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ABSTRACT Chest ultrasonography has proven to be useful in the diagnosis of diaphragm dysfunction.
The aim of the present study was to determine the normal values of the motion of both hemidiaphragms
recorded by M-mode ultrasonography.

Healthy volunteers were studied while in a seated position. Diaphragmatic excursions and diaphragm
profiles were measured during quiet breathing, voluntary sniffing and deep breathing. Diaphragmatic
excursions were assessed by M-mode ultrasonography, using an approach perpendicular to the posterior
part of the diaphragm. Anatomical M-mode was used for the recording of the complete excursion during
deep breathing.

The study included 270 men and 140 women. The diaphragmatic motions during quiet breathing and
voluntary sniffing were successfully recorded in all of the participants. The use of anatomical M-mode was
particularly suitable for measurement of the entire diaphragmatic excursion during deep breathing. The
statistical analysis showed that the diaphragmatic excursions were larger in men compared to women,
supporting the determination of normal values based on sex. The lower and upper limits of normal
excursion were determined for men and women for both hemidiaphragms during the three manoeuvres
that were investigated. The lower limits of normal diaphragmatic excursions during deep breathing should
be used to detect diaphragmatic hypokinesia, i.e. 3.3 and 3.2 cm in women and 4.1 and 4.2 cm in men for
the right and the left sides, respectively.

The normal values of the diaphragmatic motion and the lower and upper limits of normal excursion
can be used by clinicians to detect diaphragmatic dysfunction.
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Introduction
Chest ultrasonography has proven to be useful in the diagnosis of diaphragmatic paralysis. The criteria for
the diagnosis of diaphragmatic paralysis by M-mode ultrasonography have been reported previously [1, 2].
The study of diaphragmatic motion has demonstrated its relevance in various conditions such as after
thoracic surgery [3] and in patients suffering from neuromuscular diseases [4, 5].

On the other hand, there is no clear definition of diaphragmatic dysfunction in the literature. In the
absence of a noninvasive reference diagnostic tool to ascertain diaphragm dysfunction, a diagnostic
approach can be used based on the motion and thickness changes of both hemidiaphragms during
inspiration. Providing robust reference values from healthy subjects for diaphragmatic motion is, therefore,
of major interest.

To detect diaphragmatic dysfunction, a number of previous studies [6, 7] have researched the values
corresponding to the lower limit of normality (LLN) for diaphragmatic excursions. When the examination
reveals excursion of one hemidiaphragm lower than the LLN but no paradoxical motion, hemidiaphragm
dysfunction without complete paralysis can be suspected. Consequently, ultrasonography may be useful as
a screening test in patients suffering from various diseases known to impair diaphragmatic function such
as neuromuscular diseases [8].

The normal values of diaphragmatic excursions studied by M-mode ultrasonography [9–11] have most
often been based on studies of subjects in the supine position (for a review see [12]). It has been reported
that for the same volume inspired, excursions are larger in the supine position than with standing or
sitting positions [13]. It is, therefore, important to use different normal values according to the position of
the subject. In contrast to a seated position, supine and standing positions are not well tolerated by some
subjects, such as patients suffering from respiratory problems. Consequently, it is important to determine
the normal values of diaphragmatic excursions in subjects assessed while in a seated position. Two studies
have used a semi-recumbent position in a small sample of healthy volunteers (64 volunteers for CARDENAS

et al. [7], 40 for TESTA et al. [14]). For a number of reasons, the populations studied did not appear to be
sufficient to determine robust reference values.

As sex is known to impact diaphragmatic motion [6–9], it is important to study a large population to
determine appropriate normal values and LLN according to sex.

Furthermore, in nearly the entire population of 210 participants in the study by BOUSSUGES et al. [6], the
excursions of the two hemidiaphragms were recorded during rest breathing and voluntary sniffing. In
contrast, the excursions during deep breathing were measured on the right side in 195 and on the left side
in 45 subjects. The recordings of the diaphragmatic excursions during this manoeuvre were compromised
because the hemidiaphragms were frequently obscured by the descending lung. Thus, a large population
should be used to increase the accuracy of the LLN during deep breathing. Lastly, various respiratory
diseases have an impact on the diaphragmatic pattern as a result of an increase in the inspiratory and
expiratory work of breathing [15, 16]. The normal values of both the contraction and relaxation profiles
should be determined before further studies are carried out on this topic.

The present study was designed to determine the normal values of diaphragmatic motion, including the
excursions and the profiles of the contraction and relaxation, recorded in a healthy population assessed
while in a sitting position.

Methods
A weekly medical consultation was conducted from January, 2018, to January, 2020, to recruit healthy
volunteers. The Ethics Committee of the Aix-Marseille University (CPPRB 1, NoA01299–32) approved the
study protocol, and written consent was obtained from all of the volunteers. Volunteers were considered to
be healthy when they did not have a history of respiratory disorders, they had no clinical issues at the time
of the examination and they had a normal pulmonary function test. Pulmonary function was studied with
a spirometer (Ilmeter 1304; Masterlab Jaeger, Würzberg, Germany) according to the European Respiratory
Society (ERS)/American Thoracic Society (ATS) standards [17]. The criteria for classifying the pulmonary
function test as normal were a slow vital capacity (SVC), a forced vital capacity (FVC), and a forced
expiratory volume in 1 s (FEV1) larger than the LLN for the reference population, and a FEV1 to FVC
ratio >0.7.

In a previous study [6] we reported that when the examinations were performed in a standing position,
the diaphragmatic excursions were greater in healthy men (1.8±0.4 cm) compared to healthy women
(1.6±0.4 cm). To find differences between the sexes and appropriate normal values for men and women,
the calculation of the sample was based on this previous study. For a 0.05% α risk and a 95% power, we
determined that 105 volunteers would have to be included in each group (men and women). Since some
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parameters, such as the excursion during deep breathing, were sometimes impossible to record in our
previous study [6], it was decided to increase the study population. For this reason, we aimed for a sample
size of >125 individuals in both groups.

The ultrasonographic examinations were carried out by two experienced investigators (both investigators
had performed >300 ultrasound examinations of the diaphragm before the beginning of the study) using a
commercially available Doppler echocardiograph machine (Vivid S60N, GE Medical System, Milwaukee,
WI, USA) connected to a 2–4.5 MHz transducer array (3Sc probe).

The patients were placed in a sitting position and the diaphragmatic excursions were assessed by M-mode
ultrasonography according to a previously published method [6].

A subcostal or low intercostal probe position was chosen between the midclavicular and posterior axillary
lines to obtain the best imaging of both hemidiaphragmatic domes using two-dimensional mode
(B-mode). When the approach of the hemidiaphragm was considered to be good and the exploration line
was perpendicular to the posterior part of each hemidiaphragm, M-mode was used to record the
diaphragmatic motion. The diaphragmatic motion was assessed by M-mode while the patient breathed on
tidal volume (quiet breathing). Furthermore, the diaphragmatic excursions were measured during
voluntary sniffing and deep breathing (from the functional residual capacity to the total lung capacity).

Recordings of the right hemidiaphragm motion were obtained by placing the ultrasonography probe on
the subcostal or low intercostal area, between the midclavicular and the mean axillary lines. For the left
side, the probe had to be in a more posterior position than on the right side (i.e. between the anterior and
the posterior axillary lines).

During deep breathing, the dome was frequently obscured by the descending lung. To improve the
recording of the entire excursion, a caudal displacement of the probe associated with angulation to
maintain the approach perpendicular to the posterior part of the diaphragm was performed. Nevertheless,
the recording of the complete excursion could still be problematic and the angle of the approach of the
hemidiaphragm was frequently far from perpendicular. In these circumstances, anatomical M-mode was
used (figure 1). All of the examinations were recorded for subsequent blind analysis.
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FIGURE 1 Right hemidiaphragmatic motion recorded by anatomical M-mode ultrasonography. The anatomical
M-mode cursor was rotated and placed on the exact axis of the diaphragm displacement. Measurement of the
diaphragm excursion (d) and the inspiratory time (t) were carried out on the diaphragmatic displacement
recorded along the anatomical M-mode line; the velocity of contraction was calculated as d/t. Inset: for the
recording of the right hemidiaphragmatic motion, the probe was placed between the midclavicular line and
the mean axillary line. MAL: mean axillary line; AAL: anterior axillary line; MCL: midclavicular line.
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Measurements
The diaphragmatic inspiratory excursions were measured by placing the first caliper at the foot of the
inspiration slope on the diaphragmatic echoic line and by placing the second caliper at the apex of
the curve. For the rest breathing, the times and the velocities of displacement (the slopes) of both the
inspiratory and the expiratory phases were also measured. The measurements of at least three different
breathing cycles were then averaged. For voluntary sniffing, the excursion, the velocity and the duration of
the displacement were measured. For deep breathing, several manoeuvres were recorded, and the maximal
excursion, i.e. the largest distance between the baseline and the apex, was retained.

Statistical analysis
The results are reported as mean±SD. The lower and upper limits of normal were calculated as mean±1.95
SD. The statistical analyses were performed using R statistical software [18]. A linear regression analysis was
performed to assess how the ultrasonographic measurements varied according to sex, age and body mass
index (BMI).

Results
Population studied
410 healthy volunteers (270 men and 140 women) were included in the study. Their mean age was 52±16
years, their mean height was 166±18 cm and their mean weight was 75±22 kg. Their pulmonary function
tests were normal, with a mean SVC of 4.1±1.1 L (102±14% pred), a mean FVC of 3.8±1.1 L (97±14%
pred) and a mean FEV1 of 3.1±0.9 L (98±13% pred). The demographic data of the men were: age 52±15
years, height 173±7 cm, weight 76±12 kg and BMI 25±4 kg·m−2. The demographic data of the women
were: age 52±16 years, height 159±14 cm, weight 66±18 kg and BMI 25±5 kg·m−2.

Ultrasonographic recordings
The diaphragmatic motion during quiet breathing and voluntary sniffing was successfully recorded in all
of the volunteers.

For the recording of the entire excursion during deep breathing, at the beginning of the study period in
the first series of 100 patients, when the caudal displacement of the probe and the anatomical M-mode
were not used, the right and the left hemidiaphragm excursions could be measured in 97 and 43 of cases,
respectively. The use of caudal probe displacement and anatomical M-mode allowed for a greater degree of
success with recording the diaphragmatic motion during deep breathing. Indeed, in the last 100 patients
measured, the recording of the diaphragmatic excursions during deep breathing was successful in all of the
volunteers on the right side and in 96% of cases on the left side. This finding was reported although the
demographic data were similar in the two groups. In the whole population, the diaphragmatic excursion
during deep breathing could be successfully measured in 98% of cases on the right side and in 56% of
cases on the left side.

Tables 1 and 2 list the results of the diaphragmatic motion during quiet breathing, voluntary sniffing and
deep breathing on the right side and the left side, respectively. The statistical analysis revealed larger
excursions in men compared to women on both sides and for the three manoeuvres studied, i.e. quiet
breathing, voluntary sniffing and deep breathing. The right-to-left ratio with quiet breathing and with deep
breathing was around 1, and it was similar for both sexes.

For the multivariate regression analyses, patients with missing data in the variable to be explained were
removed. The results of the linear regression analysis are reported in table 3; the number of patients for
each analysis is indicated in the last column.

Discussion
Our study reports the normal values of diaphragmatic motion recorded during quiet breathing, voluntary
sniffing and deep breathing in a large population of healthy volunteers of both sexes assessed while in a
seated position. The lower limits for normal excursions of both hemidiaphragms reported in the present
study can be used to detect hypokinesia, which is indicative of diaphragmatic dysfunction.

Our work was based on assessment of a large population with the aim of improving the accuracy of the
lower and upper limits of normal excursion during quiet breathing, voluntary sniffing and deep breathing.
The statistical analysis supports the previous finding that the normal values depend on sex, since the
excursions measured in men were larger than those in women (see tables 1 and 2). A number of previous
studies performed in the supine position have reported an impact of age on the diaphragmatic excursion
measured during deep inspiration. A positive correlation was found by KANTARCI et al. [9], whereas a
negative correlation was reported by SCARLATA et al. [10]. We found that age did not have an impact on the
diaphragmatic excursion. On the other hand, as previously reported in several studies [6–10], the impact
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of anthropometric data on the diaphragmatic motion is supported, in our results, by the positive
correlations between the BMI and the diaphragmatic excursions (see table 3).

The mean values and the lower limits of normal diaphragmatic excursion during quiet breathing and
voluntary sniffing are close (±1 mm) to the values previously reported for standing healthy volunteers [6].
By contrast, the present work reports lower mean values and thresholds for the excursions recorded during
deep breathing, thus suggesting that the diaphragmatic excursions during this manoeuvre are larger with a
standing than with a sitting position. Furthermore, it is generally recognised that when the approach to
the hemidiaphragm by M-mode is not perpendicular to the cranial–caudal motion, the displacement can
be overestimated through the sum of two errors: an orientation error (the M-mode plane is not orientated
to the true direction of the diaphragm displacement) and a translation error (adjacent closer portions of
the diaphragm enter the M-mode plane of interrogation) [19, 20]. In the present work, special care was
taken to reach the hemidiaphragm in a perpendicular manner. The benefit of anatomical M-mode is clear

TABLE 2 Left diaphragmatic motion and limit values in women and men

Women Men p-value

Quiet breathing
Excursion cm 1.7±0.4 (0.9–2.5) 2±0.6 (0.9–3) <0.001
Inspiratory time s 1±0.2 (0.5–1.4) 1±0.3 (0.5–1.6) <0.01
Inspiratory velocity cm·s−1 1.9±0.6 (0.7–3) 2±0.8 (0.4–3.6) NS

Expiratory time s 0.8±0.3 (0.3–1.4) 0.9±0.3 (0.2–1.5) NS

Expiratory velocity cm·s−1 1.8±0.7 (0.5–3.1) 2.1±0.9 (0.4–3.7) <0.001
Duration of motion s 2±0.5 (1–3) 2.2±0.7 (0.9–3.5) <0.01

Voluntary sniffing
Excursion cm 2.6±0.6 (1.5–3.8) 3±0.8 (1.6–4.5) <0.001
Inspiratory time s 0.2±0.1 (0.1–0.4) 0.2±0.1 (0.1–0.4) NS

Inspiratory velocity cm·s−1 12.3±4.4 (3.6–20.9) 15±7.6 (1.2–30) <0.001
Deep breathing
Excursion cm 5.4±1.2 (3.2–7.7) 6.7±1.3 (4.2–9.2) <0.001
Inspiratory time s 1.2±0.5 (0.2–2.3) 1.1±0.4 (0.26–2) NS

Inspiratory velocity cm·s−1 5.3±2.5 (0.4–10) 6.6±2.6 (1.6–11.6) <0.001

Data are presented as mean±SD (lower limit of normal – upper limit of normal), unless otherwise stated.
NS: nonsignificant.

TABLE 1 Right diaphragmatic motion and limit values in women and men

Women Men p-value

Quiet breathing
Excursion cm 1.7±0.4 (0.9–2.5) 1.9±0.5 (0.9–2.8) <0.01
Inspiratory time s 1.1±0.3 (0.5–1.7) 1.1±0.4 (0.4–1.8) NS

Inspiratory velocity cm·s−1 1.7±0.5 (0.7–2.6) 1.8±1.1 (0–4) NS

Expiratory time s 1±0.3 (0.4–1.6) 1.1±0.4 (0.4–1.8) <0.05
Expiratory velocity cm·s−1 1.5±0.7 (0.2–2.8) 1.5±0.6 (0.4–2.7) NS

Duration of motion s 2.3±0.6 (1.1–3.4) 2.4±0.7 (1–3.8) <0.05
Right-to-left ratio with quiet breathing 1.1±0.3 (0.5–1.6) 1±0.3 (0.4–1.5) NS

Voluntary sniffing
Excursion cm 2.6±0.6 (1.3–3.9) 2.9±0.7 (1.5–4.3) <0.001
Inspiratory time s 0.3±0.1 (0.1–0.5) 0.3±0.1 (0.1–0.5) NS

Inspiratory velocity cm·s−1 9.9±3.5 (3–16.7) 12±4.9 (2.5–21.8) <0.001
Deep breathing
Excursion cm 5.4±1.1 (3.3–7.5) 6.6±1.3 (4.1–9) <0.001
Inspiratory time s 1.4±0.5 (0.4–2.4) 1.4±0.6 (0.2–2.6) NS

Inspiratory velocity cm·s−1 4.4±1.8 (1.5–7.3) 5.5±2.7 (0.2–10.9) <0.001
Right-to-left ratio with deep breathing 1±0.2 (0.6–1.4) 1±0.2 (0.6–1.3) NS

Data are presented as mean±SD (lower limit of normal – upper limit of normal), unless otherwise stated.
NS: nonsignificant.
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since the percentage of successful recordings of the entire excursion of the hemidiaphragm was
dramatically increased when this modality was used, particularly on the left side. Our results are in
keeping with previous studies that reported measurement of the left hemidiaphragm motion in >90% of
cases using anatomical M-mode [20, 21]. Consequently, the threshold values reported in our work should
be more accurate than those in previous studies.

New upper limit values of normal excursion were also determined. These values should be of considerable
value to investigators. Indeed, large excursions on the healthy side during quiet breathing have been
frequently reported in patients suffering from hemidiaphragm paralysis [2–22]. These large excursions
have been attributed to a compensatory mechanism including an increase in neural drive to the
functioning hemidiaphragm [23].

Comparative assessment of diaphragmatic displacement of both sides during deep breathing has been
proposed to detect unilateral diaphragmatic dysfunction. HOUSTON et al. [24] have determined a normal
range for the right-to-left ratio of maximal excursion on deep breathing. They considered that a
right-to-left ratio outside of a range of 0.5 to 1.6 should be deemed to be abnormal. In our study, the
mean ratio was near unity for both sexes and close to the lower and upper limit threshold values proposed
by HOUSTON et al. [24], i.e. 0.6 to 1.3 for men and 0.6 to 1.4 for women. Thus, our results are further
indication of the relevance of comparison of the two hemidiaphragm excursions. A ratio of displacement
outside these limits is very much a reason to suspect abnormal motion.

It is recognised that an obstructive lesion of the upper airway induces abnormalities in the pattern of
resting breathing such as an increase in the inspiratory time over total time and a decrease in the
inspiratory airflow [15]. Changes in the diaphragmatic motion profile can be expected in such
circumstances. Indeed, alteration of the diaphragmatic motion recorded by M-mode ultrasonography has
been reported in healthy individuals subjected to an increase in inspiratory resistance [25]. A decrease in
the breathing rate and an increase in both the diaphragmatic excursion and the inspiratory time were
shown to occur, compared to breathing without respiratory load [25]. Consequently, the normal values of
the profile of the contraction of the hemidiaphragms should be useful for assessment of the impact of an
upper airway obstruction such as a tracheal stenosis. The normal values of duration (mean 1.1 s) and
velocity of inspiratory time (mean 1.7 cm·s−1) of the right diaphragmatic motion, reported in our study
during quiet breathing, were close to the results of AYOUB et al. [26] and SPIESSHOEFER et al. [27].

Our study reports the normal values of diaphragmatic motion recorded in a population of healthy
volunteers assessed while in a seated position. These results may be of limited relevance for subjects
assessed in other positions or with health conditions. Nevertheless, when a mouthpiece is used to measure
the volume of gas of a patient during the ultrasound examination, the increase in resistance leads to an

TABLE 3 Linear regression analysis assessing the association between diaphragmatic
excursions and the demographic and body mass index (BMI) data

Manoeuvre Side Term p-value n

Quiet breathing Left Sex (male) <0.05 410
Age NS

BMI <0.05
Right Sex (male) 0.01 410

Age NS

BMI <0.001
Voluntary sniffing Left Sex (male) <0.0001 410

Age NS

BMI NS

Right Sex (male) 0.01 410
Age NS

BMI NS

Deep breathing Left Sex (male) <0.0001 231
Age NS

BMI <0.01
Right Sex (male) <0.0001 403

Age NS

BMI <0.05

NS: nonsignificant.
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increase in diaphragmatic excursions [25, 26]. Since diaphragmatic excursions are thought to be increased
in patients wearing a mouthpiece and when they are in the supine position, in such circumstances, when
an excursion is lower than the LLN determined in our study, an abnormal motion can be strongly
suspected.

When a patient can tolerate both a seated and the supine position, it can be useful to repeat the
ultrasound examination in these two conditions, especially when diaphragmatic motion appears to be
impaired. Indeed, it has been reported that in the supine position, the abdominal visceral mass increased
diaphragmatic work and that the compensatory active expiration by the anterior abdominal wall was
decreased [28]. Consequently, in patients suffering from hemidiaphragm paralysis, paradoxical movements
could be unmasked in the supine position. Lastly, it has been reported that diaphragmatic function can be
assessed using measurement of the diaphragm thickness at the zone of apposition of the diaphragm to the
rib cage [29]. In patients suffering from hemidiaphragm paralysis, on the paralysed side the
hemidiaphragm did not thicken significantly or it even became thinner [30]. A threshold of 20% is
accepted by most authors for the diagnosis of hemidiaphragm paralysis [12]. In patients with
hemidiaphragm excursions lower than the LLN, the control of diaphragmatic motion in the supine
position and the measurement of inspiratory diaphragm thickening provide information in support of a
diagnosis of diaphragmatic dysfunction.
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