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Background: Blood pressure (BP) measurement accuracy is critical to the diagnosis and 
management of hypertension. The aim of the present study was to validate the Omron HBP- 
1100-E professional blood pressure measuring device in accordance with the American 
Association for the Advancement of Medical Instrumentation in Iranian adults.
Materials and Methods: Simultaneous blood pressure auscultator measurements were 
obtained by two observers using mercury sphygmomanometers as a reference, sequentially 
with a measurement by using the Omron HBP-1100-E device. Absolute device-reference 
blood pressure differences were categorized into three error categories (within 5, 10, and 15 
mmHg), and mean device-reference blood pressure difference (standard deviation) was 
calculated and evaluated using the American Association for the Advancement of Medical 
Instrumentation criteria.
Results: A total of 85 participants (250 paired readings) were enrolled to the study. 26.8%, 
55.6%, and 79.6% of the device-reference blood pressure differences agreed to within 5, 10 
and 15 mmHg, respectively, for systolic blood pressure, and 39.6%, 69.2%, and 81.6% of 
measurements for diastolic blood pressure, respectively, and failed to pass the protocol 
criteria. The mean device-reference blood pressure difference was 8.0 ± 13.1 mmHg for 
systolic BP and 2.2 ± 11.3 mmHg for diastolic BP, and was >5.0 ± 8.0 mmHg (required 
criteria).
Conclusion: Omron HBP-1100-E professional blood pressure monitor is not desirable for 
measuring the BP for Iranian adults as it overestimates blood pressure in this population.
Keywords: validation, electronics, blood pressure monitor, automated devices, American 
Association for the Advancement of Medical Instrumentation

Introduction
Blood pressure measurement accuracy is critical to the diagnosis and management 
of hypertension.1 The decrease in the traditional clinical use of mercury 
Sphygmomanometers with the increasing availability of automated blood pressure 
(BP) monitors increases the concern about the validation of automated devices.2 

Many population-based survey protocols use automatic digital devices for measur-
ing BP since they require no strict training and have no observer error.3–6
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Medical device agencies, challenged with recommend-
ing suitable BP monitors as a replacement for mercury 
sphygmomanometers, are progressively relying on results 
of technology assessments in the form of clinical valida-
tions against published US, European or British protocols.7– 

9 Validation compared to these protocols provides evidence 
of the degree of agreement between clinical readings from 
the mercury sphygmomanometer that extensively used as 
the gold standard for blood pressure measurement and those 
on the automated devices.10

During the last 10 years, various automated devices for 
BP monitoring have been developed.11,12 Some BP mon-
itoring devices have been validated according to specific 
protocols, such as the Association for the Advancement of 
Medical Instrumentation (AAMI) protocol.2,13,14 A BP- 
measuring device that can fulfill the AAMI protocol cri-
teria would be desirable for either research or clinic.15

The Omron HBP-1100 devices, an automated profes-
sional BP monitor (Omron HBP-1100-E; OMRON 
Healthcare, Hoofddorp, the Netherlands) that is widely 
used in the north of Iran,16 has never been validated pre-
viously according to the Association for the Advancement of 
Medical Instrumentation (AAMI) Collaboration Statement. 
The Latest Standard for validation of BP monitoring devise 
accuracy is the AAMI protocol.2

Therefore, this study aimed to evaluate the accuracy of 
Omron HBP-1100 devise based on the AAMI protocol at the 
beginning of the PERSIAN Guilan cohort study (PGCS) 
a prospective, population-based cohort study in the north of 
Iran, to determine whether it can be used in this cohort.

Materials and Methods
Device
The Omron HBP-1100-E (OMRON Healthcare, Hoofddorp, 
Netherlands) is an automatic digital device for professional 
BP measurement at the upper arm level.

It is designed to estimate BP values range of 0–299 
mmHg and heart rate range of 40–180 beats/min. Heart 
rate, diastolic BP, and systolic BP are displayed on a liquid 
crystal digital (LCD) screen. The inflation is by an automatic 
electric pump, and the pressure release valve controls rapid 
automatic deflation. Standard cuff size (22–32 cm) was used 
in the current study.

Individuals
This is a sub-study of a population-based cohort study in the 
north of Iran (PERSIAN Guilan cohort study) that is a part of 

the Prospective Epidemiological Research Studies in Iran 
(PERSIAN) study,17,18 to determine whether it can be used 
in this cohort. A total of 85 participants (the optimal sample 
size for a validation study base on AAMI protocol) aged 35 
to 70 years were recruited according to the AAMI protocol. 
Selection of subjects was made according to the recommen-
dations of the AAMI protocol, include at least 30% males 
and 5% of the reference systolic BP readings ≤100 mmHg or 
≥160 mm Hg, and 20% with ≥140 mmHg and 5% of refer-
ence diastolic BP readings ≤60 mmHg or ≥100 mmHg, and 
20% with ≥85 mm Hg.2 The first 85 individuals to enter the 
PERSIAN Guilan cohort and met recommend criteria were 
included in the study (Table 1).

Ethical Consideration
The study protocol was approved by the Local research 
ethics committee of Guilan University of Medical Sciences 
(IR.GUMS.REC.1397.347). All subjects included in the 
study agreed to participate and signed written informed con-
sent for study participation.

Procedure and Measurements
Two clinical technicians recruited patients and acted as 
observers, and a medically qualified expert provided clin-
ical oversight and acted as a supervisor. All those involved 
as observers were trained in accurate BP measurement.

The participants were seated in a quiet room with back 
supported and legs uncrossed, and after a 10 mins rest 
period, BP measurements started. All measurements were 
made on the same arm at the heart level, and the cuff type 
was adapted to the arm circumference.

Two observers, who were trained in accurate BP mea-
surement, measured the BP with calibrated mercury 
sphygmomanometer (reference devices), and one super-
visor measured the BP with the test device. The agreement 
between the two observers was checked all over the 
assessment period in order to maintain the quality of the 
measurements. If observers’ disagreement > 4 mm Hg in 
systolic or diastolic BP, measurements have to be 
excluded, then another pair of BP readings (test and refer-
ence) is taken.

The two observers were blinded to each other’s results. 
Ten min interval was given between separating consecu-
tive BP measurements to minimize venous congestion. 
Measurements were conducted in the following sequence:

BP1 Mercury (Observers 1 and 2)
BP2 Device (supervisor with test device)
BP3 Mercury (Observers 1 and 2)
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BP4 Device (supervisor with test device)
BP5 Mercury (Observers 1 and 2)
BP6 Device (supervisor with test device)
BP7 Mercury (Observers 1 and 2)
The two observers’ readings were averaged before 

comparison with the reading by the automated device. 
Each of the test device, BP reading was compared against 
the average of the previous and next reference BP mea-
surements (eg, BP2 Device versus the average of BP1– 
BP3 Mercury, BP4 Device versus the average of BP3–BP5 
Mercury, BP6 Device versus the average of BP5–BP6 
Mercury). Therefore, 250 paired readings were provided.

Data Analysis
According to the AAMI protocol, the measurements of 2 
observers were averaged and then subtracted from the device 
reading. These BP differences were categorized into three 
error categories (within 5, 10, and 15 mmHg) for systolic and 
diastolic BP separately to determine the percentage with 
values ≤ 5, ≤10, and ≤15 mmHg. The required pass criteria 
for each category presented in Table 1. An additional valida-
tion criterion was requiring a mean device–observer differ-
ence (standard deviation) of ≤ 5 ± (8) mmHg.

The Bland–Altman plots were created to show the 
device–observer differences versus average observer and 

device values for right and left SBP and DBP separately. 
The statistics were analyzed using SPSS version 17.0 
(SPSS Inc., Chicago, IL, USA).

Result
A total of 85 participants (40 males, 47.1%) were enrolled 
in the study, and there were 250 valid paired comparisons. 
The average age was 51.1 ± 9.3 years. The two observer’s 
readings difference was 1.3 ± 11.1 and – 0.5 ± 10.5 mmHg 
for SBP and DBP, respectively, and intra-class correlation 
coefficient (ICC) of two observer’s measurements for SBP 
and DBP was 0.81 and 0.45, respectively.

The validation criteria and the validation analysis results 
are presented in Table 1. According to the AAMI protocol 
criteria, the device failed to pass none of the criteria for both 
systolic and diastolic BP. The percentage of the device- 
observer differences falling in the specified error categories 
(within 5, 10, and 15 mmHg) is given for SBP and DBP 
(Table 1). The mean BP measurements were 130.5 ± 21.7/ 
82.06 ± 13.5 mmHg with the Omron 1300-E device and 
126.5 ± 19.3/80.9 ± 10.9 mmHg with the standard mercury 
sphygmomanometer (p-value = 0.001). The mean and stan-
dard deviation of the difference between the device and the 
reference method was 8.0 ± 13.1 and 2.2 ± 11.3 for SBP and 
DBP, respectively. The accuracy of the device was evaluated 

Table 1 Error Category Criteria and Mean Differences for Test Device and Observer Readings by Age, Sex and First Measurement 
Order

Variables Error Categories Mean Difference (mmHg) SD (mmHg) P value*

≤5 mmHg ≤10 mmHg ≤15 mmHg

Required Two of ≥65% ≥80% ≥95% 5 8 NA
All of ≥60% ≥75% ≥90% 5 8

Achieved SBP 26.8% 55.6% 79.6% 8.02 13.1 NA
DBP 39.6% 69.2% 81.6% 2.2 11.3 NA

Age P value*

SBP ≤50 23.4% 53.9% 77.3% 7.7 10.9 0.7
>50 30.3% 57.4% 82% 8.3 15.1

DBP ≤50 38.3% 70.3% 82.8% 1.3 10.3 0.2
>50 41% 68% 80.3% 3.06 12.2

Gender

SBP Male 28.8% 57.6% 81.2% 9.4 13.7 0.03
Female 22.5% 51.3% 76.3% 5.8 11.9

DBP Male 45.3% 75.9% 83.5% 1.2 11 0.08

Female 27.5% 55% 77.5% 3.7 11.6

Note: *Statistical significance based on the independent t-test for Mean difference. 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; NA, not available.
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separately for the age category, sex, and first measurement 
order. Mean device–observer differences for systolic and 
diastolic BP were not significantly different in ≤ 50 vs >50 
years (Table 1). Mean device–observer differences for sys-
tolic BP were significantly higher in male vs female 
(p-value = 0.03), but mean device–observer differences for 
diastolic BP were not significantly different (Table 1). 
Overall, the data showed that the validation criterion was 
not fulfilled in all subgroups.

The Bland–Altman plots for diastolic and systolic pres-
sures by age category and sex group showed in Supplementary 
Files 1–8, respectively. These graphs do not show any sys-
tematic variation in the error, and there are no trends in the 
data.

Discussion
The results of this validation study revealed that the 
Omron HBP-1100-E device failed to fulfill the validation 
criteria of the AAMI protocol2 for SBP and DBP. Among 
the Iranian adult population and cannot, therefore, be 
recommended for clinical use in this population.

Overall, the device tended to overestimate diastolic and 
systolic BP. This finding was In line with other studies.9,19 

The device accuracy in measuring diastolic BP did not seem 
to be affected by age, sex, and order of measurements. 
Inconsistent with this finding, another study was found No 
correlation between the accuracy of the device in measuring 
BP and age, sex.20 Although the device measuring systolic 
BP was more accurate in female and mercury first measure-
ment groups, these measurements were not within the 
accepted levels of the validation criteria.

Other studs
This study finding shows that with the Omron 1100E, 

the device–observer limits of agreement widened with 
SBP rather than with DBP. The mean difference of diasto-
lic BP was 2.2 and achieved the required value (5 mmHg), 
but the standard deviation was wider than the AAMI 
criteria (8 mmHg). This result revealed in subgroup ana-
lyses, too.

Limitations and Recommendations 
for Future Research
It must be considered that the interclass correlation coeffi-
cient (ICC) of two observer’s measurements for DBP was 
low (0.45), and these variations may be related to human 
errors.21

One of the limitations to the current study is that the 
results are based on only one device, and the accuracy 
evaluation was done in only one center; however, the 
international protocol in order to enhance the heteroge-
neity of the study population does not specify the number 
of study sites or the number of devices to be tested 
recommended.22,23 The AAMI protocol does not specify 
the number of devices required for validation but recom-
mends more than one study site,24 whiles the British 
Hypertension Society (BHS) protocol recommends using 
more than one of the models being tested to give consis-
tent measurements, but does not specify any particular 
number of sites.9,25 If considerable differences between 
instruments of the same device occur, further device 
validation is not recommended. By using a more accurate 
technique for automatic Systolic blood pressure measure-
ment, the optimal blood pressure target can be achieved 
with a lower risk for hypotension and its adverse 
events.26

Conclusion
Omron HBP-1100-E professional blood pressure monitor 
is not desirable for measuring the BP for Iranian adults as 
it overestimates blood pressure in this population.
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sions of the Helsinki Declaration. The study was approved 
by ethics committee of Guilan University of Medical 
Sciences (Ethics code: IR.GUMS.REC.1397.347).

Acknowledgments
Farahnaz Joukar and Sara Yeganeh are considered co-first 
authors. Authors wish to thank all staffs of Gastrointestinal 
and Liver Diseases Research Center, Guilan University of 
Medical Sciences for their kindly help to perform Guilan 
Cohort study and this nested study.

Funding
A substantial part of this study was supported by the 
Guilan University of Medical Sciences, Rasht, Iran 
(Grant code: 1397.347).

Disclosure
The authors report no relationships/conditions/circum-
stances that present a conflict of interest in this work.

Joukar et al                                                                                                                                                           Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                    

Medical Devices: Evidence and Research 2020:13 234

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/get_supplementary_file.php?f=253638.pdf
http://www.dovepress.com/get_supplementary_file.php?f=253638.pdf
http://www.dovepress.com/get_supplementary_file.php?f=253638.pdf
http://www.dovepress.com
http://www.dovepress.com


References
1. Bilo G, Sala O, Perego C, et al. Impact of cuff positioning on blood 

pressure measurement accuracy: may a specially designed cuff make 
a difference? Hypertens Res. 2017;40(6):573. doi:10.1038/ 
hr.2016.184

2. Stergiou GS, Alpert B, Mieke S, et al. A universal standard for the 
validation of blood pressure measuring devices: association for the 
advancement of medical instrumentation/European society of hyper-
tension/International organization for standardization (AAMI/ESH/ 
ISO) collaboration statement. Hypertension. 2018;71(3):368–374. 
doi:10.1161/HYPERTENSIONAHA.117.10237

3. Joshi MD, Ayah R, Njau EK, et al. Prevalence of hypertension and 
associated cardiovascular risk factors in an urban slum in Nairobi, 
Kenya: a population-based survey. BMC Public Health. 2014;14 
(1):1177. doi:10.1186/1471-2458-14-1177

4. Park SH, Park YS. Can an automatic oscillometric device replace 
a mercury sphygmomanometer on blood pressure measurement? 
A systematic review and meta-analysis. Blood Press Monit. 2019;24 
(6):265–276. doi:10.1097/MBP.0000000000000412

5. Zhang W, Lei L, Li Y, Wang JG. Validation of the HL868ED 
upper-arm blood pressure monitor for clinical use and 
self-measurement according to the European society of hypertension 
international protocol revision 2010. Blood Press Monit. 
2019;24:203–207. doi:10.1097/MBP.0000000000000384

6. Chahine MN, Topouchian J, Zelveian P, et al. Validation of BP 
devices QardioArm((R)) in the general population and Omron M6 
Comfort((R)) in type II diabetic patients according to the European 
society of hypertension international protocol (ESH-IP). Med 
Devices. 2018;11:11–20.

7. O’Brien E, Atkins N, Stergiou G, et al. European society of hyper-
tension international protocol revision 2010 for the validation of 
blood pressure measuring devices in adults. Blood Press Monit. 
2010;15(1):23–38. doi:10.1097/MBP.0b013e3283360e98

8. Stergiou GS, Karpettas N, Atkins N, O’Brien E. European society of 
hypertension international protocol for the validation of blood pres-
sure monitors: a critical review of its application and rationale for 
revision. Blood Press Monit. 2010;15(1):39–48. doi:10.1097/ 
MBP.0b013e3283360eaf

9. Alpert BS, Sarkis J, Dart RA, et al. Future use of the European 
society of hypertension international protocol for validation of auto-
mated sphygmomanometers. Blood Press Monit. 2019;24 
(4):161–162. doi:10.1097/MBP.0000000000000390

10. Mingji C, Onakpoya IJ, Heneghan CJ, Ward AM. Assessing agree-
ment of blood pressure-measuring devices in Tibetan areas of China: 
a systematic review. Heart Asia. 2016;8(2):46–51. doi:10.1136/heart-
asia-2016-010798

11. Lee JA, Williams SM, Brown DD, Laurson KR. Concurrent valida-
tion of the actigraph gt3x+, polar active accelerometer, Omron 
HJ-720 and Yamax Digiwalker SW-701 pedometer step counts in 
lab-based and free-living settings. Journal of Sports Sciences. 
2015;33(10):991–1000. doi:10.1080/02640414.2014.981848

12. Topouchian J, Hakobyan Z, Asmar J, Gurgenian S, Zelveian P, 
Asmar R. clinical accuracy of the Omron M3 comfort® and the 
Omron evolv® for self-blood pressure measurements in pregnancy 
and pre-eclampsia–validation according to the universal standard 
protocol. Vasc Health Risk Manag. 2018;14:189. doi:10.2147/ 
VHRM.S165524

13. Filipovský J, Seidlerová J, Kratochvíl Z, Karnosová P, Hronová M, 
Mayer O. Automated compared to manual office blood pressure and 
to home blood pressure in hypertensive patients. Blood Press. 
2016;25(4):228–234. doi:10.3109/08037051.2015.1134086

14. Beime B, Kruger R, Hammel G, Bramlage P, Deutsch C. Validation 
of the Microlife BP A3 PC upper arm blood pressure monitor in 
patients with diabetes mellitus according to the ANSI/AAMI/ISO 
81060-2: 2013 protocol. Blood Press Monit. 2018;23(1):52–57. 
doi:10.1097/MBP.0000000000000302

15. Schmidt M. ANSI/AAMI ES60601-1: a new approach to device 
standards. Biomed Instrum Tech. 2006;40(3):246–247. doi:10.2345/ 
i0899-8205-40-3-246.1

16. Mansour-Ghanaei F, Joukar F, Naghipour MR, et al. The PERSIAN 
Guilan cohort study (PGCS). Archives of Iranian Medicine (AIM. 
2019;22(1):39–45.

17. Eghtesad S, Mohammadi Z, Shayanrad A, et al. The PERSIAN 
cohort: providing the evidence needed for healthcare reform. Arch 
Iran Med. 2017;20(11):691.

18. Poustchi H, Eghtesad S, Kamangar F, et al. Prospective epidemiolo-
gical research studies in Iran (the PERSIAN cohort study): rationale, 
objectives, and design. American Journal of Epidemiology. 2017;187 
(4):647–655. doi:10.1093/aje/kwx314

19. Bello NA, Woolley JJ, Cleary KL, et al. Accuracy of blood pressure 
measurement devices in pregnancy: a systematic review of validation 
studies. Hypertension. 2018;71(2):326–335. doi:10.1161/ 
HYPERTENSIONAHA.117.10295

20. Stergiou GS, Yiannes NG, Rarra VC. Validation of the Omron 705 IT 
oscillometric device for home blood pressure measurement in chil-
dren and adolescents: the Arsakion school study. Blood Press Monit. 
2006;11(4):229–234. doi:10.1097/01.mbp.0000209074.38331.16

21. Odagiri T, Morita T, Yamauchi T, Imai K, Tei Y, Inoue S. Convenient 
measurement of systolic pressure: the reliability and validity of 
manual radial pulse pressure measurement. J Palliat Med. 2014;17 
(11):1226–1230. doi:10.1089/jpm.2013.0665

22. Bing S, Chen K, Hou H, et al. Validation of the Microlife BP A200 
comfort and W2 slim automated blood pressure monitors in a general 
adult population according to the European society of hypertension 
and the ANSI/AAMI/ISO 81060-2: 2013 protocols. Blood Press 
Monit. 2016;21(2):118–123. doi:10.1097/MBP.0000000000000169

23. She J, Guan X, Liu Y, Xiang H. Validation of the RisingSun RS-651 
blood pressure monitor based on auscultation in adults according to 
the ANSI/AAMI/ISO 81060-2: 2013 standard. J Clin Hypertens. 
2016;18(12):1279–1283. doi:10.1111/jch.12859

24. Tran K, Potts J, Purkiss S, et al. Validation of an automated office 
blood pressure machine in pregnant women according to the AAMI 
2013/ISO protocol. Hypertension. 2018;72(6):e91–e94. doi:10.1161/ 
HYPERTENSIONAHA.118.12085

25. O’Brien E, Stergiou G, Palatini P, et al. Validation protocols for blood 
pressure measuring devices: the impact of the European society of 
hypertension international protocol and the development of 
a universal standard. Blood Press Monit. 2019;24(4):163–166. 
doi:10.1097/MBP.0000000000000391

26. Nitzan M, Slotki I, Shavit L. More accurate systolic blood pressure 
measurement is required for improved hypertension management: a 
perspective. Med Devices. 2017;10:157–163.

Dovepress                                                                                                                                                           Joukar et al

Medical Devices: Evidence and Research 2020:13                                                                        submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
235

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1038/hr.2016.184
https://doi.org/10.1038/hr.2016.184
https://doi.org/10.1161/HYPERTENSIONAHA.117.10237
https://doi.org/10.1186/1471-2458-14-1177
https://doi.org/10.1097/MBP.0000000000000412
https://doi.org/10.1097/MBP.0000000000000384
https://doi.org/10.1097/MBP.0b013e3283360e98
https://doi.org/10.1097/MBP.0b013e3283360eaf
https://doi.org/10.1097/MBP.0b013e3283360eaf
https://doi.org/10.1097/MBP.0000000000000390
https://doi.org/10.1136/heartasia-2016-010798
https://doi.org/10.1136/heartasia-2016-010798
https://doi.org/10.1080/02640414.2014.981848
https://doi.org/10.2147/VHRM.S165524
https://doi.org/10.2147/VHRM.S165524
https://doi.org/10.3109/08037051.2015.1134086
https://doi.org/10.1097/MBP.0000000000000302
https://doi.org/10.2345/i0899-8205-40-3-246.1
https://doi.org/10.2345/i0899-8205-40-3-246.1
https://doi.org/10.1093/aje/kwx314
https://doi.org/10.1161/HYPERTENSIONAHA.117.10295
https://doi.org/10.1161/HYPERTENSIONAHA.117.10295
https://doi.org/10.1097/01.mbp.0000209074.38331.16
https://doi.org/10.1089/jpm.2013.0665
https://doi.org/10.1097/MBP.0000000000000169
https://doi.org/10.1111/jch.12859
https://doi.org/10.1161/HYPERTENSIONAHA.118.12085
https://doi.org/10.1161/HYPERTENSIONAHA.118.12085
https://doi.org/10.1097/MBP.0000000000000391
http://www.dovepress.com
http://www.dovepress.com


Medical Devices: Evidence and Research                                                                                           Dovepress 

Publish your work in this journal 
Medical Devices: Evidence and Research is an international, peer- 
reviewed, open access journal that focuses on the evidence, technol-
ogy, research, and expert opinion supporting the use and application 
of medical devices in the diagnosis, monitoring, treatment and 
management of clinical conditions and physiological processes. The 
identification of novel devices and optimal use of existing devices 

which will lead to improved clinical outcomes and more effective 
patient management and safety is a key feature of the journal. 
The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http:// 
www.dovepress.com/testimonials.php to read real quotes from pub-
lished authors.  

Submit your manuscript here: https://www.dovepress.com/medical-devices-evidence-and-research-journal

Joukar et al                                                                                                                                                           Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                    

Medical Devices: Evidence and Research 2020:13 236

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

