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Abstract

BACKGROUND: Gingival thickness is an important indicator to determine gingival phenotype. The correct evaluation of gingival phenotype is helpful for the
smooth going of periodontal surgery, implant implantation and orthodontic treatment. The search for a comfortable, accurate and convenient method of
measuring gingival thickness has always been a research hotspot in this field.

OBJECTIVE: To analyze the gingival thickness in different dental positions and to study the consistency of cone-beam computed tomography (CBCT) image and
digital intraoral scanners and cone-beam computed tomography (DIS-CBCT) superimposition image for measuring gingival thickness and determining whether
the gingiva is thick or thin.

METHODS: Twenty volunteers (10 males and 10 females) with complete maxillary dentition were recruited. The thickness of the gingiva 2 mm below the buccal
gingival margin of 160 teeth was measured by CBCT image and DIS-CBCT digital superimposition image. Gingival thickness was used to determine whether the
gingiva was thick or thin. Paired t-test was used to analyze the differences in gingival thickness measured by the two methods. Pearson correlation analysis was
used to evaluate the correlation between the gingival thickness results of the two methods. The intraclass correlation coefficient (ICC) and Bland-Altman chart
were used to analyze the repeatability and consistency in measuring gingival thickness using the two methods. Kappa value was used to analyze the consistency
in determining whether the gingiva was thick or thin using the two methods.

RESULTS AND CONCLUSION: The gingival thickness measured by CBCT image and DIS-CBCT digital superimposition image was (1.47+0.39) and (1.4240.36) mm,
respectively (t=5.673, P < 0.05). Pearson correlation analysis showed that the gingival thickness measured by the two methods was positively correlated (r=0.968,
P <0.001). In the CBCT group, the values of intraobserver and interobserver ICC were 0.980-0.982 and 0.984, respectively; in the DIS-CBCT group, the values
of intraobserver and interobserver ICC were 0.941-0.984 and 0.964, respectively (P < 0.001). The intergroup ICC value of gingival thickness measured by the
two methods was 0.967 (P < 0.001). Bland-Altman analysis showed that 4.37% (7/160) of the points measured by both methods for gingival thickness was
outside the 95% limits of agreement. There were 71 cases of thick-gingiva and 89 cases of thin-gingiva measured by CBCT imaging, and 59 cases of thick-gingiva
and 101 cases of thin-gingiva measured by DIS-CBCT digital superimposition image. The Kappa value of the two groups was 0.845 (P < 0.001). These findings

indicate that there is a significant difference in the thickness measurement of the gingiva 2 mm below the gingival margin between the CBCT group and the
DIS-CBCT group, but the correlation is very strong. The repeatability and consistency of gingival thickness measurement are both high, and there is a good
consistency between the two methods when used to determine whether the gingiva is thick or thin.
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Rl TR EREE L. ARAEAL AR AR P X SR BT
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CBCT) FA& & B\ CBCT BORMAI L1 Y R A Ak ol 425 1,
T RE FRNE R T RIS E W “erbrdE” (=
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LB TGN E R A EER L.
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1 WHRFF5E Subjects and methods

1.1 3%t BRI

1.2 mRE AL R T 2022 4 4-5 HEWIL R 25 K2
& T s s B 52 ko

1.3 st % RGN RHERRbRE, B&HEE 20 LB, H
M 10 44, otk 10 44, AERY (21.043.8) ¥ . 44N 20 &4 7E
JEF AL CBCT 5 O i okl RN AUA 41 5 52 21 Mk i
S L EARE SRR, I EAUF SIE AT G, Wl
ERAERE LA Y AR 5 LR 1B
FHLTE 160 AN TF AL I R R S o

TZMF T ORI WL H B2 25K 2 P I 11 s = Bt = 24 B 2
Ao AE (HMES . 330108002202200008)., 25k i &
HRNEBSM, B RESREEeEMERE, £ 7R
577 RIETHE T EE “HERER” .
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1.4 7k

1.41 R OIKEL CBCT ¥kl TIEF FHAR, HULLL
THEZH CT HLHT [KaVo 3D eXami, CBCT( RFCHEHAS, SEH )],
TRFF DG, IRERIT O TT B E. BRI, (RER I,
TEFRAEASL T AT /MLETHETZ R CT B # . T H#iS 5
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HHm L “.dicom” KA ORAE A . @FREL I B 5k
A — R EE ISR T FHRAL, H O R TT S B,
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FRERE EAUE S, BAELL “st” SR H

1.4.2 MAGEBMSMN  WE—AEREE M Mimics ST
JF Dicom #& 3, iz A Profile Line i IUF Rl BT IME , AR
SR, HESL RAIUE A S AR = 4EREY, st kg O #
s AR 5 = gk B @ R 5 N 3-Matic Tl & &
e RARFFIR. F1LATEFhRE., F1EFhRE K
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Fo ™, B 1, i E SRR N T 0.2,
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FURZT 2 mm ZFER R R IR A e AR R, DUA I B )
FR, R TEIE 3. BHEERFIINE 2 A7 & 8] BE
B 1 A ER PR R & R — AR 3 Ik, HL 2 Al E
3 YR AR ()~ B g B 5 SR I e A R . ) A
#E T BN 2 mm FERJERE < 1.5 mm A R, =
1.5 mm AE N JZERTY .

1.5 T 2ALRARAR AN dR R R .

1.6 %t F 441 KM SPSS 25.0 Guil H ATt AT 40 4, 1t
PR DL xts R, X CBCT 52149% 5 DIS-CBCT & hnvkill #43
(1) 2 W JE 52 4 SR AT IO R FEAS ¢ A5 40 B HL 22 ek, A
Pearson A AT VPR FLAR DG o« B FH 4 PY H5C & 5K (Intraclass
correlation coefficient, [CC) $FAf P Fh 5 2 2H. [8) I 45 o )5 &
] B A I R — 3k, ICC A > 0.75 PAE TS B B I, 2
Bland-Altman P P40 9 A 5 v 4 1) 0 2 28 i JEE 188 1) — 35k
15 Kappa 43 H7 LA R b 7 30 281 1) 40 5 27 i JE 3 1y — 3501k
Kappa {f > 0.8 F/n—HMER5. LA P <0.05 HZ A Wt
B RS ITE AW R R KA St 2
LR EH.

2 Z5E Results

2.1 BAGTE REARSETE DU TN R R R M S
Fetm. (HHSRUMERLS, 90% 1E NI I Th AU s A AR, LA
A 55 /N (I PR 2 3 22 57 0.5 mm™ ¥, o HX 0,025, btk %
K2 0.35 mm" ', 10% fit Sk i, 4 Lo F /b 7 42 BilREAR,
TR B EE N E 8 Wi th, &b FHE e LEREE.

22 AbhFsmeaot YN 20 LEEE, MESMEREE
AU 2 15, R 160 A UG 50N 24 RSB

23 MELR NF 1, CBCT 54475 H0 DIS-CBCT & Il &
S 2 B B 45 549 A (1.47+0.39) mm., (1.42+0.36) mm,
95%CI 18 43 % 4 1.34-1.59 mm, 1.30-1.53 mm. P Ff J5 %
WM& EAn A 6R R R RN R A < Y < 8 1R <
BT, BT EMN TR

R 1| BT ENERE FACRMN T RE E (xts, mm)
Table 1 | Buccal gingival thickness measured by CBCT image and DIS-CBCT
digital superimposition image in different dental positions

R FHi¥ CBCT 4 DIS-CBCT 41 t{H
W =E 95%CI i MIEAE 95%Cl i

ERIR 40 1.36+0.20 1.29-1.42  1.32#0.19 1.26-1.38  3.297°

N 40 1.18+¢0.22 1.12-1.26  1.15+0.23 1.08-1.22  2.907°

H1RTEEF 40 1.4740.24 1.39-1.51 1.43#0.21 1.36-1.50 1.001°

BT 40 1.99+0.27 1.90-2.07 1.93+0.27 1.84-2.01 3.089°

Bt 160 1.47¢0.39  1.34-1.59 1.42#0.36 1.30-1.53 5.673°

Feqk: XF CBCT 244745 DIS-CBCT B ikl & 45 AT IR ¢ 4636, a: hoIF.
PRI LI t R IOAELE 3 R (P < 0.05); b: B LTI ¢ KLU 4
WIEREZE X (P>0.05). CBCT: #EJEH CT; DIS-CBCT: [fEdIi — #ER CT

2.4 CBCT #1%&ik 5 DIS-CBCT & Anik M| 34 F 42 2 /5 ¢4 £
FoME. AR XM CBCT §4459%: 55 DIS-CBCT s finy i & i i 4 i
JERESE SN, B I U 2 R R R R A TG ¥ P R L
(t=1.001, P>0.05), A7 A7 LA R AR E AR A7 7E i e
X (t=5.673, P<0.05), W3 1. Pearson AH3</0Hr Eom WAy
DN 27 R R P 5 v TR AH G (r=0.968, P < 0.001), L[ 4.
2.5 CBCT #1475 5 DIS-CBCT & Anik & 4 F #8344 T
FH M CBCT s AGE I U A R E 2. &3 1 e 1cC
B4 0.982, W& 2 A ICC {E 4 0.980, il &+ [A] ICC {H
7 0.984; DIS-CBCT & vkl & i) 4 5 JE g =4 1 4
H61CC {H 2y 0.984, N E:# 2 N ER ICC iy 0.941, &+ A
ICC 4 0.964, P < 0.001, &HHWFh Iy kil & o bR 5 FE (1]
AR, Wk 2.

*2 | AR AN T EREEAR . 418 ICC RSN

Table 2 | ICC reliability test results of buccal gingival thickness measurement
using CBCT image and DIS-CBCT digital superimposition image

TiH 2053 ICC 1
W35 P CBCT 41 W3 1 0.982
M3 2 0.980

DIS-CBCT 4 MW 1 0.984

W3 2 0.941

W3 2 ) CBCT 41 0.984
DIS-CBCT 4. 0.964

AR 5 R4 ) 0.967

FiE: ICC AL R, P<0.001, CBCT: HEJEH CT; DIS-CBCT: 14l —
HEFE SR CT

2.6 CBCT %1%k 5 DIS-CBCT & An ik 48 8] ) B 4 M) F #8 2 /&
HE TR B E 6 —B M CBCT 5214945 DIS-CBCT & finik xt
[F] — 7 s{JU & 1CC {2y 0.967(P < 0.001), 2 BH i Ml & J7 V%
[A] — 3R 4T, W3 2. Bland-Altman 22 & 43 #7 45 L2 1,
A 4.37% 1) 1 (7/160) 1E 95% AJAE X [H] &bs £ — Uk SRV
FlN, PiFiEMLEL, ZEF{E (0.042 740.095 1) mm,
LA 5, A CBCT 541475 5 DIS-CBCT & vk It — B M 4 4
(P<0.05).

CBCT 5445321 JE MR 2 71 45, 7SR 7 89 f4]; DIS-CBCT
IR e JEERAL 59 ), HARAY 101 4, WFR 3. WM
Xof [ — A7 5 PR ) 5 45 R Kappa {E 9 0.845(P < 0.001), B
o) & 7V 0 — A, LR 3.
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Figure 1 | N Points registration in 3-Matic software
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SR 47 S KT

B2 | EUEERFNEBEIEE

Figure 2 | Image overlay results and measurement cross-section selection

B A N I R -
IRCT B vk 2 58 P S i 2%
T 2mm FEERE: wEEEN
T, SRS AR K
RTATER, TiZ RS 2 mm
R, TEZEL B AR
B, MEZRKN 144 mm; BNy
HEFZ IR CT 821805 ( BRI &7
VEFELE), MELEFRKN 1.39 mm

B3 | FiREERMETSE

Figure 3 | The measurement methods of gingival thickness

> . B7E: CBCT 140k
28 i 55 DIS-CBCT % fjiis:
20 R 510 2 1 2
5145 fz ¢ EIEME (r=0.968,
= v,
S10 o P<0.001). CBCT:
% os 1 HE % R CT; DIS-
‘ CBCT: [k 44 -
0 -
05 1.0 15 20 25 30 HEJEIR CT

DIS-CBCT 41 (mm)
4 | FEFRFT RS EN iR IE E R AE S
Figure 4 | Correlation between CBCT image and DIS-CBCT digital
superimposition image to measure buccal gingival thickness

T o5 K VE: CBCT 15755
= o4 . DIS-CBCT & iyl & 4%
S o3 .o L0 2 1 (0.082 7+
0 et 0.095 1) mm, % {H
j:j 0.1 ..:.{i.% .'.:;....::,.. . ?5% S A Y8 (LoA)
5 o - :- -’_.g'.‘;,::-‘em:. — - AN -0.144-0.229,
S 01 B e ] 4.37%(7/160) {1 s AL T
fp -0.2 LoA Ju [ LL4b. CBCT:
§ -03 L HEJZ B CT; DIS-CBCT:
§ CBCT 415 DIS-CBCT £ il & 45 H 4448 (mm) CURS I — HETR O CT

5 | FEFhFTENELR(E Bland-Altman 4 E 4
Figure 5 | Bland-Altman plot analysis of intergroup measurement results
of CBCT image and DIS-CBCT digital superimposition image

572 | DEHERATIEWAR | 5528% | 5545 | 2024528

3 | mMAETIREENEEHE FIREESER
Table 3 | Thick-gingiva or thin-gingiva determined by the gingival thickness
measurements using CBCT image and DIS-CBCT digital superimposition image

DIS-CBCT 41 (mm) CBCT 41 (mm) ait
JE(MEHE= 15 (WEE<15)

& (=15 59 0 59

(W < 1.5) 12 89 101

“it 71 89 160

74 Kappa=0.845, P<0.001. CBCT: #EfZA CT; DIS-CBCT: [Ifa#4 — #EZ A CT

3 §1if Discussion

3.1 FHMEBEMENETERM EER, OSSR TR
LW E AW, R R AR I B R 2 23— Ty
TEME TR PR RS2 BN 0 . T HRE S S T R B0 R &V,
MR SN =M. BRI RE. FAER ML
WL R L RS RO Y. N, FERERR
A —EANMAZ 5, VANDANA 2 P02 §psde e e frf |
NEE A RN B LSRR, PR
P RH DR R (1) 7 B W] B 7R AN [ () 5F R 2 284 b o B AN [«
JESRTYAE IF B BEAH DG SOE N T e S EUR T HAY, TR
R B E RS MILF WGESE M. EBRNMEI . FAM
A5 SR ) AR T B SR 5 %A R L R R A I Ry,
. BEJEE RS HBLETT A &,

3.2 CBCT #1%:k 5 DIS-CBCT & Au ik M| & F 413 J5 g 4548 5
T I B OF O R SR K P R R TR, AR AR A TR
AR BN ET WAL & T, HelEr ke, 7
B4 . CBCT FAAG LA N —FhJo il & 5F R S 41 23 1) J7 v,
B B L. v 3RAB = 4E T iR AR I RE A
GURLEK 25 ' tF JUAIE W] CBCT BAAREL 5 A J 2 ) ) 2 27 i /&
JE 5 1F AH 26 (P=0.001, r=0.618), Bland-Altman [&] & 7 i 2
/)y (-0.004-0.053 mm). fiL— i Meta 43 #7778 B CBCT 52
(G355 5F R R 2 )b AT o R R I 2 ] S s s
SRIM, CBCT s E A — R BRI drid s /e MR A
e T L TR BB B T S Sk L U A RS A
(AR € 14 o DIS-CBCT & NINETE IR PR ERAE I 0 75 WA D 2% (1%
SEUG N ARAIE A SR 1 — B BER R, R AT 1
W CT 472 ), BT ORFEHMEARN R R, ]
DISRAS RIS 4T R15 5, R B R UE TRk,
ETEA WFE IR E Z W R, 50 B F IR BT
RIS AET A "2, {5 DIS-CBCT & hnidk i B A BoAR 1 5 45,
HAMRERIEE S, TR —E 4

3.3 DIS-CBCT & uik | & ¢4 £ kR B OANHARMELNE
FFI CBCT =4 H @A AT E S MR REE, HiRE
LR CBCT H AR LE FA ESH AR 3 AN
Wi e AT AR T R O R A S A R
1E 7.75 um 245 P, A5 HF 5T A% B 2R A A (Laser scan 3D Pro
ARG ) X RV AT G B A8 B A AT B A A I,
PEA 1 3 186 A 28 (0 S A0 ZURS B 7E 60 pm BLPY 9. i 7T
K F 3Dshape [ i F 3 A4 7 A1 RS B o] LA 3 7 pm o
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AN (1) CBCT A #S A FEAN ], (5] — A5 38 (19 AN 5] 15 A FE AN
], R P AR 52 B ALET (e, KALET CT M HkE 5
HAEILF] 0.3-0.4 mm, %5261 &/ INILET 413088 BT T ik 2
0.075 mm™,

TERCP A R, 51 = 4 a5 2 (9 sl v DL % e r
A IBCHERS FE 23 %6F DIS-CBCT 37 4b B ik (s B =2 i ™
FE=HEm @RI B XIA% ® R4l I CBCT %okl b 43 %1 2F
VAT FRDA B2 B DA R 2 B B B PR A AR LU IE 8 A /N 22 57 (-4%—
7%). K DIS AL CBCT H e A 4IidkAT st BB, KRG
S A TS B TR HITE 0.3 mm DUR ™, DA UTRCAS B4
o T EHE P NN [ R B A ) = R S O R R
5] 5 S B R ZE A 4-7 pm, WS BIRAR E BTN, %
RAVE T FIRE SR, R 4774 0.33-0.36 mm R4t
WREE, HTESEBRERAE R R ZEAT SR A A SRR T A
3.4 BRRLER M CBCT 5445492415 DIS-CBCT Z vkl & 4 ki
JEE BB AFAE 2 57 (t=5.673, P <0.05), {HAHIKME (r=0.968,
P <0.001), —%% (ICC {f =0.964, P < 0.001) ¥J#tF; % T
OF i JEL R R A ) 5 5 SR — B (Kappa=0.845, P < 0.001) 7k
B, F WA VR R R R BB AR R 2, (HiZiR
77 (0.042 740.095 1) mm /N T “hRUE” I I ARET 7F il ik
0.5 mm (R ELSiR 22 P, S0k S LR R 200 f) 4 s B AR N
KT tKse s B 5 A WA A%, Bland-Altman 47 22 7 1)
PG T ¢ AR50 DG i 2 8] 22 AE I A R AE, 77— SO
FiRER R — M EENmE, AR mENFSME, A
SEIGFEARRRK, IEBME MR BN, BT DL A OE R 2L
43T Bland-Altman B 545 5L 5 af 45 B,

AR R 2 b O T F B BRE 2 R A 1,
TEIZHE L DIS-CBCT S IkE A STk “&hnife” 7 FRE
TERNETT SR LB BT, (HR 2 58 SCHR I 55 CBCT 2183 5
OF TR 27 JNEAE 25 RS B S i ) — Bk, X DIS-CBCT &
TIVEAE 2 R JE P 0 2 B () HE R PR VPN S T B/ . @D AN
UECFA B N Z B — BN, BT R AR B i T g
ERIMZE, I, A8 2 AR AT A8 G & AT 2 i3Sk
ERB A, eSS B FE R %
BHIA R B ISR HAT I & 3B . @UL KA L A M EER & T
2 mm A7 S AR ISR, AN TR I R R — B T e
FHEESR, EEEMIMNEN S, WRFEAEFEEHTAR.

g EETR, TERGMRE SRS E. RENESH
AR, NH DIS-CBCT £ b & A EERZ T 2 mm F )%
FE HIE FERE RIS BT, AR R, T
BB N RGRE - A G AR . B DIS-CBCT 7 4b
B AL SRERH SN A AW R R, o o dR A
SR T K BE 2 T R

Bust: Aastirin o B R 0 R B AR A ST F T REOARIIL Y E
BRFMBUBEERE LI, BEFER, AN O BEER AT I, FEER
FEMFEF. LITE, BRRBFER. LTS IR REL T F 455

fEBTRAk: S BT HI A TR, REFATRERT A SR, HIEL
I EB, WA R TR k. BTSSR Tt S e 1,
[ 2 AT ARLE S

FIERIHZE: LFaG 23 AEH 70, LR AL TR G LT RALEF) R R,

FERUERELARRR: X 2 —H AR T, Bdf (Gritk F T “B % - k5
AAE A - ABR) 7 K3 F 4.07 K2k, 24325 AT, A AAIER kbt B 4k
FRIA B, PEFad R, RIRAFETR P I, T #0. 4iE, 3790, k.
RPLEFT IR, A2 2R, AR NSRS ST AR MR,

FRAREELL : 3 AT AR & 5 % H30 8 F T U RAREE iE hi.

HERFSE : ZAT AR T (R R R IRE45H) (STROBE 45% ). XL ¥
BARAT 23t R 25 kM R RT3 AEE, XTI RFIFEER
FF, RATIFBUAAD X FE A MFILBERE.
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