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BACKGROUND: Chest wall motion is a vital component of the respiratory system. Body position
changes disturb joint orientation around the chest wall and results in performance modifications of
respiratory muscles and movement surrounding the rib cage and the abdomen. Body position is a
priority treatment for preserving and promoting chest wall motion. The objective of the study was
to conduct a meta-analysis to provide insight into which body position most effectively improves
chest wall motion. METHODS: Medical literature databases were systemically searched up to
January 31, 2018. Methodological quality was evaluated by using a checklist for measuring quality.
A meta-analysis was performed to evaluate the effects of body positions on chest wall motion. The
quality of evidence was judged by using the GRADE (Grades of Recommendation, Assessment,
Development and Evaluation) approach. RESULTS: Six studies (5 high- and 1 low-quality) were
identified. Our results showed that the sitting position provided greater improvement in chest-wall
diameter changes and volume related to rib-cage function versus other body positions (very low to
moderate evidence). The supine position demonstrated greater enhancement of chest-wall–diame-
ter changes and volume in the part of the abdomen than the other body positions with very low to
moderate evidence. CONCLUSIONS: The results of this review indicated that the sitting position
improved the rib-cage compartment of the chest wall, whereas the supine position resulted in the
superior enhancement in the part of the abdomen relative to other body positions. These changes
in the body position could have some effect on the movements of the rib cage and abdomen and the
variations in lung volumes, which need to be interpreted with caution when considering implemen-
tation in the clinical setting. Key words: body position; chest wall motion; antero-posterior diameter
change; medio-lateral diameter change; volume variation; meta-analysis. [Respir Care
2018;63(11):1439–1451. © 2018 Daedalus Enterprises]

Introduction

Patients with cardiopulmonary problems often have dif-
ficulty breathing and impairments in chest wall motion

and lung function.1-3 A common intervention for address-
ing these problems is the use of body position changes to
make it easier for patients to breathe comfortably and to
enhance chest wall motion and lung function.3-5 Knowl-
edge regarding the specific body positions associated with
improvements in breathing, as represented by displace-
ments and volume variations of the chest wall and its
compartments,6,7 is critical for helping patients with car-
diopulmonary problems.

Chest wall compartments are classified into 2 parts, the
rib cage and the abdomen, that can be differentially influ-
enced by different body positions.8,9 Good rib cage func-
tion for breathing is directly related to intercostal and ac-
cessory muscle recruitment and to pressure changes in the
lung and pleural cavity. Abdominal function involves con-
traction of diaphragmatic muscles and pressure changes in
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the intra-abdominal region. Limitations in the rib cage or
abdomen compartment directly interfere with the activity
of respiratory muscles and lung function, and are associ-
ated with an increased risk of respiratory problems and
medical complications.1-3 reduced rib cage expansion and
the recruitment of intercostal and diaphragmatic muscles,
which then decrease tidal volume, FVC, and FEV1.10,11

Several factors are known to influence chest wall mo-
tion, including age, sex, body mass index, and body posi-
tions.2,6,7 Body position is an important extrinsic factor
closely associated with chest wall motion.2,12-14 Changes
in body position directly disturb respiratory muscle per-
formance, adapt movement surrounding the chest wall, and
the pattern of breathing.2,12,14,15 Therefore, body position is
an important technique that effectively enhances respiratory
function4,5,12,16 There are a number of body positions com-
monly used in clinical practice. These include the sitting,
Fowler, side lying, supine, and prone positions for preserving
and promoting chest wall and lung function, thereby reducing
the risk of respiratory complications.4,5,7

Previous studies reported that changing body positions
influences chest wall motion.7,14 Transition from the sit-
ting to the lying position reduced local chest wall compli-
ance and motions.7,14 Despite the studies not describing
which part or parts of the chest wall change with specific
body positions. Furthermore, a systematic review by
Nielsen et al5 found evidence that upright positions versus
reclining positions improved lung function in subjects af-
ter surgery. However, they found one study5 in which the
supine position resulted in greater abdominal volume varia-
tion relative to the Fowler position; another study found no
difference between both positions in subjects after surgery.
Therefore, the evidence with respect to the influence of body
position on chest wall motion is contradictory.

Regardless of these important preliminary findings, there
remains little knowledge regarding the effects of body
positions on chest wall motion with respect to the 2 com-
partments of the chest wall. In addition, there has been no
meta-analysis that has yet been performed to understand
the effects of body positions on chest wall motion in healthy
adults. To address these knowledge gaps, we conducted a
meta-analysis to provide insight into which body position
is most effective for improvements on chest wall motion.
The results of this review provide important empirical ev-
idence for the clinician to tailor treatments as well as high-
light additional knowledge gaps that require future research.

Methods

Search Strategy

This study was performed according to PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis) guidelines.17,18 A literature search (up to Janu-

ary 31, 2018) was conducted with 5 online databases:
ProQuest, Scopus, PubMed, ScienceDirect, and Web of
Science. Search terms used MeSH (medical subject head-
ings) and key words. The following key words were com-
binations of (“body position” or “body posture”) and (“chest
wall motion” or “ribcage motion” or “chest wall movement”
or “chest wall kinematics” or “thoracoabdominal motion”).
The search process was conducted by 2 independent review-
ers (RS, TK).

Selection of Eligible Studies

First, the 2 reviewers (RS, TK) independently screened
titles and abstracts from the search process; second, the
reviewers obtained the full texts of the relevant studies and
independently evaluated each study by using the inclusion
criteria. The included studies were English full-text
articles and met the inclusion criteria by following the
PICO (population, interventions, comparators, outcomes)
model17,18:

Population: Adults ages � 18 y old; non-smoking or
ex-smoking at least 1 y
Interventions: Performed body position during quiet
breathing
Comparators: Between body positions
Outcomes: Chest wall motion was examined as follows:

• Anteroposterior (AP) diameter changes at the rib cage
(APrib cage) and the abdomen (APabdomen)

• Mediolateral (ML) diameter changes at the rib cage
(MLrib cage) and the abdomen (MLabdomen)

• Volume (V) variations at the rib cage (Vrib cage) and the
abdomen (Vabdomen)
Study Designs: No restriction on design and publication
years

Studies were excluded if they investigated patients or
animals. Letters, abstracts, books, conference proceedings,
and poster presentations were also excluded.

Discrepancies were resolved by discussion between
the 2 reviewers (RS, TK). If there was disagreement be-
tween the reviewers, then a third reviewer (PT) made the
decision.

Methodological Quality Assessments

Methodological quality was assessed with the validated
checklist for health care intervention developed by Downs
and Black.19,20 This tool measured quality in terms of re-
porting, external validity, internal validity, and power. This
study adopted 18 of the 27 items Downs and Black check-
lists that are applicable for experimental trials.19,20 From
the original version, items 8, 9, 13, 14, 15, 16, 19, 25, and
26 were excluded because these items are related to the
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observational study. The score in each item was 0 (no), 0
(unable to determine), and 1 (yes), except for item 5 (0
[no], 1 [partial], and 2 [yes]). The score of studies with
�50% of met items or with �9 points indicated high
methodological quality.20-23

Data Extraction and Synthesis

Data were directly extracted by the 2 reviewers (RS,
TK). The studies’ characteristics were reported according
to authors, publication year, study design, number of par-
ticipants, body positions, main findings, and methodolog-
ical quality level. A meta-analysis, by using the generic
inverse variance method,20,24 was performed by pooling
the estimated means of all the outcomes. Heterogeneity
across studies was assessed by the I2 value, for which
� 40% indicated homogeneity and � 40% represented
heterogeneity.20,24 The fixed-effects model was used to
calculate the pooled estimates for each outcome if data
were considered homogeneous (P � .05), whereas the
random-effects model was used if the outcome showed
heterogeneity (P � .05).20,25 The overall magnitude effects
of body positions were reported in mean differences (95%
CIs). GetData graph digitizer 2.26 software (RIPE Net-
work coordination centre, Russian Federation) was used to
estimate the mean � SD26,27 because some included stud-
ies2,15 did not present mean � SD.

If the included studies were not appropriate for conduct-
ing meta-analysis due to presence only one study, then
qualitative synthesis was reported in mean differences (95%
CIs) for the results. Publication bias across the studies was
judged by visual analysis of funnel plots, which were eval-
uated by using Review Manager 5.3 (The Cochrane col-
laboration, Westminster, London). Symmetrical funnel
plots indicated low risk, whereas asymmetrical funnel plots
showed a high risk of publication bias.28,29 Quality of ev-
idence for all outcomes was evaluated by using the GRADE
(Grades of Recommendation, Assessment, Development
and Evaluation) approach.30-32

Five domains of quality were rated for each compari-
son: limitations of study design, inconsistency, indirectness,
imprecision, and publication bias.30-32 The quality of evi-
dence started at high for randomized controlled trials or ex-
perimental trials, and at low for all observational studies.30-32

This study began with high quality due to the included studies
being experimental trials. The quality of evidence could be
downgraded for studies if there were limitations across stud-
ies due to a risk of bias, inconsistency, indirectness, impre-
cision, or publication bias.30-32 The overall quality of evi-
dence was defined according to the GRADE approach32 and
was presented through the summary of findings.33

Results

Search Strategy

The literature search identified articles published from
1955 to January 31, 2018. After removing duplicates, 3,398
studies were screened. A total of 6 studies met the inclu-
sion criteria and were evaluated for methodological qual-
ity and data extraction. All stages of reference selection
are displayed in Figure 1.

Methodological Quality of the Studies

The total score of individual studies was between
6 and 14. Five studies indicated high quality,2,34-37

whereas one study showed low quality15 (Table 1). No
studies reported on allocation concealment.2,15,34-37 Two
studies reported the population source and participant
selection,2,36 whereas we were unable to determine this
information in 4 studies15,34,35,37 Five studies did not
report a power analysis.2,15,34,35,37 Furthermore, 2 stud-
ies did not present the actual P values.34,37 One study
did not describe the distribution of confounding fac-
tors.15 We found no publication bias using funnel plot
analysis.

Records identified through
database searching

17,092

Records screened
3,398

Excluded
3,382

Duplicates
removed
13,694

Excluded
10

Full-text articles assessed for
eligibility

16

Hypoxic and deep 
breathing: 2
Obese adolescents, spinal cord
injury, and chronic obstructive
pulmonary disease: 4
Outcome criteria not met: 4

Studies included for synthesis
6

Fig. 1. Flow diagram of the searching and screening process.
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Study Characteristics

Six studies were experimental trials.2,15,34-37 A total of
204 participants, which involved 117 men and 87 women
ages between 18 and 74 y (Table 2). Five studies recruited
both sexes.2,15,34-36 One study recruited only male partic-
ipants.37 The body positions were standing, sitting, Fowler,
side lying, supine, and prone positions. There were
different methods for assessing chest wall motion. One
study used a linear magnetometer,15 1 study used a laser-
based technique,35 1 study used a 3-dimensional motion
system,36 and 3 studies used optoelectronic plethysmogra-
phy.2,34,37 Chest wall motion outcomes included diameter
changes and volume variations.

With regard to diameter changes, 1 study evaluated the
standing position on AP diameter changes.35 Five studies
investigated the sitting position on AP and ML diameter
changes.2,15,35-37 Five studies explored the supine position
on AP and ML diameter changes.2,15,35-37 Two studies as-
sessed the side-lying position on AP and ML diameter
changes.15,37 One study reported on the prone position on AP
and ML diameter changes.15 One study evaluated the Fowler
position on AP and ML diameter changes.2 Regarding vol-
ume variations, 1 study evaluated sitting, Fowler, and supine
positions on volume variations.2 Another study analyzed su-
pine and prone positions on volume variations.34

Effects of Body Positions on Chest-Wall–Diameter
Changes and Volume Variations

Meta-analyses revealed very low to low evidence for
effects of the sitting, supine, and side-lying positions on
chest wall–diameter changes. Qualitative synthesis reported
low-to-moderate evidence for effects of standing, sitting,
Fowler, supine, and prone positions on chest-wall–diameter
changes, whereas moderate evidence was reported for effects
of sitting, Fowler, supine, and prone positions on volume
variations.

Diameter Changes: APrib cage and APabdomen. The diam-
eter changes APrib cage and APabdomen are presented in Table 3.

• Sitting versus supine: The sitting position had signifi-
cantly greater APrib cage than the supine position; how-
ever, APabdomen had no difference with low evidence
(Fig. 2).2,15,35-37

• Sitting versus side lying: There was no difference on
APrib cage; however, APabdomen in the sitting position was
significantly higher than with the side lying position
with very-low evidence (Fig. 3).15,37

• Supine versus side lying: Supine and side lying positions
had no difference on APrib cage and APabdomen with very-
low evidence (Fig. 4).15,37

Table 1. Methodological Quality of Included Studies

Study, y
Reporting Bias: 8 Items

External
Validity: 2

Items
Internal Validity: 7 Items Power:

1 Item Total
Score (19)

Quality
of Study

1* 2† 3‡ 4§ 5� 6¶ 7** 8†† 9‡‡ 10§§ 11� � 12¶¶ 13*** 14††† 15‡‡‡ 16§§§ 17� � � 18¶¶¶

Aliverti et al,34 2001 � � � � � � � x x � ? � � � ? ? ? ? 11 High
Hagman et al,35 2016 � � � � � � � � ? � � � � ? ? ? ? ? 12 High
Kaneko and Horie,36 2012 � � � � � � � � � � ? � � � ? � ? x 14 High
Romei et al,2 2010 � � � � � � � � ? � � � � ? ? ? x ? 12 High
Takashima et al,37 2017 � � � � � � � x ? x ? � � ? ? � ? ? 10 High
Vellody et al,15 1978 � � � � x x x � ? x ? � x ? ? ? ? ? 6 Low

The 18 items which adopted from Down and Black checklist in this study were as followed.19

* Is the hypothesis, aim, objective of the study clearly described?
† Are the main outcomes to be measured clearly described in the introduction or methods section?
‡ Are the characteristics of the patients included in the study clearly described?
§ Are the interventions of interest clearly described?
� Are the distributions of principal confounders in each group of subjects to be compared clearly described?
¶ Are the main findings of the study clearly described?
** Does the study provide estimates of the random variability in the data for the main outcomes?
†† Have actual probability values been reported (eg, .035 rather than �.05) for the main outcomes except when the probability value is �.001?
‡‡ Were the subjects asked to participate in the study representative of the entire population from which they were recruited?
§§ Were those subjects who were prepared to participate representative of the entire population from which they were recruited?
� � If any of the results of the study were based on “data dredging,” was this made clear?
¶¶ Were the statistical tests used to assess the main outcomes appropriate?
*** Were the main outcome measures used accurate (valid and reliable)?
††† Were the patients in different intervention groups (trials and cohort studies) or were the cases and controls (case-control studies) recruited from the same population?
‡‡‡ Were study subjects in different intervention groups (trials and cohort studies) or were the cases and controls (case-control studies) recruited over the same period of time?
§§§ Were study subjects randomized to intervention groups?
� � � Was the randomized intervention assignment concealed from both subjects and health-care staff until recruitment was complete and irrevocable?
¶¶¶ Did the study have sufficient power to detect a clinically important effect where the probability value for a difference being due to chance is �5%?
� � yes (1 score)
� � partial of item 5 (1 score)
x � no (0 score)
? � unable to determine (0 score)
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• Standing versus sitting: The standing and sitting posi-
tions had no difference on APrib cage and APabdomen with
moderate evidence35

• Standing versus supine: The standing position had sig-
nificantly higher APrib cage but lower APabdomen than the
supine position with moderate evidence35

• Fowler versus sitting: The Fowler position had signifi-
cantly lower APrib cage and APabdomen than the sitting
position with moderate evidence2

• Fowler versus supine: The Fowler position had signifi-
cantly higher APrib cage but significantly lower APabdomen

than the supine position with moderate evidence2

• Prone versus supine: Low evidence was reported, show-
ing that there was no difference in APrib cage but that
there was significantly lower APabdomen in the prone
than in the supine position15

Diameter changes: MLrib cage and MLabdomen. The Di-
ameter changes MLrib cage and MLabdomen are presented in
Table 3.

• Sitting versus supine: The sitting and supine positions
had no difference on MLrib cage and MLabdomen with low
evidence (Fig. 2)2,15,36,37

• Sitting versus side lying: The sitting and side lying po-
sitions had no difference on MLrib cage and MLabdomen

with very-low evidence (Fig. 3)15,37

• Supine versus side lying: The supine and side lying po-
sitions had no difference on MLrib cage and MLabdomen

with very-low evidence (Fig. 4)15,37

• Fowler versus sitting: The Fowler position was signifi-
cantly lower on MLrib cage and MLabdomen than the sitting
position with moderate evidence2

• Fowler versus supine: Fowler and supine positions
had no difference on MLrib cage and MLabdomen with
moderate evidence2

• Prone versus supine: The prone position had signifi-
cantly lower MLrib cage and MLabdomen than the supine
position with low evidence15

Volume Variations: Vrib cage and Vabdomen. There were
2 studies that investigated the effects of body positions on
volume variations.2,34 There was moderate evidence that
identified that the prone and supine positions resulted in
no differences on Vrib cage and Vabdomen.34 There was mod-
erate evidence reported that showed that the sitting posi-
tion had significantly greater Vrib cage but lower Vabdomen

than the supine position.2 For the Fowler position, there
was no difference in Vrib cage, but there was a signifi-
cantly lower Vabdomen than with the supine position.T
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Furthermore, comparison of the Fowler and sitting
positions revealed that the Fowler position had sig-
nificantly lower Vrib cage and Vabdomen than did the sit-
ting position (Table 3).

Discussion

To our knowledge, this study was the first meta-analysis
to investigate the effects of body positions on chest wall
motion in healthy adults. A systematic search revealed
6 experimental trials2,15,34-37 with low to high quality. There
were 6 body positions examined: standing, sitting, Fowler,
side lying, supine, and prone. The current findings sup-
ported the assertion that body positions impact chest-wall–

diameter changes and volume variations.2,15,34-37 The evi-
dence in this study was very low to moderate. Our findings
demonstrated that the sitting position resulted in greater
improvements in chest-wall–diameter changes and vol-
ume related to rib-cage function versus other body posi-
tions (very low to moderate evidence). The supine position
resulted in enhancement in part of the abdomen compared
with other body positions. A previous systematic review
by Nielsen et al5 reported evidence on the influence of
these body positions on chest wall motion and found that
the supine position had more abdominal volume variation
than the Fowler position. Some information was similar to
our review. However, our review conducted a meta-anal-

Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI
Mean Difference

IV, Random, 95% CI
Mean Difference

Supine position Sitting position
−4 −2 0 2 4

AP diameter at ribcage
Vellody 1978
Romei 2010
Kaneko 2012
Hagman 2016
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 0.81; Chi2 = 6130.97, df = 4 (P < .001); I2 = 100%
Test for overall effect: Z = 2.30 (P = .02)

AP diameter at abdomen
Vellody 1978
Romei 2010
Kaneko 2012
Hagman 2016
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 6.41; Chi2 = 355251.83, df = 4 (P < .001); I2 = 100%
Test for overall effect: Z = 1.69 (P = .09)

ML diameter at ribcage
Vellody 1978
Romei 2010
Kaneko 2012
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 0.62; Chi2 = 289639.18, df = 3 (P < .001); I2 = 100%
Test for overall effect: Z = 2.00 (P = .05)

ML diameter at abdomen
Vellody 1978
Romei 2010
Kaneko 2012
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 1.50; Chi2 = 2826.83, df = 3 (P < .001); I2 = 100%
Test for overall effect: Z = 0.49 (P = .63)
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1.99
0.43

0.2
0.32

−2.67
−1.98

−3.1
−2.7

0.9

1.07
1.63
0.47

−0.02

−0.29
0.82

−1.74
0.02

0.02
0.04
0.06
0.04

0.005

0.006
0.05
0.02
0.09

0.002

0.022
0.002
0.001
0.005

0.034
0.036
0.033
0.083

20.0%
20.0%
19.9%
20.0%
20.0%
100%

20.0%
20.0%
20.0%
20.0%
20.0%
100%

25.0%
25.0%
25.0%
25.0%
100%

25.0%
25.0%
25.0%
24.9%
100%

1.71 (1.67–1.75)
1.99 (1.91–2.07)
0.43 (0.31–0.55)
0.20 (0.12–0.28)
0.32 (0.31–0.33)
0.93 (0.14–1.72)

−2.67 (−2.68 to −2.66)
−1.98 (−2.08 to −1.88)
−3.10 (−3.14 to −3.06)
−2.70 (−2.88 to −2.52)

0.90 (0.90–0.90)
−1.91 (−4.13–0.31)

1.07 (1.03–1.11)
1.63 (1.63–1.63)
0.47 (0.47–0.47)

−0.02 (−0.03 to −0.01)
0.79 (0.02–1.56)

−0.29 (−0.36 to −0.22)
0.82 (0.75–0.89)

−1.74 (−1.80 to −1.68)
0.02 (−0.14–0.18)

−0.30 (−1.50–0.90)

Fig. 2. Meta-analysis of the results of the effects of the body positions on chest-wall–diameter changes between the sitting and supine
positions. AP � anteroposterior; ML � mediolateral.
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ysis of all published studies to date to determine more-
robust estimates of the strength of the effect of 6 body
positions on 2 directions of chest-wall–diameter changes
and volume variations.

Methodological Considerations

Six included studies were rated as low to high
quality.2,15,34-37 Factors that contributed to the risk of bias
in this study were unreported allocation concealment,
source population and participant selection, distribution of
confounding factors, the actual P value, and power anal-
ysis. All studies were not reported the concealed assign-
ments.2,15,34-37 Allocation concealment should be performed
to minimize selection bias. Furthermore, the lack of ex-
perimental blinding might have affected the estimated ef-
fects of the results.38 Moreover, 1 study (17%) did not
report means � SDs and effect size to determine the power
analysis.36 This could not be determined in 5 studies
(83%).2,15,34,35,37 Performing power analysis is critical be-
cause, without these calculations, the precision of the re-
sults of the sample size could be lacking.39

Source population and selection of participants could
not be determined in 4 studies (67%).15,35-37 The source
population and sampling methods provided external valid-
ity. The influence of the lack of a reporting source and
sampling methods of the participants was that the results
were not generalizable to the population.39 One study (17%)
did not describe the distribution of the main confounding
factors, for example, sex and age.15 The lack of controlling
confounding factors could directly under- or overestimate
the effects of the results.2,7,36 Furthermore, 2 studies (33%)
did not present actual P values.34,37 The actual P value
should be stated to eliminate reporting bias. If it is not, then
the results might not be representative of the true significant
effects.39 Therefore, concealed assignment, source popula-
tion and participant selection, power analysis, confounding
factors, and actual P values to eliminate bias should be in-
corporated into the research and be reported in the articles.

Study Characteristics

The 6 included studies were mixed regarding sex and
age.2,15,34-37 Sex and age differences could affect chest

Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI
Mean Difference

IV, Random, 95% CI
Mean Difference

Side lying position Sitting position
−10 −5 0 5 10

AP diameter at ribcage
Vellody 1978
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 1.29; Chi2 = 179.69, df = 1 (P < .001); I2 = 99%
Test for overall effect: Z = 0.93 (P = .35)

AP diameter at abdomen
Vellody 1978
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 0.20; Chi2 = 240.94, df = 1 (P < .001); I2 = 100%
Test for overall effect: Z = 2.44 (P = .01)

ML diameter at ribcage
Vellody 1978
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 0.04; Chi2 = 222.26, df = 1 (P < .001); I2 = 1 00%
Test for overall effect: Z = 1.97 (P = .050)

ML diameter at abdomen
Vellody 1978
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 1.21; Chi2 = 657.73, df = 1 (P < .001); I2 = 100%
Test for overall effect: Z = 0.46 (P = .65)

1.56
−0.05

1.1
0.46

0.13
0.4

−1.14
0.42

0.12
0.005

0.032
0.026

0.018
0.002

0.06
0.01

49.7%
50.3%
100%

50.0%
50.0%
100%

49.8%
50.2%
100%

49.9%
50.1%
100%

1.56 (1.32–1.80)
−0.05 (−0.06 to −0.04)

0.75 (−0.83–2.33)

1.10 (1.04–1.16)
0.46 (0.41–0.51)
0.78 (0.15–1.41)

0.13 (0 09–0.17)
0.40 (0.40–0.40)
0.27 (0.00–0.53)

−1.14 (−1.26 to −1.02)
0.42 (0.40–0.44)

−0.36 (−1.89–1.17)

Fig. 3. Meta-analysis of the results of effects of the body positions on chest wall–diameter changes between the sitting and side lying
positions. AP � anteroposterior; ML � mediolateral.
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wall motion.2,7,36 Previous studies found that females had
smaller dimensions of the chest wall and motion2 and a
more costal breathing pattern than males.40 Furthermore,
the participants in this study varied in age (range, 18–
74 y), and this could affect the results of chest wall mo-
tion. Although pooled estimates data in this study pre-
sented heterogeneity (I2 � 40%), we used a random-effects
model for adjusting the variation of data. The random-
effects model was employed for reducing heterogeneous
of data.20,25

Methods to measure chest wall motion, including diam-
eter and volume, also varied among the included studies:
linear magnetometer,15 3-dimensional motion system,36 and
optoelectronic plethysmography.2,34,37 The linear magne-
tometer is a simple and inexpensive method that assesses
only 1-dimensional chest wall changes and is inadequate
for estimating chest wall volumes, whereas the 3-dimen-
sional motion and optoelectronic plethysmography sys-
tems are complex and expensive methods able to evaluate
3-dimensional chest wall changes and estimate chest-wall
volume changes. Although the studies used different meth-
ods, all the methods had good reliability and validity com-
pared with spirometers.9,41,42

Effects of Body Positions on Chest Wall Motion

Diameter Changes: APrib cage and APabdomen. We found
very low to moderate evidence for the sitting position
having superior improvement in APrib cage compared with
other reclining positions.2,15,35-37 This result agreed with
previous studies that found the sitting position had higher
APrib cage than the lying positions.6,7 The improvement of
APrib cage in the sitting position may be due to less grav-
itational compression around the thorax, which results in
higher chest-wall compliance, greater mechanical advan-
tage of intercostal muscle length, and contraction and lower
resistance to diaphragmatic contraction than the supine
position.1,14,16,43-45 Moreover, elevated venous return in
the lying positions may increase intrapulmonary pressure
from intrathoracic accumulation of blood flow, which may
cause resistance to lung inflation, which results in de-
creased APrib cage.46 In addition, the results showed very
low to moderate evidence that the supine position was
superior in enhancing APabdomen compared with the other
positions. This was probably caused by a stiffer rib cage
than the abdomen compartment.45 Furthermore, magnetic
resonance imaging showed that the supine position was

Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI
Mean Difference

IV, Random, 95% CI
Mean Difference

Side lying position Supine position
−10 −5 0 5 10

AP diameter at ribcage
Vellody 1978
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 0.04 ; Chi2 = 4.88, df = 1 (P < .001); I2 = 80%
Test for overall effect: Z = 1.56 (P = .12)

AP diameter at abdomen
Vellody 1978
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 5.12; Chi2 = 5120.00, df = 1 (P < .001); I2 = 100%
Test for overall effect: Z = 0.73 (P = .46)

ML diameter at ribcage
Vellody 1978
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 0.92; Chi2 = 3176.71, df = 1 (P < .001); I2 = 100%
Test for overall effect: Z = 0.38 (P = .70)

ML diameter at abdomen
Vellody 1978
Takashima 2017
SubtotaI (95% CI)
Heterogeneity: Tau2 = 0.84; Chi2 = 114.71, df = 1 (P < .001); I2 = 99%
Test for overall effect: Z = 0.40 (P = .69)
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−0.36

2.77
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100%
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100%
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100%

−0.05 (−0.32–0.22)
0.36 (−0.38 to −0.34)

−0.24 (−0.53–0.06)

2.77 (2.69–2.85)
−0.43 (−0.47 to −0.39)

1.17 (−1.97–4.31)

−0.94 (−0.99 to −0.89)
0.42 (0.41–0.43)

−0.26 (−1.59–1.07)

−0.91 (−1.06 to −0.76)
0.39 (0.21–0.57)

−0.26 (−1.53–1.01)

Fig. 4. Meta-analysis of the results of effects of body positions on chest-wall–diameter changes between the supine and side lying
positions. AP � anteroposterior; ML � mediolateral.
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associated with greater motion in the posterior part of the
diaphragm, which results in greater chest wall motion in
part of the abdomen than when in the sitting position.47

The evidence of body positions on AP diameter changes
indicated that the sitting position could lead to more im-
provements in the APrib cage than the lying positions. Fur-
thermore, the supine position could be superior in enhanc-
ing APabdomen than the other body positions. Nevertheless,
the evidence was very low to moderate. More studies are
needed to confirm these effects of the sitting and supine
positions.

Diameter Changes: MLrib cage and MLabdomen. The re-
sults of MLrib cage and MLabdomen changes were the same
as APrib cage and APabdomen, which revealed very low to
moderate evidence for higher MLrib cage in the sitting po-
sition and MLabdomen in the supine position.2,15,35-37 An
increase of MLrib cage in the sitting position might be due
to the lower gravitational forces that act on the chest wall,
which results in greater rib cage compliance, greater in-
tercostal muscle performance, and smaller resistance to
diaphragmatic excursion than in the supine posi-
tion.1,14,16,43-45 In addition, our results showed very low to
moderate evidence that the supine position was superior
for enhancing MLabdomen compared with the other posi-
tions. It was possible that a stiffer rib cage and higher
motion in the posterior part of the diaphragm resulted in
higher MLabdomen in supine position than the other posi-
tions.45 This study recommends that MLrib cage could pre-
dominate in the sitting position compared with the lying
positions, whereas MLabdomen was superior in the supine
position. However, the evidence was very low to moder-
ate. Further studies are required to expand the level of
evidence.

Volume Variations: Vrib cage and Vabdomen. Only 2 stud-
ies investigated the effects of body positions on volume
variations.2,34 One study found that there was no differ-
ence in volume variations between the prone and supine
positions (moderate evidence).34 Although there was no
difference, prone positioning tended to be associated with
lower volume variations due to diminishing anterior chest-
wall compliance and diaphragm motion compared with the
supine position. Another study with moderate evidence
showed that the sitting position had higher Vrib cage than
the supine and Fowler positions, whereas supine position
had greater Vabdomen than the other positions.2 Increased
Vrib cage in the sitting position was in line with a previous
study that indicated that the sitting position had signifi-
cantly higher Vrib cage than Vabdomen.48 This might be be-
cause the sitting position had less effect of gravitation but
more rib cage compliance and better intercostal muscle
function, which led to increased Vrib cage than the other
body positions.2,7 Furthermore, there was moderate evi-

dence that Vabdomen in the supine position improved com-
pared with other body positions. This finding concurred
with a previous study that the supine position had signif-
icantly higher Vabdomen than Vrib cage.49 In addition,
Vabdomen in the supine position had strong correlation with
diaphragmatic excursion.49 It is possible that there was
less tension when in the supine position between the dia-
phragm and the abdominal wall, which resulted in more
diaphragmatic excursion and abdominal wall motion than
the other body positions.45,50 When considering volume
variations, the sitting position probably improves Vrib cage,
whereas Vabdomen may be greater in the supine versus the
other body positions, although these results came from a
single study2 (moderate evidence). Further studies should
focus on the effects of body positions on volume varia-
tions.

Limitations

There are 3 main methodological limitations of this study.
First, systematic searching included only full texts in Eng-
lish. Language restrictions may result in a lack of related
research written in other languages that may affect the
results of this study. Second, well-designed studies (ran-
domized controlled trials) were not identified in this re-
view. Randomized controlled trials would help to identify
the causal effects of body positions on chest wall motion.
Third, Existing systematic reviews and meta-analysis are
limited in number of studies and quality of evidence. The
findings in this study should be interpreted with care be-
cause some of the evidence came from a single study.
More studies are needed to upgrade the quality of the
evidence and clarify the findings.

Conclusions

This study supported the assertion that body positions
influence chest wall motion, including diameter changes
and volume variations. Our findings revealed that the sit-
ting position had more positive improvements on chest
wall motion in part of the rib cage, whereas the supine
position was able to more positively enhance chest wall
motion in part of the abdomen than the other body posi-
tions with very low to moderate evidence. These changes
in the body’s position could have some effect on the move-
ments of the rib cage and abdomen, and the variations in
lung volumes. The results of this systematic review need
to be interpreted with caution when considering imple-
mentation into the clinical setting. Moreover, the physio-
logic basis of the changes in respiratory function should be
considered. Furthermore, the evidence in this study is lim-
ited in terms of the numbers and quality of studies. There-
fore, more high-quality evidence is required to elucidate
the effects of the body positions.
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