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Background: The metered-dose inhalers are the most com-
monly used devices in the treatment of asthma, but dry pow-
der inhalers (eg, Turbohaler) are being increasingly used.
Studies evaluating how well children can use a Turbohaler are
lacking.
Objective: We assessed whether the correct use of a Turbo-
haler could be easily taught to unselected stable asthmatic chil-
dren.
Methods: One hundred sixty-one asthmatic children aged 5 to
17 years (mean, 9.8 years) consecutively attending the outpa-
tient clinic were included in study. After a demonstration and
10 minutes of training, the inhalation technique was checked
in a standardized way (yes/no response). Keeping the device
upright, proper preparation of the drug dose and inspiratory
flow on inhalation were measured by the Turbohaler trainer.
Results: One hundred thirty-three children (83%) performed
every step correctly (ie, 96% of children older than 8 years but
only 55% of children between 5 and 8 years; P < .001). Of 28
children incorrectly using the Turbuhaler-trainer, 20 generated
insufficient inspiratory flow through the device. There was no
significant difference in airway obstruction (expressed as per-
cent of predicted forced vital capacity, FEV1, and Tiffeneau
index) between correct and incorrect users, but when mea-
sured through the pneumotachograph, mean peak inspiratory
flow (expressed as percent predicted) was significantly lower in
those children incorrectly using the device. Turbohaler use was
reevaluated after 4.7 ± 2.0 months in a subset of 64 patients.
Fifty-three of 64 (83%) children again used the device correct-
ly. Only 3 of 13 who used the device incorrectly at the first
evaluation used it correctly at the second evaluation.
Conclusions: We conclude that the correct use of the Turbo-
haler can be easily taught to asthmatic children older than 8
years. Those who use the device correctly after initial instruc-
tions continue to do so afterwards. (J Allergy Clin Immunol
1999;103:763-7.)
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Inhalation is the most direct route for drug delivery in
asthma therapy and leads to a rapid response to bron-
chodilators.1 It enables lower doses of drugs to be used
and reduces the risk of systemic side-effects. Metered-
dose inhalers (MDIs) are the most commonly used
devices, but dry powder inhalers, such as the Turbohaler,
are increasingly used.

Several articles have highlighted the poor performance
of children using an MDI.2,3 Even in adults, as many as
75% to 89% are reported to make at least 1 error during
inhalation from these devices.4,5 Breath-actuated devices,
such as the Turbuhaler, are easier to use and preferred by
children and their parents.6-8 Van Der Palen et al9 reported
that 46% of patients with chronic obstructive pulmonary
disease use the Turbohaler device correctly. However, a
large study evaluating how well children can prepare the
drug dose and inhale through a Turbohaler is lacking.

The purpose of this study was therefore to assess
whether the correct use of the dry powder inhaler Turbo-
haler (Astra Draco, Sweden) could be easily taught to
nonselected asthmatic children.

METHODS

Patients

All children attending the asthma outpatient clinic were consec-
utively included in this study, provided that they had never used a
dry powder inhaler and were 5 years of age or older.

Study design

The Turbohaler-trainer is a device simulating the Turbohaler and
allowing a semiquantitative measurement of peak inspiratory flow
(PIF). Activation of 0, 1, 2, and 3 light-emitting diodes (LEDs) are
reported to correspond to flows less than 20, 21 to 40, 41 to 60, and
more than 60 L·min–1, respectively. This report was validated by
performing 134 inspiratory maneuvers through the Turbohaler-
trainer connected to the MasterScreen spirometer (Jaëger GmbH,
Würzburg, Germany). One hundred seventeen of the 134 (87%)
inspiratory maneuvers were correctly classified as below or above
40 L·min–1 by using the cut-off of at least 2 LEDs being lit. All
inhalations resulting in 1 or 3 LEDs being lit were below and above
40 L·min–1, respectively. Thirteen of 17 inhalations “wrongly”
resulting in 1 or 2 LEDs being lit were borderline values between
35 and 45 L·min–1. Therefore it was decided that the Turbohaler-
trainer was sufficiently accurate to classify the patients’ inspiratory
efforts as adequate or inadequate by using a cut-off of 40 L·min–1.
Turbohaler use was thus evaluated in a manner that approximated
home use of the device as closely as possible.

Before being examined at the asthma clinic, children performed
pulmonary function tests with the MasterScreen (Jaëger GmbH)
according to 1994 American Thoracic Society criteria.10 Forced
vital capacity (FVC), FEV1, and Tiffeneau index were measured
and expressed as the percentage of predicted values for height and
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sex according to Zapletal.11 For PIF, predicted values from Soly-
mar11 were used.

After being examined at the asthma clinic, each child individual-
ly received verbal instructions on how to use the Turbohaler and a
demonstration by the well-experienced research asthma nurse (GW)
in a patient- and age-appropriate manner. The patients were then
allowed to practice for 10 minutes during which corrections and
encouragements were given by the nurse if necessary. Subsequently,
the child was asked to perform all parts of the inhalation indepen-
dently, and his or her technique was assessed by the investigator by
using a standardized scoring system as follows: keeping the device
upright (yes/no response), proper preparation of the drug dose
(yes/no response), and inspiratory flow on inhalation measured by
the Turbohaler-trainer. At least 2 LEDs being lit on the Turbohaler-
trainer was considered as adequate.

Children correctly using the device were prescribed the Turbo-
haler as maintenance therapy. Those incorrectly using the device
were supplied with a placebo canister and asked to practice daily. At
the follow-up asthma visit, pulmonary function was again mea-
sured. Turbohaler use was again demonstrated, and 10 minutes of
practice and corrections were again allowed. Finally, correct use
was evaluated in the manner specified above.

Statistical analysis was done with StatSoft Statistica for Win-
dows version 4.5. For continuous variables with a normal distribu-
tion, t tests were used. As nonparametric tests, chi-square tests,
Fisher exact tests, and Spearman rank correlations were used. Prob-
ability (P) values less than .05 were considered as statistically sig-
nificant.

RESULTS

First assessment

A first assessment of Turbohaler use was done in
166 children attending the asthma clinic. Of them, 5
could not perform pulmonary function tests and there-
fore were excluded from further evaluation. The mean
age of these patients was 6.8 years (range, 6.3 to 7.4
years). One hundred sixty-one children (94 boys and
67 girls), ranging in age from 5 to 17 years (Table I),
comprised the study group. One hundred thirty three of
these 161 (83%) children could perform every step cor-
rectly. Of 28 children incorrectly using the device, 20

could not generate a sufficient inspiratory flow, and 19
could not correctly prepare the drug dose; 10 could do
neither.

One hundred four of 108 (96%) children older than 8
years and 29 of 53 (55%) children younger than 8 years
could use the inhaler properly (P < .001, as determined
by chi-square test). Only 1 of 6 5-year-old children per-
formed every step of the inhalation correctly, but as
many as 13 of 24 6-year-old children (54%) could do
so. Fifteen of 23 (65%) 7-year-old children, 13 of 14
(93%) 8-year-old children, 19 of 20 (95%) 9-year-old
children, 50 of 52 (96%) 10- to 13-year-old children,
and all of the children 13 years old or older were scored
as using the Turbohaler correctly (P < .001; Spearman
rank correlation) (Fig 1). Thus older children were
more likely to correctly perform every step of the pro-
cedure.

There was no difference in proper Turbohaler use
between boys and girls when considering children below
8 years of age or children above 8 years of age (chi-
square test). There was also no significant difference in
severity of airway obstruction expressed as Tiffeneau
index, percent of predicted FVC, or percent of predicted
FEV1 between correct and incorrect Turbohaler users (t
test, Table I) for the whole group or when considering
only children below 8 years. Mean PIF (expressed as per-
cent predicted) measured by pneumotachograph was sig-
nificantly lower in those using the device incorrectly
(Table I).

Second assessment

The second evaluation comprised 64 patients (39
boys and 25 girls). The mean interval between both
evaluations was 4.7 ± 2.0 (SD) months. Their mean age
was 10.4 ± 2.9 years. Fifty-three of sixty-four (83%)
children used the Turbohaler correctly. Of those using
the Turbuhaler incorrectly, 8 were not able to properly
prepare the drug, and 5 did not get 2 LEDs to light with
the Turbohaler-trainer. Seven of 18 (39%) children
below 8 years of age used the device correctly, and all
children older than 8 years (n = 46) used the device cor-
rectly. There was thus again a significant age difference
between those using the device correctly and those
using it incorrectly (11.1 ± 0.3 [SEM] years vs 6.7 ± 0.2
[SEM] years; P < .00001). All but 1 patient correctly
using the Turbuhaler at the first evaluation used it cor-
rectly at the second evaluation (P < .001, Fisher’s exact
test). Only 3 of 13 patients incorrectly using the device
learned to use it correctly. All 3 were among the older
patients who used the device incorrectly at the first
evaluation (the upper half for age distribution).

DISCUSSION

Nearly all children 8 years of age and older could be
easily taught to correctly use a Turbohaler device; in
about half of the children below that age were we able to
do so. Those who used the device correctly continued to
do so on follow-up. The restrictions to optimal use were

TABLE I. Demographic and pulmonary function values
for the total group and for individuals using the Turbo-
haler correctly and incorrectly

Total Correct Incorrect 

group use use 

(n = 161) (n = 133) (n = 28) P values*

Age (y) 9.8 ± 2.8 10.4 ± 2.7 7.0 ± 1.2 <.000017
(5.7-16.8) (5.7-16.8) (5.8-10.3)

Sex (M/F) 94/67 77/56 17/11 .78
FVC (% 103 ± 14 104 ± 13 100 ± 16 .19

predicted) (57-137) (70-137) (57-134)
FEV1 (% 100 ± 17 100 ± 16 99 ± 20 .86

predicted) (38-134) (51-134) (38-123)
Tiffeneau (%) 82 ± 10 81 ± 9 84 ± 11 .22

(43-100) (43-100) (55-98)
PIF (% 77 ± 20 79 ± 20 67 ± 20 <.007

predicted) (26-132) (26-131) (45-132)

Values are means ± SD, with ranges in parentheses.
*P values determined by means of 2-tailed t tests.
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the inability to generate sufficient inspiratory flow
through the Turbohaler and the inability to correctly pre-
pare a drug dose. The latter could be performed by a par-
ent, thereby increasing the proportion of possible correct
Turbohaler use to 88% (Fig 2). This study is the only true
field study that we know of in which teaching the correct
use of a Turbohaler is evaluated in a nonselected stable
asthmatic pediatric population with the wide range of air-
way obstruction seen in asthma. We chose an instruction
period of 10 minutes because that time period can be rea-
sonably applied in a routine asthma clinic or in any doc-
tor’s office for instructing the use of a simple device. In
our opinion the quality of the instruction was very good.
A friendly, well-trained, and patient asthma nurse gave
all explanations and instructions to each child individual-
ly in an age-appropriate manner.

Since dry powder inhalers were introduced, several
studies have documented the efficacy of their use with
short-acting bronchodilators in adults4 and children.12,13

Efficacy of this device has been demonstrated also in
children, but always the evaluation concerned a small
number of children or a selected group. Fuglsang and
Pedersen12 only studied 13 children, all over the age of 7
years. Hansen and Pedersen13 studied only 14 children,
all over the age of 8 years. Goren et al14 assessed 59 chil-
dren and judged correct use of the Turbohaler solely by
visually inspecting the holes in the dosing unit. In that
study efficacy was evaluated by a clinical score before
and after drug administration. Placebo administration or
a control group were not studied. Oldaeus et al7 studied
children known to correctly perform pulmonary function
tests at a very early age. A more thorough study was per-
formed by Laberge et al.15 They looked at 10 children
between 3 and 6 years of age, and documented that all 10
children could generate a PIF above 39 L·min–1. Howev-
er, similar to the study by Ståhl et al,16 children were
selected because they were known to have a correct
inhalation technique, and PIF was measured by using a
pneumotachograph.

As a cut-off for sufficient inspiratory flow, we have
chosen 2 LEDs on the Turbohaler-trainer (corresponding

to a PIF above 40 L·min–1). This cut-off is commonly
used for dry powder inhalers.17 Other authors have
claimed efficient use of the Turbohaler with inspiratory
flows as low as 30 L·min–1.18 If this is correct, in our
study a larger proportion of young children are able to
correctly use a Turbohaler.

Hill and Slater19 showed in their in vitro study that the
emitted dose of budesonide from the Turbohaler device
at an inspiratory flow of 60 L·min–1 reached 46.0% ±
14.6% of the nominal dose. In another in vitro study
Meakin et al20 found flow dependency of drug doses
(terbutaline) released from the Turbohaler; at 30 L·min–1

it fell to two thirds of those achieved at 60 L·min–1. The
in vivo study of Borgström et al21 showed that budes-
onide inhaled by means of the Turbohaler with a flow of
58 L·min–1 leads to a lung deposition of 28% ± 10%. At
a flow of 36 L–min–1 the deposition is only 15% ± 3% (P
< .001). Thus lung deposition from the Turbohaler is
dependent on inspiratory effort, and when lower inspira-
tory flows are accepted as sufficient, the benefit of an
increased bronchial deposition is lost. This finding was
confirmed in asthmatic children by Hirsch et al.22

As could be expected, the mean spirometric PIF mea-
surement was significantly higher in those patients cor-
rectly using the Turbuhaler than in those using it incor-
rectly. Other authors16 have concluded that about 50% of
children less than 6 years of age can achieve a PIF around
40 L·min–1. Indeed, in our study, when measuring PIF
with the IOS MasterScreen, all children did generate
inspiratory flows of at least 40 L·min–1. This was not the
case in our evaluation by Turbohaler-trainer, as only 2 of
6 children younger than 6 years of age could cause 2
LEDs to activate (Fig 2). The differences in inspiratory
flows measured with Jaëger IOS MasterScreen or Astra
Turbohaler-trainer are best explained by the added Turbo-
haler resistance, as demonstrated in the in vitro study by
Richards and Saunders.23 The Turbohaler-trainer proba-
bly assesses the situation more realistically and closer to
the conditions of Turbohaler use in the home situation.

In contrast to our findings, Ståhl et al16 found a mean
PIF through Turbohaler of 58 L·min–1 even in children

FIG 1. Correct use of the Turbohaler according to age.
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from 3 to 6 years of age. However, they measured PIF
through a Vitalograph spirometer connected to the Tur-
bohaler device, and children were selected for the study
because they could use the mini-Wright peak flow meter
properly and because they had a good inhalation tech-
nique through the Turbohaler.

Direct comparative studies between dry powder
inhalers and MDIs in children are rare. However, some
studies have shown that the Turbohaler is easier to use
and preferred by both parents and children.6,8 Hultquist
et al24 confirmed that the majority of children with asth-
ma consider the Turbohaler to be easier to use and more
effective than an MDI. Warner and Chetcuti25 showed
that children prefer Turbohaler to another dry powder
inhaler, the Ventolin Rotahaler. Agertoft and Pedersen26

showed that budesonide inhaled by means of the Turbo-
haler is more effective than budesonide inhaled by means
of an MDI with a spacer in the treatment of childhood
asthma.

Our evaluation of Turbohaler use in children is far
more satisfactory than any MDI evaluation reported in
children3 or adults.27,28 The majority of children have
problems correctly timing and inhaling from an MDI; in
this study correct use of the Turbohaler is documented in
83% of the included nonselected patients, and 88% of the
children generate a sufficient inspiratory flow.

In our study an equal proportion of patients scored
correctly at the first and second evaluation (both 83%).
Only a few patients (ie, the older subjects who did not
initially use the device correctly) switch from incorrect to
correct use. However, we did not monitor compliance
with home training. If children cannot be easily taught to
use a Turbohaler, we suggest waiting until they are older
to use this device or use it with their parents’ help.

We clearly show that in a nonselected group of asth-
matic children that nearly all above age 8 years can use
the device, thereby confirming previous data. However,
in contrast to a selected patient group, we show that only
half of the children below age 8 years can use the device
properly. Therefore the use in these youngsters should be
individualized.

We conclude that age is the main restriction for prop-
er use of the Turbohaler. Fifty-five percent of children
younger than 8 years can be taught to use this inhaler cor-
rectly, but nearly 100% of children older than 8 years can
learn correct use. Severity of airway obstruction (as
judged by pulmonary function tests) does not play a role
in correct Turbohaler use. Children who correctly use the
Turbohaler after a single instruction continue to do so
afterwards.

REFERENCES

1. Jackson L, Ståhl E, Holgate ST. Terbutaline via pressurised metered dose
inhaler (P-MDI) and Turbuhaler in highly reactive asthmatic patients. Eur
Respir J 1994;7:1598-601.

2. Sly PD, Le Souëf PN. Inhaled therapy in paediatrics. J Paediatr Child
Health 1991;27:7-10.

3. Liard R, Zureik M, Aubier M, Korobaeff M, Henry C, Neukirch F. Mis-
use of pressurized metered dose inhalers by asthmatic patients treated in
French private practice. Rev Epidemiol Sante Publique 1995;43:242-9.

4. Larsen JS, Hahn M, Ekholm B, Wick KA. Evaluation of conventional
press-and-breathe metered-dose inhaler in 501 patients. J Asthma
1994;31:193-9.

5. Goldman DE, Israel E, Rosenberg M, Johnston R, Weiss ST, Drazen JM.
The influence of age, diagnosis, and gender on proper use of metered-
dose inhalers. Am J Respir Crit Care Med 1994;150:1256-61.

6. Ahlström H, Svenonius E, Svensson M. Treatment of asthma in pre-
school children with inhalation of terbutaline in Turbuhaler compared
with Nebuhaler. Allergy 1989;44:515-8.

7. Oldaeus G, Kubista J, Ståhl E. Comparison of Bricanyl Turbuhaler and
Ventolin Rotahaler in children with asthma. Ann Allergy Asthma
Immunol 1995;74:34-7.

8. Ribeiro LB, Wiren JE. Comparison of Bricanyl Turbuhaler and Berotec
dry powder inhaler. Allergy 1990;45:382-5.

9. van der Palen J, Klein JJ, Kerkhoff AH. Poor technique in the use of
inhalation drugs by patients with chronic bronchitis/pulmonary emphy-
sema. Ned Tijdschr Geneeskd 1994;138:1417-22.

10. American Thoracic Society. Standardization of spirometry. 1994 Update.
Am J Respir Crit Care Med 1995;52:1107-36.

11. Quanjer PH, Stocks J, Polgar G, Wise M, Karlberg J, Borsboom G. Com-
pilation of reference values for lung function measurements in children.
Eur Respir J 1989;2(Suppl 4):148s-261s.

12. Fuglsang G, Pedersen SS. Comparison of a new multidose powder
inhaler with a pressurised aerosol in children with asthma. Pediatr Pul-
monol 1989;7:112-5.

13. Hansen OR, Pedersen SS. Optimal inhalation technique with terbutaline
Turbuhaler. Eur Respir J 1989;2:637-9.

14. Goren A, Noviski N, Avital A, et al. Assessment of the ability of young

FIG 2. Sufficient inspiratory flows through the Turbohaler-trainer according to age.



J ALLERGY CLIN IMMUNOL

VOLUME 103, NUMBER 5, PART 1

De Boeck, Alifier, and Warnier 767

children to use a powder inhaler device (Turbuhaler). Pediatr Pulmonol
1994;18:77-80.

15. Laberge S, Spier S, Drblik SP, Turgeon JP. Comparison of inhaled terbu-
taline administered by either the Turbuhaler dry powder inhaler or a
metered-dose inhaler with a spacer in preschool children with asthma. J
Pediatr 1994;124:815-7.

16. Ståhl E, Ribeiro LB, Sandahl G. Dose response to inhaled terbutaline
powder and peak inspiratory flow through Turbuhaler in children with
mild to moderate asthma. Pediatr Pulmonol 1996;22:106-10.

17. Meijer RJ, van der Mark TW, Aalders BJ, Postma DS, Koeter GH. Home
assessment of peak inspiratory flow through the Turbohaler in asthmatic
patients. Thorax 1996;51:433-4.

18. Pedersen S, Hansen OR, Fuglsang G. Influence of inspiratory flow rate
upon the effect of a Turbuhaler. Arch Dis Child 1990;65:308-19.

19. Hill LS, Slater AL. A comparison of the performance of two modern mul-
tidose dry powder asthma inhalers. Respir Med 1998;92:105-10.

20. Meakin BJ, Cainey JM, Woodcock PM. Drug delivery characteristics of
Bricanyl Turbuhaler dry powder inhaler. Int J Pharmaceutics
1995;116:169-77.

21. Borgstrom L, Bondesson E, Moren F, Trofast E, Newman SP. Lung depo-
sition of budesonide inhaled via Turbuhaler: a comparison with terbu-
taline sulphate in normal subjects. Eur Respir J 1994;7:69-73.

22. Hirsch T, Peter-Kern M, Koch R, Leupold W. Influence of inspiratory
capacity on bronchodilation via Turbuhaler or pressurized metered-dose
inhaler in asthmatic children: a comparison. Respir Med 1997;91:341-6.

23. Richards R, Saunders M. Need for a comparative performance standard
for dry powder inhalers. Thorax 1993;48:1186-7.

24. Hultquist C, Ahlström H, Kjellman NI, Malmquist LA, Svenonius E,
Melin S. A double-blind comparison between new multidose powder
inhaler (Turbuhaler) and metered dose inhaler in children with asthma.
Allergy 1989;44:467-70.

25. Warner JO, Chetcuti P. Efficacy and acceptability of terbutaline sulphate
Turbuhaler in children. In: Newman SP, Morén F, Crompton GK, editors.
A new concept in inhalation therapy. London: Medicom; 1987. p. 166-72.

26. Agertoft L, Pedersen S. Importance of the inhalation device on the effect
of budesonide. Arch Dis Child 1993;69:130-3.

27. Harvey J, Williams JG. Randomised cross-over comparison of five
inhaler systems for bronchodilator therapy. Br J Clin Pharmacol
1992;46:249-51.

28. van Beerendonk I, Mesters I, Mudde AN, Tan TD. Assessment of the
inhalation technique in outpatients with asthma or chronic obstructive
pulmonary disease using a metered-dose inhaler or a dry powder device.
J Asthma 1998;35:273-9.


