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Abstract

Objectives: To investigate awareness and practices among dental hygienists related to an eco-friendly transition for sustainable
dental practice, and to identify barriers and policy requirements. Methods: A cross-sectional online survey was conducted with
80 dental hygienists in Korea using a structured questionnaire in which green infrastructure, knowledge, attitudes, practices,
barriers, and policy requirements were assessed. Data were analyzed using descriptive statistics, chi-square tests, independent
t-tests, one-way analysis of variance with Scheffé’s post hoc test, and Pearson’s correlation analysis. Results: Experience with
an eco-friendly education varied significantly according to clinical experience (p<0.05). Implementation of mobile questionnaire
systems (p<0.05) and light-emitting diode (LED) lighting with motion sensors (p<0.05) was more prevalent in Seoul and Gyeonggi
than in the other regions. Practice scores differed significantly according to clinical experience (F=4.030, p<0.05), whereas
knowledge and attitude scores did not. Attitude, and practice were positively correlated (r=0.356, p<0.05), whereas knowledge
was not significantly correlated with either attitude or practice. Major barriers included, lack of information, insufficient legal
and institutional support, low patient awareness, limited managerial interest, and inadequate evidence. There was a strong
demand for policies that support eco-friendly certification, insurance incentives, infrastructure support, standardized guidelines,
and educational programs. Conclusions: An eco-friendly transition was associated with an eco-friendly education and clinical
experience. These findings suggest that sustainable dental practice can be supported by enhanced eco-friendly infrastructure,
continuous education, standardized guidelines, and institutional support.
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2|3} o] 572 F 5o Al S flsl thet L3S e S ARESIaL B2 oAt 22 AH|Stth ot AR Hl7 | &, a2 Bl T
& BpstEAo] A&4 0 & WAYsto] SRS F7HA171aL Q1 2] FANE R AL7Ms A ERE SHOR 85 ATt A
worollM 7 FF AT A% 7Hs et 2YAA 752 FAISHAL T3], o]0l 2ol s ool M & B A X|& s ARt A
o] Zdgho] 2753 glom 2| ate| & Fofoljite 5] At gt HE fAISHEA B FIFE FAdkshe M Xt Az de
wj2{ete] 02 AAIE| L SITH4].

MAIEZA7 )= 420 R A] oF2 23 A 2o] ARg- Behieh 24 M52 517 w2l S Halshal, A& 7hset x| 3 JeAA| o] e
Bz3IATH5]. 31274 213Hgreen dentistry)= 82 A} $af PAS FAISHHA ZH 4:H], ol U A] ARG, ol gu7]E Y 9l e

N

2| Asls= #7420 2 2|4 7H53t X| 1 L JAAIS <Ju]gitt. o] S 93l AFle] A& (reduce), AAHE-(reuse), A&-E(recycle), 715 9 2
g 2] A3 (redesign)Z 2JlsH= 4R Y2 71HH0 2 w78 BHES Zo| 1, TR/ e PAbM 2, 2zk 2kE, 77 A0, ZiE 2|1 A

Al- Az (computer-aided design and computer-aided manufacturing, CAD/CAM) 5 A 7|&-S -85t0] 21 4H]9t 3] J3FS &
aslohe WRko 2 skl o6, 7l.

X2y 2| 2he] 432 A2 2127 At o] =iRte 2 o] 2o x] gRom, o] 5 AA| /dellA &2 e AXshe 2|3k SA
Ao] ofgto] " oot Eo] X| eI AkE e, o5u71E B A AE e, tAE NEAAY 9, $lS 55 930k A
¥ oz XeHg X2t 292 AA| dolM Adsh= SAAQ g 43t wEkA 21575 2|2 292 HlsiM e 2|l gAke] o
ok A pES FRloke Zlo] Fasit X3 W& 52 71919 A4]o] Blifol| FRFS mIX|a, @dH Bt A Aoz olofzl=
A Al e, A% (knowledge, attitude, and practice, KAP) 230 2 A = 4= 9lo} 4| 24E b7 ke d a7} lch8 9.

TelofA= x|hish gt 7l o] tied x1ehg 2|t 218 1A, A, ol 2 R1[10,11], 212 SauiE NS ERH R A
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ko] 7Hd[13] & A&7t &4 A A7t Bawa ok, Jjuf S Ate 2|3t o)87)e] 4 Ak AJuliAtE (environmental,
social, and governance, ESG) 7 G142} x| 2+ opzrdol|A] -fe]H 4+20] £Zo] nj 2= J&H15] 5ol wst A7t a3 =|gl oLt 2|3t of
7130 213 A 15 0 2|29 AARe] A4 B, Al W3 HEke] Aol a9l 9l A Q15 F3hA 0 2 BAMS A= Ao 4
=] 2] okgtet. w213 X1 5.0] A A FAIQ XA RYALE T 0 & a8 AT - A|gh o]k

olof] & A= =] X|1} 5713k 2I$HY Al 5 5 hetekar, 2|kl dake] XeHY X 5o thst 2| Al ElE W A 52 H7t
S, %1273 Zgke] ol @ 1k A Q-5 BAsto] A4 7hsst 2| 292 $I5h 71 RAEE Algstaat 4=3)513iTk

A
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1. AChs o b

2 A= 20269 SEHE] 6971 U 2|2t o] 7)ol RS XL BARE TV & 27714 A 221Q1 AR FALS o] &3t AT

(cross-sectional study)& 4=85t{c}. Aol ke X2 PAL 2211 ARYEIE ol B, A7) H4x} oli/d Bogol dot A
& SIS S 2P 0 2 At Folof] Fofgh ti/dAlt Ad-Zol| Zofst=E sigint A7 7|52 #A x|} o] 27| ol ZFohe 2|2k AP

B At Zofol] Footal 2211 Aol 217 g Ee A o H, x| 1} o) 27| o]l ZRSHA] AU RS B ASH & ?

Ak 24 FE-2 G*Power (ver. 3.1.9.4; Heinrich-Heine-Universitéit Diisseldorf, Diisseldorf, Germany)Z- ©]-835}0] AH&31]ch. Effect

size 0.4, f-2l5(a) 0.05, 7 (1-B) 95%= AHE3E 2} 717 0] oH 2|5 807 <] A5 FAISHITE & A= Hydisha 7

2]9]38] 9] 5918 k2 & AJ3Y5IITHIRB No. 2026-04-049-001).

2. A

2 Q170] MR 13 Ao} A4 75
222 skl AEAE Qv 54
o
a

KAP), 3187 2%ho] Aol aQl, 43

of| Tt o] A AE Higo 2 2 iro] EXof gbA| 427 Heksto] 25 A
A 2187 7150 it 2]4]- e =A% (Knowledge, Attitude, and Practice,
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1) 873 )3} 7|8k 15§

A8 2|t 7|9k 15 A A AH12,1315 Farete] X5 9 vlolE tAEsHerd), el 9 Ak AegHerd), ollvAl &8
LAY FHUED) 5 5 165F R TSI 7 FE-2 A =9 ofR-5 ZARIIOH, B9 1, Hl=Y-2 0H 0 & Hojsto] d3fZ
ZAFSHATE

2) X187 Z1 50 g KAP

X127 KAP= A3 A8 915 #arsto] 2|4 824, Bl 873, Al 13802 AJ5ieltt. BE £ A71Q141H 54 Likert H=(1
4 s 1A Y, 54wl 1 ThE ARSIl oH, MaTt =248 18 K50l ohgh A 4], B W A 4250] =2 A oJu]gitt

A A2 X2 W7 21K, 4R 932, o) 57|20 23 9, TIAIE JEAIAR], 2] Fok gl 2| £715/d Sofl Bt Uiz H/dE|glom,
A7) 1419 2] 4 (perceived knowledge)S Z7d5131Th. Cronbach’s ai= 0.8590] 31Tt

Bl = X1 X 5o) oA, AR A el A e, AR A1 B IS Fof 97 522 /=R oH, Cronbach’s ai= 0. 71601041:}

A2 YAY JEAIAE ZE 212 AlF AR, oluA] Aok ogmZlE B, 4R A 2 18 AR I 508 A
Cronbach’s a+=0.798°| At

3) X2 Hgke] ol 29, AW o1 T

X127 ko] Aol o Rlut A Q== A3 19,1215 TSIl Aol Q912 A E =, v j-A = mu], XIghg g A} B,
Bhate] k2 Q1] Aogzlo] i) BE 9l X13hg Hgte] 24 BE 5 6B o R A5 on, 54 Likert 4 =5 ARSSIQICE M4t 224
5 23 Hgke] Aolg 3A] Q1AI5k= ZlolH, Cronbach’s ai= 0.79801 it A3 Q7= 318G 2|2t QISA| e, R 471 akg, %1
7 7 =AY, w5 Y g R AH 5 57 E0 = /dsiglem, Cronbach's ax= 0.8230] i

3. Al22M

424 A4 SPSS (ver. 21.0; IBM Corp., Armonk, NY, USA)E o-g:30] 2-43519ick. cidzke] Awka) EA X19H4 w8 43t 2]
R 218 7|9 5 ER2 ¢ A 02 RSN ARk B 318 2 A B =3, 218 JEke] Aol 291, +=independent
t-test?} one-way ANOVAE EA5}al AREAHL Scheffé HHS o831t} X137 2|4l Bi=-A4 7he] ATl A4 HE &
Pearson ¥4 0 2 BRISIICE HE SAH Fol4FE p<0.052 53t

=)
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-
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1. QUIEQl SN XA WS AY
thdAte] Unky EAo] ke g w8 HPS BAGH AikTable 1>, 137 18 7492 27 7o) uet fogt ol2 2tk
(p<0.05). 21874 W& o] rkal -SHTH B[ 8- 1-2F ZFT0] 24.0%(6%H) 2 7HF %o, 3-4F TR 121%(49), 549 o &5
-2 15 70| UATHO.0%). B, 2|t x| 2hefat 1ol wk2 13Hg -8 32 SAIZ 0 2 [ofgt o] 7k LpehbA] kttH(p>0.05)

Table 1. Experience of eco-friendly education according to general characteristics (N=80)

Characteristics Division N Experience of eco-friendly education o
Yes No
Region Seoul/Gyeonggi 39(48.8) 3(7.7) 36(92.3) 0.313
Other regions 41(51.3) 7(17.1) 34(82.9)
Clinical experience ~ 1-2 25(31.3) 6(24.0) 19(76.0) 0.046
(years) 3-4 33(41.3) 4(12.1) 29(87.9)
=5 22(27.5) 0(0.0) 22(100.0)
Number of dentists ~ 1-2 39(48.8) 3(7.7) 36(92.3) 0.414
3-5 21(26.3) 4(19.0) 17(81.0)
=6 20(25.0) 3(15.0) 17(85.0)

"by % test, p<0.05
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ool w2 21317 2|7} 7]4k 72 8 ] @3 A<Table 25, Bu}e B2 A8 LED %% 9 S27%)7] A7) of ol SAH0.
= °4°P 2ol 7} LyERSH EP(p<0 05). ZHY F71 A AR A&7 7] 257]42(64.1%), A%} 157142(36.6%) 21, LED 2% U 5242 7]=

AH)
771014 © £ Hl8-S Bk 1 9] FAL AHE, TN WAMIES, 77 2741, CAD/
AMETE OP%f Aol 12 relet 2ol 2ICHp-0.05).

Table 2. Status of eco-friendly infrastructure in dental institutions according to region (N=80)

. . Region +
Characteristics Division SeollGzones. Ofer o p
Digitalization of clinical ~Electronic dental records 34(87.2) 30(73.2) 0.117
practice and data Mobile questionnaire system 25(64.1) 15(36.6) 0.014"

Digital radiography 33(84.6) 35(85.4) 0.925
Intraoral scanner 32(82.1) 36(87.8) 0.471
CAD/CAM system 14(35.9) 17(41.5) 0.610
Al-assisted diagnosis 4(10.3) 5(12.2) 0.784
Non-face-to-face patient management platform 4(10.3) 5(12.2) 0.784
Environmental Amalgam separator and recycling system 0(0.0) 1(2.4) 0.326
management and Dry suction system 4(10.3) 12.4) 0.149
resource circulation Eco-friendly certified materials 0(0.0) 1(2.4) 0.326
High-efficiency water-saving sterilization system 5(12.8) 4(9.8) 0.665
Indoor air quality management 1(2.6) 3(7.3) 0.330
Energy efficiency and ~ LED lighting and motion sensors 13(33.3) 4(9.8) 0.010"
indoor environment High-efficiency heating and cooling system 16(41.0) 12(29.3) 0.270
Energy monitoring system 13(33.3) 8(19.5) 0.160
Solar power system 0(0.0) 1(2.4) 0.326

CAD/CAM: computer-aided design and computer-aided manufacturing; Al artificial intelligence; LED: light emitting diode.
"by % test, p<0.05

3. Hiehg X2t T2 KAP

Aol Hh2 2187 2|H A g0] A, Bl 9 AS EAs ATk Table 35, A4 25A7} 42747 2RAbRch HE A4 otou) A
A(t=-1.211, p0.05), B (=-0.894, p>0.05), A(t=-0.178, p>0.05) B0l EAH 02 §oJat fol = Lieh] egtch
20 Aol o} 187 2|2t 2182) A4 e Mok 7F9]8 o]k S0 LHAIA): F=0.592, p>0.05; E: F=0.480, p-0.05), A1
© 25 73etol wfe} Solak ol 7} LIEISHTHE-4.030, p<0.05). ARE % 2, 1-2d ZAH3.38-£0,550} 54 ol A2iAk(3. 840,637
oI5| =7 LERTH(p<0.05).
A4 900 5 185 A A 73 e SO ol 5111 10025, 005 B 12629, 005

QU = |
g {Lﬁﬂ EHOJ A4, B ‘3—4 Ad 7&4 %ﬂrﬁﬁ% A% 2, EHEQP d doﬂ/\i frofet %LI oaﬂr{%ﬁlg L}EH“AEKFOBS@ p<0.05).
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Table 3. KAP regarding eco-friendly dental practices (N=80)

Characteristics Division Knowledge (Mean+SD) Attitudes (Mean+SD)  Practices (Mean+SD)
Region Seoul/Gyeonggi 3.23+0.86 4.21+0.45 3.53%+0.65
Other regions 3.43+0.62 4.30+0.44 3.551+0.57
tp ) -1.211(0.230) —0.894(0.374) -0.178(0.859)
Clinical experience 1-2° 3.21+0.78 4.21£0.52 3.384+0.55
3-4° 3.34+0.76 4.25+0.44 3.461+0.58
=5 3.45+0.71 4.34+0.37 3.84+0.63
Fip') 0.592(0.556) 0.480(0.344) 4.030(0.022) a<c
Number of dentists 1-2 3.32+0.71 4.321+0.43 3.621+0.67
3-5 3.32+0.84 4.33+0.45 3.68+0.51
=6 3.36+0.76 4.06+0.43 3.254+0.50
Fip") 0.025(0.975) 2.629(0.079) 3.297(0.042)
Correlation analysis* Knowledge 1
Attitudes 0.039(0.731) 1
Practices 0.048(0.673) 0.356(0.0017) 1

KAP: knowledge, attitude, and practice.
"by independent t-test and one-way ANOVA with Scheffé post hoc test
*by Pearson’s correlation analysis, p<0.05, " p<0.01

4. 25 Z=E MEF K|z Tz Foigel

| M-
25 7ol W2 2 23} W& Hofegle] xjolS BASH AnTable 4>, R BE(F=11.694, p<0.05), T BT nju](F=4.782,
011), Bx}e] L2 Q14 (F=10.273, p<0.05), G971 9] hA] BZ(F=10.355, p<0.05), X1eH42] aate} ZARZ(F=12.587, p<0.05)0lA] &
ofgt &po]7h ekt R X184 25 213 B (F=2.947, p>0.05) 5AH &2 F2lgh 2to]7} i
AN At g H B2 5 o) THEto] 1-2} 3-4d TRFETH 90 H(a,b<c), WA A= n]H|= 54 o) TRwte] 1-2d 2
FEOEUTHa<c). #Ake] B2 Q1412 51 o)A TLF-o] th2 & AR ek (a,b<c), A 97e] T 52 1-2d F-FHt 3-44
2l 51 o]/ TRTol|A] o5t =3k (a<h o), e A ket A B2 5 o) Eto] o2 = YR F-ol5HA| =4 THa b<c).

Table 4. Barriers to eco-friendly dental practices according to years of clinical experience (N=80)
Clinical experience

o .
Division o 3P > Fp")
Lack of information 3.684+0.94 3.9740.95 4.81+0.39 11.694(<0.001)
a,b<c
Insufficient legal and institutional support 3.76+0.87 3.93+0.99 4.50£0.51 4.782(0.011)
a<c
Lack of eco-friendly clinical guidelines 3.24%+1.01 3.21+1.26 3.90%1.01 2.947(0.058)
Low patient awareness 3.52+0.91 3.72+1.06 4.631+0.49 10.273(<0.001)
a,b<c
Lack of management interest 3.92+0.95 4.48+0.87 4.9540.21 10.355(<0.001)
a<b,c
Insufficient evidence for eco-friendly transition 3.28+1.02 3.33£0.95 4.224+0.68 12.587(0.001)
a,b<c

"by one-way ANOVA post-hoc test by Scheffé at a=0.05, p<0.05
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5. 22 2T Nk K3 21 WY @

TR Aol th2 1874 2|9t W8 2 o7 B4 Auk<Table 5>, 1E AEA|E vt 5o (F=9.836, p<0.05), T 245 AT EU(
XI2H)(F=6.081, p<0.05), 7187 ] B 25 5l 24 Sll2(F=5.168, p<0.05), EE31H 127 2% ml A1 3(F=5.620, p<0.05), 123 &
B 2 7| Q1(F=5.770, p<0.05)0llA] -5-2J 5k 2to]| 7} LSttt

A5 A, 1% %%Zﬂi k. Rof(a,b<c), B U5 Ak =R &H])(ab<c), BESHE 213 29 i A8 (a,b<c)e 59
ol TE-7o] 1-2d Y 3-44 TRFETHfofoA| ETh 18 ] Bxg 2 24 slE(a<c) 54 °l 2R 0] 1-2d 2R ZETH
gron, 3-4d R L= 8 éz}om Ack. 2187 1 9 Z4m|Q)(a<c)2 5 o) TH-zo| thE Y FehEnt 2 Y4E e

3L ¥
£

Table 5. Policy needs for eco-friendly dental practices according to years of clinical experience (N=80)

Clinical experience

Division — T = F(p')

Eco-friendly certification program 4.081+0.75 3.9710.95 4.86+0.35  9.836(<0.001")

National health insurance incentives for carbon reduction 4.32£0.74 4.30£0.76 4.90£0.42 6.0821}(](3;(;:04”)

Subsidies and tax incentives for eco-friendly equipment 4.32+0.69 4.601+0.55 4.861+0.46 5.1621(](3;(;08*’)

Provision of standardized eco-friendly operating guidelines 4.04£0.61 4.211+0.89 4.7240.55 5.620?8?005**)

Eco-friendly promotion and campaigns 4.04£0.73 4.4240.75 4.7240.55 5.776(1))(]:()).<0COSH)
a<c

"by one-way ANOVA post-hoc test by Scheffé at a=0.05, p<0.05, "p<0.01
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