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ABSTRACT: Introduction: Studies of exercise in patients with
myasthenia gravis (MG) are sparse. Balance strategy training
(BST) multimodal exercise has proven efficacy in adults for
enhancing balance and functional mobility. This prospective
study aims to determine if BST improves functional ability and
balance in people with MG. Methods: Seven individuals with
MG participated in a 16-session workstation intervention.
Repeated measures (pre/post-intervention and 4-week follow-
up) consisting of quantitative myasthenia gravis score (QMG),
6-minute walk test (6MWT), timed up and go (TUG) with dual
task (TUGmanual and TUGcognitive), and standing stability on
foam with eyes closed (foamEC) were assessed. Results: Most
measurements showed sustained improvement at follow-up.
QMG, TUGcognitive, and foam EC achieved clinically significant
improvements (>15%). No adverse effects were reported.
Conclusions: BST was effective in improving balance and QMG
scores in subjects with MG. A multimodal BST approach is thus
suggested to target different aspects of balance and functional
mobility.

Muscle Nerve 49: 654–660, 2014

Myasthenia gravis (MG) is an autoimmune disease
affecting neuromuscular transmission.1 As a conse-
quence, patients with MG have variable deficits,
such as weakness and fatigue. In early disease
stages, 85% of patients have ocular symptoms such
as diplopia and ptosis.2 Subsequently, the majority
of patients develop generalized weakness in axial,
bulbar, and limb muscles, resulting in reduced bal-
ance, strength, and fitness, and an overall decline
in functional abilities.3

Women commonly develop MG between the
ages of 20 and 30 years, whereas men more com-
monly develop MG between the ages of 50 and 70
years.4 Initial presenting symptoms of MG are simi-
lar between patients, regardless of age of onset,

but older MG patients generally have more severe
forms of MG.5 The review by Horak et al. indicated
that performance in balance and function is influ-
enced largely by the sensorimotor system, which
declines with aging.6 Therefore, it is imperative to
consider the combined impact of MG and aging
on balance and functional mobility.

Currently, common medication options for MG
include anticholinesterase, corticosteroids, and
immunosuppressive therapy.7 Although pharmaco-
logical treatments are effective in alleviating MG
symptoms, they have many side effects, and
patients may be unable to achieve pre-morbid
functional abilities.8 Consequently, exercise ther-
apy has established itself as an adjunct, non-
invasive therapy to enhance function in patients
with MG. Specifically, recent research has demon-
strated some potentially beneficial effects of exer-
cise in patients with MG.9–12

To date, few published studies have examined
the intensity and effects of different types of exer-
cises to improve functional abilities in patients
with MG.13–16 Davidson et al. reported moderate
improvement in strength and endurance after 6
weeks of lower limb endurance training and low-
impact aerobic exercise in a single-subject case
report.14 Although the exercises were based on
existing neuromuscular disease rehabilitation liter-
ature, the subject also had alterations in prescribed
medications during the study period, which may
have confounded the effectiveness of the exercise
program. In addition, because it was a case report
of a single subject, the results have limited validity
and cannot be generalized to the MG population.
Another study addressed the effects of resistance
training in patients with MG. Although the find-
ings established no negative effects and no signifi-
cant change in strength after 10 weeks of
resistance training,16 the intervention consisted of
repetitive maximal isometric contraction, and the
exercises prescribed were single-joint movements
of the same muscles assessed. Consequently, the
impact of this intervention may not translate to
improvement in functional ability. Given the lack
of an established and effective exercise program
for patients with MG, there is a need to develop
an exercise program that would enhance motor
function of these patients.

Additional Supporting Information may be found in the online version of
this article.
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Balance strategy training (BST) consists of exer-
cises that address the functional needs of patients
and targets the sensorimotor system to improve
function.17 BST exercises have been shown to be
beneficial for increasing balance, strength, and
overall functional ability in various populations
such as the elderly,18 osteopenic adults,19 and
menopausal women.20 Positive effects have also
been established in neurological disorders after
BST, and a small number of studies have reported
significant improvement in balance, strength, and
functional ability in subjects.13,21–23 To our knowl-
edge, the effects of BST exercises on MG have not
been documented. Considering that the impact of
MG is more significant in older adults,4 it is possi-
ble that BST exercises can improve balance func-
tion and reduce the risk of falls by targeting the
sensorimotor system. In addition, research has
shown that patients with MG are generally seden-
tary due to muscle weakness and fatigue15 and,
consequently, they have lower bone density.24

These are compelling reasons to incorporate bal-
ance exercises to help enhance balance and func-
tional mobility of patients with MG.

In this prospective study we investigated the
effects of a BST exercise program on balance,
strength, and fitness in subjects with MG. We
hypothesized that the proposed BST intervention
would result in clinically significant improvements
in all targeted areas.

METHODS

Subjects. Seven individuals diagnosed with MG
volunteered to participate in the study. Inclusion
criteria required subjects to have confirmation
from their treating doctor that their MG was con-
trolled, their symptoms were stable, and medica-
tion would not be changed during the study. The
individuals were excluded if they had any cognitive
deficits that precluded provision of informed con-
sent and any additional neurological or musculo-
skeletal condition that affected mobility. All
subjects provided written informed consent prior
to the study. Ethics clearance was obtained from
the human ethics committee of the University of
Queensland in accordance with the guidelines of
the National Health and Medical Research
Council.

Procedures. A single-subject research design was
chosen with the subjects acting as their own con-
trol. The first 5 subjects recruited attended 4
assessment sessions consisting of 2 pre-intervention
baseline sessions conducted 4 weeks apart to deter-
mine the stability of baseline measurements, fol-
lowed by 1 post-intervention session within 1 week
of completing the intervention and a last session at
the 4-week follow-up to determine any carryover

effects. Two subjects had only pre- and post-
intervention and follow-up assessments.

Intervention. Subjects undertook a total of 16 ses-
sions of intervention within an exercise group
either once or twice a week, depending on their
work commitments. Each subject had balance strat-
egy, strengthening, and endurance training exer-
cises tailored individually to their physical ability as
determined by initial assessment. Physiotherapy
students under the supervision of a physiotherapist
delivered the intervention.

The intervention program selected in this study
was modeled after a workstation delivery method
described by Low Choy and Nitz.17 Similar worksta-
tion exercises, which address the functional needs
of subjects, have achieved favorable results when
used in various studies.19,20 Examples of these
exercises included heel–toe walking, sit to stand,
and ball catching and throwing. Progressive
increases in challenge were introduced if the sub-
ject was able to cope. This was done by increasing
the number of repetitions, altering the speed,
introducing dual tasks, or changing the base of
support or support surfaces. None of the exercises
practiced were used to measure intervention effect.

Measures. A number of measures were used to
monitor the efficacy of the intervention program.
Demographic details, including years since diagno-
sis of MG, body parts affected, type and number of
medications, and medical history, were recorded.
The measurements of balance, strength, and fit-
ness collected by the same researcher at each
assessment session were included. When subjects
were taking anticholinesterase medication, assess-
ments were undertaken approximately 3 hours
after ingestion.

Quantitative Myasthenia Gravis Score. The quan-
titative myasthenia gravis (QMG) scoring system
contains 13 quantifiable items to grade the func-
tion, strength, and endurance of a subject’s
muscles.25 The performance in each of the 13
items was evaluated in accordance with QMG
instructions. The overall score can range from 0 to
39, and higher scores indicate greater disease
severity or poorer muscle function. Given its high
interrater reliability and longitudinal construct
validity,26 the QMG score has been recommended
as an assessment tool for prospective studies of
therapy for MG.27

Six-Minute Walk Test. The 6-minute walk test
(6MWT) was administered according to a standar-
dized protocol.28,29 The 6MWT was chosen because
it has shown good test–retest reliability30 and is
validated as a useful indicator of functional
capacity and endurance in numerous populations,
including patients with neuromuscular diseases.31–33
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Several studies have also used this test to assess clin-
ical changes after therapy.34–38

Timed Up & Go. The Timed Up & Go (TUG)
test assesses functional mobility and anticipatory
balance. It was conducted in accordance with the
validated procedure described by Podsiadlo and
Richardson.39 This test was chosen because it is
reliable, easy to administer, and useful for tracking
clinical changes over time in the older adult popu-
lation after intervention.17,40 The TUG cognitive
and manual components were also administered to
observe subjects’ capacity to share attention during
functional activities. Standardized procedures
described by Shumway-Cook et al.41 were followed,
and the time taken to complete each task was
recorded.

Standing Stability on Foam Eyes Closed (foa-
mEC). The Modified Clinical Test for Sensory
Interaction of Balance (mCTSIB) enables evalua-
tion of the roles of both visual and somatosensory
systems necessary in balance control.42 The test
examines postural sway during static stance tasks
under 4 conditions: firm surface and on foam, and
with eyes open (EO) and eyes closed (EC).43

Standard procedures were followed to obtain labo-
ratory measures of postural stability using Neuro-
Com Balance Master 6.1 software (NeuroCom
International, Clackamas, Oregon). Only the foa-
mEC condition mean center of pressure (COP)
sway velocity data was used, as this measure has
been shown to predict falls and fractures in
women.44 High validity, interrater, and test–retest
reliability of this measure have been established in
young, middle-aged, and older adults.44 Individuals
with MG with ocular symptoms are at risk of
reduced efficiency of their vestibular–ocular reflex
(VOR) and vestibular–spinal reflex (VSR). Thus,
they are more likely to present with poor postural
stability in standing on foamEC.

Data Analysis. Descriptive statistics were used to
report baseline demographic characteristics and
assessment results for all phases.

Consistent with other single-subject studies, an
approach involving assessment of clinical signifi-

cance was adopted to reflect important change
after intervention.45 Clinical significance was deter-
mined by the percentage change from baseline val-
ues. To date, no cut-off value for clinical
significance in a MG population for the outcome
measures used in this study has been established
for comparison. A mean improvement of at least
15% was selected to determine clinically significant
results, as this criterion had been used in various
single-subject studies involving patients with neuro-
logical disorders.46,47

In this study, the mean values of the data
obtained from first and second assessment of the
first 5 subjects recruited were regarded as pre-
intervention values. The changes between pre- and
post-intervention and between pre-intervention
and follow-up were expressed in percentages. The
median percentage values for all subjects were cal-
culated subsequently for evaluation of effect.

RESULTS

Subjects’ Characteristics. Six subjects (3 women)
completed the 16-hour BST intervention for the
study. One woman (subject 6) dropped out during
the intervention phase due to work commitments.
One woman (subject 7) became ill and developed
a cardiac arrhythmia between the post-intervention
and follow-up assessments, so she did not complete
the follow-up assessment. No subjects reported or
showed adverse effects during the study period.
Baseline demographic and clinical characteristics
of all subjects are listed in Table 1. Previous treat-
ment for MG was not recorded except where thy-
mectomy had been performed. The mean age of
subjects was 53.9 years (range 24–75 years), and
mean time from first symptom onset was 7.9 years
(range 5–20 years). All subjects reported having
ocular symptoms initially, whereas 5 subsequently
developed generalized weakness. Results of all sub-
jects are summarized in Table 2.

Quantititive Myasthenia Gravis Score. Table S1
(refer to Supplementary Material available online)
shows the change in QMG item scores for baseline
pre-intervention, post-intervention, and follow-up
for each subject. The median change in QMG

Table 1. Subject self-reported characteristics during the first assessment.

Patient Age (years) Gender Years since diagnosis MGFA class48 Medical history

1 43 M 20 11a
2 68 W 12 111
3 53 W 6 11a
4 61 M 5 11a Thymectomy
5 75 M 10 11
6 24 W 7 111 Thymectomy
7 53 W 8 11 Thymectomy

MGFA, Myasthenia Gravis Foundation of America.
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score between pre-intervention and post-
intervention was 28.6%. This is above the 15%
change considered for clinical significance. The
clinically significant improvement was maintained
at follow-up, with a median percentage change of
41.2% from baseline, reflecting continual improve-
ment (Table 2).

Six-Minute Walk Test. The median change from
pre- to the post-intervention and follow-up assess-
ments was 6.1% and 5.2%, respectively, as listed in

Table 2. Little change was found for most subjects
in this measure; 1 subject had an improvement of
142.1% in distance covered in the post-
intervention assessment and continued to improve
at the follow-up assessment.

Timed Up & Go. A clinically significant
change exceeding 15% was achieved for TUGcogni-

tive (17.2%), and measures for TUG and TUGmanual

approached this level (13% and 12%, respectively).
At follow-up all had maintained gains over pre-

Table 2. Assessment results of the outcome measures at pre- and post-intervention and follow-up for 7 subjects completing intervention.

Variable Subject
Pre-

intervention
Post-

intervention % change
Median %

change Follow-up
%

change§
Median %

change

QMG scoref (out of 39) 1† 8.50* 7 217.65 228.57†† 5 241.18 241.18††

2‡ 17.5* 11 237.14 9 248.57
3‡ 10* 8 220.00 6 240.00
4† 6* 3 250.00 4 233.33
5‡ 8 4 250.00 4 250.00
6 14.5
7‡ 6 5 216.67

6-minute walk test (meters) 1 407.5 423 3.80 6.33 428 5.15 5.15
2 156 377.7 142.12 294 88.46
3 427.5 479.6 12.19 438 2.46
4 437.5 471 7.66 540 23.54
5 443.0 430 23.00 413 23.84
6 359.5
7 510 533 4.50

TUG (seconds)f 1 7.36 6.16 216.30 212.75 6.47 212.09 27.57
2 9.37 7.84 216.33 6.78 227.64
3 7.13 6.81 24.42 6.49 27.57
4 6.88 5.81 217.01 6.12 1.05
5 6.88 6.25 29.2 6.5 5.52
6 7.28
7 5.9 6.68 12.45

TUGmanual (seconds)f 1 8.16 6.69 217.96 11.67 7.68 25.88 5.88
2 10.97 8.13 225.85 8.88 219.05
3 9.94 7.41 26.68 7.06 211.08
4 6.69 5.81 213.09 6.38 24.63
5 7.8 7 210.25 8.41 18.08
6 7.14
7 5.9 6.68 213.20

TUGcognitive (seconds)f 1 8.47 7.09 216.24 218.89†† 8.09 24.48 213.43
2 9.89 7.91 220.02 6.91 230.13
3 8.33 6.82 218.13 7.03 215.60
4 6.85 5.50 219.65 5.93 213.43
5 6.6 6.94 25.00 8.06 28.06
6 8.76
7 6.6 7.9

Sway velocity foam
eyes closed (radians/
second)f

1 1.4 1.5 7.14 228.57†† 0.8 242.86 245.45††

2 6 1.4 276.66 2.2 263.33
3 2.1 1.6 223.81 1.5 228.57
4 1.65 1.3 221.21 0.9 245.45
5 2.7 1.3 251.85 1.1 59.26
6 0.96
7 0.9 0.6 233.33

*Mean results from assessments 1 and 2.
†Subjects 1 and 4 undertook the intervention once a week.
‡Subjects 2, 3, 5, and 7 undertook the intervention twice a week.
§Percent change from pre-intervention.
††Clinically significant results, above 15% improvement.
fNegative change indicates improved performance.
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intervention levels with improvement scores rang-
ing from 6% to 13%.

FoamEC. A clinically significant change of
28.6% representing a reduction in COP sway veloc-
ity was observed. At follow-up this had continued
to improve to a 45.5% change from pre-
intervention indicating greater postural stability
(Table 2).

DISCUSSION

The results of this study support the hypothesis
that a BST exercise program results in overall
improvement in balance and QMG score in sub-
jects with MG. This is consistent with previous
research studies that evaluated different exercise
approaches, which have shown that exercise is not
detrimental in MG.9,11,14

The QMG scores reflect clinically significant
improvement by >15% in subjects at post-
intervention and additional improvement at follow-
up. Because QMG is a composite measure of myas-
thenia symptoms, this indicates continual improve-
ment in function, strength, and endurance. One
proposed explanation for the observed improve-
ment is that the exercises may have led to various
physiological effects such as increased quantity of
mitochondria, skeletal muscle mass, and improved
lactate degradation.49 These effects may translate
to improved efficiency of neuromuscular transmis-
sion, increased ability of muscles to cope with
fatigue, and improved strength and endurance.14

Future research can consider a closer examination
of specific changes at the neuromuscular junction
to investigate this proposal and monitor the effects
of exercise on the muscle system.

No clinically significant difference was observed
in the 6MWT, as the median percentage improve-
ment was 6.1% after intervention. Although clini-
cal significance was not attained, the distance
mobilized increased across all except the oldest
subject. This suggests a possible improvement in
performance, which may translate to the subjects
attaining improved community mobility and partic-
ipation after BST exercises. In a systematic review
by Dourado,50 6MWT performance was influenced
by various demographic, anthropometric, and
physiological factors, such as gender, age, weight,
height, and medication. In addition, as the 6MWT
is a self-paced test, the distance mobilized varies
depending on the individual’s motivation.51 There-
fore, these factors can limit the extent of improve-
ment for individual subjects and may suggest why
the results were not clinically significant.

Improvements in dynamic balance and func-
tional mobility were demonstrated by reduced time
to perform the TUG. We propose that the sensory
component addressed in the BST during the inter-

vention may have led to these improvements, as
similar findings have been reported in previous
studies in healthy and neurological populations
after balance training.18,20,21,23 In addition, the
time needed to complete the TUG during addi-
tional cognitive task was improved significantly
from baseline. This implies that the ability to per-
form dual tasks improved after intervention, which
may be translated to improved ability to respond
to functional demands. These results are consistent
with findings by Low Choy and Nitz where older
adult subjects who received BST showed significant
improvements in all TUG components.17 Cognitive
fatigue is a recognized feature of MG.52 It is possi-
ble the clinically significant improvement in the
TUGcognitive performance post-intervention
achieved in our subjects was related to some ameli-
oration of cognitive fatigue, but this was not inves-
tigated here and certainly could be measured in
future studies.

The test of foamEC demonstrated a clinically
significant improvement. The reduction in COP
sway velocity is considered to indicate an improve-
ment in static balance. As the BST is proposed to
target the sensorimotor system, it can be argued
that improvements in multiple aspects within this
system led to the improved balance function we
observed.53,54 Regarding the improvement under
conditions of foamEC, it is also proposed that
improvement in vestibular integration would trans-
late to improvement in balance function.44 This is
because, under this condition, integration of ves-
tibular input is suggested to play a key role in bal-
ance control, as the visual and somatosensory
systems are either reduced or confounded.6

Because the majority of patients with MG experi-
ence ocular symptoms and truncal weakness affect-
ing the efficiency of VOR and VSR, BST exercises
incorporating reaching to limits of stability on dif-
ferent surfaces and walking while moving the head
and tracking an object, will provide additional ves-
tibular stimulation and challenge to VOR and
VSR. This approach is also utilized widely in stud-
ies involving hippotherapy and whole body vibra-
tion to increase vestibular stimulation to gain
balance control.46,47 Given that balance control
and function are dependent on efficiency of the
sensorimotor system, which deteriorates with gen-
eralized aging,54 the concept of targeting these sys-
tems in balance training has face validity, as MG
generally affects older adults. Future research
might also seek to justify the need to incorporate
further vestibular components in the exercise pro-
gram to improve balance function.

Because dynamic activities require resolution of
sensory conflict resulting from numerous input sig-
nals, effective integration of the sensory system is
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necessary for such functional demands. The work-
station intervention utilized in this study corre-
sponds with this theory, as the BST exercises can
be modified and progressed as the individual
improves to optimize challenge. Thus, incorporat-
ing the sensory component into the training pro-
gram will lead to positive changes, which was
reflected in the improvement in TUG and
foamEC.

Although other studies on MG focused on spe-
cific strength or endurance training,13,16,55,56 we
adopted a functional strengthening approach to
improve strength and endurance. This was to
mimic functional demands in daily activities and to
encompass a multisystem approach. This is essen-
tial, as the majority of patients with MG experience
weakness and fatigue related to abnormal neuro-
muscular transmission.5,57 Consequently, patients
are likely to be less active and have lower bone
density, increasing the risk of fractures from a
fall.57 Therefore, increasing strength and endur-
ance of muscles through appropriate exercises can
reduce weakness and fatigue16,49 and subsequently
may increase participation. The results from our
study, specifically QMG scores, have reflected
improvements in strength and endurance, which
has been related to better balance control.6 Incor-
poration of functional strengthening in the exer-
cise program seems to be appropriate to achieve
these gains.

Because this is a pilot study of the effects of the
BST exercise program, comparison of methodology
and results were limited to previous studies involv-
ing healthy and neurological populations.19,21,23,58

Because MG is a variable condition, selecting indi-
viduals in a stable stage of disease also helped to
distinguish between treatment effects and extrane-
ous variables. In addition, when comparing across
the phases of assessment, the pre-intervention find-
ing was derived from mean values obtained from
the first and second assessment session to account
for some fluctuation of symptoms that may have
caused variability in the results and to demonstrate
stability of response. Possible variability resulting
from learning effects was minimized, and medica-
tion management was unchanged over the period
of study. Thus, with all conditions kept as stable as
possible, any change detected between the assess-
ments could be taken to represent the effects of
the BST exercise program.

When comparing between subjects, we noted
variability in the extent of improvements. This may
be related to comorbidities, duration of MG, and
age, which suggests large numbers would be
needed in controlled clinical trials. Given that this
was a prospective, single-subject research design,
there were some limitations, including limited

external validity, a lack of a control group, and
absence of blinding of subjects and assessors.59

However, there are also strengths within this
research design. The same assessor was also pres-
ent to conduct the assessment and to ensure con-
sistency in instructed commands to optimize the
reliability of the results. The diversity in symptoms
among these patients should also be considered, as
balance exercises must be tailored specifically for
different presenting symptoms, requiring a prag-
matic approach.3 Thus, the design of this study
was most suitable despite its inherent limitations.
Another limitation was the small sample size. Anal-
ysis of the data using usual statistical methods and
calculation of effect size was not appropriate and
may limit the confidence of the reported results.
Further research on a larger population using a
randomized, controlled design is desirable to vali-
date these findings.

Overall, the BST exercise program appears to
be a promising intervention strategy to improve
balance and strength in patients with MG. These
results are similar to previous findings in both
healthy and neurological populations. As this was a
pilot study, future research should involve
repeated assessments over a longer period of time
on a greater number of subjects with a random-
ized, control group design to investigate the sus-
tained effects of the program.
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