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The aim of this work was to study the effect of using training device (In-Check DIAL) along with tradi-
tional dry powder inhaler (DPI) counseling on inhalation technique and pulmonary functions test (PFT)
in asthmatics.
Adult asthmatics >18 years old were recruited in 3months study of investigation and training. They

were divided into control and investigation groups.
DPI inhalation technique was checked and mistakes were noted and corrected at every monthly visit.

Their peak expiratory flow and forced expiratory volume in 1second as percentage of forced vital capacity
were checked at each visit followed by showing patients the correct inhalation technique and how to use
In-Check DIAL (investigation group).
29 patients (14 females) and 57 patients (30 females) in control and investigation groups respectively

completed the study. Mean number of mistakes was significantly decreased (p < .001) as the counseling
session increased in both groups. Significant decrease in crucial mistake (inhalation quickly and forcefully
until complete filling up of the lungs) that was very hard to be learned via only verbal counseling was
noticed after the addition of In-Check DIAL. The improvement of the PFT results were significant from
the second visit in the investigation group (p < .05) and from the third visit in the control group (p < .0
01). The decrease in the rate of rescue medication consumption was faster in investigation group than
control group.
Using training device along with verbal counseling has proven a beneficial role in inhalation technique

resulting in optimum dosage delivery and yielding reasonable improvement in PFT.
� 2017 Beni-Suef University. Production and hosting by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The main purpose of asthma treatment is to be controlled
according to the international asthma management guidelines
(Asthma, 2014; Reddel and Levy, 2015), to ensure a good quality
of life and minimize asthma exacerbations. This results in a well
state of health and productivity; and a thorough notion of
pharmaco-economic excellence (Schatz et al., 2007; Delea et al.,
2008; Small et al., 2011).

Inhalers are the mainstay treatment for asthma. It is recognized
that suitable inhalation technique is important for proper drug
delivery to the lungs in order to achieve a reasonable treatment
efficacy (Chrystyn, 2009; Roche et al., 2013). Although, misuse
leads to uncontrolled state of illness and further increase in treat-
ment costs (Bousquet et al., 2010). This remains a prevalent issue
among asthmatic patients (Melani et al., 2011; Press et al., 2011;
Elgendy et al., 2015a,b). There are different patterns of inhalation
devices, with varying dosage forms, optimal inhalation rate and
patient tolerance (Hess, 2008; Dolovich and Dhand, 2011; Laube
et al., 2011; Sanchis et al., 2013; Hassan et al., 2016).

The worldwide costs related to management of asthma and
chronic obstructive pulmonary disease (COPD) are colossal, for
both the patients and the practitioner (Godard et al., 2002;
Herjavecz et al., 2003; Leigh et al., 2003; Schramm et al., 2003;
Sullivan, 2005). So undoubtedly appropriate training and proper
self-management of inhalation devices by efficient counseling
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ensures patient adherence to the treatment regimen (Lareau and
Yawn, 2010; To et al., 2013). Nevertheless, many patients misuse
their DPIs along with committing considerable number of inhala-
tion technique mistakes (Chrystyn et al., 2017).

The studies investigating misuse of inhalers revealed that poor
technique was of high percentage among patients (Hämmerlein
et al., 2011; Saji et al., 2012; Roche et al., 2013; Andreevska
et al., 2014; Dantic, 2014; Shareef et al., 2014; Elgendy et al.,
2015a,b). These studies also showed considerable development in
correct and proper use after repeated counseling, accompanied
with a subsequent lung function occurred with repeated counsel-
ing (Hämmerlein et al., 2011; Saji et al., 2012; Roche et al., 2013;
Andreevska et al., 2014; Dantic, 2014; Shareef et al., 2014;
Elgendy et al., 2015a,b).

In dry powder inhaler (DPI), the rate limiting step in inhalation
technique is inhaling fast and forcefully to deliver optimal dose
(Chrystyn et al., 2017). A lot of patients need more emphasis on
that step (Chrystyn et al., 2017) Some of them become confused,
performing an inhalation rate like that of metered dose inhalers
(MDIs) yielding a poor dose delivery and a failure in treatment
approach (Hess, 2005).

The Aerosol drug management improvement team (ADMIT)
declared that training-aid devices may be helpful to counter prob-
lems of poor inhalation technique (Crompton et al., 2006). One of
those devices is the multi-type training device for both MDIs and
DPIs called In-Check DIAL. This device helps healthcare givers to
train patients to use their inhalers properly through both measur-
ing peak inspiratory flow rate and simulating the resistance pat-
tern of the specific inhaler of interest.

For this reason, the aim of this study was to investigate the
effect of using In-Check DIAL training device along with conven-
tional counseling on inhalation technique of DPI and pulmonary
functions and compare this to sole conventional repeated
counseling.
2. Patients and methods

Patients, over 18 years old newly diagnosed with asthma on
basis of a medical history investigation, physical examination
and spirometry testing, were included in this study. Patients were
appointed from Beni-suef University educational hospital outpa-
tient clinics. The local ethical approval permission was obtained.

The patients were randomly divided into investigation and con-
trol groups. They both received verbal counseling with the addition
of In-Check DIAL (Clement Clarke, UK) as training device in the
investigational group only.

All patients had three interviews, one month apart, with the
investigator at which they underwent full sheet investigation
including elaborate history and diagnosis at the first visit, followed
by demonstrating steps of using the hand held spirometer (ONE-
FLOW, Clement Clarke, UK) to the patient before measuring of
the pulmonary function tests [peak expiratory flow rate in L/min
(PEF), forced expiratory volume in one second as percentage of
forced vital capacity (FEV1/FVC%)]. patients were then asked to
show their DPI inhalation technique. Meanwhile the investigator
recorded mistakes in inhalation technique of DPI and correct their
false steps. The patients were asked about their short acting rescue
treatment doses frequency (Bateman et al., 2008; Boulet et al.,
2015; Elgendy et al., 2015a,b).

Eventually, the investigator trained the patients on use of the
In-Check DIAL (investigation group only) in addition to verbal
counseling (both groups) of DPI until assurance of correct use as
shown below.

DPI inhalation technique steps (Elgendy et al., 2015a,b)
Step 1. Remove the protective cap of the DPI.
Step 2. Prepare the DPI dose according to the patient pamphlet.
Step 3. Exhale comfortably as much as possible.
Step 4. Put the mouthpiece of the DPI device between the teeth

then seal with thelips.
Step 5. Make sure the tongue does not plug the mouthpiece.
Step 6. Inhale deeply as fast and deep as possible.
Step 7. Ensure a fast inhalation rate till filling up the lungs.
Step 8. Remove the device from the mouth then hold breath for

5–10 s.
Step 9. If more than only one dose is needed, wait for about 30 s

before the next dose.
Step 10. Rinse mouth, and brush the teeth after dosing if

possible.
Step 11. Reattach the cap of the DPI device after use.

3. Inclusion criteria

Asthmatic patients capable of performing the pulmonary func-
tion test properly, treated with a DPI and older than eighteen years
were recruited in this study.

4. Exclusion criteria

Hospitalized patients in an intensive care unit; patients of any
mental deficiency affecting their cognition or learning ability and
anyone unable to perform the pulmonary function test properly
was excluded from this study.

5. Data modeling

Data modeling was performed using Design Expert 7.0.0 (Stat-
Ease Inc., Minneapolis, MN, USA) to make a graphical co-relation
between the input and the output variables from the investigation
group. The inputs were age and visits and they were abbreviated as
following; for age 18–40 years old (0.1), from 40 to 60 years old
(0.2) and older than 60 years old (0.3), and for visits, first visit
(1), second visit (2) and third visit (3).

5.1. Statistical analysis

Analysis was carried out using the two way analysis of variance
(ANOVA) on SPSS 20 software program (SPSS Inc., Chicago, USA) for
the effect of gender and age on main variables, within-group com-
parison of PEF, FEV1/FVC percentage and mean number of mistakes
committed at each visit at p < .05 followed by Post hoc ANOVA
using the Tukey system.

Also comparing the total number of mistakes in every step in
the three visits was performed using Cochran and McNemar tests

6. Results

29 (14 females) asthmatic subjects were recruited in the control
group and 57 (30 females) in the investigation group with mean
(SD) age 47.3 (16.9) and 49.9 (17.8) respectively. Their data analy-
sis revealed no significant difference in the PEF, FEV1/FVC percent-
age and the mean number of mistakes of the DPI inhalation
technique between males and female subjects.

The mean (SD) values of PEF, FEV1/FVC% and number of mis-
takes of the DPI inhalation technique at each visit for the investiga-
tion and control groups are shown in Table 1. The improvement in
the PEF and FEV1/FVC% and the decrease in the mean number of
mistakes in investigation group was significant from visit 1 to 2
(p < .05) and 1 to 3 (p < .001). Also, the decrease in the mean num-
ber of mistakes in control group was significant from visit 1 to 2 (p
< .001) and 1 to 3 (p < .001). However, the improvement in the PEF



Table 1
The Mean (SD) values of PEF, FEV1/FVC% and number of mistakes of the DPI inhalation
technique at each visit for the control and investigation groups.

First
visit

Second
visit

Third
visit

PEF (L/min) control group 108.46 147.81.1 199.31
(52.61) 4 (39.42) (35.46)

PEF (L/min) intervention group 108.42 155.52 196.31
(53.61) (36.37) (32.424)

FEV1/FVC (%) control group 53.43 64.1 74.43
(16.64) (10.51) (8.12)

FEV1/FVC (%) intervention group 52.0 69.52 74.96
(15.64) (9.31) (8.22)

Mean number of mistakes control group 5.28 1.58 0.29
(1.39) (0.66) (0.59)

Mean number of mistakes intervention
group

5.2 1.26 0.29
(1.18) (0.76) (0.49)
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and FEV1/FVC% in control group was only significant from visit 1 to
3 (p < .001). There was no significant difference between control
and investigation groups in PEF, FEV1/FVC% and mean number of
mistakes.

The percentages of correct attainment of each step of the DPI
inhalation technique in investigation and control groups during
the three visits are shown in Fig. 1 A and B. Steps 2, 3, 4, 6, 7, 8
and 10 were shown to be having higher rate of failure at the first
Fig. 1. Percentage of correct achievement of each step of DPI at all the visits in the (A) inv
while #significant difference between Visit 2 and 3.
visit in both groups. However, they were improved, similarly in
both groups, over the next two visits. Only step 6 and 7 were
improved, with much higher rate, in visit 2 and 3 in investigation
group compared to control group. As shown in Fig. 2, the lowest
improvement rate was in step 7 in the control group which began
by a percentage of 31% then 48% and finally 55% at the third visit,
where investigation group started by a percentage of 38% then 96%
and finally reached 100% at the third visit.

Regarding the administration of the short acting rescues doses
(Bateman et al., 2008; Boulet et al., 2015) for both of control and
investigation group; at visit 1, all patients often tend to take rescue
doses more than twice (partly controlled). At visit 2 the percentage
of patients taking rescue doses equals or less than twice a week
(well controlled) in control group reached 75%, while in interven-
tion groups reached 79%. Afterwards in the period from visit 2 to
visit 3 the percentage for the control and investigation groups were
91% and 92% respectively.

The resulted data were divided into three age groups as shown
in Tables 2 and 3. The three age groups were 18–40 years old
(Group 1), >40–60 years old (Group 2) and >60 years old (Group 3).

At visit 1, age group 1 has highest and age group 3 had the low-
est PEF and FEV1/FVC but the difference were gradually decreased
as the visits increase. The lowest number of mistakes at visit 1 was
found in age group 2. There was no mistake specific to age, gender
or educational level.
estigated group and (B) control group; *significant difference between visit 1 and 2,



Fig. 2. The percentage of correct achievement of step 7 (Ensure a fast inhalation rate till filling up the lungs.) in relation to consecutive visits.

Table 2
The Mean (SD) values of PEF, FEV1/FVC% and number of mistakes of the DPI inhalation
technique at each visit for the control groups.

First visit Second visit Third visit

PEF GP1C (L/min) 133.2 176.9 215.9
(47.8) (55.39) (43.18)

PEF GP2C (L/min) 114 159.94 198.181
(44.1) (28.98) (18.5)

PEF GP3C (L/min) 78.2 106.6 184
(15.8) (13.8) (11.73)

FEV1/FVC GP1C (%) 63.1 72.6 75.5
(15.99) (10.54) (10.19)

FEV1/FVC GP2C (%) 48.5 66.18 73.09
(12.6) (8.14) (8.3)

FEV1/FVC GP3C (%) 48.7 53.52 74.7
(14.98) (8.0) (5.4)

Mean number of mistakes GP1C 5.6 0.63 0.067
(1.37) (0.61) (0.23)

Mean number of mistakes GP2C 5.09 1.6 0.084
(1.41) (0.9) (0.29)

Mean number of mistakes GP3C 5.176 2.53 0.74
(0.39) (0.51) (0.53)

Table 3
The Mean (SD) values of PEF, FEV1/FVC% and number of mistakes of the DPI inhalation
technique at each visit for the intervention group.

First visit Second visit Third visit

PEF GP1 132.7 176.9 216.9
(L/min) (47.8) (55.39) (43.18)
PEF GP2 110.0 159.94 198.181
(L/min) (44.1) (28.98) (18.5)
PEF GP3 78.2 127.6 172.0
(L/min) (15.8) (13.8) (11.73)
FEV1/FVC 61.5 73.4 75.5
GP1 (%) (15.99) (10.54) (10.19)
FEV1/FVC 48.5 67.18 73.09
GP2 (%) (12.6) (8.14) (8.3)
FEV1/FVC 46.7 68.52 76.41
GP3 (%) (14.98) (8.0) (5.4)
Mean number of mistakes GP1 5.3 0.83 0.055

(1.37) (0.61) (0.23)
Mean number of mistakes GP2 5.09 1.4 0.09

(1.41) (0.9) (0.29)
Mean number of mistakes GP3 5.176 1.53 0.82

(0.39) (0.51) (0.53)
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According to the data modeling, the overall dual effect of both
age and frequency of visits on PEF, FEV1/FVC and the mean number
of mistakes are represented in Fig. 3A–C, respectively (response
surface plots). Significant models for PEF, FEV1/FVC and mean
number of mistakes were reflected by Model F-values = 142.63,
31.03 and 218.96 respectively (p < .001). Also, there was only a
0.01% chance that the noise was a cause of these F-values, thus
indicating the validity of the models for prediction of further data
and validation of current results as shown in Fig. 3D.
7. Discussion

Similar to previous studies, no significant difference was found
in number of mistakes between both educated and non-educated
subjects (Hämmerlein et al., 2011). These findings might be
because the patients were newly diagnosed and had no any past
experience about the DPI (Hämmerlein et al., 2011).

The number of mistakes for inhalation technique steps
decreased significantly (p < .001) at the upcoming visits by the
effect of both counseling and In-Check DIAL as training device. Mis-
takes were not committed for logical steps e.g. both steps 1
‘‘Removing the cap” and 11 ‘‘Reattach the cap of the DPI device
after use” (Elgendy et al., 2015a,b).

Previous studies also revealed great improvement and decrease
of total number of mistakes while applying the DPI inhalation tech-
nique using the continuous traditional verbal counseling process
(Newman, 2005; Lavorini et al., 2008; Saji et al., 2012). A signifi-
cant improvement between visits 1 and 2 (p < .001) was observed
followed by further improvement in the third visit (p < .001). So,
continuous counseling of patients has already proved to be benefi-
cial and important for a correct inhalation technique (Newman,
2005; Lavorini et al., 2008; Saji et al., 2012). However, step 6
‘‘Inhale deeply as fast and deep as possible.” and step 7 ‘‘Ensure a
fast inhalation rate till filling up the lungs.”, in a previous study
as well as the results of the control group, was observed to be very
difficult steps for patients to be achieved or learned by only coun-
seling (Elgendy et al., 2015a,b). While in this study a more promis-
ing progress in all patient age was observed in the investigation
group. Higher percentages of right achievement of steps 6 and 7
in visits 2 and 3 were observed using the training device (In-
Check DIAL) suggesting a beneficial role of the In-Check DIAL on
such crucial steps (Elgendy et al., 2015a,b). Coaching of patients
using the training device made those steps easily taught compared
to control group or previous study applying the counseling method
alone (Elgendy et al., 2015a,b). This was reflected in the significant
improvement in the PFT in the investigation group which occurs in



Fig. 3. A response surface plot of the relation between different visits and ages and their effect on (A) FEV1/FVC%, (B) PEF and (C) mean number of mistakes; (D) The standard
error value of models.
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the second visit (p < .05) showing how crucial steps 6 and 7 are to
the DPI user. This improvement was not found in the control group
until the third visit. The In-Check DIAL improvement of steps 6 and
7 could also help in controlling the asthmatic patients faster for
better quality of life since the percentage of stable patient (patients
taking rescue doses equals or less than twice a week) in the second
visit were higher in investigation group than control group.

The effect of the training aid could be of a very important ben-
efit especially for the elderly patients with their low inspiration
ability (Sharma and Goodwin, 2006) They might acquire more
practice by the training device to achieve more easily the required
inspiration of the DPI (Abdelrahim, 2010; Abdelrahim et al., 2013;
Ali and Abdelrahim, 2014). Hence the uses of the training device
along with the traditional counseling is much better, especially
in the complete filling of lungs with the desired drug dose in con-
trast to using the traditional counseling method alone.

Similar to previous studies the age had effects in the present
study (Elgendy et al., 2015a,b). Even though age group 3 (patients
older than 60 years old) showed a significant decrease in the mean
number of mistakes while going further in the counseling visits;
they still had a relative higher mean number of mistakes compared
to the other two groups at the end of the coaching period. That may
be related to the possible inferior learning ability of old patients
(Voelcker-Rehage, 2008). Also, PEF and FEV1/FCV of different age
groups for both control and intervention groups in each visit were
significantly greater in age group 1 than in the other two groups (p
< .05). This may be due to the normal physiological deterioration of
lung functions with aging (Janssens, 2005; Ruivo et al., 2009).

The combined effects of continuous counseling and age are
graphically simplified by the modeling results which revealed that
both continuous counseling made a gradual improvement in
patient’s quality of life and status. Also there was a profound
impact of age groups on the patient cognitive properties to mem-
orize the DPI inhalation technique and the counseling instructions
properly. Thus, modeling provided an additional way that could
simply help the health care provider to know the need of certain
patient according to his age and number and status (Saeed et al.,
2017). Both the high F-values and low the noise of the models
resulted have helped to anticipate the expected improvement in
patients’ status according to both age and number of counseling
sessions provided to them (Ali and Abdelrahim, 2014; Hussein
et al., 2017; Rabea et al., 2017) Further studies are required to
implement such a tool in counseling anticipation and suggestion.

8. Conclusion

Using the In-Check DIAL in patient DPI training in addition to
the traditional verbal counseling has ensured a positive useful role
in training and instructing asthmatic patients about dose delivery
for the DPI. It also minimized the frequency of errors related to
the dose delivery. It resulted in a suitable clinical efficacy com-
pared to traditional verbal counseling alone.
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