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[Abstract] Dental bonding technology and materials have been used widely in dentistry because of their excellent
properties. The development of novel bonding technology and materials is constantly being performed to improve the ef-
fect of dental bonding restorations. Observation and analysis of the dental bonding interface is one of the most important
methods for laboratory evaluation of bonding efficiency. This paper aims to review the methods of observation and analy-
sis of dental bonding interfaces to provide a reference for the selection of evaluation methods in dental bonding re-
search. The features of 6 methods, including scanning electron microscopy (SEM), transmission electron microscopy
(TEM), confocal laser scanning microscopy (CLSM), Raman spectroscopy (RS), optical coherence tomography (OCT) and

atomic force microscopy (AFM), were described and summarized. Among these methods, SEM and TEM are used most
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often in the analysis of fine structures; CLSM and OCT are used for the acquisition of characteristic image signals, such
as microleakage and exogenous and endogenous fluorescence; and RS and AFM can test chemical composition and me-
chanical properties.

[Key words] dental tissues; dental bonding; bonding interface; scanning electron micrographs; —transmission
electron microscope;  confocal laser scanning microscopy; raman spectroscopy; optical coherence tomography;
atomic force microscope; observation and analysis

[ Competing interests] The authors declare no competing interests.

J Prev Treat Stomatol Dis, 2021, 29(5): 356-360.

This study was supported by the grants from National Natural Science Foundation of China (No. 81720108011,
81801009 ) ; CSA Clinical Research Fund (No. CSA-B2018-04, CSA-B2018-02) ; Natural Science Basic Research Plan
in Shaanxi Province of China (No. 2019JQ-705); Program for Changjiang Scholars and Innovative Research Team in

University (No. IRT13051)

Wi RS 4248 2 ORI AR, 28 B R 45
AR E G Z BT A BHA ST 195 A Gk
R SSCR B PP B0 A5 i ROUL 5 R 512 556 2 A6 ) 1P 40
g3, S5 KR X RG H 4B SR R R R R 4141
455 G LS BT I A R R ROR B 2T
Bro MRIGHETE H AR, 2 F N5 T 258 H]
TR A Y S RE M B T T o IR
R 12 5 T AR L 0 Ay 2 A B T A% Al s .
T B BRI 2 OB B9 D) RE SO FR T — i
T2 BUMLEE , b T LA 99y Jo 19 1 73 45 1 2 3 1k
SEFEAT AN , B 2 A 4 P Gl B AR D B D O ) o
B3 72 5 o AR X AR O SRR A YCER 5 R BER H
T B 8 FH ARG 426 50 UL 0 AT 19 532 342 8 A8 o
RABVPEAT T op Jemtds, Horp a6 25 T R e
S AT T R

1 A B FREHHE (scanning electron micrographs ,
SEM)

SEM J2& — Fit 1 Wi 4 i 7 S5 IR AR w4
PRI S A PR B L3k B e 2 T A 2 B
M BRI 5 ~ 10 nm JEEE YR ZH
BYIR R T UL R R TRy
A5 R S T B 1T S LA R AR Y 5 B TR G
T AR E AR ST Y SEM SRR SR H 1
75 5 B v T U1 B Y M 7 e AR . AL A
— AT 2B RE 50 ~ 100 nm B (1) 3 )2 I 5t LAY
P Lo RS T RIS HL 7 7 S T
R TCER B I B0R BE B ARG o BT DL LA
3T A SEM BB s T0 R 50T 805 1Y IX el
JE R T P U ) DX AR ik A =
FH TR 3 B 40 K 2 T B9 WL, DR O Rl LI s

BT RAE S AR HUN AT i SEM SR 73
HER B T A

SEM WLZREAR I FIAE I AW o B — K%
A 41 BT SR il 2 A DL ARG A I o
DI s A 7 10 i YA 58— BT
A, AR T SRR AR AT 285 O 285 [ AT
ot S P Y R L R L A R A S A B
JE BEATWE A o SEM WSS TR B2 ALk, FLREAS 1l £ %t
FMAL BEOR B (AR AR R T 2 D) 277 A
BET5 JE TR WL o X T U0 177 A WL 1 ) A
AT B L BRI TG R AT DUR AT e B OGBSk T
Wt 1 7 1%, B ARG 7 AN AR B B 4544, A ]
WRPRER S U SR 25 B A T SF (R AL 4L M AU OR B R i
ZERT PURRERJZE N n] BETS 20 N A D AR AR
THT AR RV

SEM St 25 St IR ILHF R, SEARROCR 4, fiE
% LU A 1t S5 e 2 A S5 I iR 2T A4 MR T 1) o7
KFR ., WHMERTFIFH SEM AHBCE /Y X L BETE A (X-
ray energy dispersive analysis , EDS ) X % 1 25 #4 1) 7T
R AT TR 5 H K T Ak 2 AT AE Ak LA PR IR
Fm st st e Az W . A, 18 B IR
HOLEE 22 5| e R S S SO A, 7 A 2R Y W W
SRR o BT MR B0 1] A R A 05 4 R
(environmental scanning electron microscope , ESEM)
PEATILEE  (H ESEM 73 BE% A [ SEM, fili i 475 B A7
—E JR PR

2 EH B F B RS (transmission electron micro-
scope , TEM )

TEM J2& — P izt e g /5 02 i 1R 5 1 F
TG B AR R DL B SO 254 45 1 53 4y



b

RAREEemFhia 2021 5H $29% #H5H
+ 358 + Journal of Prevention and Treatment for Stomatological Diseases, May. 2021, Vol.29 No.5 http://www.kqjbfz.com

Mriv 7. TEM MERAE 8 5 4 80 ~ 100 nm A4
YR TEM #¢ SEM A 5 40 HE %, Al 2% 5|
TR PN IS 1% R T 85 A, 0 RS 2 B DU % v 1
T AR FNR A2 B A ) o SR R il 2
(i8] F1%) 235 ) 5 22 FLAL T A0 K8 T 19 934 o

TEM W26 ARl $2 ) AE 88 SEM & 2% , 75 #E 47
A Ab 3, JF 20 22 o I, R B K I, e
FUEB T A 25538 . TEM WLEEIR AW 5t 9 6, af
RN TR R ey iAo | S T 7/ i
A 2500 K R WoRBONIEMW . (15 SEMAH L, TEM
Tovk WA ) ST AR SR, Ho TR ) A, b
A AR AR A 4 A B 2 o W B0 7 A I S S

3 BB E BRUR (confocal laser scanning mi-
croscopy , CLSM)

CLSM J& — M 15 2 ' I ol B8 AR it L 2
THOCHR R P AL T R G AL B fd
SN AT DGR DR B B W) Jo N R AR 245
Tk o ARG AR AS B9 G2 B B I, 7
e 3 ol P (A A e

AFAE TR 32 5 T A RS I 21 19 2155 73
NS —RIESMIRIEDO , RIDEE gkt K2t
BB BT B DR 5 5 75— 02 M IRPEZOL , B
F RS ANRPET AR RIS H 1A R A7 2 Bl
e OBORI bR I A TS5 , RIS 2 A i 7 vh
B DGR SR AR & T8 UG RR 10 Y R 12
FARE, LGS I 2 AT S 70 Rl 42650 ) 67 B, 3l id 91
F D R MR S B TR AR QY RRE I, BINKRER
TREAIR A D CHRHR W, Qe b2 o A B 1
25 ) SIS e 6, S8 IR S T 50 Ak B PEAG
@D, 24 K e S Ve SO I AR PR IR S
{1492 SR BT SR RN I A ) S A R 4 5 T £
A D0 o VRS 422 5 1 i 07 B AN, BHs 48 AR
A DR IC B I I A Al 2 b AT b
T, O O A 0 i I R RS 1 2 AR I I
WKt 77 HE 52 G AR 5, DT R RY 12 5t T B SR IR
THOLHEATIRTE ™ o WAL, b al R AL/ B 98 e Y
U] 0f Rl 3 BT N ST O 2 R A 2 A T E
Fr Qe , WL S RODRG 122 5 T B AR B

PR IR A 2 i T S R e B ik 4% W) JB 4 4 AE
CLSM A G IR B R B AR i 95 5 o 3
FASCHIETE , (B BB o8 A Jo RG50S A R
KRR 5 = SF AR BE K AN ) 9 B2 /9 B R PR
AP NIDAE I R B TR N EIEE T ol ol T D o e/

AT P A I A 38 P SO 0 46 A A X e

CLSM HEA il £ i, ZKAN 520 CLSM 14, AT
XF E W BE A R L B PR R R AR A I 4R R
Ao CLSM i 0] X REAS R 1 — 2 R B 19 b 7 if
FrEH WA AL E RS = RE . (HAMNE
PEDEE AT e 23 P AR S R 7= A — R 22, AN
Pk A SR GRS . IREEZOGRES AE —
FEFRJE bk AR I Y T A R 22 (HRAE
R R EE T VR AT AR

4  FI 2 (raman spectroscopy, RS)

RS A —Fh 7 TR Sl 48, H S U8 o fir
SR AR SRS o AN [ Al o il R R A Y 23
THRBNGE ™ AR R 2 AR . TS EOLiE RS,
R XRACR P2 A, 0 DAL 3 5 Y B
PR L, R P SR LE o ASTRI AR H5AE
PR B2 6T, T T E P S W) S5 Y 4 03 R4S
fE R,

HRURG 4 LA A T U)H) 2 7= AE B T JR

S RS WY SEPE BT o RIS 7] 3 vy B D' R
TR 22 BR G V5 2 AR L & o0 B i TE AR P o TE R
R IG5 )2 )5 0] BT LGS, ol TR
I FE ST S8 AL 14 2R A5, S WL SR I o
ik W A1 2 A 2 2R AIE 06 ] I b B IE B R AR 2
ZBANFARTUNE o MEAL, A LURRAE A Ay e iR B4
JEAE, n] I 7R A [R) &5 R ox A6 R 2 5 TR 23
A AR RS AN — B A A E A
T B, AE AT i i - T W R A T R A I B 3 1R AT
X LG, SRS FE 5 X AR R T e R

FH LT SEM #1 TEM , RS AL e 43 47 f6 2% 1 7
AR PO B S e BT 45 48, I T S B R 4 B T Y
20 a5 N, AR AT Sy YR 114 B 45 R B3 AR
et

5 S F B A& (optical coherence tomogra-
phy, OCT)

OCT 3 3= JG IR AR AR O+ 2 Jst BN R Ak
BLLE S B N = s TR AP ) - Gt N O R sV €T
DGR T — ARG A 1 T 80645 B RE A TEAS [ T
RS fE R,

TE A B, OCT 1 56 1 T X BB IR ZH 2L WL
G, il YR AR AL 1) 17 5 98 B K E R [ IE H
A LA, OCT Xl 4 ST i) WL 2% = 2
L rp XS AU T R 2o T B B E AY A



b

ARsEmmkiie 20215E5RA $£29% £5H
Journal of Prevention and Treatment for Stomatological Diseases, May. 2021, Vol.29 No.5 http://www.kqjbfz.com - 359 -

B A S A 22 ] ) O 2 X PE B 2 5 BROR 1)
SHE S A Al R AR Al o 1 O SR DX, RS e Y
s B 5 5 AR A I 22 5 #E OCT
B, B OE T 2R B0 W A K RE 3 i DX
W A0 B T B A 07 A I A AR BB , OCT
VL0 O 38 B g Ui/ IS PR A5 5 v R DX

OCT B AR HAT AR £ fil e A e | A5 ek i
PREAEL L, WA Z K500 . T ANTe 2],
REAS AT S 52 AT, DA T e K BIR JEE T B3R it K A
Rl b AR AR ZE AR BT, Hl T4 A B
SRR I, RZHEAH L PR OCT QIR
FE2 ~3 mm. OCT A3 H R BAR , XE UG RG2S 1
(18 A A2 A AT L

6 [EF 1 EMIE (atomic force microscope , AFM)

AFM 3 i $R B 5 W 0k 3 1 45 4 S 1 0 2 AR
FT, E B R T AR A o LR SR B A 3L
KB T AR Y S > A DU R I A0 AR
FIHUAE BEREAT P LA PR IS 5 PR, X PR
PERE 22 S BOR B R 5 AT LA DI i, 2T %
R SR LASRAT VA 1 00 H 45 2R ) e ik 1
i B o HL AR A 1 A A 42l A i e
2, A oK 12 B A 254 o A AR AR 2
s ] o 42 BRI R AT o UL T A0 00
o AFM H REAR B il — i = BE AR AL, 7 U 2 IR
iR PR B R . R SRR S5 i 45 1
ENI)r s NTTEIEIR T SN i S

AFM A e i A8 2 RT 45 B UL 0 2100 i J2= TR
IR EARRZE CE A T/ NE LB G %8 45 45 1
L BRI S AN, AFM A 58 G 6 3% 1 Y A i
11 =4E oA, S BUXE AR /NS BLAR R DL KR
T HEL i 38 A 00 > o T o A N A B 1 o AL
Rl JEE T FH T TR X 2 il J5 A e R B2 RORY 50 B
FIR AT Ak, ARM 5 400K B B T A 4l
FH AT T A 2 i 40 K ML P FE A G TN, 2 i A
(5] RS 1) g 2 P e 22 S LA EEAB 7R, 20 BT
IRAARLE o AFM AE 2 1A B8 20 43 T 45 R HE 55 e
PERE AT o A Tz BT o R 2 A O L
AL ORAT 2 BB, FEBR AN IR T3, th A&
52 B ity 22 100 7K 52 1 5% B %) 286 20 428 590 ) S i
LR A vl 3 AN R R85

7 N &
AL 6 b S H R Pk RS 42 57 1 5 7 B

J5 15 o SEM 78 ST Y 5 W 2% b e R 5 5 T
TS A LS , G 28 A B e i 4 Rl o R A it AR 11
WREE, |20 FH SEM 5 TEM 33X B 155 43 5% 11 &
THUBE 5 CLSM i {5 Bl 21 5P e € X6 R 122 64 B 28 1A
AU o A R TEAS AT SR 5 9 K 8 T 4G T
SEM 5 TEM ¥J{fi 4 £ ; 38 e AT H CLSM 2 5t 4
BB % TR 5 OCT 75 108 T 46 T vt 5 %
B4 14 07 FH I S5 5 6 S T 45 44 )8 43 19 43 B, T3
it SEM % EDS #E47 70 Z A, o AT RS X 4
TIE A2 S R0 56 DA SR AT 29 AT 5 il e 3 T ) 4 B R
WHLAR P BE | % TRDHLRS J32 00) AT 5 2k AFM K A B 4%
AT

[ Author contributions] Ma CQ, Liu M wrote the article. Qiu J, Li-

ao ZX collected the data. Zhou W, Chen JH revised the article. All au-

thors read and approved the final manuscript as submitted.

S Lk

[1]  Falsafi SR, Rostamabadi H, Assadpour E, et al. Morphology and
microstructural analysis of bioactive-loaded micro/nanocarriers
via microscopy techniques; CLSM/SEM/TEM/AFM[J]. Adv Colloid
Interface Sci, 2020, 280: 102166. doi: 10.1016/j.¢is.2020.102166.

[2]  Xing Q. Information or resolution: which is required from an SEM
to study bulk inorganic materials?[J]. Scanning, 2016, 38(6): 864-
879. doi: 10.1002/sca.21336.

[3] Hass V, Cardenas A, Siqueira F, et al. Bonding performance of
Universal adhesive systems applied in Etch-and-Rinse and Self-
Etch strategies on natural dentin caries[J]. Oper Dent, 2019, 44
(5): 510-520. doi: 10.2341/17-252-L.

[4]  Yang H, Guo J, Guo J, et al. Nanoleakage evaluation at adhesive-
dentin interfaces by different observation methods[J]. Dent Mater
J, 2015, 34(5): 654-662. doi: 10.4012/dmj.2015-051.

[5]  Yu F, Luo ML, Xu RC, et al. Evaluation of a collagen - reactive
monomer with advanced bonding durability[J]. J dent Res, 2020,
99(7): 813-819. doi: 10.1177/0022034520913540.

[6]  Frassetto A, Breschi L, Turco G, et al. Mechanisms of degradation
of the hybrid layer in adhesive dentistry and therapeutic agents to
improve bond durability--a literature review[J]. Dent Mater, 2016,
32(2): e41-€53. doi: 10.1016/j.dental.2015.11.007.

[71  Xu R, Yu F, Huang L, et al. Isocyanate - terminated urethane -
based dental adhesive bridges dentinal matrix collagen with adhe-
sive resin[J]. Acta Biomater, 2019, 83(83): 140-152. doi: 10.1016/
j.actbio.2018.11.007.

[8]  Li N, Nikaido T, Alireza S, et al. Phosphoric acid - etching pro-
motes bond strength and formation of acid-base resistant zone on
enamel[]]. Oper Dent, 2013, 38(1): 82-90. doi: 10.2341/11-422-1..

[9]  Mattarozzi M, Manfredi E, Lorenzi A, et al. Comparison of environ-
mental scanning electron microscopy in low vacuum or wet mode
for the investigation of cell biomaterial interactions[J]. Acta Biomed,
2016, 87(1): 16-21.

[10] Elbaum M. Quantitative cryo-scanning transmission electron mi-



+ 360

b

AR EFRE 20215FE5A $£29% $H5H

Journal of Prevention and Treatment for Stomatological Diseases, May. 2021, Vol.29 No.5 htip://www.kqjbfz.com

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

croscopy of biological materials[J]. Adv Mater, 2018, 30(41):
€1706681. doi: 10.1002/adma.201706681.

Pioch T, Stotz S, Staehle HJ, et al. Applications of confocal laser
scanning microscopy to dental bonding[J]. Adv Dent Res, 1997, 11
(4): 453-461. doi: 10.1177/08959374970110041201.

Moda MD, Fagundes TC, Briso A, et al. Analysis of the bond inter-
face between self-adhesive resin cement to eroded dentin in vitro
[J. PLoS One, 2018, 13(11): €0208024. doi: 10.1371/journal.
pone.0208024.

Lin HP, Lin J, Li J, et al. In vitro remineralization of hybrid layers
using biomimetic analogs[J]. ] Zhejiang Univ Sci B, 2016, 17(11):
864-873. doi: 10.1631/jzus.B1600151.

Guo JM, Makvandi P, Wei CC, et al. Polymer conjugation optimiz-
es EDTA as a calcium-chelating agent that exclusively removes ex-
trafibrillar minerals from mineralized collagen[J]. Acta Biomater,
2019, 90(90): 424-440. doi: 10.1016/j.acthio.2019.04.011.

I, R R R SR R AR TR ) X S AR BUR B VR DU P RE S
Wi AR SE[D]. 55 D0 ZEBE R, 2016.

Zhou W. Study on the effect of adhesive blowing gas pressure on
the anti-caries performance of dentin mixed layer [D]. J Fourth Mil
Med Univ, 2016.

Zhou W, Niu LN, Hu L, et al. Caries-resistant bonding layer in
dentin[J]. Sci Rep, 2016, 6: 32740. doi: 10.1038/srep32740.

Zhou W, Niu LN, Huang L, et al. Improved secondary caries resis-
tance via augmented pressure displacement of antibacterial adhe-
sive[J]. Sci Rep, 2016, 6: 22269. doi: 10.1038/srep22269.
Wachsmann-Hogiu S, Weeks T, Huser T. Chemical analysis in vi-
vo and in vitro by Raman spectroscopy - - from single cells to hu-
mans|J]|. Curr Opin Biotechnol, 2009, 20(1): 63-73. doi: 10.1016/].
copbi0.2009.02.006.

Lu S, Zhao SJ, Gao Y, et al. Proteoglycans affect monomer infiltra-
tion in the etch-and-rinse bonding technique[J]. Dent Mater, 2014,
30(11): €289-€299. doi: 10.1016/j.dental.2014.05.015.

Siqueira FSF, Armas-Vega A, lzquierdo-Bucheli A, et al. Does the
conditioning mode and duration of Universal adhesives affect the
bonding effectiveness to fluorotic enamel?[J]. J Adhes Dent, 2019,
21(6): 525-536. doi: 10.3290/j.jad.a43695.

Ubaldini ALM, Benetti AR, Sato F, et al. Challenges in luting fi-

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

bre posts: adhesion to the post and to the dentine[J]. Dent Mater,
2018, 34(7): 1054-1062. doi: 10.1016/j.dental.2018.04.001.
Schneider H, Steigerwald - Otremba AS, Hifer M, et al. Is optical
coherence tomography a potential tool to evaluate marginal adapta-
tion of class II/IV composite restorations in vivo?[J]. Oper Dent,
2019, 44(3): 242-253. doi: 10.2341/17-192-C.

Machoy M, Seeliger J, Szyszka-Sommerfeld L, et al. The use of op-
tical coherence tomography in dental diagnostics: a state-of-the-art
review[]J]. J Healthc Eng, 2017: 7560645. doi: 10.1155/2017/
7560645.

Turkistani A, Almutairi M, Banakhar N, et al. Optical evaluation
of enamel microleakage with One-Step Self-Etch adhesives[J]. Pho-
tomed Laser Surg, 2018, 36(11): 589-594. doi: 10.1089/pho. 2018.
4441.

Mandelis A. Review of scientific instruments new products|J]. Rev
Sci Instrum, 2019, 90(4): 049501. doi: 10.1063/1.5097598.
Yoshida Y, Van Meerbeek B, Snauwaert J, et al. A novel approach
to AFM characterization of adhesive tooth - biomaterial interfaces
[J]. J Biomed Mater Res, 1999, 47(1): 85-90. doi: 10.1002/(sici)
1097-4636(199910)47:1<85: aid-jbm12>3.0.co; 2-h.

Lucas PW, Wagner M, Al-Fadhalah K, et al. Dental abrasion as a
cutting process[J]. Interface Focus, 2016, 6(3): 20160008. doi:
10.1098/rsfs.2016.0008.

Yu F, Xu RC, Huang L, et al. Isocyanate - terminated urethane -
based methacrylate for in situ collagen scaffold modification[J].
Mater Sci Eng C Mater Biol Appl, 2020, 112: 110902. doi:
10.1016/j.msec.2020.110902.

Habib M, Chew HP. Methods of assessment of early dentine ero-
sion: a review|]]. J] Pak Med Assoc, 2019, 69(10): 1509-1513.

Mai S, Wei CC, Gu LS, et al. Extrafibrillar collagen demineraliza-
tion-based chelate-and-rinse technique bridges the gap between
wet and dry dentin bonding[J]. Acta Biomater, 2017, 57(57): 435-
448. doi: 10.1016/j.acthio.2017.05.017.

(5 FHEam)






