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ABSTRACT

measurements (excursion and resting thickness).
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INTRODUCTION

The diaphragm is the principal muscle of active inspira-
tion. If diaphragm function is impaired, accessory muscles
perform this role, but not efficiently, and this results in
shortened breath along with diaphragm dysfunction.'”
Besides its respiratory function, the diaphragm also is an
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Objective: The purpose of this study was to establish within-day intrarater reliability values of ultrasound

Methods: Seventeen volunteers met the inclusion criteria for this preliminary study. The right and left hemidiaphragm
excursion and resting thickness were compared between 2 measurement sessions using M-mode and B-mode real-time
ultrasound, respectively (30 min apart). Intraclass coefficients, coefficients of variation, standard errors of
measurement, and minimal detectable changes were calculated to determine intrarater reliability.

Results: The intraclass coefficients of right hemidiaphragm excursion were 0.91 and 0.94 during quiet and deep
breathing, respectively. The intraclass coefficient of left hemidiaphragm excursion was 0.95 during quiet breathing.
The intraclass coefficients of diaphragm resting thickness were 0.99 and 0.97 in the right and left hemidiaphragm,
respectively, which showed high intrarater reliability for ultrasound measurements of both sides of the diaphragm.
Conclusion: This preliminary study suggests that diagnostic ultrasonography could be used as a potential method for
measuring the resting thickness and excursion of the right and left hemidiaphragm in people with chronic low back
pain. Future research with a larger sample size is needed to confirm these findings. (J Chiropr Med 2022;21;15-22)

important functional unit for dynamic spinal stabilization
during balancing and loading tasks. Previous studies have
shown that individuals with chronic low back pain (CLBP)
and sacroiliac joint pain exhibit postural control deficits
and abnormal diaphragmatic excursion during tidal breath-
ing while loading tasks.® Although the diaphragm is
involved in respiration and spinal stability, data on its rest-
ing thickness and excursion during quiet breathing (QB)
and deep breathing (DB) are scarce. In order to confirm dia-
phragm dysfunction, a reliable and quantifiable measure-
ment tool is necessary for evaluating diaphragm function.’
There are several techniques for evaluating dia-
phragm function, including fluoroscopy,” radiography,’
electromyography,”'”'" dynamic magnetic resonance
imaging,’ and high-resolution ultrasound.'” Ultrasound
(US) is superior to other measurements because it is
safer, cheaper, more readily available, and noninvasive,
and can be used to diagnose unilateral diaphragm
dysfunction in people with musculoskeletal
disorders.'>'*!* Several studies have investigated the
reliability of ultrasound for assessing diaphragmatic
excursion and thickness in both healthy and nonhealthy
individuals in different clinical settings.'>'”"'’ However,
there is a paucity of studies stating the reliability of


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcm.2022.02.001&domain=pdf
mailto:noorizadeh.sh@iums.ac.ir
https://dx.doi.org/10.1016/j.jcm.2022.02.001

16

Ziaeifar et al
Ultrasonography

diaphragmatic resting thickness or excursion during QB
and DB in individuals with LBP.'” In addition, few
studies have reported the existence of differences
between right and left hemidiaphragm measurements
(excursion and resting thickness). Based on an earlier
study, reliability is dependent on the population studied
and the clinical setting used.” Moreover, to identify true
meaningful findings, the standard error of measurement
(SEM), minimum detectible change (MDC), and coeffi-
cient of variation (CV) as an absolute reliability should
also be reported. Understanding these values helps
therapists differentiate between measurement error and
real change when diaphragm thickness and excursion
are measured in different sessions. However, to the best
of our knowledge, there are no accuracy and acceptable
ranges for absolute reliability (SEM, MDC, and CV) of
both hemidiaphragm measurements in people with LBP.

Therefore, the aim of this study was to measure relative
and absolute intrarater reliability of ultrasound measure-
ments (resting thickness and excursion) of both sides of the
diaphragm during quiet and deep breathing in people with
nonspecific chronic low back pain (NS-CLBP).

MATERIALS AND METHODS

Design

An observational study was conducted between Novem-
ber 2017 and March 2018 in the radiology laboratory of
diagnosis imaging, Shohadae Tajrish University Hospital,
Tehran, Iran. The study was approved by the Ethics Com-
mittee at the School of Rehabilitation Sciences, Iran Uni-
versity of Medical Sciences, Tehran, Iran (IR. TUMS.
FMD. REC 139609221342205). All participants provided
written informed consent before being enrolled in the
study.

Subjects

Seventeen participants (10 women and 7 men) with NS-
CLBP aged 20 to 55 years took part in this study. The indi-
viduals were a sample of convenience made up from the
most accessible participants.”’ They are composed of indi-
viduals who agreed to voluntarily participate. Individuals
with LBP were included if they had a history of pain with
at least 3 months’ duration.”’ For ethical considerations
and to avoid pain exacerbation during the assessments, the
pain intensity at the time of assessment was lower than 5/
10 on a numeric pain scale.”” Exclusion criteria were as fol-
lows: history of neuromuscular diseases, cardiopulmonary
diseases, spinal deformity (kyphosis or scoliosis), or dia-
stolic dysfunction; current pregnancy or cigarette smoking;
being an athlete; fatty liver; history of any type of surgery
on the spine or of spinal tumor; and pain severity higher
than 5.
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Procedures

Within-day intrarater reliability tests were performed in
the diagnostic imaging laboratory of diagnosis imaging,
Shohadae Tajrish University Hospital, Tehran, Iran. All
measurements of the diaphragm (excursion and resting
thickness) were taken from the same participants by the
same operator at 2 different times (~30 minutes apart) on
the same day in a random fashion using the US protocol
described later.

Ultrasound Imaging Technique

A single experienced radiologist performed the evalua-
tion of the diaphragm using a high-resolution real-time
ultrasound apparatus (Toshiba Aplio 300, Tokyo, Japan).
The diaphragm excursion and resting thickness were
assessed according to previous methods.'®'®'*** Briefly,
for assessment of diaphragmatic excursion, a 3.5 MHz cur-
vilinear transducer was placed on the lower intercostal area
between the midclavicular and anterior axillary lines for
the right hemidiaphragm and between the anterior and mid-
axillary lines for the left hemidiaphragm. (Fig 1). For
assessment of diaphragm resting thickness, a 7.5 MHz lin-
ear array transducer was maneuvered perpendicularly to
the chest wall between the mid- and anterior axillary lines
on the right and left sides, typically between the 8th and
10th intercostal spaces. This was done in order to have the
clearest image of the zone of apposition of the diaphragm,

Fig 1. Position of M-mode ultrasound transducers on the lower
intercostal area between the midclavicular and anterior axillary
lines for the right hemidiaphragm (A) and between the anterior
and midaxillary lines for the left hemidiaphragm (B).
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with the transducer spanning 2 ribs, while the individual
was breathing comfortably in the supine position.'”

For assessment of diaphragmatic excursion, 2-dimen-
sional B-mode was used to identify the best imaging
view of the posterior one-third of the diaphragm, fol-
lowed by an M-mode recording of consecutive breaths to
detect the exact point of end-inspiration and end-expira-
tion, as depicted in Figure 2.2* As shown, the liver was
used as a sonic window for the right hemidiaphragm,
and the spleen represented the anatomic limit for the left
hemidiaphragm.”>*® The transducer was maneuvered
medially, cranially, and dorsally to gain the clearest view
of both sides of diaphragmatic excursion.'® After confir-
mation that the individual was breathing regularly, the
sonogram and recorded images were frozen. The move-
ment of each side was measured in millimeters in the
craniocaudal axis.”””° As explained by earlier studies,
the amplitudes were specified by putting the caliper at
the baseline of the diaphragm echoic line and a second
caliper at the apex of the diaphragm echoic line (Fig
2).'® The normal resting thickness of the diaphragm was
identified in B-mode as the 2 outer echogenic layers of
pleura and peritoneum margins where the fibers were
parallel.”* All measurements were made by the same
operator and the same US machine at 2 different times
(~30 minutes apart). Each time, 3 successive M-mode
and B-mode measurements were logged, and the average
value was the basis for the statistical analysis.'® The area
of measurement on the participant’s chest was cleaned
between sessions (ie, there were no marks or US gel resi-
due on the individual’s skin to show the previous loca-
tion of the US probe).
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Statistical Analysis

Statistical analyses were performed using SPSS soft-
ware (version 21, IBM Corp., Armonk, NY), with
a=0.05 and a test power of 0.80. All data are expressed
as mean £ SD or 95% confidence interval (CI) for con-
tinuous variables. The intraclass coefficient (ICC) 2-way
mixed-effect model and corresponding 95% confidence
interval was used to assess relative intrarater reliability
of the measurements. Relative reliability is defined as the
degree to which repeated measurements provide similar
results.”’

In this study, we used the ICC as described by
Shrout and Fleiss,”® since only 1 radiologist assessed
the same population. Relative reliability values such as
ICC are not enough to explain the outcomes in the con-
text of an individual score. The precision of measure-
ment was assessed by determining the CV, SEM, and
MDC for all measurements. Bland-Altman plots were
determined for quiet- and deep-breathing excursion of
the diaphragm. The CV, SEM, and MDC were calcu-
lated manually as described by previous methods.”’ The
absolute reliability (SEM) is defined as the difference
(error) between frequent measurements.”” An MDC rep-
resents the smallest change necessary to achieve 95%
confidence that a variation is not the result of random
change or measurement error.”*! The CV, which is a
measure of dispersion, was used to assess the precision
of trials.”’**

Bland-Altman plotting was used to assess the intratester
agreement (intrarater reproducibility) for the variables mea-
sured by comparing the differences between recurrent
scores against their means. ™

Fig 2. Two-dimensional B-mode was used for identification of the diaphragm, followed by an M-mode scan.
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Table |. Demographic Data of the Participants (10 Women, 7

Men)
Variable Value
Age (y) 38.7+11.23
Weight (kg) 66.7 £9.14
Height (cm) 165 +£9.12
BMI (kg/m?) 2454326
Pain (VAS) 23+ 1.64

Values are given as mean =+ SD.
BMI, body mass index; SD, standard deviation; VAS, visual analog scale.

RESULTS

The demographic data for participants are summarized
in Table 1. The distribution of all diaphragm excursions
and resting thicknesses are showed as mean £ SD (in mm)
for the right and left hemidiaphragm. Approximately no
significant differences were present between the observed
distributions and normal distributions of excursion and
thickness variables.

The mean excursion and resting thickness of the
right and left hemidiaphragm are presented in Table 2.
The mean excursion of the right hemidiaphragm is
slightly greater than that of the left hemidiaphragm,
and the mean thickness of the left hemidiaphragm is
slightly greater than that of the right hemidiaphragm
Table 3. presents the ICC;,;, SEM, CV (SEM as %
mean), and MDC for within-day reliability of US
measurements of the diaphragm that were taken during
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QB and DB. In the analysis of relative intrarater reli-
ability, the correlation between 2 measurement ses-
sions was highly significant for right hemidiaphragm
excursion during QB and DB—respectively, ICCj

=0.91; 95% CI, 0.75-096; P < .001; and
ICC5,=0.94; 95% CI, 0.83-097; P < .001—and
for left hemidiaphragm excursion during QB

(ICC5,1=0.95; 95% CI, 0.87-0.98; P < 0.001). The
results indicate excellent intrarater reliability for the
US measurements (excursion and resting thickness) of
the right and left hemidiaphragm in all participants.
Within-day reliability assessment demonstrated that
during QB, the SEM of right hemidiaphragm excur-
sion (1.5) was slightly larger than that of left hemi-
diaphragm excursion (1.4). Likewise, the MDC and
CV of diaphragm excursion during QB were slightly
higher in the right hemidiaphragm than the left hemi-
diaphragm. The SEM of left hemidiaphragm resting
thicknesses (0.16) was slightly higher than that of
right hemidiaphragm resting thickness (0.08). Simi-
larly, the MDC and CV of diaphragm resting thick-
nesses were slightly higher in the left hemidiaphragm
than the right hemidiaphragm. The Bland-Altman plots
of agreement in US measurements of the right and left
hemidiaphragm excursion between 2 sessions are given
in Figure 3. They indicate that the difference between
the excursion measurements in 2 different sessions did
not correlate with the score of the excursion measure-
ments in the right hemidiaphragm. However, in the
left hemidiaphragm, this difference (y-axis) was larger
in the higher excursion score (x-axis) and smaller in
the lower excursion score.

Table 2. Measurements for Right and Left Hemidiaphragm Excursion and Resting Thickness

Excursion (QB
Hemidiaphragm xcursion (QB)

Excursion (DB) Resting Thickness

Session 1 (mm) Session 2 (mm)

Session 1 (mm)

Session 2 (mm) Session 1 (mm) Session 2 (mm)

Right 21.6 +6.03 21 £5.1 69.9 £+ 18.25 68.9 £ 15.6 2.6 +0.84 25+0.84
Left 2032+ 175 20.08 £ 6.5 — — 28+ 1.1 2.6 £0.98

Values are given as mean £ SD.

DB, deep breathing; OB, quiet breathing; SD, standard deviation.

Table 3. Intrarater Reliability Values for Right and Left Hemidiaphragm Excursion and Resting Thickness
Measurement ICC5, (95% CI) SEM (mm) MDC (mm) CV (%)
Right hemidiaphragm excursion, quiet breathing 0.91 (0.75-0.97) 1.5 43 74
Right hemidiaphragm excursion, deep breathing 0.94 (0.83-0.98) 3.8 10.6 55
Left hemidiaphragm excursion, quiet breathing 0.95 (0.87-0.98) 14 4.02 72
Right hemidiaphragm resting thickness 0.99 (0.98-0.99) 0.08 0.2 33
Left hemidiaphragm resting thickness 0.97 (0.93-0.99) 0.16 0.4 6.5

CI, confidence interval; CV, coefficient of variation; /CC, intraclass correlation coefficient; MDC, minimal detectable change; SEM, standard error of

measurement.
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Fig 3. Bland-Altman plots representing mean differences and 95% confidence limits between 2 measurement sessions (measurements
of excursion) during quiet and deep breathing in the right and left hemidiaphragms: Quiet breathing in the right hemidiaphragm (A),
deep breathing in the right hemidiaphragm (B), quiet breathing in the left hemidiaphragm (C).

DISCUSSION

The present study evaluated the absolute and relative
reliability of diaphragmatic excursion and resting thickness
on both sides using US in individuals with NS-CLBP in
the supine position.

Like any other measurement, it is necessary to assess the
reliability of ultrasound measurements before evaluating the
function of the diaphragm. Based on earlier studies,’ reli-
ability was not a fixed feature but was dependent on the
studied population and clinical setting. Recent studies have
focused on the thickness and excursion of the diaphragm in
healthy individuals and in pathological states such as
chronic obstructive pulmonary disease.'”'****> Based on
previous studies, LBP is commonly associated with respira-
tory dysfunction.”*”’ According to previous studies,
mechanical and neural differences exist between the right
and left hemidiaphragms.*’™* Thus, understanding the func-
tion and structural integrity of each hemidiaphragm in indi-
viduals with NS-CLBP could possibly provide an
alternative approach for enhancing examination and treat-
ment of NS-CLBP. The reliability method using an average
of 3 trials produced good to excellent reliability scores
(0.83-0.94) for measuring excursion and resting thickness
of both sides of the diaphragm. This is contrary to the
results of some other studies that have found it difficult to
consistently visualize and measure the thickness and excur-
sion of the left diaphragm. In the present study, the left
hemidiaphragm was always seen, and measurements
showed slightly better reliability than measurements of the
right hemidiaphragm.

It should be considered that results obtained in this study
suggest that US might be used as a reliable technique for
assessing right and left hemidiaphragm dysfunction in indi-
viduals with LBP, but further research with a larger sample
size is needed to confirm it.

This is important, because right or left hemidiaphragm
dysfunction can be involved in various clinical situations,
including pain.” Based on earlier studies, dysfunction in
either hemidiaphragm (right or left) may lead to altered

motor control strategies and alterations of movement pat-
terns and challenge the stability of the spine, resulting in
chronic pain.”* It should be noted that testing positions
and clinical settings applied in this study were different
from those used in other studies.'”'”"'® There is evidence
that the supine position is the best posture for showing dia-
phragmatic impairment.** Therefore, we established intra-
rater reliability values of ultrasound measurements (resting
thickness and excursion) of both sides of the diaphragm in
the supine position during QB and DB in individuals with
NS-CLBP.

This study measured the complete motion of the right
hemidiaphragm in all participants during QB, but the
expanding lung obstructed measurement of the whole dia-
phragm motion in some participants in DB. In these condi-
tions, the probe could be maneuvered caudally to improve
the recording of the complete motion of the right hemi-
diaphragm. It is believed that visualizing the left hemi-
diaphragm is not an easy task, since the window of the
spleen is smaller than the liver window.>> However, the
excursion of the left hemidiaphragm was measured only
during QB; we were not able to measure it during DB, for
reasons including the descending of the lung and difficul-
ties in adjusting the probe position. We found mean hemi-
diaphragm excursions of 21 £+ 5.1 mm and 20.08 =+
6.5 mm for the right and left hemidiaphragm, respectively,
in QB, and of 68.9 £ 15.6 mm for the right hemidiaphragm
in DB. These values are slightly higher than those obtained
in other studies.'”'>*>*® Moreover, preceding studies have
shown that the inspired volume and testing position are
related in the sense that hemidiaphragm excursion is greater
in the supine position than in either sitting or
standing.””"*>*® The results of the current study are in line
with this finding. In our study, the mean resting thicknesses
of the right and left hemidiaphragms (2.6 & 0.84 mm and
2.8 + 1.1 mm, respectively) were less than those reported
in other studies.”"” It seems that the mean hemidiaphragm
resting thickness in studies that recruit participants with
LBP are not similar to those from studies that recruited par-
ticipants without LBP. Investigations on the reproducibility
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of measurements of diaphragm excursion report that rela-
tive reliability (ICC) ranges from 0.79 to 092 in
adults.'>'>'>"® The reliability of those measurements in
the present study (0.91-0.95) is consistent with previous
studies, which report good to excellent ICC values. The
reliability of measurements for resting thickness of the right
and left hemidiaphragms were 0.99 and 0.97, respectively.
Our findings confirm values previously outlined in the liter-
ature, finding excellent ICC scores when measuring dia-
phragm thickness in healthy individuals or volunteer
patients.”™*’ The excellent reliability of hemidiaphragm
measurements in the present study can be influenced by
several factors, such as an experienced rater (in this case an
experienced radiologist), accurate identification of ana-
tomic landmarks, 3 replications of each measurement, and
participant familiarity with the testing processes. In a study
by Dankaerts et al,”’ familiarity improved reliability.
Practically, the SEM gives more suitable information
than the ICC,”” and the CV is a good option for comparing
the relative measurement error of variables with different
measurement units.”’** It is important to consider that no
sufficient normative data are available for hemidiaphragm
measurements (SEM, MDC, and CV) in the literature that
could enable us to compare the results. Only 1 study has
determined the SEM, MDC, and CV of right hemidiaph-
ragm excursion,15 two others have determined SEM or CV
alone.'””! The SEM in this study (1.5) was consistent with
that in the study by Blaney et al,'” which reports SEMs of
right diaphragmatic excursion between 1.3 and 1.6 mm for
different breathing, and lower than that in a study by
Mohan et al (2.56 mm)."” The low SEM of hemidiaphragm
excursion could be considered acceptable for diaphragm
excursion using US. In the present study, the SEMs for
resting thickness were 0.08 and 0.16—less than 1 mm
(mostly less than 0.5 mm)—and the corresponding MDCs
were 0.2 and 0.4 mm for the right and left diaphragm,
respectively (Table 3). This means that the measurement
error is around 0.08 to 0.16 and the 0.2 to 0.4 mm change
in muscle thickness seems necessary to be sure that a true
change occurred. The MDC can be particularly applied to
interpret the relevance of any changes recorded after an
intervention.”™*' The MDC of right hemidiaphragm excur-
sion (4.3 mm) was lower than that in the Mohan et al study
(7.09 mm)." Clinically, according to the MDC values,
changes of 4.3 and 4.02 mm are required for right and left
hemidiaphragm excursion, respectively, because of
changes in any sort of intervention measures. Although the
SEM and MDC would need to be assessed in each experi-
mental situation, there is no consensus on acceptable data
for them in the literature. Therefore, we believe that MDC
values of less than 1 mm for diaphragm resting thickness
and around 4 mm for diaphragm excursion are sufficiently
low and clinically acceptable to detect changes over time.
The CV values of right and left hemidiaphragm excur-
sion were almost similar. Therefore, the measurements of
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excursion in both hemidiaphragms display approximately
the same level of precision. The CV results in this study are
lower than in a previous study that reported 12% to 13%.”"’
However, the sample size in the present study was lower,
suggesting that caution is needed when comparing the
results of the 2 studies.

According to the Bland-Altman plots (Fig 3A and 3B),
US measurements of the right hemidiaphragm excursion
demonstrated no systematic pattern of variability in mea-
surement differences between 2 sessions (test and retest).
But in excursion of the left hemidiaphragm, the Bland-Alt-
man plot (Fig 3C) shows higher differences between
measurements from the 2 sessions, suggesting that SEM
and MDC might be greater in the higher excursion scores
than in the lower excursion scores. This result may be
due to the difficulty of viewing the left hemidiaphragm.®
However, there was not enough power to discover this
alteration between different measurement scores.

The present study reports high reliability of US meas-
urements for individuals with NS-CLBP. Reliable dia-
phragm assessment is a screening tool to discover the left
and right hemidiaphragm thickness and excursion, before
and after diaphragm training, to determine the effect of
each hemidiaphragm’s function on postural stability and
disability in individuals with NS-CLBP. Thus, our results
provide novel information that may be useful in both clini-
cal and research settings.

In our study, all the SEMs, MDCs, and CVs were rela-
tively small, which makes them favorable measures for fur-
ther studies to determine normative SEM, MDC, and CV
values that can guide the evaluation of each variable for
diaphragmatic measurement.

Limitations

There are some limitations to this study. First, the sample
size was not big enough. Thus, future studies with a larger
sample size are suggested. Second, the study was limited to
only intrarater reliability. We suggest assessing the interrater
reliability as well. Third, the reliability of the measurements
was within-day with a relatively short time between sessions;
it is possible that there was some recall bias. Fourth, the sample
size was not calculated, and sampling was done according to
the most accessible participants. To improve the generalizabil-
ity of the results, we suggest the same study but considering a
longer time interval, a larger sample size, and comparison of
the results between individuals with and without LBP.

CONCLUSION

This preliminary study suggests that diagnostic ultraso-
nography could possibly be used when measuring the rest-
ing thickness and excursion of the right and left
hemidiaphragms in people with chronic LBP.
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Practical Applications

e Measurements of diaphragm excursion and
resting thickness using ultrasonography
exhibited excellent reliability.

¢ Reported absolute reliability parameters guide
the interpretation of clinical and research data.

e A reliable and easily applicable tool for
assessing diaphragm function was provided.
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