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ABSTRACT
Introduction: Chronic obstructive pulmonary disease (COPD) is a common medical
problem. The improper implementation of inhaler techniques thatare used in such
patients leads to the reduced effect of medicines. This study was conducted to evaluate
the correct use of various inhalers among COPD patients.
Materials and Methods:This observational, cross-sectional study was carried out on 96
patients with COPD aged over 40 years. The samples were selected using asystematic
random samplingmethod from patients with COPD referring to the clinics of Ghaem and
Imam Reza hospitals, Mashhad, Iran, from March 2018 to March 2019. The subjects were
informed that their participation in the study was voluntary. These cases were under the
treatment of using at least one inhaled medicine for a month or more. The adopted
technique of applying four types of inhalers was evaluated by a standard checklist. The
patients' performance scores of all procedures were recorded, and the collected data
were analyzed in SPSS software (version 16).
Results: Our study revealed that more than 98% of patients used metered-dose inhaler
(MDI) spray (P=0.05). The patients' scores on the correct use of MDI, Diskus, Turbuhaler,
and HandiHaler inhalers were estimated at 68, 77, 87, and 90%, respectively. The most
common mistakes in using MDI and HandiHaler inhalers were related to the 'holding the
breath' and "taking a deep inhale' steps after using the inhaler, respectively.
Conclusion: Physicians must evaluate and modify the use of inhalers in every COPD
patient. It is recommended that easy-to-use inhalers, such as HandiHaler, be prescribed
for such patients.

► Hatefi, A., Emadzadeh, A., amini, M., Milani, N. Evaluation of inhaler use technique among patients with chronic obstructive pulmonary
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Introduction
Chronic obstructive pulmonary disease
(COPD) is a common disease worldwide with
the estimation of affecting approximately 7%
of the world's population (1). Currently,

according to the World Health Organization,
COPD is not only highly prevalent but also is
the fourth leading cause of death. It is
predicted that it will be the third leading
cause of death worldwide by 2030 (2, 3).
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Therefore, this disease is an important
health challenge, and although it can be
prevented and treated, it imposes an
extreme burden on healthcare systems (4).
No definitive treatment has been developed
for COPD and the available medical therapies
can merely improve symptoms and reduce
the frequency and severity of attacks (5, 6).
A wide range of different forms of inhalers
is available for patients in the form of
metered-dose inhalers (MDI) and nebulizers,
breath-actuated MDIs, and five types of dry
powder
inhalers
(DPI),
including
Turbuhaler, Diskus, and HandiHaler, among
which MDIs are widely prescribed. However,
the results of various studies showed a large
number of respiratory patients (4-96%),
including COPD and asthma, use a variety of
inhalers with wrong techniques (7-9). In a
meta-analysis reviewing about 38 studies, it
was not ultimately determined exactly which
respiratory device had the highest error of
use (10).
Various articles have divided the errors of
inhalers use into two categories of critical
and non-critical errors and have identified
these errors based on a series of checklists.
Based on this categorization, critical errors
lead to suboptimal control of disease (11).
Since incorrect inhaler use is associated with
aggravating and not controlling the
symptoms in COPD patients, increasing the
use of various drugs, and reducing the effect
of drugs, it can increase morbidity and
mortality among such patients (11, 12).
Nevertheless, satisfactory clinical results
would be obtained if patients use inhalers
with the correct technique and follow the
manufacturer's instructions (7, 13). A metaanalysis reported total and critical error
ranges of 50-100% and 14-92% regarding
all devices, respectively. It is noteworthy to
indicate that the heterogeneity rate among
all studies is generally higher than 90%,
showing a high variability of them (14).
Therefore, this study was performed to
determine the correct use of various inhalers
among
outpatients
with
obstructive
pulmonary disease to identify the most
important technical problems experienced
by patients as well as the inhalers with the
least error rate. Moreover, this research
aimed to determine whether other factors,
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such as patient characteristics and previous
training, can affect the use of such
medications. As a result, it would be possible
to better identify the groups in need of
training
Materials and Methods
Demographic information of patients
This observational cross-sectional study
was conducted at pulmonary subspecialty
clinics of Ghaem and Imam Reza General
tertiary-care teaching hospitals, Mashhad
University of Medical Sciences, Mashhad,
Iran. The population of this research
consisted of 96 patients with COPD selected
by
systematic
random
sampling
methodamong the patients referring to the
pulmonary subspecialty clinics for treatment
within March 2018 to March 2019. The
eligible subjects were entered into the study
voluntarily after informed consent was
obtained from them. The present study was
approved by the Ethics Committee of
Mashhad University of Medical Sciences
(IR.MUMS.fm.REC.1395.241(.
Inclusion and exclusion criteria
The inclusion criteria were patients aged
over 40 years, diagnosed with COPD
confirmed by Chronic Obstructive Lung
Disease and spirometry, and who received
treatment with one or more inhalation
medicines for at least 1 month.These
patients were trained by general
practitioners, specialists, or fellowships and
nurses trained in this field according to the
protocol specified by pharmaceutical
companies.
However, the patients with severe tremor,
Alzheimer's,
dementia
and
severe
forgetfulness, confusion or decreased level
of consciousness, psychosis and acute
psychiatric problems, severe visual and
hearing impairments affecting the proper
use of the inhaler were excludedfrom the
study.
In this research, the application
techniques of four types of MDI spray from
pharmaceutical companies in Iran, including
Diskus Turbuhaler, HandiHaler Turbuhaler,
Diskus, and HandiHaler, were evaluated
according to a standard checklist including
12-18 steps (Table 1).
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The critical steps werealso specified for
each device. This standard checklist was
prepared based on the studies conducted in
this domain (15-18). The validity and
reliability of this questionnaire have been
investigated in previous studies (15, 16).
The reliability of this instrument was
estimated and confirmed using the
Cronbach alpha coefficient method in a

previous study (α=0.8) (15).The amount of
previous training and level of education,
knowledge, and cognition were different
among subjects. These factors were
determined as confounding variables.

Table 1. Checklist of the correct use of four respiratory devices
Steps of applying MDI spray
1. Removes the inhaler cap *
2. Shakes the inhaler gently *
3. Holds the inhaler mouthpiece upright
4. Uses spacer
5. Fixes the inhaler in the right place of the spacer
6. Take a deep, gentle exhale
7. Closes the lips around the spacer (or inhaler) mouthpiece *
8. Holds the inhaler mouthpiece between teeth
9. Does not enter the tongue in the spacer
10. Press the inhaler once *
11. Takes a gentle, deep inhale up to TLC *
12. Holds the breath
13. Holds the breath for ten counts
14. Inhales and exhales slowly several times
15. Waits some seconds before taking the next puff
16. Rinses mouth after Corton inhaler
17. Observes the order of the above instructions
18. Washes the spacer
Steps of using DPI Turbuhaler inhaler
1. Does not shake the inhaler
2. Opens the cap
3. Holds inhaler mouthpiece upright *
4. Turns the inhaler once to the left and the end and then return *
5. Takes a deep, gentle exhale
6. Does not use a spacer
7. Holds the inhaler between the teeth
8. Closes the lips around the mouthpiece of the inhaler
9. Does not enter the tongue in the inhaler
10. Takes a deep, quick inhale up to TLC *
11. Holds breath up for ten counts
12. Does not rotate the inhaler after use
13. Puts the cap
14. Observes the order of the above instructions
Steps of using Diskus DPI inhaler
1. Holds the inhaler with one hand and correctly *
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To continue….
2. Pushes the grip away until it clicks into place *
3. Places the mouthpiece between the lips
4. Does not enter the tongue in the mouthpiece
5. Does not shake the inhaler
6. Does not use a spacer
7. Take a deep, gentle exhale away from the inhaler
8. Breathes in deeply and quickly up to TLC *
9. Slides the thump grip backward until it clicks
10. Waits a few seconds before taking the next puff
11. Rinses mouth after using Corton inhaler
12. Does not wash the inhaler
Steps of using DPI HandiHaler/Revilizer inhaler
1. Takes the capsule out of the can/ Peels back foil to remove the
capsule
2. Opens mouthpiece completely *
3. Places the capsule in chamber*
4. Closes mouthpiece until it clicks
5. Press the inhaler needle *
6. Breaths out gently (away from the inhaler)
7. Places mouthpiece between lips *
8. Does not enter the tongue in the inhaler
9. Breathes in deeply and quickly up to TLC
10. Holds breath
11. Holds breath for ten counts *
12. Removes the capsule out of the chamber
13. Detects empty inhaler
14. Do not wash the inhaler
TLC: Total lung capacity; MDI: Metered-dose inhaler; DPI: Dry powder
inhaler* Basic steps of applying a Turbuhaler.

The researchers, initially, collected the
demographic
characteristics
of
the
participants, including age and gender,
medical records, comorbidities, number of
hospitalizations and referrals within the
past year, and the type, duration, and
frequency of medication.
All patients were trained to use the inhaler
by the healthcareprofessionals in this era,
including nurses, specialists, fellowships,
and general practitioners in previousvisits
at least once before the recruitment in the
study in the tertiary teaching hospital. All of
these trainers almost had the same method
according
to
the
same
structure.
Subsequently, a trained non-physician
individual
requested
patients
to
demonstrate how they use their inhaler.
This individual was trained on how to use

the inhaler properly as well as detecting
patients' errors. The patients using more
than one type of inhaler were examined
regarding all respiratory devices. According
to the checklist, a score of one was
considered in case that the patient
performed each step of the inhaler spray
correctly; nevertheless, if it was performed
incorrectly, a score of zero was recorded in
the relevant steps. The total scores of
patients were calculated as the percentage
of correct use. The mean scores of the
correct used technique for each inhaler,
including MDI, Turbuhaler, Diskus, and
HandiHaler, were obtained for COPD
patients. Moreover, each device was
evaluated and errors at each stage of using
the inhaler were recorded; however, they
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were not prescribed new medicines or a
placebo for the purpose of the study.
The general score of patients in the adopted
technique of using the inhaler was recorded,
and in case that the subjects showed errors
in one of the basic stages of this process,
they were divided into two groups of
"correct" and "incorrect" users.; No
feedback was given during the procedure.
Statistical analysis
The collected data from the demographic
characteristics of patients and the results of
the checklist of how to use inhaled
medicines were recorded and analyzed in
SPSS software (version 16). At first,
descriptive statistics (i.e., measure of
dispersion and central tendency) were
calculated, followed by using the
Kolmogorov-Smirnov test to evaluate the

data distribution. In this respect, parametric
and non-parametric tests were used for
normal and non-normal data distribution,
respectively. The acceptable error rate in
this study was considered less than 0.05.
The logistic regression model was also used
to control the intervening variables to
determine the relationship between the
independent variable and the categorized
values of the dependent variables
. Results
A total of 96 patients from 150 eligible
patients were entered into our study. In our
study, the mean age of patients was
obtained as 6412.6. The patients'
demographic
and
clinical
care
characteristics and are summarized in
tables 2 and 3.

Table 2.Demographic characteristics of patients
Parameter (Classification)
Gender
Smoking

Addiction

Occupation
Living place
Literacy
Education level
Other diseases

Mean age (years)

Cigarette packs per year

Number (%) or Mean±SD

Male

42 (43.8%)

Female

54 (56.2%)

No

45 (46.9%)

Yes

1 (12.5%)

Used to

39 (40.6%)

No

62 (64.6%)

Yes

24 (25%)

Withdrawal

10 (10.4%)

Employed

29 (30.2%)

Unemployed

67 (69.8%)

Urban

69 (71.9%)

Rural

27 (28.1%)

Illiterate

55 (57.3%)

Literate

41 (42.7%)

Under diploma

39 (40.6%)

Academic

2 (2%)

Diabetes

30 (31%)

High blood pressure

59 (61%)

Heart diseases

30 (31%)

All patients

64.312.6

Females

6413.5

Males

64.511.4
37.815

Cigarette packs per year: Number of cigarette packs  number of years of smoking, SD:
Standard deviation
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Table 3. Characteristics of patient’s clinical care
Mean

SD

Minimum

Maximum

Number of training of correct inhaler use technique

3

1.8

1

10

Patients' visits within the last year

6

5

1

30

Duration of diagnosis (months)

73

84

1

480

Duration of using the inhaler (months)

57

66

1

300

Number of hospitalizations during the last year

1.4

1.7

0

10

SD: Standard deviation

All patients had been trained to use the
inhaler at least once before referring to the
clinic. In our study, half of the patients
(n=48) used one form and the other half
(n=48) used more than one form of an
inhaler. Based on the result, 98.96%, 16.7%,
4.2%, and 36.5% of patients used MDI spray,
Turbuhaler, Diskus, and HandiHaler,
respectively. The most commonly used
inhaler was reported to be MDI, and 72% of
patients used MDI spray with a spacer. The
main reasons for not using spacer were its
bulkiness and difficulty of transportation.
According to the findings, 19.8% of patients
had a history of stopping using inhalers
without a doctor's recommendation with the
reasons of observing improvement of
symptoms (63.2%), having forgotten
(26.3%), and having fear of developing a
dependence on inhalers (10.5%). The mean
scores of the correct technique for using
each inhaler in COPD patients were obtained
as 68%, 87%, 77%, and 90.2% for patients
using MDI, Turbuhaler, Diskus, and
HandiHaler, respectively.
Steps of inhaler proper use
Regarding the steps of using MDI spray
(Figure 1.A), only the step of "removing the
cap" was performed correctly by 100% of
the patients and the other steps were
conducted with some degree of error.
Regarding this, the most technical errors in
using MDI spray were related to 'washing
the spacer' (step 18), 'holding the breath
after using the inhaler'(step 13) (12). It was
also revealed that the most technical errors
in using Turbuhaler inhaler were reported to
be respectively 'taking a deep and quick
inhale after using inhaler' (steps 10), which
was a critical error, and 'holding the breath

after using inhaler' (step 11), which was a
non-critical error (figure 1B). The first step
of all inhalers, 'removing the cap', was
performed error-free. However, the first step
of using the Diskus inhaler, 'holding the
inhaler correctly', was conducted with 75%
error.
According to the findings, the steps of
'pushing the grip away until it clicks into
place' (step 2) and 'taking a deep quick
inhale after using inhaler' (step 8) were
found to be the most technical errors in
using Diskus inhaler (figure1C). It was
revealed that the HandiHaler inhaler was
used with the least errors, in which 9 of 14
steps were performed without any technical
error. The most technical errors reported in
using HandiHaler inhaler were related to
stages 'breathing in deeply and quickly up to
TLC' (step 9), which was a non-critical error,
and 'holding the breath after using inhaler'
(step 11), which was a critical error (Figure
1D). According to the percentage of patients
performing all the basic steps of using the
inhaler correctly, the major technical errors
were more in using MDI than in the
HandiHaler (relative risk of 1.6) based on
Fisher exact test (P<0.05). Regarding, 62% of
subjects using MDI performed at least one of
the basic steps incorrectly. The relationship
of patients' demographic characteristics
with the techniques of using MDI and
HandiHaler inhalers were calculated using
the Chi-square test (Table 4).
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Figure 1. Steps for proper use of four types of inhalers based on the checklist
*Basic steps of applying a Turbuhaler inhaler

The regression between the significant
variables on the correct use of MDI inhaler
was calculated, which revealed that only the
male gender (OR=1.034, P<0.05) and the
referral reason (OR=0.379, P<0.05) were
directly related to the correct use of the
spray and were less misused.
Discussion
Due to the global prevalence of respiratory
diseases, especially COPD, various efforts
have been made to improve treatment
methods with the help of various types of
respiratory inhalers. Since awareness of
technical problems is essential to improve
community health, the researchers who
examined the correct use of inhalers adopted
different evaluation systems. Based on the
findings reported by researchers, some
methods merely evaluated the correct or
incorrect use of inhalers. Moreover, they
reported that in some studies the scoring
system was based on the stages designed for
792

each device. Therefore, these factors made it
difficult to compare the results of various
studies in this domain (7).
The current study specifically examined
the patients with COPD. This disease is more
common among elderlies who suffer from
multiple disabilities, such as vision loss and
tremors. Regarding the results of previous
studies, such individuals would face more
problems in caring for the disease and the
proper use of inhaled medications (18).
Based on the findings of our study, a
higher percentage of patients used MDI
spray than other inhalers, which was
consistent with the results of other studies.
Accordingly, 62% of the subjects misused
MDI at least in one of the basic steps of using
the inhaler. In different studies, the
percentage of this error was reported to be
65.7% (17), 86% (19), and 53.8% (20). The
results of studies investigating the
hospitalized
patientsrevealed
this
percentage incredibly higher (93%) (15).
J Cardiothorac Med. 2021; 9(2): 786-797
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Table 4. Relationship of patients' demographic characteristics with the techniques of using MDI and HandiHaler
inhalers

Male

Percentage of
correct use of
MDI frequency
)%(

Percentage
of incorrect
use of MDI
frequency (%)

24 (57.1%)

18 (42.9%)

Duration of
disease
diagnosis

Duration of
inhaler use

Referral
reason

Smoking

Types of used
inhalers

Spacer use

11 (68.8%)

Percentage of
incorrect use of
HandiHaler
Frequency (%)

0.3

12 (32.6%)

41 (77.4%)

10 (52.6%)

9 (47.4%)

Employed

16 (55.2%)

13 (44.8%)

7 (77.8%)

2 (22.2%)

Unemployed

20 (30.3%)

46 (69.7%)

14 (53.8%)

12 (46.2%)

14 (25.9%)

40 (74.1%)

10 (47.6%)

11 (52.4%)

Under
Diploma

20 (51.3%)

19 (48.7%)

9 (75%)

3 (25%)

Academic

2 (100%)

0 (0%)

2 (100%)

0 (0%)

27 (48.2%)

29 (51.8%)

13 (72.2%)

5 (27.8%)

9 (23.1%)

30 (76.9%)

8 (47.1%)

9 (52.9%)

28 (43.8%)

36 (56.2%)

15 (68.2%)

7 (31.8%)

5 years

0.02*

0.009*

0.2

0.1

0.01*
5 years
5 years

0.1

0.09

0.1

5 years

8 (25.8%)

23 (74.2%)

6 (46.2%)

7 (53.8%)

Periodic visits
or receiving
prescriptions

22 (51.2%)

21 (48.8%)

12 (66.7%)

6 (33.3%)

Aggravated
symptoms

14 (26.9%)

38 (73.1%)

Yes

4 (33.3%)

8 (66.7%)

0.01*

No

19 (43.2%)

25 (56.8%)

Quitted

13 (33.3%)

26 (66.7%)

One

18 (37.5%)

30 (62.5%)

Multiple

18 (38.3%)

29 (61.7%)

Yes

26 (38.2%)

42 (61.8%)

0.6

0.9

0.9
No

10 (37%)

PValue

5 (31.2%)

Female

Illiterate
Education
level

Percentage of
correct use of
HandiHaler
Frequency (%)

0.001*

Gender

Occupation

PValue

0.7
9 (52.9%)

8 (47.1%)

2 (50%)

2 (50%)

12 (75%)

4 (25%)

7 (46.7%)

8 (53.3%)

-

-

-

-

-

-

0.2

-

-

17 (63%)
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Table 5. Variables affecting the correct use of MDI spray
Variables
Age
Gender (male)
Education level
Occupation
Duration of disease diagnosis
Referral reason

P-value
0.175
0.033
0.989
0.979
0.263
0.046

This higher percentage of error in using
MDI is attributed to the difficulty of
coordinating inhalation with actuation and
patients' inability in performing this step
and
inadequate
breath-holding
and
inappropriate fast inspiratory flow (6).The
lack of adequate dose in the inhaler counter
is reported to be another problem in its use
(8). In some studies, the most common
problems in the use of MDI were related to
'shaking the inhaler, exhaling before using
the inhaler' and then 'holding the breath'
(20). In the present study, the most common
error that occurred in using MDI was the
'holding the breath' stage.
Some researchers believe that specialists
do not routinely demonstrate the correct
technique to patients; therefore, patients
cannot learn the steps, leading to a high rate
of technical errors in MDI use.For patients
who are required to use MDI, it is reasonable
to utilize this device with a spacer to reduce
the need for inhalation and actuation
coordination. The results of previous studies
were indicative of the reduction of the rate
of technical errors in using MDI with a
spacer. Accordingly, this rate was obtained
as 81% and 47% for with and without using
a spacer, respectively (21, 22). However, in
our study, no significant difference was
observed regarding using the MDI spray
with or without a spacer. This finding
indicated that the use of a spacer itself
requires training and it may be difficult for
patients to use this device.
The main advantage of DPI over MDI is
that since the aerosol of the drug is guided
by the patient's breathing, there is no need
to coordinate inhalation and actuation.
However, if the patient is unable to breathe
in properly, the drug may not be delivered to
the lungs successfully (7). The literature
review suggested the major technical error
of DPI devices, such as Diskus, HandiHaler,
794

Odd Ratio
1.034
0.243
0
1.016
0.541
0.379

Confidence Interval (CI) 95%
0.985-1.086
0.067-0.890
0
0.307-3.359
0.185-1.587
0.146-0.984

and Turbuhaler, was the 'slow, deep inhale'
step after using an inhaler (7, 15).
Furthermore, it was found out that 'pushing
the inhaler and then breath in deeply' was
among the most difficult steps for patients,
which was associated with a high error rate
(20). In our study, in addition to the
mentioned error, the patients were unable to
perform the 'holding breath after using
inhaler' step correctly.
In this study, the relationship between the
basic characteristics of patients and
technical errors was also investigated. It was
revealed that the technical error rate was
significantly lower among males, younger
cases, participants with higher education,
employed patients, and those who received
appropriate training. In agreement with the
results of other studies performed in this
domain, the trainability rate was higher
among men and younger individuals with
higher education (23-25). Education level
played an important role in the adopted
technique of using inhalers (17). Patients
with lower levels of education are less
capable to properly understand and apply
the written instructions on devices.
Moreover, they have less knowledge about
controlling and managing their disease.
However, other factors, such as more
referrals of these groups, can affect the
result.
On the other hand, the results of several
studies are not in line with those reported
above (15, 20, 21). This discrepancy among
the findings of this study with those of the
recent ones can be associated with the
different
populations
undergoing
investigation. In the mentioned studies, a
smaller sample size and only hospitalized
patients were studied; therefore, they were
not capable enough to identify such
relationships and generalize their results to
the whole population.
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Implementation of results
In our study, patients were visited an
average of about 6 times a year but these
patients had received the training on correct
inhalers application three times averagely. It
was highly important that at each visit,
patients had to be examined regarding the
correct technique of inhaler use as part of
the treatment process. Since individuals
working in the healthcare sector are faced
with a huge amount of workload, they
always presume that the patient's previous
training has been sufficient and that patients
use the drug correctly. In a study in which
most patients claimed that they used the
inhaler correctly, it was revealed that 94.2%
of cases had at least one technical error in
performing that process (18). Therefore, it is
required to checking the correct use of the
drug and ensuring that the drug reaches the
patient properly. In this respect, it would not
suffice to merely ask the patient.
Limitations and strengths
One of the limitations of the present study
was related to the objective observational
evaluation of the appropriate amount of
inspiratory
flow.
The
observational
evaluation is considered less accurate (26,
27). However, this issue was less influential
in using DPI inhalers since the use of the
HandiHaler device was accompanied by a
specific rattling sound, which can be used to
make sure of adequate breathing. In
addition, patients may act differently from
their routine and perform the steps more
accurately when they are aware that they
are being studied, which can lead to biased
results. Due to the large number of patients
in clinics, all patients couldn't cooperate
more.
Iran, on the other hand, is a vast country
where people with multiple accents and
dialects refer to the clinics of tertiary
hospitals. Occasionally, this language barrier
prevented the proper transmission of the
message to a number of patients;
consequently, in this study, the focus was
only on cases speaking Persian fluently.
Finally, since DPI inhalers were more
expensive than the other inhalers, fewer
patients could use them one of the strengths
of our study was that all the steps were
checked by one person; as a result, the
potential variation in the evaluation of the
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correct technique of using the inhaler
performed by different evaluators was
removed. Patients with different severity of
COPD were evaluated in the clinics, which
can be a more real representative of COPD
patients.
Recommendations
It is suggested to use newer devices, such
as the newly introduced HandiHaler, rather
than the older devices, such as MDI, since
they can deliver the same amount of
medication to the lungs and require less
coordination between hand movements and
breathing. The results of some previous
studies were indicative of the higher
efficiency of these devices. (28). Since the
incorrect technique of using inhalers has
become prevalent. It is noteworthy that
training programs should not be merely
performed to transfer information to
patients; rather, the changes in patient's
behavior should be examined and achieved.
Conclusion
The improper technique of using inhalers is
extremely common among COPD patients.
Therefore, to achieve the purpose of proper
caring for COPD patients, it is necessary to
train and examine them regarding the
correct use of inhalers. Otherwise, there
might be such consequences as the lack of
controlling the disease, the application of
multiple drugs, and increased costs for
individuals and the healthcare system.
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