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Abstract This study developed a model to evaluate the quality management system of a medical device manufacturing
company, and applied it to medical device manufacturers to understand the impact on business performance in
response to international regulations and industry's change. This study prepared preliminary items, defined four (4)
major factors (Plan-Do-Check-Act) that consist of the evaluation layers and items per category according to prior
research review and expert interview, and calculated the weight and importance using AHP. The study results showed
that responsibility & authority and quality objective in Planning Category, product-related requirement and R&D in
Doing Category, Measuring and monitoring in Check Category, and review of meeting Regulatory and regulation in
Action Category are relatively more important factors. The evaluation model developed based on the calculated weight
and importance to business performance was applied to medical device manufacturers to investigate and analyze the
implementation level of QMS and its impact on business performance according to each category. Most medical
device manufacturers to be studied showed a reasonable level of QMS and effective business performance. Almost
all the evaluation layers and items in the four (4) factors had a significant influence on business performance.
Although the medical device quality management system is aimed mainly at license acquisition, it is important that
management environment factors not related directly to licensing and authorization are important to business
performance, and it is effective when these factors are integrated and operated within and outside the manufacturer.
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Review previous studies and literature, theories, current status, existing cases,
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Table 1.

"PLAN" factors

evaluation items

Table 3. "CHECK" Factors_ evaluation items

Evaluation layers

Evaluation items

Evaluation layers Evaluation items

Responsibility

Management commitment and support

Top management responsibility

Responsibility and authority defined

Monitoring and measurement control
Internal audit

Feed-back

Corrective and preventive action

Quality objective

Quality objective established

Quality management planning

QC points defined

Quality manual, procedures, etc.

Documentation Data analysis
Record control
Investment
Human resources
Resource Training

Equipment/ Facility

QMR

Organization control

QM performance reporting & sharing

Open communication system

Table 2.

"DO" factors_

evaluation items

Evaluation layers

Evaluation items

R&D

R&D planning

R&D work supporting

R&D procedure documentation

R&D verification

R&D validation

Design history file & Technical file

Test SOP and analysis control
Management review &
Analysis of quality management data

Measurement and

analysis - -
Measuring equipment control and

calibration

Risk management planning

Risk management Analysis/ Evaluation

Security of information

Table 4. "ACTION" factors_ evaluation items

Evaluation layers Evaluation items

Monitoring of certification requirement and

Maintenance of regulation

Certification and . .
Update of technical documentation

licence
Scheduling of regulatory body's assessment
Establishing cross function team (including
experts)
Support/ Networking of external interested parties
collaboration (i.e. university, regulatory body, certification

body, researcher)

Using government funding

R&D change control

Customer/ Market
control

Prediction of market needs

Review of product related requirement

Communication with customers and
regulatory party

complaint handling

Purchasing/
Production

Purchasing networking

Purchasing information control

Verification of purchased products

Production control system introduced

Efficient plant & process control
Preventive maintenance activities

Information system & Production
information
(Identification & Traceability)

Specific requirement

Device specific technology/ Know-how
control

Review of device specific requirement

Know-how by process

Sterile barrier system & Sterilization
process validation

Testing and measuring

Review of requirement for technical
documentation

Preparation of audit,
testing, registration

Preparation of safety and functional testing
and submission data

License / Test report check, etc.

384

Identification and monitoring of regulatory
and certification requirement by each

. country or region
Regulation system try gl

Review of general regulation

Review of additional/special regulation
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Table 5. Analysis of the personnel answering questions

Table 6. "PLAN" factors_ evaluation items; priority

54 Items N % based on weight
Sex Male 113 81.3 Evaluation items Weight | Priority
Female 26 18.7 Management commitment and support 12.5 2
A UZ(:;Z;Q z; 2; Top management responsibility 11.7 3
e - .
& Over 50 3 3 Responsibility and authority defined 12.5 2
er .
Work Under 10 years 37 266 Quality objective established 10.0 4
experiences 10-20 93 66.9 Quality management planning 8.4 5
(years) Over 20 years 9 6.5 QC points defined 143 1
KFDA 10 72 Quality manual, procedures, etc. 2.1 10
Emol Manufacturer of medical device 65 46.8 Data analysis 2.7 9
mployer
oy KGMP assessment body 48 34.5 Record control 3.5 8
ISO auditor 16 11.5 Investment 1.7 11
Human resources 1.4 13
2.1.4 X}E—’F@ 1;% %@'Hg%q Training 1.4 13
_ B0 olsl D “ oL Equipment/ Facility 1.6 12
ATl AHP #4593 dExAe SHAHY QM team/ QMR 4 5
}\é tg, o\jao, 73‘331, iév\‘ s %h?_;gl /\}'?@"% ‘31%3}04, 9’]—%'— QM performance reporting & sharing 7.4 7
7] 7] EAAS Toﬂ 7}-5@_]9,] 47}-;(] Eoﬂ 7}- Q9] oﬂ LH@} 7_11- Toﬂ Open communication system 7.8 6
7HAIS W gl B ske] |7k I Sak Wrlke
TSR BrldEY AlF ] FAE(FA) AHY Table 7. "DO" factors_ evaluation items; priority based
& flelo] AHP 7M€ Agalglon, $REE 25 on weight
o1 = . - 9 ATLo. Al 1=l Evaluation items Weight | Priority
7] fliA] BAAE tdom 3 s AT Rgd planming 35 Ti
R&D work supporting 3.6 10
- T = = - R&D procedure documentation 3.5 11
2.1.5 9457] 7] :S_élﬁoog “lg 7]—7:”%—94 7]—%X] R&D 3eriﬁcation 2.5 15
577l FA4Q Bk Ee FEF U B/ RaD validation 44 | 7
%oﬂ EH@} %}EHE' 7}%‘]% TIT:_LA_«]' 3}_91];},' jg 7}_7;]]%94 7}_ Design history file & Technical file 4.9 6
1 - _ _ R&D change control 2.3 16
%Z]T: 75]]—5'2_}‘ }}g{HH]EE %ﬂ‘ j‘%ﬁ]z} /g%il\}- 7‘—3‘54-0“ Prediction of market needs 3.9 8
3| A A Z xpert Review of prodcut related requirement . 1
o) 7 A4 , AHP A X239 Exp f prod. lated 2.0 8
Choice Ecll Model& & /B' Oﬂ g %3}—9} l:}— ](ja(:}l/mumcatlon with customers and regulatory 18 9
complaint handling 3.9 8
21.6 94;.;_7] 7] %‘é‘lﬁo og %7]_3(}%94 Z=Q% Purchasing networking 3.1 13
= A6 0 = A o Purchasing information control 3.1 13
olga SEZ) A 0] Wyl E [ b2
"]‘*7] 7] W60 07}-*‘“ = E}J]T':"V\}‘ a% 07}-7] Verification of purchased products 32 12
F9] 471 Q.91 (EHT'%%‘)O 7+ 3 7}-7:“%-(%*%%—)01] 3}y Production control system introduced 2.1 17
v = — - - = =1 Efficient plant & process control
= O}% Aﬂl‘%ﬁg 7}-%%?50“ EH?I TRES %@' O}—O%’ 01 Preventive maintenance activities 25 15
7 Oﬂ %}/\1 ALEE /&} ;ﬁ, 7}-%*5<]% ;5, 3}'3’_, 3“% 7}‘%* Information system & Production information 26 14
= = - - - - identification & Traceability) ’
& W7IE R st HFAoR mEekadt 3 4
] = H = b }04 ° = ]— ]— ]— Device specific technology/ Know-how control 7.4 1
= joﬂ 7}‘»‘?—%}_9’] Zl:\aﬂ] ] 3—‘!15]% H] O] E}% )‘\_}%8}9}5}’ Review of device specific requirement 6.1 5
Know-how by process 6.9 3
_ - B - Sterile barrier system & Sterilization process ) )
2.1.7 Aw577] F47Q BrEe] 84 validation ”
o]/é]—_o,] o‘j:}éﬂ}_oﬂ ) gﬂ = %_;g' og )‘\jzé% 94_‘5;_7] 7] Testing and measuring 7.2 2
§ _ _ Review of requirement for technical
FA3Q BARA=A PIEINEA) BT B F ocumentation ot
9\}1\%': ;(] TE 7H Hé—a]_gi o, }4%— ==y ?@—% 9,] =05 Preparation of safety and functional testing and 23 16
submission data )
%}:j%% 7‘?3‘1}-% Jg 7}-_8_?1th Table 6-Table 9oﬂ Xé E] License / Test report check, etc. 1.9 19
stk

385



ety eks] = A A19E A6%, 2018

Table 8. "CHECK" factors_ evaluation items; priority of ougt S v =X] B e, o]gfet A+
based on weight 7Hde ge P
Evaluation items Weight | Priority 9 -
3] 0oll ol& Z o] Ao Al
Monitoring and measurement control 4.9 8 7ML 718 8/l efm) Alzride] ddd
Internal audit 54 6 7(]7—11' oﬂ Zé(+)94 oé ‘o]:’% D];g 3’1011:}‘
Corrective and preventive action 5.0 7 7}_/2 2. /gew\ Qole 94)—%1_7 7] Zﬂiﬂcqu 7303 ;\6134_
Test SOP and analysis control 11.1 3 Y Aol odEko I
Management review & 303 1 Az}l 7(O(+)"] %S A Aolth
Analysis of quality management data ) 714 3. A 8918 957 AFR7|Ye Ay
Measuring equipment control and calibration 253 2 _ N
Zrol] AH(+)e] ke ] 7o
Risk management planning 1.8 9 Azl °(+)v’] g3 " Aotk
Analysis/ Evaluation 8.2 5 7 4, 2] Q91L& o777 AZ7|AY HAA
Security of information 8.3 4 Z]Z}‘Oﬂ Zé (+)94 oé -o]:v% U]%_] 3’101 l:}—
Table 9. "ACTION" factors_ evaluation items; priority @ AToa 2 A%
based on weight B
X oolg7)7] A%z o] EA A Wy E/H o‘j [}
Evaluation items Weight | Priority = .,] ] ] ﬂ—]‘ ng_’] mEeY e }-_'—_' :’Lv4
Monitoring of certification requirement and 65 7 e Or:]_'}‘i joﬂ 7 }‘E‘:‘j:']_ ?“:‘/‘] %il\}' = 7(5] oﬂ ;é][ O%?l‘ EH
regulation ' : AL Agrn zEsle] 10d ol A& 147)] 9B 7))
Update of technical documentation 6.9 6 N o
o] = = =) -
Scheduling of regulatory body's assessment 6.3 8 Zﬂi7 ]cg :ILAE)]TJ“E 01219’] %EO]’C Hc} /}Jl o7 o\j?‘u_!\i‘
Estaliis)hing cross function team (including o1 4 < /T\jlg)\—]:},
experts
Ako]l Qulzx Ex]o 1
Networking of external interested parties (i.e. < AT e ik S54E Table 109} 2k
university, regulatory Body, certification body, 9.6 3
researcher) .. . _
Usfins ol Gt 9.0 5 Table 10. Characteristics of Subject (N=211)
Identification and monitoring of regulatory and Remarks N %
certification requirement by each country or 17.3 2 Sex Male 139 65.9
region Female 72 34.1
Review of general regulation 17.3 2 A under 30 122 57.8
Review of additional/special regulation 17.7 1 ge Over 40 89 422
Management 47 22.3
_ Position General Engineer/ Staff 134 63.5
7} 3HEd 9489 AHP 7180l 93 QALE A7) QM manager & Staff | 30 142
5 200 AU FA% LATAN N BEE A oy e [ O % | i
o, olefd el weh 9wl FAAY A9 : = ‘
Device 2 149 70.6
Te W7 Adeed 482 ¢ s Ao, 4 classification 3 02 294
=9 710l 2AR FEHR] 577 FEAGA L
7 ndE =&t Q) A=
B o] 2T 48R FHE 87 Az
2.2 Q87)7) Ax7Y FARD B el #4749 2 A4 nlA: 9 BAE 9
2.2.1 479 9 240 o 5A4E T, SHUSE A7 A A =&
D @7ey 9 A o|wo)) 4749 Brhwde] 474 Aeel 718, 4
2 Qpoldt 9F BEW msv] B449 Wb Al W7, 22 99108, FHuGE 4wt A7
R SHETE Ao} B 92o)) AzoIel 4% sk ANl FgguE TAsOH, UAE 5 HE
gom, 48 479 AA4E 2 BT = SHST,
o7loli= Slo)) AZIY WA} Ak Axel B Apel BEusn AR AGAsbe) v
olwsl7) E47G 719, AN, A7, 24 <o) o W, o) A28 sk A3k 2 AgAse) 45
£314 Ado] AT L AsMTh) Bk AT OBAL AR Ak, wARA Y Bl - R,
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TA7)E W A3 wistel] tg-g m7)7] ATy FEAAE B E A
718 AT Q87 HE AYE Lol Table 12. Results of analysis on the influence of
- - - _ " " .
ol ® Ao Ao AL uFS Ao H[S], ot PLAN" factors on business performance
_ y - B |SE| B t p_| VIF
R o|& o|%H 71 Z2od o] L= A=z
(9], elZat, olgul[10], BEdi[ll]e] dvs A= Constant 1122 | .138 6.887 |.000%* | -
sto], H 29 Ul AR ATE Y, SHE 571 ol Sex 008 [ .041] 009 | 202 |.840 ;
= > - S = Age 182 | .035 | .205 | 5.214 |.000%** -
o] =7} olE|7) HEAS =7} 018 7F HE7]7F vhEo g
% 57k, bS5 S, O% b HS7IE T VS;I:;SS Responsibility | 291 | 036 | 307 | 8.002 | 000 | -
#3552 YAE 57 HER ZAFAT Company size | .154 | 038 | .157 | 4059 | oo0e* | -
= Major item | .089 | .043 | .085 | 2.004 |.062 -
Table 113} o] AF9] W8S A ste] =77 Y
gl dEel HEs Aeistel Anll Responsibility | 071 | 030 | 078 | 2335 | 020% | 1.895
Az7)0 9] HAAS gakoz zAlEg om AR & -
IZ=71%99) AAAE o FAstew, el O%Tfitlge 478 | 031 | 476 |15323| 0007+ | 1.620
osl= Azl o 01@1—%4 EX71x] ¢lo y_o}\-
Hohs tdtel el 571 er i, h‘jzjg:m Documentation | 190 | .027 | .19 | 6923 |.000 | 1.351
Resource .088 | .026 | .096 | 3.327 [.001** | 1.410
Table 11. Questionnaire structure Orga“imli‘m 25 | 042 | 223 |5356 | 000+ | 1.761
control
Remark Factors Layers Ii\i(e)n?sf R? = .618 F = 209.590 p = .000%**
* 5 sk
Responsibility 3 P05, #p<01, *p<00l
Quality objective 3
PLAN Documentation 3
. : Table 12614 Lkefd vk} ko] 7]5]9.910] 2 4fbo]
Organization control 2 ") 2|= gkl B3t 3| E FolE .001(F=209.590)
R&D 7
X 3] Qolo] Aol O olE)l oJTES n|x|= 7o
Customer/ Market . |4 718 a10] g detel Fogh G vH= 3o
control 2 vepghon, mEle] el 61.8%2 LERL
DO Purchasing/ Production 6 _
Medical devi o A 7 oJEEL. Tl x]:= 3loo = HEyolo]
o eVI?e Specific requirement 6 gatell FFE mAE V1HeRoRE SR (B
manufacturer's - - o
QMs Preparation of audit, | =476), A ¥E)(B=223), EASHB=196), A(B=09),
esting, registration =
N ol R= o] £~0 JBACIREA
Feed-back 3 “ U(B 078)4 ToE }—E}ME}‘
ik | Mewsuement and | teoz owsly] A9 E4749 Brhwde)
analysis _ -
AIA] Q 010] AeIA] ] = oJEre = =D SN
Risk management 3 = ]—U—\l ] (SIN¢) _\,}-oﬂ ] ] S o= E}W ]:HT':_I =
Maintenance of 5 o]-&3te] A5kt
ACTION certification and licence
Support/ Collaboration 3
Regulation system 3 Table 13. Results of analysis on the influence of "DO"
Business performance 5 factors on business performance
General issue of subjects 5 B SE] D n NI
Total 9 L
Constant 1.309.175 7.476 | .000%+* -
Sex .031 |.047|.030| .654 | .514 -
s 7 S Age .200 | .040 | .193 | 4.951 | .000%** -
2.2.2 EAAAGo] AJATle] | x|= I3k
wAAGe] 4l MAE 9 V(;z';:l"els Responsibility| 495 | 042 | 450 | 11.787] 000%=| -
7 77] AZR719e] F287 o] Hgdgel A= Company size| .114 | .051].101]2.257| .024* | -
= = - = Major item | .210 |.044 | .186 | 4.823 | .000*** -
oJ3ES 718 Al AA zx]9] 7 wWrlgolda BA Y
3= 718, AN, A, A0 7 hesERE vy R&D 232 |.039].260 | 5.995 | 000%+* | 2.025
8}7] %3}0{ %I\;:ILZ]'-O’] }\o tg, o\iao, Z]ZHH 7]?:] E, ‘Zl‘-g- Customer/
5 = = = = Market 219 |.033 | .245 | 6.537 | .000%** | 1.844
FREHERE BANSR Fol, 4 97kl o Mk
ol x19)(H =10 Ealmiag AIE Rl :
HALAER7MAS)E SHHTE, 494d9e THiT= Independent l;‘icd'f:;';i/ 227 | 035 239 | 6.529 | 0004 | 2.117
skl 747t va8] 714 AR Aok Table 12, variable | e
. .046 | .038|.058 | 1.211| .226 | 1.780
Table 13, Table 14, Table 159} Zt}. requirement
— = Preparation of]|
ola =z 2 A0] wWylzdlo 3]
A, Amr7) Azl F249 B7HEe] 719 audit, testing, | 183 | .033| 231 | 5.570 | 000 | 1.304
2900] ATl T FFE FEHARAE o] & registation
_ _ = .357 F = 72.847 p = .000***
EEEREE S
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Table 13014 YEpRd vfe} 7o
of WA= g #E AR
001(F=72.847)0ll A AA]8%l0] 7
FE HAE Aew urkson, nEd]
35.7%%= ekt A9 del e mAe AAlas]
o 2= AANHB=260), /A FTE](B=.245), T-vi
PR (B=239), AAREE(B=231)9] o= YR

oo, gy Ax7Y F2HY 3

o

>,
>,
o
o
s
oM,
2
oX,
B=)

Table 14. Results of analysis on the influence of
"CHECK" factors on business performance
B| SE| B t p | VIF

Constant 834 187 4454 0007 -
Sex 440|045 | 366 | 9.701 | 000% | -
Age 054] 052 | 044 [ 1.053] 293 | -
Control " ponsibility | 154 | 047 | 123 | 3245 | 001 | -
variables

Company size | .088 | .034 | .100 | 2.617 | .009** -
Major item | .068 | .029 | .077 |2.334| .020* -
Feed-back | 265 | .041 | .273 | 6.385 | .000™** | 1.954

Measurement/

Indep@dmt Analysis 177 | 036 | .182 | 4.949 | .000%* | 1,527
variable Ridk

S 241 | .049 | 232 | 4.923 | .000%* | 1.686

management

= 477 F = 129.159 p = .000%**

*p<.05, **p<.01, ***p<001
Table 14014 UeRd nkel 2ho] 7] @ 0lo] A3}
of mA= Gyl #e IARAL FYFEY
001(F=129.159)°1 A 7 2.8le] g dz}ol F2)st
Fe MAE AoE Yeion], HdHol HAWHe
47.7%= el A el dEs mx e A8l

o2 YEN(E=273), AdH
=182)9 o= YERT
wpxeto 2 9|5 7]7] A|27] =l
ZA 1ol AT A 9 BT
Attt
Table 15614 LJERS nle} o
o wxe  gge] BI IAE
73

2
o
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o
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N
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BN
)
o
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Table 15. Results of analysis on the influence of
"ACTION" factors on business performance

B |SE| B | t p | VIF
Constant 1.384 | .233 5.944 | .000%* | -
Sex 019 |.032].019| 595 | 552 -
Age 127 | .047 | .134| 2.710 | .007** | -
Control o
. Responsibility | .010 | .040 | .011 | 255 | .799 -
variables -
Company size | 225 |.042 | 223 | 5356 | .000%* | -
Major item | .090 | .048 | .087 | 1.892 | .059 -
Maintenance of
certification and| 219 | .044 | .203 | 4.925 | .000%** | 2.224
p—— licence
ndependent
variable Support/ 1 )50 | 046 | 218 | 5.395 | 000% | 1.864
Collaboration
Regulation |3 | 039 | 151 | 3.378 | 001%* | 1.759
system
=320 F = 67.429 p = .000%**

#4p< 01, **%p<.001
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