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Abstract

Background: Calibration of medical devices used is criticalterms of health and safety of patients and
employees. The findings obtained in the study aimeedetermine the knowledge and sensitivity of iealth
care staff using medical devices regarding the epnof calibration.

Methods: The sample size of the study consisted of 262 hesie professionals who worked at the institution.
Individual Information and “Medical Device Calibiah General Evaluation for Medical Device Usersivays
were used as data collection tools. Mann WhitneyKtyskall Wallis tests, and correlation analyseseve
completed.

Results: Although 93.1% of the participants used more tha@ medical device, 57.6% stated that they did not
receive calibration training for these devices. dxding to the calibration training status, thereswaasignificant
difference between calibration evaluation scores%202, p<0.001). In terms of educational stathere was a
significant difference in the calibration evaluatioscores (U=7049, Z=-2.37, p=0.018) between
undergraduate/graduate and associate degree prbgyanschool graduates. A significant relationskips
found between working time in the current institatiand the total score (r=0.157, p=0.01), and ttal t
working time in the profession and the total sc@red.129, p=0.03). Physicians' calibration awarsnssb-
dimension score was higher than the other two gr¢¥f(2)=8.11, p=0.017). In the evaluation made witfie t
group, the technician group had higher scores tihather groups (%2)=14.86, p=0.01).

Conclusions: Therefore, including this subject in the curricolahealthcare worker candidates and continuing
in-service training for employees can indirectiyntdute to the quality and safety of healthcare.
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I ntroduction calibration of medical devices used is critical in
uré%rms of healt_h a_nd _safety of patients and
hQmployees. Calibration is a set of measurements
used to measure the accuracy of other tests and
as the labour-intensive structure in healthcmmeasu”ngj '”?”L‘m‘?”t.S' and_to determine and
document their deviations using a measurement

processes. Care, repair and calibration CONCe| . ard or a svstem of known accuracy under
are among the important issues to be emphasizS ocified condi)t/ions (Biyokam 2020))|£or
due to the recent advancements of medicgy y '

technology used in healthcare, the desire to rea%ﬁeaz;gﬁlrzmghnis ?SCC duer'?ecrﬁqirc‘)n]; dsg%ggz)%rgsqr;%rtr;%t%
the standards of developed countries in the field y

of health, the importance that the patient safefwtho”Z(Ed personnel ‘with ~the calibrator

concept gained, and studies on quality an prc_>\_/ed for t_his work “”deT th_e ambient
accredﬁtat?on (Ozgules et al. 2015).qThe?/eforcgondmonS required for the calibration of the

Healthcare services consist of complex struct
that use both manpower and technology. In ot
words, it is clear that technology is as importar
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sphygmomanometer (Republic of Turkey Efficient workforce in terms of staff
Ministry of National Education, 2012). « Increasing patient satisfaction

In relation to this subject matter, the Republic of Increasing the quality of health services
Turkey Ministry of Health, has issued a guide (Gulec etal. 2009).

titted "Biomedical Metrology Operations Guide”As stated in the purpose of the regulation, these
in 2014. In this guide prepared by the Publigervices are arranged to ensure that patients,
Hospitals Administration of Turkey, Clinical ysers and third parties are protected against the
Engineering Management Unit, the wholgjangers that may arise in terms of health and
procedure is explained in detail from thesafety during the use of medical devices
conditions of the purchase of calibration serviceRepublic of Turkey Ministry of Health, 2015

to procedures needed to be done following thqowever, there are not many studies evaluating
measurement (Cihan et al. 2020). It also includgge knowledge and sensitivity of critical
regulations on the correct and reliable use @fealthcare staff regarding calibration. It would
medical devices to protect patient health anfot be possible to mention safety if health staff
ensure the safety of the healthcare worker. Thge not knowledgeable and sensitive about the
“Regulations on Testing, Control and Calibratioglibration of these devices that are used

of Medical Devices” addressing accurate anflequently. In alignment with this, the hypotheses
reliable use of medical devices with the purposgf our study are as follows:

of protecting patients' health and safety of , -
healthcare workers was published in the Officidl0: The demographic characteristics and

Gazette dated 25.05.2015 and numbered 293§¥0rking conditions of individuals have no effect
These regulations that regulate the medic@" the calibration knowledge level and
device sector significantly include topics orP€NSIVIty.

procedures for testing, control and calibration gfi1: The demographic characteristics and
medical devices, the working principles ofworking conditions of individuals have an impact
calibration institutions, staff qualifications, andon the level and sensitivity of calibration
the suitability of the equipment owned. Thes&nowledge.

regulations address the provisions through, at

least, once a year audits of the organizatior?gm

operating in the sector with the purpose ofhe aim of this study was to examine the
having the test, control and calibratiorevaluations of health staff using medical devices
procedures of medical devices performed byegarding the calibration of the devices. The
qualified technical personnel (Republic offindings obtained in the study aimed to determine
Turkey Ministry of Health, 2015). the knowledge and sensitivity of the healthcare

Medical device calibration is the determinatior?taff using medical devices regarding the concept

and reporting of whether medical devices ! calibration.

health institutions function properly or not.Methods

Calibration is not adjustment or repair. Accurac¥>8lou|altion and Sample of the Study: This

of measurements by a repaired or adjusted devi S . .
can be determined by calibration (Republic o(gescrlptlve study was conducted in a city center

Turkey Ministry of National Education, 2012). between February and March 2018. The

Causes of medical device errors can be groupBSpUIaﬁon of the study consisted of health staff

as due to improper use of devices, faulty deviceé;Orklng at a Training and Research Hospital.

: - : nstead of sampling, all of the population
or improper settings. A report published by the =~ . .
World Health Organization in 2005 states that. _28? t\;]\las |tn(zjluded In tP%StL;dgézTT]e sl?rznple
more than half of medical devices in developin 1ze of the study consisted o ealthcare

countries are not functioning properly (WHO rofessionals who worked at the institution

2010). The main purposes of calibration irguring the. time of the study and agreed to
medical devices are: participate in the study.

» Ensuring complete work Data Collection Tools Individual Information

» Extending life economically and “Medical Device Calibration General
« Reducing service costs Evaluation for Medical Device Users” surveys
« Ensuring efficient use were used as data collection tools.
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Individual Information Form: This form consistsfrom the healthcare staff who agreed to
of 11 questions to identify the independenparticipate in the study were obtained. The data
variables including gender, age, educationalere collected by the researcher through face-to-
status, marital status, institution, unit, workingdace interview method using the Individual
time, and calibration training of participants. Information survey and the Medical Device

Medical Device Calibration General Evaluationcal'bratIon General Evaluation survey.

Survey: Medical Device Calibration GeneralData Analysis. Data analysis was completed by
Evaluation Survey for medical device users wassing IBM SPSS 25.0 statistical software. Data
developed by Kirsa¢c and Onder (2015). Thevere shown with meantstandard deviation.
survey instrument consists of 40 items. Th&lann Whitney U, Kruskall Wallis tests, and
survey instrument used a 5-point Likert scaleorrelation analyses were completed.

with "S- Strongly Agree”, "4- Agree”, "3',,Ethical considerations. The approval of the

Hgbj\}é?/le’r Zéngﬁgg{tZ?n,s ,,11'2§tr?2n§,ly Igllsagrzeéa Ethics Committee (2018/06) and the permission
' ' ’ ’ 'of the institution were obtained prior to the

rg\?e rigd Cgéeélaguﬂﬁga?r\:g rgg:lnlsr}gs; Lh:s):aw?l'r esearch. The participants were given a written
9 y P - "Wormed consent form in accordance with the

survey has 12 Sl_Jb-dlmensmns. The I(_)west SC9%%claration of Helsinki and their verbal consent
that can be received from the survey is 40 Whlk?las obtained

the highest score is 200. As the score increases,
the level of knowledge of the participants abouResults

calibration was evaluated positively. Th684% of the participants in the study were

"Cronbach alphg" internal Sqnsistency coeﬁicier&male' The mean age was 36.7+8.3 (19-55), and
of the survey instrument 15 0.913 (Klrsac €hore than half of the participants (58%) were
al.2015). In our s'gudy CO”S'S“'?Q of 40 |tem_s,_th nder 40 years of age. The mean working time in
Cronbach Alpha internal consistency coefficie e profession was 15.3+8.8 years, the mean
was calculated as 0.87. working time in their current unit was 7+3 years,
Data Collection: In order to conduct the study,and 53.4% of the staff were nurses. It was seen
ethics committee approval and institutionathat more than half of the employees (54.9) had
permission were obtained from the University'sin undergraduate education and higher. Although
Clinical Research Ethics Committee with thé@3.1% of the participants used more than one
decision dated 2018 and numbered 06/06. Imedical device, 57.6% stated that they did not
addition, permission from Kirsac to use theeceive calibration training for these devices
survey instrument, and informed written consent{dable 1).

Table 1. Sociodemographic characteristics of participants

n=262 %
Gender Female 220 84
Male 42 16
Age categories 19-39 152 58
40-55 110 42
Education level Vocational school of health 34 13.0
Associate degree 84 32.1
Bachelor degree 130 49.6
Postgraduate degree 14 53
Marital status Married 194 74
Single 68 26
Occupation Nurse 140 53.4
Midewife 56 21.4
Doctor 22 8.4

www.internationaljour nal ofcaringsciences.org



International Journal of Caring Sciences May-August 2021 Volume 14| Issue 2| Page 1223

Technician 20 7.6
Other (emergency, paramedic) 24 9.2
Department Service 102 38.9
Intensive care 27 10.3
Operation room 15 5.7
Laboratory, x-ray 38 14
Other (emergency, policlinic etc) 80 30.5
Total term of office in | 0-10 years 205 78.2
department 11-20 years 35 13.4
21-30 years 22 8.4
Total term of office in | 0-10 years 88 33.6
profession 11-20 years 87 33.2
21-30 years 83 31.7
30 yearsand over 4 15
Number of medical | Using multiple devices 244 93.1
devices used Only onedevice 18 6.9
Calibration training Trained 111 42.4
status Untrained 151 57.6

The overall calibration evaluation mean score dkccordingly, it can be stated that the health staff

the staff participating in our study is 145.6+17.3participating in our study have a high score

The score to be taken from the survey is betweéclose to the middle threshold) regarding

40-200 with low being between 40-104, mediuncalibration. The mean and maximum scores of

between 104-136.4, and high between 136.4 atfie staff participating in the study from the sub-

200 (Kirsag 2015). dimensions of the calibration general evaluation
are presented in Table 2.

Table 2. Medical Device Calibration General Evaluation Form Subscale Points

Subscales (item numbers) Mean (max)| SD (z)
1. Definition of calibration (1,3) 8.34 (10) 1.2
2. Benefits of calibration (2,39) 8.16 (10) 1.2
3. Calibration awareness (4,20,27,35,38,40) 21.23 (30) 2.9
4. Who is doing the calibration (5,17) 7.28 (10) 1.7
5. Responsibility of the user (6,13,14,15,16,25,2@8p, 33.79 (45) 5.7
6. Calibration period and timing (7,8,9,10,11) 18.41 (20) 35
7. Problems in calibration (12,21) 5.52 (10) 1.8
8. Importance of calibration (18,19) 8.27 (10) 1.4
9. Calibration training(22,23) 7.11(10) 1.4
10. Psychological relationship between user and cdldné?4,28,29,37) 12.38 (10) 2.1
11. Devices that are to be calibrated (30,31) 6.56 (10) 1.3
12. Calibration- quality correlation (33,34) 7.76 (10) 15

*12,19,20,26,29,30,31 number of items encoded wirsa.
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According to the calibration training status, therawareness of calibration, as well as being
was a significant difference between calibratiosognizant of their own responsibilities.
evaluation scores (Z=-5.02, p<0.001). In terms dflealthcare workers who understand the critical
educational status, there was a significammportance of medical devices they use would
difference in the calibration evaluation scorepay attention to quality and serve accordingly.
(U=7049, Z=-2.37, p=0.018) betweenFor example, 18.3% of 350 healthcare staff in
undergraduate/graduate and associate deg@edl's study stated that the purpose of
program/high school graduates. A significantalibrating the medical device is to pass the
relationship was found between working time iraudits only (Civdi 2014). This result shows that
the current institution and the total scordéhe staff does not understand the importance of
(r=0.157, p=0.01), and the total working time ircalibration.

|toh=e0 gg?f?:?g%sagfdotthh; \/t;):izllblcsegozﬁerg_vs;szgphe overall calibratiqq evaluaftions mean score of
sign.ifica.nt difference in the total scc;re e staff who participated in our study was
' 145.6£17.3. In the study of Kirsac conducted
Profession types were examined in three groupsth 280 people, the mean score received in the
that are; 1. midwife-nurse, 2. physician, and Zalibration general evaluation survey was
other (technician etc.). In the evaluation by61.72+17.QKirsac 2015). Accordingly, it was
profession types, the third sub-dimension of thebserved that the levels of attention and sensitive
survey which is awareness of calibration wabehaviour of the staff in our study were lower
analyzed with Kruskal Wallis and a significanthan Kirsac's sample. In Sezdi and Glines's study,
difference was found between the groups. In ti&5% of nurses think that calibration
evaluation made within the group, there was measurements do not benefit the patient. This
difference between the midwife-nurse and thgroup that does not believe in calibration
physician groups. Physicians' calibratiormeasurements would not pay attention to points
awareness sub-dimension score was higher thidmat need to be taken into consideration during
the other two groups ()=8.11, p=0.017). In and after measurements which may negatively
the examination by profession types, there wasadfect the workflow of calibration measurements.
significant difference between groups in thdéor example, staffs who think that calibration of
fourth dimension examining who makes théhe sphygmomanometer does not benefit the
calibration. In the evaluation made within thepatient would not realize that he is taking an
group, the technician group had higher scoréscorrect measurement and thus, would do a
than the other groups {§)=14.86, p=0.01). follow up on the patient incorrectly. With this
wrong measurement, the patient will be exposed
to more medications which would lead to the
The devices used in health services are complpgssibility of a wrong treatment (Sezdi 2017). It
devices that are necessary for the maintenancei®f possible for medical devices to provide
life. An intense training process is required foaccurate and reliable results through regular
use of medical devices. Within the context otalibrations performed in accordance with proper
patient safety, there are incorrect measuremenéthniques (Howarth and Redgrave 2008,
in some devices which resulted in death. In ord€@daciglu 2008). Considering that a potential
to avoid such situations that are destructive imistake or neglected matter in the healthcare
impact and severity, all measurement devicesctor can cost a human life, the necessity of
used in hospitals should be calibrated in certagalibration measurements of diagnostic and
periods. A false measurement by a device wouteeatment devices is of great importance. Another
lead to wrong diagnosis which would lead talimension is the high cost of the devices. Since
wrong treatment. Thus, the result would béehe cost of medical devices is very high, hospital
uncomfortable for the patient and their relativesadministrations should determine the necessary
It should be noted that any case that cannot pelicy and establish an organization for the
measured cannot be controlled (Kurutkan et akorrect use of the devices, maintenance, repair
2014). and calibration (Soylular 2006). Organization
Although the healthcare  workers Whoshould include requirements for technical service

participated in our study do not performand calibration of medical devices, software

calibration themselves, they should b(gontrol, etc. (Ferreira 2011).
knowledgeable about definition, benefit, and

Discussion
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According to the information from personalshould be to have high level of competency on
communication and limited publications, it wascalibration. The positive correlation between the
observed that the meaning of calibration andducation level and professional experience
metrology are not known by medical devicegeriod of the hospital staff and the sensitivity
users. Then, important issue becomes to educamore regarding calibration necessitates the
and train medical people who are engaged in up&nning of in-service training and activities.

of med|cal_ devices an_d measurements. Trainin ezdi et al. reported that 3% of the nurses stated
must be given to medical device users in order R

have them aware of metrological terms at calibration could be performed by the

importance and role of metrology andsUppller company. Technical personnel, who are

methodolo of measurement and calibratioHOt in biomedical units in healthcare institutions,
9y oE}re not competent for this job. As employees of

R . o
(arabice ot ok, 2015 Approximalcl 30% sl suppler company camot be cbecive i
ar% used without maintenance and calibration d measurements of their own devices, calibration

. Weasurements should be performed by an
to lack of properly trained personnel (Tanyola

: dependent calibration company or the
0
1992). In the thesis study by Civdi, 44.9% of 35 iomedical staff of the hospital (Sezdi 2017). In

health personnel stated that they needed trainlng :
: . o r study, the mean score obtained from the
on medical device calibration (Civdi 2014). Hal ourth sub-dimension regarding who performed

of the 150 medical device users in Soylular'rche calibration was found to be 7.28, and it can

study  think t_hat there is not enough_ trainingle said that there is not enough awareness on this
about the maintenance, safety and calibration gﬁbject

the devices (Soylular 2006).

In a study conducted by Sezdi and Gin

focusing on the knowledge and views ory
calibration among nurses, it was found that onl e :
35 of the 200 nurses received calibration training easurement/application of these devices depend

. . n timely and accurate calibration. As the
Sded' azlt(g\%)z).hAa(\:l(r:r?(;gltngll toof ttt?g SrtZ?;’ﬁegfn%rgensitivity of the health staff to the calibratioh
Y, 9 fhe medical device is important in terms of

than one medical device that requires Ca”braﬂoghsuring reliable results, the study results are
rcna?iﬁra:ig?]n trgfrl:{ngOf ';Qe;?atggvﬁ\ R?é fzﬁgﬁi\gﬁ onsidered to be _impor_tant fo_r the_ quality of care.
there was a significant difference between th’rherefore, including this sgbject in the curflcu_la
scores of those who received medical devicgf hea!thcare_ vyorker candidates and continuing
calibration training and those who did not Showl%-serwce training fo_r employees can indirectly
. SNOWR s ntribute to the quality and safety of healthcare.
that the awareness of the trainees on calibration
(near the middle threshold) is high. In Sezdi‘dcknowledgments: The authors would like to
study, it was determined that there was t#hank all the parents who participated in the
significant difference in the participants'study.
knowledge of the green label according to thej
training status on medical calibration (p<0.001
(Sezdi 2017). In the study of Kirsac, whether dPzgules B, Aksay K, Orhan F. (2015). A review of
not the healthcare staff received calibration Biomedical Equipment Maintenance and Repair
training was not questioned (Kirsac 2015). Thus, Operations in The Context of Medical Technology

. Management, Health Care Acad J, 2(3) 133-9, doi:
although there is not much data to be compared, 10 5455/sad.201513145131069

it can be said t_hat receiving training Ofgjomegical  Calibration and Research  Center
calibration has a high potential to increase the (gjyokam): what is Calibration? [Internet]:

knowledge and sensitivity about the subject. The [cited  2020Feb  25].  Available  from:
training of medical device users should be http:/biyokam.gazi.edu.tr/posts/viewltitle/kalikira
organized in line with  technological on-nedir%3F-62218

developments, planned, programmed and #Republic of Turkey Ministry of National Educatiom i
certain periods by reorganization and all relevant Biomedical Equipment Technology, Biomedical
personnel should be provided with this training Devices in Calibration, 523E00204 [Internet].

; : ; ; e Ankara (2012). 72-73p. Available from:
(Tas and Selvi 2014)Calibration is critically .
; : https://pdfs.semanticscholar.org/4be9/b5ea0e0ab9
important for patient safety, and thus, the goal 1023f036810fe139aa277f9cdb. pdf

Conclusions. The use of medical devices is
ecoming more and more common with the
eveloping technology. Accurate and precise
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