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Highlights

What are the main findings?

e  Within the limitations of this prospective randomized clinical study, both buccal soft
tissue height and thickness increased following immediate implant placement and
provisionalization (IIPP) in the esthetic zone.

e The use of connective tissue grafting (CTG) was associated with greater postoper-
ative buccal soft tissue thickness, while no additional effect was observed on soft
tissue height.

What are the implications of the main findings?

e  CTG may be considered when increased buccal soft tissue thickness is desired in the
esthetic zone.
e The influence of CTG on vertical soft tissue changes appears to be limited.

Abstract

Objectives: To quantitatively evaluate soft tissue dimensional changes after immediate
implant placement and provisionalization (IIPP) in the esthetic zone with or without
connective tissue grafting (CTG). Methods: In this prospective clinical trial, 44 patients
requiring a single maxillary anterior immediate implant were randomly allocated to a test
group (IIPP + CTG) or a control group (IIPP alone). At baseline and 6 months postopera-
tively, buccal soft tissue height (STH) and soft tissue thickness (STT) at various levels were
recorded. Measurements were obtained through three-dimensional superimposition of
cone-beam computed tomography (CBCT) and intraoral scanning data. Results: Forty-
three patients completed the 6-month follow-up. From baseline to 6 months, buccal soft
tissue height increased 2.14 £ 0.74 mm and 1.71 & 0.81 mm in the test and control groups,
respectively, without statistically significant differences between groups (p = 0.078). Buccal
soft tissue thickness increased at most measured levels in both groups (p < 0.05), except at
1 mm apical to the crest in the control group (p = 0.11). However, thickness augmentation
was consistently greater in the test group at all levels (p < 0.001). Conclusions: Within the
6-month follow-up period, both soft tissue height and thickness increased after IIPP. CTG
performed simultaneously with IIPP was associated with significantly thicker buccal soft
tissue compared with IIPP alone.

Keywords: immediate implant placement and provisionalization; connective tissue
grafting; soft tissue thickness; esthetic zone; CBCT; intraoral scanning; digital dentistry

Oral 2026, 6, 77

https:/ /doi.org/10.3390/0ral6030077


https://crossmark.crossref.org/dialog?doi=10.3390/oral6030077&domain=pdf&date_stamp=2026-06-19
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/oral
https://www.mdpi.com
https://orcid.org/0009-0002-8962-9229
https://orcid.org/0009-0009-2566-5870
https://orcid.org/0000-0001-5811-1780
https://doi.org/10.3390/oral6030077

Oral 2026, 6,77

20f13

1. Introduction

Tooth loss in the esthetic zone poses considerable clinical challenges. Patients” expec-
tations extend beyond the long-term stability of the implant to the natural appearance of
the surrounding soft and hard tissues [1,2]. Inmediate implant placement and provisional-
ization (IIPP) was initially proposed by Wohrle in 1998 [3]. It was defined as the placement
of an implant immediately following tooth extraction with a restoration placed within 48 h.
It offers several advantages, including a reduced treatment time, fewer surgical procedures,
and partial preservation of the morphology of the alveolar ridge [4,5]. In the short term,
immediate implant placement (IIP) has demonstrated survival rates comparable to those
of delayed implant placement [6]. Although its long-term outcomes remain a matter of
debate [7], the overall survival rates generally exceed 95%. Consequently, IIPP has been
widely applied in the treatment of tooth defects in the esthetic zone.

However, although IIPP can partially maintain the socket structure after tooth extrac-
tion, the thin buccal bone plate usually undergoes rapid resorption [8,9]. More pronounced
vertical and horizontal bone resorption may occur when the thickness of the buccal bone
plate is less than 1 mm, further influencing the process of soft tissue remodeling [10]. It
has been indicated that IIP may occasionally lead to gingival recession >1 mm [11-14] and
contour collapse >0.6 mm [15,16]. These may severely affect the final esthetic outcome.
Patients presenting with a thin gingival phenotype in the maxillary anterior region are
particularly susceptible to such esthetic complications [12,14].

Currently, various clinical strategies have been employed to mitigate this issue [17].
Connective tissue grafting (CTG) has been applied with immediate implant procedures
since 1995 [18]. The technique is considered an effective approach to enhance the peri-
implant soft tissue phenotype, manage soft tissue stability, and optimize esthetic out-
comes [19]. Several systematic reviews and meta-analyses have demonstrated that IIP
combined with CTG in the esthetic zone can reduce gingival recession [20,21], and increase
soft tissue thickness [22]. Previous studies have also suggested that it may help compensate
for buccal tissue collapse and maintain the contour [23,24]. Regarding long-term outcomes,
a study with 4-13 years of follow-up indicated that gingival margin position and gingival
thickness remained stable after CTG [25].

Previous studies have mainly focused on facial tissue collapse, mid-facial gingival
margin migration, and peri-implant hard tissue remodeling following IIPP, including find-
ings from our previously published randomized clinical trial [10]. However, quantitative
evaluations of peri-implant soft tissue height (STH) and soft tissue thickness (STT), particu-
larly at different levels, remain limited. This lack of evidence may be attributable to the
invasive nature of conventional soft tissue measurement techniques [26,27]. In the limited
available studies, gingival thickness has been assessed only at single reference spots, most
commonly 2 mm apical to the gingival margin [28-31]. However, following IIP, the position
of the buccal gingival margin itself may change, potentially compromising the reliability
of such measurement sites [32]. In the present study, a method combining superimposed
intraoral scanning data and cone-beam computed tomography (CBCT) was employed to
assess soft tissue dimensions [33]. This approach has been validated in previous studies as
a reliable and noninvasive strategy, avoiding traumatic measurement procedures [34,35].
Therefore, the aim of this study was to quantitatively evaluate changes in buccal gingival
height and thickness following IIPP, with or without CTG, in the anterior maxilla, thereby
providing complementary information to previous studies that focused primarily on facial
tissue contour changes and gingival margin stability.
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2. Materials and Methods

The present study was derived from a previously reported randomized clinical trial us-
ing the same study cohort and 6-month follow-up data [10]. While the previous publication
focused on facial tissue collapse, mid-facial gingival margin migration, and peri-implant
hard tissue remodeling, the present study specifically evaluated peri-implant soft tissue
height and thickness changes integrating cone-beam computed tomography (CBCT) and
intraoral scan (IOS) data through a superimposition approach. These outcomes were not
analyzed or reported in the previous publication.

2.1. Patient Enrollment Criteria

This clinical trial was approved by the local ethics committee (Institutional Re-
view Board of Peking University School and Hospital of Stomatology) (Approval
Number: PKUSSIRB-201639123) and registered at chictr.org.cn (Registration number
ChiCTR1900028494) on 23 December 2019. The trial was retrospectively registered. The
study was conducted in the Department of Oral Implantology at Peking University School
and Hospital of Stomatology between October 2016 and December 2021. The study was
reported in accordance with the CONSORT 2010 guidelines (Figure 1). The CONSORT
2010 checklist is included in the Supplementary Materials.

Enroliment ‘Assessed for eligibility (n =44)\

Excluded before randomization (n = 0)
(No patient was excluded

Randomized (n = 44) o
after eligibility assessment)

Allocated to IIPP + CTG (n =22) Allocated to IIPP only (n = 22)
Received allocated intervention (n =22) Received allocated intervention (n = 22)

|

Lost to follow-up (n = 0)
I
Analyzed (n=21) Analyzed (n = 22)
(Excluded from analysis: n = 0) (Excluded from analysis: n = 0)

Allocation

Foll Lost to follow-up (n=1)
oflow-up (1 patient did not attend the follow-up visit)

Analysis

Pia

Figure 1. CONSORT 2010 flow diagram.

Inclusion criteria were as follows:

1.  Aged between 20 and 65 years.

2. Presence of a single non-restorable maxillary incisor (teeth 12-22) due to root fracture,
trauma, residual root, or root resorption.

3.  Healthy periodontal condition of adjacent teeth.

4. Intact buccal bone after extraction and ability to achieve a final insertion torque of at
least 35 N-cm.

5. Willingness to participate and compliance with follow-up requirements.
Exclusion criteria included:

1.  History of periodontal disease with attachment loss of the target or adjacent teeth.

2. Buccal bone plate deficiency after extraction.

3.  Insufficient bone volume or quality preventing implant placement with a minimum
insertion torque of 35 N-cm.

4. Pregnancy.

5. Heavy smoking habit (>10 cigarettes/day).

6. Any systemic or local condition contraindicating implant surgery.
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2.2. Sample Size Calculation

The primary outcome of this study was peri-implant STT. STH was considered a
secondary outcome. Sample size calculation was performed using PASS software (NCSS,
Kaysville, UT, USA) based on the study by Guglielmi et al. [23]. The expected mean
difference in STT between the test and control groups was set at 1.0 mm, with a standard
deviation of 1.0 mm. At a significance level of o = 0.05 and a power of 90% (3 = 0.10), the
required theoretical sample size was calculated to be approximately 20 subjects per group,
for a total of 40 subjects. Considering a dropout rate of approximately 10% (e.g., patients
failing to attend follow-up or missing data), this study planned to recruit 44 participants.

2.3. Randomization and Allocation Concealment

After enrollment, participants were randomly assigned to the test or control group
using a computer-generated randomization list (IBM SPSS Statistics, version 18; IBM Corp.,
Armonk, NY, USA). Allocation concealment was ensured by an independent researcher
using sequentially numbered, opaque, sealed envelopes. The envelopes were opened
immediately before surgery to reveal the group assignment.

2.4. Clinical Procedures

Prior to extraction, all patients underwent intraoral scanning (software version
2014-1; 3Shape A /S, Copenhagen, Denmark) to record the baseline labial soft tissue contour.
Subsequently, CBCT images (Planmeca ProMax 3D, Planmeca Oy, Helsinki, Finland) were
obtained to document the alveolar hard tissue morphology. The CBCT scanning parameters
were as follows: field of view (FOV) diameter of 13 cm, height of 10 cm, acceleration voltage
of 90 kV, beam current of 8.0 mA, and voxel size of 0.2 mm.

Prophylactic antibiotics (cefuroxime 0.25 g) were administered orally 1 h before surgery,
and patients were rinsed with 0.2% chlorhexidine solution for 1 min. Local infiltration
anesthesia was performed using primacaine with adrenaline (Produits Dentaires Pierre
Rolland, Acteon Pharma Division, Mérignac, France).

The unsalvageable tooth was extracted using a minimally invasive approach to pre-
serve both hard and soft periodontal tissues, without flap elevation. After extraction, the
integrity of the buccal bone plate was assessed. Sequential osteotomy was carried out
against the palatal wall of the extraction socket and extended apically to the base of the
maxilla. The implant (NobelActive, Nobel Biocare AB, Zurich, Switzerland) was inserted
approximately 4 mm apical to the gingival margin, leaving at least 2 mm between the
buccal bone wall and the implant platform. Primary stability was confirmed by a final
insertion torque of >35 N-cm; patients not achieving this criterion were excluded from the
study. The gap between the implant and the socket walls, from apical to beyond the bony
crest, was filled with deproteinized bovine bone mineral Bio-Oss, Geistlich Pharma AG,
Wolhusen, Switzerland).

In the test group, a de-epithelialized connective tissue graft (approximately
15 mm x 5mm X 1.5 mm), harvested from the posterior palate, was inserted beneath the
buccal gingiva using a tunneling technique. The graft dimensions were adjusted according
to the anatomical characteristics of the donor site and the specific requirements of the
recipient site to ensure adequate tissue augmentation. No additional intervention was
carried out in the control group. An implant-level impression was taken immediately after
surgery, and a screw-retained provisional restoration without occlusal or lateral contacts
was delivered within 24 h.

Postoperative follow-up visits were scheduled for 1 week, 1 month, and 6 months to
monitor healing. CBCT and intraoral scans were repeated at 6 months, prior to the final
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restoration. All surgical and prosthetic procedures were carried out by an experienced
clinician (Dr. X.J.).

2.5. Measurement of the Outcomes

The DICOM files of patients” CBCT data and the STL files of intraoral scans were
registered and aligned using the three-dimensional data processing software BlueSkyPlan
4 (version 4.11; Blue Sky Bio, Libertyville, IL, USA) (Figure 2). Cross-sectional images
passing through the long axis of the affected tooth (baseline) or the implant (6 months
postoperatively) were then obtained from the 3D models generated. Using the graphic
analysis software Adobe® Photoshop® CS6 (version CS6; Adobe Systems Inc., San Jose, CA,
USA), the vertical distance from the alveolar crest to the gingival margin was measured and
defined as soft tissue height (STH). Soft tissue thickness was measured along the tooth or
implant long axis at the level of the alveolar ridge crest (STTr), as well as at 1-, 2-, and 3-mm
coronal (STTc1-3) and apical (STTal-3) to the crest, as in Figure 3. All measurements were
performed by a blinded examiner who was unaware of group allocation. To assess intra-
examiner reliability, 15 randomly selected cases were re-measured by the same examiner
after an interval of approximately 1 year. Intraclass correlation coefficients (ICCs) were
calculated for STH and STT measurements at all levels.

Figure 2. Superimposition process of cone-beam computed tomography (CBCT) 3D model and
the Standard Tessellation Language (STL) file derived from an intraoral scan at baseline (a—c),
and at 6 months postoperatively (d-f). (a): CBCT 3D model; (b): STL file from intraoral scan;
(c): Superimposition of 3D model and STL file; (d): CBCT 3D model; (e): STL file from intraoral scan;
(f): Superimposition of 3D model and STL file. The pink structures represent the tooth (baseline)
or implant (6 months postoperatively), the white structures represent the CBCT-derived bone mod-
els, and the green (baseline) and blue (6 months postoperatively) structures represent the intraoral
scan-derived STL models.

2.6. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics (version 18; IBM Corp.,
Armonk, NY, USA). The normality of data distribution was assessed using the Shapiro-Wilk
test. Continuous variables are presented as mean =+ standard deviation (SD). A two-sided
p value < 0.05 was considered statistically significant.

Within-group comparisons between baseline and 6 months were performed using
paired t-tests. Between-group comparisons between the test and control groups were
conducted using independent samples ¢-tests.

Multiple comparisons across different STT measurement levels were adjusted using the
Holm-Bonferroni method. In addition, analysis of covariance (ANCOVA) was performed
to evaluate between-group differences at 6 months, with baseline values included as
covariates to adjust for potential baseline imbalances.
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Figure 3. Measurement of soft tissue thickness at the level of the alveolar ridge crest (STTr), as
well as at 1-, 2-, and 3-mm coronal (STTc1-3) and apical (STTal-3) to the crest, and soft tissue
height on buccopalatal cross-sectional images at baseline and at 6 months postoperatively. The long
axis of the alveolar bone was used as the measurement reference. (a): Measurement at baseline.
(b): Measurement at 6 months postoperatively. The pink outlines represent the contours of the tooth
(baseline) or implant (6 months postoperatively), the white outlines represent the CBCT-derived
bone contours, and the green (baseline) and blue (6 months postoperatively) outlines represent the
contours of the intraoral scan-derived STL models. The red line indicates soft tissue height (STH),
and the yellow lines indicate soft tissue thickness (STT) measurements.

3. Results
3.1. Demographics

A total of 44 patients were included, with 22 patients in the test group and 22 in the
control group. One patient in the test group was lost to follow-up, leaving 43 subjects for
the final analysis. All implants achieved uneventful healing, with a 100% survival rate
at 6 months. No infection, graft-related complications, donor-site complications, or other
adverse events were observed in either group during the observation period. Information
regarding demographics, tooth positions and implant types is summarized in Table 1.

Table 1. Demographics, tooth positions and implant types in the two groups.

Test Group Control Group
Age (Mean + SD) 40.86 + 7.26 43.58 + 14.56
Sex male/female 8/13 11/11
Tooth position CI/LI 17/4 20/2
Implant (diameter x length) (mm)
3.5 x 18 5 11
3.5 x 15 15 10
35x 13 1 1

Abbreviations: CI, central incisor; LI, lateral incisor.

3.2. Changes in STH

Soft tissue height, from the gingival margin to the alveolar crest, increased in both
groups after 6 months (p < 0.001) (Figure 4). STH demonstrated no statistically significant
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differences between the test and control groups at baseline (p = 0.266) and 6 months post-
surgery (p = 0.262). STH increased by 2.14 4+ 0.74 mm and 1.71 £ 0.81 mm in the test and
control groups, respectively, without statistically significant differences between groups
(p = 0.078) (Table 2). It should be noted that postoperative changes in STH may reflect not
only soft tissue adaptation but also alterations in alveolar crest morphology resulting from
hard tissue remodeling.

sk

&%k

Soft Tissue Height (mean in mm)

Baseline 6 months

Test Group Control Group

Figure 4. Changes in soft tissue height before and 6 months after IIPP with or without CTG.
** indicates p < 0.001.

Table 2. Soft-tissue height changes.

STH Test Group Control Group p Values
Baseline 3.61 +£0.21 3.75+0.15 0.266

6 mo 574+ 0.53 5.46 +0.78 0.262
Changes +2.14 £ 0.74 +1.71 £ 0.81 0.078

3.3. Changes in STT

The soft tissue thickness increased significantly in both groups 6 months after surgery,
except at 1 mm apical to the crest in the control group. The STT increases were significantly
greater in the test group at all measurement levels compared with those in the control
group, which suggests a positive effect of CTG (p < 0.001) (Figure 5) (Table 3).

Table 3. Soft-tissue thickness changes.

Test (n = 21) Control (1 = 22)

p Values

Measurement p Values p Values (Between
(mm) Baseline 6 mo (Within- Changes Baseline 6 mo (Within- Changes Changes)

Group) t Group) t

STTc3 0.724+0.27 3.25+0.65 <0.001 ** +2.53 £0.87 0.95+0.11 2.47+0.75 <0.001 ** +1.52 £ 0.88 <0.001 **

STTc2 139+£0.09 3.90+0.76 <0.001 ** +2.51+£0.79 1.35+0.15 298 4+0.37 <0.001 ** +1.63 £ 0.68 <0.001 **

STTcl 1.61+0.12 4.19+0.62 <0.001 ** +2.58 £ 0.80 1.67 = 0.15 3.3540.46 <0.001 ** +1.68 = 0.75 <0.001 **

STTr 1.76 £0.12  454+£051 <0.001 ** +2.78 £0.73 1.91+0.14 3.60 +0.45 <0.001 ** +1.69 £0.78 <0.001 **

STTal 0.90+0.08 213+£0.35 <0.001 ** +1.23 £0.63 1.00 £ 0.05 1.16 £0.15 0.110 +0.17 £ 0.47 <0.001 **

STTa2 0.82+0.07 1.95+0.36 <0.001 ** +1.13+£0.23 0.95 £ 0.05 1.18 £0.11 0.004 * +0.23 £0.33 <0.001 **

STTa3 0.78+0.07 1.92+0.36 <0.001 ** +1.14 £ 0.63 0.93 +0.08 1.24+0.13 0.004 * +0.31 £0.45 <0.001 **

* Statistically significant (0.001 < p < 0.05); ** Statistically significant (p < 0.001); + Within-group differences
between baseline and 6 months after surgery were analyzed using paired t-tests. { Between-group differences
were analyzed using independent samples f-tests.
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STTa3

1
STTa2 |

|
| | ]
wal | [
wo| /[

—
0 1 2 3 4 5

Soft Tissue Thickness (mean in mm)

Test-Pre
+ Control-Pre

+ Control-Post

+ Test-Post

Figure 5. Changes in soft tissue thickness before and 6 months after IIPP with or without CTG.
Measurements were taken at the alveolar ridge crest (STTr) and 1-3 mm apical (5TTal-3) and coronal
(STTc1-3) to the crest. Orange and blue lines represent the test group before and 6 months after
surgery, respectively; green and yellow lines represent the control group before and after surgery,
respectively. Data are presented as mean =+ SD.

3.4. Intra-Examiner Reliability

To assess intra-examiner reliability, 15 randomly selected cases were re-measured by
the same examiner after an interval of approximately 1 year. Intra-examiner reliability
analysis showed that the ICC values for STH and STT measurements at all levels ranged
from 0.77 to 0.90, indicating acceptable reproducibility.

3.5. Adjusted Analysis

After adjustment for baseline values using ANCOVA, the test group demonstrated
significantly greater STT at all measurement sites compared with the control group (all
p < 0.002). However, no significant between-group difference in STH was observed after
adjustment (p = 0.123), which was consistent with the primary analysis.

All between-group differences in STT remained statistically significant after Holm—
Bonferroni correction.

4. Discussion

The present study aimed to quantitatively assess changes in buccal gingival height and
thickness in the esthetic zone following IIPP performed with or without CTG. Following
the 6-month follow-up, STH increased significantly in both groups, with no significant
intergroup difference. Regarding STT, significant increases were observed at most measured
levels in both groups, except 1 mm apical to the crest in the control group. However,
the magnitude of thickness gain was consistently greater in the test group than in the
control group.

The present study observed that, compared with baseline, both buccal soft tissue
height and thickness showed an increasing trend 6 months after IIPP. Quantitative analyses
of this phenomenon have rarely been reported in the previous literature. De Angelis et al.
reported that a slight tendency of soft tissue thickening may occur in IIPP cases even
without CTG [22]. According to Wang et al., immediate provisionalization itself may play a
role in shaping and supporting the buccal soft tissue contour [16]. Aldhohrah et al. also
noted that immediate provisionalization can help achieve satisfactory esthetic outcomes of
the buccal soft tissues [36].
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In this study, the test and control groups exhibited increases in STH of 2.14 4 0.74 mm
and 1.71 & 0.81 mm, respectively, without statistically significant differences between
groups (p = 0.078). Previous studies have predominantly used changes in gingival margin
position as the primary outcome measure, while analyses specifically focusing on STH
have been scarce. Guglielmi et al. and Seyssens et al. reported that buccal soft tissue
thickening may also occur after IIP, suggesting that soft tissues may possess inherent
healing and compensatory potential [20,23]. Previous studies have proposed the concept
of peri-implant mucosal creeping, describing the gradual coronal thickening of the peri-
implant mucosal margin and papillae during the healing phase [37,38]. The phenomenon
was hypothesized to be driven by the negative intraoral pressure which was generated
during the oral phase of swallowing and the subsequent resting position. According to
earlier histological evidence, the connective tissue and junctional epithelium surrounding
implants tend to be approximately 3.6 mm above the alveolar crest [39]. When the sulcus
depth is considered, this distance may partially explain the STH observed in the present
study. Notably, the use of CTG did not appear to modify this vertical soft tissue adaptation.
However, the interpretation of STH changes should be approached with caution, as STH
was defined as the distance between the gingival margin and the alveolar crest. Therefore,
the observed increase in STH may also have been influenced by postoperative alveolar
crest remodeling in addition to soft tissue adaptation.

Both groups in this study demonstrated some degree of buccal soft tissue thickening,
especially in the sites coronal to the crest. However, the test group showed substantially
greater augmentation. For instance, at 3 mm coronal to the crest, the thickness increased by
2.53 mm in the test group compared with 1.52 mm in the control group. At 1-3 mm apical
to the crest, the control group showed only minimal thickness gains (+0.17 to +0.31 mm),
whereas the test group consistently maintained over 1 mm of increase. These findings
suggest that CTG might convert a thin gingival phenotype into a thicker, more stable
phenotype, thereby improving the esthetic outcomes of buccal peri-implant soft tissue.

These results are consistent with previous studies reporting soft tissue changes follow-
ing simultaneous CTG during IIP [23,25,27,29,30,40,41]. Frizzera et al. [30] demonstrated
that IIP combined with CTG in compromised alveolar ridges effectively maintained soft
tissue thickness. As a result, it could also help achieve higher pink esthetic scores (PESs).
Migliorati et al. reported a 2-year follow-up in which the test group showed a 35% increase
in soft tissue thickness compared with baseline [27]. The control group experienced a 10%
reduction. Moreover, sites without soft tissue grafting were more prone to buccal gingival
recession and lower PESs. Fujita et al. found that over a 1-year follow-up, the buccal tissue
thickness increased by 1.2-1.37 mm in the test group, whereas no significant postoperative
changes were observed in the control group [29]. The difference between previous studies
and the present study might originate from the differences in the evaluated sites. De
Angelis et al. confirmed these results by measuring multiple buccal soft tissue sites [40].
Regarding long-term outcomes, Kan et al. reported in a retrospective analysis of 4-13 years
of follow-up that soft tissue thickness in the CTG group remained stable [25].

The present study used soft tissue thickness and height as fundamental dimensional
parameters, rather than focusing on soft tissue contour changes and gingival margin
position, which may be more directly relevant from a clinical perspective. Our previous
study on these outcomes demonstrated that CTG in IIPP might compensate for buccal tissue
collapse but had limited influence on gingival margin position [10]. These findings, to some
extent, support the interpretation of the present results. Nevertheless, these outcomes may
be influenced by multiple factors, including buccal bone remodeling, implant positioning,
and the design of the provisional restorations, which may confound the interpretation of
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treatment effects. Soft tissue thickness and height, however, represent more direct and
relatively less confounded parameters.

Hard tissue changes, including buccal plate resorption of the socket and alveolar ridge
remodeling following IIPP, have also been reported in our previous study on the same
cohort [10]. In that study, no significant differences were observed between sites treated
with or without CTG, suggesting that the effect of CTG on bone remodeling is limited.
Therefore, bone-related parameters were not re-evaluated in the current study, which
specifically focused on soft tissue dimensional changes. Nevertheless, it should be noted
that sites with a preoperative buccal bone thickness of <1 mm exhibited more pronounced
buccal bone resorption [10]. Although both groups underwent identical bone grafting
procedures and immediate provisionalization protocols, inter-individual variations in bone
characteristics and crown morphology should be acknowledged as additional potential
factors influencing the observed outcomes.

In this study, CTG was performed simultaneously with IIPP in the test group. How-
ever, the difference in outcomes between simultaneous and delayed CTG procedures
remains a topic of debate [42]. A review has suggested that 4-6 weeks before abutment
connection may be a more favorable time point [43]. A meta-analysis reported no sig-
nificant differences in treatment outcomes between CTG performed at IIP and staged
procedures [44], such as the maintenance of the gingival margin position and the width
of keratinized mucosa. These staged procedures were carried out either before implant
placement, several months after implant placement, or after delivery of the final restora-
tion. Poli et al. compared CTG performed simultaneously with implant placement and
CTG performed 3 months after implant placement with a one-year follow-up of buccal
soft tissue thickness [45]. Their findings also indicated that the timing of CTG did not
result in differences in postoperative soft tissue morphology. Nevertheless, the authors
noted that simultaneous CTG could help reduce the number of surgical interventions and
antibiotic usage, whereas delayed CTG allows for more precise augmentation according to
the specific location of soft tissue deficiencies.

This study has several limitations. First, the relatively limited sample size and the short
follow-up period of 6 months may have affected the statistical power and the assessment
of long-term stability of the findings. Although the 6-month follow-up period captures the
early healing phase of peri-implant soft tissues, morphological changes may continue to
occur beyond this time point due to ongoing tissue remodeling. Future studies with larger
cohorts and extended follow-up are warranted to improve the generalizability of the results.
Second, clinical parameters, including probing depth, esthetic indices, and patient-reported
outcomes, were not included, which may limit the clinical interpretability and compre-
hensiveness of the findings. Future studies should incorporate both clinician-assessed
and patient-centered outcome measures to provide a more comprehensive evaluation of
treatment effectiveness. Third, this study relied on CBCT and intraoral scanning for soft
tissue measurements. Although the measurement procedures were standardized and have
been applied in multiple previous studies [33-35], the measurements may still be slightly
affected by factors such as image resolution. Lastly, only single anterior tooth extraction
sites treated with IIPP were included. The strict inclusion criteria may have resulted in
a relatively homogeneous and low-risk study population. Therefore, caution should be
exercised when generalizing these findings to more complex conditions in the esthetic zone,
such as multiple missing teeth or cases with severe buccal bone deficiency. Future studies
are needed to validate these findings across a broader range of clinical conditions.
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5. Conclusions

Within the limitations of this prospective randomized clinical study and the 6-month
follow-up period, both buccal soft tissue height and thickness increased following IIPP in
the esthetic zone. The use of CTG was associated with significantly greater postoperative
buccal soft tissue thickness, while no additional effect was observed on soft tissue height.
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