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Abstract

Background: The shape of implant restorations is critical for function and aesthetics.
It may also be important in peri-implant tissue health preservation. This study aimed
to associate the restorative contour of a single crown with marginal dental plaque ac-
cumulation, tissue inflammation and probing depths.

Methods: Subjects with a single screw-retained implant restoration were clinically
examined. The presence of dental biofilm, tissue inflammation and probing pocket
depths were the dependent variables. The emergence angle, profile and depth of the
mucosal tunnel were measured on superimposed digital scans of the crown soft-tissue
complex, the removed crown mounted on an analogue and the soft tissue.

Results: One hundred twenty two subjects (46.7% female, 68.9% never smokers, 77%
with treated periodontitis and 52.5% participating in regular supportive peri-implant
care) were examined. The emergence angles at the mucosal margin were 15.3 +9.4°,
12.7+£8.5° 31.3+11.8° and 19.2+9.8° for the mesial, distal, vestibular and oral as-
pects of the crowns. The largest emergence profile angles were observed on the
vestibular aspect (74.6% of cases), reaching a maximum of 61.7°, and profiles were
convex in 59% of cases. Generalized estimating equations indicated that the site-
specific platform-level emergence angle and profile and depth of the mucosal tunnel
were significantly associated with the presence of detectable plaque accumulation
(p<.01) and bleeding on probing (p <.02).

Conclusions: Subtle variations in the shape of the restorative crown are associated
with biofilm accumulation and mucosal inflammation. These findings are important

for 3D implant planning/positioning and preservation of peri-implant tissue health.
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1 | INTRODUCTION

The shape of dental restorations is essential for function, aesthetics,
periodontal health and quality of life. Among the many parameters,
significant attention has been paid to the contour of the tooth as
it traverses the soft tissues to achieve its replication when resto-
rations are placed (Stein & Kuwata, 1977). Both over and under-
contouring have been associated with adverse health outcomes
driven by plaque accumulation and marginal tissue inflammation
(Du et al., 2011). Reproduction of an optimal contour for tooth
restorations continues to be more of an art than an exact science.
Achieving such a goal with implant-supported reconstructions poses
specific additional challenges mainly arising from (i) the geometrical
discrepancy between the shape of dental roots and the endosteal
portion of implants and (ii) the lack of periodontal attachment in the
supracrestal area of dental implants. In the clinic, specific efforts are
routinely made to replicate the tooth's natural contour (Croll, 1989,
1990) while designing the abutment-crown complex as it arises from
the implant restorative platform and emerges through the peri-
implant soft tissues (Chu et al., 2019). To rationalize and simplify the
clinical approach, specific topographic areas have been identified:
the critical and subcritical contours with different functional and
morphologic characteristics (Chu et al., 2019; Su et al., 2010). The
subcritical contour provides a gradual and harmonious transition
from the implant platform to the critical contour and supports the
soft tissues. In contrast, the critical contour impacts the level of the
soft-tissue margin, its architecture and the size and morphology of
the clinical crown. So far, most analyses focused on the impact of
morphology on aesthetics rather than tissue health.

Recent studies have shown that the contour of the restoration
is associated with peri-implant health status (Katafuchi et al., 2018;
Soulami et al., 2022; Yi et al., 2020) and that changes in the resto-
ration shape, with the primary aim to increase access for oral hygiene
practice in the context of non-surgical treatment of peri-implant
mucositis, lead to better control of inflammation and treatment
outcomes (de Tapia et al., 2019, 2022). Related to the importance
of access for oral hygiene are also the observations pointing to the
significance of the depth of the mucosal tunnel in the resolution of
experimental peri-implant mucositis (Chan et al., 2019).

In implant dentistry, the ideal parameters still need to be clari-
fied, which allow optimal aesthetics and maintenance of health/
cleanability. Indeed, significant controversy remains about which
measurements are genuinely associated with tissue health. It has
been suggested that the deeper sub-mucosal part of the restoration
and the more superficial, transmucosal portion may differentially
contribute to the maintenance of tissue health. Specifically, it can
be hypothesized that the restorative transmucosal profiles may be
significant in the susceptibility to the earlier biofilm-associated in-
flammatory events, while the deeper shape may be associated with
the progression of the lesions into peri-implantitis. The ease of mea-
surement of the subcritical contour, additionally, may have biased
measures away from aspects of the transmucosal profile (Mattheos
et al., 2021). Lastly, analyses have not been able to fully account for
the hierarchical structure of the sources of variability of tissue health

parameters. This study focuses on the association of the platform
level and transmucosal profile of implant single crowns on biofilm
accumulation and marginal inflammation. The specific objectives of
this retrospective study comprise (i) assessing the reproducibility of a
method for measuring the transmucosal emergence angles and com-
pare it with restoration level measures; (i) characterizing the trans-
mucosal and platform-level emergence angle and emergence profile
of restorations, the depth of the mucosal tunnel and total tissue thick-
ness in a population of successfully restored patients; (iii) associating
the emergence angle, the restoration profile and the height of the
mucosal tunnel with the presence of detectable microbial biofilms,
marginal tissue inflammation and probing pocket depths.

2 | MATERIALS AND METHODS
2.1 | Study design and experimental population

This was a cross-sectional clinical study. Subjects with screw-
retained single implant restorations were recruited from Prince Philip
Dental Hospital, Faculty of Dentistry, The University of Hong Kong,
between September 2019 and June 2021. The study is registered
in the HKU Clinical Trial Registry (HKUCTR-2988). It has been ap-
proved by the Institutional Review Board of the University of Hong
Kong/ Hospital Authority Hong Kong West Cluster (UW 19-505).
All subjects provided written informed consent. This manuscript fol-
lows the STROBE guideline for reporting observational studies.

The inclusion criteria comprise subjects who: (i) received a
screw-retained single implant restoration at the anterior or premolar
region from 2009 to 2018 at Prince Philip Dental Hospital; (ii) male
or female, aged 18 years or above; (iii) willing and able to comply with
all study requirements; (iv) presence of a diagnostically acceptable
periapical radiograph after implant loading.

Subjects who were pregnant or lactating, used systemic antibi-
otics within 3months, needed antibiotic prophylaxis, had radiation
therapy in the head and neck area, had HIV, TB, Hepatitis with pos-
itive viremia or other infectious diseases, reported drug and alcohol

abuse or had undergone therapy for peri-implantitis were excluded.

2.2 | Datacollection

Details of implant placement, including the location, time since
placement and crown insertion, implant brand, implant design, im-
plant diameter, length, type of implant placement and presence of
simultaneous bone augmentation, were collected from the clinical

record of each subject.

2.3 | Clinical examination

All examinations were performed by a single calibrated and trained
investigator (BC). Plaque Score was recorded dichotomously with
the aid of disclosing agent (GC Tri plaque ID gel, GC Australia) at
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six sites around the implant before removing the clinical crown.
Bleeding on Probing (BOP) was similarly assessed dichotomously
at six sites around the implant using a UNC-15 periodontal probe
(PCP-UNC15, Hu-Friedy) and light probing force (0.2-0.25N). After
removal of the screw-retained crown (Garcia-Garcia et al., 2021), the
following were recorded: (i) Probing Pocket Depth (PPD) measured
to the nearest millimetre at six sites around the implant with a peri-
odontal probe (PCP-UNC 15, Hu-Friedy), (ii) Suppuration on Probing
assessed dichotomously at six sites around the implant and (iii) the
amount of keratinized tissue measured to the nearest millimetre
at the buccal side of the implant at the thinnest area (Berglundh
etal., 2018).

Other clinical information included self-reported smoking status,
history of diabetes mellitus and maintenance care. In addition, the
subjects were categorized as ‘periodontitis patients’ with the pres-
ence of Interdental CAL of 22mm at 22 non-adjacent teeth or buccal
CAL 23 mm with pocketing >3mm at 22 teeth (Tonetti et al., 2018).
The presence of sites with PPD >4 mm was also recorded (Chapple
et al., 2018).

2.4 | Intraoral digital scans

Digital scans were performed using either a Primescan (CEREC
Primescan; Dentsply Sirona) or 3shape (3shape TRIOS Intraoral
scanners; 3Shape Global) intraoral scanner. In each subject, three
digital scans were made: (i) An intraoral scan with the implant res-
toration in situ; (ii) An intraoral scan immediately after removal of
the screw-retained restoration and placement of an implant scan
body; (iii) An extraoral scan of the implant restoration on a corre-
sponding implant analogue. The scans were exported as standard
Tessellation Language (STL) files. The files were subsequently im-
ported into Zfx Dental Design CAD software Version 6.0 (Zfx CAD
software; GmbH). The three files were merged with a manual selec-
tion of three distinct points on each file with subsequent automatic
alignment with the best-fit-matching function. The scan body re-
produced the implant position. All three files were merged digitally.
Buccolingual and mesiodistal cross-sectional images were made for

measurements.

2.5 | Measurement of emergence angle and profile

All measurements were performed by a single calibrated exam-
iner (BC). Images were analysed using a Dell Precision Tower 3620
workstation equipped with Dell Flatview Monitors P2717H with a
resolution of 1920x1080 pixels in a room with standardized light-
ing. Coronal, sagittal and axial scan slices of the site of interest
were displayed with the x7 zooming factor for performing meas-
urements. Three different methods were used for measuring the
emergence angle and profile. In the first method, measurements
were performed at the radiographic restorative margin accord-
ing to the methodology outlined by Katafuchi et al. (2018). The

emergence angle was measured between the implant's long axis
and a line tangent to the implant restoration at the mesial and dis-
tal surfaces (Figure 1a). The emergence profile was categorized
as concave, straight, or convex (Katafuchi et al., 2018; Figure 1b).
The second method was like the first, but with the extraoral scan
of the implant restoration, which allowed us to additionally meas-
ure the buccal and oral angles (Figure 1c). The emergence pro-
file was categorized accordingly on all four surfaces (Figure 1d).
The third method described the emergence angle at the location
where the implant restoration emerged from the gingival margin
(Chu et al., 2019): the transmucosal emergence angle. This was

(b) ,
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FIGURE 1 lllustration of the method of measurement of the
emergence angle. (a) Examples of measurement of emergence
angle at bone-level implant (BL) and tissue-level implant (TL) using
method 1 (RAD) according to the method by Katafuchi et al.2018.
(b) Examples of measurement of emergence angle at bone-level
implant (BL) and tissue-level implant (TL) using method 2(CR) and
method 3(TM). A reference line (Ref) was drawn along the long
axis of the implant. The emergence angle at the base of the crown
(CR) was measured between the line at outer surface of implant
parallel to the implant's long axis and a line tangent to the implant
crown defining the largest angle. The emergence angle at the tissue
margin (TM) was measured with reference to the line parallel to the
implant's long axis at transmucosal level and a line tangent to the
implant crown defining the largest angle.
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measured at one single restoration point at the mucosal margin
using the combined intraoral and extraoral scans in the middle of
the buccal, oral, mesial and distal surfaces (Figure 1e). The emer-
gence profile was categorized accordingly at the gingival margin
(Figure 1f). A high degree of intra-examiner reliability was found
with a single measure intra-class correlation of 0.973, 0.988 and
0.984 for the three methods, respectively.

2.6 | Mucosal height and tissue thickness

The mucosal height (mucosal tunnel) depth was measured as the

soft-tissue height from the gingival margin to the endosseous

(b)

margin

FIGURE 2 lllustration of the method of measurement of the
emergence profile. (a) Examples of measurement of emergence
profile at bone-level implant (BL) and tissue-level implant (TL) using
method 1 (RAD) according to the method outlined by Katafuchi

et al., 2018. (b) Examples of measurement of emergence profile at
bone-level implant (BL) and tissue-level implant (TL) using method
2 (CR) and method 3 (TM). The emergence profile at the base of the
crown (CR) was the emergence from the endosseous portion of the
implant at a bone-level implant (BL) and the shoulder of the implant
at a tissue-level implant (TL), categorized as concave, straight or
convex. The emergence profile at the tissue margin (TM) was the
emergence at the transmucosal margin, categorized as concave,
straight or convex.

portion of the implant according to its long axis. At bone-level im-
plants, a reference line was drawn at the level of the most coronal
level of the endosseous portion of the implant perpendicular to
the implant long axis. The mucosal height was the vertical dis-
tance between the most coronal point of the gingiva in contact
with the implant prosthesis and the drawn line. For tissue-level
implants, the reference line was set by first drawing another
line at the level of the implant shoulder, then moving it apically
according to the height of its smooth collar, which is 1.8 mm or
2.8 mm. Measurements were performed at the buccal, oral, me-
sial and distal surfaces. The thickness of tissue is the distance
between the mucosal surface to the implant surface along the
drawn line at the buccal and oral surfaces (Figure 2b). A high de-
gree of intra-examiner reliability was also found for the depth
of the mucosal height (ICC r=.998) and mucosal thickness (ICC
r=.995) (Figure 3).

2.7 | Statistical analysis
Sample size calculation by G*power software (G*Power version

3.1.9.2) indicated that a minimum of 122 samples would be neces-
sary to detect a correlation of MBL and EA at r=.25 (Reference was

BL 10 WE

e
sct

FIGURE 3 |lllustration of the measurement of the peri-implant
soft-tissue height and of the thickness of the combined peri-implant
soft and hard tissue. Examples of measurement of peri-implant soft-
tissue height and thickness of combined peri-implant soft and hard
tissue at bone-level implant (BL) and tissue-level implant (TL). Ref at
BL: A reference line was drawn perpendicular to the long axis of the
implant and at the most coronal level of the endosseous portion of the
implant (bone-level platform). Ref at TL: A reference line was drawn
perpendicular to the long axis of the implant and at the level of most
coronal level of endosseous portion of the implant, by first drawing a
line at the shoulder of the implant, then moving it apically according
to the height of its smooth collar (sc). H: The peri-implant soft-tissue
height was measured as the vertical distance between most coronal
point of peri-implant mucosa in contact with the prosthesis and the
reference line. T: The thickness of the combined peri-implant soft-
and hard-tissues was measured as the horizontal distance along the
reference line from the mucosal surface to the implant surface.

85U8D7 SUOWLIOD 3AeaI 8|qeo!(dde aLy Aq peusenob afe sejonie O 8sn Jo sa|nJ Joj Areiqi 8uljuO /8|1 UO (SUOTIPUOD-pUR-SLUIBIAL0D A8 | 1M ARIq 1 BUIUO//:SANY) SUORIPUOD PUe Swe 1 8Y) 88S *[£202/TT/82] Uo AriqiTaulluo A8|IM Buos BuoH jo AiseAlun AQ vETHT JI0/TTTT OT/I0p/Woo A3 1M AReiq1jeuljuoy/sdny wo.j papeojumod ‘0T ‘€202 ‘TOS0009T



PELEKOS ET AL.

1051
CLINICAL ORAL IMPLANTS I‘\ESEAI‘\CH_WI LEY

taken from Pearson's r=.23 in Yi et al., 2020) with statistical signifi-
cance set at p-value <.05 and 80% power.

All data were analysed using the IBM statistical Package for
Social Sciences, Version 27.0 (IBM SPSS). The interclass correlation
coefficient was used to compare three measuring methods of emer-
gence angle. Mann-Whitney U or Kruskal-Wallis tests were used to
compare the mucosal height and thickness of combined hard and
soft tissue across implant location, implant design, implant length
and tooth type. A multilevel analysis was performed to analyse the
effect of the emergence angle, emergence profile and the mucosal
height on plaque score, PPD and BOP at four sites within the same
implant using generalized estimating equations with unstructured
correlation assumption between multiple sites within each implant.
A p-value <.05 was considered statistically significant in all tests. A
sensitivity analysis was performed to explore the effect of tissue-

and bone-level implants.

3 | RESULTS
3.1 | Patient population

A list comprising 676 subjects who received implants in the ante-
rior/premolar area between 2008 and 2018 was identified. Of these,
197 individuals met the inclusion criteria of having a single screw-
retained crown and had a diagnostic quality radiograph taken at the
loading time. Forty-one could not be reached, while 34 refused to
participate, were deceased, or reported having lost their implant.
Consequently, 122 subjects were included in the study. Table 1
shows the characteristic of the included subjects. The median dura-
tion of the patient's follow up period was 5.6years, with a range of
2.8-11.2years. The location and type of included implants are illus-

trated in Figure 4.

3.2 | Emergence angle, profile

A descriptive analysis of the experimental population's emergence
angle and profile at the level of the implant platform and the trans-
mucosal margin is shown in Tables 2 and 3. Parameters are shown
following the three different measurement techniques for the four
aspects of each implant-supported crown. The radiographic method
allows reporting only the mesial and distal aspects, while the digital
scanning methods also provide information for the buccal and oral sur-
faces. Comparing the three measurement techniques, intra-class cor-
relation coefficients were 0.694 (95% Cl: 0.590-0.776, p<.001) and
0.660 (95% Cl: 0.547-0.749, p <.001) for mesial and distal radiographic
and crown scan measurements, respectively. The same values were
0.254 (95% Cl: 0.022-0.449, p<.001) and 0.316 (95% CI: 0.049-0.521,
p <.001) comparing radiographic and soft-tissue margin measurements
and 0.236 (95% Cl: 0.002-0.435, p<.001) and 0.242 (95% Cl: 0.014-
0.436, p<.001) comparing the digital scanning measurements at the
level of the implant platform with those at the transmucosal margin.

TABLE 1 Subject characteristics.

Age Median (IQR) 122 60 (42-78)
Gender Count (%) 122
Male 65 (53.28%)
Female 57 (46.72%)
Smoking history Count (%) 122
No smoking history 84 (68.85%)
Current smoker 15 (12.30%)
Former smoker 23 (18.85%)
History of Diabetes Count (%) 122
Mellitus
Yes 11 (9.00%)
No 111 (91.00%)
Periodontitis patient Count (%) 122
(2017 World
workshop)
Yes 94 (77.00%)
No 28 (23.00%)
Patient with presence Count (%) 122
of site with
PPDz24mm
Yes 46 (37.70%)
No 76 (62.30%)
Periodontal Count (%) 122
maintenance
Yes 64 (52.50%)
No 58 (47.50%)

Abbreviations: IQR, interquartile range; PPD, probing pocket depth.

3.3 | Mucosal height and tissue thickness

Table 4 shows the height of the peri-implant soft tissues and the
thickness of the combined soft and hard tissue assessed on the digi-
tal scan on the buccal and oral aspects. Significant differences in
peri-implant soft-tissue height were observed comparing maxillary
and mandibular implants (Figure S1, p=.01). In contrast, no signifi-
cant differences were observed comparing anterior and posterior
implants, bone-level and tissue-level implants, or implants replac-
ing incisors/canines/premolars. Details of combined soft and hard
tissue thickness are illustrated in Figure S2. Significant differences
were observed for bone- and tissue-level implants (greater thickness
for bone level, p=.04), maxillary and mandibular implants (greater
thickness for maxillary, p<.001), and incisor, canine and premolar

location (less thickness for canine, p=.027).

3.4 | Multivariate analyses

Multilevel analyses using the transmucosal and platform-level
emergence angle and profile, and mucosal height as independent
variables and plaque score, and BOP, as dependent variables were
performed using GEE. Results of the final model and are shown in
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FIGURE 4 Location and type of included implants.
TABLE 2 Descriptive analysis of emergence angle (degrees).
Method 1-RAD Method 2-CR Method 3-TM
Buccal Mean® (SD) - 33.9(10.2) 31.3(11.8)
Oral Mean® (SD) = 22.2(7.4) 19.2 (9.8)
Mesial Mean® (SD) 22.8(9.0) 23.5(9.1) 15.3(9.4)
Distal Mean® (SD) 19.1(7.8) 19.7 (8.1) 12.7 (8.5)
p-value <.01* <.01*
Site with the greatest angle within the Count (%) Mesial, 79/122 (64.8%) Buccal, 85/122 (69.7%) Buccal, 91/122
implant (74.6%)
Greatest angle Site, °© Mesial, 54.8 Buccal, 76.0 Buccal, 61.7

Note: RAD, Measurement on radiographic image (method 1); CR, Measurement on digital scan at the implant crown (method 2); TM, Measurement on

digital scan at the transmucosal margin (method 3).
Abbreviation: SD, standard deviation.
*Friedman's test, significant result, p-value <.05.

Table 5. Dental plaque was detected significantly less frequently on
the buccal and oral surfaces compared to the distal ones. Similarly,
bleeding on probing was seen less frequently at the mesial, buccal
and oral sites compared to the distal ones. The mucosal height and
the platform-level emergence angle were significantly associated
with plaque and bleeding on probing at the specific location. Probing
depths were progressively significantly shallower at mesial, buccal

and oral sites compared with the distal ones. The emergence pro-
file had no significant effect on probing depths. The mucosal height
was significantly associated with probing depths. Data are summa-
rized in Figure 5. The combination of tissue- and bone-level implants
may bias the association with probing depths. Table S1 shows the
results of a model analysing separately the association of emergence
angle and peri-implant soft tissue. Results of a sensitivity analysis
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TABLE 3 Descriptive analysis of emergence profile.

Method 3-TM

Method 2-CR

Method 1-RAD

Straight Concave Convex Straight Concave Convex Straight Concave

Convex

(20.5%)
12 (9.8%)

25

25(20.5%)
67 (54.9%)
89 (73.0%)
101 (82.8%)

72 (59.0%)
43 (35.2%)
25(20.5%)

(30.3%)
8(6.6%)
6(13.1%)

10 (8.2%)

37

31(25.4%)
70 (57.4%)
49 (40.2%)
68 (55.7%)

(44.3%)

44 (36.1%)
57 (46.7%)
44 (36.1%)

54

Count (%)
Count (%)
Count (%)
Count (%)

Buccal

Oral

8 (6.6%)
6 (4.9%)

15(12.3%)
15 (12.3%)

42 (34.4%)

51 (41.8%)

65 (53.3%)
56 (45.9%)

Mesial

15(12.3%)

Distal

Note: RAD, Measurement on radiographic image (method 1); CR, Measurement on digital scan at the implant crown (method 2); TM, Measurement on digital scan at the transmucosal margin (method 3).
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TABLE 4 Descriptive analysis of peri-implant soft-tissue height
and thickness of the combined peri-implant soft and hard tissue.

Thickness
of combined
peri-implant
Peri-implant soft and
soft-tissue height, hard tissue,
median (IQR) median (IQR)
Mean height (mm) 3.50(1.14) -
Buccal 2.70(1.37) 3.10(1.59)
Oral 2.97 (1.39) 9.45 (5.35)
Mesial 4.59 (1.92) -
Distal 3.43(1.50) -
p-value <.01*

Abbreviation: IQR, interquartile range.
*Friedman's test, significant result, p-value <.05.

considering separately tissue- and bone-level implants are shown in
Tables S2 and S3 and are summarized in Figure S3. Keeping in mind

the loss of power, the overall results were largely confirmed.

4 | DISCUSSION

The main finding of this study is the site-specific association of
the platform-level emergence angle of an implant-supported res-
toration and its associated mucosal tissue height with the odds of
dental plague accumulation and local inflammation. Linking subtle
variations in the morphology of the contour of implant-supported
crowns with oral hygiene and inflammation is potentially relevant as
prevention/treatment of peri-implant mucositis is considered key for
the prevention of peri-implantitis and long-term complication-free
survival of dental implants (Herrera et al., 2023; Jepsen et al., 2015).
Emerging evidence of improved resolution of inflammation incorpo-
rating prosthesis modification in the treatment protocol to manage
peri-implant mucositis (de Tapia et al., 2019, 2022) and the impact
of the depth of the mucosal tunnel on the resolution of experimen-
tal peri-implant mucositis (Chan et al., 2019) underline the impor-
tance of these parameters in the maintenance of peri-implant tissue
health and potentially their significance in properly planning the
ideal position of the implant. In this respect it is important to dif-
ferentiate the concept of mucosal tissue height (mucosal tunnel as
used in a previous publication, Chan et al., 2019) in this context to a
similar one that has been used as predictor of marginal bone stability
(Linkevicius et al., 2009; Puisys & Linkevicius, 2015). The recent EFP
S3 clinical practice guideline for the prevention and management
of peri-implant diseases has used the term mucosal sulcus (Herrera
etal., 2023).

Overall, imprecision in implant position and its restorative se-
quelae have been retrospectively associated with peri-implantitis:
deep implant positioning, asymmetric shape of the implant res-
toration, an emergence profile >30° and a convex form (Kumar

et al., 2018). Conversely, the requirements of implant-supported
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Site Emergence angle

Plaque Score Distal, Mesial> Oral> Increases as EA

Buccal increases

BOP Distal, Mesial> Oral> Increases as EA
Buccal increases

PPD Distal> Mesial> Oral>  No significant
Buccal influence

Emergence profile Peri-implant soft

tissue height
No significant Decreases as H
influence increases
No significant Increases as H
influence increases
No significant Increases as H
influence increases

FIGURE 5 Summary of multilevel analysis of the association of the emergence angle, the profile and tissue height on plaque score, BOP
and PPD. BOP, bleeding on probing; EA, emergence angle; H, peri-implant soft-tissue height; PPD, probing pocket depth.

restorations have historically focused on achieving three primary
objectives: the replacement of function (occlusal and phonetic),
limiting food impaction and the achievement of acceptable aesthet-
ics. Recent studies have associated the shape of the buccal contour
of temporary crowns with changes in the buccal soft-tissue levels
(Siegenthaler et al., 2022) and the interproximal contour with food
impaction (Chanthasan et al., 2022). Obtaining a form compatible
with the preservation of health by enabling appropriate biofilm
control has remained implicit, and no clear parameters have been
identified.

The lack of significance of the transmucosal emergence angle in
the GEE analysis is noteworthy. A likely interpretation is that the
platform-level emergence angle and the mucosal height may explain
the majority of variance and are still highly correlated with the trans-
mucosal angles (ICC=0.24, p<.001). A sensitivity analysis with only
the transmucosal angle, however, did not show a significant associa-
tion in this study. Another sensitivity analysis with only tissue-level
implants (Table S2) found a significant association of the transmuco-
sal emergence angle and presence of plaque (p <.01). More research
is needed to assess the relative importance of the platform-level and
mucosal-level profiles.

The present results are also crucial in the context of the recent
EFP clinical practice guidelines for preventing and treating peri-
implant diseases (Herrera et al., 2023). Recommendations R5.2 and
R5.3 regarding implant position and prosthesis design to reduce
incident peri-implant disease are particularly relevant since they
emphasize proper planning and access for optimal self-performed
and professional plaque removal to prevent peri-implant diseases.
Further, in these clinical practice guidelines, prosthesis modifica-
tion is a key consideration in managing peri-implant mucositis and
peri-implantitis.

This work also reports on a methodological improvement to
assess the impact of the morphology of the restorations on tissue
health status by the superimposition of three digital scans: the soft
tissue with the crown in situ, the soft tissues without the crown and
the crown (Figure 1le,f). High levels of intra-examiner consistency
were observed (ICC>0.97) pointing to the reliability and precision
of the measures. While the mesial and distal measures of the emer-
gence angle of the conventional analysis based on intraoral peri-
apical radiographs and those obtained using the digital scan of the
crown on an implant analogue are very similar and highly correlated

(Table 2), the digital scan of the crown allows extension of the analy-
sis to the buccal and oral aspects that are not visible on conventional
radiographs. Additionally, the novel method using the digital super-
imposition of the crown with the soft-tissue outline captures the
angle at the level of the soft-tissue emergence. This latter parameter
describes the critical contour (Chu et al., 2019; Su et al., 2010) and
is immediately adjacent to the area where the presence of marginal
dental biofilms is assessed and inflammation in response to their
accumulation starts. Summary statistics and ICC data show that
platform and mucosal-level measures capture different features.
The reported method allows the study of the impact of subtle vari-
ations in the shape of restoration at the critical mucosal-restoration
interface.

The main limitation of this study is its design, which is unsuit-
able for establishing chronological consistency and limiting potential
bias. The two major features identified in this study, the emergence
angle and the mucosal tissue height, likely are not independent; the
relatively small sample size did not allow to study their interaction.
Another limitation is the type and location of the studied implants
(Figure 3). Implants positioned in the incisor/canine areas comprised
only bone-level implants, while those in the premolar region were
both bone and tissue level. It is clear that the challenges to com-
pensate for the geometrical discrepancy between the implant plat-
form in incisors, canines, or premolars are different and so are the
potential impact of imprecision in implant positioning. Additionally,
pooling tissue- and bone-level implants may provide a broader range
of values and hence increase the power to detect the significance of
the emergence angles and profiles. At the same time, the intrinsic
anatomic variations of these two types of implants and their recon-
structions may confound the association and particularly so for PPD.
Due to sample size limitations, these potential confounders could

not be fully explored in this study.

5 | CONCLUSION

Subtle variations in the restorative crown's shape, particularly the
emergence profile can be measured in digital scans and are associ-
ated with site-specific biofilm accumulation and soft-tissue inflam-
mation. The mucosal tissue height (depth of the mucosal tunnel) is
also associated with these outcomes. More research is needed to
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confirm these findings and to identify a biologically acceptable range
of values for the emergence profile and depth of the implant plat-
form to use as a guideline to better plan precise dental implant place-

ment and fabrication of the restoration.
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