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Abstract
Background: Esthetic complications of dental implants in the esthetic zone can
have amajor negative impact onpatients’ quality of life andperception of implant
therapy. The aim of the present study was to evaluate the prevalence of peri-
implant soft tissue dehiscence (PSTD) and the clinical and ultrasonographic risk
indicators for this condition.
Methods: Subjects with ≥1 healthy single dental implants in the esthetic area
were identified and recruited. Clinical and ultrasonographic measurements,
including PSTD class and subclass, probing depth, keratinized mucosa width
(KMW),mucosal thickness (MT) at 1mm and 3mm, buccal bone distance (BBD)
andbuccal bone thickness,were evaluated inhealthy implants and implantswith
PSTD.
Results:A total of 153 subjects with a total of 176 dental implants were included.
The prevalence of PSTD was 54.2% and 56.8% on a patient and implant level,
respectively. Themost frequent type of PSTDwas the one characterized by having
both an implant-supported crown longer than the clinical crown of the homolo-
gous tooth and a visible abutment/implant fixture exposed to the oral cavity. The
multivariate analysis showed that the presence of an adjacent implant, a longer
time of the implant in function, limited MT, reduced KMW, and increased BBD
were significantly associated with the presence of PSTD.
Conclusions: PSTDs are common findings in the esthetic region. Several risk
indicators for this condition, such as presence of an adjacent implant, increased
time in function of the implant, higher BBD, lower KMW, and MT were identi-
fied.
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1 INTRODUCTION

Dental implants have indeed revolutionized modern
dentistry. While nowadays implant therapy represents a
predictable option for replacing missing or hopeless teeth,

implant-related complications are not rare findings.1–4
Esthetic complications of implant therapy can have
a major negative impact on patients’ quality of life,
including anxiety in smiling, socializing, and speaking in
public.5,6 Patients’ esthetic demands have progressively
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increased that even a minimal discrepancy in the length
of the implant-supported crown (compared with the
homologous contralateral tooth) or the appearance of
a metal component of the implant is considered totally
unacceptable.2,7,8 These 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 soft tissue margin” around dental implants to be 57%
after 6 months,9 while Small and Tarnow concluded that
an apical shift of the mucosal margin of 1 mm should be
anticipated after abutment connection.10 Nevertheless,
without a uniform definition of implant esthetic compli-
cations/mucosal recession, only limited conclusions can
be drawn regarding the prevalence of these conditions and
factors associated with their incidence.2
A recent article from our group proposed a definition

for these complications “peri-implant soft tissue dehis-
cence/deficiencies” (PSTD), suggesting for the first time
a classification of the different types of PSTDs.7 It has
been speculated that PSTD and gingival recession share
some risk factors/indicators, including the amount, or lack
of keratinized mucosa width (KMW), mucosal thickness
(MT), the bucco-lingual position and the dehiscence of
the buccal bone, among others.7,11–13 Ultrasonography has
been proven to be a non-invasive and reliable technology
for characterizing periodontal and peri-implant structures,
such as soft tissue thickness, buccal bone levels, and buccal
bone thickness.14–16
Therefore, the aim of the present study was to evaluate

the prevalence of PSTD and some clinical and ultrasono-
graphic risk indicators for this condition.

2 MATERIALS ANDMETHODS

2.1 Study registration and design

The current study was approved by the University of
Michigan Medical School Institutional Review Board
(IRBMED) (HUM00176741), in accordance with the
Helsinki Declaration of 1975, as revised in 2013. Informed
consent was obtained from all individuals who partici-
pated in the study. The present article follows the STROBE
statement for improving the quality of reports of cross-
sectional studies.17 The data that support the findings of
this study are available from the corresponding author
upon reasonable request.

2.2 Setting and participants

Subjects with ≥1 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 Periodontics clinic at the Department of Peri-
odontics and Oral Medicine, School of Dentistry, Univer-
sity of Michigan, Ann Arbor, Michigan between February
2020 and June 2021. The inclusion criteria were: 1) sys-
temically and periodontally healthy subjects, 2) having at
least one anterior dental implant with two adjacent natu-
ral teeth and/or dental implants, 3) dental implant(s) diag-
nosed as healthy (“absence of erythema, bleeding on prob-
ing, swelling and suppuration”18,19), 4) dental implants
rehabilitated with a single implant-supported crown, 5)
loading time of at least 24 months,20 6) presence of the
homologous contralateral natural tooth, 7) available infor-
mation regarding implant characteristics, and 8) patients
willing to provide an informed consent and attend the
study. Exclusion criteria included: 1) Multiple adjacent
dental implants with PSTDs, 2) implants in the sec-
ond premolar or molar region, 3) one or two adjacent
edentulous area, 4) implant(s) restored with three (or
more)-unit fixed bridges, single crown with cantilever or
removable prosthesis, 5) diagnosis of periodontitis, 6) any
confirmed peri-implant disease,18,19 6) documented his-
tory of peri-implantitis or previous surgical procedures
at the implant site, 7) previous soft tissue graft at the
implant site, and 8) missing information on the implant
characteristics. The patient recruitment process, clini-
cal assessment, and ultrasonographic examination were
performed by two calibrated study team members (LT
and SB) following a standardized protocol as previously
described.14,21

2.3 Data collection and clinical
measurements

At the time of the visit, patient demographics (age, sex,
smoking habit), and implant characteristics (type, date of
surgery, prosthesis installation) were obtained, as well as
the following parameters by a single examiner (LT):

∙ Presence or absence of PSTD, defined as the apical shift
of the mucosal margin compared with the gingival mar-
gin of the homologous contralateral natural tooth.7 In
case of a PSTD, the class (I, II, or III/IV) and subclass
(a, b, or c) were also identified.7 Since the implant-
supported crown was not removed in the present study,
implants with a PSTD characterized by a crown profile
located outside (more facial to) an imaginary curve line
connecting the profile of the adjacent teeth at the level
of the mucosal margin were considered as class III/IV.

∙ Presence or absence of an implant-supported crown
longer than the clinical crown of the homologous con-
tralateral natural tooth
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∙ Presence or absence of the exposure of the abutment
and/or implant fixture to the oral cavity

∙ Presence of adjacent (mesial/distal) implants
∙ Probing depth (PD) using a periodontal probe *
∙ KMW, defined as the vertical distance between the
mucogingival junction and the mucosal margin in the
mid-facial region, and measured with a periodontal
probe†

2.4 Ultrasonographic image acquisition
and measurements

The ultrasound equipment setup and the scanning proce-
dures have been previously described in detail.21–25 Briefly,
a commercially available ultrasound imaging device‡ was
coupled with 24 MHz (64-μm axial image resolution) and
miniature-sized (≈30-mm long × 18-mm wide × 12-mm
thick) probe (L30-8) to generate ultrasound images (pixel
size 0.05 mm)26 (Figs. 1 and 2).
Single image frames (“still images”) at the mid-facial

aspect of the implant(s) of interest were saved in “B-mode”
in the Digital Imaging and Communications in Medicine
(DICOM) format. “B-mode” generates two-dimensional
grayscale images in which brightness is the result of the
returned echo signal and its strength, which depends on
the acoustical properties of the implant components and
the peri-implant soft and hard structures. The ultrasound
(US) probe was oriented perpendicular to the occlusal
plane and parallel to the long axis of the implant at its mid-
facial aspect.21,24
The following measurements were computed using a

commercially available software package,§ as previously
described14,21,23–25,27,28 and were performed by a single
experienced examiner (JM), who has been calibrated in
previous trials (k ≥ 0.87):

∙ MT: horizontal thickness of the peri-implant soft tissue,
calculated as the distance between the soft tissuemargin
and the abutment/implant fixture/buccal bone on a line
parallel to the long axis of the implant body in the mid-
facial scan. MT was measured at 1 mm and 3 mm (MT1
and MT3, respectively) from the soft tissue margin.

∙ Peri-implant buccal bone distance (BBD): Distance
between the implant platformand the peri-implant bone
crest evaluated on a line parallel to the long axis of the
implant body in the mid-facial scan.

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

* PCP UNC 15, Hu-Friedy, Chicago, IL.
† PCP UNC 15, Hu-Friedy, Chicago, IL.
‡ ZS3, Mindray, Mountain View, CA.
§ Horos, version 3.3.6, Horos Project.

the peri-implant crestal bone and a line parallel to the
long axis of the implant body in the mid-facial scan.

2.5 Study outcomes

The primary goal of the study was to assess the preva-
lence of facial PSTDs at single implants in the esthetic
region. The secondary outcomeswere to compare the clini-
cal and ultrasonographic parameters among implants with
and without PSTDs, identifying possible risk indicators for
PSTDs.

2.6 Data collection and statistical
analysis

All clinical, ultrasonographic, and demographic data were
entered into a single prefabricated spreadsheet. Descrip-
tive statistics were used to illustrate the overall clinical and
ultrasonographic-related parameterswithmeans and stan-
dard deviations (SDs) for continuous measures, among
implants with and without PSTDs.
To test for statistically significant relationships among

the collected variables of interest to the primary outcome
PSTD (Yes/No), logistic regression models were fit with
generalized estimating equation (GEE), that accounted
for repeated measures (>1 implant per patient) across
observed sample.
A stepwise regression approach was utilized to univari-

ately introduce the variables of interest for testing their
predictive values and kept for multivariate modeling if
obtained a P < 0.05.
For significant predictors, the final coefficients from the

multivariate model were recorded, and exponentiated to
produce odds ratios (OR). Confidence intervals (CI) were
produced and a P value of 0.05 was set for statistical sig-
nificance. The analyses were performed in software‖ by an
author (SB) with experience in biostatistics.

3 RESULTS

3.1 Experimental population and dental
implant characteristics

One-hundred and 58 subjects (80men and 73 women, with
a mean age of 59.5 ± 15.6 years) with a total of 176 dental
implants were included in the present study (Table 1).
Among them, 54.2% patients had at least one implant with
a PSTD. On an implant-level, 100 dental implants (56.8%)
displayed a PSTD and 76 (43.2%) did not. Eighty-four
percent (84%) of the implants with a PSTD showed a

‖Rstudio version 1.1.383, Rstudio, Boston, MA.
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F IGURE 1 Clinical and ultrasonographic presentation of an implant without peri-implant soft tissue dehiscence (PSTD) (A, A’, and
A’’), PSTD with longer crown (B, B’, and B’’), PSTD with an adequate crown length and abutment exposed (C, C’, and C’’), PSTD with a
crown longer than the clinical crown of the homologous tooth and with abutment exposed (D, D’, and D’’). The midfacial ultrasonographic
scans show the soft tissue (ST) highlighted in green, the implant-supported crown (Cr), the abutment (Ab), the implant threads above the
bone (IT) and the peri-implant crestal bone (CB) and the ultrasonographic outcomes of interest (buccal bone thickness [BBT], buccal bone
distance [BBD], mucosal thickness evaluated 1 mm below the soft tissue margin [MT1], and mucosal thickness evaluated 3 mm below the soft
tissue margin [MT3])

crown longer than the clinical crown of the homologous
tooth, while the exposure of the abutment or implant
fixture to the oral cavity was present in 74% of sites with
a PSTD. The most frequent type of PSTD was the one
characterized by having both an implant-supported crown

longer than the clinical crown of the homologous tooth
and a visible abutment/implant fixture exposed to the oral
cavity (58% of the PSTD cases). Most of the implants with
PSTD were diagnosed with class III/IV (58%), while 39%
and 3% of cases were classified as PSTD class II and class I,
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F IGURE 2 Subject with two dental implants in the lateral incisor position (A through F). The left implant shows a soft tissue
dehiscence with the abutment exposed, while the implant on the right does not display a soft tissue dehiscence. A) Midfacial ultrasonographic
scan of the implant with peri-implant soft tissue dehiscence (PSTD), where the soft tissue component (ST) is highlighted in green. The
implant-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 cavity and several threads above the CB. Thin mucosa (MT1 = 0.39 mm
and MT3 = 0.89 mm) and buccal bone distance (distance from the implant platform to the CB, BBD = 2.35 mm, highlighted in red) may have
contributed to the clinical manifestation of the PSTD. The implant on the left side displays a thicker mucosa (MT1 = 1.39 mm and
MT3 = 1.84 mm) without bone loss (BBD = 0) (C). D) Occlusal view of the two implants where it is possible to appreciate that the right was
placed more buccally then the implant on the right (PSTD class III). E through F) Transverse ultrasonographic scan showing the soft and hard
structures of the right and left implant, respectively. The adjacent teeth (T) are also highlighted

respectively. Themost frequent PSTD subclasses were sub-
class c and subclass b (52% and 40%, respectively) (Table 2).
The mean time in function of the implants with PSTD

was 9.3 ± 4.5 years, while for implants without PSTD
was 4.9 ± 1.6 years. Implants with PSTD had an adjacent
dental implant (without PSTD) in 54% of cases, while
implants without PSTD had an adjacent implant (without
PSTD) in 5.3% of cases. The mean PD was 2.6 ± 0.6 mm
and 2.6 ± 0.8 mm in implants with and without PSTD,
respectively, while the mean KMW was 2.2 ± 1.7 mm
and 4.5 ± 1.7 mm in implants with and without PSTD,
respectively.

3.2 Ultrasonographic outcomes

Table 1 presents descriptive summaries of the measured
clinical variables. The measurements of MT at the mid-
facial ultrasonographic scans tended to be higher at sites
without PSTD compared with implants with PSTD (mean
MT1 of 1.51 ± 0.58 mm versus 0.65 ± 0.36 mm and mean
MT3 of 2.05 ± 0.79 mm versus 1.35 ± 0.56 mm, respec-
tively). The average BBD was also higher at implants with
a PSTD (3.25 ± 2.07 mm for implants with a PSTD versus
1.73 ± 1.20 mm for implants without), while a mean BBT



862 TAVELLI et al.

TABLE 1 Characteristics of the population and dental implants

Peri-implant soft tissue dehiscence (PSTD)
Characteristic No Yes
Subjects (n) 70 83
Males (n, %) 42, 60 38, 45.8
Age (mean ± SD) (years) 63.7 ± 13.6 59.2 ± 15.6
Implants (n, %) 76, 43.2 100, 56.8
Bone level implants (n, %) 76, 100 100, 100
Implant therapy done at a university setting 41, 53.9 58, 58
Implant therapy done at a private practice 35, 46.1 42, 42
Years in function (mean ± SD) 4.9 ± 1.6 9.3 ± 4.5
Maxilla (n, %) 70, 92.1 64, 64
Mandible (n, %) 6, 7.9 36, 36
Central incisors (n, %) 20, 26.3 22, 22
Lateral incisors (n, %) 18, 23.7 15, 15
Canine (n, %) 4, 5.3 9, 9
Premolar (n, %) 34, 44.7 54, 54
Presence of adjacent implant (n, %) 4, 5.3 54, 54
PD (mean ± SD) (mm) 2.6 ± 0.8 2.6 ± 0.6
KMW (mean ± SD) (mm) 4.5 ± 1.7 2.2 ± 1.7
MT1 (mean ± SD) (mm) 1.51 ± 0.58 0.65 ± 0.36
MT3 (mean ± SD) (mm) 2.05 ± 0.79 1.35 ± 0.56
BBD (mean ± SD) (mm) 1.73 ± 1.20 3.25 ± 2.07
BBT (mean ± SD) (mm) 1.48 ± 0.66 0.91 ± 0.43

PD, probing depths; KMW, keratinized mucosa width; MT1, mucosal thickness evaluated 1 mm below the soft tissue margin; MT3, mucosal thickness evaluated
3 mm below the soft tissue margin; BBD, buccal bone distance; BBT, buccal bone thickness.

TABLE 2 Characteristics of the PSTDs

PSTD Characteristic Cases (%)
Crown longer than the homologous tooth
(overall)

84

Crown longer than the homologous tooth
with abutment/implant exposed

58

Crown longer than the homologous tooth
without abutment/implant fixture
exposed

26

Abutment/implant fixture exposed
(overall)

74

Abutment/implant fixture exposed and
crown with an adequate length

16

Abutment/implant fixture exposed and
crown longer than the homologous
tooth

58

PSTD class I 3
PSTD class II 39
PSTD class III/IV 58
PSTD subclass a 8
PSTD subclass b 40
PSTD subclass c 52

of 0.91 ± 0.43 mm, and 1.48 ± 0.66 mm was observed for
implants with and without PSTD, respectively (Table 1).

3.3 Risk indicators for the presence of
PSTD

Table 3 displays the results of the logistic regressionmodels
for the outcome of PSTD. The univariate analysis showed
that the following variables were significantly related to
higher odds of the presence of a PSTD:

∙ Presence of an adjacent implant (OR, 14.4; 95% CI,
3.22‒64.8; P < 0.001),

∙ Implants’ time in function (OR, 1.73; 95% CI, 1.47‒2.03;
P < 0.001),

∙ KMW (OR, 0.49; 95% CI, 0.38‒0.63; P < 0.001),
∙ MT1 (OR, 0.08; 95% CI, 0.04‒0.17; P < 0.001),
∙ MT3 (OR, 0.37; 95% CI, 0.22‒0.63; P < 0.001),
∙ BBD (OR, 1.86; 95% CI, 1.35‒2.56; P < 0.001), and
∙ BBT (OR, 0.09; 95% CI, 0.02‒0.37; P = 0.001)
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TABLE 3 Uni- and multivariate results of the logistic regression models assessing the correlation of PSTDs to the observed variables

Univariate analysis Multivariate analysis
Variable OR 95% CI P value OR 95% CI P value
Sex (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 adjacent implant 14.4 3.22‒64.8 <0.001 10.9 2.98‒40.2 <0.001
Years in function (time since installment of final prosthesis) 1.73 1.47‒2.03 <0.001 1.4 0.71‒2.73 0.001
KMW (mm) 0.49 0.38‒0.63 <0.001 0.73 0.55‒0.97 0.03
MT1 (mm) 0.08 0.04‒0.17 <0.001 0.11 0.04‒0.24 <0.001
MT3 (mm) 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
BBT (mm) 0.09 0.02‒0.37 0.001

BBD, buccal bone distance; BBT, buccal bone thickness; KMW, keratinized mucosa width; MT1, mucosal thickness evaluated 1 mm below the mucosal margin;
MT3, mucosal thickness evaluated 3 mm below the mucosal margin; OR, odds ratio; CI, confidence intervals.

Themultivariate analysis confirmed that the presence of
an adjacent implant increases the odds of having a PSTDby
a factor of ≈11 (OR, 10.9; 95% CI, 2.98‒40.2; P < 0.001), as
well as the time (in years) of the implants in function (OR,
1.4; 95% CI, 0.71‒2.73; P = 0.001). Additionally, the model
showed an inverse correlation between MT both at 1 mm
(OR, 0.11; 95% CI, 0.04‒0.24; P < 0.001), and 3 mm (OR,
0.34; 95% CI, 0.14‒0.82; P = 0.01) from the mucosal mar-
gin, and the amount of KMW (OR, 0.73; 95% CI, 0.55‒0.97;
P < 0.001), with the presence of PSTD among the pop-
ulation cohort. Relative to the peri-implant buccal bone,
BBD also was significantly associated with the presence of
a PSTD (OR, 1.41; 95% CI, 1.02‒1.95; P < 0.001). Further-
more when we used cross-validation to predict the accu-
racy of the model, we observed that it was 86.3% accurate
(based on a decision rule in which a patient is predicted to
have a PSTD as long as their risk is >50%; Supplementary
Figure 1 in the online Journal of Periodontology presents
a receiver operating characteristic curve with all possible
sensitivity and specificity values that can be obtained from
decision rules using with any threshold).

4 DISCUSSION

The present cross-sectional study, with the aid of clinical
and ultrasonographic measurements, identified the preva-
lence of dental implants with PSTD at a cross-sectional
level, as well as risk indicators for the presence of this
condition. Based on the definition of PSTD proposed
by Burkhard et al.,29 and later on adopted by Zucchelli
et al.,7,30 using the contralateral homologous tooth as a ref-
erence, it is not unexpected that most of the implants eval-
uated in our study displayed PSTD (56.8%). On a patient-
level, it was found that having at least one implant with
PSTD was more common than having implants without

this condition (54.2% versus 45.8%). It should be high-
lighted that our population cohort included patients which
had implants placed both in a private practice and in a uni-
versity setting, which would increase the generalizability
of our findings.
Previous studies defined soft tissue dehiscence as

the exposure of the prosthetic abutment or the implant
neck,20,31,32 and therefore a comparison between our
findings and these studies was not attempted. Given the
fact that PSTD is an esthetic complication often associated
with esthetic concerns/complaints from patients,8,31
it is reasonable to assume that the definition of PSTD
should not solely include cases with exposure of the abut-
ment/implant fixture but should also include conditions
characterized by an implant-supported crown longer than
the clinical crown of the homologous contralateral tooth.
In this view, the present study represents the first report
investigating the prevalence of PSTDs, together with their
types, classes, and subclasses, according to the recent
classification by Zucchelli et al.7
We observed that most of the PSTDs are character-

ized by a crown longer than the homologous contralat-
eral tooth (84%), with or without concomitant exposure
of the abutment/implant fixture (58% and 26% of all
the PSTD cases, respectively). This finding has implica-
tions on treatment of these defects, since the correction
of PSTDs with inadequate crown length requires crown
removal in combination with the prosthetic-surgical tech-
nique or the submerge approach.7,31,33 Clinicians are there-
fore advised that crown removal is necessary in most
of the PSTD treatments. We also found that the expo-
sure of the abutment/implant fixture was present in 74%
of sites with PSTDs. Aside from patient esthetic con-
cern, the exposure of the implant surface, especially if
rough, may facilitate plaque accumulation on the implant
fixture which is considered the main risk factor for
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peri-implantitis.19,34,35 While the main indication for the
treatment of PSTDs without abutment/implant exposed
remains patient esthetic concern,2,5,7 PSTDs with rough
implant surface exposed to the oral cavity should be treated
for maintaining peri-implant health and preventing future
complications.2,36,37 It is important to further highlight
that having a crown with an inadequate length and abut-
ment/implant fixture exposed are common findings, with
an overall prevalence (considering all the implants exam-
ined in our study) of 47.7% (PSTD with inadequate crown
length) and 42% (PSTDwith exposure of the abutment and
or implant fixture).
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 KMW was associated with
PSTD20,32,38 and our findings further confirm this corre-
lation. However, readers should bear in mind that as this
study was conducted in a cross-sectional design, it was not
conducted and does not allow for a direct exploration of
causality, thuswhether a narrowbandofKMWis a risk fac-
tor for PSTD or a consequence of this condition has yet to
be elucidated with prospectively and longitudinal studies.
It is reasonable to assume that there are scenarios in which
inadequate KMW can contribute to the development of
this condition, and other cases in which KMW becomes
narrow as a result of the PSTD.
In addition, the use of ultrasonography allowed us to

evaluate BBD and BBT which otherwise could only be
assessed with cone-beam computed tomography (CBCT),
which involves a dose of radiations that may not be
recommended for an observational study. Ultrasonogra-
phy may also be considered the technology of choice for
assessing MT, given the limitations of transgingival hor-
izontal probing (needing anesthesia, having patient dis-
comfort, and reduced accuracy), optical scanners (need-
ing at least two time points, unless the STL file were
combined with the DICOM scan from the CBCT39), and
CBCT alone (radiation, and inaccuracy).40,41 Neverthe-
less, it has to be mentioned that a method’s error of
0.015 mm and 0.08 to 0.2 mm was observed for MT and
BBD, respectively, when obtained with US compared with
directmeasurements.23,27 Interestingly, USwas found to be
more accurate than CBCT in identifying crestal bone level
and MT.23,27
We observed that BBD has an OR for PSTD of 1.41. In

other words, eachmillimeter that increases in the distance
between the crestal bone and the implant platform, raises
the odds of having a PSTD by a factor of ≈41%.
Previous studies investigated the effect of BBD and BBT

on the position of the mucosal margin.42–45 Neverthe-
less, there is no consensus in the recent literature.46 A
recent animal study reported that dental implants with

BBT <1.5 mmwere more often associated with PSTD com-
pared with implants with thick buccal bone.42 However,
other authors did not find a correlation between BBT and
PSTD, even for implants missing the buccal bone wall.20,44
In our analysis, when other factors were considered, BBT
was not found to be associated with PSTD. It may be rea-
sonable to assume that buccal bone resorption in the verti-
cal (BBD), but not horizontal (BBT), aspect can negatively
affect the stability of the mucosal margin.
We also observed an inverse correlation between MT

and PSTD, corroborating the notion that a thicker mucosa
can improve the stability of the peri-implant mucosal mar-
gin and the esthetic outcomes.5,47 This concept has pre-
viously been proven in the natural dentition12 and seems
to be valid also at implant sites. In addition, a recent net-
workmeta-analysis fromour group further highlighted the
importance of the dimension of the peri-implant soft tis-
sues, demonstrating that MT augmentation has also bene-
ficial effects on marginal bone level stability.36
Among the limitations of the present study, it has to be

mentioned that the cross-sectional design allows for the
identification of risk indicators only. Longitudinal studies
are needed to further explore these risk indicators and to
assess their possible role as risk factors for PSTD. In addi-
tion, although the present study incorporated ultrasonog-
raphy as a non-invasive and reliable technology for assess-
ing the peri-implant soft and hard structures, CBCT could
have added additional information to our analysis, such
as the bucco-lingual position of the implant. Nevertheless,
CBCT is not advised for diagnosis of PSTDs for obvious eth-
ical considerations involving radiation exposure.
Lastly, readers have to bear in mind that the implants

in the present study did not receive a soft tissue graft at
the implant placement nor at delayed time points. There-
fore, future studies are needed to evaluate the prevalence of
PSTDs and associated risk indicators at soft tissue grafted
versus non-augmented implant sites. Similarly, the corre-
lation of PSTDs with other factors, such as apico-coronal
implant positioning and bone augmentation at implant
placement, or staged, should be investigated in prospective
studies.

5 CONCLUSIONS

PSTDs are common findings in the esthetic region.
Implants having a crown longer than the homologous
tooth were the most frequently observed type of PSTD.
The analysis demonstrated that presence of an adjacent
implant, increased time in function of the implant, higher
distance 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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