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Abstract
I n t r o d u c t i o n : Diaphragm Mobility (DM) assessment is gaining interest in
the field of medicine and in the healthcare sector. Despite its clinical usage, the
measure of reliability in assessing DM is not clearly known.
A i m : To critically appraise the evidence describing the reliability measures of
DM assessment using any of the diagnostic modalities.
M a t e r i a l a n d m e t h o d s : A systematic search across five databases was carried out from January 1990 to September 2016. Quality Appraisal of Reliability
Studies (QUAREL) and the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system were used to assess the risk of bias and for
rating the quality of the evidence. In addition, levels of evidence grading which
synthesize all the included articles for grading were also used.
R e s u l t s a n d d i s c u s s i o n : Four papers were included for assessing both
intra-rater and inter-rater reliability using ultrasound and radiography. Three
papers reported ICC measures of reliability, with one paper reporting CV% of
reliability. The results demonstrate that, overall, lower levels of evidence exist
among the selected articles between moderate and good for intra-rater reliability
and good for inter-rater reliability measures. The synthesis of all the included
articles demonstrated that, overall, moderate evidence exists.
C o n c l u s i o n s : There were moderate-to-good reliability measures with a low
risk of bias in both the forms of reliability for assessing diaphragmatic mobility.
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1. INTRODUCTION
Breathing is a natural physiological process which is required to withstand life. In this context, the diaphragm is
an important muscle of respiration. Thus, it is understood
that dysfunction or impairment of diaphragm disturbs the
breathing cycle. Such undue changes which occur due to the
phenomena of abnormal physiology and biomechanical abnormality could eventually lead to altered work of breathing
and deterioration in exercise tolerance, which would affect
the quality of life.1–3
Diaphragmatic mobility (DM) is one of the important
parameters to be assessed in recent years to identify dysfunction of the diaphragm. In general, DM assessment was
developed to improve screening of individuals who suffer
from respiratory concerns. It has been theorized that individuals whose breathing is compromised because of respiratory illness and musculoskeletal disorders may exhibit poor
movement patterns of the diaphragm, thus predisposing an
individual to respiratory dysfunction.1,2,4 In order to know
the extent of DM, a few imagery assessment methods are
used to evaluate the function and position of the diaphragm.
The imagery assessment methods that are in practice are Xray, fluoroscopy, magnetic resonance imaging (MRI), and
ultrasonography.5–7 Out of all these techniques proposed
to assess DM, ultrasound has the advantage of being a safe
operating procedure, as described in the earlier literature.8
Even though various techniques of assessment are available
to assess DM, the commonly used methods of estimation to
ensure reliability of results are not understood clearly.
In general, reliability takes two forms, one is relative reliability and the other is absolute reliability.9 In relation to
DM, relative reliability is the degree to which DM values
differ on two occasions, and this can be expressed by means
of Pearson’s correlation coefficient and intraclass correlation coefficient (ICC). On the other hand, absolute reliability is the degree to which repeated measurements of DM
vary for individuals, which can be expressed by means of the
standard error of measurements (SEMs), the coefficient of
variation (CV), and Bland and Altman’s 95% limits of agreement. The current consensus in the literature is that these
two forms of reliability estimates need to be used together
while performing reliability statistics in order to test repeatability and reproducibility.9
On considering these two reliability forms, the term reliability of DM has been reported in a few studies.10,11 These
studies have utilized differing forms of reliability and different methods of evaluating DM using different diagnostic modalities. In addition, the authors have utilized raters
with different levels of clinical expertise and different backgrounds in the field of medicine. Therefore, there is no consensus on which forms of reliability measures are commonly
used to test reliability measures and which mode of assessment technique is reliable for evaluating DM.
To date, there has been no synthesis of the evidence regarding the reliability of DM to make a definite statement
regarding the clinical applicability or use of this method in

practice using a particular modality for assessment. If this
assessment method of using any of the modalities is reliable within and between the raters, clinicians can be confident in their assessments and begin to utilize interventions
to improve the patient’s status. Furthermore, it will enable
clinicians and researchers to assess the effectiveness of their
treatments through reevaluation to improve the patient’s
condition following respiratory rehabilitation.

2. AIM
The specific objective of this systematic review was to critically appraise published evidence describing the reliability
measures of DM using any of the diagnostic modalities described in earlier literature.

3. MATERIAL AND METHODS
3. 1. S earch strategy an d selecti on cri teri a
The details of the search are presented in Figure 1. Two reviewers (VM and AP) independently selected the eligible
studies based on the inclusion and the exclusion criteria as
stated in the study protocol. All studies that investigated
the reliability of DM assessment using any of the measurement devices were included. The criteria for the inclusion
comprised the following: the articles had to assess human
subjects with no restriction regarding methods of the assessment instrument. Furthermore, only articles that are
published in English were considered in the present study.
Studies, which are not published in relation to reliability
and DM were excluded. In the initial review, the extracted
data included the type of study design, purpose of study, and
examination of DM with statistical analysis and conclusion.
In case of disagreement in the article selection, a consensus
was reached by consulting with a third reviewer (MM).
3. 2. Quali ty assessm en t
The methodological quality of the included studies in this
present systematic review was assessed using a Quality Appraisal of Reliability Studies (QUAREL) scale.12 A score of
60% or more indicates high-quality studies.13,14 The tool was
found to be a reliable tool for assessing diagnostic reliability
studies.15 The present study adapted the QUAREL scale to
identify whether the equipment used was able to detect DM.
The quality assessment was carried out by two reviewers (PS
and UFH) independently for all the four included studies.
In case of discrepancy in rating the articles, a consensus was
reached by consulting with a third reviewer (SD).
3. 3. L evel of evi d en ce
The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach was used to rate
the quality of evidence and the grading strength of the
recommendations.16 The GRADE method of approach describes the evidence as high, moderate, low, and very low. In
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addition, the level of evidence was analyzed using updated
method guidelines for systematic reviews in the Cochrane
group, as proposed by van Tulder et al.17

4. RESULTS
The computer software used for this review included Microsoft Office 2008, SPSS v. 21 (IBM Corporation; Armonk,
New York), Microsoft Office Excel 2008, and Mendeley v.
1.16.3 for reference formatting. The SPSS data sheet imported all, the averaged data of QUAREL between the observers for inter-rater reliability of Kappa statistic measures
of assessment from a Microsoft Excel spreadsheet.
4 . 1. L it e r a t u r e s e a r ch
The PRISMA flow chart depicting the systematic search
and review process for selection can be found in Figure 1. Of
the initial 70 articles retrieved through the electronic search
engines, 6 articles met the criteria set by the study protocol.
In addition, 2 other articles were retrieved through other resources, thus totaling the number of articles to be 8. After
screening and removing the duplicates, the total number of

articles in the qualitative synthesis was 4. Three articles determined the intra-observer and the inter-observer reproducibility in relation to DM assessment using ultrasound. Only
1 article determined both reproducibility and repeatability in
relation to DM assessment using radiograph. The characteristics of all the included studies are presented in Table 1.
4. 2. A ssessm en t of ri sk of b i as w i th i n st u di es
The two reviewers initially agreed on 39 out of 44 (88.63%)
items on the QUAREL checklist with a Kappa score (0.42).
Differences in the QUAREL scores were resolved through
discussion among the reviewers. The quality scores ranged
from 45.45% to 81.81% with one high-quality study (>60%)
and three low-quality studies (<60%). The internal component ranged from 14.28% to 71.42%, while the external validity component was 100%. All the studies rated at 100% on
the statistical portion of the QUAREL scale.
4. 3. S tud y ch aracteri sti cs
Three modalities including B-mode, M-mode ultrasonography, and radiographic equipment were used for assessing
DM in four of the included studies.10,11,18,19 Three studies

Included

Eligibility

Screening

Identification

Figure 1. Flowchart of study selection process according to the preferred reporting items for systematic review and
meta-analysis (PRISMA).
Records identified through databases searching:
EBSCO (n = 12),
Ovid (n = 20),
Science Direct (n = 16),
PubMed (n = 21),
Scopus (n = 1)
(n = 70)

Additional record identified through other
sources; references
(n = 3)

Record after screening the title and abstract:
EBSCO (n = 3),
Ovid (n = 2),
Science Direct (n = 0),
PubMed (n = 0),
Scopus (n = 1),
other sources (3)
(n = 9)

Records after duplicates removed
(n = 9)

Full-text articles assessed for eligibility
(n = 8)

Included studies
(n = 4)

Record excluded based on relevance
or no reliability statistic data
(n = 4)
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Table 1. Characteristics of included studies.
Author

Reliability design

Grams et al. (2014)

Intra-observer

Inter observer RP
& repeatability

2

Sample size
(raters)

Rater
(experience)

Modality

Side of diaphragm
mobility

Position of
subjects /
Probe position

1 year

B-Mode US

RT HD

Dorsal decubitus/
right subcostal
region in the sagittal plane

40 HS

RT & LT HD

Standing/
subcostal or
low intercostal
probe placed
between the
anterior & mid
axillary lines

180 HS

RT & LT HD

Supine/NS

44 patients who
waited for cholecystectomy
surgery

Boussuges et al. (2009)

Intra and inter
observer RP

2

NC

M-mode US

Houston et al. (1992)

Intra and inter
observer RP

2

NS

Real time US &

M-mode US

RT and LT HD

Saltiel et al. (2013)

Intra and inter
observer RP

Sample size
(participants)

Supine/intercostal probe
55 general
between mid- medical ward
axillary & midpatients
clavicular line
2

NS

Chest radiography: Anteroposterior view

Comments: HD – hemi-diaphragm, HS – healthy subjects, LT – left, NS – not specified, NC – not clear, RT – right, RP – reproducibility, US – ultrasound.

used an ultrasound device in which two of the studies used
M-mode ultrasonography and one study used B-mode ultrasound.11,18,19 One of the included studies used the radiography method to assess the reliability measures of DM.10
Among the four included studies, only one study reported
that the rater had one year of clinical experience, whereas
the remaining four studies did not specify anything about
experience, or it was not clearly mentioned. Three of the included studies evaluated both right and left hemi-DM. One
of the included studies evaluated only right hemi-DM.
The interpretation of the ICC values for all the included studies was based on evidence as poor (0.00–0.25), fair
(0.26–0.50), moderate (0.51–0.75), and good (0.76–1.00).20
The inter-rater reliability according to the ICC interpretation for three of the included studies are good. The intrarater reliability according to the ICC interpretation for three
of the included studies ranged from moderate to good. Only
one of the included studies utilized coefficient of variation
percentage (CV %) to report reliability measures for DM using real time and M-mode ultrasonography. Both the measures of reproducibility of quiet and deep breathing using the
real-time method of assessment were acceptable, with a CV
of 13%, and the deep real time of DM was good, with 6.5%.
Statistical pooling of the data was not performed as the
number of studies that used B-Mode, M-mode ultrasound,
and radiography for assessing DM was limited. Second, methodological variation in terms of the position of the patients by
identifying a landmark varied between the studies. Third, the
inclusion criteria between the studies were heterogeneous in
terms of samples. A few of the studies decided not to perform
funnel plot analysis to rule out publication bias.

4. 4. L evel of evi d en ce
The results of the inter-observer and the intra-observer reliability statistics demonstrate that, overall, low levels of evidence existed in the selected articles, which were between
moderate and good for intra-rater reliability. For inter-rater
reliability measures, it was good, on using the GRADE
method of assessment.16 Equally, the van Tulder et al. approach indicates that, overall, moderate evidence exists in
both inter-observer and intra-observer reliability of DM.17

5. DISCUSSION
The present study is, to our knowledge, the first systematic
review assessing the risk of bias and summarizing the results
of reliability measures such as relative and absolute for DM
using various modalities. The included studies had different
measuring equipment and were conducted with different
methodological measures. Hence, a universal methodology
for assessing DM either using ultrasound or through radiograph is necessary. All the included studies were conducted
with low risk of bias and had a moderate level of evidence
for the measures of reliability in measuring DM.
All the included studies examined intra-observer reliability and inter-observer reliability. However, the statistical measures that were utilized differed between the studies.
Three of the studies included in the review reported relative
reliability (ICC) and Pearson correlation coefficient analysis.10,11,19 One of the included studies reported absolute reliability (CV %).18 Only one study used both absolute and relative forms of reliability measure, which were Pearson and
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Bland-Altman methods of analysis.19 The studies reported
for inter-rater reliability were, overall, shown to have good
reliability, indicating that clinicians could replicate the
measurement of DM using an ultrasound device. Measurement of the other type of reliability, which is intra-observer
reliability measurement, had a distinction between moderate
and good reliability. This signifies that neither of the forms
of reliability measures, which are relative and absolute reliability measures, was reported in any of the included studies
for the present systematic review. A report which was carried on diaphragmatic displacement using ultrasound was
excluded when it was identified through other resources.21
The reason behind the exclusion is that the majority of the
characteristics which were to be extracted for the present
study were not clear. Nevertheless, the results of the short
report showed that the measurement of the diaphragmatic
displacement at tidal breathing was reliable. This further
supports that the studies which were carried out in this area
did not report clearly the measures of reliability.
5 . 1. Me t hodologi ca l co n s i d e r a ti o n s
Three of the included studies demonstrated low internal validity (1/7) and one of the included studies showed high internal
validity (5/7) as assessed by the QUAREL checklist. Hence, it
can be inferred that the included studies ranged between low
and high quality in terms of internal validity measures. Most
of the parameters of internal validity as assessed through the
QUAREL checklist scored ‘unclear’ or ‘no’ in three of the included studies, indicating that the quality of the studies was
low. The intimidation to internal validity as evaluated by the
QUAREL checklist concerns the parameters of blinding raters,
blinding clinical information, additional cues, and diseases.
In order to avoid bias between the reviewers who assessed the QUAREL checklist, the review team opted for
one clinical content expert and a non-expert as recommended by earlier guidelines for performing a systematic review.17
In addition, the review team carried out a pilot test of methodological quality assessment on the various articles that
were not included in the review. This could be the probable
reason why the quality scores were graded as low, as operationalization and interpretation of each of the parameters
are discussed earlier for methodological quality assessment
using the QUAREL scoring method. Furthermore, the review group opted to have an international group of authors
to reduce bias in the inclusion of articles.
5 . 2. Pr a c t ic a l im p l i ca ti o n s
The results of this systematic review imply that inter-observer
reliability is typically good while intra-observer reliability is
typically between moderate and good. Therefore, it can be interpreted that the results are encouraging enough to conclude
that clinicians can replicate the DM values. The range of interpretation which is between moderate and good for intrarater reliability is concerning the credibility of the assessment.
The lack of consistency within the rater’s reading challenges
the credibility of the measurement. This can be overwhelmed
by identifying factors such as knowledge of the anatomi-

cal landmark of the abdomen, experience of the investigator,
the position of the patient, and positioning of the transducer.
Therefore, it can be conceded that these factors need to be deliberated on to improve the consistency within the investigator’s reading. In addition, currently, there no reference standards for DM values, meaning there are no acceptable ranges of
healthy and diseased subjects. Hence, there is a need to generate the reference values with regard to both healthy and clinical
populations. Overall, the intra-observer and the inter-observer
measures of reliability were found to be good. However, the results of the systematic review need to be interpreted with caution as there is limited literature in this particular field.
5. 3. L i m i tati on s an d recom m en d ati on s o f re vi ew
The systematic review, which assessed intra-observer and
inter-observer reliability of DM using ultrasound and radiography was accomplished based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. In addition, the measures of QUAREL,
GRADE, and level of evidence grading were employed
based on earlier guidelines.12,15–17
Even though the measures of systemic review guidelines
were followed, the study has certain limitations. Firstly,
only articles that were published in English for assessing
intra-observer and inter-observer reliability were included.
Even though no articles were retrieved during the search
other than articles in English, this could be considered as
one of the limitations. This could be because of the selection
of the databases for the present systematic review: it could
be that these databases were not able to retrieve articles other than those in English.
Out of the four articles included in the systematic review,
two articles were from Brazil, one was from France, and the
fourth was from the United Kingdom. The impression is that
the study was including two articles from South America and
two from Europe. This indicates that articles relevant to the
topic may have been published in languages other than English which the team may have presumably missed out. Secondly, most of the articles which were included in this review
performed DM assessment on healthy subjects, which means
that there is a possibility that the results of the assessment
may be different in various clinical conditions. Hence, the
measure of reliability needs to be tested on clinical populations to ascertain the reliability measures of DM. Studies
with similar methods need to be carried out on various clinical populations, such as those suffering from musculoskeletal,
neurological, and cardio-respiratory conditions for the study
findings of the reliability measures to be generalized.

6. CONCLUSIONS
The results of this systematic review indicate that diaphragmatic mobility assessment is presented in studies with moderate-to-good reliability with low risk of bias. The clinical
implications of the tests may be suggested with caution.

271

Pol Ann Med. 2018;25(2):266–271

Therefore, utilization of this technique may be recommended. However, future research is important to evaluate diaphragmatic mobility in both healthy and diseased subjects.
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