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The study on the relationship between transgingival characteristics of implant
restorations and peri-implant health
Li Xinya, Xia Rong

(Dept of Stomatology, The Second Affiliated Hospital of Anhui Medical University, Hefei 230601)

Abstract Obijective To investigate the relationship between the transgingival characteristics of
implant restorations and peri-implant soft tissue with peri-implant mucositis and peri-implantitis
using three-dimensional measurement techniques. Methods A total of 121 bone-level implant
restorations in posterior tooth positions from 73 patients were evaluated using three-dimensional

data analysis software, based on clinical and radiographic examination data. The following
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characteristics were assessed: emergence angles, including the mucosal emergence angle (MEA),
deep angle (DA), and total angle (TA); emergence profile; and peri-implant soft tissue.
Generalized estimating equations were used to analyze the relationship between these
characteristics and the occurrence of peri-implant mucositis and peri-implantitis. Results TA and
MEA showed significant statistical relevance to peri-implant mucositis. Implant restorations with
a TA greater than 30<had a 1.7 times higher risk of developing peri-implantitis compared to those
with a TA of less than 30< Conclusion MEA and TA of bone-level implant restorations in
posterior tooth positions are significantly correlated with peri-implant mucositis. An excessive TA
increases the likelihood of peri-implantitis. It is recommended that both the coronal and overall
emergence angles of implant restorations should not exceed 30<

Key words emergence profile; emergence angle; peri-implant soft tissue; optical impression
scanning; peri-implant mucositis; peri-implantitis
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( peri-implant mucositis, PM) FIF{AE {74 & [ % ( peri-implantitis, P1) [ 5 % 8 ik 2,
T T RIS B, e A S Rl AL 2RO 5 e 1 5 A 2 AR U o A 47 o e £ J) {2
B Pl A BRSO BRI AR T G R R R . R AR ED, R

B Z T SR AT R A B GRS SRR R R G R, (AR b S RRHAE R

I PFAG . 5 9 MR DB R A ARIERIR TP ZFEAFIE: ZFERAEZ (emergence angle,EA)
ZEURFEE (emergence profile, EP) , HH EA B SUNBE MG EREC RIS R F 5
TR Z AL, EP ZIRMIEEE G KB B AR N MIEARSTE T & 17 e 7 e, 5 5d i
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11 RBIBRE Wbk 2018 4 6 J—2023 4 6 J kixle M A AL 12 B ROl R BERL BT AL
Hh T MOELAR Y HZ B A — 44 AT BRI P AR UL W fR B 5, Bk B AR FME 577
FINFE & B LS DU R TT 2, 1R CIAS B A 507 SRS R, & 2
BERI RS2 — M B R B G B B oo i A T IAT (IR BEALAF S YX2024-109) , CfEH[H
e ARAR I O GEMS: ChiCTR2400088220) -

L2AbrE @O FR=18 ¥, BRGMWSHRNEH: @ BHFKMERL, € MdirEd
2if: @ HKF. PFEEBIEAER, B0 12 N @ MEA SR B AR E S R,
A AONRLL AL, & BEIEG M E LA EARBERE S G © BEAKMLS
AR A mZE DT 10° ;. @ EREEEW, 8% 5 raEeitls.

1.3 HERptrte (O BEMIIREREAG . B PR AR Z A BOT 8 @ 2 AL itk
B @ HEIAERGAR, SFELFHR. WRARUEEREFE. OFE. 1
IS Rl R ) SR

1.4 SHrirte

1.4.1 MEGRFEBER PM PM1: BI4R2 30s N HBLIAK, Bk, HEE RIS
B EBUSNFE BRI PM2: BRI RIS 2 A AU MR — 7 A IR
Py OREH MU, H A BTG 8 LA T 80 Rt

L42 MHEAERBER PI PLREFRSH MU L, LAk, PRSIREERT 6 mm, HFPHE AT
AR5 A R R AR 3 mmlt

15 lRKE o 1 Z4RFEEEMN, EHFARFEREMEEEE 6 Mo B
( buccal,B ) . iz %i (distobucca,DB) . T #i (mesiobuccal, MB) . (lingual,L) . iz
(distolingual,DL). 3z (mesiolingual, ML), ic3% LA FHEfr: #Ri2H 1 (bleeding on probing ,
BoP) . #RiZIAFE (probing depth , PD) . WBIFE%L (plague index, PLI, —4r3J%id%) LA
F I IE H AL A ) AR 75 B (keratinized mucosa width, KMW) o f I T4 $1 54X
(medit-i500, 2020, #[E) A& fL & T H br #EBE k75 5 SCfF (standard tessellation
language ,STL) -

L6 BEME WL X&) R, Focus R4, ¥ HIE 65~70 kv, EHLA ] 0.12~
0.15 mAs, MG [E] 0.25s, 1EMHBEEHUT 9 30 mmX 40 mm. HIEERTH AR CT (cone
beam computer tomography, CBCT, I-CAT 17-19, KAVO, ##[E), 120 kV, BRG] 26.9 s,
A% 0.25 mm < 0.25 mm X< 0.25 mm, FLE 16 cmXx10cm .
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10~15 [IfE 3 R 5e . IEsIUERT, ARG 1 RPN B Y, BENLINE 20 MFEEE
AL TA B, PRGN E 2 R H AR SSE 530 (intra-class correlation coefficient,ICC)
4 0.916 (95% CI: 0.878~0.943, P<<0.001). HALB K MG EYE (DICOM #)5:%
Bt (STL AR SAZHEEIR S8 (Tmplant Studio 2023 W2, 3shape, F45) . il
i RUNFE T IR TIE G EVRORT CBCT MR b g X 3 AbAHXS LA X 3, Bk B 3
¥ oHUE GERNSG EESXEENSE, HD o SEEMeErEAKH, €X31M5
Pt KB -PAT DI T CBUE D) B-L, J8UE & V)i MB-DL, itk & Y] DB-ML)
BAUIHA P RLE, Pl E 1 6 MIPLEL, &L R s, BUE BRI
B3UHCFIAME (FIRAME SRR, ") .

B 1 S

Fig. 1 Accurate fitting

1.8 FHiAE 5IH T Rungtanakiat et all™® ¥ iR M e S0 (B 2) , ERAMIALE L#ar 4
SRTEE T AR KREIIKT L, () M-S, (b FEEFEET 1.5 mm: (o :
RS (D CFBAZIR T 05 mm. Rid 5 AL A SR A SREACT G 1Rl
mi Br KPP b 5REMILGA M CRIBEE T A DKL d SBEEMET A E:
AR, A A S RRR . SRR, © Bk (total angle, TAD :

TRRIX A A R, R A SE A-E 48 L. @ RIS (deep angle, DA) : Ff
AR & L7715 mm XS 5 A R, M AR AERE A-B IIE L. @ R M
(mucosal emergence angle, MEA) , J& T ZFuRIX 7, FilEiA% 0.5 mm o[ 1) 25 R

FZ, HIMERRIAIER: C-D KIZkE o



B2 FiRAENETEE (A MLRUERE B)
Fig. 2 Schematic diagram of emergence angle measurement (A) and actual measure

ment example (B)

1.9 FEREEE K ML EIR FORS, 22 oa. Bel, WLIE 3.
110 MEAFELFEEESTERE &N FE 74T & 2 25 2% 1K K-F R R

(thickness, T) A3 B = & (height,H), LK 3.

B3 FERRE (U, H. 4D (A AfESTFELERER T S#HEREZH (B)

Fig.3  Emergence profile (concave,straight,convex) (A) , mucosal thickness (T), and mucosal height (H) at



the implant platform (B)

LU REARRE ST 59, 47 59 001 52 57 FiL 6 5% (p=0.475),
AVEIRIE A IL0.2p, o 0.05 B BURITREA R Ak = 22T st n=t06, St de b
B, RN 10%, RE D REARR Y 107 RRIE S 1.

112 Givh 34 # Giit o7l SPSS B AL FRAE o 1B BERh 2 IE S P M 45
2, AR IES A A (U AR #oR, HEEEMER At (%) fifiik.
AP SAf T I7 R P2 AR [ H BREAE [R1 S, 2Bz s J2 TS5 LR 2 T AR R R R (R
[ et LR S 48 Je bonferroni £2IED o Bl JZ T 73 LARIAE (A B AL, H4 28 AR 2
PR IO FERA RO T R R (<30° B>30° ) ¢ ARIEAESE
& 6 MUK I ZFEREE BRBRS, H5 =3 MR BRI AMEIE = AR5 9B AL (convex) , I
RIAEMTEZH (non-convex) o 18 F 52 10 # ARk Hi 2k (receiver operating characteristic, ROC)
TP 3 A R ke (A B R A R RELAA R L R IS R, WE T AR R K TN A 0 B T T
1 (area under the ROC curve, AUC) #7r, P<<0.05 &KnZRA G L.

2 4%

21 BEESMEMEE TN T 73 HEE N 3L H, it 42 #), 121 MEKFR
FfR. BHEFIER 45 5 (W 20~74 %), B S8 (8 22 AN (G 13~48

NA), MK R ZE N PM1 N 23.1%, PM2 N 17.3%, Pl N 7.4%, W3 1.

xR 1 BEESMHEEEARFE
Tab. 1 Basic information of patient and implant

Item Number Percentage
(%)
Patient-based 73
Sex
Male 31 42.5
Female 42 57.5
Smoke
Yes 14 19.2
No 59 80.8
Implant-based 121
Implant system
Anthogyr 67 55.4
Straumann 28 231
Dentium 26 215

Implant position




Maxillary premola
Maxillary molar
Mandibular premolar
Mandibular molar
PM
PM1
PM2
Pl

44

65

28
21

5.8
36.3
4.2
53.7

231
17.3
7.4

22 PR BHEAT % 2 B2 il BOP BHMEAT S A 93 4M(12.8%), B BREFEEL PLI FH 447

FUA 190 1M(26.2%), FFEARIR LALIRIKAL &5 . BOP. PLIFE 6 My S0 Ai L iw & =5, &

CIREE PD R, G5 L iR s T A RGER 3, AL IR] B EEBCR A bonferroni £

1E): AR SRR T 5 H Wl A S ATt v A 25 v T

EALR(ER 4, 7 s A T LR A bonferroni AR IE). | AT T REIIEE R, BT Ar

AHMEA. TAFI BOP Z B fF/EM M, WE3: =MFRMAE (DA. MEA. TA)

5% E H 275 (P<0.05), W% 4.

R 2 MRKPFHELEE [0 (%) ,

x4s]

Tab.2 Basic information at the site level [n (%) , xs]
Item L MB ML DB DL Total(n=726)
BOP 17(14.05) 18(14.88) 13(10.74) 16(13.22) 12(9.91) 93(12.81)
PLI 34(28.10) 33(27.27) 33(27.27) 33(27.27) 27(22.31) 190(26.17)
EP 24(19.83) 26(21.49) 24(19.83) 22(18.18) 22(18.18) 143(19.70)
DA (© 23.35(18.62)  24.97(16.83)  25.60(17.94) 24.47(18.49) 25.08(17.17)  24.47(18.01)
MEA (© 2827(21.19) 25.85(2356)  26.67(24.00) 19.82(21.55) 25.47(22.06) 23.08(23.64)  25.08(23.02)
TA (9 31.93+11.47 30.41+10.06 29.6349.35 29.7449.42  30.78+11.36 29.4649.87 30.32+10.29
PD(mm)  2.00(0.00) 2.00(1.00) 2.00(1.00) 2.00(1.00)  2.00(1.00)  2.00(1.00) 2.00(1.00)
T(mm) 3.95(2.30) 3.82(2.76) 5.22(2.70) 555(2.88)  5.54(2.74)  5.00(3.75)  4.80 (2.80)
H(mm) 3.09(1.61) 3.14(1.95) 3.86(1.89) 3.87(1.89) 3.6(1.78) 3.62(151)  3.54 (1.8D

represents the number of convex profile.

The data for PLI and BOP in the table represents the number of positive indicators, while the data for EP

R 3 MRBEHEKRERRS (R RE: Fishi. HEHEE. Ri2WD)

Tab. 3 Univariate analysis at the site level (outcome variables: BOP, PLI, PD)



Variable BOP PLI PD
OR 95%ClI OR 95%ClI p 95%Cl
value value value
Site
DL 0.674 0.37 - 1.227 0.197 0.871 0.537-1.414 0.577 0.540 0.331-0.749 <0.001
DB 0.932 0.568 - 1.531 0.781 1.138 0.712 - 1.817 0.590 0.548 0.323-0.772 <0.001
ML 0.736 0.420 - 1.290 0.285 1.138 0.691-1.871 0.612 0.137  -0.042-0.316 0.133
MB 1.069 0.644 - 1.775 0.796 1.138 0.712 - 1.817 0.590 0.230 0.055 - 0.405 0.010
1.000 0.628 - 1.591 1.000 1.185 0.751-1.871 0.465 -0.017 -0.171-0.138 0.831
Ref Ref Ref
EP
Convex 0.869 0.518 - 1.459 0.596 1.717 1.091 - 2.700 0.019 -0.121  -0.295-0.054 0.176
Straight 0.820 0.487 - 1.380 0.455 1.104 0.663 - 1.836 0.704 0.114  -0.076 - 0.304 0.239
Concave ref ref ref
T 0.957 0.871 - 1.050 0.353 1.071 0.982 - 1.169 0.123 0.050 0.016 - 0.083 0.004
H 0.897 0.747 -1.078 0.247 0.974 0.825-1.150 0.758 0.077 0.001 - 0.153 0.047
DA 1.015 0.987 - 1.043 0.309 1.008 0.989 - 1.028 0.406 -0.002  -0.011-0.007 0.671
MEA 1.017 1.003 - 1.032 0.021 1.000 0.991 - 1.010 0.980 -0.001  -0.006 - 0.003 0.578
TA 1.036 1.007 - 1.065 0.013 1.010 0.992 - 1.028 0.290 0.003  -0.007 - 0.012 0.601
Ref:reference.
R 4 MRBEEST (FRAE: MY 50/ ERZ SR D
Tab. 4 Univariate analysis at the site level [outcome variables: mucosal thickness (T) and
mucosal height (H) at the implant platform]
Variable H T
p 95%ClI P p 95%ClI
value value
Site
DL 0.357 0.163 - 0.550 <0.001 1.773 1.289 - 2.258 <0.001
DB 0.423 0.253 - 0.594 <0.001 1.407 1.077-1.738 <0.001
ML 0.718 0.498 - 0.938 <0.001 1.906 1.511-2.301 <0.001
MB 0.679 0.46 0- 0.899 <0.001 1.573 1.224 -1.922 <0.001
L -0.040 -0.260 - 0.180 0.721 0.243 -0.094 - 0.581 0.157
B Ref Ref
Implant position
Upper 0.776 0.393 - 1.159 <0.001 1.693 1.283 - 2.102 <0.001
Lower Ref Ref
EP
Convex 0.187 -0.080 - 0.454 0.170 0.123 -0.321 - 0.566 0.588
Straight 0.236 -0.078 - 0.549 0.141 0.150 -0.289 - 0.588 0.503
Concave Ref Ref
DA -0.027 -0.041 - -0.014 <0.001 -0.006 -0.024 - 0.012 0.502
MEA -0.010 -0.017 - -0.003 0.007 0.004 -0.007 - 0.014 0.462



TA

-0.021 -0.032 - -0.009

0.001

0.001

-0.016 - 0.018

0.898

Ref: reference.

2.3 FiiE A R H 43t

M T LR AR B T T AR A R T RA4E, 7 Katafuchi et all®

fwt TR, ANT 300 Bl R IEHE R M, ik, R 30° fENImSAHE. giit ot GR
5) KIPNFEHIE TR s RS, KT 30° HIAE (MEA. TA) KARER (PM1.
PM2) I A T <30° IIFIMEAS R (OR>1, P<0.05), TA>30° [RIEAS S fA & A= Fh i 4
JAI R PRI 2 TA<30° HIMEZ R AR 1.7 £%(P<0.05). ROC ML/ #r (& 4) KW,
£ PM1 1, MEA [f] AUC {5 KT 0.7; 7£ PM2 1, TA 5 MEA [¥] AUC {53 KT 0.7; 7E
PI #, TA ) AUC fE KT 0.7,

® 5 MEGERERZHR T

Tab.5 Multivariate analysis at the implant level
Variable PM1 PM2 Pl
Adjust P Adjuste Adjusted
ed OR 9ol value dOR AN value OR 9%l value
DA
>30° 0.716 0.245 - 2.087 0.54 0.318 0.075-1.354  0.121 0.788 0.092 - 6.773 0.828
<30° Ref Ref Ref
MEA
>30° 3.749 1.632-8.608  0.002 3.713 1.387-9.941  0.009 1.218 0.344 - 4.308 0.760
<30° Ref Ref Ref
TA
>30° 3.552 1.550- 8.140 0.003 4.394 1.434-13.463 0.010 1.758 1.072 - 2.884 0.026
<30° Ref Ref Ref
EP
Convex 2.614 0.950 - 7.191 0.063 1.796 0.627 -5.141 0.275 2.726 0.708 - 10.5 0.145
Non-convex Ref Ref Ref
KMW 1.272 0.595 - 2.722 0.535 1.121 0.441-2.85 0.811 1.393 0.866 - 2.241 0.172
T 0.866 0.659 - 1.138 0.302 0.882 0.653-1.191 0.412 1.104 0.854 - 1.428 0.449
H 0.864 0.523-1.427  0.567 1.056 0.657-1.696  0.823 0.572 0.080 - 4.085 0.578

Ref: reference.



B 4 ROC AT EERAE (DA. MEA. TA) SHEAEBESRR (PML1. PM2. P1) B3R
%

Fig.4 ROC curve analysis of the relationship between emergence angle (DA, MEA, TA) and

peri-implant diseases (PM1, PM2, P1)

31tie

AR T 2 ENRSG ZHE AR A0 T7 155, PP AP AS S A1) 27 MR A B K/ L 2R
RIEA, LASA AR BIRAARAT, 0 B AT T2 75 5 Miore A Jo) [ R0 A 8« P 4 ] ] ¢
Ko

Tl A JE L 5 ¢ PMIL FE2 WA vHE HY 2017 4 2 o 5 R 4 ] [FB1 i thE ki 4 e 01,
A TSI BERS LI AR 5 2 R12 DR IR, BT AR AT B AR LE S s RS H I
T4 F10005 F 58, Herrera et all'2bl PM & XONB ARSI HEL 2 S J LA _EAT 5 if s 7EAT
AL s 2t KB ik, HIA IR & B LN B BRI X2 S s
Tl e s ] L6 T 28 () 28 2 P S (PMI2) AT S Tl s i I 6 65 ¢ 1) i P e SRR N
SUETHTTRE T, LASRONS 45 A o8 4t i ke

TA RE MR BT R M, 5 Katafuchi et al BT 708 AR IR X 28 B 0 & 27 61 A1
KAl, ABFAERAT 30° H TA 5 PM. Pl R ERIDE, &2 mHRT e, X
Foh TA VR A 2 R BERORT IR, #E— B4R 5T MEA 5 DA J& 15 5 vk 44 Ji) FBI R0 16 8 A0
MR FER O RER R GiraiiEn, TA T MEA 5577258 SCRIFAE (4 JE R 3 5 ¢
BREMIE, ROC HZkaHid, MEA 5 PM1. PM2 ff] AUC 3K T 0.7, #E—HiET
MEA 5% Fft A 446 Jo] L RS 46 K AR AT e, 774 Rungtanakiat et al MBI 745 R . MEA X
RGEAREREIDGH T AR, 8 TR TR 7, D 7 1w 5 5 5 Fie
A R0 30 5 ek Y DG B T o T 7 M3 AT T DR AN R ) 0 R A A AL ] ) 8 174
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DRSS i, B T BE RO HER, SRAERE I S R AR I R R B >k, Rk, Rungtanakiat
et all3l5 Pelekos et allV i 1) 2 R A B2 I 26 T A5 2 14 2 R (1 6 77 X 380, Katafuchi et al®lgft
3 W L T B WS R0t R AL A ) 98 R AR S 2 R, (ELASHE 9T TR 4L S R e A BB 1 2
K P AERT 0.05, X W] g i TR 5 h e i ol Rl 26 A SBO 28 LR, AR REARRE 5 Ui
FEER LA S5 AR AR A B 98 2 IR AT BEARE IR R

SR EFERAES H R a R, A ] R R R A LR B A R R —
ANEZERIER, AR AT — A B 3 R 5 B FE BRARAR G, £ 4 Rungtanakiat et all* i ¢
. K, BETSEEHELTOEZRAREXA, ®E HFRZSIRE PD &M
oK, IXETF 4 Pelekos et alllIif 71 45 L o AN 2738 IR U 32 B A AU R 56 KMW Z>T- 2 mm
BRR R IR T R A B AR, EARHE ST 121 BIFEE ST 96% I FHE A BT KMW =2
mm, FFARG T KMW 5 8 FELBI PTBEAA1E K 5GIG .

T LR AR R —, RBFFCRAZgENE2%, 15 X & st b
FREL T BCAAMR R, 6=, MENERARHTIL, M T AN EERNBERE, RF
DKV GAEERAERILG b, XA RELS RFMAREEIE. AT ARRREETHE—, W
SR, TERTIRY MEA. DA S5MREREE R 2 B R ER R, H 2, W%
JEMRE ARz ] T ) 57 B X 45 SR AT R RIS o SR SR ISR 6], ZREHR R
AL A A R SR RS R 2R
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