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Effects of Chest Wall Mobilization on Chest Expansion and Pulmonary Function in COPD:

A Systematic Review
Min-Hee Kim'
1Departmemt of Physical Therapy, Inje University

Purpose: This systematic review aimed to evaluate the effects of chest wall mobilization on chest expansion and
pulmonary function in patients with chronic obstructive pulmonary disease (COPD). Methods: International electronic
databases, including PubMed, Cochrane Library, and Wiley Online Library, were searched for studies published between
March 2016 and February 2025. The search was limited to articles published in English. Two reviewers independently
screened the studies and extracted the data. The risk of bias was evaluated using the Cochrane Risk of Bias tool 2.0 (RoB
2.0). Owing to the heterogeneity of interventions and outcome measures, a narrative synthesis was conducted instead
of a meta-analysis. Results: To examine the effects of chest wall mobilization in patients with COPD, seven randomized
controlled trials were reviewed. The interventions included manual therapy, respiratory muscle stretching, and breathing
techniques. Most studies reported improvements in chest wall expansion, maximum inspiratory/expiratory pressure, and
6-Min Walking Distance, with some exceeding the minimal clinically important difference. Furthermore, dyspnea improved
in some cases, whereas the Forced Expiratory Volume in 1 second/Forced Vital Capacity showed inconsistent results.
Conclusion: Chest wall mobilization can be an effective factor in pulmonary rehabilitation in patients with COPD,
contributing to improvements in chest wall mobility, respiratory muscle function, and exercise tolerance. However,
evidence on its effect on lung capacity measurement function remains limited. In future research, standardized
measurement methods and long-term follow-up studies will be warranted to more accurately determine the effects of
chest wall expansion.

Key words: chest wall expansion, chest wall mobilization, chronic obstructive pulmonary disease, pulmonary function,
respiratory muscle stretching, thorax mobility
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24 B 7120 2 3 GOLD(Global Initiative for Chronic
Obstructive Lung Disease) H-5of we} dA(I-IV)E A olE
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[ Identification of new studies via databases and registers ]
(=)
.2 Records identified from: Records removed before screening:
S Pubmed (n = 16) Not related to COPD (n = 58)
E'E Cochrane library (n = 77) Not related to chest mobilization (n = 198)
S Wiley Online library (n = 319) Review literature (n = 31)
o

125 records screened
(Title and abstract screened for eligibility)

Records after duplicates removed (n = 36)

Records excluded:
Thoracic mobilization is not clearly

)
&=
c
o
o
S
L
@
89 full-text articles assessment for eligibility
o
5
S 7 studies included
o
[=

> presented (n = 55)
Insufficient respiratory function variables
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M/F  FEV4(%) predicted

Article
(1st author, yr)

Exp (n) Exp(meanSD)

p
(mean+SD)

Con
(mean+SD)

GOLD stage  Place Primary variables

Exp (n)  ExplmeanzSD)

Exercise capacity: 6MWT

61.0+£5.4 8/6 459+415.5
Thoracoabdominal kinematics: URC, LRC, ABD
Wada, 2016 I ~ 1 Hospital Lung function: FEV:. FEV:/F
64.0+5.6 n 426495 ung function: FEV1, FEVI/FVC
Respiratory muscle activity, mBorg scale
Ventilatory pattern: RR, Ti, Te, Ttot, VT, MV
61.8+8.3 1173 48.8+18.9 . .
Chest wall kinematics: Vrcp, Vrca, Vab, Veecw,
de Sa, 2017 Il ~1I  Laboratory . . . K
Veercp, Veerca, Veeab, Veicw, Veircp, Veirca, Veiab
62.4+8.3 10/4 50.6+18.3 . ..
Respiratory muscle activity
53.1+8.5 15 49.6+12.7 . Chest expansion (axilla & xiphisternum level)
Rehman, 2020 I~ 11 Hospital . .
53.5£8.1 15 56.5£14.8 Exercise capacity: 6MWT
Respirat; toms: CAT, d VAS
68.141.7 22/6 473415 PIAIORY SYTPTOMS yprea
. . Pulmonary function: FVC, FEV), IC, IRV
Liu, 2021 I~ 11 Hospital
Exercise capacity: 6MWT
68.0+£1.7 22/5 47.4+1.1 L
Neck and shoulder mobilities
Pulmonary function: FEV;, FVC
Respi 1 h: MIP, MEP
Tsui, 2023 75.046.3 300 30%<FEV,<50% 11 Hospital - copiratory muscle strength: MIE,
Cervical and thoracic ROM
Upper and lower thoracic excursion
) 61.946.0 20/0 ) ) o
Doi. 2024 - - Hospital ~ Chest expansion: 2nd ICS, 4th ICS, xiphoid process
62.05£6.1 20/0
15/0 Incremental cycle exercise test: WR, MET, SpOa,
RPD
Tsui, 2025 75.0+6.0 30%<FEV,<50% 11 Hospital ~ Respiratory muscle activity
15/0 Respiratory muscle tissue oxygen

saturation: StO,, StO, slope

ABD: abdominal, CAT: COPD assessment test, Con: control group, CW: chest wall, Exp: experimental group, FEV|: forced expiratory volume in 1
second, FVC: forced vital capacity, GOLD: global initiative for chronic obstructive lung disease, IC: inspiratory capacity, ICS: intercostal space, IRV:
inspiratory reserve volume, LRC: lower ribcage, mBorg: modified Borg sacle, M/F: male/female, MV: minute volume, MEP: maximal expiratory
pressure, MET: metabolic equivalent, MIP: maximal inspiratory pressure, ROM: range of motion, RPD: rate of perceived dyspnea, RR: respiratory
rate, SD: standard deviation, SpOy: peripheral oxygen saturation, StO;: tissue oxygen saturation, Te: expiratory time, Ti: inspiratory time, Ttot: total
respiratory cycle Time, URC: upper ribcage, Vab: volume abdominal, VAS: visual analogue scale, Veeab: volume end—expiratory abdomen, Veecw:
volume end—expiratory chest wall, Veerca: volume end—expiratory rib cage abdominal, Veercp: volume end—expiratory rib cage pulmonary, Veiab:
volume end—inspiratory abdomen, Veirca: volume end—inspiratory rib cage abdominal, Veircp: volume end—inspiratory rib cage pulmonary, Veicw:
volume end-inspiratory chest wall, Vrca: volume rib cage abdominal, Vrcp: volume rib cage pulmonary, VT: tidal volume, WR: work rate, 6MWT:
6—minute walk test,
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sl SAA Agdo] A=) wieell, # dAolde He T Ae A ARE DO vl FsIk B3 FrHIE =
(narrative synthesisy& 5ol 225 QoFsfAsigic A & wdER FA B3-S sk (D) Vs AR, (2) 52
A2 A 540l wet Al 7HA SRlaEe R ATkl skl 2 A, O) Y 2 Xli (4) &5 7Is A He P
ok (1) 47137 9 T4 7152 233 A4, 2) 352 2B T4 "?ﬁx](pooled effect)E A XS] &1, ZF H+Lo] wtk
3 B 9E2 PNF AR 34 34, () dUU SR 3} SUEA 05 el shasiston, vl 23 7k
A AL ol2F ER= 4 7IHo] 2E 2 58Ul A& (hypothesis-generating) 4JZ-& Atk
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2. 229l Y Ert #u

7} B39 HlET S1A(RoB 2) B7ke 9 20f fopslgict

Ao ofwat FAlmREe o), A% AnAwE, A
AukRis Stk Tk de Sd 5(2017)9) ATl
EMGS] 7147 EAlz 97 dlojels} Al2jslo] An o2 v

FAck. vbd kel wga Aut S S27F FER Al
29l 2 9] 739 Rehman 5(2020) F2H9{ul7 - vl
249l 247} ¢191al, Doi®} Shah(2024)% F2H9] Baf A
9401] AL A9 A AR A skt Aat S0

EAHE oL 7E 2 S0lA B EERRIE w7

Aok 24 240 Ao Q) AR Sl By, E3
Doi®} Shah(2024)%= tha]7] ZA| a3 AARZ olst 242} u]sl
2 7\an A9 7RsAdo] Qlo] =8 oplo s weksiin) nlE
ol dieh ST 43%0A U F5o2, 29%014
A5 R, 29%00M HF E5o2 Kot 3).

3. sifiaEY 84 7SS Sx W
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of wet A 714 %ﬁga N
@) 252 éEEﬂ%] ER EET DGSEAAATEAY
(Proprioceptive Neuromuscular Facilitation, PNF) 2
Edd 34 3,
(3) =5 4 A

3, £ 717 oldel 78S asto] 283 AFDoigt
Shah, 2024 SjhEle 2t ahe] ol % waI
A HA LRG| ARV 2 SA) A= A 7APL
F5 0 529 F1EAL BBAT)] st Rt 7] 71
22519t Rehman 5, 2020; Tsui 5, 2023; Doi2} Shah,

Risk of bias domains
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® @
® @
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® @

Domains:

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

Judgement

@ High

- Some concerns

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. . Low

a3 2. ZeE JHE S7e HE 2™ Bt (RoB 2)

Bias arising from the randomization process _:-
Bias due to deviations from intended interventions _
Bias due to missing outcome data _:l
Bias in measurement of the outcome _:-
Bias in selection of the reported result _
Overallriskof bies [N I

0% 25% 50% 75% 100%

| B owrisk [0 someconcems [l High risk |

a2 3. ZeiE o7 M2l HE 2E 2°F (RoB 2)
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2024; Tsui 5, 2025). Maitland 7]99] v]-524 ¥4 7%
SPF bR o2 AlgEglon, §5 AM-S=- 3 e
I FAY FHlo] F=H ek E3F Sk
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W (et AEYA e 35 PNF 2B $4
SAelME 2g B 9 5 259 {9 S ol o5
A Ee 554 Al 7IRo] 8=t Wada 5, 2016; de S4
5, 2017; Liu 5, 2021). §H-E2 AR, U6 s
FAY, S ol 8 HlieRr, 57] Aol 103021 A%
< FABK= o] AREE|SITE PNF AEHIAE hold-relax 7]
He sl 259 SAA 75 & 7T A AT =ZH
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Rehman 5(2020), Tsui 5(2023, 2025), Doi%} Shah(2024)
of ] ol ageict. AR F2§3 M5} A
olghe TS 2L FH) BT £I2 75 elsh
7H43ck Rehman 5(2020)2> 2 7Ms2H 5325 a8
A oHo} - B SRollA] 0.46 em F7Kp=0.003)5 HFO
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Qlgith Tsui 5(2023)& 3k gZ(excursion)o] 7] A%
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Zsiolnan Hasieich wiel A F vsks ol ek
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Pressure, MIP)¢} 2|5 7|(Maximal
Expiratory Pressure, MEP)+= X|2% & 39} 34 371¥ A4
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glo|i 24 7]Z202 ARzt AAolA 045 cm Z7}, A457t
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Inspiratory

ot §Y S HASIITHESF p=.0001). Tsui &
(2025)2 A& F8 F ST SR FHEFAAE 124}
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(p<.001). 1 A-sHE SE FSl(upper ribeage,
URC/lower ribcage, LRC)2 -F2J8}x] &t cHp>.05). 22 o
TFollA 7] BH AR(E7] §%, Expiratory Flow, EF/5t}
27)%F, Minute Ventilation, VE)7} 5-2J5}A] 74 % 9 3L(EF
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o= o] 9= Z7K33.2 m)E EL) de Sa £(2017)& 5=
EX 8 (volume rib cage abdominal, Vrca) 0.01 L,
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Intervention

(1st author, yr)

Intervention
duration

Major purpose

Main findings

Exp. Treadmill exercise +
Respiratory muscle stretching

Wada, 2016 Con. Treadmill exercise +
Upper and lower extremity
muscle stretching
Exp. Respiratory muscle
stretching
de Sa, 2017

Con. Resting under the same
conditions

Exp. Hot pack + Passive
shoulder ROM movement +

Rehman, 2020  Respiratory muscle stretching

Con. Hot pack + Passive
shoulder ROM movement

Exp. Basic Treatment + Aerobic
exercise + Respiratory mscle

. PNF stretching
Liu, 2021

Con. Basic Treatment + Aerobic
exercise

Exp. Treadmill exercise + Chest
wall mobilization (+ Home
exercise - trunk ROM exercise

. & stretching)
Tsui, 2023

lying comfortably (+ Home
exercise - upper & lower
extremity stretching)

Exp. Chest wall mobilization+
Breathing exercise
(Diaphragmatic breathing
Doi, 2024 exercises, Pursed-lip breathing)
Con. Breathing exercise
(Diaphragmatic breathing
exercises, Pursed-lip breathing)

Exp. Chest wall and thoracic
mobilization (+ Home exercise -
thoracic & chest self stretching)

Tsui, 2025 Con. Resting under the same

conditions (+ Home exercise -
upper & lower extremity
stretching)

12 weeks
(2 session /
week)

One session
(20 min)

5 day
(60 min / day)

5 day
(20 min / day)

6 weeks
(5 session /
week)

6 weeks
(2 session +

Con. Treadmill exercise + Rest Home exercise 3

session / week)

One session

6 weeks
(2 session +

Home exercise 3

session / week)

Effects of respiratory muscle
stretching combined with aerobic
exercise in patients with COPD

Immediate effects of respiratory
muscle stretching on chest wall
mobility in patients with COPD

Effects of passive respiratory
muscle stretching on chest
expansion and 6MWT

Effects of combined PNF
stretching for respiratory muscles
and aerobic exercise on
respiratory symptoms, pulmonary
function, and neck/shoulder
mobility

Cumulative and maintenance
effects of chest wall mobilization
on respiratory function

Effects of chest mobilization
exercise on upper, middle, and
lower chest expansion

Effects of chest wall mobilization

on functional exercise capacity,

respiratory muscle activity, and

respiratory muscle tissue oxygen

saturation in patients with severe
COPD

Improved ABD compartmental volume, functional
exercise capacity (p<0.01)

Decreased respiratory muscle effort required to
obtain the same pulmonary volume (p<0.001)
No difference in URC and LRC volumes
(p>0.05).

Increases on the variations of Vrcp, Vrca and
reductions on the variations of end-inspiratory
Vrep (p<0.05).

Reduction in sternocleidomastoid and upper
trapezium muscle activity (p<0.05)

Increased chest expansion at the level of the
axilla (p<0.05) and 6MWD (p<0.01).

No difference in chest expansion at the level of
the xiphisternum (p>0.05).

Improved CAT score, dyspnea VAS score, IC,
IRV, 6MWT, head protraction ROM and
shoulder flexion ROM (p<0.05).

No difference in FVC and FEV; (p>0.05)

No significant associations between neck/shoulder
mobility and FVC or FEV,.

Improvements in respiratory muscle strength and
thoracic excursion (p<0.01).

Lower thoracic excursion is strongly associated
with increase in MIP (3=13.64, p<0.001) and
MEP (3=16.23, p<0.001).

Improved chest-expansion at 2nd ICS, 4th ICS
and xiphoid process (p<0.05).

Decreased in activity of scalene, SCM and IC
muscle during exercise test.

Decrease in StO (p<0.05) and greater decline in
the slope of oxygenation dissociation (p=0.000).
Maintained at 3-month follow-up.

ABD: abdominal, CAT: COPD assessment test, Con: control group, COPD: chronic obstructive pulmonary disease, CVA: craniovertebral angle, EF: expiratory
flow, EMG: electromyography, EMG/CW: ratio of EMG to chest wall, Exp: experimental group, FEV;: forced expiratory volume in 1 second, FVC: forced vital
capacity, IC: inspiratory capacity, ICS: intercostal space, IRV: inspiratory reserve volume, LRC: lower ribcage, mBorg: modified Borg scale, MCID: Minimal
Clinically Important Difference, MEP: maximal expiratory pressure, MIP: maximal inspiratory pressure, OEP: optoelectronic plethysmography, PNF:
proprioceptive neuromuscular facilitation, ROM: range of motion, SCM: sternocleidomastoid, StO,: tissue oxygen saturation, URC: upper ribcage, UT: upper
trapezius, VAS: visual analogue scale, VE: minute volume, Vrca: volume rib cage abdominal, Vrcp: volume rib cage pulmonary, 6MWD: 6—min walk
distance, 6MWT: 6—-minute walk test, *Negative values indicate reduced respiratory effort and improved efficiency.
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. Study . . Assessment
Outcome domain (st author, Year] N (Exp/Con) Between-group difference in change methods
Wada, 2016 28 (14/14) 1 EF(+110 mL/s; p<0.001), 1 VE (+4.2 L/min; p<0.001) OEP
Liu, 2021 55 (28127)  No differences in FVC (+3.4%) and FEV, (+12.8%)(p>0.05) Spirometry

Pulmonary function
No significant interaction between time and group in FEV; and

Tsui, 2023 30 (15/15 Spiromet
( ) FVC (p>0.05) P Y
T MIP (+17.07 cmH,0, +14.80 cmH0; p=0.047), T MEP
. (+17.40 cmH,0, +18.20 cmH,0; p=0.001) at post- and 3-month .

Tsui, 2023 30 (15/15) Spirometry
follow-up
Significant time x group interaction (p<0.001)

Wada, 2016 28 (1414) | EMG/CW (*-68.2x10° mV/L; p=0.03) EMG

1 Intercostal muscle activity (Ist and 2nd quarter of exercise

Respiratory muscle
strength
. testing)
Tsui, 2025 30 (15/15) . . Lo
(-) the slope of StO, at post-intervention (p<0.001), maintained
at 3-month follow-up
1 Chest-expansion at 2nd ICS (+045; p=0.0001), 1
Doi, 2024 40 (20/20)  Chest-expansion at 4th ICS  (+0.84; p=0.0001), 1 Tape measure
Chest-expansion at xiphoid (+0.94; p=0.0001)
1 Lower thoracic excursion (+1.01 cm, +1.05 em; p=0.035) at
post-intervention and 3-month follow-up
Tsui, 2023 30 (15/15)  No significant in upper thoracic excursion Tape measure
Lower thoracic excursion: exceeded the MCID at 3-month
Chest wall expansion /
follow-up
T Chest expansion at axilla (+0.46 cm; p=0.003)

Rehman, 2020 30 (15/15) o . . . Tape measure
No significance in chest expansion at xiphisternum (p>0.05)

kinematics

T Vrep (+0.06 L), T Vrea (+0.01 L), T Vrep% (+0.99%) &

de S4, 2017 28 (14/14)  Vrca% (+0.15%) (all p<0.05), | EMG (SCM, UT) during MIP OEP, EMG
(p=0.043, p=0.034)
T ABD volume (+248 mL; p<0.001)

Wada, 2016 28 (14/14) . . OEP
No significance in URC and LRC (p>0.05)
Liu, 2021 55 (2827) 1 6MWD (p<0.05), 1 Neck/shoulder mobility (p<0.05) 6MWT, CVA
Exercise capacity / . _
. Wada, 2016 28 (14/14) 1 6MWD (+33.2 m; clinically significant) 6MWT, mBorg
functional outcomes
Rehman, 2020 30 (15/15) T 6MWD (+35.04 m; p<0.001) 6MWT

ABD: abdominal, Con: control group, CVA: craniovertebral angle, EF: expiratory flow, EMG: electromyography, EMG/CW: ratio of EMG to chest wall, Exp:
experimental group, FEV): forced expiratory volume in 1 second, FVC: forced vital capacity, ICS: intercostal space, LRC: lower ribcage, mBorg: modified
Borg scale, MCID: Minimal Clinically Important Difference, MEP: maximal expiratory pressure, MIP: maximal inspiratory pressure, OEP: optoelectronic
plethysmography, SCM: sternocleidomastoid, StO,: tissue oxygen saturation, URC: upper ribcage, UT: upper trapezius, VE: minute volume, Vrca: volume rib
cage abdominal, Vrcp: volume rib cage pulmonary, 6MWD: 6-min walk distance, 6MWT: 6—-minute walk test, *Negative values indicate reduced respiratory
effort and improved efficiency.
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1. Randomization process

2. Deviations from intended

interventions
3. Missing outcome data

4. Measurement of the
outcome

5. Selection of the reported

Adequate randomization and

concealment
Proper adherence and blinding

Minimal or balanced missing
data

Valid tools, blinded assessment

Outcomes match prespecified

Insufficient information on Non-random or predictable
randomization allocation

Minor deviations, unclear Major deviations or lack of
blinding blinding

Some missing data with unclear High proportion of missing data,

relationship to outcomes or outcome-related missingness

Unblinded or invalid

measurement

Unclear blinding or minor issues

Selective or inconsistent

No registration, unclear reporting

result plan reporting
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