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Abstract
Background - Traditionally the radio-
logical assessment of diaphragmatic
movement has relied on fluoroscopy.
Ultrasound scanning has recently been
shown to be a sensitive and reproducible
method of assessing hemidiaphragmatic
movement in normal subjects. A study
was undertaken to examine how move-

ment of the diaphragm measured by
ultrasound scanning relates to inspired
lung volumes measured by spirometric
testing.
Methods - Ultrasound examinations
were performed on 14 normal volunteers
using a 35 MHz sector transducer
(Acuson 128). A fixed skin position on

each lateral chest wall between the
anterior clavicular and midaxillary line
was selected symmetrically to obtain a

longitudinal plane of each hemi-
diaphragm including the maximal renal
bipolar length, allowing identification of
the adjacent posterior aspect of the dia-
phragm. Craniocaudal excursions of the
posterior part of each hemidiaphragm
on successive respiratory cycles were

recorded on videotape and compared
with spirometric measurements
recorded simultaneously on a water bath
spirometer. Measurements were made in
the sitting and supine position and were

repeated on a separate occasion (at least
two weeks apart) in 10 subjects by the
same operator to assess reproducibility.
Results - The relation between inspired
volume and hemidiaphragmatic move-

ment was found to be linear. The
gradient of these observed linear re-

lations (hemidiaphragmatic excursion
(mm)/inspired volume (1)) was calcu-
lated and their distribution for each
hemidiaphragm followed a normal dis-
tribution irrespective of position. The
95% confidence limits of the right to left
ratio of these gradients in the supine
position were 0-53 and 1-7. Change of
posture from the supine to the sitting
position reduced the gradient. The tech-
nique had acceptable reproducibility
with coefficients of variation for the su-

pine position of 7 5% and 11P7% for right
and left hemidiaphragm respectively.
Conclusion - Ultrasound scanning is a

simple, non-invasive and reproducible
means of assessing hemidiaphragmatic
movement, yielding quantitative in-

formation which relates to inspired lung
volumes.

(Thorax 1994;49:500-503)

The radiological assessment of diaphragmatic
function has traditionally relied upon plain
radiography and erect fluoroscopy.' Informa-
tion about hemidiaphragmatic movement from
plain radiography is limited because of the
wide normal variability of hemidiaphragmatic
position,2 while fluoroscopy is complicated
both by conflicting reports of side to side
variability23 and an apparent 6% incidence of
paradoxical movement on sniffing in normal
subjects.3 Ultrasound scanning is an accepted
qualitative method of assessing hemidia-
phragms - for example, subpulmonary ef-
fusions, subphrenic collections' and, more
recently, traumatic rupture45 and pleural
masses.' We have evaluated ultrasound scan-

ning as a quantitative method of assessing
hemidiaphragmatic movement in normal sub-
jects.7 The normal ranges of craniocaudal
excursion of the posterior hemidiaphragm
(both in tidal and maximum voluntary respi-
ration), and the right to left variability were
determined, and acceptable reliability of the
technique in terms of the interobserver and
intraobserver reproducibility was shown.
Using erect fluoroscopy it has been shown

that the anterior part of the hemidiaphragm
moves approximately 40% less than the pos-
terior part, and that the mean axial motion is
linearly related to the volume displacement of
the diaphragm as measured by both respira-
tory induction plethysmography (Respitrace)
and fluoroscopy in the erect position.8 This
conflicts with the results of a study of the
diaphragm using magnetic resonance imaging
(MRI) in the supine position.9
The aims of this study were to determine the

relation of the posterior diaphragmatic excur-
sion and inspired volume as measured by sim-
ultaneous ultrasound scanning and waterbath
spirometric testing, to examine the variability
of this relation in a normal group of subjects,
to observe any difference in changing posture,
and to assess the reproducibility of the
relationship.

Methods
SUBJECTS
Fourteen healthy subjects with a wide range in
age and body habitus (table 1), unpractised in
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performing respiratory manoeuvres, were
studied. The age, height, weight, and chest
circumference of each were recorded. In addi-
tion maximum and average peak inspiratory
and expiratory mouth pressures, both in a
supine and sitting position, were recorded as
the best of three trials using a dedicated mouth
pressure monitor (Chest Scientific).

STUDY DESIGN
Baseline ultrasound assessment of each hemi-
diaphragm was performed in the supine and
sitting positions. Each subject was then simul-
taneously assessed with ultrasound while set-
tled in a pattern of tidal breathing on a water-
bath spirometer, both in the supine and sitting
position. A series of inspired volumes was
performed over the range from functional re-
sidual capacity to vital capacity. Spirometric
data were recorded on the tracing and the
diaphragmatic excursion recorded as before,
the tape and trace being annotated to allow
subsequent correlation for each breath. To
assess reproducibility the study was repeated
on a separate occasion (at least two weeks
apart) in 10 subjects by the same operator.

ULTRASOUND EXAMINATION
Ultrasound examinations were performed with
a 3-5 MHz sector transducer (Acuson 128). A
fixed skin position on each lateral chest wall
between the anterior clavicular and mid-
axillary line was selected symmetrically to
obtain a longitudinal plane of the hemidiaph-
ragm including the maximal renal bipolar
length, allowing identification of the adjacent
posterior aspect of the diaphragm. Craniocau-
dal excursions on successive respiratory cycles
were recorded on videotape (Super VHS). The
excursion was later analysed independently by
placing a craniocaudal displacement line at the
depth of the midpoint of the kidney on expi-
ration and the excursion on inspiration
measured as on fig 1.

SPIROMETRIC TESTS
Continuous spirometric measurements were
made with a water seal spirometer (Gould
Pulmonet 3).

Table 1 Subject characteristics

Sex Age Height Weight Chest
(years) (cm) (kg) circumference

(cm)

M 31 182 90 130
M 29 183 73 100
M 26 198 99 127
M 23 165 76 105
M 29 187 87 102
M 32 188 76 95
M 25 180 69 86
M 55 175 71 98
M 40 175 73 95
F 24 165 63 92
F 30 165 56 83
F 59 167 66 87
F 60 163 60 93

STATISTICAL ANALYSIS
Data analysis was performed on an IBM PC2
using the Minitab software package. This
involved use of the "goodness of fit technique"
to assess normality (summarised as mean,
standard deviation, and standard error of the
mean), simple linear regression analysis to
assess scatter, parametric tests such as Stu-
dent's t test and analysis of variance to assess
reproducibility. In particular, the relation
between posterior hemidiaphragmatic excur-
sion for sequential respiratory cycles and the
inspired volume of that cycle was examined
and described in terms of its gradient (hemi-
diaphragmatic excursion (mm)/inspired
volume (1)), and intercept.
The variation of these parameters within the

individuals, both supine and sitting, was
compared and the possible factors determining
the gradient (height, weight, age, mouth pres-
sures, and chest circumference) in this small
group of individuals analysed to assess
whether this relation might be predicted from
these variables in any individual.

Results
All subjects tolerated the study and there were
no withdrawals. Peak mouth pressures were in
keeping with normal diaphragmatic function
(table 2) making major weakness unlikely. In
all subjects adequate views of each hemidia-
phragm over the range of inspiratory volumes
was obtained. It was noted that subjects with
large excursions required careful attention to
ensure full visualisation of each end of the
respiratory cycle unobscured by the under-
lying movement of the ribs.
The relation between inspired volume and

hemidiaphragmatic excursion was plotted and
in all cases was seen to be linear (example of
one subject fig 2) with little scatter, the mean
(range) R' values (%) being 96 (89-99) and 96
(87-99) for right and left respectively in the
supine position, and 94 (83-99) and 95 (87-99)
in the sitting position. The gradients of these
observed linear relations were calculated
(hemidiaphragmatic excursion (mm)/inspired
volume (1)) and the distribution and range of
these gradients for each hemidiaphragm in
each position was plotted and noted to be of
normal distribution (table 3, fig 3). The mean
(SD) of each hemidiaphragm in the same posi-
tion was not significantly different. The mean
(SD) right to left ratio of the gradients was
1-02 (0 18) (95% CI 0 66 to 14) for the supine
position and 1 13 (0 29) (95% CI 0 53 to 1 7)
for the sitting position.
To evaluate the variation of this relation of

inspired volume to diaphragmatic excursion in
this small group the gradients for each subject
for each hemidiaphragm in each position were
compared with height, weight, age, mouth
pressures, and chest circumference. No clear
relation was found with a single variable. The
best predictors of the gradient were, in de-
creasing order of power: vital capacity, weight,
peak maximal and average expiratory mouth
pressure. There was a significant postural dif-
ference in the gradients in a subject which
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Table 2 Mean (SE) peak mouth pressures (cm H2O)

Men Womten
(n= 10) (n-=4)

Supine peak inspiratory pressure 102 (6 10) 87 (10-0)
Supine peak expiratory pressure 118 (8-25) 88 (3 2)
Sitting peak inspiratory pressure 112 (6 0) 99 (8-5)
Sitting peak expiratory pressure 126 (8 6) 111 (15 9)

Table 3 Distribution gradients for each hemidiaphragm
and position (14 normal subjects)

Hemidiaphragm Gradient (mm/l)

Mean SD SE

Supine
Right 18-0 3.87 1 04
Left 180 445 1 19

Sitting
Right 15-1 4-68 1-25
Left 13 7 3 40 0.91

.1/

Figure 1 (A) Ultrasound scan showing measurement of the craniocaudal excursion

on inspiration of the posterior left hemidiaphragm. (B) Line diagram showing
measurement of the craniocaudal excursion on inspiration of the posterior left

hemidiaphragm.
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Figure 2 Relation of hemidiaphragmatic excursion and inspired volume in one

subject.

tended to decrease on moving from the supine
to the sitting position (fig 4, right p < 0 05, left
p<001).

Intraobserver reproducibility was better in
the supine position with a coefficient of var-
iance for the right hemidiaphragm of 7 5%
compared with 11-7% on the left. This com-
pared favourably with the sitting position with
22% on the right and 18% on the left.

Discussion
In accordance with our previous study7 ultra-
sound examination proved a simple, well toler-
ated, reproducible method of assessing hemi-
diaphragmatic movement in normal subjects.
Its advantages over fluoroscopy are lack of risk
from ionising radiation, portability, and direct
quantitative information of the greatest ampli-
tude of hemidiaphragmatic movement. The
relation of this observed excursion with a
range of inspired volumes appears linear for
each hemidiaphragm in both the supine and
sitting position. In this small group of normal
subjects the range of gradients of these linear
relations is not significantly different, and the
range of the ratio of right to left gradients in
the supine position (0-66-1 4) is similar to that
of the observed ratio of right to left excursions
on maximal voluntary ventilation in our pre-
vious study using ultrasound assessment alone
(0-5-16). This supports the observation that
there is a wide range of side to side variability
in hemidiaphragmatic movement in normal
subjects, but this can be evaluated with ultra-
sound. It is interesting to note that this is in
agreement with the fluoroscopic "rule of
thumb" described by Alexander3 that "the
unequal movement of the two leaves of the
diaphragm is usual, and unlikely to be of
significance unless one excursion is at least
twice as great as the other."

It is well known that vital capacity tends to
rise on moving from a supine to an erect
posture.'0 In addition, the positions of the
hemidiaphragms on an inspiratory chest radio-
graph are known to be higher in a supine
radiograph than one taken in the erect posi-

Left sitting
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tion.'' We observed a significan
gradient (mm 1) on this change
implying a greater diaphragmatic
the same volume inspired in the
tion.

In terms of the reproducibil
observations, expressed as intraob
bility, the coefficients for the supir
100/0 and 11°lO' for right and 1l
phragms respectively imply accep
lity for serial testing, although les
than ultrasound examination aloi
pine position is preferred in the a
hemidiaphragmatic movement in
variability in observations in one

bility in side to side variability and reproduci-
bility, in keeping with previous work."'

This study reaffirms the acceptability of
ultrasound examination as a non-invasive
method of quantitativelI assessing hemidia-
phragmatic movement and, in particular, can

be used to determine the relation of posteriordiaphragmatic excursion to inspired volume
non-invasively.

Posterior hemidiaphragmatic excursion,
assessed by ultrasound examination as we have
described, appears to be directly proportional
to inspired volume of that inspiratorv cycle.
The observed hemidiaphragmatic excursion

4 5 6 variability between each hemidiaphragm in
anv individual must be considered in the in-
vestigation of suspected hemidiaphragmatic

,, L7lfidc'lLC paresis or paralysis. Allowing for the range of
variability in normals, this can be accurately
assessed by ultrasound examination. Ultra-
sound examination also has advantages over

* traditional fluoroscopy in that it makes a direct
quantitative assessment and is portable. It may
therefore have potential use in the investiga-
tion of suspected hemidiaphragmatic paresis
or paralIysis.
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