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Abstract
Background and Purpose. There are few studies on possible effects of physiotherapy for adults with muscular
dystrophy. The aim of this study was to examine if treatment based on the Bobath concept may influence specific
gait parameters in some of these patients. Methods. A single-subject experimental design with A–B–A–A phases
was used, and four patients, three with limb-girdle muscular dystrophy (LGMD) and one with fascioscapulohumeral muscular dystrophy (FSHD), were included. The patients had 1 hour of individually tailored physiotherapy
at each working day for a period of 3 weeks. Step length, step width and gait velocity were measured during the
A–B–A–A phases by use of an electronic walkway. Walking distance and endurance were measured by use of the
‘6 minute walk test’. Results. The three LGMD patients, who initially walked with a wide base of support, had a
narrower, velocity-adjusted step width after treatment, accompanied with the same or even longer step length.
These changes lasted throughout follow-up. Moreover, two of the patients were able to walk a longer distance within
6 minutes after the treatment period. The fourth patient (with FSHD) had a normal step width at baseline, which
did not change during the study. Conclusions. The results indicate that physiotherapy treatment based on the
Bobath concept may influence the gait pattern in patients with LGMD. However, in order to evaluate the effectiveness of physiotherapy to patients with muscular dystrophies, we call for larger studies and controlled trials.
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Introduction
Muscle dystrophy is a group of inherited disorders, all
characterized by variable degrees and distribution of
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muscle wasting and weakness (Bakker et al., 1995;
Emerly, 2002). Muscular dystrophies include limbgirdle muscular dystrophy (LGMD), where weakness
affects mainly the proximal limb-girdle musculature,
Physiother. Res. Int. 16 (2011) 20–31 © 2010 John Wiley & Sons, Ltd.

K. Øygard et al.

and fascioscapulohumeral muscular dystrophy (FSHD),
where the facial and shoulder girdle, but later also the
leg and pelvic muscles become involved (Emerly, 2002).
In both LGMD and FSHD, the progression of weakness
is usually slow and occurs over years. Several genes that
cause the disorders have been identified, but so far the
identification of these gene/protein abnormalities has
not changed patient care. Thus, because no curative
genetic or pharmaceutical treatments are available, care
is directed at the symptomatic impairments (Pandya
et al., 2008; Stübgen, 2008).
Physiotherapy may be important in order to maintain as much muscle function as possible, and help the
patients to function at their highest level within the
constraints imposed by the disorders. Previous studies
have shown that exercise can improve muscle strength
and endurance in persons with LGMD and FSHD (van
der Kooi et al., 2004; Olsen et al., 2005; Dawes et al.,
2006; Sveen et al., 2007). However, to the best of our
knowledge, no study has examined whether specific
physiotherapy approaches (such as the Bobath concept)
may influence the gait pattern in these patients.
A neuromuscular disease often leads to compensatory movement strategies. Some of these strategies
might limit underlying potential. Within the Bobath
concept, one objective is to identify potentially limiting
strategies and to guide the patient towards more efficient ways of moving and performing different task
(Graham et al., 2009; http://www.ibita.org/). Aspects
such as postural orientation, components of
movement, alignment, coordination and functional
sequences of movement are addressed (Graham et al.,
2009), and facilitation (defined as specific sensory
information to make motor performance easier) is
often used in treatment. Empirically, gait function
might be improved in persons with muscular dystrophies as a result of the treatment, but studies on this
prospect are lacking.
The aim of this study was to examine if specific gait
parameters in persons with LGMD or FSHD can be
influenced by physiotherapy based on the Bobath
concept.

Method
Design
We used a single-subject experimental design (SSED),
where each patient serves as her or his own control,
similar to time-series design (Morley, 1989; Payton,
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1992; Domholdt, 2000). The patients were exposed to
a treatment phase (B-phase) and to non-treatment
phases (A-phases). Their performance was measured
several times during each phase (Morley, 1989; Wasson,
2008).
The patients were followed closely during 12 weeks,
and tested in each phase as follows:
• A-phase (baseline): weeks 1–3; two test series
per week
• B-phase (treatment): weeks 4–6; one test series
per week
• A-phase (follow-up 1): weeks 7–9; two test series
per week
• A-phase (follow-up 2): 3 weeks, ranging from weeks
11–13 to weeks 17–19; two test series per week (the
time of the follow-up phase differed somewhat
because of public holidays)
One therapist did all the assessments. The assessments were undertaken at the same time of the day and
in the same sequence each time. Another therapist, a
clinical specialist in neurological physiotherapy and a
Bobath basic course instructor treated the patients
during phase B.

Patients and intervention
Patients with muscle dystrophy affecting the proximal
muscles, who were 18 years or older and living in
Troms, Norway were eligible for the study. Other inclusion criteria were capability to walk without personal
support for 6 minutes, and ability to walk at least 10 m
without walking aids. The exclusion criteria were other
diseases that may affect balance and gait (e.g. stroke).
The patients were recruited from the Department of
Neurology, University Hospital of Northern Norway by
a medical doctor who sent a letter of invitation to all
persons registered with muscular dystrophy diagnoses
(n = 19). The leader of the local branch of The Muscular
Dystrophy Organization sent a similar letter to their
members with muscular dystrophy (n = 60, of whom
some were also registered in the hospital). The information letter informed about the aim of the study; the
criteria for exclusion; and that transportation to the
hospital on the days of examination, as well as accommodation during the treatment phase, would be provided. Nine persons wanted to participate. Among
these, five did not fulfill the inclusion criteria; three
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lived in another community, one was under 18 years
old, one had finished rehabilitation at our hospital less
than 1 month ago. This left us with four individuals
(three with LGMD and one with FSHD). They were all
included in the study. The regional ethical committee
approved the study, and the patients gave written
informed consent.
All patients received 60 minute physiotherapy treatment on each of 15 consecutive working days. The
treatment was based on the Bobath concept as defined
by the International Bobath Instructors Training Association and described by Gjelsvik (2008). Treatment
focused on functional tasks and motor learning, and
was individually tailored to each patient. Tasks were
chosen based on the patient’s goals. Specific movement
control was trained both as preparation for and as part
of task performances. A general aim was to enable and
challenge the patient to recruit neuromuscular activity
in patterns where movements within and in between
body segments where optimally co-ordinated according to the tasks for the individual patient.
Patient A, a 35-year-old woman with LGMD (type
2i), was able to walk unaided inside her house. For
longer distances, she used an electrical wheelchair. In
order to stand up from the wheelchair, she had to
elevate the seat to the level of her hips in the standing
position. In standing, she could only flex her knees to
about 5 degrees before she collapsed. In all activities
where her balance was challenged, the neck was held
stiffly and the arms were held in a fixed position against
the thorax. She walked with a very wide step width and
hyper-extended knees. During walking, the patient had
difficulty in bringing her weight diagonally forwards
over the standing leg. In order to weight transfer, the
thorax and the shoulder girdle were moved extremely
laterally with only minimal lateral movement of the
pelvis.
The patient’s goal was to improve her balance and
arm function. She hoped that this could also influence
her ability to walk.
An important aim of the treatment was to improve
the coordination within the trunk and between the
trunk, the neck and the arms during different tasks in
sitting. Treatment was also focused on postural alignment during walking. This was manually facilitated by
the therapist. Afterwards, the patient tried to integrate
the new movement experiences in independent walking.
Patient B, a 43-year-old woman with FSHD, walked
with a narrow base of support and hyper-extension of
22
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the right knee. In order to reduce the degree of hyperextension, she used a knee orthosis. In the stance phase
on the right leg, the hip fell rapidly into a mechanically
locked position in adduction, combined with anterior
pelvic tilt and increased lumbar lordosis. There was no
observable abductor or extensor activity of the hip
muscles. She was only able to elevate her right arm to
90 degrees and had no visible stabilization of the scapula
towards the thorax. The neck and thorax were held in
a fixed position in relation to each other.
The patient worked in an office. Her goals for the
treatment were to be able to sit with less effort and to
prevent pain in her right knee.
The main focus in treatment was to improve the
stability of the scapula and the coordination between
the eyes, neck and thorax in relation to different arm
activities. In standing, treatment focused on knee and
hip control.
Patient C, an 18-year-old man with LGMD (no specific subgroup), walked with very wide step width and
the pelvis posteriorly tilted. In walking, the centre of
gravity was well behind the normal line, and in the
stance phase the hips fell rapidly into a mechanically
locked position in adduction. The mobility of the
ankles, foot joints and toes was reduced, and he was
mainly weight bearing on the lateral borders of the feet.
In all activities where his balance was challenged, he
stiffened his trunk and held the arms in a fixed position
against the thorax.
Patient C wanted to improve his balance during
walking in order to walk with less effort between his
home and his friends.
Treatment was particularly focused on trunk control
during walking. Moreover, the feet were mobilized in
order to prepare for more flexibility during weight
bearing. Segmental movement control of the neck,
thorax and lumbar area was trained in sitting as preparation for facilitated, as well as independent, walking.
Patient D, a 55-year-old man with LGMD (type 2i),
walked unaided, but in order to stand up from sitting
he had to push off with his arms. He reported that stair
climbing and walking uphill were very difficult, but that
he had no problems walking on a flat and even surface.
However, he was very worried that his feet should catch
unforeseen objects, resulting in a fall. He walked with
a very wide step width and with the centre of gravity
well behind the normal line. The pelvis was anteriorly
tilted, and in the stance phase the lumbar lordosis
increased.
Physiother. Res. Int. 16 (2011) 20–31 © 2010 John Wiley & Sons, Ltd.
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Treatment was particularly focused on the ability to
create a strong stance phase as a pre-requisite for a
more automatic swing phase. The therapist facilitated
both single steps and continuous walking, and had particular focus on coordination between the eyes, neck
and thorax. Diagonally weight transfer over the standing leg was emphasized.

distance of 20 m. Immediately after the test, perceived
exertion was scored using the Borg rating of perceived
exertion scale (RPE) (Borg, 1982, 1998). The RPE is a
15-point graded scale, ranging from 6 (no exertion) to
20 (maximal exertion).

Procedure

The ability to maintain balance in parallel, semi-tandem and tandem stances during 10 seconds is tested.
The maximal score for each of the tree positions is 10
points, which gives a maximal total score of 30 (Berg
et al., 1989; Jonsson et al., 2005).

GAITRite
Gait parameters were measured using a pressure sensitive 5 m long electronic walkway (GAITRite, CIR
Systems Inc., Clifton, NJ, USA). The subjects walked
without shoes and did not use walking aids. To ensure
that acceleration and deceleration were not a part of the
tested walk, the patient started to walk 1 m before the
beginning of the walkway, and continued walking 1 m
after the end of the walkway. Before data registration,
the patients performed one walk on the walkway in
order to become accustomed with the test. In the test
session, each patient performed six walks: two walks at
slow speed, two walks at preferred comfortable speed
and two walks at fastest possible speed at which the
person felt safe. Step length and step width were registered for each speed. Gait velocity was registered for
slow, maximal and preferred speed. Step length was
calculated as the distance (cm) between two successive
heel centre contacts of opposite feet. Step width (cm)
was calculated as the right angle distance from a footmark to a straight line connecting the previous and the
next contra-lateral footfalls.
When data are obtained from repeated trials representing different walking speeds, individual curve estimates can be calculated for each variable over the speed
range demonstrated by that subject. From each curve,
a point estimate at a normalized speed can be chosen
for comparison. We reported step width and step length
at a normalized speed of 0.5 m⋅s−1 for all the participants. In this way, comparisons between test occasions
could be done without the confounding effect of
walking speed (Moe-Nilssen, 1998). Results from the
GAITRite have shown strong test–retest reliability and
concurrent validity for healthy adults (Bilney et al.,
2003).

Tandem stance test

The patient’s global impression
of change (PGIC) and the therapist’s
clinical global impression of
change (CGIC)
The patient’s and the therapist’s impressions of change
after treatment were rated according to the PGIC and
the CGIC, respectively. After the treatment phase, the
patient and therapist were asked to describe their
impression of change as follows: very much improved,
much improved, improved, minimally improved, no
change, minimally worse, worse, much worse, very
much worse (Farrar et al., 2001).
Semi-structured interview
After the treatment phase, the patients were interviewed. The interview included questions about treatment effects regarding balance, gait and general
movement.
Data analysis
Analyses of the data were visually illustrated by graphs.
Statistically significant changes were defined according
to the 2 SD band method; if at least two consecutive
data points after the baseline phase fall outside the 2 SD
range, this indicates that there has been a significant
change in performance (Gottman and Leiblum,
1974; Ottenbacher, 1986, 1992; Nourbakhsh and
Ottenbacher, 1994).

Six-minute walk test

Results

The primary measure is the distance walked within 6
minutes (Enright, 2008). The patient turns after a

Table 1 shows the results of the gait and balance tests
at baseline, during treatment and at follow-up.
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Table 1. Test data of patients A–D at baseline, treatment and follow-up 1 and 2
Baseline

Treatment

Follow-up 1

Follow-up 2

Step width (cm), at 0.5 m⋅s , mean (SD)
Patient A
24.4 (0.6)
21.7 (2.8)
Patient B
7.1 (1.3)
6.6 (0.5)
Patient C
18.0 (0.8)
15.0 (2.4)
Patient D
13.7 (0.4)
11.6 (0.7)

20.7 (0.6)
6.9 (0.8)
14.4 (0.9)
11.3 (0.5)

20.4 (3.2)
8.2 (0.6)
15.4 (0.5)
11.8 (0.5)

Step length (cm), at 0.5 m⋅s−1, mean (SD)
Patient A
46.2 (0.5)
46.3 (0.5)
Patient B
47.0 (0.9)
47.1 (0.4)
Patient C
44.7 (1.2)
42.1 (0.4)
Patient D
39.8 (0.5)
42.9 (1.1)

46.5 (0.3)
47.3 (1.2)
42.6 (0.6)
41.3 (0.4)

46.2 (0.3)
46.6 (0.9)
44.3 (0.7)
42.3 (1.0)

0.8 (0.0)
1.3 (0.1)
1.1 (0.0)
1.6 (0.1)

0.8 (0.0)
1.5 (0.0)
1.1 (0.0)
1.7 (0.0)

0.8 (0.0)
1.5 (0.1)
1.1 (0.0)
1.6 (0.0)

Preferred gait velocity (m⋅s−1), mean (SD)
Patient A
0.7 (0.0)
0.7 (0.0)
Patient B
0.8 (0.1)
0.8 (0.1)
Patient C
0.9 (0.1)
0.9 (0.1)
Patient D
1.1 (0.2)
1.0 (0.1)

0.7 (0.0)
0.8 (0.1)
0.8 (0.0)
0.9 (0.1)

0.7 (0.1)
0.7 (0.1)
0.9 (0.1)
0.9 (0.1)

Six-minute walk test (m), mean (SD)
Patient A
243 (4)
Patient B
418 (18)
Patient C
347 (6)
Patient D
473 (5)

262 (4)
439 (5)
349 (3)
490 (6)

250 (9)
430 (4)
345 (10)
493 (5)

−1

Maximal gait velocity (m⋅s−1), mean (SD)
Patient A
0.8 (0.0)
Patient B
1.2 (0.1)
Patient C
1.1 (0.0)
Patient D
1.6 (0.1)

255 (2)
441 (9)
335 (11)
476 (6)

Rating of perceived exertion after 6 minute walk test, median (range)
Patient A
17 (16–19)
14 (13–14)
14 (13–17)
Patient B
14 (14–15)
14.5 (14–15)
15 (15–15)
Patient C
14 (13–15)
14 (13–15)
15.5 (14–16)
Patient D
13 (12–14)
13 (13–14)
14 (13–15)

Patient A
The step width decreased significantly from baseline to
follow-up 2 (Table 1; Figure 1). Step length was kept at
approximately 46 cm at a normalized speed of 0.5 m⋅s−1
during the whole study (Figure 2). The maximal and
preferred walking velocity did not change (Table 1), but
the distance walked within 6 minutes improved significantly during treatment and follow-up 1. The tendency
at follow-up 2 was similar, but not significant (Figure
3). The patient felt less exerted after the test, both
during the treatment period and at follow-up 1 and 2
(Table 1). The PGIC score was rated as ‘very much
improved’, and the CGIC as ‘improved’ (Figure 4).
In the semi-structured interview, patient A reported
that she moved with less effort. She experienced
increased mobility, better balance and less pain, and
could breathe more freely. While walking, she felt like
24

15 (13–16)
15.5 (15–16)
15 (14–16)
14.5 (14–15)

‘floating down the corridor’ and that the joy of moving
had returned. Earlier, she felt that she walked like a
drunken person, but this was not the case after treatment. Moreover, it was easier to stand up from a chair,
and she was less afraid of falling.

Patient B
No major changes were found. The step width remained
at about 6–8 cm throughout the study, and the step
length did not change (Table 1; Figures 1 and 2).
Because of knee pain, she was unable to perform the 6
minute walk test the last four times at follow-up 2
(Figure 3). The PGIC score was rated as ‘minimally
improved’, and CGIC as ‘no change’ (Figure 4).
In the interview, patient B reported that her ability
to walk without hyper-extension in the right knee had
Physiother. Res. Int. 16 (2011) 20–31 © 2010 John Wiley & Sons, Ltd.
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Figure 4 The patient’s impression of change and the therapist’s global impression of change after treatment

improved slightly. Moreover, she had reduced stiffness
of the neck and felt less dizzy.
Patient C
The step width changed significantly from baseline to
follow-up 1 and 2 (Table 1; Figure 1). The step length
was slightly reduced during treatment, but unchanged
at follow-up 2 (Figure 2). The maximal and preferred
walking velocity did not change (Table 1). Neither did
the distance walked during 6 minutes (Table 1). There
was high variability in walking distance during the
whole study period (Figure 3).
The PGIC score was rated as ‘much improved’, while
the CGIC as ‘improved’ (Figure 4).
In the interview, patient C reported that he walked
better on flat ground, but felt that his walking speed was
somewhat reduced.
Patient D
The step width decreased and step length increased significantly during treatment and at both follow-up
phases (Table 1; Figures 1 and 2). The maximal and
preferred walking velocity did not change (Table 1).
The walking distance within 6 minutes had increased
significantly at the two follow-up phases (Table 1;
Figure 3). The PGIC, as well as the CGIC, was rated as
‘improved’ (Figure 4).
In the interview, patient D reported that he could
walk more fluently and longer. He felt safer when
28

walking on a flat surface, and his ability to climb stairs
had improved.
All four patients achieved full score in the tandem
test throughout the study (results not shown).

Discussion
The present pilot study indicates that physiotherapy
based on the Bobath concept might have an impact on
some specific gait parameters in patients with LGMD.
Thus, the three patients initially walking with a wide
base of support had a narrower step width after treatment. These changes lasted throughout follow-up
which might indicate a long-term treatment effect
(Shumway-Cook and Woollacott, 2007). Moreover,
two of these patients were able to walk a longer distance
within 6 minutes immediately after the treatment
period. However, the maximal and preferred walking
velocity measured on the electronic walkway did not
change significantly, and in the fourth patient (with
FSHD) all the gait parameters were unchanged.
Poor balance can reveal different, and sometimes
opposite gait patterns (Whittle, 1991). Examples are the
wide base of support often seen in cerebellar ataxia and
the scissoring gait seen in some patients with cerebral
palsy and dystonia. Therefore, in some patients, the
ability to walk with a narrower step width may be a sign
of better balance, whereas in others a wider step width
may be regarded as an improvement. Step width varies
greatly between individuals, but is on average about
7 cm (Trew, 1997). Patients A, C and D had a mean
Physiother. Res. Int. 16 (2011) 20–31 © 2010 John Wiley & Sons, Ltd.
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step width ranging from 14 to 24 cm at baseline that
decreased significantly after treatment. Because gait
parameters such as step width and step length vary with
speed (Andriacchi et al., 1977), these variables were
adjusted for gait velocity. Patient B (with FSHD) had a
normal step width (7 cm) at baseline that did not
change during the study. One important aim of the
treatment was to improve postural control and help the
patient to gain more efficient movement patterns. We
hypothesize that the velocity-adjusted narrower step
width at follow-up in patients A, C and D, accompanied
by the same (patients A and C) or even longer step
length (patient D), is related to a better balance.
However, it must be noted that this interpretation is
not based on objective data. Because our patients
belong to a deconditioned population with a mixture
of primary muscle weakness and disuse atrophy, it is
also possible that the changes were caused by increased
muscle strength. Moreover, other factors (e.g. range of
joint motion, fear of falling) may have contributed to
the change in gait pattern. The primary aim of this
study was to examine possible changes in gait parameters, and the underlying causes were not examined.
Patients A and D both walked longer in the 6 minute
walk test at follow-up 1. However, they did not increase
their preferred or maximum walking velocity measured
at the electronic walkway. This appears to be a contradictory result. It might, however, be explained by the
fact that the 6 minute walk test, in addition to speed,
also requires endurance. Patients A and D may have
improved their endurance partly because of a more
efficient walking pattern. The treatment did not affect
the walking distance in patients B and C.
We considered SSED to be an appropriate design for
the study of individualized physiotherapy to patients
with muscular dystrophies. First, because only a few
persons were available as participants in the study, and,
second, because of the large variability in functional
status among persons with this disease. SSED can give
a deep impression of changes in few individuals
(Domholdt, 2000), and might give better advice in
guiding treatment for individual patients than clinical
trials (Mant, 1999). However, one limitation of the
single-subject research design is the limited generalizability or external validity of the study results. Thus,
although we found that individualized Bobath treatment seemed to influence the gait pattern in the three
patients with LGMD, the result cannot be generalized
to a broad population of these patients. Another limitaPhysiother. Res. Int. 16 (2011) 20–31 © 2010 John Wiley & Sons, Ltd.
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tion of the present study is that the data collector had
not been blinded to the purpose of the study. Theoretically, this could have influenced the results, although
the measurements we used (e.g. GAITRite data) were
considered to be objective, and therefore hardly affected
by the tester’s opinion.
To optimize stability in the data, each test was performed six times during baseline and in each follow-up
phase. Still, a learning effect at baseline might have
influenced the SD and through this influenced the calculation of significant results. During the treatment
phase, the patients were assessed three times. It may be
discussed whether our study would have been strengthened if we had tested the patients six times also in the
treatment period in order to get a more detailed picture
of the effects. However, we were concerned that this, in
addition to intensive treatment, would have been too
strenuous for the patients. Furthermore, although a
treatment period of 3 weeks seems rather short, the
duration is similar to that at our hospital. This makes
the results more directly valuable in the clinical setting.
A key feature of the Bobath approach is to guide the
patient towards recruiting optimal movement patterns
as basis for solving different tasks (Gjelsvik, 2008). The
quality of movements is difficult to standardize, and
several possible benefits, such as changes in postural
alignment during gait and movements of the upper
limbs, trunk and head, were not measured in our study.
Registration of movements, for instance with an accelerometer, video recordings and EMG measurements
would have given some information about actual
changes in postural control. Moreover, one of the tests
we used (the tandem test, thought to measure balance)
had a clear ceiling effect and was not sensitive enough
to register changes.

Implications for practice
and research
The results of the present study indicate that physiotherapy treatment based on the Bobath concept may
influence the gait pattern in patients with LGMD.
However, in order to evaluate the effectiveness of physiotherapy to patients with muscular dystrophies, we call
for larger studies and controlled trials.

Acknowledgements
This study was supported by grants from the Northern
Norway Regional Health Authority, the Norwegian
29

Physiotherapy in Muscular Dystrophy

Fund for Post-graduate Training in Physiotherapy, the
Neuromuscular Center, University Hospital of North
Norway and The Muscular Dystrophy Organization,
Norway. The authors are very grateful to the patients
who participated in the study, and to Prof Rolf MoeNilssen, Department of Public Health and Primary
Health Care, University of Bergen, Norway and physiotherapist Tori Smedal, Department of Neurology,
Haukeland University Hospital, Bergen, Norway for
their helpful advice, especially when planning the study.
No conflict of interests.
REFERENCES
Andriacchi T, Ogle J, Galante J. Walking speed as a basis
for normal and abnormal gait measurements. Journal of
Biomechanics 1977; 10: 261–268.
Bakker E, Beckman M, Hamida B, Chamerlain A, Clarke
A, Dubowitz A, Emery M, Fardeau D, Gardner-Medwn
T, Grimm I, Hausmanowa-Petrusewicz C. Diagnostic
criteria for the limb-girdle muscular dystrophies: report
of the ENMC consortium on limb-girdle dystrophies.
Neuromuscular Disorders 1995; 5: 71–74.
Berg K, Wood-Dauphinee S, Williams JI, Garyton D.
Measuring balance in the elderly: preliminary development of an instrument. Physiotherapy Canada 1989; 41:
304–311.
Bilney B, Morris M, Webster K. Concurrent related validity of the GAITRite walkway system for quantification
of the spatial and temporal parameters of gait. Gait &
Posture 2003; 17: 68–74.
Borg G. Psychophysical bases of perceived exertion. Medicine and Science in Sports and Exercise 1982; 14:
377–381.
Borg G. Borg’s Preceived Exertion and Pain Scales.
Champaign, IL: Human Kinetics, 1998.
Dawes H, Korpershoek N, Freebody J, Elsworth C, van
Tintelen N, Wade D, Izadi H, Jones D. A pilot randomised controlled trial of a home-based exercise programme aimed at improving endurance and function in
adults with neuromuscular disorders. Journal of Neurology, Neurosurgery, and Psychiatry 2006; 77: 959–962.
Domholdt E. Research design. In: Domholdt E (ed.), Physical Therapy Research. Principles and Applications.
Philadelphia, PA: W.B. Saunders Company, 2000;
132–139.
Emerly AEH. The muscluar dystrophies. Lancet 2002; 359:
687–695.
Enright PL. The six-minute walk test. Respiratory Care
2003; 48: 783–785.
Farrar JT, Young JP, LaMoreaux L, Werth JL, Poole RM.
Clinical importance of changes in chronic pain intensity
30

K. Øygard et al.

measured on an 11-point numerical pain rating scale.
Pain 2001; 94: 149–158.
Gjelsvik B. Physiotherapy. In: Gjelsvik B (ed.), The Bobath
Concept in Adult Neurology. Bergen: Thieme, 2008;
67–141.
Gottman JM, Leiblum SR. Assessing the impact of a
planned intevention. In: Gottman JM, Leiblum SR
(eds), How to Do Phychotherapy and How to Evaluate
It. A Manual for Beginners. Honolulu: Holt, Rinehart
and Winston, 1974; 138–151.
Graham J, Eustace C, Brock K, Swain E, Irwin-Carruthers
S. The Bobath concept in contemporary clinical practice. Topics in Stroke Rehabilitation 2009; 16: 57–68.
Jonsson E, Seiger Å, Hirschfeld H. Postural steadiness and
weight distribution during tandem stance in healthy
young and elderly adults. Clinical Biomechanics 2005;
20: 202–208.
van der Kooi E, Vogels O, van Asseldonk R, Lindeman E,
Hendriks J, Wohlgemuth M, van der Maarel S. Strength
training and albuterol in facioscapulohumeral muscular
dystrophy. Neurology 2004; 63: 702–708.
Mant D. Can randomised trials inform clinical decisions
about individual partients? Lancet 1999; 353: 743–746.
Moe-Nilssen R. A new method for evaluating motor
control in gait under real-life environmental conditions.
Part 2: gait analysis. Clinical Biomechanics 1998; 13:
328–335.
Morley S. Single case reasearch. In: Parry G, Watts FN
(eds), Behavioural and Mental Health Research: A
Handbook of Skills and Methods. Leeds: Lawrence
Erlbaum Associates, 1989; 233–264.
Nourbakhsh MR, Ottenbacher KJ. The statistical analysis
of single-subject data: a comparative examination.
Physical Therapy 1994; 74: 768–776.
Olsen DB, Ørngreen MC, Vissing J. Aerobic training
improves exercise performance in facioscapulohumeral muscular dystrophy. Neurology 2005; 64:
1064–1066.
Ottenbacher KJ. Statistical analysis of single system data.
In: Ottenbacher KJ (ed.), Evaluating Clinical Change.
Strategies for Occupational and Physical Therapists.
Baltimore, MD: Williams & Wilkins, 1986; 167–195.
Ottenbacher KJ. Analysis of data in idiographic research.
American Journal of Physical Medicine & Rehabilitation
1992; 71: 202–208.
Pandya S, King WM, Tawill R. Facioscapulohumeral dystrophy. Physical Therapy 2008; 88: 105–113.
Payton OD. Single-subject, behavioral, and sequential
medical trials research. In: Bork CE (ed.), Research in
Physical Therapy. Toledo, OH: J. B. Lippincott &
Company, 1992; 125–140.
Shumway-Cook A, Woollacott MH. Motor Control.
Translating Research into Clinical Practice (third
Physiother. Res. Int. 16 (2011) 20–31 © 2010 John Wiley & Sons, Ltd.

K. Øygard et al.

edition). Baltimore, MD: Lippincott Williams &
Wilkins, 2007.
Stübgen JP. Limb girdle muscular dystrophy: an interval
study of weakness and functional impairment.
Journal of Clinical Neuromuscular Disease 2008; 9:
333–340.
Sveen M, Jeppesen T, Hauerslev S, Krag T, Vissing
M. Endurance training. An effective and safe treatment for patients with LGMD21. Neurology 2007; 68:
59–61.

Physiother. Res. Int. 16 (2011) 20–31 © 2010 John Wiley & Sons, Ltd.

Physiotherapy in Muscular Dystrophy

Trew M. Function of the lower limb. In: Trew M, Everett
T (eds), Human Movement. An Introductory Text.
Brighton: Churchill Livingstone, 1997; 155–169.
Wasson JB. Single Subject Design (eighth edition),
2008. (Available at: http://www.practicalpress.net/
updatenov05/SingleSubject.html) (Accessed 23 May
2008).
Whittle M. Pathological gait. In: Whittle M (ed.),
Gait Analysis. An Introduction. Oxford: ButterworthHeinemann Ltd, 1991; 91–129.

31

