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Comparison of shear bond strength between various
temporary prostheses resin blocks fabricated by
subtractive and additive manufacturing methods bonded
to self-curing reline resin
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Purpose. This study aimed to compare and evaluate the shear bond strength between
various temporary prostheses resin blocks fabricated by subtractive and additive man-
ufacturing methods bonded to self-curing reline resin. Materials and methods. The
experimental groups were divided into 4 groups according to the manufacturing meth-
ods of the resin block specimens and each specimen was fabricated by subtractive
manufacturing (SM), additive manufacturing stereolithography apparatus manufactur-
ing (AMS), additive manufacturing digital light processing manufacturing (AMD) and
conventional self-curing (CON). To bond the resin block specimens and self-curing res-
in, the reline resin was injected and polymerized into the same location of each resin
block using a silicone mold. The shear bond strength was measured using a universal
testing machine, and the surface of the adhesive interface was examined by scanning
electron microscopy. To compare between groups, one-way ANOVA was done followed
by Tukey post hoc test (a = 0.05). Results. The shear bond strength showed higher val-
ues in the order of CON, SM, AMS, and AMD group. There were significant differences
between CON and AMS groups, as well as between CON and AMD groups. but there
were no significant differences between CON and SM groups (P > .05). There were
significant differences between SM and AMD groups, but there were no significant
differences between SM and AMS groups. The AMS group was significantly different
from the AMD group (P < .001). The most frequent failure mode was mixed failures in
CON and AMS groups, and adhesive failures in SM and AMD groups. Conclusion. The
shear bond strength of SM group showed lower but not significant bond strength com-
pared to the CON group. The additive manufacturing method groups (AMS and AMD)
showed significantly lower bond strength than the CON group, with the AMD group
the lowest. There was also a significant difference between the AMD and SM group. (J
Korean Acad Prosthodont 2023;61:189-97)
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E59] A2 Aol w2t sub-
tractive manufacturing (SM), additive manufacturing
stereolithography apparatus (AMS), additive manu-
facturing digital light processing (AMD)¥} tj2#0 =
conventional self-curing (CON)2. 2 2&F3IATH ZE Al
He A7 8 mm, %°| 10 mmo Y75 Fe= AL
7t otek 20719) AlEg AlAbskitt. AL 8l AF 71 74
o2 A5 % &% AJH-2 CAD software (Rhinoceros
Rhino 3D, Washington DC, USA)Z o] &3} t]z}Qls}
k. AAF 7Hg WA Bl BE(SM)2 U HA(ZX-5SD;
Manix, Seoul, Korea)< ©]-85to] PMMA &5 (Real fit,
Hasem, Daegu Korea)& AAtsto] Al &stlet. 435 7t
3 WAlo] W B2 (AMS, AMD)L SLA 4] 9] ZHE|(ZE-
NITH U; Dentis, Daegu, Korea)%} aliphatic urethane
acrylate oligomer (Tera Harz TC-80DP; Graphy, Seoul,
Korea), DLP ®4]¢] =2 E{(Phrozen Sonic Mini 8K;
Phrozen Tech Co. Ltd., Hsinchu, Taiwan)2} light-cur-
ing acrylic based composite (C&B temporary; ODS,
Incheon, Korea)E AH-&sto] A5t dct. 27k BH4] o
#%l &5%(CON)2 PMMA (Tokuso CureFast; Tokuyama
Dental Corp., Tokyo, Japan)E Ar&-5F0] A|2Fs3ict. )
o[e 93t 27 Al 27 2.3 mm, 0| 3 mme] €7
5 FEi= AAISI¥ I 27153 PMMA (Tokuso CureFast;
Tokuyama Dental Corp., Tokyo, Japan)E AR&-351%ct.
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SLA Ao ZREE AREslo] 100 pme] AF FAZ &
3t A2 A2 7](UW-01; Creality, Shenzhen, China)
£ Argsto] o]Ax 2 d 518 8H(RS PRO; Kwai Chung,
Hong Kong)2.2 1087F M= AJfstgct. Hlzlo] a5
AlHL 2ke] A 2F3H71(MP100; Myeong Moon Dental,
Daegu, Korea)E °]-&35t] 102 3¢ 25 32HE I3
ok DLP 49| ZEIE A8te] 50 ume| 43 S &
23l A|HLE MZH 7S AF8Slo] olAZ 2T AT Qolofi
1027+ Al-S 13T AlZo] ehad Al 2k &
Z&71(0DS Cure box; ODS, Incheon, Korea)E ©]&3l
o 62 ZoF 2= Hol= A5t ZF A|lHe 2% o°o] 7+
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gha] o] 2| E-2(CON)S PMMAS] 2%a} g #| 2 A}e]
A Aol whe} 1:1 Hl&&2 E3sto] 17 8 mm, =°] 10 mm
o] 97| FHle] HE|E Ero FYsta, 38 3027 SF
sheicth ZE A B2 AW A7 22 mm, #=°] 16 mm2
AglZ Zeo £ 2% (Ortho-jet; Lang Dental, Wheel-
ing, IL, USA)2. &2 ZujE AJgsigich Zojd Ajwo] wd
S #220 grit Ag]E 7HHlo| = APER] S o]-85to] Anfste]
o}, Aob & AlH-2 2027 221412 7] (SD-250H; Mujigae
Co., Seoul, Korea)& AH&sto] 5740l A&t A= &
712 2027 AE2AZH Aolg2 {13 2 Also] o
& R 25 AHY SYol AT 4 AT AYE 2
£ AEsieth R 25 AlHo| AEE 2=5 1Yt
ol ElXlg AxzARY AAlof| @ 1:1 Hl &= &35t 2
off FUskL 32 3027+ FSHAH(Fig. 1). T olF A2
Z Z5E AAS L SF4el 271 37°C 24
2t BASIQlT AR Al A E 2R AdE
s B2 425kl th(Table 1).
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EA]Y7](Instron 5848
Micro Tester, Instron, Norwood, MA, USA)E AHg5}o
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of] BHA M 215 9rE A|&sto] g-2o] A= Ao L2

Al 2k88 4 A= E AZsHAThFig. 2). Cross-head speed
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Fig. 1. Experiment design of tested groups. (A) Reline resin,
(B) Temporary prosthesis resin.

Table 1. Materials of temporary prosthesis resin and reline resin

Group Fabrication method Product name Type Manufacturer \
SM Subtractive manufacturing Real fit Polymethyl methacrylates Hasem, Daegu, Korea 20
Additive manufacturing Aliphatic Urethane Acrylate
AMS (SLA) Tera Harz TC-80DP oligomer, Photoinitiator Graphy, Seoul, Korea 20
AMD Additive manufacturing C&B temporary Light-curing acr}/llc based 0DS, Incheon, Korea 20
(DLP) composite

. . Tokuyama Dental Corp.,

CON Conventional (self-curing) Tokuso CureFast Polymethyl methacrylates 20
Tokyo, Japan

. . . . Tokuyama Dental Corp.,

Reline resin Conventional (self-curing) Tokuso CureFast Polymethyl methacrylates 80

Tokyo, Japan

SM, subtractive manufacturing; AMS, additive manufacturing stereolithography apparatus; AMD, additive manufacturing digital light processing; CON,
conventional self-curing; SLA, stereolithography apparatus; DLP, digital light processing.

o

Loading
direction

Knife-edge rod

Reline resin
Temporary prosthesis resin

—— Embedding resin

—— Metal jig

Fig. 2. Experiment design of tested groups. (A) Schematic diagram of test, (B) Universal testing machine for shear bond strength
test.
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gato] ohdE Aol BEHS 30 BlER Fsct. AFol
A5 AjHe oW S YA BEE X EF = A
ol X oA dojit g7 w4 (cohesive failure), AW
o] upel A= ubd (adhesive failure), SH2} Z 2 op&o]
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of

Al B2 IBM SPSS Statistics 28 (SPSS Inc., Chica-
go, IL, USA) =233 o] &5t} ZF A-dgitre] 2
= Shapiro-Wilk test WS o] &3t} H14& 7:.47“ st

ATHP > .05). SEAMIS AA5H] Y3l Levene 24 2
S o] &3IATHP = .904). A3 SEAMI S B =S| o]
A2 wAl o] whe AHAFAEE Bl FA46H7] flsto] A

ISR M TR = |

n:E

%] £4H24 (one-way ANOVA)E ©l3t2IEHP < .00D).
AFE 77 0 2 Tukey testZ o]-g3to] A=42 95%0]A] 2t

AGAGH == CON, SM, AMS, AMDT £02 =
Holth CONTo] H# 19.62 + 1.89 MPa& 714
A3, AMDo] H+# 11.75 + 3.04 MPa& 714
e Bt dulx] EakEA Aat Aol #|xiat 4
2 HZ 7k, A7 WA i B2 ke e At e
5t 2ol 7k QUAUATHP < .001)(Table 2).
AME Aol ATE 2l Al CONT(19.62 + 1.89)2
AMST(16.43 £ 1.49), AMD(11.75 + 3.04)2} 825 2}

o
T
=
=

2 N0 rlo =Y

rr

Table 2. Mean values and standard deviations of shear bond
strength in experimental groups (unit: MPa)

Shear bond strength
Group
N Mean SD
Sma 20 18.07 1.57
AMSP 20 16.43 1.49
AMD® 20 11.75 3.04
CONP 20 19.62 1.89

Values followed by the same letter were significantly different (P <.001).
SM, subtractive manufacturing; AMS, additive manufacturing stereoli-
thography apparatus; AMD, additive manufacturing digital light process-
ing; CON, conventional self-curing; SD, standard deviations.
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0|2 B (P <.001) SM-(18.07 + 1.57)TH= §-2|5t x}o]
£ Holz] goIth(P > .05). SMat2 AMD—TLJ_} 905} x}o]
2 HYT(P < .001) AMSTIF= §-2]5h 2fo| & Ho|x] 9kt
thP > .05). AMST-& AMD3} w«l 3 zjo]2 BPTHP <
.001)(Fig. 3).

oY e AR

A3}, SMtollA g3 32 30%, &
o2 30%, & oL 40% 2 UG TH AMSTolA
42 5%, &% a2 65%, A2 ohd2 30% = LEFS
3 mE-2 40%, A& 2 60% = LHE}
3 o2 glith CONwollAf § ﬁ oL 10%, &

o ohd 2 90% 2 UEH o m 42 ubd 2 gl lTH(Fig. 4).

12 F

25

Shear bond strength (MPa)
]
1

M AMS AMD CON

Groups

Fig. 3. Mean values of shear bond strength. Asterisk(*)
indicates statistically significant difference between the
experimental groups.

8

20

Percentage of appearance (%)

M AMS AMD CON

Groups

Cohesive = Mixed = Adhesive

Fig. 4. The failure mode distribution of the shear bond
strength test of all groups.
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Fig. 5. Scanning electron micrographs after shear bond strength test (magnification X 30). (A) Cohesive failure, (B) Mixed

failure, (C) Adhesive failure.

ZAHARD A o] galo] 30 Ml 2 1k A st
A3}, 87 hde B o)A HAlolA dojgton] B ut
Mol QA RAE A Aol 2 YRt BEHY

o}, A% spEolq s 9s] el melo] BAE k(g

o

(P <.001). o]l #7712 714 = QA ek(P

A7hg BAE Ao Agote HE hE WHomE
SLA, DLP, fused layer modeling (FLM), polymer jet-
ting (MJ)7F QIth. o] & 2|3+-& YA HHE A2l SLAS}
DLP #Ajo] #2 ALG LI ol B F7Jahy ofn) &7
& Ahgsto] Yoz AotE= S 7AW SLA WAl
Z(point) &9], DLP 4] H(face) = 2k & A
L=

YA HEEL2 2T HEEo] vlsl] 7|44 Z=7F 7] o
ol A& 27 Foll xpdolut Z2to] AT 4 9, HF
50| o] R0 2)7] Z7HA] 2|t Aolgo] Wa g 4 Qleh
At g BEstn st Ange gAske
Azt Aol A7 Atole] 7+ Aol Washy = B A}

< |

o|e] Ag k= AR B3} 4

2 to

194

E/d3t Bado] Qlct.s

A ZAat AT o] Hrgto] CONTollA 7Y =%
o SM, AMS, AMD 40 & =9t} 2p7p23t Hhalo g
A2 o

= A
g 52 dA 7HE WAl e g AAs gl E59
0= §olgt Zo]7t gl o= A
At 74 #Alof] AREE PMMASH AF7HE3 PMMAS] RAFH
o2 At Hth Chen 599 Al B3
19] AT = Aol vlet 3H51d 2 E Z2he
A= 7ke] A =7t o wohal B 15kl Parikh 5209
Aol M= AAF 7k wrAl o2 A4k A BEE 2Xlo|
A7HE3 PMMA, bis-acryl resin, flowable £3% #|%1&
Aol 2|7 o2 ARgSto] A AFAEE Hlwdh A} AA
7hs- ®Ale] PMMA 2712 o] fAFSH A7 PMMA
73} 7P =2 A AR EE YER

= oot 2ol & Eeltt. Alshamrani 572 45 7hs
AloflA] layer thicknessoll Wt 23 2k, F= 529 7
Eol 9= £ 4 Akl AFsiinh. ok 43}
I} A7kl 73} Zlojol FF2 mAH AteAdS AHG
She 2 RemE FAanA 71AA EA4S FEAZ
CH 519t} A Z 7Hg ®AoA layer thickness, 7%}
AlZE Sofl mhg AHE T Zfolof tigh U8 mlH|shH

o {0
T o do X
o o & o

)
I ¥O

m
0.5 mm UH|2] 2&& AHE&sIRle o 4 2= gl
S

20% 7k m ol &3 Al HE WS 6l FEY

The Journal of Korean Academy of Prosthodontics



UERALE o]o] B dto A Ajo| & &) &
SR EER R
5pd Qpafe] B4 Al 42 ahe]

Aol el Atole] AmolAle] AP E} oFstet Ze

olsa Aol oAl 84 ko] 2 AvioAo] 2

o
oo,
>
19
i)
o
)
™

7& 2 EZ oo A4 7k )7l 85 & 7HE 2
EE H5RoA 42 ohdo] el on DLP WAl o & A 2ket
A 250lA 7 =2 vl&9] A& w2 etk DLP

HAl 0 2 | 2Het | B 2ojAe S7] ubd e UERA| 9oF

orf Jz sbd i} 23 o o] Ukt o] F 60%7F H&
mpdol 3= glct. o= DLP A o2 A&kt 7l 823t
Aol elF o] A=t YAl BEE 2 £ Aol
Zzle] Fr ot drhs A2 s)AE 4 glok

F A7 Afolo] A= AetA7|= 2 B AAY
=
=

5 37HIA 714 fA15 FAI7IAL A=A S A-8sto]
stetd Age S S3A7) Zoloh 2 Atolxe of g %
Aog Azt YA BHEE 27le] B

2

e 2
U FUE ohlep] AT AR Yol ol & A7

£ olgsto] YAl
| ol Aot

o]—x%x—lo] %] S =

i:lﬂl>

ot H‘M EPO] O}E i JEEE} gis e:6]'
4 AL A 8517] fth= 4ol Ue?

Jeong 52 ?J*] HAZ 2zla Aol elxizte] M4
BEE 7 4 e 71AAQ1 39 A2 W A
FHako| = AR 04‘3} Al,0, sandblasting, 4% hydro-
fluoric acid etching ¥ -85S wf A2l 7Hd}o]
T ApEZ|9F AL O, sandblastingS HaYstA S wf 7H =2
A= B A2 E o] = AREA|TH ARG Alof| = &
W A2 E ohA| ok WiET 22 AR EE Holtal B
Skl of& 2 AFollM = Al FHto] & ARER| S AHE-
Sk Anprt 71A1A A EE S7HA7]= 28l0] HUE Ao

rH oot

= THA Aol Ate
AR S 2r8e 2 ?_]—6]—7(—]01 ZAS whEr} 27 Hak

=
2 olF 71578 ©FA

https://doi.org/10.4047/jkap.2023.61.3.189

Chetx| ot Mele| x| 613 3%, 2023 7

N
31
wk
rid
oY
ofN
i
b

Aot} Palitsch 242 MMAZ} 45
’\é A et A F3F oA ZotEE
A 2] A7k ob gkl B a5kl
4 @ Bol A HBEE AR Sl 2
HHEE F7HA1717] S5 ohdst HEo] AQkE 1 it
ey AZ 7hgol AHEShe o2 E S AERARIA A

ol

28 _'7Ho]-X] OLO]- J.f'..jl]— 7éo EQ—] Foak 72“2 %:TL% L
Aol A Ik ol2id AAH e A A AFE

L
4% B2 42 Y A3

o= E7teta,” e oA ARg-E A

29] 2ol u3)

oln
o
o3

il
) n[o
N
N
ok
2
il
ox
M
B

sk= 29 82 £ ot w2tA A3
g oteba] AjEjof gt A7 FrrH oz deg Ao
AISHELE 2 AFtollde AR AR st ddds A
gsto] ddE HaYsilet. mebA Az gAER Aol At
S5 = o e AdEste] vl 2A31A] 23t oA
7h ATk, 3 U oA A B o] ARSE W] YF2
HIAlE AR AEer 4o A8 59 o 8/ls WY
kAl xstlom ofHfdt A EE 5 Hoh SR A+
7hEed Zloz AtRH:
s

A8l A3 7k A 0B Al A B g i 55
I Aol AHEe Hxlate] e Edg ol A4 7t
Ao AAt 27 £52 WEAR HA oz AT A7}
T AW 53 AHCE FofTt 2pol7} gl HF 7h
& A S SLA A0 2 Al Bjldl 552 A4 7k A
OS2 At A EFE W2 AR S e
AR Fofgt 2polS HERA] oottt AF 7HE A
& DLP Ao 2 A% el 52 A% wbdo] 60%2

References

1. Burns DR, Beck DA, Nelson SK; Committee on Re-
search in Fixed Prosthodontics of the Academy of
Fixed Prosthodontics. A review of selected dental
literature on contemporary provisional fixed prost-

195



10.

11.

12.

13.

14.

15.

196

hodontic treatment: report of the Committee on Re-
search in Fixed Prosthodontics of the Academy of
Fixed Prosthodontics. J Prosthet Dent 2003;90:474-
97.

. Patras M, Naka O, Doukoudakis S, Pissiotis A. Man-

agement of provisional restorations’ deficiencies: a
literature review. J Esthet Restor Dent 2012;24:26-38.

. Nejatidanesh F, Momeni G, Savabi O. Flexural

strength of interim resin materials for fixed prost-
hodontics. J Prosthodont 2009;18:507-11.

. Regish KM, Sharma D, Prithviraj DR. Techniques of

fabrication of provisional restoration: an overview.
Int ] Dent 2011;2011:134659.

. Mizrahi B. Temporary restorations: the key to suc-

cess. Br Dent J 2019;226:761-8.

. Dumbrigue HB. Composite indirect-direct meth-

od for fabricating multiple-unit provisional resto-
rations. J Prosthet Dent 2003;89:86-8.

. van Noort R. The future of dental devices is digital.

Dent Mater 2012;28:3-12.

. Mai HN, Lee KB, Lee DH. Fit of interim crowns fab-

ricated using photopolymer-jetting 3D printing. J
Prosthet Dent 2017;118:208-15.

. Torabi K, Farjood E, Hamedani S. Rapid prototyping

technologies and their applications in prosthodontics,
a review of literature. ] Dent (Shiraz) 2015;16:1-9.
Jockusch J, Ozcan M. Additive manufacturing of
dental polymers: an overview on processes, materi-
als and applications. Dent Mater J 2020;39:345-54.
Alharbi N, Wismeijer D, Osman RB. Additive manu-
facturing techniques in prosthodontics: Where do
we currently stand? a critical review. Int J Prostho-
dont 2017;30:474-84.

Papacchini F, Toledano M, Monticelli F, Osorio R,
Radovic I, Polimeni A, Garcia-Godoy F, Ferrari M.
Hydrolytic stability of composite repair bond. Eur J
Oral Sci 2007;115:417-24.

Zinner ID, Trachtenberg DI, Miller RD. Provision-
al restorations in fixed partial prosthodontics. Dent
Clin North Am 1989;33:355-77.

Takahashi Y, Chai J. Assessment of shear bond
strength between three denture reline materials
and a denture base acrylic resin. Int J Prosthodont
2001;14:531-5.

Revilla-Leén M, Ozcan M. Additive manufacturing

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

technologies used for processing polymers: current
status and potential application in prosthetic den-
tistry. J Prosthodont 2019;28:146-58.

Lee SH. Prospect for 3D printing technology in med-
ical, dental, and pediatric dental field. J Korean
Acad Pediatr Dent 2016;43:93-108.

Garoushi SK, Vallittu PK, Lassila LV. Short glass fi-
ber-reinforced composite with a semi-interpenetrat-
ing polymer network matrix for temporary crowns
and bridges. J Contemp Dent Pract 2008;9:14-21.
Cavalcanti AN, De Lima AF, Peris AR, Mitsui FH,
Marchi GM. Effect of surface treatments and bond-
ing agents on the bond strength of repaired com-
posites. J Esthet Restor Dent 2007;19:90-8; discus-
sion 99.

Chen HL, Lai YL, Chou IC, Hu C]J, Lee SY. Shear
bond strength of provisional restoration materials
repaired with light-cured resins. Oper Dent 2008;33:
508-15.

Parikh V, Cheng DH, Linsley C, Shah KC. Bond
strength of three chairside crown reline materials
to milled polymethyl methacrylate resin. J Prosthet
Dent 2021;125:544.e1-8.

Alshamrani AA, Raju R, Ellakwa A. Effect of printing
layer thickness and postprinting conditions on the
flexural strength and hardness of a 3D-printed res-
in. Biomed Res Int 2022;2022:8353137.

Oliveira AC, Oshima HM, Mota EG, Grossi ML. Influ-
ence of chisel width on shear bond strength of com-
posite to enamel. Rev Odonto Cienc 2009;24:19-21.
Wiegand A, Stucki L, Hoffmann R, Attin T, St-
awarczyk B. Repairability of CAD/CAM high-densi-
ty PMMA- and composite-based polymers. Clin Oral
Investig 2015;19:2007-13.

Lucena MC, Gonzalez LS, Navajas JM. The effect of
various surface treatments and bonding agents on
the repaired strength of heat-treated composites. J
Prosthet Dent 2001;86:481-8.

Lee YG, Moon SR, Cho YG. Effect of cutting instru-
ments on the dentin bond strength of a self-etch ad-
hesive. ] Korean Acad Cons Dent 2010;35:13-9.

Jeong KW, Kim SH. Influence of surface treatments
and repair materials on the shear bond strength of
CAD/CAM provisional restorations. ] Adv Prostho-
dont 2019;11:95-104.

The Journal of Korean Academy of Prosthodontics



27. Bayne SC, Lautenschlager EP, Compere CL, Wildes
R. Degree of polymerization of acrylic bone cement.
J Biomed Mater Res 1975;9:27-34.

28. Palitsch A, Hannig M, Ferger P, Balkenhol M. Bond-
ing of acrylic denture teeth to MMA/PMMA and
light-curing denture base materials: the role of con-

Chetx| ot Mele| x| 613 3%, 2023 7

ditioning liquids. ] Dent 2012;40:210-21.
29. Reeponmaha T, Angwaravong O, Angwarawong T.
Comparison of fracture strength after thermo-me-
chanical aging between provisional crowns made
with CAD/CAM and conventional method. J Adv

Prosthodont 2020;12:218-24.

207 S A et
°IWM“WE

<.01) AMSZ 1t {9t
UACHP <.001). IHE
SMz, AMDZ0| M &t

Mzt A IE**E' 2z

OFALS
oo

(=
==

wMXX} | Zlst

35233 CHEEHA| M7 EALR 77
S CHEX| 2 @ X[ ot H ot
042-366-1150
dentist@empas.com

x | o) = =
A Ol ME JISHOR HEtst A BHE 2| Xl SE31 ®Ho|
x* sl
HE XiEE AITlel MutAS A E Hlw
Fa0l-0]zsH
st x|t x| ot Estn A
SN HMO MBI WA OZ HETH AN EHE 2|7 EE 1t 10| HE XS
gTIe| MotARZAEE H W WItet Xt otQICt Mz 3 2Hl, 22 E5 ATl M=
ghAlof| w2t 4709 2O 2 LHF! 1 subtractive manufacturing (SM), additive

manufacturing stereolithography apparatus (AMS), additive manufacturing
digital light processing (AMD), conventional self-curing (CON)2| &Aoo =2 2}

t 2l |s|_+ f0|7quME}(P> 05) SM&2 AMDZ 1t f2let
Xto| 7t &t

X|# 2A(CAD); ZAFH XY ®=ZHCAM); TEHZE

=35t

AFHEAI =13

Ch &% &4
o *'EI._ EEE 0|83 SY

ofl T2 2|7l 22 AHI} RO HE XIS
Ixlo0fl xHol &

—0

QACHP >.05). AM
S CONZ, AMSZO|M =8
S

tol

I-E()”H b.S| JLP
HO|X| ARUALCE.

=

=

1= %!Al EXJ

s o2

=2HOo

POFSU 2023 32 132 © 2023 CHEHx| Bt s3]
HNEZFL 2023H 42 6 © 0| 22 A2|0f0[E|E HH=
YIKHEI 2023 42 20 Z2|of MAXHEA-HIGE]

4.0 CHHEI= 2tojd Ao
2k o|gstad = AELICH

=T M

https://doi.org/10.4047/jkap.2023.61.3.189

197





