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Effect of upper extremity exercise in people with COPD
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Background Exercise for people with COPD has focused on leg training, such as walking and cycling. The role
and effectiveness of arm training has not been investigated in detail. This review was undertaken to examine the

literature for the effectiveness of upper extremity exercise on arm exercise capacity and arm strength in people

Methods Trials relating to arm endurance and strength training in COPD were located by searching electronic
databases and screening the reference lists of pertinent articles. Where possible, effect sizes and 95% CI were

Results The search strategy yielded 24 articles. Unsupported arm training improved arm endurance capacity
(standard mean difference [SMD] =1.25; 95% CI=0.16 to 2.66) and was the optimal mode of arm endurance
training. Combined unsupported and supported arm training was also found to have a large positive effect on

peak arm exercise capacity (SMD=1.27; 95% CI=0.59 to 1.94). In addition arm strength training produced

Conclusion This review suggests that in the short term, arm endurance training improves arm exercise capacity
and arm strength training improves arm strength. Further research is required, in people with COPD, to

ABSTRACT
with COPD.
determined and meta-analysis used.
moderate improvements in arm strength (SMD=0.46; 95% CI=0.10 to 0.81).
investigate the long-term effects of arm training.
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Introduction and Purpose

Chronic obstructive pulmonary disease (COPD) the
commonest pulmonary condition and it is the major cause of
morbidity and mortality among pulmonary patients (1). COPD
is characterised by airflow limitation that is progressive and
not fully reversible (2). Worldwide, COPD is recognised as a
major public health problem, being a leading cause of morbidity
and mortality that is projected to rank fifth in the burden of
disease by the year 2020 (3). Exercise intolerance is one of the
most distressing consequences of COPD. it not only occurs in
performing lower body tasks but also manifested during arm

activities. A number of studies have confirmed that people with
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COPD have reduced arm exercise capacity (4,5) and frequently
experience marked dyspnea and fatigue during the performance
of arm tasks important for daily living (5-7). Ventilatory
factors underlie the limitations to arm exercise in people with
COPD (4,8-10). During arm exercise, the accessory muscles
of respiration are required for the arm task and may not be able
to contribute to breathing (5,7). There is a resultant shift in
respiratory load to the mechanically disadvantaged diaphragm,
which results in thoracoabdominal dyssynchrony and severe
dyspnea (4,5). In addition, since the muscles that move the arms
and stabilise the trunk are attached to the rib cage, this increases
chest wall impedance, which limits the ability to increase tidal
volume during arm activities (4,11). It is these impairments in
ventilatory mechanics which result in the termination of arm
exercise at low workloads for people with COPD compared to
healthy subjects (12). Traditionally, exercise for people with
COPD has concentrated on lower limb training, with clinical
improvements in lower limb exercise capacity, symptoms of
dyspnea and fatigue, and quality of life(QOL) being documented
(13-16).

It is possible that arm training, in people with COPD, may
have a similar effect on arm exercise capacity, symptoms and

QOL and therefore be a useful adjunct to lower limb exercise
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107 studies were identified
through MEDLINE, CINAHL,

AMED, SCOPUS, EMBASE,
WEBSCIENCE, PEDro search

2 studies were
identified from the
reference lists of the
extracted articles

eligibility

The total 109 studies were assessed for the

Among the 107 studies, |6 studies from MEDLINE;
4 studies from CINAHL, AMED, EMBASE, SCOPUS;
2 studies from PEDro and 2 studies from the
reference lists met the inclusion criteria

83 studies which
are not eligible

were excluded.

24 relevant studies were included for this review

Fig 1. Search strategy

Study ID Year Forest plot Association measure with 95% CI
Ries et al 1998 L —— 2.83(1.77 to 3.88)
Bauldoff et al 1997 — . 0.29(-0.59 to 1.17)
Epstein et al 1996 H—B—— 0.73(-0.11 to 1.58)
META-ANALYSIS: ' ' ’ ' ! 1.25(-0.16 to 2.66)

- 0 2 4 5

Fig 2. SMD (95% CI) of effect of unsupported arm exercise training on arm endurance capacity by pooling post-intervention data from 3

studies (n=71).

training. The role and effectiveness of arm training has not been
investigated in detail (17,18). The purpose of this paper is to
review the current evidence for the effects of Upper Extremity
exercise in people with COPD.

Methods

Medline, Scopus, Web of Science, CINAHL, EMBASE, AMED

and PEDro databases were searched for relevant articles (Fig 1).

The inclusion criteria were randomised or quasi randomised
controlled trials which included:

(1) People with COPD of any age or disease severity, as long
as a formal diagnosis of COPD was based on acceptable criteria
(pulmonary function tests);

(2) An arm endurance or strength training protocol in
isolation or combined with other forms of training, examining
outcomes of arm exercise capacity.

The exclusion criteria were:
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Study ID Year Forest plot Association measure with 95% CI
Lake et al 1990 — 2.56(1.39 to 3.73)
Gilgiotti et al 2005 H— 0.66(-0.17 to 1.48)
META-ANALYSIS: : ’ = = 1.27(0.59 to 1.94)

-1 0 | 2 4

Fig 3. SMD (95% Cl) of effect of combined arm training on peak arm exercise capacity by pooling post-intervention data from two studies

Association measure with 95% CI

! 0.89(0.18 to 1.61)
0.17(-0.57 t0 0.91)

| 0.77(0.08 to 1.45)
-0.02(-0.72 to 0.67)

(n=45)
Study ID Year Forest plot
Ortega et al 2002 = !
Simpson et al 1992 ’ —
Bernard et al 1999 I .
Madoretal 2004 : i
[ : : : :
META-ANALYSIS:

- 05 0 0.5

0.46(0.10 to 0.81)

Fig 4. SMD (95% CI) of the effect of strength training on peripheral arm muscle strength by pooling post-intervention data from four

studies (n=129)

(1) Studies including participants with other respiratory
conditions such as asthma, bronchiectasis, interstitial lung
disease and cystic fibrosis;

(2) Studies of strength and endurance training that did not
include arm training or quantify arm performance with arm
specific outcome measures;

(3) Studies written in languages other than English.

For the purpose of this review studies were divided into
two main categories, namely arm endurance training and arm
strength training. Arm endurance training was defined as the
application of an exercise load above 50% of peak work capacity,
in order to improve aerobic capacity (19). Studies which
investigated arm endurance training were further subdivided
according to whether the weight of the arm was supported
or unsupported. Unsupported arm exercise was classified as
any form of arm exercise where the weight of the arm was
not supported (9) and included activities such as static arm
elevation at 90 degrees shoulder flexion, performing tasks while
the arms were elevated above shoulder level or moving the arms

to perform functions such as lifting free weights or weighted

dowels. Supported arm exercise was regarded as arm exercise in
which some, or all, of the weight of the arm was supported (9),
such as arm cycle ergometry. Strength training was defined as
an exercise modality which involved the application of external
resistance to a particular muscle group in order to increase
muscle cross-sectional area and strength measurements (20).
The effect of combined arm endurance and strength training
was also investigated. The outcome measures examined in the
selected trials included peak arm work capacity, arm exercise
endurance, metabolic and ventilatory responses to arm exercise,
QOL, dyspnea and perceived exertion during arm exercise and
arm muscle strength. In this review, peak arm exercise capacity
was used to define work performed during an incremental test
and arm endurance capacity was used to define work done in a
set time or to define the time taken to do set work. In addition
to outlining the results of individual studies, where sufficient
information was provided, post-intervention data were pooled
and a meta-analysis conducted. In total, five arm endurance and
two arm strength training trials were included in three separate

meta-analyses (Figs 2-4), with the effect size being interpreted
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Table 2. Supported arm training studies

MA

Control
Intervention

Exercise intensity

Mod Duration  Frequency (days/ Exercise time/
ode
(weeks) week) session

Study design (n)

(mean data)

Age

Participants

Study

2 groups
SAE+LL aero

66 years

Increased weekly

w
<
D
<+
|
~
w
o
4
™M
00
c £
—
E g
n o
o £
8 a
d
>~
o
(aa]
o

Arm cycle
ergometry

Severe COPD

Martinez et al
(33)RCT

(17)

UAE+LL aero

FEVI%
pred.=32

(18)

1/3 of maximum reached

in incremental test. Increased

00
£
S

(8}

00

Q
|
e

o
£ 3

]
g O

g 9

0_9»
uEm

5 o
Eo

s 3

£ O
£

£
o
N
<~
)

K
[

Q
=

o
E &
< o

—
b g
Dvg
Sw g
o0 € ®©
N 9

|
mDII
& a o
d)od)
> et
o LU &
O 0 o
5 &
o S T
23 a

(1
—
<
e e
S
§ 9
EEB
o Q
mn ¥ o

for 20 min

=69 years

Age

O’Donnell et al

(40)

| group
SAE and LL aero

Severe COPD

Arm cycle

N/A

FEVI%

ergometry

(20)

41
COPD: chronic obstructive pulmonary disease; RCT: randomised controlled trial; FEV1% pred.: forced expiratory volume in one second per cent predicted; M.A: meta-analysis; SAE:

pred.

Long.

supported arm exercise; UAE: unsupported arm exercise; n: number of participants; N/A: not applicable; LL: lower limb; aero: aerobic/endurance training; RPE: rate of perceived ex-

ertion; ?: not specified; long.: longitudinal.

rehabilitation programme or was implemented
as the sole training strategy. The effectiveness of
unsupported arm training on endurance capacity,
peak arm work capacity, dyspnea, perceived
exertion, metabolic and ventilatory demands
and QOL were investigated in these studies.
There were sufficient data from three studies
(22-24) for a meta-analysis to be performed on
the effect of unsupported arm training on arm
endurance capacity (Fig 2). However, the effect
of unsupported arm exercise on other outcome
measures, such as peak arm exercise capacity,
dyspnea and perceived exertion could not be
pooled due to insufficient raw data (32-37) As a
consequence the results of these studies will be
outlined separately and comparisons made, where
appropriate. The meta-analysis of unsupported
arm training on arm endurance capacity indicated
a large effect favouring the intervention. However,
the precision of the estimate was poor given only
three studies were eligible for inclusion and the
wide standard deviation of the pooled results
which spanned across zero. This implies that there
is uncertainty whether all people with COPD
will experience improvements in arm endurance
capacity following unsupported arm training.
Another four studies were not included in the
analysis due to the absence of a control group or
post-intervention data (33,35-37). These trials
also reported an increase in unsupported arm
endurance time to fatigue following unsupported
arm training with the exception of an observational
study by Franssen et al. that found arm endurance
capacity remained unchanged following
unsupported arm training (35). Unsupported arm
training has been shown to produce significant
improvements in peak arm work capacity in two
randomised controlled trials. Compared to sham
intervention, unsupported arm training increased
peak unsupported arm exercise on an incremental
unsupported upper limb exercise test by an
additional 55 seconds (95% CI=8 to102 seconds,
P=0.02) (32). Statistically significant increases in
peak arm work capacity on an arm cycle ergometer
(P=0.0002) were also displayed following
unsupported arm training (33). However, there
was one disparity with Ries et al. demonstrating
that unsupported arm training did not result
in improved peak arm exercise capacity on the
arm cycle ergometer (23), i.e. unsupported arm

training did not result in improved performance
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Table 3. Combined unsupported and supported arm training studies

MA

Control
Intervention

Exercise intensity

Exercise time/
session

Frequency
(days/week)

Duration
(weeks)

Mode

Study design (n)

Participants
(mean data)

Study

4 groups
SAE and UAE (6)

Exercise performed

Arm cycle ergometry

for 40 s followed

Throwing ball with arms

Control (8)

=66 years

Age

>
o
c
[9)
Z
w
4]
o E
g =
C ™
v g
o 0
N F
~ 0
o
oZ
£
€
o
¥
[aa]
©
?
9]
<
= O
g 2
c O
9 w
N &
s.o
£ §
9]
¢ a
9]
S o
© =
‘»n
&
o
<
< wn
Sz
o 9
o £
< o
—
35
O
o
o
o
g &
2z
>|.I_
9]
%]
—~
(Vo)
~
o
©
o)
3]
)
<5
«
- oz

in 3 min

Pulling on ropes and pulleys

and
LL aero (7)

=32

pred.

Arm cycle ergometry

| group
SAE and UAE

Repetitive bilateral shoulder

SAE: 80% of max. achieved

abd. and ext. with hand

67 years

Age=

Gigliotti et al
(26)

on incremental test

SAE: symptom

and

Severe COPD
FEVI% pred.

N/A

weights Threading set of

UAE: synchronised

Limited UAE : ?

LL aero and

with breathing for 2 min

rings in a series of pegs,
while the arm is held above

breathing

49

Long.

retraining

the horizontal

SAE: 60%o0f
max. achieved on

incremental test UAE: 2 min

| group
SAE and UAE

65 years

Severe COPD

Age

Couser et al (42)

Long.

Arm cycle ergometry

N/A

blocks synchronised with

Weighted dowel exercises

and
LL aero (14)

FEV1%
pred.=37

breathing, separated

by 3 min rest

COPD: chronic obstructive pulmonary disease; RCT: randomised controlled trial; FEV % pred.: forced expiratory volume in one second per cent predicted; UAE: unsupported arm

exercise; SAE: supported arm exercise; n: number of participants; M.A: meta-analysis; LL: lower limb; aero: aerobic/endurance training; N/A: not applicable; abd.: abduction; ext.: ex-

tension; long.: longitudinal study; ?: not specified.

for a test unrelated to the mode
of training. Dyspnea and arm
fatigue are common sequelae
of unsupported arm exercise
in people with COPD and are
frequently reported during
activities of daily living involving
the arms (6). As unsupported
arm activities are required for
self-care and independent living,
three randomised controlled
trials have investigated the effect
of unsupported arm training in
relieving dyspnea and arm fatigue
during arm tasks. Unsupported
arm training was found to result
in a significant decrease in
perceived exertion and dyspnea
at the end of arm exercise tests,
even when performance levels
increased (23,32). In terms of
symptoms during activities of
daily living, one study reported
significant improvements over
time in ratings of perceived
fatigue using the breathlessness
and fatigue scale (P=0.03),
however there was no difference
over time for ratings of perceived
breathlessness following
unsupported arm training (24).
Unsupported arm training
has also been found to reduce
the metabolic and ventilatory
requirements for unsupported
arm tasks. Compared to
resistance breathing training,
unsupported arm exercise at
isotime has been shown to
reduce oxygen consumption
and minute ventilation by an
additional 22% (P<0.05) and
27% (P<0.0S) respectively (22).
Following unsupported arm
training a significant decrease
in metabolic and ventilatory
demand (P<0.05) was also
obtained during a blackboard
erasing task, which required
sustained arm elevation (34).

This finding is important because
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it is known that arm elevation in people with COPD is associated
with high metabolic and ventilatory demand which limits their
ability to perform unsupported arm tasks (11,31,38). There is
insufficient evidence to determine whether unsupported arm
training improves health related QOL in people with COPD. In
the one study that did evaluate health related QOL, no additional
improvements on the chronic respiratory questionnaire could
be shown with unsupported arm and leg training compared to a
group who underwent leg training alone (32). As illustrated by
the above trials, unsupported arm training improves both arm
endurance and peak arm exercise capacity with the SMD of the
meta-analysis confirming that unsupported arm training has a
large effect on arm endurance capacity. In addition, unsupported
arm training appears to reduce oxygen consumption at a given
submaximal workload. Other benefits may include reductions in
symptoms such as dyspnea and perceived exertion at the end of
arm exercise, although it is questionable whether this translates
into an identifiable reduction in dyspnea during activities of
daily living. The absence of trials investigating QOL prohibits
conclusions of the effect of unsupported arm training on this
outcome measure. Furthermore, variability in training protocols,
small sample size, limited follow-up, the unknown reliability and
validity of some outcome tests (39), the inability to perform a
meta-analysis on some outcome measures and the poor precision
of the estimate in the meta-analysis hinders the generalisations

of the results and prevents definitive conclusions.

Supported endurance training
The effect of supported arm training, in people with COPD, has

not been investigated as extensively as unsupported arm training,
with only three trials examining the effects of supported arm
training on arm exercise capacity (33,40,41). These studies had
small participant numbers and predominately included adults
over 60 years of age, with severe COPD. The duration of the
supported arm exercise programme ranged from 6 to 10 weeks,
with participants training 2 to 3 days per week. Supported arm
training, in all programmes, included arm cycle ergometry which
was generally performed as an adjunct to aerobic leg exercise
training (Table 2). The outcome measures evaluated in these
trials included arm endurance capacity, peak arm work capacity
and dyspnea and perceived exertion during arm tasks. The
absence of sufficient outcome data in the three trials prevented
the results from being pooled and meta-analysed and thus
findings from individual trials will be outlined separately.
Supported arm training has been shown to increase arm
endurance capacity. All three trials (33,40,41) demonstrated an
increase in arm endurance capacity, with supported arm training
resulting in an improvement in supported arm endurance of
(12+5)% (P<0.05) (40), a statistically significant increase
in unsupported arm endurance (P=0.0002) (33) and higher
sustained workloads for a set time period (41). In this latter

study, the workload that could be sustained for 20 min on an arm
cycle ergometer increased from (14+2.4) to (25+2.5) W/min
following supported arm training. However, this trial provided
no comparative data for the control group, so the true effect of
supported arm training could not be determined. Supported arm
training has also been shown to significantly increase peak arm
work capacity during peak arm ergometry testing (P=0.002)
(33). The effect of supported arm training on dyspnea and
perceived arm exertion remains largely unknown, with only one
study (40) investigating these outcome measures. In this trial,
significant increases in arm endurance time were associated with
significant reductions in Borg ratings of perceived breathlessness
by 1.5 points (P<0.05) and exertion by 2 points (P<0.01)
at isotime. To date, no studies have examined the effect of
supported arm training on health related QOL. In summary, the
three trials, which examined the effectiveness of supported arm
training on arm exercise capacity, demonstrated that supported
arm training may lead to improvements in arm endurance and
peak arm exercise capacity. Other possible benefits include
reductions in breathlessness and perceived exertion during
supported arm tasks. The effect of supported arm training on
QOL remains unclear, as it has not been investigated in the
literature. Conclusions on the effects of supported arm training
are constrained by the small number of trials investigating the
effectiveness of supported arm training, the quality of the trials,
small participant numbers, the different tools used to quantify
outcome measures, the variability in training programmes
and the inability to pool post-intervention data to conduct a
meta-analysis. Furthermore, in the majority of the trials the
participants were trained and tested on an arm cycle ergometer,
which makes it difficult to determine if these results will translate
into improvements in arm exercise capacity in activities of daily

life.

Combined unsupported and supported

endurance training
Some research studies, investigating the effects of arm training

on arm exercise capacity and QOL, have used a combination
of unsupported and supported training modalities (25,26,42).
Training consisted of arm cycle ergometry with varying
resistance and unsupported arm tasks such as weighted dowel
lifts, repetitive movements with light hand weights and tasks
which required the arms to be sustained above shoulder level.
These trials included people over 60 years of age with severe
COPD, with the duration of the programmes ranging from 6 to
8 weeks and participants training three times per week (Table 3).
The effect of combined arm training on peak arm work capacity,
dyspnea, perceived exertion, metabolic and ventilatory demands
and QOL were investigated. Only the effect of combined arm
training on peak arm work capacity permitted a meta-analysis.
There was insufficient raw data, in trials investigating other
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outcome measures, which prevented the post-intervention
results from being pooled. Meta-analysis of the effect of
combined unsupported and supported arm training on peak arm
exercise capacity confirmed that combined arm training has a
very large positive effect on peak arm exercise capacity (25,26).
The effectiveness of combined arm training on arm endurance
capacity could not be established as no trials investigated this
outcome measure. The effect of combined unsupported and
supported arm training on dyspnea and perceived exertion
has been investigated in two trials. These results indicate that
following combined arm training perceived dyspnea at peak
exercise improved, with dyspnea levels remaining unchanged
despite a higher peak work rate (25,26). However, at submaximal
work rates the results were conflicting. One randomised
controlled trial found no change in dyspnea or perceived arm
exertion scores during a submaximal supported arm test (25),
while a recent longitudinal study indicated that at a standardised
work rate on an arm ergometer both dyspnea and arm effort
decreased significantly (26).

Significant reductions in metabolic and ventilatory
requirements with combined unsupported and supported arm
training have been reported in people with COPD. Following 8
weeks of training, combined arm exercise has been demonstrated
to reduce the metabolic and ventilatory requirements for arm
elevation, with VO2 being shown to fall 21mL/min (P<0.05)
and minute ventilation decreasing 1.4L/min (P<0.01), during 2
min of simple arm elevation (42). At a standardised submaximal
arm ergometry work rate, combined arm training resulted in
a significant decrease in minute ventilation (26). The effect of
combined unsupported and supported arm training on health
related QOL, in people with COPD, has been investigated in one
study (25). The addition of combined arm training to leg training
was found to lead to significant improvements in self efficacy
on the Bandura Scale, which measures QOL, self-confidence
and self-esteem. However, no improvements were noted with
combined arm training alone, which suggests that combined arm
training may not increase health related QOL when performed
in isolation.

In conclusion, the meta-analysis has indicated that combined
unsupported and supported arm training has a very large positive
effect on increasing peak arm exercise capacity. Other benefits
of combined arm training may include a decreased metabolic
and ventilatory demand, a reduction in dyspnea and arm effort
during arm tasks and improved QOL when arm training was
integrated into a comprehensive pulmonary rehabilitation
programme. Again, variability in training protocols, small sample
sizes, the absence of a meta-analysis for most outcome measures
and the small number of studies eligible for inclusion in the
meta-analysis, suggests that further investigations are required

before definitive conclusions are drawn.

Strength training using machine weights and

free weights
Skeletal arm muscle weakness, and the associated impact on

exercise tolerance and QOL, provides a strong theoretical
rationale for arm strength training in people with COPD. Overall,
one systematic review (43), seven randomised controlled trials
(23,27-30,44,45), one controlled trial (46) and a longitudinal
trial (47) have investigated the effectiveness of strength training
on arm muscle strength and arm exercise capacity in people
with COPD. The majority of these trials included people over
60 years of age with severe COPD, in an outpatient setting, with
participants training from 3 days a week to twice daily, over a 6
to 12 week period. Training modalities implemented included
either machine weights or free weights and in most trials arm
strength training formed part of total body strength programme
(Table 4).

The meta-analysis on the effect of machine and free weight
arm strength training (27-30) on peripheral arm muscle strength
indicated that arm strength training moderately increased
peripheral arm strength (SMD=0. 46; 95% CI=0.10 to 0.81) (Fig
4). These results correspond closely with a recent systematic
review of peripheral muscle strength training in COPD (43),
which pooled the results of three of the four trials considered in
the above meta-analysis (27-29). These authors found strong
evidence for arm strength training improving arm strength, with
their random effects model for meta-analysis clearly indicating a
positive effect favouring treatment (SMD=0.70; 95% CI= 0.28 to
1.11, P<0.001). A further four studies (44-47) were not included
in the analysis due to the absence of a control group or post-
intervention data. These trials also reported an increase in arm
muscle strength following arm strength training. Arm strength
training resulted in significant improvements in latissimus dorsi
strength on a 1 repetition maximum (1 RM) test (P<0.05)
(45) and an increase of 1.5kg on a 1S repetition maximum (15
RM) test compared to endurance training (P<0.05) (47). There
were also significantly greater improvements in arm muscle
strength, on a 15 RM elbow flexor test of 0.7kg (P<0.0S) (47),
compared to endurance training and an increase in shoulder
abduction and elbow flexion force, measured via a handheld
dynamometer, following 12 weeks of training (44). However,
there was one disparity with O’Hara et al. reporting that a
home based arm strength programme, for 6 weeks, did not lead
to objective improvements in biceps brachii or triceps brachii
isometric strength (46). The effect of arm strength training on
arm endurance capacity has not been investigated extensively.
The two randomised controlled trials which have examined this
outcome measure both indicate that arm strength training has
beneficial effects on arm endurance capacity (23,45). In one
study, arm strength training led to significant improvements
in arm endurance capacity, measured by a sustained test of

isokinetic muscle work, compared to no intervention (45).
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In another study, proprioceptive neuromuscular arm strength
training resulted in the ability to perform six more arm lifts, in
1 min, holding a free hand weight, compared to no arm training
(P<0.05) (23). In this trial, significant decreases in perceived
breathlessness and exertion ratings at the end of 1 min of arm
exercise were noted, even when performance time increased.
This is the only trial that has investigated the effectiveness of arm
strength training in relieving dyspnea and perceived exertion.
Overall, arm strength training appears to improve arm muscle
strength, with a meta-analysis of the data confirming that arm
strength training has a moderately positive effect on arm muscle
strength in people with COPD. Furthermore, arm strength
training may also enhance arm exercise capacity by improving
arm endurance and reducing dyspnea and exertion at higher arm
workloads. However, the small sample size in the above studies,
variations in the intensity and duration of training, the inability
to conduct a meta-analysis for all outcome measures and the fact
that most trials were not designed specifically to examine the
effect of arm strength training on arm exercise capacity, makes it
difficult to draw explicit conclusions. Key areas requiring further
investigation are the impact of arm strength training on peak arm
exercise capacity and health related QOL. While some studies
did include QOL outcome measures, they were confounded by
leg strength training interventions and therefore did not reflect

the effect of arm strength training alone on QOL.

Combined strength and endurance training
Theoretically, people with COPD who participate in a

combination of strength and endurance arm training have the
potential to gain the benefits of both modes of training. The
effect of combined arm strength and endurance training on arm
exercise capacity in people with COPD has been investigated in
one study (Table S) (48). In this controlled trial, arm strength,
assessed via a 1 RM Cybex chest press, increased an additional
33% in the combined group compared to the control endurance
group. The combined group also had a significantly greater arm
endurance, with an additional 12 arm raises being achieved in
1 min, compared to the control group (P<0.05). The results of
this study indicate that a combined arm strength and endurance
exercise programme may achieve greater improvements in arm
exercise capacity than can be achieved by endurance training
alone. However, further high quality studies are required to test
this hypothesis. The effects of combined arm training on QOL

also need further examination.

Conclusions

The observation that arm exercise, in people with COPD,
is associated with dyssynchronous breathing and marked
dyspnea (5,6) has provoked interest in the role of arm training
in improving arm function in these people. Unsupported arm

training appears to be the optimal mode of arm endurance
training, with this review finding strong evidence for
unsupported arm training improving arm endurance capacity
in the majority of people with COPD. This review has also
shown that unsupported arm training positively influences
peak arm exercise capacity, metabolic and ventilatory demands
and symptoms such as perceived arm exertion and dyspnea.
This mode of arm training also closely resembles the training
required to improve activities of daily living, since improved
exercise performance is specific for the muscles and tasks
involved in training (23,25,41). Thus, based on the current body
of evidence, it is recommended that arm endurance training
can be integrated into pulmonary rehabilitation programmes to
improve arm exercise capacity. This statement is supported by
pulmonary guidelines (15,16), which recommend unsupported
arm training be included routinely as a component of the
rehabilitation of people with COPD. This review of arm
strength training in people with COPD has found moderate
improvements in peripheral muscle strength with arm strength
training. Since peripheral muscle weakness contributes to arm
exercise limitation in people with lung disease (49), this review
confirms that arm strength training should be implemented
into pulmonary rehabilitation programmes. While all modes of
arm strength training produce similar magnitude improvements
in arm strength, free weight training does have the inherent
advantage of being easily maintained in the home environment
and is therefore probably the optimal mode of training.
Currently, there is insufficient high quality evidence to support
integrating an arm strength programme for people with COPD
to improve functional arm tasks. Further high quality research,
with large participant numbers, should be directed towards
investigating the long term benefits of arm training and the
effectiveness of combined arm endurance and strength training.
The impact of arm training on QOL and functional performance
in everyday situations has also not been comprehensively
investigated. Further research should therefore be directed
at attempting to establish the optimal arm training format,
conducive to improvements in arm tasks important for daily

living and increased societal participation in people with COPD.
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