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Figure 1. Emergence angle and Profile angle. Left; Emergence angle, first proposed by

Katafuchi et al. (In this paper, named as Total angle.). Right; Profile angle, first proposed by

Han et al.

Mucosal Thickness

width/ height intio

Figure 2. Peri-implant tissue phenotype. This figure includes only the aspects related

to soft tissue as presented in the paper by Avila-Ortiz et al. 2
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=5 A ST A= wha A AT E ] A wid 2 AH FH

A3l R4S Alselt. (Figure 30)

Figure 3. Geometric references. (A) Intraoral scanning with prosthesis in place, (B)
Extraoral scanning of prosthesis connected to implant analog, (C) Superimposition of scan

files.
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Figure 4. Geometric references. (A) Axis and planes, (B) Points and lines.
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N\ i /.

Long Axis

Figure 5A. Profile angle. 6o: Profile angle in interval lo~2; 61: Profile angle in interval Io~1;

02: Profile angle in interval I1~2.

=

Figure 5B. Length measurement. Wo: Soft tissue width at implant platform level; Wi:
Soft tissue width at 1mm above implant platform; Wa: Soft tissue width at 2mm above implant
platform; Ci: Crown width at 1Imm above implant platform; Cz: Crown width at 2mm above

implant platform; H: Soft tissue height.
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Figure 6. Area calculation. Ai: Area of soft tissue in interval Io~1; A2 Area of soft

tissue in interval li~2; A'1: Area of crown in interval Io~1; A'2: Area of crown in interval [i~2
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Al 3% A3t

3.1. Demographic data

F 5870 WABE AAske obpol wheh gt 2570, shet 337, ABWES A
of wheb 27 T, A SIAE EES] YTk YEAEL] AR webAE

11709 IT, 35709 1U, 9709 Implantium Z18]3 3709 Anyonel.® ¥ &¢I},

(Table 1)

Table 1. Demographic characteristics

Characteristics Number  Characteristics Number

Arch Maxilla 25  Implant type IT 11
Mandible 33 U 35

Implant location Premolar 7 Implantium 9
Molar 51 Anyone 3

Note. IT : 11° octagonal internal connection; IU, Implantium, Anyone : 7° internal connection.

ik

3.2 73 #F 717 L A=2Q F9 T 243

p

2
N

RAE Az 3 7|32 A 1doA Hd 9d7bA] EAs e H 5.191(

20



HAp 2.495) 0100k HE RS G2 AR 7P H2 AAHAAM AT AP

o AxE 293

tio
||\

ge A3 24 FolA Hit 0.04mm (EFHEAF 0.159), 94

oA 0.02mm (EFH=2F 0.124) = e}

3.3. &3, Aot F7F R HAHE FF F VAol dxF I

ol mA= I

5o 4, ofgel meb Az o] F(Wy, Wool TAHeR frofudt Ao
HA. (p<0.05) a7A/di7A] of o weEbA = Be dxA J Al st &
Aoz frolvd ztol7h gIlTh (p>0.05) BAE A2 F 7|3ke] 9 BE dx4

FE) Aol el freof gk Fads BolA] sttt (p>0.05). (Table 2A)

HZo] B, olstel ol wed] Wy, Wo, WH7F BAACE folvulg Aol
noth (p<0.05) £AFA/TA ol L WAR F3 F /7] g BE A%

2 G Aol tiste] FAH = Fou Rt ztel7k gigitt. (p>0.05) (Table 2B)

21



Table 2A. Correlation of soft tissue phenotype with arch, tooth type, and follow—up period (Buccal)

Tooth Arch Delivery
Variabl Total
ariable (N=58) 27-7(0) o 2] (1) —al 51oH0) AFeH(1) ol ©5% CI) ol
(N=7) (N=51) pvalue (N=32) (N=26) pvalue T pvalue
Height 3.129+1.14 3.529+1.138 3.075+1.151 0.3314 2.884+1.03 3.431+£1.22 0.0714 -0.044(-0.299-0.217) 0.7431
W1 3.572+1.82 4.115+1.346 3.491+1.881 0.4033 2.862+1.60 4.395+1.73 0.0014* -0.158(-0.407-0.116) 0.2543
W2 2.505+1.71 3.056+£1.361 2.411+£1.766 0.4005 1.791+1.44 3.122+1.71 0.0112* 0.054(-0.258-0.355) 0.7381
W/H 1.4794+0.37 1.350£0.377 1.499+0.374 0.3323 1.447+0.41 1.517£0.32 0.5003 -0.232(-0.469-0.041) 0.0918

Table 2B. Correlation of soft tissue phenotype with arch, tooth type, and follow—up period (Lingual)

Tooth Arch Delivery
Variable sl ETA0) A0 EEI0) FSHD
(N=7) (N=44) p-value (N=27) (N=24) p—value r (95% CI) p-value
Height 3,763+£1.04 3.914+1.196 3.739+£1.024 0.6818 3.585+1.045 3.963+1.014 0.1979 0.121(-0.161-0.383) 0.3996
W1 4.494£2.29 4.359+1.645 4.516%2.396 0.8691 3.483+£1.213 5.632+2.689 0.0011* -0.025(-0.299-0.252) 0.8604
W2 2.942+2.09 2.994+1.828 2.934+2.155 0.9449 2.137+1.467 3.848+2.345 0.0039* -0.024(-0.298-0.253) 0.8665
W/H 1.344£0.37 1.458+0.410 1.323+0.367 0.383 1.180+0.232 1.541+0.418 0.0018 -0.146(-0.423-0.159) 0.346

Note for table 2A & 2B. Height: Soft tissue height; W1: Soft tissue width at 1mm above implant platform; Ws: Soft tissue
width at 2mm above implant platform; W/H: Width-Height ratio, Soft tissue width at platform level divided by Soft tissue
height. Significance testing was confirmed by independent t test and Pearson's correlation analysis. * Statistically significant

difference.
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3.4. REES FEet A2 FY Atol9 daA

3.4.1. A& U v &Y AxH9 £

=4 CRyI HE r=-0.756 (p<0.05)& Fojn st 8o AAAAES Bk 7+
S o] BoES i, CRy¥ HE r=-0.654 (p<0.05), CR2¢} HE r= -0.790 (p<0.05)
Z v &9 dudAE 2vh e CRi-Heb CRe-Hel adAe] Jrg vl

WS W, fFolre Aot i AL & F Qow (p<0.05), ol @k CRy-H

A= % CRy HE r=-0.685 (p<0.05)E fondt Lo AaAanAZS Hrh
TS Yol BekS W, CRi¥™ HE r=-0.426 (p<0.05), CR:¢} HE r=-0.731
(p<0.05)2 F2oust &9 FHAAES BT T3 CRi-HS CRo-He 337 2

AEg Masgle W, folula Folk g AL & & glen] (p<0.05), ol uet

@
=
Do

jan
N
N
n
ol
&)
oo
o
oz
r o)

#AE 2t} (Table 3 & Figure 7)

3.4.2. RAES WA v&Y AxFe Z

HFolA CRwt Wos Fomgh &9 FaaAlE Bt (r=-0.704, p<0.05). 73t
< Wrol BHS o, CRi} Wie r=-0.666 (p<0.05), CRz¢} Wz r= -0.873
(p<0.05)= Frefvd 5o FaAdAE Bk EF CRi-Wid CRo-W2o| ahdA

of AxE HuwsdS v, Fevd 27k e AS & e (p<0.05), ol
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weh CR2-W27F o 73 &9 ZaaAs 2o

AE5ME CRyd Wes frofuldt &9 AaaAE Btk (r=-0.678, p<0.05). F
He Fol BekS w, CRi® WiE r=-0.346 (p<0.05), CR:$} Woi r= -0.719
(p<0.05)Z froud 29 FRAAE Btk T3 FZoA CRi-Wi9] d3A7
CRe-W2o ¥4 wustals o, fong zol7h A= 218 & 5 doH

(p<0.05), ol we} CRy-W29 A3 (r=-0.719)°] Fou|stA o =Atta & 4 9

t}. (Table 4 & Figure 8)
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Table 3. Correlation between crown ratio(CR) and soft tissue height

Data Buccal Palatal
Height Correlation Comparison Height Correlation Comparison
Variable
r 95% CI) p-value CR1 CR2 CRW r (95% CI) p-value CR1 CR2 CRW
-0.654 * _ . L .
CR1 Cor8r0aen <0001 0.426(-0.632--0.153) 0.0026
CR2 ~0.790 <.0001* 0.0002* -0.731(-0.839--0.557) <.0001* <.0001*
(-0.871--0.658) ’ ’ ’ ’ ’ ’ ’
-0.756 * * * _ _ — * * *
CRW (~0.850--0.608) <.0001 <.0001 0.0136 0.685(—0.810--0.490) <.0001 <.0001 0.0002
Table 4. Correlation between crown ratio(CR) and soft tissue width
Data Buccal Palatal
W1 W2 W1 W2
Variable
r (95% CD p—value r (95% CD) p—value r (95% CD) p-value r (95% CD) p-value
-0.666 * -0.653(-0.797-- * -0.346 * -0.472 *
CRI (=0.790--0.480) <0001 0.425) <0001 (-0.573--0.062) S (-0.666--0.209) R
-0.826 " -0.873(-0.929-- . -0.547 . -0.719 "
CR2 (-0.894--0.713) <0001 0.769) <0001 (-0.718--0.302) <0001 (-0.832--0.539) <0001
~0.785 . ~0.849(-0.915—- . ~0.508 . ~0.678 .
CRW (-0.868--0.651) <0001 0.728) <0001 (-0.691--0.253) 0.0002 (-0.805--0.480) <0001

Note for table 3 & 4. CR1: Crown ratio at interval O~1mm; CRe2: Crown ratio at interval 1~2mm, CRw: Crown ratio at interval

0~2mm; Wi: Soft tissue width at Imm above implant platform; Wa: Soft tissue width at 2mm above implant platform.

Significance testing was confirmed by Pearson's correlation analysis and Z-test. * Statistically significant difference.
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Figure 7. Correlation between crown ratio and soft tissue height
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Figure 8. Correlation between crown ratio and soft tissue width
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3.4.3. dXA 9 Fold W& dA HH HE&H dA &8 &F

HESo ] Ax2 9 =o]7F 2mm, 3mm, 4mm% W CR,9 cut off valuex= 217}
31%, 12%, 8% = ==l v 7112 CR1Y cut off valuex= 2H2} 8%, 4%, 3% =,

CR29] cut off valuex Z+7} 57%, 25%, 14% = &5 th. o] 2 profile angle 2 341

P A4 9] Fo]5 2mm, 3mm, 4mm &H3H7] 93 6,©= 27t 66°, 41°, 30°%E AF

ol

= HAoh VAR 0,2 ZH7E 35°, 18°, 14°%, 0,-> ZH7F 82°, 59°, 36°% A&

2t} (Table 5 & Figure 9A)

i
||\
-3
R

AZxA 9 =o]7} 3mm, 4mm W CRw9 cut off valuerx 2zt 10.6%,
4.4%=2 22T vl A2 CR1Y cut off value: 2H2; 3.6%, 1.3% =, CR29]
cut off value= Z}Z} 21%, 7.3% = AFZ=F At} ©]E profile angle® AHsHH A %7
o] #o]l5 3mm, 4mm W37 93 0,2 27 37.89°, 17.90°= 4tE EH Ut} wpzt
A2 0, Z47F 16.6°, 6°%, 0,2 ZHz; 52.35°, 20.16°% AFEH ) vk, A3

At AzAe] ol7k 2mm olstel APHE E2o] glol, A% el 2mmol

A Fsl= cut-off A& A28t} (Table 5 & Figure 9B)
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3.4.4. AEHS] Fo] ME YA BH WE&H UA FE &Y

el
||\

ol AxZo FA7F 2mmY W, CRw9 cut off valuex 11%= AF=% At}
"zl 2 CR19 cut off value= 9%, CR29] cut off value: 25%= A& A}, o]

£ profile angle® 24kl Az o] TS 2mm R3] ¢33 6,2 38.9°, 0,2

38.4°, 0, 50.4°%2 AFE5 Ut (Table 6 & Figure 10A)

Ao Az FA7F 2mmYe W CRyw9 cut off valuex 9% = AH=F ). nf

ZH7HA 2 CR19 cut off value:® 7%, CR29] cut off value: 20%= AF=F ). o] =

profile angle® 2kl Ax# 9] FAE 2mm &H37] $3% 0,2 33.4°, 8,

31.0°, 0,% 42.0°% 2F&5 Ut} (Table 6 & Figure 10B)
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Table 5. Critical crown ratio & critical profile angle as a function of soft tissue height

Buccal
Soft tissue height cCR(cBp) cCR,(c8,) cCRy(c85)
H = 2mm 31% (66.3°) 8% (34.8°) 57% (81.3°)
H = 3mm 12% (41.4°) 4% (18.4°) 25% (59.0°)
H = 4mm 8% (30.4°) 3% (13.9°) 14% (36.1°)

Palatal (Lingual)

Soft tissue height cCR,,(c8o) cCR;(cO,) cCRy(c3)
H = 3mm 11% (37.9°) 4% (16.6°) 21% (52.4°)
H = 4mm 4% (17.9°) 1% (6.0°) 7% (20.2°)

Note. H: Soft tissue height; cCRw: critical crown ratio at interval O~2mm; cCR1: critical
crown ratio at interval O~1mm; cCRg: critical crown ratio at interval 1~2mm; c6,,: critical

profile angle at interval O~2mm; ¢8;: critical profile angle at interval O~1mm; c0,: critical

profile angle at interval 1~2mm. Cut—off value was calculated using Youden's index.

Table 6. Critical crown ratio & critical profile angle as a function of soft tissue width
W = 2mm cCR,,(cby) cCR,(ch;) cCR,(ch,)
Buccal 11% (38.9°) 9% (38.4°) 25% (50.4°)
Lingual 9% (33.4°) 7% (31.0°) 20% (42.0°)

Note. W: Soft tissue width at platform level; cCRw: critical crown ratio at interval O~2mm;
cCRu1: critical crown ratio at interval O~1mm; cCReg: critical crown ratio at interval 1~2mm;

cB,,: critical profile angle at interval O~2mm; c0;: critical profile angle at interval O~1mm;
¢, critical profile angle at interval 1~2mm. Cut-off value was calculated using Youden's

index.
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Figure 9A. Critical crown ratio & critical profile angle as a function of soft tissue height in Buccal aspects
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Figure 9B. Critical crown ratio & critical profile angle as a function of soft tissue height in Lingual aspects

30



W = 2mm

N
A
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Figure 10A. Critical crown ratio & critical profile angle as a function of soft tissue

width in Buccal aspects

W = 2mm

Lingué.l

Figure 10B. Critical crown ratio & critical profile angle as a function of soft tissue

width in Lingual aspects
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3.4.5. dxA9 F(W)H} xol(H)9 &4

Sl A AxH9 ANAR FWI ol Aolol BAM O fojud o) Yt

e

Al

N

Fod9lar (r=0.726, p<0.05), AFoM= L3 ZAx}E H3AH (r=0.686,
p<0.05). Z1ef=et A4 3|9 £4d mEw F/EAS BFoA 71ARe Fo] F55

t‘gt

i

o]_g:_ =

o

o

el AL, @594 2 A=7F 2 Zv) (Table 7 & Figure 11)

3.4.6. REES WA H| &£ W/Hratios] &4

Width/Height ratio (W/H)9] H3te =0l 148, A=A 1.372 SHEA
o whH ) BAEo] xpx ek WA T Width/Height ratio (W/H)= B4 402 59

sk AIA7F $l1tt (Table 7 & Figure 12)

Table 7. Correlation between soft tissue width, height, crown ratio and width/height
ratio
Data Buccal Palatal
Height W/H Height W/H
Variable
r (95% CI) p-value r (95% CI) p-value r (95% CD p-value r (95% CI) p-value
0.726% T
o (0.564-0.830) o001 0.494-0.809) <0001
0.182 0.043
CRW (-0.091-0.428) 0.1878 (-0.258-0.335) 07838

Note. Wo: Soft tissue height; CRw: Crown ratio at interval O~2mm; Height: Soft tissue
height; W/H: Width-Height ratio, Soft tissue width at platform level divided by Soft tissue
height. Significance testing was confirmed by Pearson's correlation analysis. * Statistically

significant difference.
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ABSTRACT

Impact of Emergence profile on the buccal/lingual peri-implant soft
tissue in implant-supported single-tooth posterior restorations with

CAD/CAM abutments

Seungwon Back
Department of Dentistry

Graduate School of Yonsei University

With the increasing use of customized abutments, the interest and importance of the proper
emergence profile have been growing. However, clear guidelines for this aspect are yet to be
established. Although many recent studies have reported on the correlation between the shape of
implant prostheses and peri-implant tissues, most of these studies primarily focus on the relationship
between the emergence profile in the mesial/distal direction and marginal bone loss. This study aims
to evaluate the effect of the buccal/lingual emergence profile of implant prostheses using customized

abutments on the morphology of the surrounding soft tissue utilizing 3D digital scanning technology.

A total of 58 single posterior implant fixed prostheses using customized abutments were analyzed,
considering the arch, tooth position, and follow-up period after prosthesis placement. Digital scans
of the oral cavity and prostheses were performed at least one year post-placement, measuring the
width and height of the soft tissue, and the width and profile angle of the prostheses. The area 2mm

above the implant platform was set as the analysis zone, calculating the proportion of the soft tissue
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and prosthesis occupying this zone. Statistical correlations between soft tissue morphology (height,
width, etc.) and arch, tooth position, follow-up period, and the proportion of the prosthesis in the
analysis zone were analyzed. Finally, cut-off values for the profile angle of the prostheses concerning

specific soft tissue height and width were determined to derive the critical profile angle.

Results indicated significant differences in soft tissue width between the maxillary and mandibular
arches in both buccal and lingual regions. As the proportion of the prosthesis in the analysis zone
increased, the width and height of the soft tissue tended to decrease in both buccal and lingual
regions, with a more substantial influence observed towards the crown. However, no statistical
correlation was found between the proportion of the prosthesis and the soft tissue's width/height
ratio. The critical profile angle necessary to maintain a soft tissue height of 2mm was calculated to
be between 34.8° and 81.3°; for 3mm height, between 16.6° and 59.0°; and for 4mm height, between
6.0° and 36.1°. The critical profile angle for maintaining a soft tissue width of at least 2mm was

calculated to be between 31.0° and 50.4°.

In conclusion, there is a significant correlation between the subgingival shape of the prosthesis and
the height and width of the peri-implant soft tissue. Particularly, the shape near the gingival margin
had a more significant impact on the geometric configuration of the surrounding soft tissue than the
shape near the implant platform. Setting the profile angle of the prosthesis within the suggested
critical values based on the given width and height of the soft tissue can aid in maintaining stable

peri-implant soft tissue.

Key words : Peri-implant soft tissue, CAD-CAM abutment, Emergence profile, Profile angle
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