Healthcare Improvement (CBO), member of
the Guidelines International Network (GIN). [8] In case of
disagreement, a third author (BvdW) was consulted to
reach consensus.

Because of a substantial heterogeneity between the
included studies concerning disease entities, treatment
goals, interventions, follow-up period, and outcome mea-
sures, a meta-analysis could not be performed.

Results

An overview of the literature search is shown in Fig. 1. Up
to 409 references per database search were found, of which
33 articles were selected. In addition, five articles were
identified through reference lists. Two articles described
the same study, and were considered as one publication
[26, 27]. Of these selected 37 publications, 11 were
excluded because of the pre-defined selection criteria. Four
studies were excluded because of a retrospective study
design [6, 19, 20, 30], three due to possible interfering co-
morbidity [5, 46, 52], and one for not describing which
interventions were used [50]. One study was excluded
since the effect of the intervention was only observed at
baseline; the follow up period was evaluated by telephone,
with no monitoring of the activities of the participants [15].
We were not able to obtain the full text of two articles
[29, 41]. Of the remaining 26 studies, three did not involve
training, but focused solely on a purely measurable
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Table 1 The EBRO classification

Classification of methodological quality of individual studies

Al Systematic review of at least two independently conducted clinical studies at quality level A2

A2 Randomized double-blind controlled studies of good methodological quality, sufficient power and consistency

B Comparative studies, not reaching the criteria for A2, including studies with retrospective or patient-control group study design
C Non-comparative study design/patient series

D Expert opinion

Classification of the level of scientific evidence

1 Conclusion based on a systematic review at quality level Al or at least two independently conducted clinical studies at quality level A2
2 Conclusion based on a quality level A2 study or at least two independently conducted clinical studies at quality level B

3 Conclusion based on a study at quality level B or C
4

Conclusion based on expert opinion

Fig. 1 Flow diagram of PubMed
literature search. *38 studies, Medline
two considered as one, because Embase
they were of the same study Cinahl
project Pedro

0-409 per search

Selection relevant articles
Removal of duplicates

37 studies*

Removal of retrospective studies (n=4)
Exclusion based on comorbidty (n=3)
Full text unavailable (n=2)

No description of intervention (n=1)
No adequate follow-up (n=1)

9 case reports
different
interventions

: ;

7 studies 3 case series 4 case reports
n=2>5 n=2-4 n=1

l

; ;

3 intraindividual
control design

3 studies
single intervention

A

< 26 studies

4 studies with
control group

kinematic effect of single interventions, and were excluded Finally, 14 studies remained, of which seven studies had
for that reason [4, 10, 43]. Of the 13 selected case reports five or more subjects with cerebellar ataxia [2, 3, 26-28,
[1, 9, 13, 14, 18, 21-25, 32, 44, 47], only four could be 38, 49, 54]. Only four studies could be classified as level B
paired because of similar treatment methods [9, 18, 23, 24].  methodological quality, i.e. they included a control group
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instead of only using within-patient comparisons [2, 28, 38,
54]. Of these four studies, three used randomization either
for the whole or for a part of the intervention [2, 38, 54]
and three involved a blinded assessor [2, 28, 38]. A sum-
mary of the selected articles with at least five subjects is
given in a supplementary Table, Online Resource 1. The
included studies were heterogeneous with respect to diag-
nosis, interventions and outcomes. The interventions
focused on several cerebellar impairments and limitations
in daily life, and varied in frequency, duration and types of
exercises.

Physical therapy

Thirteen studies evaluated the effects of physical therapy
[2,3,9, 11, 15, 18, 23, 24, 26-28, 34, 38, 53, 54], of which
two were in combination with occupational therapy [28,
38]. Of these, six included at least five subjects [2, 3, 15,
26-28, 38, 54]. Four of these studies could be classified as
methodological quality level B (Online Resource 1) [2, 28,
38, 54]. Physical therapy often focused on more than one
domain, e.g. gait, balance, coordination, posture and mus-
cle strengthening. Interventions applied consisted of con-
ventional physical therapy exercises, computer assisted
training, treadmill training, and biofeedback therapy.

Conventional physical therapy exercises

Conventional physical therapy targets at least one of the
following domains: balance, gait, coordination, strength,
endurance, and posture. In the majority of physical therapy
interventions, aids (e.g. a cane or a walking frame) and
physical therapy equipment (e.g. a balance ball, weights or
a treadmill) were used.

In a study combining physical therapy with occupational
therapy in 42 patients with degenerative cerebellar ataxia,
physical therapy, with a focus on balance, gait, general
condition, muscle strength and range of motion, led to a
reduction of ataxia severity and fall frequency, and an
improvement of gait speed and activities of daily living
(ADL), compared to half of the patients (n = 21) who
received the same treatment 4 weeks later. The improve-
ment was more prominent in trunk ataxia than in limb
ataxia. Within-patient comparisons were used to analyse
long-term effects, and showed that patients with mild
ataxia severity experienced a more sustained improvement.
In more than half of the participants, improvement of at
least one item was maintained after half a year [38].
Another study in patients with degenerative cerebellar
ataxia, including ten patients with predominant effects on
the cerebellum and six patients with predominant afferent
ataxia, used coordinative training with the main goal of
being able to activate and engage control mechanisms for
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balance control and multi-joint coordination. Significant
improvements in ADL and in gait and balance parameters,
as well as a reduction of ataxia severity were seen after
4 weeks of training, compared to baseline. Training effects
were more distinct for patients with intact afferent path-
ways. Improvements in motor and ADL performance per-
sisted after 1 year and seemed to be influenced by training
intensity at home [26, 27]. Training balance, gait, and
muscle strength in five patients with chronic ataxia due to
traumatic brain injury, led to an improvement in functional
independence for gait [3].

A study was conducted in 26 patients with ataxia due to
multiple sclerosis (MS), combined coordination exercises,
gait training, balance training, and vestibular exercises.
Significant differences were found in sensory test scores,
anterior balance, gait parameters, diadochokinesis, equi-
librium coordination tests, and Expanded Disability Status
Scale (EDSS), compared to baseline. Limb ataxia was
more resistant to physical therapy than trunk ataxia. Use of
Johnstone Pressure Splints in addition to exercise was of no
further benefit [2].

One study in 37 MS patients with ataxia found that
physical therapy with weighting, together with occupa-
tional therapy, resulted in improvement of functional
ability concerning ADL tasks, fatigue, and physical func-
tioning, compared to patients (n = 9) who did not receive
any intervention. The physical therapy was focused on
promoting normal posture and movement using weight
bearing, damping and weighting, joint approximation and
compression, and stimulating automatic equilibrium reac-
tions using a gymnastic ball [28].

Treadmill training

Treadmill training in two patients with ataxia due to trau-
matic brain injury improved gait and balance parameters
[53]. Locomotor training using bodyweight support on a
treadmill and over-ground walking in a patient with trau-
matic brain injury lead to improvement of balance, gait
parameters, motor tasks and isometric trunk endurance
tests. [18] In a child with severe ataxia after a cerebellar
infarct, bodyweight support on a treadmill and during over-
ground walking improved her walking and transfer abili-
ties. [9].

Relaxation and biofeedback therapy

Three articles suggested a positive effect of biofeedback
therapy in patients with ataxia. [11, 23, 24] In case series
using electromyogram (EMG) biofeedback in three
patients with ataxia due to multiple sclerosis and degen-
erative cerebellar ataxia, subjects were able to reduce the
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amount of inappropriate coactivation of muscles groups
[11]. Relaxation and EMG biofeedback decreased severity
of ataxic tremor in two case reports with patients with
traumatic brain injury [23, 24].

Computer-assisted training

Improved coordination of the upper limbs after training
with adaptive robot therapy was suggested in a study of
eight MS patients with ataxia of the upper limbs. The
training consisted of performing planar reaching move-
ments while grasping a handle of a robotic manipulandum,
which generated forces that either reduced or enhanced the
curvature of the movements [54].

Supervised sports

One study noticed that patients showed improvement of
velocity and speed symmetry in pointing movements of
limbs, balance and manual dexterity after climbing train-
ing. The four participants had upper and lower limb ataxia
of different acquired causes [34].

Occupational therapy

One study assessed the use of occupational therapy for
cerebellar ataxia [49]. Another two evaluated its use
combined with physical therapy [28, 38]. In one study, 26
patients with SCA3 were treated with occupational therapy
alone, using the rehabilitative compensatory model [17].
Hamilton scores for depression improved, but disability
scores and quality of life scores remained stable. Therapy
was adjusted to the needs of the patients [49].

Occupational therapy, combined with physical therapy,
including the provision of equipment and advice on ADL
tasks, led to a significant improvement in speed and ability
of completing ADL tasks in a study with 37 patients with
ataxia due to multiple sclerosis [28].

Intensive rehabilitation with occupational therapy com-
bined with physical therapy was shown to be of benefit in a
study of 42 patients with degenerative cerebellar ataxia.
Occupational therapy focused on ADL tasks, relaxation,
personal hygiene, but also on balance exercises, coordi-
native tasks of the upper limbs and trunk, and dual motor
tasks. Positive effects on functional independence, gait,
ataxia severity and falls were found, and maintained in
more than half of the participants after half a year [38].

Speech and language therapy

Only two case reports described the use of speech and
language therapy, but were not included [44, 47].

Conclusions

Table 2 contains the level of scientific evidence for the
various interventions and shows the etiological category
for which these interventions are applicable. We were not
able to make more than two conclusions at level 2 of the
EBRO classification, meaning they were based on at least
two independently conducted comparative studies, but not
randomized, not double-blind controlled, or with insuffi-
cient power and consistency (Table 1).

Discussion

In a Spanish study of degenerative cerebellar ataxias, the
costs for health care and society were estimated to be
around 24,500 USD per patient per year. The study showed
that a substantial part of the direct healthcare costs was
spent on allied health care [33]. Apparently, patients with
functional impairments due to ataxia are often referred to
allied health care workers and these referrals have become
a sort of routine in the management of these patients. While
an effect of such interventions is anticipated, and already
experienced as such by healthcare workers and patients
alike in daily practice, there is a lack of good quality
clinical trials of the effects of allied health care in patients
with cerebellar ataxia.

Of all allied health disciplines, the efficacy of physical
therapy has been evaluated most. This is in line with other
neurologic conditions, such as stroke and Parkinson’s dis-
ease. Given that balance problems are a hallmark for
ataxia, it was expected that for these disciplines the most
evidence would be found. Most of the studies identified and
graded were case studies, with a moderate to poor quality
of methodology. Moreover, there was a wide variation in
disease entities, sample sizes, types of intervention, and
outcome measures. The duration of the follow-up was
usually short and variable. Based on the relatively poor
quality of the studies that passed our inclusion criteria and
that we have thus reviewed here, we re-examined the ret-
rospective studies we had excluded. However, this pro-
vided no further insight, since they dealt with immediate
stroke recovery (n = 2), involved a non-specified inter-
vention (n = 1), or included an insufficiently characterized
patient group (n = 1) [6, 19, 20, 30].

In general, therapy was tailored to the individual, which
is in agreement with therapeutic principles, but makes it
difficult to generalize these treatment protocols. We have
here lumped the various aetiologies of cerebellar ataxias
together, but we appreciate that aspects such as comorbid
feature, or the intrinsic capacity to improve will differ
per disease. In most trials no control intervention was
used, which complicates the interpretation of whether the
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Table 2 Summary of the level of scientific evidence for the various interventions

Conclusions Diagnosis Level of
scientific
evidence

Physical therapy

Conventional physical therapy

It is plausible that physical therapy improves ataxia severity, balance, gait, fall Degenerative cerebellar ataxia 2
frequency and ADL functioning [26, 27, 38]

Limb ataxia seems to be more resistant to physical therapy compared to trunk Degenerative cerebellar ataxia, MS 2
ataxia [2, 38]

Long-term outcome appears to be influenced by training intensity at home [26, 27] Degenerative cerebellar ataxia

There are indications that training effects are less distinct for patients whose Degenerative cerebellar ataxia
afferent pathways are affected [26, 27]

Patients with mild ataxia seem to be more likely to benefit from physical therapy Degenerative cerebellar ataxia 3
combined with occupational therapy than patients with more severe ataxia [38]

Physical therapy may result in improvement of balance, gait, diadochokinesis and MS 3
EDSS [2]

Use of Johnstone Pressure Splints in addition to physical therapy does not have MS 3
further benefit [2]

Physical therapy may improve gait [3] TBI

Physical therapy with the use of weighting, together with occupational therapy, can MS

result in improvement of functional ability, fatigue and physical functioning [28]

Treadmill training
Treadmill training might improve gait and balance [9, 18, 53] TBI 3
Relaxation and biofeedback therapy

EMG biofeedback may help to reduce the amount of inappropriate coactivation of MS, degenerative cerebellar ataxia 3
muscle groups [11]

Relaxation and EMG biofeedback might decrease severity of ataxic tremor [23, 24] TBI 3

Computer assisted training

Adaptive robot therapy may improve coordination of the upper limbs [54] MS 3

Supervised sports

Climbing training might help to improve pointing movements of limbs, manual Perinatal anoxic encephalopathy, TBI, 3
dexterity and balance [34] stroke, metabolic encephalopathy

Occupational therapy

The use of occupational therapy may diminish symptoms of depression [49] Degenerative cerebellar ataxia
Occupational therapy combined with physical therapy might improve functional =~ MS
status [28]
Occupational therapy combined with physical therapy might improve functional =~ Degenerative cerebellar ataxia 3

independence and gait and diminish ataxia severity and incidence of falls [38]

Speech and language therapy

No conclusion could be made due to insufficient data

MS multiple sclerosis, TBI traumatic brain injury, EMG electromyogram, ADLs activities of daily functioning

observed improvement was related to the specific inter-
vention, to a more generalized and non-specific element of
training, to the natural disease course, or to a placebo effect
such as attention. An interesting finding in one study was
that only depressive symptoms improved, without further
functional benefit of the applied occupational therapy [49].
For future studies, it might be valuable to examine whether
the presence of depressive symptoms influences the
effectiveness of such therapies, or whether possible func-
tional improvements are driven by a reduction of
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depressive symptoms due to the intervention. Similarly, the
influence of cognitive disturbances, which may co-exist in
many diseases that underlie ataxia, should be explored. A
blinded assessor was rarely used, which may have caused
bias during effects measurements. Lastly, there may be a
possible publication bias, as all included studies reported a
positive effect.

So, what are the practical recommendations? Physical
therapy and occupational therapy are recommended in
cerebellar disease, based on two level 2 conclusions for
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physical therapy, and the many level 3 conclusions for
physical therapy and occupational therapy (Table 2).
However, because of the variety of often individualized
interventions and because most of the interventions were
not described in full detail, it is impossible at this stage to
provide a detailed guideline for such a physical therapy
program. The relatively better studies suggest that the
program should be intensive and adjusted to the needs and
limitations of the patient, that patients should be encour-
aged to practice at home, and that treatment should start in
earlier stages of disease, since those patients seem to be
more likely to benefit. Better still is to stimulate the med-
ical community to design and conduct randomized and
controlled trials that explore the effect of allied health care
interventions in neurological conditions such as cerebellar
ataxia. We could learn from the work done in the field of
Parkinson’s disease [42].

Acknowledgments This work was supported by the Royal Dutch
Society for Physical Therapy.

Conflicts of interest
of interest.

The authors declare that they have no conflict

References

1. Ada L, Sherrington C, Canning CG, Dean CM, Scianni A (2009)
Computerized tracking to train dexterity after cerebellar tumour:
a single-case experimental study. Brain Inj 23:702-706
2. Armutlu K, Karabudak R, Nurlu G (2001) Physiotherapy
approaches in the treatment of ataxic multiple sclerosis: a pilot
study. Neurorehabil Neural Repair 15:203-211
3. Balliet R, Harbst KB, Kim D, Stewart RV (1987) Retraining of
functional gait through the reduction of upper extremity weight-
bearing in chronic cerebellar ataxia. Int Rehabil Med 8:148-153
4. Baram Y, Miller A (2006) Virtual reality cues for improvement
of gait in patients with multiple sclerosis. Neurology 66:178-181
5. Battisti C, Toffola ED, Verri AP, Serra E, Dotti MT, Formichi P,
Federico A (1998) Clinical and stabilometric monitoring in a case
of cerebellar atrophy with vitamin E deficiency. Brain Dev
20:253-257
6. Brown KE, Whitney SL, Marchetti GF, Wrisley DM, Furman JM
(2006) Physical therapy for central vestibular dysfunction. Arch
Phys Med Rehabil 87:76-81
7. Brusse E, Brusse-Keizer MG, Duivenvoorden HJ, van Swieten JC
(2011) Fatigue in spinocerebellar ataxia: patient self-assessment
of an early and disabling symptom. Neurology 76:953-959
8. Burgers JS, van Everdingen JJ (2004) Evidence-based guideline
development in the Netherlands: the EBRO platform. Ned Ti-
jdschr Geneeskd 148:2057-2059
9. Cernak K, Stevens V, Price R, Shumway-Cook A (2008) Loco-
motor training using body-weight support on a treadmill in
conjunction with ongoing physical therapy in a child with severe
cerebellar ataxia. Phys Ther 88:88-97
10. Clopton N, Schultz D, Boren C, Porter J, Brillhart T (2003)
Effects of axial weight loading on gait for subjects with cerebellar
ataxia: preliminary findings. Neurol Rep 27:15-21

11.

12.

13.

14.

15.

16.

17.
18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Davis AE, Lee RG (1980) EMG biofeedback in patients with
motor disorders: an aid for co-ordinating activity in antagonistic
muscle groups. Can J Neurol Sci 7:199-206

Dong Y, Winstein CJ, Albistegui-DuBois R, Dobkin BH (2007)
Evolution of FMRI activation in the perilesional primary motor
cortex and cerebellum with rehabilitation training-related motor
gains after stroke: a pilot study. Neurorehabil Neural Repair
21:412-428

Dordel HJ (1987) Mobility training following brain trauma-—
results of intensive individual treatment. Int J Rehabil Res
10:279-290

Fillyaw MJ, Ades PA (1989) Endurance exercise training in
Friedreich ataxia. Arch Phys Med Rehabil 70:786-788

Folz T, Sinaki M (1995) A Nouveau aid for posture training in
degenerative disorders of the central nervous system. J Muscul-
oskelet Pain 3(4):59-69

Fonteyn EM, Schmitz-Hubsch T, Verstappen CC, Baliko L,
Bloem BR, Boesch S, Bunn L, Charles P, Durr A, Filla A, Giunti
P, Globas C, Klockgether T, Melegh B, Pandolfo M, De Rosa A,
Schols L, Timmann D, Munneke M, Kremer BP, van de Warr-
enburg BP (2010) Falls in spinocerebellar ataxias: results of the
EuroSCA Fall Study. Cerebellum 9:232-239

Foster M (2002) Theoretical frameworks. Elsevier, Amsterdam
Freund JE, Stetts DM (2010) Use of trunk stabilization and
locomotor training in an adult with cerebellar ataxia: a single
system design. Physiother Theory Pract 26:447-458

. Gialanella B, Bertolinelli M, Monguzzi V, Santoro R (2005)

Walking and disability after rehabilitation in patients with cere-
bellar stroke. Minerva Med 96:373-378

Gialanella B, Monguzzi V, Santoro R, Bertolinelli M (2007)
Walking and mobility before and after rehabilitation in patients
with infratentorial stroke. Clin Ter 158:297-301

Gibson-Horn C (2008) Balance-based torso-weighting in a
patient with ataxia and multiple sclerosis: a case report. J Neurol
Phys Ther 32:139-146

Goulipian C, Bensoussan L, Viton JM, Milhe-De Bovis V,
Ramon J, Delarque A (2008) Orthopaedic shoes improve gait in
Friedreich’s ataxia: a clinical and quantified case study. Eur J
Phys Rehabil Med 44:93-98

Guercio J, Chittum R, McMorrow M (1997) Self-management in
the treatment of ataxia: a case study in reducing ataxic tremor
through relaxation and biofeedback. Brain Inj 11:353-362
Guercio JM, Ferguson KE, McMorrow MJ (2001) Increasing
functional communication through relaxation training and neu-
romuscular feedback. Brain Inj 15:1073-1082

Harris-Love MO, Siegel KL, Paul SM, Benson K (2004) Reha-
bilitation management of Friedreich ataxia: lower extremity
force-control variability and gait performance. Neurorehabil
Neural Repair 18:117-124

Ilg W, Brotz D, Burkard S, Giese MA, Schols L, Synofzik M
(2010) Long-term effects of coordinative training in degenerative
cerebellar disease. Mov Disord 25:2239-2246

Ilg W, Synofzik M, Brotz D, Burkard S, Giese MA, Schols L (2009)
Intensive coordinative training improves motor performance in
degenerative cerebellar disease. Neurology 73:1823-1830

Jones L, Lewis Y, Harrison J, Wiles C (1996) The effectiveness
of occupational therapy and physiotherapy in multiple sclerosis
patients with ataxia of the upper limb and trunk. Clin Rehabil
10:277-282

Karakaya M, Kose N, Otman S, Ozgen T (2000) Investigation
and comparison of the effects of rehabilitation on balance and
coordination problems in patients with posterior fossa and cere-
bellopontine angle tumours. J Neurosurg Sci 44:220-225

Kelly PJ, Stein J, Shafqat S, Eskey C, Doherty D, Chang Y,
Kurina A, Furie KL (2001) Functional recovery after rehabilita-
tion for cerebellar stroke. Stroke 32:530-534

@ Springer



258

J Neurol (2014) 261:251-258

31.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lacourse MG, Turner JA, Randolph-Orr E, Schandler SL, Cohen
MIJ (2004) Cerebral and cerebellar sensorimotor plasticity fol-
lowing motor imagery-based mental practice of a sequential
movement. J Rehabil Res Dev 41:505-524

. Landers M, Adams M, Acosta K, Fox A (2009) Challenge-ori-

ented gait and balance training in sporadic olivopontocerebellar
atrophy: a case study. J Neurol Phys Ther 33:160-168
Lopez-Bastida J, Perestelo-Perez L, Monton-Alvarez F, Serrano-
Aguilar P (2008) Social economic costs and health-related quality
of life in patients with degenerative cerebellar ataxia in Spain.
Mov Disord 23:212-217

Stephan MA, Krattinger S, Pasquier J, Bashir S, Fournier T,
Ruegg DG, Diserens K (2011) Effect of long-term climbing
training on cerebellar ataxia: a case series. Rehabil Res Pract
2011:525879

Martin TA, Keating JG, Goodkin HP, Bastian AJ, Thach WT
(1996) Throwing while looking through prisms. I. Focal olivo
cerebellar lesions impair adaptation. Brain 119(Pt 4):1183-1198
Maschke M, Gomez CM, Ebner TJ, Konczak J (2004) Hereditary
cerebellar ataxia progressively impairs force adaptation during
goal-directed arm movements. J Neurophysiol 91:230-238
Matsumura M, Sadato N, Kochiyama T, Nakamura S, Naito E,
Matsunami K, Kawashima R, Fukuda H, Yonekura Y (2004)
Role of the cerebellum in implicit motor skill learning: a PET
study. Brain Res Bull 63:471-483

Miyai I, Ito M, Hattori N, Mihara M, Hatakenaka M, Yagura H,
Sobue G, Nishizawa M (2011) Cerebellar ataxia rehabilitation
trial in degenerative cerebellar diseases. Neurorehabil Neural
Repair 26(5):515-522

Molinari M, Leggio MG, Solida A, Ciorra R, Misciagna S, Silveri
MC, Petrosini L (1997) Cerebellum and procedural learning: evi-
dence from focal cerebellar lesions. Brain 120(Pt 10):1753-1762
Morton SM, Bastian AJ (2007) Mechanisms of cerebellar gait
ataxia. Cerebellum 6:79-86

Mulligan H, Mills K, Pascoe O, Smith M (1999) Physiotherapy
treatment for a child with non-progressive congenital ataxia. New
Zealand J Physiother 27(3):34—41

Munneke M, Nijkrake MJ, Keus SH, Kwakkel G, Berendse HW,
Roos RA, Borm GF, Adang EM, Overeem S, Bloem BR, Par-
kinsonNet Trial Study G (2010) Efficacy of community-based
physiotherapy networks for patients with Parkinson’s disease: a
cluster-randomised trial. Lancet Neurol 9:46-54

Okajima Y, Chino N, Noda Y, Takahashi H (1990) Accelero-
metric evaluation of ataxic gait: therapeutic uses of weighting and
elastic bandage. Int Disabil Stud 12:165-168

@ Springer

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Perlmutter E, Gregory PC (2003) Rehabilitation treatment
options for a patient with paraneoplastic cerebellar degeneration.
Am J Phys Med Rehabil 82:158-162

Rabe K, Livne O, Gizewski ER, Aurich V, Beck A, Timmann D,
Donchin O (2009) Adaptation to visuomotor rotation and force
field perturbation is correlated to different brain areas in patients
with cerebellar degeneration. J Neurophysiol 101:1961-1971
Richards L, Senesac C, McGuirk T, Woodbury M, Howland D,
Davis S, Patterson T (2008) Response to intensive upper
extremity therapy by individuals with ataxia from stroke. Top
Stroke Rehabil 15:262-271

Sapir S, Spielman J, Ramig LO, Hinds SL, Countryman S, Fox C,
Story B (2003) Effects of intensive voice treatment (the Lee
Silverman Voice Treatment [LSVT]) on ataxic dysarthria: a case
study. Am J Speech Lang Pathol 12:387-399

Schmitz-Hubsch T, Coudert M, Giunti P, Globas C, Baliko L,
Fancellu R, Mariotti C, Filla A, Rakowicz M, Charles P, Ribai P,
Szymanski S, Infante J, van de Warrenburg BP, Durr A, Tim-
mann D, Boesch S, Rola R, Depondt C, Schols L, Zdzienicka E,
Kang JS, Ratzka S, Kremer B, Schulz JB, Klopstock T, Melegh
B, du Montcel ST, Klockgether T (2010) Self-rated health status
in spinocerebellar ataxia-results from a European multicenter
study. Mov Disord 25:587-595

Silva RC, Saute JA, Silva AC, Coutinho AC, Saraiva-Pereira ML,
Jardim LB (2010) Occupational therapy in spinocerebellar ataxia
type 3: an open-label trial. Braz J Med Biol Res 43:537-542
Sliwa JA, Thatcher S, Jet J (1994) Paraneoplastic subacute cer-
ebellar degeneration: functional improvement and the role of
rehabilitation. Arch Phys Med Rehabil 75:355-357

Smith MA, Shadmehr R (2005) Intact ability to learn internal
models of arm dynamics in Huntington’s disease but not cere-
bellar degeneration. J Neurophysiol 93:2809-2821

Stoykov ME, Stojakovich M, Stevens JA (2005) Beneficial
effects of postural intervention on prehensile action for an indi-
vidual with ataxia resulting from brainstem stroke. NeuroReha-
bilitation 20:85-89

Vaz DV, Schettino Rde C, Rolla de Castro TR, Teixeira VR,
Cavalcanti Furtado SR, de Mello Figueiredo E (2008) Treadmill
training for ataxic patients: a single-subject experimental design.
Clin Rehabil 22:234-241

Vergaro E, Squeri V, Brichetto G, Casadio M, Morasso P, Solaro
C, Sanguineti V (2010) Adaptive robot training for the treatment
of incoordination in Multiple Sclerosis. J Neuroeng Rehabil 7:37
Werner S, Bock O (2010) Mechanisms for visuomotor adaptation
to left-right reversed vision. Hum Mov Sci 29:172-178



	The effectiveness of allied health care in patients with ataxia: a systematic review
	Abstract
	Introduction
	Methods
	Search strategy
	Selection
	Evidence grading

	Results
	Physical therapy
	Conventional physical therapy exercises
	Treadmill training
	Relaxation and biofeedback therapy
	Computer-assisted training
	Supervised sports

	Occupational therapy
	Speech and language therapy

	Conclusions
	Discussion
	Acknowledgments
	References


