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Abstract: Chronic obstructive pulmonary disease is a major cause of mortality and morbidity worldwide with inflated 
costs for treatment and rehabilitation. Physiotherapy is clinically beneficial for rehabilitation of COPD patients but 
there is a lack of scientific analysis and comparison of physiotherapy effects in severe COPD patients. Therefore, we 
applied a detailed systematic approach to investigate the effect of all potential physiotherapy techniques on motor 
function in COPD exacerbation patients. We pooled data from 315 trials published in databases such as PubMed, 
etc. Colleagues independently reviewed these studies and any of the above study patients with exacerbated COPD 
were randomly allocated to receive diverse physiotherapy techniques. Primary outcomes were exercise distance 
and endurance time. Thirteen studies were eventually included in this study. Overall physiotherapy techniques 
contributed to significantly improved motor function (standardized mean difference 25.96, 95% confidence interval 
[CI]=19.08 to 32.85) including longer exercise distance (weighted mean difference), and longer endurance time 
(standardized mean difference). Specifically, results of TENS and HFCWO indicated a significant improvement of 
motor function of COPD patients (overall P=0.003 and <0.00001, respectively) while ELTGOL did not statistically 
ameliorate motor function after COPD exacerbation (overall P=0.43). In general, physiotherapy techniques are ef-
fective in improving severe COPD patient motor function. Further research is needed to elucidate its effect on other 
outcomes and to determine the optimal use of physical therapy. 
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Introduction

Chronic obstructive pulmonary disease (COPD) 
is a preventable and treatable pulmonary dis-
ease characterized by limitation in continuous 
air flow [1], according to a consensus document 
issued by World Health Organization-the Global 
Initiative for Chronic Obstructive Lung Disease 
(GOLD) [2, 3]. However, extra-pulmonary mani-
festations of many COPD patients are various 
such as impairment of systemic motor func-
tions at diverse levels, especially muscular dys-
function and muscular atrophy [4-6]. In addi-
tion, unfavorable impacts of COPD such as 
sarcopenia or acute onset, may last a long 
time. COPD is a major cause of mortality and 
morbidity worldwide with the prediction of be- 

ing the third leading cause of deaths in 2030 
according to the World Health Organization 
(WHO) [7, 8]. Moreover, costs for treatment of 
COPD and its complications remain about €60 
billion annually, according to European Health 
Forum Gastein (EHFG, 2016) [9, 10]. The mean 
cost for each patient in Europe is about €500, 
reported by European Respiratory Journal (ERS) 
[11, 12]. These shocking situations draw the 
attention of each country so that better meth-
ods improving quality of life and lowering the 
mortality rate can be found.

Physiotherapy has been widely applied for treat-
ment, rehabilitation, and prevention for healthy 
people and athletes [13-17]. Physiotherapy is 
clinically proven to be beneficial for rehabilita-
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tion of COPD patients, especially in improving 
limb muscular functions [18-23]. Recent stud-
ies have even demonstrated that physical train-
ing can prevent cognitive function impairment 
and related complications of male COPD 
patients [24-26]. Physiotherapy intervention at 
this stage can relieve dyspnea, lower ventila-
tion, improve lung capacity and volume, and 
reduce the impact of hospitalization period [16, 
17, 21, 27]. However, it is still not known wheth-
er patients with severe COPD can tolerate phys-
iotherapy because of intense respiration or the 
need of long-time work [28]. There is a lack of 
scientific analysis and comparison of physio-
therapy effects in severe COPD patients, includ-
ing many interventional measures and result 
measures. Despite diverse physiotherapy me- 
thods, the quality and extent of different prac-
tices are difficult to compare. Thus, evidence 
proving the effectiveness of most types of 
physiotherapy is rare. More comprehensive 
studies are urgently needed to figure out which 
technologies are effective and acceptable.

After studying important impacts of main phys-
iotherapy technologies on COPD outcome, we 
collected the current data for a meta-study 
regarding  effectiveness of physiotherapy tech-
nology on severe COPD.

Materials and methods

Literature retrieval strategy and learning iden-
tification 

To obtain all relevant studies, literatures from 
Central Register of Controlled Trials, PubMed, 
ScienceDirect database, Google Scholar, and 
EMBASE until August 30, 2017, were retrieved 
by two of our colleagues. As for disease speci-
ficity, we combined the following terms in all of 
our retrievals: “chronic obstructive pulmonary 
disease”, “COPD”, and “physiotherapy technol-
ogy”. All of the titles and abstracts have been 
examined by the two colleagues, respectively, 
for inclusion and exclusion criteria (Figure 1). 

Study selection

The inclusion criteria were: only English publica-
tions with random control trials and detailed 
data of exercise parameters for motor function 
comparison. Study exclusion criteria were: 
duplicated publications and studies without a 
control group. In the case of a rare practice 
from a certain physiotherapy technology, this 
technology was neglected due to failing to con-
form to our basic criteria of meta-analysis. As 
for articles reported in more than two publica-
tions, only the complete version was used for 
meta-analysis.

Data extraction

The following information was extracted from 
each study: the first author, publication year, 
patient ID, age, sex, COPD situation, FEV1%, 
physiotherapy technology, experimental and 
control measures (namely intervention catego-
ry, training intensity, and duration), result 
parameters, and results. Patients who received 
stimulation or other treatments (namely sham 
stimulation) were included into the study group 
and motor ability as outcome was defined as 
traveling distance (6-minute walking test, 
6MWT) and duration (constant work test, CWT). 

Two of our colleagues (differing from those who 
screened the raw study data during literature 
retrieval) independently reviewed all of the 
studies. Any dispute was addressed through 
discussion with a third investigator. They cross-
checked of all the data collected from the origi-
nal articles. Duplication was eliminated and 
insufficient or inapplicable data was aban- 
doned. 

After data extraction described above, we 
selected three technologies which conformed 
to fulfil the inclusion criteria for meta-analysis: 
transcutaneous electric nerve stimulation 
(TENS), high frequency chest wall oscillatory 
ventilation (HFCWO), and glottis opened in lat-
eral posture (ELTGOL). 

Quality assessment

Results were assigned to the corresponding 
category according to comparable characteris-
tics and expression. The preset primary out-
come was motor function, for study conve-
nience and comparison consistency. Motor 

Figure 1. FLow chart of study 
design.
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Table 1. Characteristics of articles included in this systematic review

Author, year Patients 
sample (m/f) Grade FEV1% (physiotherapy 

techniques/sham)
Age, years (physiotherapy 

techniques/sham) Study design Study intervention

Bourjeily-Habr 2002 [43] 18 (10/8) Moderate-to-severe 35.6/40.7 58.5/61.5 RCT, double-blind Transcutaneous electrical nerve stimulation (TENS)

Neder 2002 [44] 15 (9/6) Moderate-to-severe 38/39.5 66.6/65 RCT, double-blind High-frequency chest wall oscillation (HFCWO)

Basoglu 2005 [45] 27 (15/12) Severe N/A 69/51 RCT, single-blind High-frequency chest wall oscillation (HFCWO)

Vivodtzev 2006 [46] 17 (11/6) Severe 27/34 59/68 RCT, single-blind Transcutaneous electrical nerve stimulation (TENS)

Kodric 2009 [38] 59 (39/20) Severe N/A 57/61 RCT, single-blind Open glottis on lateral posture (ELTGOL)

Thierry 2010 [47] 30 (11/19) Severe N/A 59.3/68 RCT, single-blind Transcutaneous electrical nerve stimulation (TENS)

Mahajan 2011 [39] 52 (41/11) Severe N/A 67/65.3 RCT, single-blind Open glottis on lateral posture (ELTGOL)

Vivodtzev 2012 [48] 20 (13/7) Severe 34/30 70/68 RCT, double-blind Transcutaneous electrical nerve stimulation (TENS)

Kurzaj 2013 [21] 30 (16/21) Severe N/A 59/55 RCT, single-blind Open glottis on lateral posture (ELTGOL)

Sillen 2014 [49, 50] 81 (43/38) Severe 33/33 64.4/64 RCT, single-blind High-frequency chest wall oscillation (HFCWO)

Vieira 2014 [51] 20 (20/0) Moderate-to-severe 36.5/39.6 56.3/56.4 RCT, double-blind High-frequency chest wall oscillation (HFCWO)

Tasdemir 2015 [37] 27 (24/3) Moderate-to-severe 29/42.5 62.1/62.9 RCT, double-blind Transcutaneous electrical nerve stimulation (TENS)

Maddocks 2016 [52] 52 (21/31) Severe 30.8/30.7 70/69 RCT, double-blind High-frequency chest wall oscillation (HFCWO)
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ed due to irrelevancy and 17 
studies were not random control 
trials. 237 articles were excluded 
due to insufficient or inapplicable 
data. 21 studies were eventually 
retained after the 20 repeated 
articles were excluded.

The collected articles were pub-
lished from 2002 to 2017. 
Through collection of these trial 
data, 13 were assigned to phys-
iotherapy technology. Characteri- 
stics of the participants, the in- 
terventional measures, and main 
results extracted from the corre-
sponding studies are shown in 
Table 1.

Publication bias analysis 

Figure 2. Degree of dispersion of samples used in comparing the effec-
tiveness of all physiotherapy techniques on COPD. Abbreviations: SE, 
standard error; IV, inverse variance; CI, confidence interval.

function was compared mainly through 6MWT 
and CWT. The test parameters were exercise 
distance and endurance time.

Data synthesis and analysis

RevMan 5.3 software was used for meta-analy-
sis. The weighted mean difference (WMD) or 
standardized mean difference (SMD) and 95% 
confidence interval (CI) were used for summari-
zation and statistical analysis. After inter-trial 
differences were taken into consideration, the 
combined effects model and parameter ran-
dom effects were adopted; as physiotherapy 
technology was expected to be heterogeneous, 
different stimulation parameters, treatment at 
different time points, different study designs, 
and study populations were included. Due to 
the limited quantity (lower than 10) of each 
technology, a complete funnel plot was con-
structed for all physiotherapy technologies. As 
for the data devices (± standard deviation), a 
two-sided p value <0.05 was considered statis-
tically significant. 

Results

Articles retrieved and characteristics of in-
cluded trials

The studies collected through preliminary 
retrieval included 315 articles. After screening 
of titles and abstracts, 20 studies were exclud-

We used a funnel plot to investigate the poten-
tial source of heterogeneity. As shown in Figure 
2, the funnel plot shows an asymmetry, howev-
er, the result was relative to Begg’s insignificant 
(P=0.06) test (Figure 2). Therefore, all 13 stud-
ies were included in the meta-analysis.

Outcomes of all physiotherapy techniques on 
COPD

Comprehensive analysis indicates that applica-
tion of all three physiotherapy technologies is 
beneficial to improvement of motor function by 
significantly prolonging the exercise distance 
(by 6MWT, WMD=21.99, 95% CI=14.64 to 
29.34, I2=87%, subgroup P<0.00001), the walk 
endurance time (as shown in Figure 3), and (but 
of a high heterogeneity) motor tolerance time 
(by CWT, SMD=54.47, 95% CI=34.78 to 74.15, 
I2=7%, subgroup P>0.05). As for high heteroge-
neity, endurance time of the entire physiothera-
py has not been concluded. However, the whole 
effect of physiotherapy technologies on COPD 
exacerbation was proven to be very effective in 
this meta-analysis (WMD=25.96, 95% CI= 
19.08 to 32.85, I2=80%, overall Z=7.39, P< 
0.00001).

Transcutaneous electrical nerve stimulation 
(TENS) significantly improved motor function of 
patients with COPD exacerbation 

Transcutaneous electrical nerve stimulation 
works as a kind of physical stimuli. Specifically, 
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Figure 3. Effectiveness of all physiotherapy techniques on COPD. Abbreviations: SD, standard deviation; IV, inverse 
variance; CI, confidence interval.

a meta-study was carried out on the relation-
ship of TENS application and COPD exacerba-
tion outcome. The results showed that relative-
ly long exercise distance (WMD 29.48, 95% 
CI=9.55 to 49.41, subgroup I2=97%, P=0.004) 
and longer endurance time (SMD 1.11, 95% 

CI=0.14 to 2.08, subgroup I2=85%, P=0.44) (as 
shown in Figure 4) were connected. The over- 
|all effect of TENS on COPD exacerbation was 
also proven to be effective (WMD 29.98,  
95% CI=10.17 to 49.79, subgroup I2=94%, P= 
0.003).

Figure 4. Effectiveness of transcutaneous electrical nerve stimulation (TENS) on COPD exacerbation. Abbreviations: 
TENS, transcutaneous electrical nerve stimulation; SD, standard deviation; IV, inverse variance; CI, confidence in-
terval.
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Figure 5. Effectiveness of expiration with open glottis on lateral posture (ELTGOL) on COPD exacerbation. Abbrevia-
tions: ELTGOL, expiration with the glottis open in the lateral posture; SD, standard deviation; IV, inverse variance; 
CI, confidence interval.

Expiration with glottis open in the lateral 
posture (ELTGOL) significantly improved motor 
function of patients with COPD exacerbation

ELTGOL is a bronchial de-obstruction tech-
nique. Meta-analysis results demonstrated no 
different effect between ELTGOL and the con-
trol group in exercise distance (WMD -2.74, 
95% CI=-9.76 to 4.29, subgroup I2=0%, P=0.44) 
or endurance time (SMD -3.15, 95% CI=-9.58 
to 4.05, subgroup I2=0%; P=0. 83) (as shown in 
Figure 5). Thus, the test of overall effect of 

ELTGOL is undoubtedly insignificant (overall 
I2=0%; P=0.43).

High-frequency chest wall oscillation (HFCWO) 
significantly improved motor function of pa-
tients with COPD exacerbation 

In addition, studies containing application of 
HFCWO in COPD exacerbation underwent meta- 
analysis. The results clearly showed increased 
exercise distance (WMD 23.14, 95% CI=10.93 
to 35.36, subgroup I2=50%; P=0.0002) and 

Figure 6. Effectiveness of high-frequency chest wall oscillation (HFCWO) on COPD. Abbreviations: HFCWO, High-
frequency chest wall oscillation; SD, standard deviation; IV, inverse variance; CI, confidence interval.
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relatively long motor tolerance duration (SMD 
60.85, 95% CI=32.81 to 88.89, subgroup 
I2=35%; P<0.00001) (as shown in Figure 6). 
Motor function improvement of HFCWO in 
COPD exacerbation was significantly higher 
than that in control group (P<0.00001).

Discussion

While screening articles for this review, applied 
techniques and/or resources as a treatment 
option on hospitalization applications for pa- 
tients with COPD exacerbation were found to 
be different. In general, physiotherapy tech-
niques widely applied in COPD patients includ-
ed: electrical stimulation [28]; bronchial drain-
age technique [14]; thorax relaxation techniques 
[29, 30]; mechanical vibration [31, 32]; acu-
puncture [33]; active exercises of peripheral 
joints [34]; and strengthening of the quadriceps 
muscles and constant walks [35, 36]. Among 
the above categories, three main techniques in 
practice with enough participants and control 
groups (namely transcutaneous electrical 
nerve stimulation [37], expiration with the glot-
tis open in the lateral posture [38], high-fre-
quency chest wall oscillation [39]) were eventu-
ally taken into consideration for this meta- 
analysis of physiotherapy techniques effect on 
COPD exacerbation. 

Compared with meta-analysis from Alvarenga 
et al. [40] and a review from Chen et al. [41], 
our study involved more physiotherapy tech-
niques to be evaluated. Patients with COPD 
always developed varying degrees of peripheral 
function impairment [4, 6]. In this study, we 
included reports in which patients were only 
studied for impaired motor function alteration, 
to simplify the complexity of meta-data, as 
baseline levels of peripheral muscle dysfunc-
tion in COPD patients might exert an influential 
impact on the outcome of these physiotherapy 
techniques. We took exercise distance and 
endurance time as the primary outcome crite-
ria. Although the small number of participants 
present in the few articles reflects the fragility 
of the evidence provided by the literature on 
diverse physiotherapy techniques, the funnel 
plot of all physiotherapy techniques indicated 
that all data from the 13 included studies 
showed an asymmetry (Figure 2). Moreover, it 
is significant to emphasize that all patients who 

participated in these study samples were un- 
der clinically optimized pharmacological treat-
ments. Our colleagues have made sure that 
treatment followed the guidelines of Global 
Initiative for Chronic Obstructive Lung Disease-
GOLD [2] by serving patients with salbutamol, 
ipratropium bromide, theophylline, and methyl-
prednisolone. Thus, we believe that our meta-
analysis is more convincing with low hetero- 
geneity, since inconsistent inclusion criteria 
leading to high heterogeneity were excluded.

The way of motor function assessment may 
affect the outcome of our meta-analysis. 
According to review previously, 6MWT and CWT 
of patients were included as subgroups of the 
motor function outcome of physiotherapy tech-
niques. To minimize deviations of different par-
ticipates in every study, WMD were used to pool 
exercise distance and SMD to pool endurance 
time in the meta-analysis. Taking all physioth- 
erapy techniques into consideration, physio-
therapy techniques had a random significantly 
improved effect of exercise distance of 95% 
CI=14.64 to 29.34 (Figure 3). We also observ- 
ed a clear prolonged endurance time 95% 
CI=34.78 to 74.15 (but of a high heterogeneity, 
subgroup P>0.05). As for high heterogeneity, 
endurance times of all physiotherapies were 
not concluded. However, the whole effect of 
physiotherapy technologies on COPD exacerba-
tion was proven to be very effective in this 
meta-analysis (WMD=25.96, 95% CI=19.08 to 
32.85, I2=80%, overall Z=7.39, P<0.00001), 
indicating that physiotherapy techniques result 
in a certain improvement on exercise tolerance, 
regardless of the type of physiotherapy tech- 
nology. 

Transcutaneous electrical nerve stimulation 
(TENS) use electric current to produce stimuli 
to the nerves for therapeutic purposes [37], 
generally at high frequency (>50 Hz) with an 
intensity below motor contraction (sensory 
intensity) or low frequency (<10 Hz) with an 
intensity that produces motor contraction. 
Bensten et al. [18] reported a case in which 
skin nerve stimulation (TENS) was performed 
on a 74 year old male patient, in which the acu-
puncture points and its efficacy were proven to 
effectively eliminate dyspnea induced by COPD 
exacerbations. In our study, the results showed 
that TENS treatment caused relatively longer 
exercise distance (P=0.004) and longer endur-
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ance time (P=0.44) (as shown in Figure 4). We 
also observed high heterogeneity in endurance 
time, which may be attributed to different SWT 
measurements. Incremental SWT tests were 
applied in different trials. Sensitivity, response 
speed, and the repeatability of these tests are 
not the same. In most cases, more and more 
6MWT and longer endurance allows us to con-
sider the scale effect of physiotherapy tech-
niques to improve motor function. However, 
heterogeneity didn’t impair the overall effect of 
TENS on COPD exacerbation, still proven to be 
highly effective in improving patient motor func-
tion after COPD exacerbation (P=0.003). 

Expiration with open glottis on lateral posture 
(ELTGOL) is a bronchial de-obstruction tech-
nique [38]. Previously, Kodric et al. [38] as- 
sessed the efficacy of ELTGOL in patients with 
acute exacerbation COPD, in which hospitaliza-
tion time, dyspnea, and quality of life were 
found to be improved to different scale. 
Moreover, according to Guimaraes et al. [42], 
ELTGOL was performed with a slow expiration 
from residual function (FRC) residue and led to 
contraction or proximal contraction and elimi-
nated the risk of secretion. However, our study 
demonstrated no different effect between 
ELTGOL and the control group in exercise dis-
tance (P=0.44), endurance time (P=0. 83), or 
undoubtedly overall effect (overall P=0.43). The 
reason that ELTGOL doesn’t improve motor 
function could be due to the fact that ELTGOL 
doesn’t distinguish between mechanical stimu-
li to physical exercise.

High frequency chest wall shock (HFCWO) is a 
technique used to mobilize secretions of avia-
tion [27]. One way to produce this oscillation is 
through an inflatable vest. The system allows 
people to clean their respiratory tract without 
requiring a specific positioning or coordination 
period and can use minimal treatment support. 
Mahajan et al. [39] conducted a study on the 
effect of HFCWO on inpatients with COPD exac-
erbations. Participants in the HFCWO group 
presented a higher level of comfort after a sig-
nificant reduced dyspnea index. In accordance 
to Mahajan’s study, the results of our meta-
analysis clearly showed increased exercise dis-
tance (P=0.0002) and relatively long motor  
tolerance duration (P<0.00001) (as shown in 
Figure 6). Motor function improvement of HF- 

CWO in COPD exacerbation is significantly high-
er than that in the control group (P<0.00001).

Conclusion 

Physiotherapy techniques or measures used 
for COPD exacerbation patients include breath-
ing exercises and techniques such as TENS, 
ELTGOL, and HFCWO. In general, physiotherapy 
techniques are effective in improving severe 
COPD patient motor function. Further research 
is needed to elucidate its effect on other out-
comes and to determine its optimal use in 
regards to physical therapy. 
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