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a b s t r a c t

Rationale: Pulmonary medication is often delivered in the form of medical aerosols designed for inha-
lation. Recently, breath actuated inhalers (BAI's) gained popularity as they can be used without spacers. A
major drawback of BAI's is the impaction in the upper airway. Stretching the upper airway by a forward
leaning body posture with the neck extended (“sniffing position”) during inhalation may reduce upper
airway impaction and improve pulmonary deposition. Aim of this study was to investigate the revers-
ibility of lung function with different doses salbutamol inhaled with a BAI in the forward leaning posture
compared to the standard posture in asthmatic children.
Methods: 22 clinically stable asthmatic children, 5e14 years old, performed four reversibility measure-
ments. Children inhaled 200 mg or 400 mg salbutamol with a BAI in the standard or in the forward leaning
posture with the neck extended in a randomized single-blinded cross-over design.
Results: Reversibility of lung function after inhaling salbutamol in the forward leaning posture was not
significantly different compared to inhalation in the standard posture. Mean FEV1 reversibility was
significantly greater after inhaling 400 mg salbutamol compared to 200 mg salbutamol in the standard
posture (9.4% ± 9.5% versus 4.5% ± 7.5%, difference 4.9% (95CI 0.9; 9.0%); p ¼ 0.021).
Conclusion: In clinically stable asthmatic children, inhalation of salbutamol with a BAI in a forward
leaning posture does not increase reversibility of lung function. Inhalation of 400 mg compared to 200 mg
salbutamol with a BAI does improve reversibility.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

For all patients with asthma, inhaled medication is recom-
mended [1]. Deposition at the target area however is compromized
by impaction of inhaled medication in the upper airway, which is
compounded by the sharp angle between the pharynx and trachea
[2,3]. In children the loss of inhaled medication is probably even
greater as the upper airway is smaller which increases flow rate. To
reduce impaction spacers were introduced, however breath actu-
ated inhalers (BAI's), which can be used without spacers, have
gained popularity. BAI's are easy to use and frequently
I/s, metered-dose inhaler in
control test.

r).
administered as bronchodilators for measuring reversibility of
pulmonary function in children. Potential drawback of BAI's
compared to metered-dose inhalers in conjunction with spacers
(MDI/s) is the loss of medication in the upper airway [3,4]. In a
radio-labeled study in asthmatic children under the age of twelve,
50e60% of the inhaled dose of a BAI impacted in the oropharynx
[4]. In contrast, inhaling from a MDI/s resulted in only 30%
impaction in the oropharynx in asthmatic adults [3].

Brandao et al. showed that inhaling nebulized bronchodilators
in a forward leaning posture during an asthma exacerbation in
asthmatic adults, led to a faster recovery of lung function compared
to inhaling in the standard body posture [5]. It was suggested that
this was due to a higher pulmonary deposition of the nebulized
medication by inhaling in the forward leaning posture [5]. Indeed a
forward leaning posture stretches the upper airway which may
reduce the loss of inhaled medication in the upper airway [5e7].
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Fig. 1. Curved airway in standard posture.
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Our previous pilot study showed a higher reversibility of FEV1
and MEF75 after inhaling salbutamol in a forward leaning body
posture in asthmatic children, suggesting that bronchodilatory ef-
fects of salbutamol can be improved by changing body posture
during inhalation [8].

Aim of this study is to compare the reversibility of lung function
when inhaling 200 mg and 400 mg salbutamol with a BAI in the
forward leaning posture or in the standard posture in asthmatic
children.

2. Methods

2.1. Patients

Children aged 5 till 14 years old, with a pediatrician diagnosis of
mild to moderate asthma, were recruited from the outpatient clinic
of the pediatric department of Medisch Spectrum Twente,
Enschede, The Netherlands. They participated in this prospective
randomized cross-over intervention study. Children were not
allowed to use long acting bronchodilators 24 h before testing,
short acting bronchodilators 8 h before testing or leukotriene an-
tagonists 24 h before testing. Childrenwith an asthma exacerbation
in the last 4 weeks prior to the study (e.g. hospital admission or use
of systemic corticosteroids) were excluded.

2.2. Ethical considerations

This study was approved by the Ethics Review Board Twente. All
children and parents/guardians received written patient informa-
tion and provided written informed consent to participate in this
study.

2.3. Pulmonary function measurements

All pulmonary function measurements were performed by the
same physician investigator from the pediatric department with
an extensive training and experience in spirometry in children. A
MicroLoop® spirometer, in combination with Spida5® software,
was used to measure pulmonary volumes and flow-volume loops.
Spirometry was performed by standard pulmonary function
measurements before and 10 min after the inhalation of 200 mg or
400 mg salbutamol [9]. Although body postures whilst inhaling
salbutamol were different, all pulmonary function measurements
were performed in the same standard upright body posture. All
children performed four spirometry pulmonary function mea-
surements within a period of maximal two weeks. The minimum
washout period was 24 h, the maximum was 7 days. The
spirometry measurements were planned within 2 h on the
different days because of the possible pulmonary function varia-
tions during the day. Variables FEV1, VC, PEF, MEF25 and MEF75
were measured as well as the Mean Inspiratory Flow at 50% of
vital capacity (MIF50) and Forced Inspiratory Vital Capacity (FIVC)
if applicable. The best values for all variables were used for
analysis. Percentage of predicted baseline FEV1 was measured
with the aid of the Koopman formulas [10]. Reversibility was
measured with the formula recommended in the ERS-ATS 2005
lung function interpretation document namely the percent
change from baseline; in formula: (variable after salbutamol -
variable at baseline)/variable at baseline [11]. All parameters were
obtained from series of at least three reliable forced expiratory
curves [9]. The best values of FEV1, FVC and PEF were recorded
after examining all usable curves, even if they did not came from
the same curve [9]. For the parameters MEF25 and the MEF75 we
recorded the best value from a curve with a FVC that was within
95% of the highest FVC. Children with a difference of � 12% in
absolute FEV1 between measurements were excluded for the
relevant sub-analyzes.

Visual incentives such as blowing out candles or knocking down
bowling pins were used to optimize spirometric technique.

2.4. Body postures during inhalation

To measure reversibility of lung function during the spirom-
etry assessment, children inhaled the same standard dose of
either 200 mg or 400 mg salbutamol (AiromirTM) with an
autohaler® in a randomized order. The children inhaled both
doses of salbutamol in the standard body posture as pointed out
on the standardized checklists designed by the Dutch Asthma
Foundation [12] as well as in the forward leaning body posture as
pointed out on Figs. 1e3 in a randomized order and a single-
blinded design. The study scheme is illustrated in Fig. 4. For
randomization block sizes of 2 and 4 children were used with the
aid of a computerized randomization method performed by an
independent assistant.

All children received the medication by the investigator who
was not involved in the pulmonary function measurements. The
investigator who performed the pulmonary function measure-
ments was ignorant of dose and body posture during inhalation of
salbutamol. Ten minutes after the administration of salbutamol
spirometry measurements were repeated.

2.5. Questionnaires

Asthma control was measured with the (Childhood) Asthma
Control Test (C-ACT for children < 12 years old, ACT for chil-
dren > 12 years old). A score �19 indicates uncontrolled asthma
[13,14]. Possible discomfort in the forward leaning posture and
possible side effects of 400 mg salbutamol were analyzed with self-
designed questionnaires.

2.6. Sample size calculation

A previous pilot study with a comparable design showed an
average reversibility of FEV1 of 4.1% (SD ± 7.4%) in the control
group of asthmatic children who received 200 mg salbutamol in



Fig. 2. Stretched airway in forward leaning posture.

Fig. 3. Forward leaning body posture.
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the standard posture [8]. The intervention group received 200 mg
salbutamol in the forward leaning posture and showed an
average reversibility in FEV1 of 10.2% (SD ± 8.5%). To document
Fig. 4. Study
this significant difference in reversibility of FEV1 with a McNemar
test in the current randomized single-blind cross-over study we
did a power calculation. A sample size of 15 achieves 90% power
to detect a difference of �6.1 between the null hypothesis mean
of 4.1 and the alternative hypothesis mean of 10.2 with a known
standard deviation of 8.0 and with a significance (alpha) of 0.050
using a two-sided one-sample t-test. To take possible drop outs
into account we will include 20 children.
2.7. Statistical analysis

Best values of spirometric measurements were used for statis-
tical calculations. Results were expressed as mean
values ± standard deviation (SD) for normally distributed data, as
median (interquartile range) for not normally distributed data or as
numbers with corresponding percentages if nominal or ordinal.
Normality of data was visually inspected. Within person changes in
continuous variables (e.g. FEV1 reversibility) were analyzed with a
paired T-test or a Wilcoxon signed rank test, as appropriate. Be-
tween group differences (e.g. standard versus forward leaning
posture) in continuous variables (e.g. FEV1 reversibility) were
analyzed with independent T-test or a Wilcoxon Rank Sum Test, as
appropriate. A possible carry-over or period effect was analyzed
with the Hills and Armitage test.

Data were analyzed with SPSS® for Windows® version 21 (IBM,
Chicago, IL, USA) analytical software. A 2 sided value of P < 0.05 was
considered statistically significant.
3. Results

Of the forty-four children we approached to participate in this
study, twenty-two children were included (Fig. 5). The most com-
mon reasons why children/parents did not want to participate in
this study were their inability to combine four hospital visits in two
weeks with their family activities.

Baseline characteristics of the twenty patients are shown in
Table 1.

No carry-over or period effects were observed. Comparing the
children who reliable performed all four measurements (n ¼ 16),
mean FEV1 reversibility was significantly greater after inhaling
400 mg salbutamol in the standard posture compared to inhaling
200 mg salbutamol in the standard posture (9.4% ± 9.5% versus
4.5% ± 7.5%, difference 4.9% (95CI 0.9; 9.0%); p ¼ 0.021). The same
analyzes in the forward leaning posture also showed a significantly
greater mean FEV1 reversibility after inhaling 400 mg salbutamol
compared to 200 mg salbutamol (9.5% ± 10.3% versus 5.9% ± 8.2%,
difference 3.6% (95CI 0.4; 6.9%); p ¼ 0.032). The other spirometric
parameters in both body postures did not differ significantly (data
not shown).
scheme.



Fig. 5. Flow chart of inclusion.

Table 1
Baseline characteristics.

Number of patients 20

Age, years (median (IQR)) 8.0 (7.0e9.8)
Gender, boys (N (%)) 9 (45)
FEV1 (mean % of predicted ± SD) 86.7 ± 9.8
FVC (mean % of predicted ± SD) 97.4 ± 12.0
Medication (N (%))
ICS
LTRA's
LABA

18 (90)
8 (40
1 (5)

Antihistaminica (N (%)) 8 (40)
Allergy status (N (%))
Positive
Negative
Unknown

13 (65)
4 (20)
3 (15)

(C-)ACT score (mean ± SD) 21.6 ± 3.1

IQR: interquartile range; SD: standard deviation; ICS ¼ inhaled corticosteroid;
LTRAs ¼ leukotriene receptor antagonists. SABA ¼ short-acting b2 eagonist;
LABA ¼ long-acting b2 eagonist; Positive allergy status ¼ proved by skin prick
test or blood sample; C-ACT ¼ (Childhood-) Asthma Control Test: a score �19
indicates uncontrolled asthma [13,14].
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3.1. Reversibility in different body postures with 200 mg and
400 mcg salbutamol

Two children were excluded in this analyzes because of a dif-
ference of � 12% in absolute FEV1 pre-salbutamol between the two
measurements. The remaining children (n ¼ 18) in the forward
leaning posture did not show a significantly greater mean revers-
ibility for all parameters after inhalation of 200 mgr compared to the
standard posture group (FEV1 reversibility 6.0 ± 8.1% vs. 5.6 ± 8.3%
respectively, p ¼ 0.811). All spirometry results of the two postures
groups are shown in Table 2. Two children were excluded in this
analyzes because of a difference of �12% in absolute FEV1 between
the twomeasurements. The remaining group of children (n¼ 18) in
the forward leaning posture group did not show a significantly
greater mean reversibility for all parameters after inhalation of
400 mg compared to the standard posture group (FEV1 reversibility
Table 2
Spirometry results group 200 mg in the standard posture and the forward leaning postur

Standard posture

FEV1 rev (mean%, SD) 5.6 (8.3)
FVC rev (mean%, SD) 1.0 (7.7)
PEF rev (mean%, SD) 9.1 (11.7)
MEF25 rev (mean%, SD) 17.1 (23.7)
MEF75 rev (mean%, SD) 36.5 (66.2)

Rev ¼ reversibility.
10.6 ± 10.7% vs. 10.3 ± 9.6% respectively, p ¼ 0.722). All spirometry
results of the two postures groups are shown in Table 3.

3.2. Questionnaires

3.2.1. Asthma control test
Of the twenty children who participated in this study, two were

older than twelve years old. 75% (n ¼ 15) of the children showed a
score of 20 points or more indicating controlled asthma. The other
25% (n ¼ 5) of the children showed a score between 13 and 19
points indicating uncontrolled asthma.

3.2.2. Side effects of salbutamol 200 mcg and 400 mgr
We compared the side effects of 200 and 400 mg salbutamol

(palpitations, tremor, discomfort and rash) with the aid of a self-
designed questionnaire (addendum D). 25% (n ¼ 5) of the chil-
dren complained about side effects after inhalation of 400 mg sal-
butamol. Three children complained about shaky hands and, one
experienced some headache, and one experienced an itchy skin.
None of the twenty children complained about palpitations.

3.2.3. Discomfort in forward leaning posture
We also analyzed the possible discomfort of inhalation in the

forward leaning posture with the aid of a self-designed question-
naire (addendum C). 50% (n¼ 10) of the children complained about
some discomfort in the forward leaning posture. Six children
experienced some discomfort in their neck, three children in their
back, one in his elbows and one complained about some difficulty
to swallow. For all patients the discomfort was bearable.

4. Discussion

Inhaling in a forward leaning posture did not increase revers-
ibility of spirometric parameters compared to the standard posture
in asthmatic children. Inhalation of 400 mg salbutamol with a BAI
resulted in a significantly higher reversibility of FEV1 compared to
inhaling 200 mg salbutamol.
e (n ¼ 18).

Forward leaning posture Difference (95%CI); p-value

6.0 (8.1) 0.4 (�0.043; 0.034); p ¼ 0.811
2.2 (3.9) 1.2 (�0.054; 0.031); p ¼ 0.574
7.3 (10.3) 1.8 (�0.037; 0.072); p ¼ 0.507

20.1 (26.6) 3.0 (�0.161; 0.101); p ¼ 0.645
24.1 (36.1) 12.4 (�0.176; 0.425); p ¼ 0.394



Table 3
Spirometry results group 400 mg in the standard posture and the forward leaning posture (n ¼ 18).

Standard posture Forward leaning posture Difference (95%CI); p-value

FEV1 rev (mean%, SD) 10.3 (9.6) 10.6 (10.7) 0.3 (�0.027; 0.020); p ¼ 0.772
FVC rev (mean%, SD) 3.4 (4.4) 4.8 (6.2) 1.4 (�0.046; 0.017); p ¼ 0.355
PEF rev (mean%, SD) 12.6 (9.9) 13.4(10.9) 0.8 (�0.056; 0.050); p ¼ 0.787
MEF25 rev (mean%, SD) 19.6 (22.9) 24.0 (24.5) 4.4 (�0.132; 0.045); p ¼ 0.309
MEF75 rev (mean%, SD) 31.1 (32.4) 32.6 (41.3) 1.5 (�0.157; 0.126); p ¼ 0.802

Rev ¼ reversibility.
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To our knowledge we are the first study which analyzed the
effect of inhalation with a BAI on reversibility of lung function in a
forward leaning posture compared to the standard posture in
asthmatic children.

Our previous pilot study showed a significantly higher revers-
ibility of FEV1 and MEF75 after inhaling salbutamol in a forward
leaning body posture compared to the standard body posture in
asthmatic children8. Patient selection may have resulted in a
different outcome in our current study. Also, the forward leaning
group in our pilot study was on average older (12 years) compared
to our current study (8 years). We speculate that older children
inhale at a higher inspiratory flow increasing the impaction in the
upper airway. A forward leaning posture may be of greater
importance in this age group. Baseline lung function FEV1 was
comparable between the forward leaning posture group in the pilot
study and our current study.

Brandao showed that inhalation of nebulized bronchodilators in
a forward leaning posture resulted in a faster FEV1 recovery in
adults during an asthma exacerbation5. It was suggested this was
due to a higher pulmonary deposition of inhaled medication in the
forward leaning posture. Indeed a forward leaning posture
stretches the upper airway, and possibly reduces the loss of inhaled
medication in the upper airway. We did not find an effect of
inhaling in a forward leaning body posture.

A possible reason for the discrepancy between our observations
and Brandao's study is that stretching the upper airway may be of
greater influence when inhaling large particles as in nebulized
bronchodilators compared to small particles as used in a BAI.

Also, Brandao selected adults with an asthma exacerbation in
contrast to our study that investigated clinically stable asth-
matic children. During an asthma attack there is a different
breathing pattern with a tachypnea resulting in higher flow
rates in the upper airway, increasing the impaction of particles
in the upper airway. Stretching the upper airway may reduce the
increased oropharyngeal impaction of medication during an
asthma attack. Another confounder of the study of Brandao may
be that patients breathed during nebulization for 10 min in the
forward leaning posture, which may on itself have speeded the
rate of recovery of lung function as well. Breathing in a forward
leaning posture shifts the center of gravity and optimizes
expiration [15].

ERS guidelines recommend to administer 400 mg salbutamol for
measurement of reversibility in children, but do not specify the
device employed [9]. In daily clinical practice, there is a great
variability of the administered dose of salbutamol as well as the
device used. Dosing of inhaled medication with a BAI should be
theoretically higher, as impaction of inhaled medication of a BAI
seems to be higher compared to a MDI (50e60% vs. 30%), although
no reliable measurements were performed in asthmatic children
using a MDI [3,4].

We found a significantly greater mean FEV1 reversibility after
inhaling 400 mg salbutamol in both body postures. Our results
strongly favor administration of 400 mg instead of 200 mgr salbu-
tamol when using a BAI for reversibility measurements.

The main strengths of our study include the single-blinded (i.e.
the investigator was blinded to the body posture), crossover, ran-
domized design. Additionally, the same two investigators assisted
medication administration and performed spirometric measure-
ments within a period of 2 weeks per child. Limitations include our
measurements of only 10 min post bronchodilator, which could
have underestimated reversibility. However in daily practice lung
function reversibility is commonly measured after 10 min based on
the international guidelines of the ATS-ERS taskforce recommen-
dations [9].

A future study could investigate the effect of inhalation of
bronchodilators in a BAI or with large particles such as dry powder
in a forward leaning posture during an asthma attack in children.

5. Conclusions

In clinically stable asthmatic children, inhalation of salbutamol
with a BAI in a forward leaning posture does not increase revers-
ibility of lung function. We do recommend to administer 400 mgr
instead of 200 mgr salbutamol with a BAI in reversibility mea-
surements, since inhalation of 400 mgr showed significantly greater
reversibility compared to inhalation of 200 mgr salbutamol.

Declaration of interest

None.

Financial support

None.

References

[1] E.J. O'Connell, Optimizing inhaled corticosteroid therapy in children with
chronic asthma, Pediatr. Pulmonol. 39 (2005) 74e83.

[2] D. Ganderton, General factors influencing drug delivery to the lung, Respir.
Med. 91 (Suppl. A) (1997) 13e16.

[3] C.L. Leach, P.J. Davidson, R.J. Boudreau, Improved airway targeting with the
CFC-free HFA-beclomethasone metered-dose inhaler compared with CFC-
beclomethasone, Eur. Respir. J. 12 (1998) 1346e1353.

[4] S.G. Devadason, T. Huang, S. Walker, R. Troedson, P.N. Le Souef, Distribution of
technetium-99m-labelled QVAR delivered using an autohaler device in chil-
dren, Eur. Respir. J. 21 (2003) 1007e1011.

[5] D.C. Brandao, M.C. Britto, M.F. Pessoa, R.B. de Sa, L. Alcoforado, L.O. Matos, et
al., Heliox and forward-leaning posture improve the efficacy of nebulized
bronchodilator in acute asthma: a randomized trial, Respir. Care. 56 (2011)
947e952.

[6] F.E. Amadasun, O.P. Adudu, A. Sadiq, Effects of position and phonation on
oropharyngeal view and correlation with laryngoscopic view, Niger. J. Clin.
Pract. 13 (2010) 417e420.

[7] R. Vialet, A. Nau, Effect of head posture on pediatric oropharyngeal structures:
implications for airway management in infants and children, Curr. Opin.
Anaesthesiol. 22 (2009) 396e399.

[8] R. Visser, J. van der Palen, F.H. de Jongh, B.J. Thio, Reversibility after inhaling
salbutamol in different body postures in asthmatic children: a pilot study,
Respir. Med. 109 (4) (2015) 459e462.

[9] M.R. Miller, J. Hankinson, V. Brusasco, F. Burgos, R. Casaburi, A. Coates, et al.,
Standardisation of spirometry, Eur. Respir. J. 26 (2005) 319e338.

[10] M. Koopman, P. Zanen, C.L. Kruitwagen, C.K. van der Ent, H.G. Arets, Reference
values for paediatric pulmonary function testing: the utrecht dataset, Respir.
Med. 105 (2011) 15e23.

[11] R. Pellegrino, G. Viegi, V. Brusasco, R.O. Crapo, F. Burgos, R. Casaburi, et al.,
Interpretative strategies for lung function tests, Eur. Respir. J. 26 (2005)

http://refhub.elsevier.com/S0954-6111(15)30030-5/sref1
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref1
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref1
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref2
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref2
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref2
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref3
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref3
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref3
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref3
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref4
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref4
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref4
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref4
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref5
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref5
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref5
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref5
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref5
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref6
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref6
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref6
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref6
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref7
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref7
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref7
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref7
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref8
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref8
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref8
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref8
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref9
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref9
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref9
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref10
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref10
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref10
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref10
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref11
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref11


R. Visser et al. / Respiratory Medicine 109 (2015) 1274e1279 1279
948e968.
[12] A.W. Kamps, E.B. van, R.J. Roorda, P.L. Brand, Poor inhalation technique, even

after inhalation instructions, in children with asthma, Pediatr. Pulmonol. 29
(2000) 39e42.

[13] A.H. Liu, R. Zeiger, C. Sorkness, T. Mahr, N. Ostrom, S. Burgess, et al., Devel-
opment and cross-sectional validation of the childhood asthma control test,
J. Allergy Clin. Immunol. 119 (2007) 817e825.
[14] R.A. Nathan, C.A. Sorkness, M. Kosinski, M. Schatz, J.T. Li, P. Marcus, et al.,

Development of the asthma control test: a survey for assessing asthma con-
trol, J. Allergy Clin. Immunol. 113 (2004) 59e65.

[15] T. Kera, H. Maruyama, The effect of posture on respiratory activity of the
abdominal muscles, J. Physiol. Anthropol. Appl. Hum. Sci. 24 (2005) 259e265.

http://refhub.elsevier.com/S0954-6111(15)30030-5/sref11
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref11
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref12
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref12
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref12
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref12
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref13
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref13
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref13
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref13
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref14
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref14
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref14
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref14
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref15
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref15
http://refhub.elsevier.com/S0954-6111(15)30030-5/sref15

	Reversibility of pulmonary function after inhaling salbutamol in different doses and body postures in asthmatic children
	1. Introduction
	2. Methods
	2.1. Patients
	2.2. Ethical considerations
	2.3. Pulmonary function measurements
	2.4. Body postures during inhalation
	2.5. Questionnaires
	2.6. Sample size calculation
	2.7. Statistical analysis

	3. Results
	3.1. Reversibility in different body postures with 200 μg and 400 mcg salbutamol
	3.2. Questionnaires
	3.2.1. Asthma control test
	3.2.2. Side effects of salbutamol 200 mcg and 400 μgr
	3.2.3. Discomfort in forward leaning posture


	4. Discussion
	5. Conclusions
	Declaration of interest
	Financial support
	References


