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Abstract8

The unnatural ionizing radiation emanated from Medical Diagnostic Imaging devices9

particular, CT and X-ray Scanners, contributes more than 50 percent of exposure to radiation10

globally. The technicians felt the need for deploying new technological equipment use as they11

consume considerably less dose for diagnosis. Hence, the management of hospitals and12

diagnostic centers is considering the need for swift adoption of modern and highly innovative13

equipments for improving patient safety and operational effectiveness. India being a country14

which encourages refurbished and new medical diagnostic imaging equipment, compliance15

with regulatory requirements for containing excessive radiation becomes critical. This research16

study has analyzed regulatory compliance in hospitals and diagnostic centers with 451 samples17

across the southern part of Tamil Nadu, India. There were seven different dependent variables18

namely Regulatory, Layout Engineering, Technician Competency, Human Safety, Operations19

Know-How, Radiation Exposure Monitoring Top Management Commitment were studied20

using a structured questionnaire, and Kruskal-Wallis test was performed to compare the21

radiation compliance score. There was a significant difference in regulatory compliance22

between the institutions reviewed in this research (Corporate Hospitals, Government23

Hospitals, Diagnostic Centers and Chain of Diagnostic Centers). The Government hospitals24

and Corporate hospitals have shown no significant difference in score (Chi-Square value ?0?25

and ?P? value ?1?) and thus demonstrated outstanding compliance. There was no significant26

difference in compliance score between Chain of Diagnostic centers and Private Diagnostic27

centers (Chi-square 0.617 ?P? value 0.432). However, the comparison between Government28

hospitals Diagnostic Centers has shown a significant difference in compliance (Chi-square29

value 11.492 ?P? value 0.001). Government and Corporate hospitals have orchestrated their30

position31

32

Index terms— ionizing radiation, computed tomography, digital radiography, regulatory compliance,33

1 Introduction34

he Healthcare Industry in India is expected to touch 280 billion USD in 2020 1 .The diagnostic medical imaging35
equipment such as X-rays, Digital radiography, and CT Scans contribute 75 percent of the total market share 236
. The existing doctor and patient ratio in India are1: 30,000, which is far less than WHO recommendation 3 of37
1:1000. The refurbishment market for diagnostic medical imaging has been a powerful contributor in India and38
expected to grow further. More than 200 Billion USD investment in medical infrastructure creation is projected39
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7 KRUSKAL-WALLIS TEST

to fulfill the demands forecasted for Tier II and Tier III cities of Indian market 4 before 2020. Among 106 markets40
registered for the trading of refurbished medical devices, 85 markets permit the unrestricted importation of used41
medical devices, including India 5 . Most of the hospitals and diagnostic centers prefer refurbished diagnostic42
imaging equipment (CT, BMD, X-ray, and Mammography) due to lower cost without compromising the image43
quality. There have been no restrictions for the importation of the used medical imaging devices until 2015, by44
the regulator Atomic Energy Regulatory Body (AERB). However, effective September 2015, AERB has made an45
amendment in the regulatory process which restricts the importation of more than seven years old Pre-owned46
Medical X-ray equipment in the Country 6 . This change in regulatory norm has necessitated for a comprehensive47
review of the existing process practices to contain the excessive radiation.48

2 D49

The radiation studies have shown loss of six days of life expectancy due to diagnostic imaging Xrays 7 . The50
recommended radiation dose for initial diagnosis is between 0.1 and 100 mSv, while for therapeutic radiation it is51
between 20 -60 Gy 8 . CT studies have revealed that more than 50 percent of the effective dose was contributed52
by diagnostic radiology 9 . Exposure beyond threshold levels was reported due to improper adjustments of53
operational controls ??0. There were more than 62 million CT examinations per year ??1, and the increasing54
number of recommendation for CT scan is a serious cause of concern 12 . Studies have predicted more than55
29,000 future cancers could be related to CT Scans 13 . The Exposure Index recommended by equipment56
manufacturers as a measure of radiation dose effectiveness was found to have inconsistencies 14 . The modern57
technologically driven radiation equipment offer high precision imaging with low dose levels 15 . These research58
studies mandate the need for immediate change over to innovative new technology medical imaging equipment59
by gradually eliminating the use of traditional technology equipments including refurbished X-ray equipments.60
This, establishes the need for stringent compliance with regulatory guidelines and standards towards protecting61
the existing installed base of X-ray equipment from excessive ionizing radiation and induce the adoption of newer62
generation equipment.63

Studies related to regulatory compliance to contain ionizing radiation in Diagnostic Laboratories have shown64
adequate gaps in implementation 1665

3 Research Objectives66

To compare radiation compliance score based on the best practices recommended by the regulator (AERB) among67
Corporate Hospitals, Government Hospitals, Chain of Diagnostic Centers and Private Diagnostic Centers who68
are the consumers of X-ray equipments and analyze any significant variation exists.69

V.70

4 Research Design71

This Descriptive Research aims at studying the current best practices followed by the institutions housing72
diagnostic imaging equipment, to contain excessive ionizing radiation based on the recommendations of regulatory73
standards. This study has covered 25 different cities across Tamil Nadu, India and covered 451 institutions74
(229 Private Diagnostic Centers, 107 Chain of Diagnostic Centers, 77 Corporate hospitals, and 38 Government75
hospitals). This study has followed ”Stratified Purposive” sampling to ensure adequate representations from the76
entire stratum. A structured Questionnaire with a seven-point scale (Table I) was administered to collect data77
from the institutions housing diagnostic imaging equipment. The researcher conducted this study for the period78
between April 2016 and September 2017. The instrument reliability was tested using Cronbach’s Alpha, and79
it was calculated to be 0.992 (Acceptable threshold limit is 0.8). The sampling adequacy was estimated using80
Kaiser-Meyer-Olkin test and was estimated to be 0.93839 (Acceptable limit is minimum 0.6).81

5 Kruskal-Wallis Test82

The Kruskal-Wallis test (Kruskal, & Wallis, 1952) was chosen to test the hypothesis, ’Significant difference exists83
in the mean ranks of compliance score between these institutions.’ A descriptive analysis (Table II ANOVA was84
performed using absolute mean rank distribution values and results shown in Table III. The researcher rejected85
the null hypothesis based on the estimated ’P’ value (’0’-zero) which is less than Alpha (0.05) value, and so it86
has been concluded that the variances are not roughly marginal.87

6 VIII.88

7 Kruskal-Wallis Test89

The test was conducted using SPSS (version 20), and test results of Kruskal-Wallis test have been compiled and90
presented in Table IV The assumption on the existence of marginating variable was first tested to use the power91
of Kruskal-Wallis test. The marginating variable was tested with the help of the following hypothesis. .00092

From the Kruskal-Wallis test results, the estimated ’P’ value is ’0” (Zero) which is less than the alpha value93
(0.05), and hence the hypothesis of ’There will be a significant difference in compliance score between these94
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groups’ has been accepted. There is a significant difference between mean ranks of Private Diagnostic Centers95
and Chain of Diagnostic Centers. However, the mean rank estimated for Government hospitals and corporate96
hospitals are found to be the same. The results though have shown a significant difference between the groups; it97
did not point out which group contributes notable variance. Hence the effect size was estimated using Chi-Square98
value (Chi-Square Value / n -1 *100) and found to be 85.37 percent. This predicts 85.37 percent variability in99
mean rank is affected by the type of institutions.100

The following groups formed to repeat the Kruskal-Wallis test to find out the group (s) that statistically101
significant from each other, and results are summarized:102

1. Between Diagnostic Centers and Chain of Diagnostic Centers ( .432103
The mean rank between Chain of Diagnostic Centers and Diagnostic Centers has been found to be statistically104

insignificant from the results of Kruskal-Wallis test with an estimated ’P’ value of 0.432, which is higher than the105
alpha value 0.05. Furthermore, Diagnostic centers and Chain of diagnostic centers attribute 4.41 percent of the106
variability in the mean rank. The mean rank between corporate hospitals and Government hospitals has been107
found to be statistically insignificant from the results of Kruskal-Wallis test with an estimated ’P’ of 1.00, which108
is higher than the alpha value 0.05. The ’Zero’ chi-square value indicates that there is no significant difference109
in mean rank between Government hospitals and Corporate hospitals.110

8 Regulatory111

9 IX.112

10 Conclusion113

It was evident from the analysis that there is a significant difference in regulatory compliance score between114
the groups of institutions compared. The mean compliance score of Private Diagnostic centers (2.8, Table I)115
enunciates that dissemination of radiation containment standards into best practices was found to be marginally116
less than significant levels. The Chain of Diagnostic centers have established practices whose compliance was117
closely above sufficient levels (mean score 3.29,118
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Figure 1: A
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I

A Comparative Analysis of Factors Influencing Compliance to Contain Man-Made Ionizing Radiation in
Diagnostic Medical Imaging Devices

Year 2018
Volume XVIII Issue 1 Version
I
D D D D ) D
(
Sl. No. Description of Vari-

able
N Median Mode Mean Std.

Dev
Skewness Kurtosis

1 Overall 28 5 6 4.54 1.654 -0.526 -
1.348

2 Private Diagnostic
Centers

7 2 2 2.8 1.069 0.374 -
2.800

3 Chain of Diagnostic
Centers

7 4 4 3.29 0.951 -1.678 -
0.764

4 Corporate Hospitals 7 6 6 6 0 0.764 1.587
5 Government Hospi-

tals
7 6 6 6 0 0.794 1.587

© 2018 Global Journals

Figure 2: Table I :

II

Sum of Squares df Mean Square F Sig. (’P’
Value)

Between Groups 862.607 3 287.536
Within Groups 173.357 24 7.223 39.807 .000
Total 1035.964 27

Figure 3: Table II :
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Compliance
Score
2 2 4 4

Group
1 1 1
1

Group
Description
Diagnostic
Centers

Rank 3.500 3.500
11.000 11.000

Mean Rank
Distribution
2.86 2.86 2.86
2.86

Absolute
Mean Rank
Distribution .64
.64 8.14 8.14

Medical
Re-
search

2 4 2 3
2 2 4 4

1 1 1
2 2 2
2 2

Chain of
Diagnostic
Centers

3.500 11.000 3.500
3.500 7.000 3.500
11.000 11.000

2.86 2.86 2.86
3.29 3.29 3.29
3.29 3.29

.64 8.14 .64 .21
3.71 .21 7.71 7.71

Global
Jour-
nal
of

4 2 11.000 3.29 7.71
4 2 11.000 3.29 7.71
6 3 21.500 6.00 15.50
6 3 21.500 6.00 15.50
6 3 21.500 6.00 15.50
6 3 Government

Hospitals
21.500 6.00 15.50

6 3 21.500 6.00 15.50
6 3 21.500 6.00 15.50
6 3 21.500 6.00 15.50

[Note: 21Volume XVIII Issue 1 Version I © 2018 Global Journals]

Figure 4:

IV

6 4 21.500 6.00 15.50
6 4 21.500 6.00 15.50
6 4 21.500 6.00 15.50
6 4 Corporate Hospitals 21.500 6.00 15.50
6 4 21.500 6.00 15.50
6 4 21.500 6.00 15.50
6 4 21.500 6.00 15.50

Type of Institutions N Mean Rank
Diagnostic centers 7 6.71

Regulatory Compliance Score Chain of Diagnostic Centers Government Hospitals 7 7 8.29 21.50
Corporate Hospitals 7 21.50
Total 28 6.71
Regulatory Compliance Score

Chi-Square 23.988
df 3
Asymp. Sig.

Figure 5: Table IV :
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VII

&
VIII).

2. Between Chain of Diagnostic Centers and
Government Hospitals (Table IX & X).
3. Between Government hospitals and Corporate
Hospitals (Table XI & XII).
Type of Institutions N Mean

Rank
Regulatory
Compliance
Score

Diagnostic centers Chain of Diagnostic Centers 7
7

6.71
8.29

Total 14
Regulatory Compliance Score

Chi-Square 0.617
df 1
Asymp.
Sig.

Figure 6: Table VII

V

A Comparative Analysis of Factors Influencing Compliance to Contain Man-Made Ionizing Radiation in
Diagnostic Medical Imaging Devices
Year 2018
Volume XVIII Issue 1 Version I
D D D D ) D
(

Type of Institu-
tions

N Mean
Rank

Compliance Score Chain of Diagnos-
tic centers Gov-
ernment Hospitals

7
7

4.00
11.00

Total 14
© 2018 Global Journals

Figure 7: Table V :

VI

Figure 8: Table VI :

VII

Figure 9: Table VII :
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VIII

Figure 10: Table VIII :

IX

Regulatory Compliance Score
Chi-Square 11.492
df 1
Asymp. Sig. 0.001
The mean rank between Diagnostic Centers alpha value 0.05. However, Diagnostic centers and
and Government hospitals has been found to be Government hospitals accredit 82.09 percent of the
statistically significant from the results of Kruskal-Wallis variability in mean ranks.
test with an estimated ’P’ of 0.001, which is less than the

Type of Institutions N Mean
Rank

Regulatory Compliance Score Corporate Hospitals Government Hospitals 7
7

7.50
7.50

Total 14
Regulatory Compliance Score

Chi-Square 0.000
df 1
Asymp. Sig. 1.000

Figure 11: Table IX :

Year 2018
Volume XVIII Issue 1 Version I
D D D D )
(
© 2018 Global Journals

Figure 12: D

X

Figure 13: Table X :

XI

Figure 14: Table XI :

XII

Figure 15: Table XII :

8



[Cohen and Lee ()] ‘A Catalog of Risks’. B L Cohen , I S Lee . Health Physics 1975. 36 p. .119

[Rajan ()] ‘A Comprehensive Analysis of Best Practices towards Radiation Safety Measures for Medical120
Diagnostic Imaging Equipments in Government Hospitals’. R Rajan . Asian Journal of Medicine and Health121
2018. 10 (1) p. .122

[Fm ()] ‘AAPM/RSNA physics tutorial for residents -topics in CT: radiation dose in CT’. Mcnitt-Gray Fm .123
Radiographics 2002. 22 (6) p. .124

[Rajan and Ganesan ()] ‘Analysis of Factors Influencing Regulatory Compliance to Contain Man-made Ionizing125
Radiation from Medical Diagnostic Imaging Equipments in Corporate Hospitals’. R Rajan , R Ganesan .126
Tamil Nadu, India. Asian Journal of Medicine and Health 2017. 8 (3) p. .127

[Rajan and Rajkumar ()] ‘Analysis of Regulatory Compliance on Radiation Safety Parameters with Chain of128
Diagnostic Centers in Tamil Nadu’. R Rajan , P R Rajkumar . India. Journal of Advances in Medicine and129
Medical Research 2017. 24 (2) p. .130

[Brenner and Hall ()] ‘Computed tomography -an increasing source of radiation exposure’. D J Brenner , E J131
Hall . New England Journal of Medicine 2007. 357 p. .132

[Mettler et al. ()] ‘CT scanning: patterns of use and dose’. F A Mettler , P W Wiest , J A Locken , C A Kelsey133
. Journal of Radiological Protection 2000. 20 (4) p. .134

[Rajan and Rajkumar ()] ‘Diagnostic Laboratories-Are These Radiation Safe?’. R Rajan , P R Rajkumar .135
Journal of Multidisciplinary Research in Healthcare 2017. 3 (2) p. .136

[Francis (2008)] Global Import Regulations for Pre-owned (Used and Refurbished) Medical Devices, S Francis .137
https://www.trade.gov/media/publications/pdf/medical2008.pdf.Accessedon 2008. Febru-138
ary 19. 2018. (th Edition)139

[Modi (2017)] ‘Healthy margins elusive for healthcare biz’. A Modi . https://www.pressreader.com/140
india/business-standard/20171230/281685435222064.Accessedon Business Standard Decem-141
ber 16, 2017. February 18. 2018.142

[Storrs (2013)] ‘How much Do CT Scans increase the Risk of Cancer?’. C Storrs . https://143
www.scientificamerican.com/article/how-much-ct-scans-increase-risk-cancer Scientific144
American 2013. July. February 20. 2018.145

[Moore et al. ()] ‘Image gently Using exposure indicators to improve pediatric digital radiography’. Q T Moore146
, S Don , M J Goske , K J Strauss , M Cohen , T Herrmann , R Macdougall , L Noble , G Morrison , S D147
John , R T Lehman . Radiologic Technology 2012. 84 p. .148

[India Brand Equity Foundation (IBEF). Healthcare ()] India Brand Equity Foundation (IBEF). Healthcare,149
2016.150

[Medventura Top 6 refurbished medical equipment market place online ()] Medventura Top 6 refurbished medi-151
cal equipment market place online, 2017.152

[Mumbai (2016)] India Mumbai . https://www.aerb.gov /images/PDF/DiagnosticRadiology/Safet y-Code-153
for-Diagnostic-Radiology.pdf . Accessed on, 2016. February 19. 2018.154

[González et al. ()] ‘Projected cancer risks from computed tomographic scans performed in the United States in155
2007’. B D González , M Mahesh , K P Kim , M Bhargavan , R Lewis , F Mettler , C Land . Archives of156
Internal Medicine 2009. 169 (22) p. .157

[Radiation Safety in manufacture, Supply and Use of Medical Diagnostic X-ray Equipment Atomic Energy Regulatory Body]158
‘Radiation Safety in manufacture, Supply and Use of Medical Diagnostic X-ray Equipment’.159
AERN/RF/MED/SC-3 Atomic Energy Regulatory Body (2) .160

[Bindman ()] ‘Rising use of Diagnostic Medical Imaging in a Large Integrated System’. R S Bindman . Health161
Affairs (Millwood) 2008. 27 (6) p. .162

[Sood ()] Strategic Marketing Management and Tactics in the Service Industry, T Sood . 2017. India: IGI Global.163
JECRC University164

[UNITED NATIONS Scientific Committee on the Effects of Atomic Radiation, UNSCEAR. Sources and Effects of Ionizing Radiation, Scientific Committee on the Effects of Atomic Radiation (2000)]165
UNITED NATIONS Scientific Committee on the Effects of Atomic Radiation, UNSCEAR. Sources and166
Effects of Ionizing Radiation, Scientific Committee on the Effects of Atomic Radiation, http://www.167
unscear.org/docs/publications/2000/UNSCEAR_2000_Report_Vol.I.pdf.Accessedon 2000.168
19 Feb 2018.169

9

https://www.trade.gov/media/publications/pdf/medical2008.pdf.Accessedon
https://www.pressreader.com/india/business-standard/20171230/281685435222064.Accessedon
https://www.pressreader.com/india/business-standard/20171230/281685435222064.Accessedon
https://www.pressreader.com/india/business-standard/20171230/281685435222064.Accessedon
https://www.scientificamerican.com/article/how-much-ct-scans-increase-risk-cancer
https://www.scientificamerican.com/article/how-much-ct-scans-increase-risk-cancer
https://www.scientificamerican.com/article/how-much-ct-scans-increase-risk-cancer
https://www.aerb.gov
AERN/RF/MED/SC-3
http://www.unscear.org/docs/publications/2000/UNSCEAR_2000_Report_Vol.I.pdf.Accessedon
http://www.unscear.org/docs/publications/2000/UNSCEAR_2000_Report_Vol.I.pdf.Accessedon
http://www.unscear.org/docs/publications/2000/UNSCEAR_2000_Report_Vol.I.pdf.Accessedon

