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Study design: Randomized clinical trial.
Objective: To investigate the effect of including manual therapy (MT) in a pulmonary rehabilitation program
for patients with chronic obstructive pulmonary disease (COPD).
Background: The primary source of exercise limitation in people with COPD is dyspnea. The dyspnea is
partly caused by changes in chest wall mechanics, with an increase in chest wall rigidity (CWR)
contributing to a decrease in lung function. As MT is known to increase joint mobility, administering MT to
people with COPD carries with it the potential to influence CWR and lung function.
Methods: Thirty-three participants with COPD, aged between 55 and 70 years (mean565.5¡4 years),
were randomly assigned to three groups: pulmonary rehabilitation (PR) only, soft tissue therapy (ST) and
PR, and ST, spinal manipulative therapy (SM), and PR. Outcome measures including forced expiratory
volume in the 1st second (FEV1), forced vital capacity (FVC), 6-minute walking test (6MWT), St. George’s
respiratory questionnaire (SGRQ), and the hospital anxiety and depression (HAD) scale were recorded at
0, 8, 16, and 24 weeks.
Results: There was a significant difference in FVC between the three groups at 24 weeks (P50.04). For the
STzSMzPR group versus PR only the increase was 0.40 l (CI: 0.02, 0.79; P50.03). No major or moderate
adverse events (AE) were reported following the administration of 131 ST and 272 SM interventions.
Discussion: The increase in FVC is a unique finding. Although the underlying mechanisms responsible for
this outcome are not yet understood, the most likely explanation is the synergistic effect resulting from the
combination of interventions. These results support the call for a larger clinical trial in the use of MT for
COPD.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a

preventable, treatable disease with extra-pulmonary

effects that contribute to the severity in individual

patients.1 These extra-pulmonary effects include an

increase in dyspnea and a loss of exercise capacity.

Pulmonary rehabilitation (PR) has become a key

component in managing these effects in people with

moderate to severe COPD.2,3 Pulmonary rehabilita-

tion is a multi-disciplinary approach that includes

patient assessment, exercise training, health education,

nutritional intervention, and psychosocial support.1–4

It reduces symptoms, disability, and hospitalizations

and improves function.1 In addition to this, exercise

training on its own has been shown to improve

dyspnea and fatigue, increase exercise endurance,

and improve health-related quality of life, emotional

function, and the patient’s self-control over his/her

condition.5

Regardless of the duration of the PR program,

studies have failed to show any clinically significant

changes in forced expiratory volume in the 1st second

(FEV1) or forced vital capacity (FVC).6–9 This has

been attributed to the fact that much of the morbidity

from COPD results from secondary conditions such

as cardiac de-conditioning, skeletal muscle dysfunc-

tion, and anxiety.10

Patients with COPD have a less active lifestyle

compared to healthy people of a similar age.11 As
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increased exercise capacity has been linked to an

overall increase in physical activity,6,12 interventions

such as short-acting bronchodilators have been used

to facilitate an increase in exercise capacity. This

approach relies on delaying the onset of exercise

limiting symptoms such as dyspnea thereby allowing

the patient to gain greater benefit from each exercise

session.13,14 Non-pharmacological interventions that

delay the onset of dyspnea could be used to increase

exercise capacity in a similar manner.

While the origin of exercise limitation in COPD is

multi-factorial, the primary source of the limitation is

dyspnea11,15 with the cause being attributed, in part,

to changes in chest wall mechanics.16–18 Airway

narrowing, impaired gas exchange, and a loss of lung

elastic tissue result in airway wall collapse and lung

hyperinflation.1 The hyperinflation produces a pas-

sive increase in chest wall rigidity (CWR). This

process forces the respiratory muscles to operate at

non-optimal lengths resulting in a shift in the resting

balance between inspiratory and expiratory mus-

cles.19 Over time there is a loss in respiratory muscle

strength and an increase in the effort required for

breathing leading to an increase in dyspnea.16,20–22

Alleviating CWR has therefore been suggested as a

way to decrease the level of dyspnea.23

The extent of CWR is related to the nature of

movements in the joints and muscles associated with

the thoracic spine, sternum, and ribs. In COPD, the

initial increase in CWR absorbs part of the available

movement in these joints. As lung hyperinflation

persists, changes occur in the thixotropic properties

of the respiratory muscles.19 Thixotropy refers to the

resistance of a muscle to imposed motion and

describes the behavior of passive muscle to movement

that is not length or velocity dependent.24 In the case

of respiratory muscles, the passive response to

stretching depends on their contractile length imme-

diately before the stretch is applied.19 The distortion

of the chest wall resulting from lung hyperinflation

causes an increase in the resting tension of the

inspiratory muscles which contributes to changes in

end-expiratory lung volumes.25,26 These changes lead

to a corresponding increase in CWR with some

researchers suggesting that inflation and deflation of

the respiratory system is due more to the history-

dependent mechanical properties of the chest wall

than to the properties of the lung.19

Techniques that indirectly reduce CWR such as the

three step active cycle of breathing technique used to

clear secretions from the lungs (breathing control

followed by deep breathing exercises followed by forced

expiratory technique or ‘huffing’), positive expiratory

pressure (PEP) therapy or devices that combine PEP

and an oscillatory vibration of the air within the airways

(e.g. FlutterH) have been shown to reduce contractile

respiratory muscle effort and improve dyspnea.1,16

These techniques, grouped under the heading ‘chest

physiotherapy’,1,27 have not included techniques that

reduce CWR through direct intervention to the chest

wall.

Manual therapy (MT) has the potential to increase

muscle length and joint mobility.28,29 This could be

achieved by using joint-focused techniques such as

mobilization and manipulation and/or soft tissue

techniques such as massage and stretching.28 Applying

MT to the chest wall has the potential to reverse some

of the thixotropic changes in the respiratory muscles by

reducing the extent of their contraction and alleviating

chest wall joint restriction leading to a short term

reduction in CWR. A more detailed explanation of this

hypothesis has been described previously.30

There is some evidence to show that direct applica-

tion of MT to the chest wall benefits patients with

chronic respiratory disease. Soft tissue-focused techni-

ques have been used with mixed success in the

management of COPD31,32 and pneumonia in the

elderly,33–35 while joint-focused techniques have been

shown to benefit lung function and quality of life

in patients with COPD.31,36–38 Two recent studies

reported immediate improvements in lung function

and exercise capacity following 4 weeks of MT inter-

vention that included soft tissue and joint focused

techniques plus exercise in people with moderate and

severe COPD.39,40 Measuring the effect of combining

these two types of MT with exercise raises the question:

are both types of MT required in order to achieve the

improvements in lung function and exercise capacity?

Reports that some soft-tissue techniques produce a

worsening in pulmonary function immediately post-

intervention when applied on their own31,32 suggest that

this form of MT may need to be administered in

conjunction with joint-focused MT in order to produce

improvements in lung function in people with COPD.

Furthermore, if the improvements in lung function and

exercise capacity were sustained could they affect

ventilatory ability? To our knowledge, there have been

no reports on the ongoing effects of combining either

type of MT with exercise in people with COPD.

The aim of this trial was to investigate the medium

term effects on lung function and exercise capacity of

administering soft tissue and joint focused MT in

conjunction with exercise to patients with moderate

to severe COPD.

Methods
Eligibility for participation in this trial was dependent

on a person being referred by a respiratory specialist to

the PR unit at Sutherland Hospital, a medium-sized

public hospital in Sydney, Australia. Inclusion criteria

included age between 55 and 70 years at the time of

enrollment, diagnosis of COPD, no contra-indications
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to MT including a bone density T score §22.5 and Z

score §21, being a non-smoker for at least the

preceding 12 months and ability to complete a 6-

minute walking test (6MWT), which was used as a

measure of exercise capacity.

A total of 45 participants were planned for this

study. This was based on the number of people

referred to this facility for PR annually and was set at

one-third of the average of the preceding 2 years’

totals. This was a pragmatic decision that factored in

the workload of the hospital.

Allocation to an intervention group was randomized

and concealed from both participants and researchers.

Each participant randomly selected 1 of 45 sealed,

opaque envelopes with one of the three group numbers

written inside and was assigned to a group according

to that number. Block randomization was not used.

Group 1 (PR) received the standard pulmonary reha-

bilitation program prescribed at Sutherland Hospital;

group 2 (STzPR) received soft tissue therapy de-

scribed below, plus the same PR program; and group 3

(STzSMzPR) received the same soft tissue therapy

plus spinal manipulation described below, plus the

same PR program.

Pulmonary rehabilitation consisted of a 24-week

program made up of intervention and non-interven-

tion phases. The intervention phase consisted of two

stages: an 8-week ‘Introductory’ stage, where parti-

cipants were assessed for exercise capacity and

introduced to health education and exercise training,

followed by an 8-week ‘Maintenance’ stage, where

exercise intensity was gradually increased to a level

that was considered suitable for that participant. The

non-intervention phase followed completion of the

‘Maintenance’ stage and involved an 8-week period

of no PR intervention. Participants were directed to

continue exercising at their own discretion during this

period. There were four assessment points during the

24 weeks: an initial assessment (week 0), at the end of

the ‘Introductory’ stage (week 8), at the end of the

‘Maintenance’ stage (week 16) and at the end of the

non-intervention phase (week 24).

The MT administered in this trial followed a

manual therapy protocol (MTP) that has been

reported in earlier studies involving participants with

and without chronic respiratory disease.39,41 Each

MT intervention session lasted 20 minutes and was

administered in addition and just before the exercise

component of a PR session. Soft tissue therapy (ST)

consisted of gentle Effleurage, friction, and cross-

fiber friction massage applied to the muscles of the

posterior chest wall including the intercostal, serratus

posterior and anterior, rhomboid, trapezius, latissi-

mus dorsi, erector spinae, quadratus lumborum, and

levator scapulae muscles. Spinal manipulation (SM)

involved the graded delivery of high velocity low

amplitude (HVLA) joint manipulation to the thoracic

inter-vertebral, costo-vertebral, and costo-transverse

joints (Fig. 1). Spinal manipulation was restricted to

this region to maximize the effect on CWR. All

HVLA manipulations were administered as non-

specific, multi-joint (group) manipulations. This form

of manipulation was chosen as it reduced the total

number of manipulations required to manage the

chest wall within a single intervention session as each

manipulation was capable of affecting several spinal

segments and their associated ribs simultaneously.

In total, MT intervention was administered twice a

week for 8 weeks from the middle of the ‘Introductory’

stage to the middle of the ‘Maintenance’ stage, i.e.

from weeks 4 to 12 of PR. Delaying application of MT

until week 4 permitted participants time to acclimatize

to the exercise component of PR before having the

second intervention applied.

Adverse events (AE) associated with MT have been

classified as ‘mild’, ‘moderate’, and ‘severe’.42,43 A

‘mild’ AE is defined as being short-term and non-

serious with the patient’s function remaining intact; a

‘moderate’ AE is medium to long term of moderate

intensity; while a ‘severe’ AE is medium to long term,

unacceptable and usually requiring further treatment.

The presence of an AE was recorded on a session by

session basis. At the beginning of each MT interven-

tion session each participant in the STzPR and

Figure 1 Spinal and rib manipulation (SM): High velocity low

amplitude (HVLA) multi-joint (group) manipulation adminis-

tered simultaneously to the thoracic spine and ribs (upper/

middle shown). Box 1: posterior-anterior force; Box 2:

anterior-posterior force.
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STzSMzPR groups was asked to complete a simple

checklist that included a list of symptoms from all three

categories of AEs. These were presented on a scale

ranging from muscle soreness lasting less than 48 hours

(mild) to symptoms that persisted beyond this period

(moderate) to symptoms that required further medical

attention and/or hospitalization (severe).

The trial was designed so that it could be easily

integrated into the existing PR program at Sutherland

Hospital. The outcome measurements used in the trial

were the same as the ones used in the hospital’s existing

PR program and included systolic and diastolic blood

pressure, FEV1, FVC,44,45 the St. George’s Respiratory

Questionnaire (SGRQ),46–48 Hospital Anxiety and

Depression (HAD) scale49,50 and the 6MWT.51,52 The

SGRQ is designed to measure health impairment in

patients with respiratory disease. A fall in the SGRQ

score represents a decrease in health impairment or an

increase in quality of life. The HAD scale is a measure

of the level of anxiety (HAD anx) and depression

(HAD dep). A total score of between 0 and 7 on either

scale represents the normal range. A score of 11 or

higher indicates the presence of the relevant mood

disorder.

All assessors were blinded to the participants’

intervention group and all participants were blinded

to the results of their outcome measures during the

trial. A single practitioner (RE), with over 27 years of

experience in the application of MT, administered all

SM and ST. For obvious reasons, RE could not be

blinded to a participant’s group. He was, however,

blinded to the results from all outcome measures until

the end of the intervention phase of the trial.

Participants who received SM and/or ST, while aware

they were receiving MT, were not made aware of their

PR assessment results until the end of the trial.

Participants in the ST and SM groups attended 16

MT sessions over an 8-week period at the rate of two

sessions per week. This schedule was chosen for

pragmatic reasons as it coincided with the hospital’s

routine PR scheduling, but was also similar to rates used

in other trials that involved the application of MT to

people with COPD.37,39 Lung function measurements

were taken using a Vitalograph 6000 spirometer (Ennis,

Ireland) and in accordance with the guidelines set down

by the Australian Lung Foundation and the Australian

Physiotherapy Association.1,53 All 6MWTs were con-

ducted using the same guidelines. Over the 16 interven-

tion sessions, each participant in the ST and SM groups

received 16 ST interventions with participants in the SM

group also receiving 32 HVLA manipulations, at the

rate of two per session directed at the upper/middle and

middle/lower thoracic spine and ribs.

The study was approved by the Human Ethics

committees of Macquarie University (HE23MAR2007-

D05054) and the South Eastern Sydney and Illawarra

Area Health Service (07/41) and registered with

the Australian New Zealand Clinical Trials Registry

(ACTRN:012607000388415). All participants gave in-

formed consent to participate in the trial.

Statistical analysis was performed as an ANCOVA

for difference between all three groups with baseline

as a covariate and standard errors calculated using a

non-parametric bootstrap to allow for the diffe-

rent error variances for each intervention group. A

P value of ,0.05 was set for statistical signifi-

cance. For individual comparisons, a between groups

Bonferroni correction was applied to correct for

multiple comparisons between the three groups with

adjusted P values shown. For outcomes found to be

statistically significant the proportion of participants

with a change greater than the minimum clinically

important difference (MCID) was calculated. The

number needed to treat (NNT) was calculated using

Bender’s method for confidence intervals. Missing

data were accounted for by using an intention-

to-treat (ITT) analysis with data from subjects

lost to follow-up imputed using the last observation

carried forward (LOCF) method. Statistical analysis

was performed using Stata Release 11 (StataCorp.,

2009).54

Results
Figure 2 shows the participant flow through this trial.

All participants were white Caucasian. The two

participants who discontinued before completing

the trial did so for reasons unrelated to the trial.

Baseline characteristics for each group are listed in

Table 1. Groups were similar at baseline for all

characteristics except gender (P50.02) and anxiety

(HAD anx; P50.02). The mean age of the partici-

pants across all groups was 65.5¡4 years.

Table 2 shows an ITT analysis of the change in

outcome measures compared to baseline for each

group at 16 and 24 weeks. Table 3 shows an ITT

analysis of the difference in change in outcome

measures between groups at 16 and 24 weeks fitted

as an ANCOVA with baseline as a covariate and

standard errors calculated using a non-parametric

bootstrap. The major significant finding was a

difference between groups for FVC at 24 weeks

(P50.04). For participants in the STzSMzPR

group compared to PR only, there was a significant

increase in FVC at 24 weeks (0.40 l, 98.33% CI: 0.02,

0.79; P50.03). There was also a difference between

groups for distance walked (6MWT) at 16 (P50.01)

and 24 weeks (P50.03). However, the changes in

6MWT for the STzPR and STzSMzPR groups

individually compared to PR only were not signifi-

cant at either 16 or 24 weeks (P51.0 and 0.2; P50.8

and 0.4 respectively). There were no differences

between groups for the SGRQ or HAD.
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As there is no accepted MCID for change in

spirometry measurements following non-pharmacolo-

gical intervention, we adopted the threshold used for a

meaningful response to bronchodilator medication55

and set our threshold for a meaningful clinical change

at .200 ml or .12% of baseline for FVC. The

minimum increase in the distance walked on a

6MWT, considered to represent a clinical effect in

patients with COPD, is 35 m or 10% of baseline.56

Table 4 lists the proportion of participants in each

group (%) that showed statistically significant improve-

ments from baseline above the MCID. There was a

significant difference between groups for percentage

above MCID for FVC at 16 and 24 weeks (P50.04

and 0.03 respectively). The NNT for reaching the

MCID for FVC was 2.05 (1.41, 11.87) at 16 weeks and

1.80 (1.32, 6.82) at 24 weeks favoring STzSMzPR

over PR only. There was no significant difference

between groups for percentage above MCID for

6MWT at 16 (P50.07) and 24 weeks (P50.7).

Figure 2 Consolidated Standards of Reporting Trials (CONSORT) participant flow diagram.
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There were no major or moderate AEs42,43

reported following the administration of 131 ST

and 272 SM interventions. Two mild AEs were

reported by participants in the STzPR group. Both

were isolated events and consisted of muscle soreness

that lasted for 48 hours following intervention,

resolving without the need for additional medical

intervention. The two participants went on to

complete the full number of interventions without

further incident.

Discussion
The results reported in this trial support the proposi-

tion that adding MT (ST and SM) to a PR exercise

program for people with COPD produces benefits in

lung function that continue after these interventions

have been withdrawn. With an NNT of 1.80 at

24 weeks these improvements could also be consid-

ered as clinically significant. As the first study to

report on the ongoing effects of combining MT and

exercise, we believe it offers a clear opportunity to

study the clinical implications of the combination.

Standard PR (PR only in this trial) is generally

not recognized for delivering clinically meaningful

increases in pulmonary function measures.10,57 The

increase in FVC reported here for the STzSMzPR

group 8 weeks after all intervention had ceased

(24 weeks) is therefore a unique finding. The pattern

of clinically significant improvements in lung function

reported here suggest that further investigation of this

combination of interventions is warranted for people

with COPD. Despite improvements in lung function

there were no improvements in quality of life

measures such as the SGRQ or HAD.

It is possible that SMzPR might be sufficient to

produce results similar to the combination of STz

SMzPR. However, our rationale for using STzSM

and not SM alone (with PR) is based on the premise

that to effect a change in lung function, it is beneficial

to target not only the joints of the thoracic cage but

also the soft tissues associated with those joints.

What could be the mechanism underlying the increase

in FVC produced by combining MT (ST and SM) and

PR? We have previously suggested that a synergistic

effect, resulting from the combination of these inter-

ventions, is the most likely cause of the increases.41 This

explanation relies on respiratory muscle remodeling

and its role in maintaining CWR.58 Respiratory muscle

remodeling is the product of respiratory muscle fatigue

and dynamic hyperinflation and results in an uncou-

pling in the relationship between respiratory effort

and tidal volume.16 This phenomenon, referred to as

neuromechanical uncoupling,20 occurs when respira-

tory efforts are not rewarded appropriately in terms

of tidal volume generated during each breath21 and

is considered a strong determinant of dyspnea in

COPD.16,20,59

Neuromechanical uncoupling is also responsible

for an increase in end-expiratory lung volume and a

progressive reduction in inspiratory capacity under

load.60 Breathing at higher lung volumes increases

the effort of breathing.21 In an attempt to optimize

their force-generating capacity and increase fatigue

resistance, the respiratory muscles adapt by dropping

sarcomeres and contracting.58 This finding is sup-

ported by the presence of upregulation of IL-6 gene

expression in respiratory muscles such as the inter-

costal muscles.61 As IL-6 expression is induced by

muscle contraction,62 upregulation is seen as evidence

that an adaptive response to the increase in contrac-

tile demand has occurred.61 The resultant ‘fragile

balance’ between respiratory muscle overload and

respiratory muscle adaptation63 produces a change in

the thixotropic properties of these muscles. This

change perpetuates the increase in CWR.58,64

When applied to the thoracic cage MT may release

some of the rib cage’s natural elastic recoil, tempora-

rily easing one of the elements perpetuating CWR.

With a ‘temporary’ improvement in chest wall recoil,

the effort of breathing becomes less. Under these

conditions, low intensity exercise could act as a

Table 1 Baseline characteristics by group*

Group 1 PR n515 Group 2 STzPR n59 Group 3 STzSMzPR n59 All groups N533

Gender (F:M){ 14:1 5:4 4:5 23:10
Age (years) 64.5 (4.1) 67.6 (3.5) 65.0 (4.1) 65.5 (4.0)
Systolic BP 132.1 (14.8) 134.4 (16.1) 137.9 (15.0) 134.3 (14.9)
Diastolic BP 76.9 (11.6) 77.7 (11.3) 79.7 (11.1) 77.8 (11.1)
FEV1 (l) 1.54 (0.57) 1.57 (0.47) 1.64 (0.30) 1.57 (0.47)
FVC (l) 2.14 (0.70) 2.40 (0.83) 2.28 (0.43) 2.25 (0.67)
SGRQ 44.7 (15.4) 49.3 (20.3) 34.7 (17.2) 43.3 (17.7)
HAD anx{ 7.3 (3.8) 8.4 (3.5) 3.5 (3.2) 6.6 (4.0)
HAD dep 4.6 (2.4) 6.8 (4.4) 4.7 (1.7) 5.2 (3.0)
6MWT (m) 444 (105) 480 (77) 534 (85) 479 (97)

*All values except for gender are given as means with standard deviation in parentheses.
{Different at baseline (P50.02).
BP: blood pressure; FEV1: forced expiratory volume in 1st second; FVC: forced vital capacity; HAD anx: hospital anxiety and
depression scale – anxiety score; HAD dep: hospital anxiety and depression scale – depression score; PR: pulmonary rehabilitation;
SGRQ: St George’s respiratory questionnaire; SM: spinal manipulation; ST: soft tissue therapy; 6MWT: 6-minute walking test.
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catalyst for shifting the ‘fragile balance’ between

respiratory muscle overload and respiratory muscle

adaptation in a favorable direction. This would

benefit muscle remodeling, thereby relieving part of

the mechanism underlying neuromechanical uncou-

pling. Given sufficient time and the right configura-

tion of MT and exercise, the process has the potential

to improve respiratory function. We hypothesize that

the increases in FVC reported here indicate that this

process may have occurred.

A possible reason as to why PR alone (standard

PR) does not produce similar increases in FVC is

because low intensity exercise, performed with a rigid

chest wall, may not be able to sufficiently shift the

balance between respiratory muscle overload and

respiratory adaptation that is typical of COPD. This

is highlighted by results from two studies that

reported an immediate worsening of air trapping in

people with COPD following the administration of

soft tissue techniques that appeared to shift this

balance in the wrong direction.31,32

It is worth noting that, notwithstanding the

screening process for contraindications conducted

before MT being administered, no moderate or major

AEs were reported in any participant who received

MT.

Limitations and future directions
While these results are encouraging, they need to be

considered in light of the following limitations. A

sample size calculation was not used in this trial

because Phase II trials are usually designed to test a

new procedure or new combination of procedures in

preparation for larger Phase III trials.65 For this

study, recruitment did not reach the pragmatically

planned complement of 45. Enrollment was termi-

nated early for two reasons. First, a slower than

expected flow of patients through the hospital’s PR

unit due to staffing issues resulted in an unexpectedly

protracted recruitment period. Second, a higher than

predicted number of potential participants had to be

excluded from the trial as they were above the

permissible age limit. The decision to terminate

recruitment early was based on time constraints

imposed by the extension granted to the original

ethics approval. Interpretation of the results must

therefore be restrained in light of any consideration

regarding adequate statistical power.

The intervention ‘dose’ may not have been ideal.

Two sessions per week (to align with the hospital’s PR

schedule) may not have been the optimal dose of MT

for people with COPD. Some PR guidelines recom-

mend three exercise sessions per week as a minimum.2

Had we administered MT and exercise three times per

week, there may have been a different level of synergy

between the interventions. Restricting measurementsT
a

b
le

2
M

e
a

n
c

h
a

n
g

e
in

o
u

tc
o

m
e

m
e

a
s

u
re

s
a

n
d

9
5

%
C

I
c

o
m

p
a

re
d

to
b

a
s

e
li
n

e
#

b
y

in
te

rv
e

n
ti

o
n

g
ro

u
p

a
t

1
6

a
n

d
2

4
w

e
e

k
s

[i
n

te
n

ti
o

n
-t

o
-t

re
a

t
(I

T
T

)]

A
s
s
e
s
s
m

e
n

t
w

e
e
k

1
6

2
4

G
ro

u
p
{

P
R

S
T
z

P
R

S
T
z

S
M

z
P

R
P

R
S

T
z

P
R

S
T
z

S
M

z
P

R

S
y
s
to

lic
B

P
2

3
.6

(2
1
3
.5

,
6
.3

)
2

1
0
.6

(2
1
9
.6

,
2

1
.5

)
2

8
.3

(2
2
0
.5

,
3
.8

)
2

7
.1

(2
1
7
.3

,
3
.0

)
2

6
.9

(2
1
5
.8

,
2
.1

)
2

1
0
.1

(2
2
5
.6

,
5
.4

)
D

ia
s
to

lic
B

P
2

3
.5

(2
1
2
.6

,
5
.6

)
2

7
.7

(2
1
7
.1

,
1
.8

)
2

4
.7

(2
1
3
.5

,
4
.2

)
2

4
.7

(2
1
3
.3

,
4
.0

)
2

8
.1

(2
1
7
.8

,
1
.5

)
2

8
.0

(2
1
9
.6

,
3
.6

)
F
E

V
1

(l
)

2
0
.0

4
2

(2
0
.1

1
3
,

0
.0

2
9
)

2
0
.0

2
1

(2
0
.1

1
5
,

0
.0

7
2
)

2
0
.0

2
0

(2
0
.1

3
6
,

0
.0

9
6
)

2
0
.0

7
7

(2
0
.1

6
4
,

0
.0

1
1
)

2
0
.0

8
9

(2
0
.1

7
5
,

2
0
.0

0
3
)

2
0
.0

2
0

(2
0
.1

4
4
,

0
.1

0
4
)

F
V

C
(l
)

0
.1

0
(2

0
.1

4
,

0
.3

5
)

0
.4

5
(0

.1
3
,

0
.7

7
)

0
.3

7
(0

.2
2
,

0
.5

3
)

0
.1

0
(2

0
.1

4
,

0
.3

4
)

0
.3

2
(2

0
.0

5
,

0
.6

8
)

0
.5

3
*

(0
.2

6
,

0
.8

1
)

S
G

R
Q

2
4
.6

(2
9
.8

,
0
.5

)
2

0
.7

(2
7
.2

,
5
.8

)
2

3
.3

(2
1
6
.3

,
9
.7

)
2

8
.1

(2
1
4
.6

,
2

1
.6

)
1
.0

(2
3
.5

,
5
.5

)
2

4
.3

(2
1
9
.9

,
1
1
.3

)
H

A
D

a
n
x
ie

ty
2

0
.1

(2
1
.5

,
1
.3

)
2

0
.3

(2
2
.4

,
1
.8

)
0
.5

(2
0
.7

,
2
.0

)
2

0
.9

(2
2
.8

,
1
.1

)
2

0
.8

(2
3
.7

,
2
.2

)
0
.2

(2
1
.3

,
1
.7

)
H

A
D

d
e
p

re
s
s
io

n
2

0
.9

(2
1
.7

,
2

0
.2

)
2

1
.3

(2
3
.8

,
1
.1

)
2

1
.9

(2
4
.2

,
2
.2

)
2

1
.3

(2
2
.1

,
2

0
.4

)
2

0
.8

(2
2
.7

,
1
.2

)
2

0
.7

(2
4
.4

,
3
.1

)
6
M

W
T

(m
)

2
2
.7

(2
6
.1

,
5
1
.4

)
5
.8

(2
2
5
.1

,
3
6
.7

)
5
1
.7

(2
9
.8

,
7
3
.6

)
1
2
.1

(2
1
8
.0

,
4
2
.2

)
2

1
6
.4

(2
5
5
.1

,
2
2
.2

)
3
5
.0

(2
1
.5

,
7
1
.5

)

#
S

e
e

T
a
b

le
1

fo
r

b
a
s
e
lin

e
v
a
lu

e
s
.

{ P
u
lm

o
n
a
ry

re
h
a
b

ili
ta

ti
o
n

(P
R

):
g

ro
u
p

1
;

s
o
ft

ti
s
s
u
e

th
e
ra

p
y
z

p
u
lm

o
n
a
ry

re
h
a
b

ili
ta

ti
o
n

(S
T
z

P
R

):
g

ro
u
p

2
;

s
o
ft

ti
s
s
u
e

th
e
ra

p
y
z

s
p

in
a
l
m

a
n
ip

u
la

ti
o
n
z

p
u
lm

o
n
a
ry

re
h
a
b

ili
ta

ti
o
n

(S
T
z

S
M

z
P

R
):

g
ro

u
p

3
.

B
P

:
b

lo
o
d

p
re

s
s
u
re

;
F
E

V
1
:

fo
rc

e
d

e
x
p

ir
a
to

ry
v
o
lu

m
e

in
1
s
t

s
e
c
o
n
d

;
F
V

C
:

fo
rc

e
d

v
it
a
l

c
a
p

a
c
it
y
;

S
G

R
Q

:
S

t
G

e
o
rg

e
’s

re
s
p

ir
a
to

ry
q

u
e
s
ti
o
n
n
a
ir
e
;

H
A

D
:

h
o
s
p

it
a
l

a
n
x
ie

ty
a
n
d

d
e
p

re
s
s
io

n
s
c
a
le

;
6
M

W
T
:

6
-m

in
u
te

w
a
lk

in
g

te
s
t.

*
S

ta
ti
s
ti
c
a
lly

s
ig

n
if
ic

a
n
tl
y

d
if
fe

re
n
t

(P
5

0
.0

4
).

Engel et al. MT in pulmonary rehabilitation program for COPD

786 Journal of Manual and Manipulative Therapy 2016 VOL. 24 NO. 2



of ventilation to FEV1 and FVC limited our ability to

analyze the effect of the interventions on lung function

in more depth.

It is possible that the results were affected by the

groups not being totally matched. However, gender

and anxiety (the two characteristics that were

different at baseline between the Groups) were not

significant predictors of any outcome measures after

including baseline values in the ANCOVA.

In light of the results reported in this trial, further

research in the field, such as a larger phase III clinical

trial, is warranted.

Conclusion
This study provides some evidence that MT benefits

lung function in people with COPD. Although the

underlying mechanisms responsible for this outcome

are not yet fully understood, the most likely explana-

tion is the synergistic effect resulting from combining

MT and PR. These results support the call for a larger

trial that measures the effect of MT on COPD.
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Table 3 Mean difference in change and 98.33% CI in outcome measures between groups at 16 and 24 weeks [intention-
to-treat (ITT)] {

Group comparison{

16 weeks

Outcome
measure STzPR vs PR P value* STzSMzPR vs PR P value*

STzSMzPR vs
STzPR P value* P valuez

Systolic BP 25.4 (22.0, 9.1) 21.0 (212.3, 10.3) 4.4 (210.3, 19.1) 0.7
Diastolic BP 23.6 (215.4, 8.3) 1.0 (29.1, 11.1) 4.6 (28.7, 17.9) 0.4
FEV1 (l) 0.021 (20.103, 0.145) 0.022 (20.117, 0.161) 0.001 (20.148, 0.151) 0.9
FVC (l) 0.32 (20.10, 0.74) 0.26 (20.07, 0.58) 20.06 (20.42, 0.29) 0.1
SGRQ 5.0 (26.1, 16.0) 21.0 (215.6, 13.6) 26.0 (223.6, 11.6) 0.5
HAD anxiety 20.12 (22.94, 2.70) 0.53 (22.01, 3.07) 0.64 (22.88, 4.17) 0.9
HAD depression 0.63 (21.73, 2.98) 20.04 (23.17, 3.10) 20.66 (24.25, 2.92) 0.8
6MWT (m) 215.3 (262.6, 31.9) 1.0 33.0 (211.3, 77.2) 0.2 48.3 (8.9, 87.6) 0.01 0.01

Group comparison{

24 weeks

Outcome
measure STzPR vs PR P value* STzSMzPR vs PR P value*

STzSMzPR vs
STzPR P value* P valuez

Systolic BP 2.0 (29.5, 13.5) 1.3 (212.7, 15.5) 20.7 (214.7, 13.4) 0.9
Diastolic BP 22.7 (215.2, 9.8) 20.8 (29.9, 8.3) 1.9 (211.6, 15.4) 0.9
FEV1 (l) 20.012 (20.147, 0.122) 0.056 (20.106, 0.220) 0.069 (20.089, 0.227) 0.6
FVC (l) 0.16 (20.29, 0.62) 1.0 0.40

ˆ
(0.02, 0.79) 0.03 0.24 (20.23, 0.71) 0.6 0.04

SGRQ 10.9
ˆ

(20.4, 22.1) 20.1 (216.0, 15.7) 211.0 (229.5, 7.5) 0.07
HAD anxiety 0.29 (23.62, 4.20) 0.41 (22.71, 3.52) 0.12 (24.21, 4.44) 0.9
HAD depression 1.38 (20.90, 3.66) 0.63 (23.07, 4.32) 20.75 (24.81, 3.30) 0.3
6MWT (m) 223.9 (277.0, 29.2) 0.8 34.6 (220.7, 89.8) 0.4 58.4 (4.70, 112.2) 0.02 0.03

{Fitted as an ANCOVA with baseline as covariate with standard errors calculated using a non-parametric bootstrap.
{Pulmonary rehabilitation (PR): group 1; soft tissue therapyzpulmonary rehabilitation (STzPR): group 2; soft tissue therapyzspinal
manipulationzpulmonary rehabilitation (STzSMzPR): group 3; values are mean and (standard error).
BP: blood pressure; FEV1: forced expiratory volume in 1st second; FVC: forced vital capacity; SGRQ: St George’s respiratory
questionnaire; HAD: hospital anxiety and depression scale; 6MWT: 6-minute walking test.
*For difference between groups corrected for multiple comparisons using Bonferroni correction for three comparisons.
zFor difference between all three groups.
Âbove minimum clinically important difference (MCID).

Table 4 Percentage of participants (CI) with a change in forced vital capacity (FVC) from baseline above the minimum
clinically important difference (MCID)

ˆ

PR (n515) STzPR (n59) STzSMzPR (n59)

Weeks 16 24 16 24 16 24
FVC 40 (16, 68) 33 (12, 62) 78 (40, 97) 67 (30, 93) 89 (52, 100) 89 (52, 100)

ˆMCID: minimum clinically important difference; FVC: forced vital capacity.
Pulmonary rehabilitation (PR): group 1; soft tissue therapyzpulmonary rehabilitation (STzPR): group 2; soft tissue therapyzspinal
manipulationzpulmonary rehabilitation (STzSMzPR): group 3; values are mean and (standard error).
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