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This chapter of the Clinical Management Guidelines for Friedreich Ataxia and the recommendations
and best practice statements contained herein were endorsed by the authors and the Friedreich
Ataxia Guidelines Panel in 2022.
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Disclaimer

The Clinical Management Guidelines for Friedreich ataxia (‘Guidelines’) are protected by copyright
owned by the authors who contributed to their development or said authors’ assignees.

These Guidelines are systematically developed evidence statements incorporating data from a
comprehensive literature review of the most recent studies available (up to the Guidelines
submission date) and reviewed according to the Grading of Recommendations, Assessment
Development and Evaluations (GRADE) framework © The Grade Working Group.

Guidelines users must seek out the most recent information that might supersede the diagnostic
and treatment recommendations contained within these Guidelines and consider local variations
in clinical settings, funding and resources that may impact on the implementation of the
recommendations set out in these Guidelines.

The authors of these Guidelines disclaim all liability for the accuracy or completeness of the
Guidelines, and disclaim all warranties, express or implied to their incorrect use.

Intended Use

These Guidelines are made available as general information only and do not constitute medical
advice. These Guidelines are intended to assist qualified healthcare professionals make informed
treatment decisions about the care of individuals with Friedreich ataxia. They are not intended as
a sole source of guidance in managing issues related to Friedreich ataxia. Rather, they are
designed to assist clinicians by providing an evidence-based framework for decision-making.

These Guidelines are not intended to replace clinical judgment and other approaches to
diagnosing and managing problems associated with Friedreich ataxia which may be appropriate in
specific circumstances. Ultimately, healthcare professionals must make their own treatment
decisions on a case-by-case basis, after consultation with their patients, using their clinical
judgment, knowledge and expertise.

Guidelines users must not edit or modify the Guidelines in any way — including removing any
branding, acknowledgement, authorship or copyright notice.

Funding

The authors of this document gratefully acknowledge the support of the Friedreich Ataxia
Research Alliance (FARA). The views and opinions expressed in the Guidelines are solely those of
the authors and do not necessarily reflect the official policy or position of FARA.
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3.1 Upper limb dysfunction in Friedreich ataxia

Tennille J. Rowland, Louise Corben, Ellen W. Goh, David J. Szmulewicz and Manuela
Corti

This chapter describes the effects of Friedreich ataxia on upper limb function, the functional
consequences of these effects, and strategies for managing upper limb dysfunction. In making
recommendations for management of upper limb dysfunction, the authors were tasked with
answering the question:

For individuals with Friedreich ataxia, what management strategies could be implemented for
upper limb dysfunction?

3.1.1 Upper limb function in Friedreich ataxia

Despite the potential negative impact on function, independence and quality of life, there have been
few studies examining motor function of the upper limbs in people with Friedreich ataxia (FRDA).
Moreover, there has been little systematic evaluation of the motor components of upper limb
function in FRDA that contribute to decline in functional capacity. Evaluation of upper limb
dysfunction can be more difficult than that of the lower limbs as the upper limbs are used to
perform complex and multidimensional tasks, including reaching, grasping and stabilizing, as well as
fine manipulation. Ataxia, apparent in the upper limb as dysmetria and dysdiadochokinesia, is the
most common presenting symptom of FRDA (1) and has a profound impact on fine motor dexterity,
manipulation and hand function. In addition, the complex multi-system involvement of the disease
impacts upper limb function across multiple domains.

Corben and colleagues (2) have systematically evaluated the motor components of the distal upper
limb in 19 individuals with FRDA by examining spasticity, strength and range of motion. Individuals
with FRDA present with an unusual pattern of upper limb hypertonicity that appears to
predominantly affect long finger flexors. Associated weakness of lumbrical and interrosei muscles,
sensory changes, incoordination and potential bony changes such as subluxation of the
metocarpopharangeal joints, further compound useful hand and arm function (2). The study showed
that spasticity and weakness in the dominant hand are significant predictors of reduced functional
independence (2). Amyotrophy is commonly observed in the lumbricals, interossei and extensor
musculature of the wrist and fingers (3). Such underlying weakness is an important component of
loss of hand function and should be factored into any potential interventions. In addition, loss of
light touch, pain, and temperature sensation contribute to afferent ataxia (4), while loss of joint and
vibratory senses (5) further compound upper limb difficulty.

In summary, the combination of ataxia, weakness, sensory changes and potential spasticity can have
a devastating impact on upper limb function in individuals with FRDA warranting regular and
proactive assessment and management.

3.1.2 Functional consequences of disturbance of upper limb function

Optimum upper limb function for people with FRDA is an essential component of daily function. For
example, the capacity to use a keyboard is crucial for those in whom profound dysarthria precludes
comprehensible speech. Moreover, those individuals who have lost the capacity to walk depend on
robust upper limb function to propel their wheelchair and participate in daily tasks including feeding
and dressing. As the disease progresses, individuals with FRDA often lose functional use of their arms
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rendering them dependent on others for the most basic of self-care activity. Unpublished data from
119 individuals with FRDA who completed the Friedreich Ataxia Impact Scale (FAIS) (6) indicated that
completing intricate upper limb tasks are often problematic, such as taking a spoon to the mouth
(rated as problematic for 88% of participants), writing (87%) and picking things up (84%). Likewise, in
a recent study examining the efficacy of electrical stimulation to improve upper limb function,
individuals with FRDA reported limitations with fastening (zippers, buttons); manipulating (taps,
keys, packets, pages); grasping (toothbrush, cutlery, cup, pen); and accessing technology (typing,
phone) (7).

In the electrical stimulation study, results from the Functional Independence Measure (FIM) (8)
indicate that individuals with FRDA experience some degree of difficulty with eating, grooming,
bathing, dressing, toileting, transfers and mobility, all of which are impacted by reduced upper limb
function (7). Specifically, using the Goal Attainment Scale (GAS) (9), individuals identified functional
activities that were difficult to complete, including the following tasks affected by reduced upper
limb function:

- typing using a tablet or keyboard

- reaching for a drinking vessel

- self-propelling a wheelchair

- using cutlery

- picking up and holding a mobile phone (7).

In the 2017 “The Voice of the Patient” meeting (10), nearly 90% of individuals with FRDA reported
issues with manual dexterity, apparent as difficulty in performing tasks such as dressing and eating,
reinforcing the profound impact upper limb impairment has on the functional capacity of a person
living with FRDA.

3.1.3 Management of upper limb dysfunction

Despite the significance of the problem, there is little evidence to support specific upper limb
management techniques. Expert authors reviewed the following general upper limb interventions
for similar neurological conditions.

3.1.3.1 Intensive upper limb rehabilitation

Intensive upper limb rehabilitation broadly describes techniques that aim to improve upper limb
movement. Different training regimes have been employed for upper limb neurorehabilitation,
ranging from more traditional strategies of repetitive task training to newer techniques emphasizing
the learning and practice of functional motor skills within a “task-specific” context (11-13). There is
no definitive agreement on which exercise therapy program can be considered most successful in
improving activities and participation; however, it is well established that task-specific practice is
required for motor learning to occur (14). Several techniques (or combination of techniques) were
examined during the guideline development. To assist interpretation of the Recommendations, short
descriptions of the techniques follow.

Combined upper limb and breathing exercise program

Grubic and colleagues (15, 16) implemented a combined upper limb and breathing exercise program
under physiotherapist guidance with exercises targeting upper limb range of motion, coordination
and strengthening exercises with minimal resistance. Breathing exercises included diaphragmatic
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and thoracic breathing. Additionally, a home exercise program was performed independently (15,
16).

Home based upper limb training program

Oritz Rubio and colleagues (17) employed a home-based upper limb training program that was
individually developed and supervised by an occupational therapist or physiotherapist. Each session
involved three parts: fine motor exercises (performed with resistance therapeutic putty); dexterity
and coordination exercises (based on handling activities); and strengthening exercises (performed
with elastic bands). Each session ended with upper limb stretching exercises (17).

Task specific upper limb rehabilitation

Task orientated training involves integrating tasks that are relevant to daily life into rehabilitation
programs (18) and consists of motor tasks that are focused on improvement of performance and
function through goal-directed practice and repetition (19).

Bonzano and colleagues (13, 20) designed a rehabilitation protocol with exercises to improve
proprioceptive sensibility, muscle strength, stability and coordination of the upper limbs with the
goal to improve activities of daily living. Boffa and colleagues (21) also engaged participants in task
orientated exercises to improve motor control.

Passive upper limb rehabilitation

Passive intervention, as employed by Boffa and colleagues (21) and Bonzano and colleagues (13, 20),
utilized a physiotherapist to help the patient perform tasks without detectable muscle activity. This
was achieved by passive mobilization of the shoulder, elbow, wrist and fingers (13, 20, 21).

Combined task specific, repetitive task training and general exercise program

The rehabilitation program employed by Nociti’s study group (22) involved specific exercises for the
upper limb and a standard exercise program. The upper limb training component included exercises
for improving functional use and coordination, repetitive activity based training and somatosensory
stimulation. The standard exercise program included techniques for improving posture, stretches,
weight bearing, positioning and splinting for hypertonicity, proximal stability and coordination.

Combined arm cycling and task specific upper limb training

Gervasconi and colleagues (23) trialed arm cycling (using an arm ergometer) and task orientated
training. The task orientated protocol included unimanual/bimanual exercises to improve
proprioception, muscle strength, stability and coordination of the upper limbs. The activities
selected where based on participant goals and aligned with a task orientated approach (23).

Arm and hand intensive therapy could be helpful for anyone with Friedreich Ataxia whose arms and

hands are affected, but particularly in the early stage of the disease.

3.1.3.2 Sensory specific training

Given the potential impact of sensory loss on upper limb function, sensory specific training was
considered. Sensory specific rehabilitation can be divided into either active sensory training (manual
exploration of objects with the hand) or passive sensory training (24-26). The studies reviewed here
are categorized as passive sensory training techniques, as briefly described below.

Wearable proprioceptive stabilizer: a device that emits focal mechanical vibrations to the person
wearing the device with the aim of improving limb ataxia (27).
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Controlled whole-body vibration training: involves trainees standing on a vibration platform where
mechanical vibrations are transmitted to the person with the aim of leading to physiological and
neuromuscular changes (28).

Augmented transcutaneous electrical nerve stimulation (aTENS): involves continuous asymmetrical
biphasic pulses of current delivered through pairs of electrodes. The level of electrical stimulation
engages a broad range of sensory nerve fibers that produce a tingling sensation with minimal levels
of discomfort (29).

At this point in time, based on very little research evidence, sensory therapy has no clear advantages
or disadvantages for improving upper limb function in individuals with FRDA.

3.1.3.3 Splinting

Splinting involves the application of an external force to the upper limb with the expectation that
muscle length will be maintained and therefore contracture prevented (30). It is typically employed
as an adjunct hypertonicity intervention. There are three main theoretical approaches to splinting:
biomechanical (promoting musculoskeletal integrity); neurophysiological (regulating sensory input);
and restorative (30). Individual assessment within the domains of impairment, activity and
participation, with consideration of personal and situational factors should guide decisions about
splint design, positioning and wearing regimes (30).

3.1.3.4 Pharmacological agents

Baclofen

Baclofen is used to treat the symptoms of spasticity, in particular the relief of spasms and
concomitant pain, clonus and muscular rigidity. Baclofen belongs to a class of drugs called skeletal
muscle relaxants. The precise mechanism of action of baclofen is not fully known. Baclofen is
capable of inhibiting both monosynaptic and polysynaptic reflexes at the spinal level
(https://www.rxlist.com/baclofen-drug.htm#description).

Botulinum toxin type A

Botulinum toxin type A is a prescription medication used to treat the symptoms of spasticity and
belongs to a class of drugs called neuromuscular blockers. Botulinum toxin type A for injection is a
sterile, vacuum-dried purified botulinum toxin type A and is intended for intramuscular use
(https://www.rxlist.com/botox-drug.htm#dosage).

Botulinum toxin type A has not been shown to improve upper extremity functional abilities, or range
of motion at a joint affected by fixed contracture. The clinical experience of the expert authors
suggests caution against the use of botulinum toxin for management of upper limb spasticity in
FRDA as the unmasking of underlying weakness may diminish what little hand function remains.

3.1.3.5 Neuromodulation

Neuromodulation is an emerging treatment modality that is divided into invasive and non-invasive
stimulation techniques (31). These applications either stimulate or block the flow of action
potentials through the nervous system (32) and complement conventional neurorehabilitation
therapies. The techniques reviewed here are categorized as non-invasive and are summarized
below.
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Electrical stimulation and functional electrical stimulation

Electrical stimulation (ES) and functional electrical stimulation (FES) are non-invasive
neuromodulation techniques whereby electrical current stimulates muscle contraction via surface
electrodes. The aim of ES is to strengthen targeted muscles, increase or maintain muscle range,
decrease spasticity, and improve contractile properties. FES involves ES delivered during the
performance of a functional activity, with the aim to improve performance of that specific activity
(7). Standard contraindications and precautions for the use of ES, including absent or diminished
sensation, poor skin integrity, pregnancy and the ability to self-monitor, should be comprehensively
assessed before application.

Cerebellar transcranial direct current stimulation

Cerebellar transcranial direct current stimulation (tDCS) is a non-invasive application of a low
intensity (1-2 mA) steady current through a surface electrode over the cerebellum which has been
demonstrated to elicit changes in cerebellar excitability in a polar-specific manner (33, 34).

Cerebellar transcranial magnetic stimulation

Cerebellar transcranial magnetic stimulation (cTMS) is a non-invasive technique applied over the
cerebellum contralateral to the most clinically affected side. It uses a double cone coil oriented at a
tangent to the scalp capable of reaching the deeper brain structures such as the dentate nucleus. It
aims to correct disrupted cerebellar networks to enable symptomatic control (35). In this study,
where cTMS was administered to 24 patients with ataxia, no severe side effects were reported.
However, nine patients presented with mild side effects (five after active cTMS and four after sham)
(35).

Cerebello-spinal transcranial direct current stimulation

Cerebello-spinal tDCS is a combined treatment of cerebellar anodal tDCS and spinal cathodal tDCS.
tDCS is delivered by a battery-driven constant current stimulator through a pair of surface sponge
electrodes. The anode is placed on the scalp over the cerebellum area and the cathode is positioned
over the spinal lumbar enlargement. The aim of the treatment is to modulate cerebello-motor
connectivity (36).

Note: these techniques are also discussed in Chapter 3.11: Cognitive function in Friedreich ataxia.

Presently there is little evidence to guide the use of tDCS and TMS for upper limb dysfunction in
FRDA and further research is warranted. However, based on benefits seen under trial conditions
(unpublished), electrical stimulation may be considered for the management of upper limb function
in individuals with FRDA in a clinical setting, with appropriate evaluation prior to treatment, careful
monitoring during treatment and identification of realistic goals of treatment.

Best practice statement
At a minimum, annual comprehensive assessment of upper limb function should be conducted by

a multidisciplinary team to optimize independence and minimize the effects of primary and
secondary symptoms of Friedreich ataxia (5).
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Recommendations

Grading for strength of recommendation and level of evidence

For the rating of the strength of the recommendation, in addition to evidence from studies in FRDA,
evidence from like conditions, clinical experience and expert consensus are taken into account when
published evidence is not available.

The level of evidence is based on published evidence from studies in FRDA. If there is no published
evidence in FRDA, evidence from other like conditions or clinical expertise may have been used to

make the recommendation — this is graded as ‘very low’ or in some cases ‘low’ level evidence. See

the table below for an explanation of the symbols used to grade recommendations.

Strength of recommendation Symbol Level of evidence | Symbol
Strong for intervention ™ High DODD
Conditional for intervention T™ Moderate Y @)
Neither intervention nor — Low 100
comparison

Conditional against intervention J Very low 000
Strong against intervention NN

Upper limb rehabilitation

Should intensive (upper limb) rehabilitation versus no rehabilitation be Strength | Level of
used for all individuals with Friedreich ataxia? evidence

We conditionally recommend intensive upper limb rehabilitation for ™ 000

individuals with Friedreich ataxia in a clinical setting.

Justification: We have conditionally endorsed intensive upper limb rehabilitation for individuals
with Friedreich ataxia based on strong evidence in like populations, the clinical reasoning of
experienced clinicians and the potential harm of not providing the intervention.

Subgroup considerations: We consider that intensive upper limb rehabilitation may be
particularly beneficial in the early stage of the disease and for individuals with a point mutation.

Sensory specific training

Should sensory specific training versus no training be used for all Strength | Level of
individuals with Friedreich ataxia? evidence
We cannot recommend either the use or non-use of sensory specific — 000

training of the upper limbs for individuals with Friedreich ataxia in a
clinical setting.

Justification: We acknowledge the role of sensory input, particularly proprioception, on upper
limb functional task performance and that sensory specific training attempts to mitigate the loss
of sensation. However, the pathology of sensory impairment in Friedreich ataxia is different to like
populations and therefore we are unable to say that sensory impairment secondary to Friedreich
ataxia is amenable to intervention.
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Subgroup considerations: None

Upper limb splinting/orthoses

Should upper limb splinting/orthoses versus no splinting/orthoses be Strength | Level of
used for Individuals with spasticity, spasm, contracture with Friedreich evidence
ataxia?

We conditionally recommend considering upper limb splinting/orthoses | 000

for individuals with Friedreich ataxia who experience spasticity, spasm
or contracture.

Justification: Clinical experience indicates judicious use of customized orthoses may assist in the
management of spasticity and prevention of contracture. Upper limb splinting /orthoses should
be an adjunct to other therapies such as a hand exercise program incorporating stretch and
strengthening (as indicated). Consideration should also be given to ensuring the device does not
interfere with active movement opportunities. An assessment of sensation, skin integrity and the
ability to monitor the correct device positioning (either self-monitoring or a carer) should also
inform decision making.

Subgroup considerations: This recommendation is for individuals with Friedreich ataxia with
upper limb spasticity, spasm or contracture.

Pharmacological agents

Should pharmacological (baclofen, botulinum toxin) to manage upper Strength | Level of
limb function versus no pharmacological be used for Individuals with evidence
spasticity, spasm with Friedreich ataxia?

We recommend against the use of pharmacological agents (baclofen NANY OO0
and botulinum toxin) for specific management of upper limb function in
individuals with Friedreich ataxia experiencing spasticity and spasm.

Justification: This recommendation was made in the absence of any evidence for the intervention
(pharmacological therapy) and clinical experience of undesirable effects associated with the use of
botulinum toxin for upper limb spasticity and spasm in individuals with Friedreich ataxia.
Anecdotally, baclofen can have multisystem effects which have potential to compromise postural
control, alertness and swallowing safety. Non-pharmacological management strategies should be
used for upper limb spasticity or spasm.

Subgroup considerations: This recommendation is for individuals with Friedreich ataxia with
spasticity or spasm, for management of upper limb function.

Neuromodulation

Should neuromodulation (i.e. stimulation, tDCS, TMS) versus none be Strength | Level of
used for all individuals as indicated with Friedreich ataxia? evidence
We conditionally recommend considering electrical stimulation (but not = 000

tDCS or TMS) for management of upper limb function in individuals
with Friedreich ataxia in a clinical setting, with appropriate evaluation
prior to treatment.

Justification: Anecdotal observations whilst administering electrical stimulation (ES)/functional
electrical stimulation (FES) under trial conditions reinforce the importance of using clinical
reasoning to guide the treatment and that the intervention needs to be driven by a suitably
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qualified clinician. Setting and adjusting the stimulation parameters requires careful consideration
and monitoring for fatigue effects. Identification of realistic upper limb functional goals is
particularly important.

Subgroup considerations: Pilot data (unpublished) indicates ES/FES may improve upper limb
function in individuals with later stage Friedreich ataxia.

There are well documented contraindications for ES/FES and screening for these indications is
part of routine clinical care. Sensation should be comprehensively evaluated prior to commencing
ES and skin integrity should be carefully monitored. Access to carer support for the application of
ES/FES is essential.

Lay summary

Lay summary of clinical recommendations for upper limb dysfunction in Friedreich
ataxia

Why these recommendations?

These recommendations are for the best ways to manage the arms and hands for people with
Friedreich ataxia.

Intensive therapy

Regular exercises for the arms and hands are helpful for people with Friedreich ataxia, particularly
in the early stages of the disease. The benefits of arm and hand exercise may be greater than not
having any arm and hand exercise therapy.

Sensory therapy

Exercises that improve the way the hands are able to feel everyday objects can sometimes be
helpful in other conditions. However, it is not clear whether these types of exercises could help
individuals with Friedreich ataxia.

Splinting/orthoses (braces that hold the arm in a position)

Customised splints or orthoses should be considered for arm and hand positioning when the
hands and wrists are becoming more flexed because the overall benefits outweigh possible harms
of not wearing a splint.

Pharmacological (medication such as baclofen and botulinum toxin)

Medications such as baclofen or botulinum toxin for tightness only in the arms and hands is not
recommended because the harm they can cause may be greater than not having medication.
Using baclofen or botulinum toxin for the legs and feet is not considered to have much effect on
the arms and hands.

Neuromodulation (including electrical stimulation of the arms and brain)

Electrical stimulation therapy for the arms and hands is helpful for some people with Friedreich
ataxia, but is not suitable for everyone. You should speak to your occupational therapist or
physiotherapist to see if this intervention is appropriate for you. Other kinds of neuromodulation
such as electrical stimulation of the brain through the scalp are not available as a therapy and are
still being researched.

What does this mean for you as a person living with Friedreich ataxia or caring for someone
living with Friedreich ataxia?
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Arm and hand management is complex so it is important to speak with your healthcare
professional, such as your occupational therapist or physiotherapist, about what it means for you.

How your arms and hands are managed depends on how they are affected and the impacts on
how you use your hands and arms in daily life.

Seeing a healthcare professional with skills in this area is important to make sure you are getting
the right treatment for your specific needs.

Who are these recommendations specifically for?

These recommendations are for all people with Friedreich ataxia who experience problems with
their arms and hands.

Author details

Louise Corben, PhD
Principal Research Fellow, Murdoch Children's Research Institute, Melbourne, Victoria, Australia
Email: louise.corben@mcri.edu.au

Manuela Corti, P.T., PhD
Assistant Professor, University of Florida, Gainesville, Florida, USA
Email: m.corti@peds.ufl.edu

Ellen W. Goh, BAppSc(OccTherapy)
Neurosciences Clinical Lead Occupational Therapist, Monash Health, Melbourne, Victoria, Australia
Email: ellen.goh@monashhealth.org

Tennille J. Rowland, MPhil, Grad Cert OT (Neuro Rehab), BOccThy

Advanced Occupational Therapist, Royal Brisbane & Women’s Hospital, Brisbane, Queensland,
Australia

Email: Tennille.Rowland@health.qld.gov.au

David J. Szmulewicz, MBBS, PhD, FRACP
Neurologist, The Florey Institute of Neuroscience and Mental Health, Melbourne, Victoria, Australia

Email: dsz@me.com

References

1. Delatycki MB, Corben LA. Clinical features of Friedreich ataxia. J Child Neurol. 2012;27(9):1133-
7.

2. Corben LA, Yiu EM, Tai G, Milne SC, Lynch B, Delatycki MB. Probing the multifactorial source of
hand dysfunction in Friedreich ataxia. J Clin Neurosci. 2019;64:71-6.

3. Pandolfo M. Friedreich Ataxia: the clinical picture. J Neurol. 2009;256:3-8.

4. Schulz JB, Boesch S, Burk K, Durr A, Giunti P, Mariotti C, et al. Diagnosis and treatment of
Friedreich ataxia: a European perspective. Nat Rev Neurol. 2009;5(4):222-34.

5. Milne S, Campagna E, Delatycki MB, Corben LA. Rehabilitation in Friedreich ataxia. In: lansek R,
Morris ME, editors. Rehabilitation in movement disorders. Cambridge: Cambridge University
Press; 2013. p. 185-202.

6. TaiG, Yiu EM, Corben LA, Delatycki MB. A longitudinal study of the Friedreich Ataxia Impact
Scale. J Neurol Sci. 2015;352(1-2):53-7.

7. Rowland TJ, O'Sullivan ID, Delatycki MB, Strong J, Corben LA. Electrical stimulation to improve
upper limb function in people with Friedreich ataxia (unpublished data).

11 Clinical Management Guidelines for Friedreich Ataxia, 2022


mailto:louise.corben@mcri.edu.au
mailto:m.corti@peds.ufl.edu
mailto:ellen.goh@monashhealth.org
mailto:Tennille.Rowland@health.qld.gov.au
mailto:dsz@me.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

12

Chapter 3.1: Neurological components of Friedreich ataxia — Upper limb dysfunction

Linacre JM, Heinemann AW, Wright BD, Granger CV, Hamilton BB. The structure and stability of
the Functional Independence Measure. Arch Phys Med Rehabil. 1994;75(2):127-32.
Turner-Stokes L. Goal attainment scaling (GAS) in rehabilitation: a practical guide. Clin Rehabil.
2009;23(4):362-70.

The Voice of the Patient: Summary report from an externally led patient-focused drug
development initiative - Friedreich's ataxia 2017 [Available from:
https://curefa.org/news/friedreich-s-ataxia-voice-of-the-patient-report.

Solari A, Filippini G, Gasco P, Colla L, Salmaggi A, La Mantia L, et al. Physical rehabilitation has a
positive effect on disability in multiple sclerosis patients. Neurology. 1999;52(1):57-62.
Spooren Al, Timmermans AA, Seelen HA. Motor training programs of arm and hand in patients
with MS according to different levels of the ICF: a systematic review. BMC Neurol. 2012;12:49.
Bonzano L, Tacchino A, Brichetto G, Roccatagliata L, Dessypris A, Feraco P, et al. Upper limb
motor rehabilitation impacts white matter microstructure in multiple sclerosis. Neuroimage.
2014;90:107-16.

Schmidt RA, Lee TD. Motor control and learning: a behavioural emphasis. 4th ed. Champaign, IL:
Human Kinetics; 2005.

Grubic Kezele T, Babic M, Kauzlaric-Zivkovic T, Gulic T. Combined upper limb and breathing
exercise programme for pain management in ambulatory and non-ambulatory multiple sclerosis
individuals: part Il analyses from feasibility study. Neurol Sci. 2020;41(1):65-74.

Grubic Kezele T, Babic M, Stimac D. Exploring the feasibility of a mild and short 4-week
combined upper limb and breathing exercise program as a possible home base program to
decrease fatigue and improve quality of life in ambulatory and non-ambulatory multiple
sclerosis individuals. Neurol Sci. 2019;40(4):733-43.

Ortiz-Rubio A, Cabrera-Martos |, Rodriguez-Torres J, Fajardo-Contreras W, Diaz-Pelegrina A,
Valenza MC. Effects of a home-based upper limb training program in patients with multiple
sclerosis: A randomized controlled trial. Arch Phys Med Rehabil. 2016;97(12):2027-33.

Van Peppen RP, Kwakkel G, Wood-Dauphinee S, Hendriks HJ, Van der Wees PJ, Dekker J. The
impact of physical therapy on functional outcomes after stroke: what's the evidence? Clin
Rehabil. 2004;18(8):833-62.

Hubbard lJ, Carey LM, Budd TW, Levi C, McElduff P, Hudson S, et al. A randomized controlled
trial of the effect of early upper-limb training on stroke recovery and brain activation.
Neurorehabil Neural Repair. 2015;29(8):703-13.

Bonzano L, Pedulla L, Tacchino A, Brichetto G, Battaglia MA, Mancardi GL, et al. Upper limb
motor training based on task-oriented exercises induces functional brain reorganization in
patients with multiple sclerosis. Neuroscience. 2019;410:150-9.

Boffa G, Tacchino A, Sbragia E, Schiavi S, Droby A, Piaggio N, et al. Preserved brain functional
plasticity after upper limb task-oriented rehabilitation in progressive multiple sclerosis. EurJ
Neurol. 2020;27(1):77-84.

Nociti V, Prosperini L, Ulivelli M, Losavio FA, Bartalini S, Caggiula M, et al. Effects of
rehabilitation treatment of the upper limb in multiple sclerosis patients and predictive value of
neurophysiological measures. Eur J Phys Rehabil Med. 2016;52(6):819-26.

Gervasoni E, Cattaneo D, Bertoni R, Grosso C, Bisio A, Rovaris M, et al. Effect of arm cycling and
task-oriented exercises on fatigue and upper limb performance in multiple sclerosis: a
randomized crossover study. Int J Rehabil Res. 2019;42(4):300-8.

Carlsson H, Rosen B, Pessah-Rasmussen H, Bjorkman A, Brogardh C. SENSory re-learning of the
UPPer limb after stroke (SENSUPP): study protocol for a pilot randomized controlled trial. Trials.
2018;19(1):229.

Kessner SS, Bingel U, Thomalla G. Somatosensory deficits after stroke: a scoping review. Top
Stroke Rehabil. 2016;23(2):136-46.

Schabrun SM, Hillier S. Evidence for the retraining of sensation after stroke: a systematic
review. Clin Rehabil. 2009;23(1):27-39.

Clinical Management Guidelines for Friedreich Ataxia, 2022


https://curefa.org/news/friedreich-s-ataxia-voice-of-the-patient-report

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

13

Chapter 3.1: Neurological components of Friedreich ataxia — Upper limb dysfunction

Leonardi L, Aceto MG, Marcotulli C, Arcuria G, Serrao M, Pierelli F, et al. A wearable
proprioceptive stabilizer for rehabilitation of limb and gait ataxia in hereditary cerebellar
ataxias: a pilot open-labeled study. Neurol Sci. 2017;38(3):459-63.

Yang F, Estrada EF, Sanchez MC. Vibration training improves disability status in multiple
sclerosis: A pretest-posttest pilot study. J Neurol Sci. 2016;369:96-101.

Almuklass AM, Capobianco RA, Feeney DF, Alvarez E, Enoka RM. Sensory nerve stimulation
causes an immediate improvement in motor function of persons with multiple sclerosis: A pilot
study. Mult Scler Relat Disord. 2020;38:101508.

Copely J, Kuipers K. Neurorehabilitation of the upper limb across the lifespan: Managing
hypertonicity for optimal function: Wiley-Blackwell; 2014.

Paik N-J. Applications of neuromodulation in neurology and neurorehabilitation. In: Knotkova H,
Rasche D, editors. Textbook of Neuromodulation. New York: Springer; 2015. p. 211-46.

Luan S, Williams I, Nikolic K, Constandinou TG. Neuromodulation: present and emerging
methods. Front Neuroeng. 2014;7:27.

Galea JM, Jayaram G, Ajagbe L, Celnik P. Modulation of cerebellar excitability by polarity-
specific noninvasive direct current stimulation. J Neurosci. 2009;29(28):9115-22.

Benussi A, Koch G, Cotelli M, Padovani A, Borroni B. Cerebellar transcranial direct current
stimulation in patients with ataxia: A double-blind, randomized, sham-controlled study. Mov
Disord. 2015;30(12):1701-5.

Franca C, de Andrade DC, Silva V, Galhardoni R, Barbosa ER, Teixeira MJ, et al. Effects of
cerebellar transcranial magnetic stimulation on ataxias: A randomized trial. Parkinsonism Relat
Disord. 2020;80:1-6.

Benussi A, Dell'Era V, Cantoni V, Bonetta E, Grasso R, Manenti R, et al. Cerebello-spinal tDCS in
ataxia: A randomized, double-blind, sham-controlled, crossover trial. Neurology.
2018;91(12):e1090-e101.

Clinical Management Guidelines for Friedreich Ataxia, 2022



	Clinical Management Guidelines for Friedreich Ataxia
	Chapter 3.1. Upper limb dysfunction in Friedreich ataxia
	3.1 Upper limb dysfunction in Friedreich ataxia
	3.1.1 Upper limb function in Friedreich ataxia
	3.1.2 Functional consequences of disturbance of upper limb function
	3.1.3 Management of upper limb dysfunction
	3.1.3.1 Intensive upper limb rehabilitation
	Combined upper limb and breathing exercise program
	Home based upper limb training program
	Task specific upper limb rehabilitation
	Passive upper limb rehabilitation
	Combined task specific, repetitive task training and general exercise program
	Combined arm cycling and task specific upper limb training

	3.1.3.2 Sensory specific training
	3.1.3.3 Splinting
	3.1.3.4 Pharmacological agents
	Baclofen
	Botulinum toxin type A

	3.1.3.5 Neuromodulation
	Electrical stimulation and functional electrical stimulation
	Cerebellar transcranial direct current stimulation
	Cerebellar transcranial magnetic stimulation
	Cerebello-spinal transcranial direct current stimulation

	Best practice statement
	Recommendations
	Grading for strength of recommendation and level of evidence
	Upper limb rehabilitation
	Sensory specific training
	Upper limb splinting/orthoses
	Pharmacological agents
	Neuromodulation

	Lay summary

	Author details
	References


