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Abstract Although exercise therapy is considered part of the treatment of neuropathic
patients, and somatosensory input is essential for motor learning, performance and neural
plasticity, rehabilitation of patients with sensory ataxia has received little attention so far.
The aim of this prospective pilot study was to explore the short- and medium-term efficacy
of a 3-week intensive balance and treadmill exercise program in chronic ataxic neuropathy
patients; 20 consecutive patients with leg overall disability sum score (ODSS-leg) ≥2,
absent/mild motor signs, clinical and therapeutic stability ≥4 months were enrolled.
Evaluations were done at baseline, at the end of treatment and at 3- and 6-month follow-up.
Outcome measurements included: ODSS-leg, Berg balance scale, 6-min walk distance, and
the functional independence measure (FIM) scale. The short-form-36 health status scale
(SF-36) was used to measure health-related quality of life (HRQoL). ODSS-leg improved
significantly compared with baseline, 3 weeks, 3 months (primary outcome), and 6 months
follow-up. A significant improvement in all functional secondary outcome measurements
and in some SF-36 subscales was also observed. This pilot study suggests that balance
exercise is safe and well tolerated and might be effective in ameliorating disability and
HRQoL in patients with chronic peripheral sensory ataxia.
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Introduction

Peripheral neuropathies are a wide range of dis-
eases affecting the peripheral nerves, whose esti-
mated prevalence is 2%–3% in the general popu-
lation and as high as 8% in people over the age
of 55 years (England and Asbury, 2004). Functional
impairment may contribute to persistent disability and
reduced autonomy, which might in turn lead to obe-
sity, increased risk of cardiovascular disease, and
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reduced health-related quality of life (HRQoL) (McDon-
ald, 2002; Graham et al., 2007; van Schie, 2008). While
exercise therapy is considered to be part of the treat-
ment for people with peripheral neuropathy (Hughes
et al., 2006), few studies have evaluated the effect of
exercise on functional recovery in patients affected by
sensory–motor neuropathies (Lindeman et al., 1995;
Ruhland and Shields, 1997; Richardson et al., 2001).
Furthermore, despite the fact that somatosensory
input is essential for accurate motor performance
(Pearson, 2000), learning new motor skills (Pavlides
et al., 1993) and neural plasticity and recovery after
injury (Krivanekova et al., 2011), there has been only
one study focusing on the short-term effect of a bal-
ance rehabilitation program in peripheral neuropathy
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and multiple sclerosis patients with sensory ataxia
(Missaoui and Thoumie, 2009). Hence, the aim of this
prospective, single centre pilot study was to explore
the short- and medium-term clinical effect of an inten-
sive exercise program in a group of patients exhibiting
chronic peripheral sensory ataxia, which represents a
relatively rare subgroup of patients within the spectrum
of peripheral neuropathies (Sheikh and Amato, 2010).

Materials and Methods

Subjects

Twenty consecutive patients with a clinical diag-
nosis of chronic sensory ataxia caused by peripheral
nervous system disease of any etiology were included
in this study (Fig. S1, Supporting information). Patients
provided informed consent to the study, approved
by the local ethic committee. Inclusion and exclusion
criteria were:

• Age 18–80 years old.
• Sensory symptoms and signs predominant over

motor symptoms and signs. Patients should be
strong enough to stand on their heels and toes, and
have leg muscles Medical Research Council (MRC)
strength grade ≥4.

• No change in self reported disability or medication in
the previous 4 months.

• Electrodiagnostic tests consistent with a diag-
nosis of chronic peripheral neuropathy/sensory
neuronopathy (Kimura, 1993; Camdessanche et al.,
2009). Patients exhibiting signs of active denervation
at electromyography were excluded.

• Leg overall disability sum score (ODSS-leg)
subscale ≥2.

• Patients who had not already performed within
12 months before screening or were not already
regularly performing an exercise therapy program.

• Patients presenting any other neurological,
musculoskeletal, or medical disorders that
would influence outcome-measure scoring were
excluded.

Therapy exercises

The exercise therapy was performed in the
hospital gymnasium. Each patient underwent 30
sessions, 2 sessions daily (morning and after-
noon) for five consecutive days. Each patient’s
treatment lasted three consecutive weeks (week-
end excluded). All components of the exercise
session were prescribed by a physiotherapist, ensur-
ing that participants could perform each exercise
effectively and safely. The morning session was
specifically devoted to balance training. Each exercise

session was individually tailored and designed to take
approximately 1 h. Static and dynamic exercises were
considered under different conditions, the complexity
of the task progressively increasing: bipedal, tandem,
and unipedal stance; eyes open/closed; stable and
unstable surfaces; stepping forward and sideways;
with or without obstacles. The afternoon session was
devoted to treadmill training: walking sessions lasted
20 min of exercise (gradually increased to 30 min, from
session to session, if possible) plus 10 min of warm up
and warm down. Walking speed, treadmill incline, and
upper limb support were individually tailored.

Assessments

Patient evaluations were performed at the start of
the study period (baseline), at 3 weeks (end of treat-
ment), and at 3- and 6-month of follow-up. Disability,
or activity limitation, was measured using the ODSS
(Merkies et al., 2002a; Merkies and Schmitz, 2006). As
rehabilitation treatment was focused on balance and
walking exercises, ODSS-leg and ODSS-arm subscales
were considered separately. The primary outcome was
the improvement in ODSS-leg at 3-month follow-up
(range: 0–7).

Other secondary outcome measurements
included the Berg balance scale (Berg et al., 1992), the
6-min walk distance (Enright, 2003), and the functional
independence measure (FIM) (Dodds et al., 1993)
scales. Muscle strength was evaluated with the MRC
sum score (12 muscles) (Muley et al., 2008), while
sensory impairment was monitored with the inflam-
matory neuropathy cause and treatment group (INCAT)
sensory sum score (ISS) (Merkies et al., 2000). The
self-administered Medical Outcome Study 36-item
short-form health status scale (SF-36) was used to
measure HRQoL (Merkies et al., 2002b). The 36 items
were aggregated to score the eight scales and in turn
to calculate the physical component summary score
(PCS) and the mental component summary score
(MCS) (Ware et al., 2000; Padua et al., 2005). Two inde-
pendent evaluators, blinded for treatment allocation
and for any other ratings, took all the measurements:
a neurologist rated ODSS, MRC sum score, and ISS
sensory sum score, while a physiotherapist rated Berg
balance scale, 6-min walk distance and FIM. Patients
were kept blinded for the results of earlier evaluations
and unaware of the study hypothesis.

Statistical analysis

For sample size calculation, being ODSS=
ODSS-leg+ODSS-arm, we assumed the ODSS-leg
standard deviation (SD) less than or equal to ODSS
SD and considered, based on historical data on ODSS,
a SD of 0.84 for our primary end-point, ODSS-leg
(Merkies et al., 2002a; Kuitwaard et al., 2010). To

146

 15298027, 2014, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jns5.12065 by Jurnal Internasional - N

orthern A
rizona U

niversity , W
iley O

nline L
ibrary on [03/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

kxdigital.biz.id

Downloaded from https://jurna.pages.dev · For personal use only

kxdigital.biz.id
Downloaded from https://jurna.pages.dev — For personal use only


Riva et al. Journal of the Peripheral Nervous System 19:145–151 (2014)

Table 1. Efficacy of exercise in sensory ataxic patients.

Baseline (N=20) 3 weeks (N=20) 3 months (N=20) 6 months (N=19)
Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD)

ODSS-leg [median, IQR] 2.7 (0.7) [3, 1] 1.9 (0.6)*** [2, 1] 2.0 (0.8)** [2, 2 ] 1.9 (0.7)** [2,1]
ODSS-arm [median, IQR] 1.6 (0.9) [2, 1] 1.5 (0.8) [2, 1] 1.6 (0.9) [2, 1] 1.5 (0.8) [2, 1]

BBS 40.1 (12.3) 47.4 (10.4)*** 46.5 (10.7)*** 44.7 (10.7)*

6MWD 279.7 (112.4) 335.2 (98.9)** 323.9 (111.8)* 322.2 (96.6)*

FIM 112.3 (8.6) 116.5 (7.1)** 119.0 (5.8)** 118.7 (6.1)**

MRCss 95.6 (5.5) 96.1 (5.3) 95.4 (5.8) 95.5 (5.7)
ISS 8.9 (4.2) 8.9 (4.2) 9.0 (4.3) 9.1 (4.5)

SF-36

PCS 33.0 (6.1) 35.7 (7.8) 36.2 (8.4)* 34.0 (7.6)
MCS 41.1 (11.6) 46.4 (11.4) 44.8 (12.1) 42.3 (12.3)

PF 40.3 (19.8) 51.5 (20.0)* 49.5 (21.1) 43.1 (21.4)

RP 13.8 (28.6) 27.5 (37.1) 35.0 (39.2)* 25.0 (34.4)

SF 52.5 (26.5) 63.1 (27.0)* 63.1 (25.5)* 54.4 (25.4)

arm, arm disability scale (range 0–5) (higher values indicate more limitations); ANOVA, analysis of variance; BBS, Berg balance scale (range:
0–56) (higher scores indicate greater independence); FIM, functional independence measure (range: 18–126) (higher values indicate greater
independence); IQR, interquartile range; ISS, INCAT sensory sum score (range 0–20) (higher scores indicate more sensory deficits); leg, leg
disability scale (range: 0–7); 6MWD, 6-min walk distance (m); MCS, mental component summary; MRCss, Medical Research Council sum
score (range 0–100) (higher sum score values indicate better muscle strength); ODSS, overall disability sum score; PCS, physical component
summary; PF, physical functioning; RP, role functioning-physical; SD, standard deviation; SF, social functioning, (range 0–100) (higher scores
indicate better health); SF-36, Medical Outcome Study 36-item short-form health status scale. Bold: primary outcome.
*p<0.05.
**p<0.005.
***p<0.0005 vs. baseline examination after repeated measure ANOVA (or Friedman test), followed by Bonferroni (or Wilcoxon) post hoc tests.
ODSS-leg: 𝜒2

(3) =36.11, p< 0.0001; BBS: 𝜒2
(3) =27.03, p<0.0001; 6MWD: F (3, 57)=5.855, p= 0.0052; FIM: 𝜒2

(3) =20.78, p=0.0001; PCS: F (3,

57)=2.854, p=0.045; PF: F (3, 57)=4.272, p=0.0086; RP: 𝜒2
(3) =7.95, p= 0.0469; SF: 𝜒2

(3) =8.63, p=0.0346.

detect a change >1 point in ODSS-leg, a sample
of 18 patients was required to provide a 95% sta-
tistical power (𝛼 = 0.05). To allow for a dropout
rate of 10%, we aimed to enroll 20 patients. The
data of all the patients included in the study were
considered for efficacy evaluation; a last-observation
carried forward approach was used, if required.
All results are presented as mean±SD or median
(range), unless otherwise stated. For continuous
and normally distributed (as assessed with the
Kolmogorov–Smirnov test) variables, results after
intervention were analysed using repeated measures
analysis of variance (ANOVA) to determine differ-
ences among the four evaluation times (baseline,
3 weeks, 3 months, and 6 months). When the spheric-
ity assumption, verified using the Mauchly’s criterion,
was rejected, the Greenhouse–Geisser correction was
applied. Post hoc analysis was carried out using the
Bonferroni test, in order to detect significant changes
compared with baseline examination. For the other
variables, results after intervention were analysed
using non-parametric repeated measures ANOVA
(Friedman test), followed by Wilcoxon signed-rank
post hoc test, as appropriate. Confidence limits (95%)
of the mean or median changes between baseline and
time of observation were calculated. Statistical signif-
icance was considered at p< 0.05. All statistical tests
were performed using SPSS software (Technologies,
Inc., Chicago, IL, USA).

Results

Patients

About 350 patients have been screened. Baseline
characteristics of patients are shown in Table 1. The
etiologic diagnosis of the patients included was as
follows: idiopathic neuropathy (N= 7); neuropathy
associated with anti-myelin-associated glycopro-
tein antibodies (N= 5); alcohol/nutritional deficiency
(N= 3); chronic inflammatory demyelinating polyneu-
ropathy (CIDP, N= 2); stable residual functional
impairment after acute inflammatory demyelinat-
ing polyneuropathy (disease stability: 20 months,
N= 1); neuropathy associated with rheumatoid arthri-
tis (N= 1); and neuropathy associated with chronic
hepatitis C virus infection (N=1). All of the 20 patients
completed the entire rehabilitation program; two
patients affected by CIDP relapsed in the period
between 3- and 6-month follow-ups and were treated
with intravenous immunoglobulin therapy. One of
these patients was lost at the 6-month follow-up. The
exercise therapy resulted safe and well tolerated for
all training group patients.

Improvement in activity and impairment
measures

Outcome measure results are shown in
Table 1. After exercise patients showed a significant
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change – over time – in ODSS-leg, Berg balance
scale, 6-min walk distance, and FIM scores (Fig. 1).

The median ODSS-leg value was 3 (interquartile
range [IQR]: 1, mean: 2.7) at baseline (3= usually
uses unilateral support to walk 10 m), improving to a
median value of 2 (IQR: 1) (2=walks independently
but gait looks abnormal) at 3 weeks (p< 0.0001),
3-month (primary outcome; p= 0.001) and 6-month
follow-up (p= 0.001) (mean ODSS-leg values: 1.9,
2.0, and 1.9, respectively) (Merkies et al., 2002a). The
mean improvement for ODSS-leg at 3 months was
−0.62 (95% confidence interval [CI]: −0.83 to −0.41)
(Fig. 1A, Table S1).

Secondary outcome measures analysis showed
a significant improvement compared with baseline
for Berg balance scale, 6-min walk distance and FIM
at 3 weeks (p= 0.0001, 0.0030, and 0.0008, respec-
tively), at 3-month (p= 0.0004, 0.0084, and 0.0020,
respectively) and at 6-month follow-up (p= 0.020,
0.014, and 0.0045, respectively) (Figs. 1B–D). The
mean Berg balance scale value at baseline was 40.1
(SD= 12.3), improving to 46.5 (SD= 10.7) at 3-month
follow-up (mean improvement: 6.4; 95% CI: 3.3–9.5).
The mean 6-min walk distance at baseline was
279.7 m (SD=112.4) improving to 323.9 m (SD= 111.8)
at 3-month follow-up (mean improvement: 44.2 m;
95% CI: 19.2–69.3). The mean FIM value at baseline
was 112.3 (SD= 8.6), improving to 119.0 (SD= 5.8) at
3-month follow-up (mean improvement: 6.7; 95% CI:
3.2–10.1).

No significant changes over time were found for
ODSS-arm and for both the impairment measurements
MRC sum score and ISS sensory sum score.

Improvement in HRQoL measurements

Changes in patients’ HRQoL measurements for
each scale of the SF-36 are shown in Table 1. After
exercise, a general increase in HRQoL was observed
(Fig. 2). A significant change over time was observed
for the summary measure PCS, the physical function-
ing (PF), the role functioning-physical (RF), and the
social functioning (SF) scales. Compared with base-
line, for the PCS summary score the improvement
was significant at 3-month follow-up (p= 0.023); for the
PF scale the improvement was significant at 3-week
follow-up (p=0.0016); for the role functioning-physical
scale (RP) the improvement reached statistical signif-
icance at 3-month follow-up (p=0.026), while for the
social functioning (SF) the improvement was signifi-
cant at 3-week (p=0.038) and at 3-month follow-up
(p= 0.015).

Discussion

This pilot study showed that a 3-week inten-
sive balance and treadmill exercise program is safe
and well tolerated and suggests potential efficacy in
ameliorating disability and functioning in a group of
patients affected by disabling, chronic peripheral sen-
sory ataxia. Although some studies demonstrated the
effectiveness of exercise therapy in subgroups of
sensory–motor neuropathies (Lindeman et al., 1995;
Ruhland and Shields, 1997; Richardson et al., 2001;
Graham et al., 2007), or in subjects with type-2 dia-
betes mellitus (Allet et al., 2010a; 2010b), here patients
with sensory ataxia were specifically selected. Only
one recent study has demonstrated efficacy of bal-
ance rehabilitation, immediately after intervention, in
a group of ataxic patients with both neuropathy
and multiple sclerosis (Missaoui and Thoumie, 2009).
After exercise, the disability measurement ODSS-leg
improved significantly, not only at the end of the
intervention period, but at 3-month (primary outcome)
and 6-month follow-up. The median ODSS-leg value
improved from 3 to 2, which corresponds to going
from using a device for unilateral support to not
using a device. Although this could have been due
to encouragement by therapists or initial over-reliance
on devices, a consistent improvement of balance,
as measured by the Berg balance scale, of walking
speed, as measured by the 6-min walk distance, and
of the functional scale FIM was also observed, thus
making this single hypothesis unsatisfactory. On the
contrary, no significant improvement in arm disabil-
ity (ODSS-arm) was observed. This finding indirectly
confirms the specific efficacy of the exercise pro-
gram, as no upper-limb exercise regimen was per-
formed. Moreover, measurements of motor and sen-
sory impairment did not change over time, thus making
the hypothesis that the improvements might be sec-
ondary to an intrinsic amelioration of the neuropathy
unlikely. As somatosensory input is essential for neural
plasticity and recovery after injury (Krivanekova et al.,
2011), the explanation of the results of our study are
not obvious. Possible interpretations of the functional
recovery might be enhanced vestibular or visual sys-
tem balance control compensation (Diener and Dich-
gans, 1988; Stenneken et al., 2006), reconditioning, or
increased capacity of patients to anticipate balance per-
turbations (Horak and Hlavacka, 2001; Nardone et al.,
2010), even though we cannot exclude the effect
of proprioceptive stimulation of more proximal limb
segments. Although improvement remained signifi-
cant till 6-month follow-up, some treatment benefit
was lost over time. This might be due to not only
the natural history of the underlying neurological dis-
ease, but also to the limits of the intervention exercise
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(A) (B)

(D)(E)

Figure 1. Functional measure changes over time after exercise in sensory ataxic neuropathic patients. There is a significant
change over time, compared with baseline examination, of the functional measures ODSS-leg (A), BBS (B), 6MWD (C) and
FIM (D). ODSS-leg, overall disability sum score, leg subscale; BBS, Berg balance scale; 6MWD, 6-min walk distance; FIM,
functional independence measure scale. *p< 0.05, **p<0.005, ***p< 0.0005 vs. baseline examination. Values are mean±1
SEM.

program design, which did not include any system-
atic exercise maintenance programs after completion
of hospital-based rehabilitation.

Disability and functional recovery was accompa-
nied by an improvement of HRQoL, and specifically of
the summary score PCS at 3-month follow-up and of
the PF scale at the end of the rehabilitation period;
the same scales were improved after a community
based exercise intervention in patients with stable
motor inflammatory neuropathy (Graham et al., 2007).
We also observed a significant improvement of the
RF scale, consistent with a previous study (Ruhland
and Shields, 1997). The improvement was significant
at 3-month follow-up, but not at 3-week, coherently
with the assumption that the RF scale would measure
self-perception of physical disability pertaining to prob-
lems with work or other regular daily activities (Ware
et al., 2000).

The concept of the minimum clinically important
difference (MCID) represents the smallest improve-
ment considered worthwhile by a patient and has been
introduced as a way of overcoming the shortcomings
of the “statistically significant difference” (Copay et al.,
2007). Although there is no literature consensus either
on the definitions or in methodology for determining
MCID, it has been found that the value of 0.5 SD
corresponded to the MCID across a variety of studies
(Norman et al., 2003; Revicki et al., 2008). According

to this definition, most of the above-reported 3-month
improvements would be considered as clinically
meaningful.

Among the strengths of this single centre pilot
study is that, differently from previous reports, we
selected a study population of neuropathic patients
whose functional impairment was secondary to sen-
sory ataxia, and not to muscle weakness. More-
over, follow-up was longer and impairment, functional,
disability, and HRQoL measurements were included
as outcome measures. However, the study design
was influenced by recognised factors which make
recruitment into a randomised research study difficult
(McDonald, 2002; White et al., 2004; Graham et al.,
2007). The nature of exercise interventions is such
that randomisation to intervention vs. control groups
may not be acceptable to many participants and may
interfere with aspects of the complex intervention pre-
scribed (Hawe et al., 2004; Graham et al., 2007). More-
over, sensory ataxic neuropathic patients, with stable
disease and no disqualifying medical conditions, are
relatively rare, further limiting the study’s sample size.
The nature of the study also made it not possible to
blind patients and treating therapists; however, two
independent evaluators, maintained blinded as much
as possible, rated the different outcome measures and
results were consistent. We therefore acknowledge
that the design chosen introduces potential bias and
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(A)

(B)

Figure 2. Quality of life improvement in the training group. After a 3-week intensive exercise program, a general improvement
of mean Medical Outcome Study 36-item short-form health status scale (SF-36) summary scores (A) and scales (B) values is
observed. There is a significant improvement in the summary measure physical component summary score (PCS) at 3-month
follow-up (A); the improvement in the physical functioning (PF) scale is significant at the end of treatment, the improvement
in the Role-physical scale (RP) is significant at 3-month follow-up, the improvement of the social functioning scale (SF) is
significant at 3-week and 3-month follow-up. *p<0.05 vs. baseline examination.

that the interpretation of the results should be viewed
with appropriate caution.

In conclusion, this pilot study suggests that a
3-week intensive balance and treadmill exercise is safe
and well tolerated and might be effective in amelio-
rating disability, functioning and HRQoL in patients
affected by chronic peripheral sensory ataxia, thus sup-
porting the need for larger, randomised, controlled clin-
ical trials in order to prove the efficacy of this therapeu-
tic approach. Furthermore, the specific contribution of
balance training in patients affected by sensory–motor
neuropathy, in which disability is secondary to both
muscle weakness and sensory ataxia, will also need
to be assessed.

References
Allet L, Armand S, Aminian K, Pataky Z, Golay A, de Bie RA,

de Bruin ED (2010a). An exercise intervention to improve
diabetic patients’ gait in a real-life environment. Gait Posture
32:185–190.

Allet L, Armand S, de Bie RA, Golay A, Monnin D, Aminian K,
Staal JB, de Bruin ED (2010b). The gait and balance of patients

with diabetes can be improved: a randomised controlled trial.
Diabetologia 53:458–466.

Berg KO, Wood-Dauphinee SL, Williams JI, Maki B (1992).
Measuring balance in the elderly: validation of an instrument.
Can J Public Health 83(Suppl 2):S7–S11.

Camdessanche JP, Jousserand G, Ferraud K, Vial C, Petiot P,
Honnorat J, Antoine JC (2009). The pattern and diagnostic
criteria of sensory neuronopathy: a case-control study. Brain
132:1723–1733.

Copay AG, Subach BR, Glassman SD, Polly DW Jr, Schuler
TC (2007). Understanding the minimum clinically important
difference: a review of concepts and methods. Spine J
7:541–546.

Diener HC, Dichgans J (1988). On the role of vestibular, visual
and somatosensory information for dynamic postural control
in humans. Prog Brain Res 76:253–262.

Dodds TA, Martin DP, Stolov WC, Deyo RA (1993). A validation
of the functional independence measurement and its perfor-
mance among rehabilitation inpatients. Arch Phys Med Reha-
bil 74:531–536.

England JD, Asbury AK (2004). Peripheral neuropathy. Lancet
363:2151–2161.

Enright PL (2003). The six-minute walk test. Respir Care
48:783–785.

150

 15298027, 2014, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jns5.12065 by Jurnal Internasional - N

orthern A
rizona U

niversity , W
iley O

nline L
ibrary on [03/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

kxdigital.biz.id

Downloaded from https://jurna.pages.dev · For personal use only

kxdigital.biz.id
Downloaded from https://jurna.pages.dev — For personal use only


Riva et al. Journal of the Peripheral Nervous System 19:145–151 (2014)

Graham RC, Hughes RA, White CM (2007). A prospective study
of physiotherapist prescribed community based exercise in
inflammatory peripheral neuropathy. J Neurol 254:228–235.

Hawe P, Shiell A, Riley T (2004). Complex interventions: how
“out of control” can a randomised controlled trial be? BMJ
328:1561–1563.

Horak FB, Hlavacka F (2001). Somatosensory loss increases
vestibulospinal sensitivity. J Neurophysiol 86:575–585.

Hughes RA, Bouche P, Cornblath DR, Evers E, Hadden RD,
Hahn A, Illa I, Koski CL, Leger JM, Nobile-Orazio E, Pol-
lard J, Sommer C, Van den Bergh P, van Doorn PA, van
Schaik IN (2006). European Federation of Neurological Soci-
eties/Peripheral Nerve Society guideline on management of
chronic inflammatory demyelinating polyradiculoneuropathy:
report of a joint task force of the European Federation of Neu-
rological Societies and the Peripheral Nerve Society. Eur J
Neurol 13:326–332.

Kimura J (1993). Nerve conduction studies and electromyogra-
phy. In: Peripheral Neuropathy. Dyck PJ, Thomas PK, Low PA,
Griffin JW, Poduslo JF (Eds). WB Saunders, Philadelphia, pp
598–644.

Krivanekova L, Lu MK, Bliem B, Ziemann U (2011). Modulation
of excitability in human primary somatosensory and motor
cortex by paired associative stimulation targeting the primary
somatosensory cortex. Eur J Neurosci 34:1292–1300.

Kuitwaard K, van den Berg LH, Vermeulen M, Brusse E, Cats
EA, van der Kooi AJ, Notermans NC, van der Pol WL, van
Schaik IN, van Nes SI, Hop WC, van Doorn PA (2010).
Randomised controlled trial comparing two different intra-
venous immunoglobulins in chronic inflammatory demyelinat-
ing polyradiculoneuropathy. J Neurol Neurosurg Psychiatry
81:1374–1379.

Lindeman E, Leffers P, Spaans F, Drukker J, Reulen J, Kerckhoffs
M, Koke A (1995). Strength training in patients with myotonic
dystrophy and hereditary motor and sensory neuropathy: a
randomized clinical trial. Arch Phys Med Rehabil 76:612–620.

McDonald CM (2002). Physical activity, health impairments, and
disability in neuromuscular disease. Am J Phys Med Rehabil
81:S108–S120.

Merkies IS, Schmitz PI (2006). Getting closer to patients: the
INCAT overall disability sum score relates better to patients’
own clinical judgement in immune-mediated polyneu-
ropathies. J Neurol Neurosurg Psychiatry 77:970–972.

Merkies IS, Schmitz PI, van der Meche FG, van Doorn PA
(2000). Psychometric evaluation of a new sensory scale
in immune-mediated polyneuropathies. Inflammatory Neu-
ropathy Cause and Treatment (INCAT) Group. Neurology
54:943–949.

Merkies IS, Schmitz PI, van der Meche FG, Samijn JP, van Doorn
PA (2002a). Clinimetric evaluation of a new overall disability
scale in immune mediated polyneuropathies. J Neurol Neu-
rosurg Psychiatry 72:596–601.

Merkies IS, Schmitz PI, van der Meche FG, Samijn JP, van Doorn
PA (2002b). Quality of life complements traditional outcome
measures in immune-mediated polyneuropathies. Neurology
59:84–91.

Missaoui B, Thoumie P (2009). How far do patients with sensory
ataxia benefit from so-called “proprioceptive rehabilitation”?
Neurophysiol Clin 39:229–233.

Muley SA, Kelkar P, Parry GJ (2008). Treatment of chronic
inflammatory demyelinating polyneuropathy with pulsed oral
steroids. Arch Neurol 65:1460–1464.

Nardone A, Godi M, Artuso A, Schieppati M (2010). Balance
rehabilitation by moving platform and exercises in patients
with neuropathy or vestibular deficit. Arch Phys Med Rehabil
91:1869–1877.

Norman GR, Sloan JA, Wyrwich KW (2003). Interpretation of
changes in health-related quality of life: the remarkable uni-
versality of half a standard deviation. Med Care 41:582–592.

Padua L, Sabatelli M, Evoli A, Pazzaglia C, Tonali P (2005).
Intravenous immunoglobulin treatment in autoimmune neu-
rological disorders--effects on quality of life. Hum Immunol
66:417–421.

Pavlides C, Miyashita E, Asanuma H (1993). Projection from the
sensory to the motor cortex is important in learning motor
skills in the monkey. J Neurophysiol 70:733–741.

Pearson K (2000). Motor systems. Curr Opin Neurobiol
10:649–654.

Revicki D, Hays RD, Cella D, Sloan J (2008). Recommended
methods for determining responsiveness and minimally
important differences for patient-reported outcomes. J Clin
Epidemiol 61:102–109.

Richardson JK, Sandman D, Vela S (2001). A focused exercise
regimen improves clinical measures of balance in patients
with peripheral neuropathy. Arch Phys Med Rehabil
82:205–209.

Ruhland JL, Shields RK (1997). The effects of a home exercise
program on impairment and health-related quality of life
in persons with chronic peripheral neuropathies. Phys Ther
77:1026–1039.

van Schie CH (2008). Neuropathy: mobility and quality of life.
Diabetes Metab Res Rev 24(Suppl 1):S45–S51.

Sheikh SI, Amato AA (2010). The dorsal root ganglion under
attack: the acquired sensory ganglionopathies. Pract Neurol
10:326–334.

Stenneken P, Prinz W, Bosbach S, Aschersleben G (2006). Visual
proprioception in the timing of movements: evidence from
deafferentation. Neuroreport 17:545–548.

Ware JEJ, Kosinski M, Gandek B (2000). SF-36® Health Survey:
Manual and Interpretation Guide. Lincoln, RI: QualityMetric
Inc.

White CM, Pritchard J, Turner-Stokes L (2004). Exercise for
people with peripheral neuropathy. Cochrane Database Syst
Rev 4:CD003904.

Supporting Information

Additional Supporting Information may be found in the online
version of this article:

Figure S1. Study flow chart. Patient recruitment was per-
formed according to pre-established inclusion and exclu-
sion criteria. *Two patients affected by chronic inflammatory
demyelinating neuropathy relapsed and were treated with
intravenous immunoglobulin therapy; one of them was lost
at follow-up.

Table S1. Efficacy of exercise in sensory ataxic patients.
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