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t}(Tavares, Lindefjeld & Martin, 2014).
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e

aEste] Ty ofstd

=
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%mﬁ
il

gt &A= ojv] d

o|J

21t} (Korean Society of Hypertension, 2022).
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=
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21t} (American Diabetes Association, 2021).
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~
B
mo

EO

A7t A

af

3]

gl

1ygoF

=
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(¢ 9], 2015). 18 Ee A5 WY Vs AstAA el tie g
ZANA F Q3 AE T 749 BAES =9 5 9l7] wEo]th(Preshaw & Bissett,
Al A= T Edo] Wokd F7h

2
St} o] wWEel] Al & &7t o oe¥d 5 itk (Drisko, 2001).

v

s Mo dWrvh Fastn FxF ARV ofsixe AoeR, FE
dZo A A5 BAETH( Edwards & Migliorati, 2008). o] A& wo] 7Fr 9}
T2 SRS EAA Aotet Hme] AR dFE E 5 vk oA LAY
AZHE 22 #IA AR5 arel kA HAE dod 7HsAdo] ot

FohE TS Mo ATt EdE el Amrt vreiu =4 g3l FUbsheE
Agoltt(Hess et al., 2008). o] Aol wye w Pz o7 Afo]o] HFo
FUA dojun, o] & X 7387] &) v AZATYO|ES} T oFEo] ALEFH T

o

AP otk o] A& mlA

gl o] v A5 HAxE 5ol olelst AHle ARAR A FEEE
.{[:

15



el Az A5 A dejet o £AE T 7 AdE A F AEE

FoteZy) X8 A g o)ssts Aol F Qs

2.4. APAT AE
2 Aol FA9 #HEE CDSSol thet MaAG2H TS sty x| 3puf 8ol A
A3E ATE Fustdth(Russell 2], 2015). Russell?] A= dul x4 AL

g wE W A Ane EEYS Eolyl A FAEUAL, o9 B A A

CDSSe] /Mts FAZ w5 Utk

2.4.1. JAAHA LA AE(CDSS) & 7ty 48
Russell®] A= AW 7 Am FA-olA 2o 17 AEHE agdo=

, G A s 1A AR @5 Egste] A 4
12 A5 239 A8 24e 58 F A AAEdE ol s T % A¥
AT YA YA (Consolidated Framework for Implementation Research—CFIR)’
25 7IWe® w8 Fo AL ws 9 AT WHeE Frteta, &9,
1St G, el dg duEEs NStk

T AdAT ZUdd Aas 7o A AN dFe vHE e e

T ATE CDSSE A4 94 B0l A8 A UY sFeys wegel 28e
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St glow, e @AE ZHA A Slth

Russell?] A7 CDSS7F AA oJAs A oA ojwA ZAEdle=x 243 HAES A
Ech oL Ay AEaAdy Ay o FJEEFS uxE=Ao g w7}
F£8kS oujdit}, weba, o] AlARlel gyE s Hrieg 5 Qv dAE

ol CDSS7F 71 AAAZ75(EHR) Al2®3 $dE s oA
Ass AdFsrdeh. st Hd AN AHEEH=
AR"EY Ted Y AV AAzE DA ol A4 AAEe s
&4 #FEs HAHor k= avle] thEoiA ol & wrTh ol
ERAE wEstA R 71E WY PMS$ CDSSY 7lE EgE& =

wHold T8t ol Aqof & ZAlE = F AU

£, 54 A% &4, S wSista Agehstel A AE Y] wiEel v A3
_/,:

e
o
i)
-
¥2
rr
v
o2
£
M

Ao, & =iAAE F83HA v FEoldnt
Russell®] A57F A 3k914ALe] 12k g A=aeds 45 ddddd =4e

AT, 2 A= AFYAE EFeto] AAl ARF AW Al Ao A7 ol
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3.2. 98 "lolg 9 FF W

ol

KN
=]

oAtk o

PN
43

[

&

=
T

e =

dlo] €]

X
B

olg dHlojEle] ot

1) AAk A3t 7]15 (EDR)

REEE]

g7 0]

7FA o] H.

s

71% (EMR) ¢

°lg

2}

e A

%3}

A%

%
4

T
oH
B

Hlo] €]

»AO

7o

[e}

2) A=

il

Nro

)

—

Nd

s
N

H
L

p=S
o

X—Ray, CT, CBCT

37}

2]

CE I

7]

sl
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—
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oj
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il
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sl
pal
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Hlo
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5 718t 98 7=

¢

~u

Lol
o)

el
&

7}

MAAR RS

[e)
pu

G Fo@ Amolth 1} o9 & AR F4

EFTHEAFAF, 2022).

A= W

7]

o714 += PMSel
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tol 285
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3.3. YAHE YA AAIAE (CDSS) W

2 Ao s @] AW olgy} okE WA IEx Fld AHHIS
Brrstel AAl As7F AAE7] Mol Fxe] <k #¥
A 7INE BrkdRS A

CDSS9 /huts 98] + /ME=72 WPF %W Dot—NETS A& a1, 7]
MEl PMS A A"lo] B A9 CDSS 7S F71ete] 7 skl

3.4. AP A QA A" (CDSS) 37}

CDSSe] A28 S B AL oY gHEel Agd & A,
B7PEA S CDSS7F R WAL JFPEL FPsHe o Fasch B Aol
AES B2k e vt d

3.4.1. A28l Z7A H7}(System Quality Assessment)

CDSS7} zt3oloF & Q F7]% (functionality), A% (performance), X Z3
(information quality), Z831 E+£9U7=Z (clinical pathway - E+3td &

B4y AN ArE SHet] Aol AAHe FLL Are).
0% BEQAARE JAMAF wAE o] = ootk EFUNARY
A% e B AR ARt £LA, £EH AL 25esA, 257kl

G E A, AFRAGo] HopAl=A, T AN @A) RHETE SprheA, 9
=

3.4.2. A} A H 7} (Usability Evaluation)
AFEA 2 CDSS9 74 & AAsh=d T3 98-S sty A% AFRA Y wE
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SN, £84, A Qo) s, ARY B, EA U %Y Fol AgA
957] S8 Frrach

|
A ZRAEL oy Ao oA, A7 H57, dit & e 7HA
|

® 2. 483 BFE AFATHE FF

Number

Questionnaire License Fee Validity Notes
of Items
QUIS Yes ($50-750) 27 Construct validity; evidence of sensitivity
Construct validity; evidence of sensitivity;
SUMI Yes (€0-1,000) 50 Strue 4 Y
availability of norms
Construct validity; concurrent validity; evidence of
PSSUQ No 16 o Y en M
sensitivity; some normative information
Construct validity; evidence of sensitivity; some
SUS No 10 o vanany Y
normative information
Construct validity; concurrent validity; evidence of
SUPR-Q Yes ($3k — $5k) 8 sensitivity; some normative information

(websites)

=

=71 uxpsychology.substack.com

B AFoeE TF3E AFSEATF ARo g glold A thit Bdo] i A
a4 (construct  validity), =4 4 &4 (concurrent  validity), iR4ad

ofN o

A (evidence of sensitivity), €% 7% 2% A H (some normative information) 7}

B ASE AR AR {484 AT (PSSUQ = A= sttt

PSSUQE 1988 IBM Wl Z2AEQ  SUMS(System  Usability
Metrics) ellM el Zlom, AA®S ARERE & AJAE AREAe] didh BHES
Sshod AR Es BEdhE AiEAbelth. PSSUQE AARe] addd 4%

g med i AWk AREA RESREel e ggd AA" AR 9

21



Zwe Hrhdch B el % PSSUQE #HEstel CDSS AH84S F7hstalt.
PSSUQ MEAE 16719 2oz FA=e Aok 2 4= e 5Ig o
W BSR4 o F b el o) THY AE ks, HY AL
F=o| FrhErh PSSUQ L 4719 Hxg zhoth PSSUQS 47k HEs)
NFEE gt gol LA ek

[ ]
N

AR g5 15E 167 (AA &5) o S9S Hsk g 8% 0.94
8 G824 (SysUse): &2 1~69 Fzk AT 0.9
e X FA(InfoQual): 7~12¥W & H7 AFHE O

[ ]

>
[>
oft

o <E|HolA FA (IntQual): 13~16W & Hi. Al

1) AFEe 9n
AFREH wEH o7 Fst dyE AEsE AEE Wt PSSUQQY AFE =
AEe Fdl A3 dolEHryt 4 A AFEAY e AHE AXEEAE

Foh we AR MES FAS zA4N wEdoz faw 4nE

2) PSSUQ¢] A1# =

oAgeA AMEE PSSUQE "% AlFEErE & AEox d#A
PSSUQE AF =& Yehfs= 3Ents 43 (Cronbach's alpha) #te] 0.9 ooz
I A ity AEbE &y gho]l 0.7 oleld AlFErE Ui (FEEHE=E,
PSSUQe 93] 424 v Aw BHESR A4AZA. PSSUQY =& AHEs
AR AEI B Aol AlAE NS 913 Fesh vmus AFete] AREA

Aol del AHgEn

O

22



X

3. PSSUQ HEA oA — &A: UIUX Trend

Strongly Agree

Strongly Disagree

PSSUQ g 1 2 3 4 5 6 T NA
1 Overall, | am satisfied with how easy it is to use this system.
2 It was simple to use this system.
3 lwasableto complete the tasks and scenarios quickly using this system.
4 Ifelt comfortable using this system.
5 It was easy to learn to use this system.
6 | believe | could become productive quickly using this system.
7 Thesystem gave error messages that clearly told me how to fix problems.
8  Whenever | made a mistake using the system, | could recover easily and quickly.
0 The information (such as online help, on-screen messages, and other doecumentation)
provided with this system was clear.
10 Itwas easy to find the information | needed.
11 Theinformation was effective in helping me complete the tasks and scenarios.
12 The organization of information on the system screens was clear.
13 Theinterface of this system was pleasant.
14 |liked using the interface of this system.
15 This system has all the functions and capabilities | expect it to have.
16 Overall, | am satisfied with this system.
3) A 2 AHA FH7F(Accuracy and Reliability Assessment)
cDSSe Bk F AT gnel gsdw u¥ge fuge edold
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4. A74%

4.1. JAHE AR YA AE (CDSS) oF71E A 2] A<t
2 A9 CDSST vt 22 of7|H A5 zh=t},

X447 |t

G O] E & O] £

CDSS sW DB Server PMS
| AR H Ol A | e
| sxmuEaxe gus —— [P Vi
__________________________________ oz v
Service Adapter
o|EfH]| 0| g
ol2Zd
Z= o

oTo

v
Push Controller

Main Form

WinForms/WPF

1% 3.CDSS A|2¥ £2%E
CDSS& v 22

E T

1) A2} QLE| s o]

SFE

dEoR AR

Fe

2 (User Interface)
o 33Xl T4, A o]y, <k=

4, okg B U 52 Agshs AeR dEelA
o]t} (Michael et al., 2013; Jan et al., 2012).
A8 QEHo|AE £

dHE e SAFE WYAE T
T/E AL A A 7INE Elo]EjHo] e V]S HE

2) 92 dlo]gH|o] A (Medical Database)
e Iz gm UF,

HlolH =

At Ay, ojux], HAF Ay 59
g o] ¥ o] 2~ 0]t} (Nicole, Mingrui & Kirby, 2011).

gt
TE PMSE &3l 9= CDSS #4te] g HE HEST

ol dlolEimlolat: B W AR HIEE % AHI Hek WAUSS
ZkFofo st}
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3) A2 7|48k dlo]g o] A (Knowledge Base Database)

® CDSSt 95 AA7|HE dHolgH|o] s &&sto] omxlelA AL AA=
k=g

o o5 AN dHolEHlolAe A e, Az AE, e FH, nTiol=
2kl F o= Fope] dE A4S Xt (Martin & Chandan, 2015).

4) CDSS9 A4 A & 24 (Decision Making Logic)

® (CDSS+i= #4k9 o g dHlolBE A5t JAbA 24 o wheh oS AAEh

o APAARA= AAVIRE HolEH|o] A9 AAH o ZFEht

® C(CDSS9 AR EAL HiE7t AIAE, JAEA Eg, F27|9 AlAE 5

thre] WAl o7 33 E S 9lth(Silva, Haka & Machado, 2022).

PMSAIto] X222 49

l

HAS s A2

l

S8E $HXI0) PMH B U5

l

HEYDE +esl= 2} CHAOIA
$Hxle] PMHE S 0l2810]
stxlol Fo|7} TR BHE 0l W

l

Fo|7tEpet @

Folag aiE 9 7oiE S

1% 4. CDSS Workflow
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4.2. N&" TS A% Ve 24
CDSS9 7itell AHEH = F8 7lseay vadt 2ok
® WPF: MicrosoftARe] Bl2=E FEpo|AE o Ee|A01dE Ul Zedel=
® DevExpress: Dot—NET 7|8F AXJE gojud g F 3y =EZH Report 7]&
THE 9l AR
® MediConn, DUR: g8 H ANAE 935t 2&
& AREste] o EgAleld 3k dHolH

el Agete 9 AuAg A M Ass Wby

® REST API: HTTPY} Ut& ZEE

® NetMQ: C# ¢dolg& 2ZAA wAA go]r g
® JSON: ZA#9 dlojg w3 2] "9AES A3t MY v XU
® Dot—NET: MicrosoftAlell A ote g g ZH=Z

o TCP/IP: AEMOIA AFEEC AR BAT F LS = BA T

4.3. 7187
® Visual Studio 2019: wlo]mZ 2 AT EA &3t C#. Dot—NET 71434
® MSSQL 2014 Exprss 2014: nlo]a 2 AT E A /|3t Ho]g o] A

® Git 2.13: AXE9o] 2AFE Y} A £

4.4. A X714k "lolEH|o|A T=
B oo A4 dolewo] A THS wAgRe A3} JAH 1ol
glet CDSS Aute] 4 e % sk

A A7 dolgMlol Ak 17 59 e WAL Ba THE
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" N
| =2 ) = TeETH. =
HolE =3 A2 7IE AIE 0T %E A2 IS AN IR VIS £ 2T
+TE GOIES BA IES A 2TASAL SSE TES ML
IOl EA & &7 HOIEE AT B BT NE YUY 2E U 59 HIE £8
B AEE
KAl =z S5E HO[HS RO SETBNY AL XEH ATF 07 BY
= PO~
_ =AM QAZENLASH0| 0350 BT = Y BHE B
KAl 23 0|5 i3} A J| M2H, BT 28 & NUEHEAS AB
AH

HolEHols 25 | F 0= cos 2e

B Ao E Aa7¥k B7F(Knowledge—based Evaluation) 78S 7
skith. A2 7IRE FH7hek Abde] Aojw qf2e] weEl dHolHE Hrista AA

A g ousth 447w 7S S8 Agd delH e AgAlt

ofo

o

A A 714k d]o] el Ho]

dlolefuo] el A gkxke) Al ojmrls 9 AAE JRARE FESe A,
Ttk AA7IRE dlojEHo] oM FE2E @Al RARE FES FHERE

e ol o]F HrlsteE WA= 3779 FE(Rule—based Inference) ¥golz}
H

Atk B Eol A3 9N F WHABANA AET F A: FHES P
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¥ 49 A FELS CDSSE olgd H7/ME ¢ = oY AoAE AR &
&

=
g ke FEEo]l xFHo vk CDSSe A2 K.}
A7) Al 2~" (Expert System) $ dFo|t}, olgst AFE7t A
thFojof stal o]E ThE7] et HA (Fuzzy) =2lAlo 7|&S Xt o=
LLM (Large Language Models, thit® do]Ed) Q1A S 7I&2 ol&al &9
HGAE oldletr Bodh %3S Ealste] Fwsks 2o Jhsalt. 18y &
ATeME e
edaiof 7] wiEel
Ao HeE Blour® &5 Ui dAE b7MES S

AANE £ % 49 5
Aol ofg it webA ol: FEAXF] AL fal =y BE/Ae
LS A8 HA 39, X 58} Zo] 1Y =(Key—words) & F2]3F3 ¢}

JlN
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79 88 CDSSS QAEso] sel tial AwWa Zes tiolo] T
Aztake glolth o] tolol@e CDSSY Fo A4 o4 e A% Tz

Patient Data Input

-------
"
P

Patient History Access

________

Execute Rule-Based Assessment

.
-
Teao

7% 7.CDSS YHHAS| A A% P2

Uebditt, CDSS <lEso] A=

il

I 7e CDSS ABFelxd A% Tz
gl doly 4, o)g 23, QA7 dolEmol~e] A, 2 Ak Bk A

5 38 71%S £, 4 74 2kd 35 F8ach

@\ .
) (DSSinterface
@Med\ta\ﬂemm @ ClinicalGuideine >
0 date: Date o condition: MedicalCondition o enisrPatiniDataldate PaeniDatal
0 deseription: String 0 recommendation: Recommendation J \\ewFa{:ﬁﬁ-ﬂnwpﬁlgrmd. I0): Patientistury
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E 10. #3€ PSSUQ HlolH
olF A% 4" dA”d 1 2 3 4 10 11 12 13 14 15 16
P1 2] # 2] A} = 30 3 3 3 4 4 5 3 3 3 3
P2 2] 2 A} k21 50 1 1 2 2 32 2 1 1 2
P3  AHAAL o 30 2 3 3 5 3 4 2 2 2 3
P4 2] # 2] A} = 50 2 2 1 2 2 1 3 2 1 3
P5  AFBAE o 30 3 3 3 3 3 3 3 3 3 3
P6 2] # 2] A} = 50 2 2 3 1 3 4 2 1 3 4
P7 AR 40 2 4 3 2 2 1 1 1 2 2
P8 A o 30 3 3 2 2 2 2 2 3 2 2
P9 2] 2] A} o] 40 4 4 4 4 3 3 4 1 3 3
P10 AFHLEA o 30 2 2 2 2 2 2 2 2 2 2
P11 A#PA o 30 1 1 1 1 1 11 1 1 1
P12 2] 3} 9 A} o 50 3 1 3 3 1 2 3 4 2 1
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P19 2] 2} 2] A} o 30 2 1 3 2 2 2 2 3 3 2
P20 AP 30 1 1 1 1 4 5 4 4 3 3
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Distribution of Biased PSSUQ Responses (Cronbach's Alpha: 0.88)
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CENE-EE

SystemUse InfoQual IntQual
P1 3.17 3.33 3.25
p2 1.33 2.50 1.50
P3 3.33 3.17 2.50
P4 1.67 2.33 1.75
P5 3.00 3.00 3.00
P6 2.17 3.00 2.75
P7 2.17 2.00 1.50
P8 2.33 2.00 2.25
P9 3.50 2.83 2.75
P10 1.83 1.50 2.00
P11 1.00 1.00 1.00
P12 2.33 2.00 2.00
P13 2.17 1.50 1.25
P14 2.00 1.17 1.00
P15 2.17 1.50 1.50
P16 2.83 2.67 2.50
P17 2.17 1.50 1.25
P18 2.83 1.83 2.75
P19 2.17 2.33 2.25
P20 1.00 2.83 2.75
AVG. 2.26 2.20 2.08
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PSSUQ Score chart of CDSS Evaluation

PSSUQ Scores (lower is better)
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® System Usefulness(A 28 F84) Q1-Q6
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ABSTRACT

Development of a Clinical Decision Support System (CDSS)

for Dental Management of Patients with Chronic Diseases

In modern society, the number of patients with chronic diseases such as hypertension, diabetes,
and osteoporosis is rapidly increasing due to the aging population. These chronic disease patients
are likely to be exposed to various risks of complications during dental treatment. However, if
medical staff do not sufficiently consider the interaction between the patient's disease and dental
treatment, the treatment may not proceed as planned or may have a direct negative impact on the
patient's health. Therefore, this study aimed to develop a decision support system (CDSS) - referred
to as CDSS - that provides medical staff with information on safe and effective treatment methods
during the dental treatment process for chronic disease patients, and to integrate it with the practice
management software (PMS) - referred to as PMS - that is used for managing patient information in
existing hospitals. The developed CDSS provides dental staff with information to review or medical
guidelines on treatment methods when treating patients, thereby supporting them to determine the
appropriate treatment timing and method by sufficiently considering the patient's condition. To this
end, an inference engine based on knowledge-based evaluation was designed. The inference engine
collects the patient's medical history, the status of chronic disease at the time of visit, and knowledge-
based clinical information from the PMS to provide important information for the medical staff's
treatment actions. In order to inform the knowledge-based evaluation, a knowledge-based database
was built through several steps. This information was collected through electronic dental records
(EDR), PMS, and direct patient questionnaires. In particular, the database was built and the system
was designed by focusing on the problems that patients with major chronic diseases such as
hypertension, diabetes, and osteoporosis may face during dental treatment.

In addition, the CDSS was designed by optimizing the user interface (Ul) and user experience

(UX) so as not to interfere with the treatment process of medical staff in complex and busy medical
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settings. To verify this, a survey on the CDSS was conducted on 20 medical staff in the field, and a
post-system usability survey (PSSUQ) was applied to increase the reliability of the survey.

As a result of the survey, the developed CDSS received positive feedback from medical staff.
For example, in the case of a patient with hypertension, if the blood pressure measured at the time
of admission was evaluated to exceed the standard value, a warning notification was provided to the
medical staff, which ensured the safety of treatment. Diabetic patients were warned to measure their
blood sugar levels before treatment to reduce the risk of hyperglycemia, and osteoporosis patients
were warned in advance to take measures to prevent complications by reflecting their medication
history.

In terms of usability, CDSS was also evaluated, and it was confirmed that the system was easy
for medical staff to use through an intuitive and easy-to-use interface, and that it helped to enhance
the accuracy of treatment by providing visually clear medical information.

In conclusion, this study showed that CDSS has a high potential to be established as a tool that
helps ensure the safety of dental treatment for patients with chronic diseases and medical staff in
dental treatment. This system helps medical staff make more consistent and reliable decisions, and
it was found that it can have positive effects in various medical fields. In the future, the functions of
the system should be expanded to ensure universality, and additional research is suggested to

increase the applicability in various clinical environments.

Key words: Clinical Decision Support System(CDSS), Practice Management Software(PMS),
Hypertension, Diabetes, Osteoporosis, Chronic disease, Inference Engine, User Interface(Ul),
User Experience(UX), Knowledge-based database, Post-Study Systm Usability Questionnaire
(PSSUQ)
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