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BACKGROUND: Clinical benefits of inhaled therapies are related to the amount of drug deposited in
the targeted area of the lung. Body positions that influence the distribution of lung ventilation should
impact lung deposition of the nebulized drug. The aim of this study was to analyze the immediate effect
of body position while the subject lies on his side (lateral decubitus) during nebulization on 3-dimen-
sional total and regional lung deposition. METHODS: A randomized crossover trial was performed on
healthy male volunteers without cardiovascular or pulmonary disease. A technetium-99m diethylene-
triaminepentaacetic acid (99mTc-DTPA) solution (4 mL) was nebulized using an individual-controlled
inhalation system in left lateral decubitus and sitting positions with a 96-h washout period (43 inspira-
tions of 4 s [ie, drug delivered until second 3] with a tidal volume of 0.8 L and a low inspiratory flow
(200 mL/s). Drug deposition was followed with the use of planar images and single-photon-emission
computed tomography combined with low-resolution computed tomography. Total and regional depo-
sitions were the main outcomes. Penetration index was also considered. RESULTS: Six participants
(26.8 � 6.9 y old) were included. Total lung deposition tended to be higher in a sitting position than in
a lateral decubitus position: 10.2 � 0.9% of nominal dose (95% CI 9.1–11.3) vs 8.6 � 1.4% of nominal
dose (95% CI 6.8–10.4) (P � .09). The deposition was significantly reduced in the dependent (left) lung
in the lateral decubitus position: 3.5 � 0.7% of nominal dose (95% CI 2.6–4.3) vs 4.7 � 0.3% of nominal
dose (95% CI 4.3–5.0) (P � .03). Penetration index was only influenced by body position for the
dependent (left) lung (P � .043). CONCLUSIONS: The total amount of drug delivered to the lungs
during nebulization with an individual-controlled inhalation system tended to decrease when performed
in the left lateral decubitus position. Moreover, contrary to the initial hypothesis, the deposition of
particles in the dependent lung was not improved by the lateral decubitus position in this configuration.
(ClinicalTrials.gov registration NCT02451501.) Key words: nebulization; aerosol deposition; gamma scin-
tigraphy; body position; delivery; ventilation. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Inhaled therapy represents the cornerstone of therapeu-
tic strategies in patients suffering from respiratory dis-

ease.1 With the direct delivery of the inhaled drug into the
lungs, inhaled therapy has a number of advantages over
systemic administration such as smaller required dose,
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faster onset of action, and fewer systemic side effects.2

Inhaled therapy is still largely limited to therapies where
the lungs are targeted. Clinical benefits are directly corre-
lated with the amount of drug deposited in the targeted
area of the lung,3,4 which is why modalities of adminis-
tration need to be optimized, especially when inhaling
drugs with a narrow window of efficacy.5 The deposition
pattern can be influenced by several factors, such as par-
ticle characteristics, airway geometry, and breathing pat-
tern.4

Body position influences the distribution of lung venti-
lation,6,7 which should impact lung deposition, and the
lateral decubitus position (ie, lying on one side) results in
the greatest changes with regard to regional ventilation.6,8-11

This pattern is due to the effects of gravity, which cause a
gradient of pleural pressure attributed to the weight of the
lung and a deviation of the mediastinal structures toward one
side of the chest cavity,8 leading to a decrease in static lung
volume.12 During spontaneous breathing in adults in either
the right or the left lateral decubitus position, ventilation is
increased in the less expanded and higher compliance depen-
dent pulmonary area (ie, infralateral lung).6-8,14 Body position
also influences aerosol pulmonary deposition, even though
sitting is the most frequently used position in clinical prac-
tice.13,15

We hypothesized that nebulization in the lateral decu-
bitus position could help to preferentially target the de-
pendent lung by the modification of ventilation, which
would then improve clinical benefits of the nebulized drug.
Based on previous research,13 this hypothesis should be
independent of whether the subject lies on the left or the
right side in the lateral decubitus position. The aim of the
study was to analyze, in healthy male volunteers, the im-
mediate effect of the left lateral decubitus position during
nebulization on 3-dimensional total and regional lung de-
position as assessed with single-photon-emission computed
tomography combined with low-resolution computed to-
mography (SPECT-CT).

Methods

Participants

Only healthy, nonobese, male volunteer subjects were
recruited. Inclusion criteria were age � 18 y, never smok-
ers, normal spirometric values, and ability to understand
and follow verbal commands. History or evidence of car-
diovascular or pulmonary disease, having received any
aerosolized drug during the month preceding the experi-
ment, and allergy to technetium-labeled radiopharmaceu-
ticals were exclusion criteria.

The study was performed at Service de Médecine Nu-
cléaire, Cliniques Universitaires Saint-Luc, Brussels, Bel-

gium. This study was approved by the Institutional Med-
ical Ethics Committee (BE403201422655). Informed
consent was given by all participants prior to the experi-
ment according to the Declaration of Helsinki and current
guidelines for good clinical practice.

Design

This was a single-blind, 2-way, randomized crossover
study. Before starting the trial, all subjects performed a
selection visit, which included spirometry testing accord-
ing to the ATS/ERS guidelines16 and a medical examina-
tion. If the subjects met all of the requirements, they were
invited to follow the nebulization training, with a focus on
the ability to inhale slowly. Once trained, the subjects
performed the first session, consisting of nebulization of
the technetium-99m diethylenetriaminepentaacetic (99mTc-
DTPA) solution using an individual-controlled inhalation
system in the corresponding body position (ie, sitting or
left lateral decubitus), and the imaging registration proce-
dure (Fig. 1).

After a minimum 96-h washout period, subjects per-
formed the second session, following the same procedure
but nebulizing in the other body position studied (Fig. 1).
The position order was randomized by an independent
investigator using an online computer software (www.
randomizer.org) with an allocation ratio of 1:1, and the
allocation was concealed throughout the entire study. Due
to the nature of the intervention, subjects were not blinded
to the intervention, whereas the examiners were. The study
was performed in accordance with the CONSORT state-
ment for nonpharmacologic trials.

QUICK LOOK

Current knowledge

The efficacy of nebulization depends on the amount of
drug deposited in the lungs. The delivery of drug by
nebulization in the sitting position is standard practice.
Adapting body position could improve targeting of in-
haled particles, especially in the lateral decubitus posi-
tion where ventilation is preferentially distributed to the
dependent lung.

What this paper contributes to our knowledge

The lateral decubitus position decreased the deposition
of nebulized particles in the dependent lung. A reduc-
tion in total lung deposition was also observed in this
position. The lateral decubitus position is therefore not
recommended for aerosol delivery.
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Nebulization Modalities

All nebulizations were performed with an individual-
controlled inhalation system (AKITA Jet, Activaero, Ge-
muenden, Germany), which is a computer-controlled jet or
vibrating mesh nebulizer that offers a controlled inhalation
and different predetermined programs with controlled reg-
ulation of aerosolized drugs during inspiration depending
on the targeted site of deposition. In our study, a jet neb-
ulizer (LC Sprint, Pari, Starnberg, Germany) was triggered
by the device with an integrated compressor that creates
the driving pressure. The mass median aerodynamic di-
ameter (MMAD) was 3.8 �m.

In this study, a preset targeting peripheral deposition
program was used for all nebulizations. Specific settings
consisted of 43 inspirations of 4 s (ie, drug delivered until
second 3) with a tidal volume of 0.8 L and a low inspira-
tory flow of 200 mL/s (Fig. 2). If the inspiratory flow was
exceeded, participants received a visual warning on the
nebulizer’s screen suggesting that they slow down. Al-
though the number of inspirations was arbitrary, these set-
tings assumed an identical delivered amount at the end of
the program. During nebulization, subjects were either com-
fortably seated (sitting position) or in the left lateral de-
cubitus position, and they were asked to breathe through
the mouthpiece wearing a nose clip. Subjects were pre-
positioned in the corresponding study position 15 min prior
to each inhalation to stabilize ventilation distribution.17

Both nebulizations were performed randomly at the same
time of the day, in the same room, and at ambient tem-
perature.

Nebulization Procedure

The nebulizer was loaded with 4 mL of a 99mTc-DTPA
solution (TechneScan DTPA, Mallinckrodt Medical,
Petten, The Netherlands). The initial activity was mea-
sured with a CRC-12 radioisotope calibrator (Capintec,
Pittsburgh, Pennsylvania) and was 2.44 � 0.17 mCi. A
one-way valve (19 mL of extra dead-space volume) com-
bined with a filter (Hygrovent, Medisize, The Netherlands)
was connected to the nebulizer systems to avoid ambient
aerosol contamination and to measure the total activity
recovered during expiration. The subjects followed the
instructions for slow inhalation given by the device and
were supervised by a qualified physiotherapist. Supervi-
sion consisted of assuring that subjects were breathing in
and out inside the nebulizing circuit without difficulty were
and using the correct inspiratory flow. The stop time was
determined by the settings of the program. The same neb-
ulization procedure was repeated for both positions.

Imaging Procedure

Imaging procedures followed the recent standardization
of techniques for aerosol-deposition assessment including
planar images and SPECT-CT.18 A dual-head gamma cam-
era equipped with a low-energy, high-resolution collima-
tor (Philips Brightview XCT, Philips, Milpitas, CA) was
calibrated using a point source image without attenuation.
The spatial resolution of this system was 3.7 and 7.4 mm
at direct contact and at 10 cm of the source point, respec-
tively. Images of the device (including nebulizer and filter)
and the airways were acquired using a 128 � 128 matrix
for 2 min. The acquisitions with the flat-panel cone beam
CT were performed at 120 kV and 80 mA.

Immediately after nebulization, subjects were invited to
lie down on the couch of the gamma camera with their
arms positioned above the head. Five sequences were re-
corded: an anterior planar (AP) image of the filled reser-
voir of the nebulizer to determine the nominal dose (ie, the
radioactivity introduced in the reservoir before the nebu-
lization); a simultaneous AP and posterior planar (PA)
image of the trunk to image aerosol deposition in the stom-
ach and lungs; without moving the subject, a SPECT-CT
scan using 60 projection images each of 15 s and a total
imaging time of 8 min; another AP-PA planar image to
verify the clearance of the radioactive label and deposition
in the upper airways; and an AP planar image of the whole
nebulizer after nebulization to quantify aerosol retention.
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Fig. 1. Schematic of study design.
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Fig. 2. Illustration of the inhalation waveform and delivery of the
nebulized drug.
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Image Analysis

After reconstruction of SPECT images (Extended Bril-
liance Workspace, Philips Medical Systems, Best, The
Netherlands), images were analyzed (home-made plug-in
to ImageJ software, Rasband WS, Bethesda, MD) by a
trained technologist who was blinded to the conditions.
For the reconstruction, the Astonish iterative algorithm,
based on ordered subsets expectation maximization and
included attenuation, scatter and resolution recovery cor-
rections, was used. Region of interest and volume of in-
terest were determined, and quantification was performed
based on international guidelines.18

Volume of interest was derived from the CT, and par-
ticles deposited from the trachea to lung periphery were
quantified. The trachea and the main bronchi were assem-
bled for the analysis and considered as the tracheal area,
and this area was quantified separately from the lungs.
Based on international guidelines,18 each lung was divided
in 10 shells centered on the hilum. Volume of interest was
semi-automatically defined. First, trachea, hila, and sepa-
ration between both lungs were manually positioned based
on the CT by visual inspection. The threshold for tissue
differentiation was fixed by the assessor at approxi-
mately �400 and �750 Hounsfield units for lung and
trachea determination, respectively. Second, shells and vol-
umes of interest were automatically created.

Deposition in each lung was calculated by the total lung
cumulated counts obtained by summing the counts mea-
sured in the 10 shells of the corresponding lung (Fig. 3).
Total lung deposition was calculated by summing the total

lung cumulated counts from both lungs. The right/left lung
ratio was calculated. Trachea deposition was derived from
the corresponding volume of interest. Penetration index
was calculated as the outer/inner zone radioactivity ratio
from the SPECT scan normalized by the same ratio for
ventilation zones from the CT scan. The outer region cor-
responds to the 5 distal shells, and the 5 proximal shells
determine the inner region.

A rectangle was drawn on AP-PA images to quantify
lung deposition and initial and residual radioactivity in the
device. Mass balance was determined from planar images
by comparing the radioactivity initially placed in the neb-
ulizer reservoir and expressed in counts against the radio-
activity recovered in all locations after nebulization. The
mean mass balance was checked to be 100% � 10%.19

The doses were expressed as percentage of the nominal
dose of radioactivity. Quantifications were corrected for
decay of radioactivity with a time correction factor (ie,
using the time between the acquisition of the filled nebu-
lizer and each image deposition), for background (ie, using
a region outside of the radiolabeled area), and with an
attenuation correction factor (ie, using thorax thickness
from CT) based on international guidelines.18

Statistical Analysis

To detect a minimal difference of 10% of total lung
deposition during nebulization between the 2 sessions, ac-
cepting an alpha risk of 0.05 and a beta risk of 0.2 in a
2-sided test, and assuming that 6% is the standard devia-
tion of the difference in the response to treatment for the
same participant,20 6 subjects were necessary.

After verifying the normality of the distribution by Kol-
mogorov-Smirnov test, results were expressed as
mean � SD with 95% CI. Statistical tests were performed
using SPSS Statistics 23.0 (IBM, Armonk, NY). The paired
Student t test was used for means comparisons of param-
eters related to deposition between the 2 positions. The
initial radioactivity of the reservoirs and the activity re-
tained in the nebulizer at the end of the nebulization was
compared using an unpaired Student t test.

Results

Six healthy nonobese males were enrolled and random-
ized in the study, and all 6 subjects completed the study
(Fig. 4). Table 1 shows the anthropometric and cardiore-
spiratory parameters of the subjects measured at baseline.
Lung function was in the normal range for all subjects.

The initial load in the nebulizer was similar in both
positions (P � .81). No ambient or surface contamination
was detected after nebulization. The residual radioactivity
in the nebulizer was similar in both positions: 82.6 � 2.9%
and 81.7 � 3.8% of nominal dose for sitting and lateral

Fig. 3. Shell decomposition of a low-resolution computed tomog-
raphy coronal slice. Lungs were divided into 10 shells (colored
lines through both lungs) distributed from the hilum to the lung
periphery. The deposition of the radiolabeled aerosol particles is
depicted in color.
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positions, respectively (P � .65). The results of deposition
with the 2 procedures are represented in Table 2. The total
lung deposition tended to be lower in the lateral position
than in the sitting position, with a mean difference of �1.6%
(95% CI �3.5 to 0.4, P � .09), without modifying the
tracheal deposition (P � .61), and intersubject variability
was twice as great in this position (coefficient of variation:
16.3% lateral decubitus vs 8.9% sitting). Whereas the left
lateral decubitus position had little effect on deposited
dose in the right lung compared to the sitting position
(5.1% vs 5.5% of nominal dose, P � .45), it significantly
reduced deposition in the left (dependent) lung (3.5% vs
4.7% of nominal dose, P � .03). There is a tendency to a
greater left/right lung deposition ratio in the sitting posi-
tion than in the lateral decubitus position. Deposition was
greater in the right lung compared to the left lung for all
subjects in both positions as illustrated by the left/right
lung deposition ratio � 100% for all participants (Fig. 5).
All but one subject had a higher ratio in the sitting position
than in the lateral decubitus position. Penetration index
was only influenced by the position for the dependent
(left) lung (P � .043). The extrathoracic deposition (ex-
cluding tracheal area) was 10.1 � 3.1% and 7.2 � 3.6% of
nominal dose for the lateral decubitus position and the
sitting position, respectively (P � .051).

Discussion

This randomized, controlled study highlighted that neb-
ulization with a controlled-dose, breath-actuated nebulizer
system in the lateral decubitus position was associated
with lower total lung deposition secondary to reduced de-
position in the dependent lung in healthy volunteers. In
addition, a lower proportion of the nominal aerosolized
dose tended to reach all regions of the lungs in this posi-
tion. The clinical relevance of these findings is that the
lateral decubitus position does not improve total or tar-
geted lung delivery. Our results also confirm the low vari-
ability in deposition when nebulizing with a controlled-
dose inhalation drug-delivery system (ie, AKITA Jet).20,21

A difference in total lung deposition related to body
position was previously suggested and explained by an
increased extrathoracic deposition, but this observation was
only based on the results for one subject.22 No difference
in tracheal and extrathoracic deposition was observed in
our study, although extrathoracic deposition probably con-
tributed to the reduced total lungs deposition in the left
lateral decubitus position. Independent of the total amount
of drug reaching the lungs, the deposited amount of neb-
ulized drug was higher in the right lung than in the left
lung. This is well known to occur in an erect position, and
it is related to the greater static volume and better venti-
lation of the right lung.23 However, contrary to our initial
hypothesis and to the results of a previous study evaluating
aerosol lung deposition in the 2 lateral decubitus posi-
tions,13 even though the left lateral decubitus position mod-
ified the distribution of particle deposition between both
lungs, this modality of administration did not improve
deposition in the dependent lung. The fact that position
and distribution of ventilation do not affect the distribution
of the deposited particles in healthy subjects has been
reported previously, although the uniformity of the distri-

Assessed for eligibility
6

Subjects enrolled
6

Analyzed
3

Analyzed
3

Allocated to sequence 1-2
3

Received allocated intervention: 3

Allocated to sequence 2-1
3

Received allocated intervention: 3

Fig. 4. Flow chart.

Table 1. Subject Characteristics and Lung Function Parameters

Mean � SD

Age, y 26.8 � 6.9
Height, cm 182.5 � 9.9
Weight, kg 77.5 � 11.3
Body mass index, kg/m2 23.2 � 2.6
FEV1/FVC, % 87.0 � 6.2
FEV1 % of predicted 89.5 � 8.0
FVC % of predicted 96.3 � 10.9

TARGETED LUNG DEPOSITION IN LATERAL DECUBITUS POSITION

RESPIRATORY CARE • ● ● VOL ● NO ● 5

RESPIRATORY CARE Paper in Press. Published on September 10, 2019 as DOI: 10.4187/respcare.06978

Copyright (C) 2019 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



bution could have been increased due to the fine size of
nebulized particles (MMAD 2 �m).24 Indeed, it is well
known that particle size plays an important role in lung
deposition.25

Moreover, the left/right lung ratio was reduced in the
left lateral decubitus position, which means that the pro-
portion of drug deposited in the right lung (nondependent
lung) was greater in the left lateral decubitus position than
in the sitting position, even though the total amount de-
posited in this lung was reduced by the lateral decubitus
position. Surprisingly, in our study, the lateral decubitus
position preferentially targeted the nondependent lung. Dif-
ferent elements can contribute to the lower-than-expected
deposition in the left lung. The reduced static volume of
the dependent lung in this position as mentioned above26

and the potential micro-atelectasis generated by the posi-
tion at end expiration could reduce the delivered drug in
this lung. The expiratory filter included in our device could
play a role in our results by generating a positive expira-
tory pressure. Indeed, a shift neutralization of the spatial
distribution toward the dependent lung in the lateral de-
cubitus position during spontaneous breathing through a
positive expiratory pressure device was demonstrated in
healthy subjects.27 Thus, the resistance generated by the
expiratory filter, even if lower than a classical positive
expiratory pressure device, hypothetically provided a more
homogenous ventilation distribution between both lungs.

The nebulizer settings of the individual-controlled in-
halation system (AKITA Jet) from our study versus a jet
nebulizer (Venticis II, CIS Biointemational, France) could
also be responsible for the differences. The Venticis II jet
nebulizer is intended for the study of pulmonary ventila-
tion or alveolar-capillary permeability using radiopharma-
ceutical products labeled with 99m-technetium. Because
the drug was inhaled slowly with a large tidal volume and
particles were only administered at the beginning of in-
spiration with this device, it is possible that the drug had
more difficulty reaching some parts of the dependent lung.
Indeed, the filling characteristics or the rate of volume
change of the dependent lung during the initial part of
inspiration was reduced by greater tidal volumes11 and to
be lower than the nondependent lung.26 This means that
the dependent lung expanded more slowly than the non-
dependent lung in this condition. Moreover, the MMAD of
the aerosol generated by the individual-controlled inhala-
tion system was greater (3.8 �m) than that produced by the
Venticis II jet nebulizer (0.9 �m under 1.5 bar pressure
and at a flow of 25.1 L/min), and particle size is directly
related to lung deposition.25

The distribution of the deposited particles inside each
lung is also influenced differently by the subject’s posi-
tion. The deposition in the dependent lung was less pe-
ripheral with a lower penetration index in the lateral de-

Table 2. SPECT-CT Analysis of Aerosol Deposition

Left Lateral Decubitus Sitting Mean Difference P

Both lungs, % ND 8.6 � 1.4 (6.8–10.4) 10.2 � 0.9 (9.1–11.3) �1.6 to � 1.6 (�3.5–0.3) .09
Right lung, % ND 5.1 � 0.8 (4.1–6.1) 5.5 � 0.8 (4.5–6.5) �0.4 � 1.1 (�1.7 to 0.9) .45
Left lung, % ND 3.5 � 0.7 (2.6–4.3) 4.7 � 0.3 (4.3–5.0) �1.2 � 0.8 (�2.2 to �0.2) .03
Left/right lung ratio 0.68 � 0.08 (0.58–0.77) 0.86 � 0.10 (0.73–0.98) �0.18 � 0.16 (�0.37 to 0.01) .061
Penetration index

Right lung 0.63 � 0.15 (0.44–0.82) 0.65 � 0.23 (0.36–0.94) �0.02 � 0.19 (�0.26 to 0.22) .93
Left lung 0.46 � 0.11 (0.33–0.59) 0.61 � 0.12 (0.47–0.76) �0.16 � 0.11 (�0.29 to �0.02) .043

Tracheal area, % ND 0.48 � 0.41 (0.02–0.99) 0.45 � 0.21 (0.18–0.72) �0.8 � 2.2 (�3.2 to 1.5) .61

Data expressed as mean � SD (95% CI).
SPECT-CT � single photon emission computed tomography combined with computed tomography
% ND � percentage of nominal dose
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Fig. 5. Left/right lung deposition ratio in both positions.

TARGETED LUNG DEPOSITION IN LATERAL DECUBITUS POSITION

6 RESPIRATORY CARE • ● ● VOL ● NO ●

RESPIRATORY CARE Paper in Press. Published on September 10, 2019 as DOI: 10.4187/respcare.06978

Copyright (C) 2019 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



cubitus position than in the sitting position. It can be
similarly explained by the nebulizer settings. Indeed, the
chosen modality of administration delivered the drug dur-
ing the first part of inspiration. The slower expansion of
the dependent lung during the beginning of inspiration in
the lateral decubitus position combined with this method
of administration was unfavorable to peripheral deposition
in this lung. Moreover, the reduced airway diameter in the
dependent lung when the subject was laying on one side
increased the inertial impaction and thus the deposition in
its central zones resulting from the higher flow generated
in this lung.28 A similar result was reported by Sá et al15 in
the supine position. They showed decreased deposition in
the alveolar region when inhalation occurred in the supine
position compared to a sitting position. On the other hand,
body position did not influence the distribution of depo-
sition in the nondependent region of the lung because the
penetration index from this lung was similar in both po-
sitions. However, the variability of the penetration index
in the nondependent region of the lung was 50% higher in
the sitting position.

From a clinical perspective, when using a nebulizer pro-
moting the delivery of particles during the first part of
inspiration, the lateral decubitus position may not be ben-
eficial to total lung deposition because this position tends
to reduce total delivery to the lungs. Moreover, the drug
targeting of the dependent lung by the lateral decubitus
position was not verified in our results, suggesting that this
modality of nebulization does not improve the delivery of
particles in this lung.

One of the strengths of this study was the similar pattern
of breathing for all subjects during nebulization in the
2 positions. Indeed, the individual-controlled inhalation
system is a specific nebulizer guiding the user’s pattern of
breathing. This ensures a reproducible pattern of breathing
(particularly the inspiratory volume and duration), elimi-
nates its influence on lung deposition,29 and thus reduces
inter-patient variability of total and peripheral deposition.21

The variability of lung and peripheral deposition is 4 times
lower when breathing is guided by the individual-con-
trolled inhalation system in comparison to a classic neb-
ulizer.21 Moreover, inspiratory flow was standardized by
the nebulizer to reduce its influence on the comparison.
Indeed, the inspiratory period highly influences lung de-
position and determines deposition variability.30

Our study has some limitations. The delivered dose
seemed low for the individual-controlled inhalation sys-
tem, but this was related to the lower preset number of
inhalations chosen in our study. Because we chose healthy
male subjects, the generalizability to patients could be an
issue. Indeed, patients can present heterogeneously with
regard to ventilation, secretions, reduced airway diameter,
and lung compliance, which could result in different find-
ings. Our study, however, was based on physiological pa-

rameters and responded thus to physiological questioning.
In spite of this, it is usual when evaluating a nebulization
modality to first study healthy subjects to reduce the in-
fluence of poorly controlled disease on lung deposition.
Indeed, nebulized particles are more centrally deposited,
and a wide range of distribution between central and pe-
ripheral zones is observed in patients with obstructive lung
disease. Moreover, Brand et al31 reported that the individ-
ual-controlled inhalation system reduced disease influence
on lung deposition, particularly on the central/peripheral
deposition ratio. In our study, we only recruited male sub-
jects; however, sex would probably not be consequential
to the study due to the paired design and the poor influence
of gender specificity toward attenuation factors. Although
a small but statistically sufficient number of subjects was
investigated, the group was homogeneous in terms of lung
function, which is probably the main influencing param-
eter on lung deposition in healthy subjects. The study was
underpowered to detect differences smaller than the 10 per-
centage point difference anticipated due to body position,
which can be considered as a clinically important charac-
teristic. Finally, the particle size of the nebulizer was not
measured with the nebulized solution. Our data are based
on the determination from a sodium fluoride solution
(3 mL – 2.5%) at a flow of 15 L/min.

Conclusions

The lateral decubitus position reduced the total amount
of drug delivered to the lungs when nebulization was per-
formed in specified settings with the individual-controlled
inhalation system in healthy male volunteers. In addition,
the deposition is less distal in the dependent lung. More-
over, a lower proportion of the nominal dose reached all
regions of the lungs in this position, especially the depen-
dent lungs. Contrary to the initial hypothesis, the deposi-
tion of particles in the dependent lung is not improved by
the lateral decubitus position in this configuration. Our
findings do not support the routine use of the lateral de-
cubitus position during nebulization when using the indi-
vidual-controlled inhalation system. Clinically, the lateral
decubitus position is not recommended to target a specific
pulmonary area because it may negatively affect the clin-
ical benefit of the nebulized drug due to the lower deliv-
ered dose.
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