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Abstract

Objective: This study was conducted to determine the levéinofvledge of healthcare professionals regarding
calibration and their ability to consider devicditmation for medical measurements.

Methods: Purposive sampling method was used in this cresSemal descriptive study. The study sample
comprised 541 healthcare professionals. The data ealected using personal information form anadidal
Device Calibration Information Form'.

Results: 72.2% of participants did not receive training oalitiration, 40.5% indicated that they had no
information about the presence of uncalibrated@gent in their units, and 14.3% reported uncalégatevices

in their units. Total knowledge scores of femaletipgants or those at the age of 35 and older, dowtors or
laborants were determined to be significantly highan the other participants (p <0.05).

Conclusions: It was determined that healthcare professionalsahmv level of knowledge about calibration,
used non-calibrated medical devices, and did nokive training on calibration. It is recommendeatth
calibration should be introduced as a subject ith ltioe university curriculum and in-service tramiprograms
for healthcare professionals.
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Introduction system or values represented by a material

. . .__measure, and the corresponding known values of
Human power and technological, medical deviced ’ P 9 o
measurand (International Organization for

are used together in providing healthcar% o
services. There has been an increase in téandardlzatlon, 1993).

number and variety of medical measurememiccuracy and reliability of all measurements

devices in healthcare along with the currentlywould be doubtful if the instruments used were
developing technology. These devices hauaot calibrated. Calibration ensures that a
become even more important in the diagnosis amaeasuring instrument displays an accurate and
treatment process. This has resulted in theliable value of the quantity being measured
creation of concepts such as reaching standar@gnited Nations Industrial  Development

patient safety, quality, and calibration (SahinQrganization (UNIDO), 2006).

Muldur and Guler, 2003; Ozgules, Aksay an(Ztalibration is the process of reporting

Orhan, 2015). measurement results by comparing the reference
According to the International Organization formeasurement device, which is ascertained to its
Standardization calibration is the set ofccuracy, with another measurement device
operations that establish, under specifiedhose accuracy cannot be ascertained.
conditions, the relationship between value€alibration is not an adjustment operation,
indicated by a measuring instrument, a measuring
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maintenance or the repair of a device (Perssaesting, checking, and calibration are necessary
2014; Turkish Standards Institution, 2017). (Ozgules, Aksay and Orhan, 2015).

The importance of calibration has beert is the responsibility of the user, namely the
increasing in devices used in healthcare (Sahinealthcare professionals, to follow the device
Muldur and Guler, 2003; Songur, 2013). Sincealibrations, especially after environmental
the World Health Organization (WHO) considerghanges. The calibration awareness and practices
medical calibration measurements as part of healthcare professionals are of great
guality health care, it publishes guidelines foimportance for avoiding medical errors that may
standard practice and seeks to ensure that healtise due to incorrect measurements. However,
care providers focus on the issue (Sezdi arbere have been no studies to determine the level
Altay Gunes, 2017). of knowledge of healthcare professionals
garding calibration. Therefore, the present
udy was conducted to determine the level of
owledge and behavior of service providers in

Faulty measurements by medical devices ma
result in misdiagnosis and false treatmen
leading to an increase in medical costs andt health indust di dical devi
threat to patients’ lives (Aytekin, Cevlik and € healthcare industry regarding medical device
Emerk, 2009; Kurutkan, Akaytay and Mete’cahbraﬂon Services.
2014). For instance, the use of non-calibratedethod
ggg;?;r;g?r:/;ﬁnsel:gg as b![?]%?rﬁéﬁ:tirri mon;tn ?udy Des_ign :This s_tudy was _conducted in a
glucometers lead to ljncertainty 1 the accura oss-sectional descriptive design to determine
and reliability of their measurements (Unite © Ieyel of kno.wledge. OT healthcarg
Nations Industrial Development Organizatio rqf_essmnals_regardlng ca_hbra_tlon and t_helr
(UNIDO), 2006). Moreover, calibrated weight bility to consider device calibration for medical

i . measurements. These medical devices are consist
and height measurement devices should be us

in obesity treatment, as its treatment is based i clinical - devices _ (digital  thermometer,
height and weight measurements (Sen, 2016). 8 cometer, - sphygmomanometer, defibrillator,

electrocardiograph device patient monitors), in
Calibration, which refers to the proof of thevitro devices (automatic pipet, complete blood
reliability of a measurement device, directlycount, sediment control) and the other medical
affects the quality of patient care and efficiencyevices (ultrasound, X-ray devices).

in healthcare services (Tuna, 2011; Perssoge,[ting and sample The study was performed

Zgéﬁz E;LJZS ?,Z?'%a;ega:gbrggogonss%\gf:j b?)r a university hospital located in the easterr par
P y Turkey and accreditation works were

regarding legal and social responsibility as we

: . : onducted.
as the quality of health services. It is also a
requirement for quality certificate that containedhe health centre has a working quality
within ‘Health Quality Standards’ of Ministry of management system. All part of this health centre
Health, Republic of Turkey. But especiallyhas some national and international quality
important for patient safety (Kirsac, 2015gcertificates.

Turkish Standards Institution, 2017). These certificates are 1SO 9001, SO 14001, ISO
A large number of medical devices requird8001 and Health Quality Certificate given by
periodic maintenance and calibration (SahirMinistry of Health, Republic of Turkey. And also
Muldur and Guler, 2003; Cable, 2005)hospital does not have international accreditation.
Measurement devices should be calibrated wh&hortly hospital certified but not accredited. It
first delivered, or after each repair, adjustmentas carried out in the period from 16 June to 16
and maintenance, or in the pre-determine8eptember 2017. The study was conducted in the
periods or upon any doubt about theihospital's internal medicine, surgical, pediatric,
measurement results. If the device has be@stetric, laboratory, and emergency
dropped or hit or damaged after calibration, or iflepartments, as well as in oral and dental health
its calibration period has passed, it should be renits.

calibrated (Turkish Standards Institution, 2017
For devices that are being relocated but are
mobile and require to be installed and fixed,

)The study consisted of nurses, doctors, laborants,
Nidwives and dentists working in university
reﬁospitals. The purposive sampling method was
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used for sample selection. The research data wetarity of the questionnaire. No problems were
collected in intensive care units, oral and dentahcountered in the pilot study, and the survey
health units, emergency units and laboratoridsrm was finalized.

wherein many medical technological deviceE

L . ata Analysis : The SPSS 21.0 Version package
were used where calibration was more importan

rogram was used to evaluate the data. The
Moreover, data were also collected from pediatritequency, percentage, mean, and standard
and surgical units with a higher likelihood ofdeviation from descriptive statistics, t-test and

drop-hitting for devices. The study sampleANOVA test from independent groups and

consisted of 625 healthcare professionaBonferroni test from multiple comparison tests

working in the units mentioned above. Amongvere used in the data analysis. The findings
these, 84 subjects, who were absent or refuseddiatained were interpreted at 95% confidence
participate in the study or did not complete thaterval at a significance level of 0.05.

questionnaire, were not included in the study. Ethical considerations: Before starting the

Thus, the study was completed with theesearch, an ethical approval and relevant written
participation of 541 healthcare professionals whpermissions were obtained from the Committees
fully and correctly completed the survey. of Scientific Research and Publication Ethics at
Inonu University and the health institutions in
hich the survey was conducted. Written
'‘Medical Device Calibration Information Form.approvals were obtained .from the participants
developed by the researchers and the persoﬁlgier 't_hey 'read the written - approval form
containing information on the purpose of the

information form asking about the socio . . o
demographic  characteristics  of healthcar%tu.dY' The resear?“?fs mterwewed participants
professionals. ihdividually to av0|d'|ntera§:t|ons among them.

There was no conflict of interest between the
The Medical Device Calibration Informationresearchers and participants, referring to no risk
Form consisted of two parts including 23of material / moral damage to each other.

guestions. The first part consisted of 8 questio : . :
designed to obtain general information an 0 master list of participants was kept in order to

calibration (taking into account device P P

calibration, checking calibration document,One knows what was reported.

requesting calibration, and receiving training). Results

Data Collection : The data were collected using
a face-to-face interview technique through th

The second part consisted of 15 questions aimifidne mean age of participants was 31.6 £ 6.9
to measure the level of knowledge of healthcangears (min:19, max:54), their mean professional
professionals regarding calibration and askingxperience was 8.6 + 7.4 years (min:1, max:34),
about the definition of calibration, unitsand the mean working experience in their
responsible for device determination and folloveurrently employed unit was 4.1+4.5 years
up, the frequency of required device calibrationmin:1, max:30). Moreover, among the

equipment to be calibrated, and conditions arghrticipants, 34.5% were at the age range of 19-
reasons for calibration. Healthcare professionalky years, 65.2% were women, 51% and 24.9%
received 1 point for each correct answer and ltad bachelor and post-graduate degrees,
points for each incorrect answer, and then thespectively, and 46.5% were working in internal
mean score for their knowledge level ommedicine units. Most of them were nurses
calibration was calculated (min: 0 max: 15). (73.9%), and 8.6% of nurses were working as

The draft questionnaire was sent to seve(fp'ef or trainer nurses (Table 1).

biomedical engineers and five EOQ Quality
specialists for their expert opinion, dhen

necessary arrangements were made on the form
in line with their expert opinions. Finally, a gilo
study was conducted on a group of healthcare
professionals with 50 people to examine the
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Tablel 1. Some Sociodemographic Characteristics biealthcare Professionals

Characteristics n %
Age
19-27 190 34.5
28-34 184 33.4
35 and upper 177 32.1
Gender
Female 359 65.2
Male 192 34.8
Occupation
Nurse 407 73.9
Doctor 93 16.9
Dentist 18 3.3
Laborant 17 3.1
Midwife 16 29
Educational Status
High School/Associate Degree 135 24.1
Bachelor degree 279 51.0
Graduate degree 137 249
Working Unit
Units of internal medicine 256 46.5
Surgical units 136 24.7
Pediatric units 70 12.7
Emergency services 31 5.6
Oral and dental health unit 21 3.8
Gynecological and obstetric units 20 3.6
Laboratories 17 3.1
Total 482 100

Table 2. Healthcare Professionals’ Behaviors Reladeo Medical Device Calibration

Yes No
n % n %
Receive training in calibration 153 27.8 398 72.2
Place emphasis on calibration 300 54.4 251 45.6
Request for calibration 271 49.2 280 50.8
Take calibration results into account 488 88.6 63 11.4
Check calibration certificate of a new device 359 65.2 192 34.8
Control device calibration 324 58.8 227 41,2
Use of non-calibrated device 185 33.6 366 66.4
Non-calibrated device in the unit * 79 14.3 249 45.2

* 223 people (40.5%) stated that they did not know.

www.internationaljournalofcaringsciences.org



International Journal of Caring Sciences May-August 2020 Volume 13lués2| Page 1350

Table 3. Comparison of Total Knowledge Score of Héthcare Professionals on Calibration by
Some Variables

n X+Sd Statistical analysis p
Gender*
Female 359 8.8+1.9 t: 2.29 0.022
Male 192 8.4+2.2
Age**
19-27 190 8.2+2.2 F:15.87 0.000
28-34 184 8.6+1.9
35 and upper 177 9.31£1.8
Occupation**
Nurse 407 8.6+2.0 F:3.032 0.017
Doctor 93 9.1+2.2
Dentist 18 8.3+1.8
Laborant 17 9.9+1.1
Midwife 16 8.4+1.5
Working Unit**
Units of internal medicine 256 8.7+¥1.9 F:2.318 0.032
Surgical units 136 8.7£1.9
Pediatric units 70 8.8+2.1
Emergency services 31 7.843.2
Oral and dental health unit 21 8.6+1.8
Gynecological & obstetric units 20 8.312.0
Laboratories 17 9.9+1.1
Educational Status**
High School/Associate Degree 135 8.712.4 F:0.030 0.970
Bachelor degree 279 8.7£2.1
Graduate degree 137 8.71£2.0
Calibration training*
Yes 153 8.9+2.0 t: 1.303 0.193
No 398 8.6+2.0
Non-calibrated device use*
Yes 185 8.1+2.2 t: -5.164 0.000
No 366 9.0£1.9

* t-test was applied.** ANOVA test was applied.
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Among the participants, 72.2% did not receivéechnology medical devices are used intensively
training on calibration, 54.4% gave duen hospitals. Periodical maintenance, repair, and
importance to calibration, and 49.2% requestezhlibration of the devices used in providing
calibration for a device. Moreover, 88.6%efficient and high-quality service have become
reported that they controlled the result oprominent. Failure to comply with these rules
calibration in medical device use, but only 65.2%nay vyield erroneous results (Coskun and
and 58.8% reported that they controlled th€omlekci, 2011; Mishrat al, 2013).

fg&ﬁ;@ﬁlonch%e(:ﬂggaﬁeOfcaﬁbrg(;\gn O:?\V'(rfe d?ggn the context of patient safety, deaths may occur
device ise respectively. Among those (n=32 ue to incorrect measurements by devices. To
' P Y. 9 — void such situations with devastating effects, it

Who_reporte_d that they conirolled cal|brat|on_fo necessary to calibrate all measurement devices
medical devices, 69.4% (n = 225), 25.7% (n=8 sed in hospitals and consider their calibration
and 4.9% (n=16) stated that they controlled |

through a checking device label, barcode, an
certificate, respectively. Participants were asket
about their use of non-calibrated equipment, an

0 -
66.4% reported that they would not use a no revious study that investigated the level of

calibrated device. As reasons for not-using a no nowledge of healthcare professionals regarding

i i 0, = K . .- e
cahbrated device, 65.5% (n = 238) stated that t%%llbratlon indicated that the vast majority of
device would not produce correct results, 23.5%

(n = 86) stated that the device would not b articipants claimed to have information about

reliable, and 8.2% (n = 30) stated that the devi(‘(%ez (I:r:rﬁ) gﬁﬁnﬁﬁrg;f;“bzrggz? in medical devices
would not function properly. ’ '

Accurate and reliable results without damage to

- 0
le?cnegs wsre pg“ﬁ;f;dnt‘:’c’) l?jltgiibf;?égd V\}Qi?gatients are possible by calibrating these devices
9 ’ t regular intervals (Guleet al, 2009). It was

9.6'7% Tepo”ed that calibration influenced th(F‘ound that 14.3% of the participants reported an
diagnosis and the treatment process. Moreov '

I ) . . . . . 0
40.5% indicated that they had no informatio%n calibrated device in their units, and 40.5% had

about the presence of uncalibrated equipmentrﬂ]0 knowledge on the calibration of medical

: . . vices they used. These conclusions can be
0,
thelr unl'ts, ar_1d 1.4'3/0 reported ur]Cal'brate#%}terpreted as the result of not giving priority to
devices in their units. The mean score on t

%e accreditation works of health institutions in

level of knowledge of the participants regardlr.?’e developing countries. This may increase the

calibration was determined as 8.71 = 2.0 (min : . :
max: 14).I1t was determined that females, over ((%Se belg:)inugsiat?;nsuncallbrated devices in the

years old, doctors and laborants receive
significantly higher total scores on the level oft is important to calibrate equipment both before
knowledge about calibration. The relationshignd after their use to obtain best measurement
between the total knowledge score and th@sults, and accordingly make correct decisions
currently employed unit and the use of nongPersson, 2014). Similarly, a new device must be
calibrated medical devices was found to bealibrated before its first use to ensure its
statistically significant (p <0.05). (Table 3) accuracy. In the present study, however, only
5.2% of the participants reported to checking

Istc(\gvraess foounnd ﬂt]r;at lg‘\f}elIovg]?Stkr?g\?w:é%ZeS;g%ﬁ e calibra_tion _certifi(_:ate of d(_avices for thensti
calibration were received by those with a higtise.' Calibration s 'requwe.o.l after some
school diploma and a post-graduate degre nvwonmental_changes in ad_d_ltl(_)n to the initial
respectively. However, this difference wa fse of the dgwce and at specific !ntgrvals (Cable,
anstoaly . insignifice;nt Moreover the%005; Turkish Standards Institution, 2017).
. : o S IYIoreover, nearly half of the participants (41.2%)
relaionship between calibration training a_nd_ tOta}eported that they did not consider calibrations in
rnns?g\;\::ﬁ‘idc%?]t (picgrSS) was  also Statlsuca”th routine use of devices.. The medical devices
e being exposed to drop, hit or damage are the
Discussion most likely to produce faulty measurements,

Scientific and technological development?osmga”SktO patients.
significantly affect healthcare, and high

sults (Kurutkan, Akaytay and Mete, 2014).
ccording to this study, all participants reported
at calibration was necessary, and it had
bstantial effects on diagnosis and treatment. A
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Medical technology management in hospitals isuggests that more attention should be given to
being implemented by biomedical engineeringhe subject.

departments. In this respect, a biomedical un.ilhe mean score of the level of knowledge on

must be found in hospitals to carry out betteé o . -

o . alibration received by participant healthcare
calibration services (Ozgules, Aksay and Orhar, : .
2015). Similarly, 92.2% of the participantsrﬂ)rofessmnals was determined as 8.71 = 2.0.

reported that a biomedical unit should bAIthough there is no reference in related studies,
established in hospitals. However, the fact thiﬂ?e highest score of 15 taken from the scale

the bio-medical unit is not the only responsibl dicates a low mean score of healthcare
y P %rofessionals. The study conducted by Sezdi and

ve a certain knowledge background on

deV|ce_ USErs, who ~play an important rOI%alibration measurements, this level of
regarding this, should also be held accountable.knowIedge is not sufficient (Sezdi and Altay

Although device calibration is not a difficult orGunes, 2017). The low level of knowledge of
expensive procedure, 33.6% of the participantsealthcare professionals about calibration may be
reportedly used non-calibrated medical devicedue to the low rate of having relevant training
(Rouse and Marshall, 2001). This situation can taetivities (27.8%), and the fact that calibratisn i
interpreted as a faulty medical measurement andt included in the training curriculum.

threat to patient safety. Rouse and Marshth

(2001) examined the sphygmomanometers us ge tottal knowledge score of the healthcare
routinely (n = 1462) and found that 9.2% of the ofessionals, who were older than 35 years, was

made measurement errors. Similarly, som ignificantly_ hi_gher_ than those in _other age
different  study  results ' suggest’ thadroups. Th|s situation can be e_xplalned by the
sphygmomanometers as the most commonly us nF?rease In - occupational  working years - and
. . . . ofessional experience together with the
devices in medical practice make fault in their ages
measurements at various ratios (McVicker, Zooir?crease n ges.
Sahin, Muldur and Guler, 2003; Sen, 2016)l'he difference between the mean scores of the
Sezdi (2010) calibrated some medical devices lavel of knowledge on calibration received by
different units of a hospital and accordinglyhealthcare professionals according to their
found that 26.6% of defibrillators, 21.4% of ECGprofession types was found to be statistically
devices, and about half of patient monitors madggnificant. Bonferroni test suggested that this
faulty measurements (Sezdi, 2010). There arkfference was because of the doctor and laborant
similar studies at literature that have made faulgroup. The participant dentists, midwives, and
measurements (Waugt al, 2002; Mishreet al, nurses were found to have lower total knowledge
2013).The World Health Organization reportedscores. Similarly, another study determined the
in 2005 that more than half of the medicaknowledge levels of nurses to be lower than that
devices in developing countries were noof doctors and technicians (Kirsac, 2015). This
properly functional (Kirsac, 2015). Faultyresult may be because nurses consider calibration
measurements can lead to improper processirag the duty of chief nurse.
which  may have potentially  serious

Ozcan and Yurdakos conducted a study with 202
consequences.

healthcare professionals, including physicians,
Only 27.8% of the participants reported havingnidwives/nurses and health technicians, and
training on the calibration of medical devicesfound that the level of consciousness in medical
Kirsac determined that 20.3% of nurses, 19.7#evice calibration was significantly higher in
of doctors and 38.5% of other healthcargolyclinic workers than other groups (Ozcan and
personnel received training on the calibration ofurdaka, 2016). The present study determined
medical devices (Kirsac, 2015). These resultbat the difference between the total knowledge
corroborate our findings. However, this indicatescores of the participants according to their
that the rate of healthcare professionals receivirmgirrently employed units was statistically
such training on the subject is very lowsignificant.

Considering that the present study was conduct
in a non-accredited health center, the low rate Q
medical personnel with calibration trainingIo

e personnel working in the laboratory and the
ergency services received the highest and
west mean knowledge scores, respectively.
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Bonferroni test suggested that this difference wasvareness of healthcare professionals. General
because of the people working in laboratory anghd on-site unit-based training should be

emergency units. It can be asserted that the lomandatory in the annual training plans of health

knowledge scores in emergency service workensstitutions. Further extensive studies on the

may be due to the high patient intensity andubject are recommended to gain new insights
workload in this unit. into this issue.

The relationship between the total knowledgécknowledgement: The authors thanks to all
score and the use of non-calibrated medicphrticipants for their effort, participating and
devices was statistically significant (p <0.05)contributing the study.

This also shows the effect of having knowledggQeferences

of calibration on behavioral change and can be

considered as a sign that the problem can Bgtekin, M., Cevlik, T. and Emerk, K. (2009)
solved by increasing awareness in device users.|t ‘Describing an ideal model for calculating the
was determined that participants with high school uncertainty of measurements in a  clinical
diplomas and post-graduate degrees received the!a20ratory’, Clinical Biochemistry 42(4-5), 321~

lowest 'and_ highest total _knovyledge Score%Zable, M. (2005)Calibration principles Calibration:
respectively; however, this difference was A technician’ s Guide. ISA-Instrumentation,

statistically insignificant. ~ This  situation  gystems, and automation socieinited States of
demonstrates that the lack of knowledge on amerika.

calibration applies to health professionals at aftoskun, O. and Comlekci, S. (2011) ‘The role of the
levels of education. Therefore, it is possible to biomedical engineer in the hospitalSuleyman
infer that there is a lack of necessary emphasis on Demirel University Journal of Technical Sciences
calibration in the curriculum of most schools, 1(1),23-28. .

from health vocational schools to post-graduaf@ulec. S. Toygar, E., Yeni, C., Aslan, K. and Yazg
education. The knowledge scores of participants M (2009) ‘Calibration of medical devices used in
who received calibration training were hospitals and patient safety’, ib. International

. X ; Congress on Performance and Quality in
determined to be higher than those without such joaihcare Antalya, Turkey.

training, but the difference between the groupgiernational Organization for Standardization (2p1
was statistically insignificant. Although the |nternational Vocabulary of Basic and General
difference between the groups is not significant, Terms in Metrology3rd edition, JCGM 200:2012
the higher scores in the participants with (JCGM 200:2008 with minor corrections).
calibration training reveals the necessity of Available . at:
training for healthcare professiona|s_ https://WWW.b|pm.org/utlIs/common/documents/jc
gm/JCGM_200_2012.pdf
Limitations: The greatest limitation of this StUdyKirsac, R. (2015Pevelopment of an “Medical Device
is was conducted only one hospital. It is a single- Calibration General Evaluation Form” for
centre experience. The study results may be Medical Device Users Ankara University,
different in accredited health institutions and Department of Health Institutions Management,
organizations. Moreover, this study was planned Masters Thesis, Ankara.
and implemented as a cross-sectional type studfprutkan, M., Akaytay, N. and Mete, M. (2014)
Although the relationship between some Minimization of Calibration Costs in Hospitals:

variables was determined, the causal relations The Case of Duzce University Research and
' Application Hospital’ Electronic Journal of Social

were not explained. Sciences13(48), 148-158.
determined that healthcare professionals had low -d?egll_?nyonf do it ”ghtf't): An assessmegt otfhthe
levels of knowledge about calibration and most 'E'aptty ot —equibment —in —use an €

of them used non-calibrated medical devices and measurement techniques of _clinicians.The
journal of family planning and reproductive health

did not receive training on calibration. care British Medical Journal Publishing Group,
Necessary training activities should be provided 27(3), 163-4. _

at adequate levels to ensure that all healthcdfish'a B., Shukla, S., Kawatra, A., Mehta, A., ISin
personnel, particularly nurses, have sufficient N and Gidwani, H. (2013) ‘Equipment errors: a
knowledge of calibration. Moreover, the prevalent cause for fallacy in blood pressure

. ) . ; o . recording - a point prevalence estimate from an
inclusion of calibration and its importance in the |ndian health university.’, Indian journal of

curriculum will be useful in raising the level of  community medicinavolters Kluwer -- Medknow
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