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Background: Esthetic complications of dental implants in the esthetic zone can have a major
negative impact on patients’ quality of life and perception of implant therapy. The aim of the
presentWo evaluate the prevalence of peri-implant soft tissue dehiscence (PSTD) and the
clinical and ographic risk indicators for this condition.

Methods: h one or more healthy single dental implants in the esthetic area were
. . -- _ . . . . . .

identified and recruited. Clinical and ultrasonographic measurements, including PSTD class and

subclass, p pth, keratinized mucosa width (KMW), mucosal thickness (MT) at 1 mm and 3

stance (BBD) and buccal bone thickness, were evaluated in healthy implants and
implants with

Results: 1

54.2% and %ean a patient and implant level, respectively. The most frequent type of PSTD was
aracterij

jegts with a total of 176 dental implants were included. The prevalence of PSTD was
the one ch

d by having both an implant-supported crown longer than the clinical crown of

variate an s showed that the presence of an adjacent implant, a longer time of the implant in

function, ligai T, reduced KMW and increased BBD were significantly associated with the
presence

Conclu : s are common findings in the esthetic region. Several risk indicators for this
condition, s resence of an adjacent implant, increased time in function of the implant, higher
BBD, lo d MT were identified.

Key words@mplant, Ultrasonography, Soft tissue, gingival recession, implant therapy

the homoltth and a visible abutment/implant fixture exposed to the oral cavity. The multi-
i

1. Introduction

Dental :ve indeed revolutionized modern dentistry. While nowadays implant therapy

represelHictabIe option for replacing missing or hopeless teeth, implant-related
complicati ot rare findings . Esthetic complications of implant therapy can have a major

negative i patients’ quality of life, including anxiety in smiling, socializing, and speaking in

public > ®. P esthetic demands have progressively increased that even a minimal discrepancy

the implant-supported crown (compared to the homologous contralateral tooth) or

2,7,8

the appearance of a metal component of the implant is considered totally unacceptable . These

This article is protected by copyright. All rights reserved.



esthetic complications around dental implants have been reported with several terms in the
literature, however without a uniform definition. A previous report found an incidence of “recession
of the Wargin” around dental implants to be 57% after 6 months °, while Small and
Tarnow co that an apical shift of the mucosal margin of 1 mm should be anticipated after
abutment m 1 Nevertheless, without a uniform definition of implant esthetic
complicatiomsfmmensal recession, only limited conclusions can be drawn regarding the prevalence of

these con d factors associated with their incidence °.

[

A recent @m our group proposed a definition for these complications “peri-implant soft
tissue dehiscence/deficiencies” (PSTD), suggesting for the first time a classification of the different
types of RBSTPE ‘NIt has been speculated that PSTD and gingival recession share some risk
factors/indj including the amount, or lack of keratinized mucosa width (KMW), mucosal
thickness (MT), thélbucco-lingual position and the dehiscence of the buccal bone, among others '
B Ultrason has been proved to be a non-invasive and reliable technology for characterizing
periodontafyand peri-implant structures, such as soft tissue thickness, buccal bone levels and buccal

bone thick e

Therefore,mof the present study was to evaluate the prevalence of PSTD and some clinical

and uItEic risk indicators for this condition.

2. Material and methods

L

2.1 Study registration and design

The curren as approved by the University of Michigan Medical School Institutional Review
Board (IRB MO00176741), in accordance with the Helsinki Declaration of 1975, as revised in
2013. Amni onsent was obtained from all individuals who had participated in the study. The

presentHfolIows the STROBE statement for improving the quality of reports of cross-

sectional s

2.2 Set@rticipants

This article is protected by copyright. All rights reserved.



Subjects with one or more healthy dental implants in the esthetic area (from the right first premolar
to the left first premolar) were identified and recruited from a population attending the Graduate
Periodowat the Department of Periodontics and Oral Medicine, School of Dentistry,
University ican, Ann Arbor, USA between February 2020 and June 2021. The inclusion criteria
were: 1) smand periodontally healthy subjects, 2) having at least one anterior dental
implantmwithmbwesadjacent natural teeth and/or dental implants, 3) dental implant(s) diagnosed as
healthy (“ of erythema, bleeding on probing, swelling and suppuration”®® %), 4) dental
implants reffabilf&ted with a single implant-supported crown, 5) loading time of at least 24 months
2 " 6) pre;Uthe homologous contralateral natural tooth, 7) available information regarding
implant ch ics and 8) patients willing to provide an informed consent and attend the study.
Exclusion cr€€ri®included: 1) Multiple adjacent dental implants with PSTDs, 2) implants in the

second premo!arj molar region, 3) one or two adjacent edentulous area, 4) implant(s) restored

with three re)-unit fixed bridges, single crown with cantilever or removable prosthesis, 5)
diagnosis dffperiodontitis, 6) any confirmed peri-implant disease * *°, 6) documented history of peri-
implantitis ous surgical procedures at the implant site, 7) previous soft tissue graft at the
implant si missing information on the implant characteristics. The patient recruitment
process, clinfca essment and ultrasonographic examination were performed by two calibrated

study t embers (L.T. and S.B.) following a standardized protocol as previously described 2.

2.3 Data collection and clinical measurements

At the time of the visit, patient demographics (age, sex, smoking habit,...), and implant

is @w , date of surgery, prosthesis installation, ...) were obtained, as well as the

following parameters by a single examiner (L.T.) :

o absence of PSTD, defined as the apical shift of the mucosal margin compared to

M margin of the homologous contralateral natural tooth ’. In case of a PSTD, the
clm III/TV) and subclass (a, b or ¢) were also identified ’. Since the implant-

own was not removed in the present study, implants with a PSTD characterized

Su]

profile located outside (more facial to) an imaginary curve line connecting the

f the adjacent teeth at the level of the mucosal margin were considered as class III/IV.
o Presencc®@q absence of an implant-supported crown longer than the clinical crown of the

homologous contralateral natural tooth

This article is protected by copyright. All rights reserved.



o Presence or absence of the exposure of the abutment and/or implant fixture to the oral cavity

o Presence of adjacent (mesial/distal) implants

o) Wket depth (PD) using a periodontal probe fi

o Keratimized mucosa width (KMW), defined as the vertical distance between the mucogingival
jue mucosal margin in the mid-facial region, and measured with a periodontal
arobe

L

24 Ultras@c image acquisition and measurements

The ultrasgindfequipment setup and the scanning procedures have been previously described in
. Briefly,

| 21-25

detai a commercially available ultrasound imaging device §§ was coupled with a 24

MHz (64 um axial )s-\age resolution) and miniature-sized (approximately 30 mm long, x 18 mm wide x

12 mm thick) probe prototype (L30-8) to generate ultrasound images (pixel size 0.05 mm) *° (Figure

1and 2). !

Single ima (“still images”) at the mid-facial aspect of the implant(s) of interest were saved
in “B-modé&fyi Digital Imaging and Communications in Medicine (DICOM) format. “B-mode”
genera cale images in which brightness is the result of the returned echo signal and its
strength, whic pends on the acoustical properties of the implant components and the peri-
implan rd structures. The US probe was oriented perpendicular to the occlusal plane and

parallel to the long axis of the implant at its midfacial aspect > **.

The foIIowhurements were computed using a commercially available software package||||, as

previously 14,21, 2325, 27, 28 90 were carried out by a single experienced examiner (J.M.),
ee o

who has b rated in previous trials (k>0.87):

o M}gsal thickness (MT): horizontal thickness of the peri-implant soft tissue, calculated as the
diance b'ween the soft tissue margin and the abutment/implant fixture/buccal bone on a
lin to the long axis of the implant body in the mid-facial scan. MT was measured at 1
and 3 mm MT1 and MT3, respectively) from the soft tissue margin.

o Peri-implagt buccal bone distance (BBD): Distance between the implant platform and the

lant bone crest evaluated on a line parallel to the long axis of the implant body in the

can.

This article is protected by copyright. All rights reserved.



o Peri-implant buccal bone thickness (BBT): evaluated 0.5 mm apical to the bone crest as the

distance between the peri-implant crestal bone and a line parallel to the long axis of the

imI} ant b’y in the mid-facial scan.

P

2.5 Stuw outcomes

r

The prima the study was to assess the prevalence of facial PSTDs at single implants in the

esthetic reglon. Thg secondary outcomes were to compare the clinical and ultrasonographic

C

parameters g implants with and without PSTDs, identifying possible risk indicators for PSTDs.

S

2.6 Data Collectiomland statistical analysis

G

All clinical nographic and demographic data were entered into a single prefabricated

{

spreadshe ptive statistics were used to illustrate the overall clinical and ultrasonographic-

related pa with means and standard deviations (SD) for continuous measures, among

ithout PSTDs.

d

implants w

To test fo tically significant relationships among the collected variables of interest to the

primary, e PSTD (Yes/No), logistic regression models were fit with generalized estimating

M|

equation (GEE), that accounted for repeated measures (more than 1 implant per patient) across

observed ple

r

A stepwise ion approach was utilized to univariately introduce the variables of interest for

3,

testing the ive values and kept for multi-variate modeling if obtained a p of < 0.05.

For signifid@nt predictors, the final coefficients from the multi-variate model were recorded, and

exponentiated to produce odds ratios (OR). Confidence intervals (Cl) were produced and a p value of

0.05 was sBt for statistical significance. The analyses were performed in software 99 by an author

(SB) with experien; in biostatistics.

3. Resu<

This article is protected by copyright. All rights reserved.



3.1 Experimental population and dental implants characteristics

One-hundred and fifty-three subjects (80 males and 73 females, with a mean age of 59.5 + 15.6
years) wwoaof 176 dental implants were included in the present study (Table 1). Among them,
54.2% pat
(56.8%) displayed a PSTD and 76 (43.2%) did not. Eighty-four percent (84%) of the implants with a

I I
PSTD shows a crown longer than the clinical crown of the homologous tooth, while the exposure of

at least one implant with a PSTD. On an implant-level, 100 dental implants

the abutment or implant fixture to the oral cavity was present in 74% of sites with a PSTD. The most

frequent t\‘e of P’I D was the one characterized by having both an implant-supported crown longer

than the clinj own of the homologous tooth and a visible abutment/implant fixture exposed to

the oral c of the PSTD cases). Most of the implants with PSTD were diagnosed with class
/v (58% ilead39% and 3% of cases were classified as PSTD class Il and class |, respectively. The
most frequ subclasses were subclass ¢ and subclass b (52% and 40%, respectively) (Table 2).

The mean ge in function of the implants with PSTD was 9.3 *+ 4.5 years, while for implants without

PSTD was 4.9 T 1.6 years. Implants with PSTD had an adjacent dental implant (without PSTD) in 54%
of cases, vmants without PSTD had an adjacent implant (without PSTD) in 5.3% of cases. The
mean PD wa$ 2.6 0.6 mm and 2.6 £ 0.8 mm in implants with and without PSTD, respectively, while

the mea was 2.2+ 1.7 mm and 4.5 + 1.7 mm in implants with and without PSTD, respectively.

3.2 UItrasc!ographic outcomes

Table 1 presg descriptive summaries of the measured clinical variables. The measurements of MT

at the mid @ rasonographic scans tended to be higher at sites without PSTD compared to
implants wi (mean MT1 of 1.51 £ 0.58 mm vs 0.65 + 0.36 mm and mean MT3 of 2.05 + 0.79
mm vs 1.3£ ;.56mm, respectively). The average BBD was also higher at implants with a PSTD (3.25
+2.07 Wnts with a PSTD versus 1.73 = 1.20 mm for implants without), while a mean BBT

of 0.91 im\, and 1.48 = 0.66 mm was observed for implants with and without PSTD,
)

respectivel

3.3 Risk indicator;or the presence of a peri-implant soft tissue deficiency (PSTD)

This article is protected by copyright. All rights reserved.



Table 3 displays the results of the logistic regression models for the outcome of PSTD. The uni-

variate analysis showed that the variables of

. pr*ence of an adjacent implant (OR 14.4 (95% CI [3.22, 64.8]), p<0.001),
e in function (OR 1.73 (95% CI [1.47, 2.03]), p<0.001),
RUA9 (95% CI10.38, 0.63]), p<0.001),

I I
e Ml (OR 0.08 (95% CI[0.04, 0.17]), p<0.001),

e« M 37 (95% CI[0.22, 0.63]), p<0.001),
. BE@.% (95% CI[1.35, 2.56]), p<0.001), and
e BB 0.09 (95% CI [0.02, 0.37]), p=0.001)

were signi Iy#elated to higher odds of the presence of a PSTD.

The multi-variate Swalysis confirmed that the presence of an adjacent implant increases the odds of
having a PST actor of approximately 11 (OR 10.9 (95% CI [2.98, 40.2]), p<0.001), as well as the
time (in ye@rs) of the implants in function (OR 1.4 (95% CI [0.71, 2.73]), p=0.001). Additionally, the

model show inverse correlation between MT both at 1 mm (OR 0.11 (95% CI [0.04, 0.24]),
p<0.001), and (OR 0.34 (95% CI [0.14, 0.82]), p=0.01) from the mucosal margin, and the

amoun R 0.73 (95% CI [0.55, 0.97]), p<0.001), with the presence of PSTD among the
population Relative to the peri-implant buccal bone, BBD also was significantly associated

with th nce of a PSTD (OR 1.41 (95% CI [1.02, 1.95]), p<0.001). Furthermore when we utilized
cross-validation to predict the accuracy of the model, we observed that it was 86.3% accurate (based
on a decisi@n rule in which a patient is predicted to have a PSTD as long as their risk is greater than
50%, Figurhe supplementary file presents a receiver operating characteristic curve with all
possible sd @ and specificity values that can be obtained from decision rules using with any
threshold).

4, Discussit

The preserzsectional study, with the aid of clinical and ultrasonographic measurements,
identified th

lence of dental implants with PSTD at a cross-sectional level, as well as risk
e presence of this condition. Based on the definition of PSTD proposed by Burkhard

et al. %, and later on adopted by Zucchelli and coworkers " *, using the contralateral homologous

This article is protected by copyright. All rights reserved.



tooth as a reference, it is not unexpected that most of the implants evaluated in our study displayed

PSTD (56.8%). On a patient-level, it was found that having at least one implant with PSTD was more

commomg implants without this condition (54.2% vs 45.8%). It should be highlighted that
our populati ort included patients which had implants placed both in a private practice and in
a universit ich would increase the generalizability of our findings.

|
Previous stmdies defined soft tissue dehiscence as the exposure of the prosthetic abutment or the

implant ne 2 and therefore a comparison between our findings and these studies was not

attemptedf Given Jthe fact that PSTD is an esthetic complication often associated with esthetic

8,31

concerns/complaints from patients 7, it is reasonable to assume that the definition of PSTD should

not solely deficases with exposure of the abutment/implant fixture but should also include

SC

conditions rized by an implant-supported crown longer than the clinical crown of the

3

homologous cont#falateral tooth. In this view, the present study represents the first report

investigati evalence of PSTDs, together with their types, classes, and subclasses, according

El

to the recefit classification by Zucchelli et al. ’.

We obser most of the PSTDs are characterized by a crown longer than the homologous

d

contralateraft (84%), with or without concomitant exposure of the abutment/implant fixture
(58% a of all the PSTD cases, respectively). This finding has implications on treatment of these

defects, sin correction of PSTDs with inadequate crown length requires crown removal in

M

combin e prosthetic-surgical technique or the submerge approach ” 3% 3. Clinicians are
therefore advised that crown removal is necessary in most of the PSTD treatments. We also found

that the e

[

f the abutment/implant fixture was present in 74% of sites with PSTDs. Aside

from patie ic concern, the exposure of the implant surface, especially if rough, may facilitate

0

plague acc n on the implant fixture which is considered the main risk factor for peri-

implantitis “While the main indication for the treatment of PSTDs without abutment/implant

2,57

h

expose i tient esthetic concern , PSTDs with rough implant surface exposed to the

oral ca

[

be treated for maintaining peri-implant health and preventing future

complicati 7. It is important to further highlight that having a crown with an inadequate

U

length an nt/implant fixture exposed are common findings, with an overall prevalence
(considerin € implants examined in our study) of 47.7% (PSTD with inadequate crown length)

and 42% ith exposure of the abutment and or implant fixture).

A
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The multivariate analysis demonstrated that having an adjacent implant, the time in function
of the implants, KMW, MT and BBD are risk indicators for PSTD. Previous studies concluded that
limited Wssociated with PSTD 2% 3> * and our findings further confirm this correlation.
However, r hould bear in mind that as this study was conducted in a cross-sectional design, it
was not co&d does not allow for a direct exploration of causality, thus whether a narrow
band ofaK\ilmissamrisk factor for PSTD or a consequence of this condition has yet to be elucidated
with prospMand longitudinal studies. It is reasonable to assume that there are scenarios in

which ina ua MW can contribute to the development of this condition, and other cases in
which KM e

2,

In additi@n, the use of ultrasonography allowed us to evaluate BBD and BBT which

s narrow as a result of the PSTD.

otherwise ly be assessed with cone-beam computed tomography (CBCT), which involves a

dose of radiations that may not be recommended for an observational study. Ultrasonography may

also be co the technology of choice for assessing MT, given the limitations of transgingival
horizontal pr (needing anesthesia, having patient discomfort and reduced accuracy), optical
scanners (n t least two time points, unless the STL file were combined with the DICOM scan
from t , and CBCT alone (radiation, and inaccuracy) 40, 41 Nevertheless, it has to be
mentioned ethod’s error of 0.015 mm and 0.08-0.2 mm was observed for MT and BBD,
respect . obtained with US compared to direct measurements 23,27, Interestingly, US was

found to be more accurate than CBCT in identifying crestal bone level and MT > %,

We gbserved that BBD has an OR for PSTD of 1.41. In other words, each millimeter increase

in the dista een the crestal bone and the implant platform, raises the odds of having a PSTD

by a factor of roximately 41%.

Previou 4245

estigated the effect of BBD and BBT on the position of the mucosal margin
Neverth“ is no consensus in the recent literature *°. A recent animal study reported that

dental impmh BBT < 1.5 mm were more often associated with PSTD compared to implants

with thick ne *>. However, other authors did not find a correlation between BBT and PSTD,
even for i missing the buccal bone wall *>**. In our analysis, when other factors were taken
into acc T was not found to be associated with PSTD. It may be reasonable to assume that

This article is protected by copyright. All rights reserved.



buccal bone resorption in the vertical (BBD) - but not horizontal (BBT) — aspect can negatively affect

the stability of the mucosal margin.

We alsoho erved an inverse correlation between MT and PSTD, corroborating the notion that a

thicker m @ improve the stability of the peri-implant mucosal margin and the esthetic
outcomes Ohcept has previously been proven in the natural dentition 2 and seems to be
valid alsog implant sites. In addition, a recent network meta-analysis from our group further

highlighte ortance of the dimension of the peri-implant soft tissues, demonstrating that MT

augmentaten has'lso beneficial effects on marginal bone level stability *°.

Among th ns of the present study, it has to be mentioned that the cross-sectional design

allows for the id@htification of risk indicators only. Longitudinal studies are needed to further
explore th iskeindicators and to assess their possible role as risk factors for PSTD. In addition,
e

although t resent study incorporated ultrasonography as a non-invasive and reliable technology

for assessi peri-implant soft and hard structures, CBCT could have added additional
informatiofto nalysis, such as the bucco-lingual position of the implant. Nevertheless, CBCT is
not advi iagnosis of PSTDs for obvious ethical considerations involving radiation exposure.

Lastly, read to bear in mind that the implants in the present study did not receive a soft
tissue implant placement nor at delayed time points. Therefore, future studies are

needed to evaluate the prevalence of PSTDs and associated risk indicators at soft tissue grafted vs
non—augmhlant sites. Similarly, the correlation of PSTDs with other factors, such as apico-
coronal i sitioning and bone augmentation at implant placement, or staged, should be

investigate pective studies.

-

Peri-implant soft ti§sue dehiscences are common findings in the esthetic region. Implants having a

5. Conc

LIt

crown longer thamgthe homologous tooth were the most frequently observed type of PSTD. The

strated that presence of an adjacent implant, increased time in function of the
implant, highe ance between the implant platform and the crestal bone, lower KMW and MT

were significantly associated with the presence of a PSTD.
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Table 1. Chdracteristics of the population and dental implants

[

Table 2. C tics of the peri-implant soft tissue dehiscences (PSTDs)

¢

Table 3. Uni- and multi-variate results of the logistic regression models assessing the correlation of

PSTDs to tRg observed variables

Clnicalan

Figure 1 d ultrasonographic presentation of an implant without PSTD (A, A’ and A”’), PSTD

with longe B, B’ and B”’), PSTD with an adequate crown length and abutment exposed (C, C’

U

and C”), P itl’a crown longer than the clinical crown of the homologous tooth and with
abutment (D, D’ and D”). The midfacial ultrasonographic scans show the soft tissue (ST)

highligh een, the implant-supported crown (Cr), the abutment (Ab), the implant threads

A
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above the bone (IT) and the peri-implant crestal bone (CB) and the ultrasonographic outcomes of

interest (BBT, BBD, MT1 and MT3).
Figure 2. !kjec! with two dental implants in the lateral incisor position (A-F). The left implant shows

a soft tissue€'o

a soft tissu nce with the abutment exposed, while the implant on the right does not display

e. A) Midfacial ultrasonographic scan of the implant with peri-implant soft
tissue d:hi?e,where the soft tissue component (ST) is highlighted in green. The implant-
supported &r), the abutment (Ab), the implant threads above the bone crest (IT) and the
peri-implaft crestdl bone (CB) are displayed. Note that the implant has the abutment exposed to the
oral cavity a eral threads above the CB. Thin mucosa (MT1=0.39 mm and MT3=0.89 mm) and
buccal bong diStan@e (distance from the implant platform to the CB, BBD= 2.35 mm, highlighted in
red) may h ibute to the clinical manifestation of the PSTD. The implant on the left side
displays a thicker gducosa (MT1 = 1.39 mm and MT3 = 1.84 mm) without bone loss (BBD = 0) (C). D)
Occlusal vi two implants where it is possible to appreciate that the right was placed more
buccally th& the implant on the right (PSTD class Ill). E-F) Transverse ultrasonographic scan showing

the soft an ructures of the right and left implant, respectively. The adjacent teeth (T) are
also highlighte

Supplementary Figure. Receiver operating characteristic curve showing all possible sensitivity and

specificity h the presence of a peri-implant soft tissue dehiscence with varying thresholds.

Table 1. Ctics of the population and dental implants (PD: Probing implant depths. KMW:

keratinized mucosa width. MT1: mucosal thickness evaluated 1 mm below the soft tissue margin.

MT3: muc!al thickness evaluated 3 mm below the soft tissue margin. BBD: Buccal bone distance.

BBT: bucca.bone iickness.)

Peri-implant soft tissue

dehiscence (PSTD)

Charact&
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No Yes
Subjects (Nl 70 83
Males (N, % 42, 60 38,45.8
Age (mean £ SD) (years) 63.7+13.6 59.2+15.6
I I
Implants (Ih 76,43.2 100, 56.8
Bone Ievel@(N, %) 76, 100 100, 100
ne ata 41, 53.9 58, 58
university settin
Implants tane at a private 35,46.1 42,42
practice
Years in function (mean + SD) (years) | 4.9+ 1.6 9.3+45
Maxilla (N, 70,92.1 64, 64
Mandible (N8 6,79 36, 36
Central %) 20, 26.3 22,22
Lateral inc'grs (N, %) 18, 23.7 15, 15
Canine (N, % 4,53 9,9
Premolar (N, % 34,44.7 54,54
PresenLt implant (N, %) | 4,5.3 54, 54
mﬂﬁm) 2.6+0.8 26+0.6
KMW (me mm) 4.5+1.7 22+1.7
MT1 ( ) (mm) 1.51+0.58 0.65+0.36
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MT3 (mean £ SD) (mm) 2.05+0.79 1.35+£0.56
BBD (meaa—l- SD) (i\m) 1.73+1.20 3.25+2.07
BBT (meanm 1.48+0.66 0.91+0.43

Table 2. C@tics of the peri-implant soft tissue dehiscences (PSTDs)

)

PSTD Char Cases (%)
Crown longer than the homologous tooth (overall) | 84
Crown IonChe homologous tooth with 58
abutment/j xposed

Crown longer than the homologous tooth without | 26
abutmen t fixture exposed

Abutm ixture exposed (overall) 74
Abutment/s plant fixture exposed and crown with | 16
an adequate leng

Abutment ixture exposed and crown 58
longer tha ologous tooth

PSTD class 3
PSTD class 39
PSTD class IlI/1V 58
PSTD s 8
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PSTD subclass b

40

PSTD subclass ¢

{

52

P

Table 3. Uni- and multi-variate results of the logistic regression models assessing the correlation of

PSTDs to thie observed variables.

Variable w Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value
Gender (Male) : 0.55 0.28, 1.1 0.09
Age 0.98 0.94,1.03 0.11
Smoking 2.22 0.76, 6.51 0.14
Presence of Adjgg

14.4 3.22,64.8 | <0.001 10.9 2.98,40.2 <0.001
implant ’
Years in function i
since install 1.73 1.47,2.03 <0.001 1.4 0.71,2.73 0.001
prosthesis)
KMW (mm) = 0.49 0.38,0.63 | <0.001 0.73 0.55,0.97 0.03
MT1 (mm) O 0.08 0.04, 0.17 <0.001 0.11 0.04, 0.24 <0.001
MT3 (mm) C 0.37 0.22,0.63 <0.001 0.34 0.14,0.82 0.01
BBD (mm) 1.86 1.35,2.56 <0.001 1.41 1.02,1.95 0.02

0.02, 0.37 0.001

mucosal thickne
below the

OR: odds ratio.

one distance. BBT: buccal bone thickness. KMW: keratinized mucosa width. MT1:
ated 1 mm below the mucosal margin. MT3: mucosal thickness evaluated 3 mm

BBT (mm) 0.09
Legend. BBD:

argin.
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CI: confidence intervals.

Figure 1. Clj d ultrasonographic presentation of an implant without PSTD (A, A’ and A”’), PSTD
with longe "and B”’), PSTD with an adequate crown length and abutment exposed (C, C’
and C”)mP SiliRmwithwa crown longer than the clinical crown of the homologous tooth and with

abutment D, D’ and D”). The midfacial ultrasonographic scans show the soft tissue (ST)

highlightew, the implant-supported crown (Cr), the abutment (Ab), the implant threads

and the peri-implant crestal bone (CB) and the ultrasonographic outcomes of

[

above the

interest (BBF, T1 and MT3).

S
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Implant without PSTD

PSTD with longer crown

PSTD with adequate crown
length and abutment exposed

PSTD with longer crown
and abutment exposed

Figure 2. Swh two dental implants in the lateral incisor position (A-F). The left implant shows

a soft tissue nce with the abutment exposed, while the implant on the right does not display

iscence. A) Midfacial ultrasonographic scan of the implant with peri-implant soft

tissue dehiscence, Where the soft tissue component (ST) is highlighted in green. The implant-
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supported crown (Cr), the abutment (Ab), the implant threads above the bone crest (IT) and the
peri-implant crestal bone (CB) are displayed. Note that the implant has the abutment exposed to the
oral caeral threads above the CB. Thin mucosa (MT1=0.39 mm and MT3=0.89 mm) and
buccal bon e (distance from the implant platform to the CB, BBD= 2.35 mm, highlighted in
red) may hmte to the clinical manifestation of the PSTD. The implant on the left side
displaysme thiekemmaucosa (MT1 = 1.39 mm and MT3 = 1.84 mm) without bone loss (BBD = 0) (C). D)
Occlusal vim two implants where it is possible to appreciate that the right was placed more

buccally thwplant on the right (PSTD class IlIl). E-F) Transverse ultrasonographic scan showing

the soft an ructures of the right and left implant, respectively. The adjacent teeth (T) are

also highlim
N B
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