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Abstract

Objective To compare the peri-implant mucosal stability between an“open healing”approach (test) during
immediate dental implant placement with bone grafting and immediate transmucosal provisionalization (non-
occlusal) versus primary flap closure (control).

Methods This systematic review followed the PRISMA guidelines. A literature search was conducted in multiple
databases up to May 2025. The primary outcome was peri-implant mucosal stability (Midfacial Mucosal Level (MML).
Secondary outcomes include peri-implant soft tissue parameters (e.g. Papilla evaluation, mucosal thickness) and bone
related outcomes (e.g. Marginal Bone Loss (MBL), buccal bone thickness and implant survival rate).

Results Out of 362 records, 12 studies were included, representing 431 patients and 438 implants. Most studies
demonstrated a low risk of bias, although heterogeneity in outcomes assessment was observed. Meta-analysis
showed limited midfacial mucosal changes between control and test groups, showing good stability of peri-implant
keratinized tissue. Other soft and hard tissue outcomes were comparable between groups.

Conclusion The open healing approach with bone particle grafting during immediate dental implant placement
appears as a viable option for supporting midfacial mucosa and maintaining mucosa and bone stability. However,
more high-quality randomized controlled trials are necessary to confirm these findings.

Clinical Relevance This minimally invasive protocol appears to provide satisfactory outcomes by preserving peri-
implant tissues, thereby reducing the need for multiple surgical interventions.
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Introduction

In clinical scenarios necessitating the replacement of a
compromised tooth, protocols involving single immedi-
ate dental implant placement coupled with immediate
non-loaded provisionalization have demonstrated high
cumulative survival rates [1-3]. This includes placing
a dental implant directly after the tooth extraction into
the fresh extraction socket. Then a non-functional pro-
visional restoration is screwed on the same day. This
method minimizes surgical interventions and offers an
immediate fixed aesthetic solution to patients [4].

Post-extraction dimensional changes in the alveolar
socket could be observed, particularly within the first
six months post-extraction, characterized by notable
bone resorption. Facial bone wall thickness is a criti-
cal factor influencing bone resorption. Thin bone wall
phenotypes (1 mm or less) exhibit progressive bone
resorption with a vertical loss, whereas thick bone wall
phenotypes undergo only minor bone resorption. In
addition, thin bone wall phenotypes often demonstrate
a spontaneous soft tissue thickening, while thick bone
wall phenotypes show no significant changes in soft tis-
sue dimensions after 8 weeks of healing [5].These find-
ings underscore the dynamic changes in both hard and
soft tissues post-extraction, particularly in patients with
thin bone phenotypes, highlighting the need for strate-
gies like “open-healing” to preserve the alveolar ridge and
optimize peri-implant mucosa stability.

Grafting bone materials into the gap, between the
implant surface and the socket walls immediately after
implant placement, helps to reduce the alveolar ridge
resorption [6]. Although autografts remain the gold stan-
dard, a variety of grafting materials, including allografts,
xenografts, and synthetic options, are also used to fill this
gap, with their integration and healing properties in bone
tissue being well-documented [7].

In the field of alveolar ridge preservation, several
techniques are employed to maintain the integrity of
the tooth socket post-extraction. One such technique
is the “open-healing” approach, which does not require
the primary closure of the socket by covering the bone
graft with a collagen matrix. Instead, an alternative to
this method utilizes a provisional restoration, or alterna-
tively a customized healing abutment, as a protective seal
over the socket to stabilize the bone graft, allowing for
a secondary intention healing processes, without a bar-
rier membrane [8]. This method offers significant advan-
tages, reducing surgical trauma and eliminating the need
for invasive procedures such as a coronally advanced flap
or a free gingival graft [9]. It aims to minimize surgical

intervention while promoting the retention of alveo-
lar ridge dimensions and the health of the mucogingival
junction. Studies have demonstrated its effectiveness in
preserving vital bone [10, 11].

Other factors, including anatomical features or pros-
thetic design, play crucial roles in the remodeling of
peri-implant hard and soft tissues. Among these, supra-
crestal tissue height has been identified as a key deter-
minant [12, 13] : encompassing the sulcular epithelium,
junctional epithelium, and supracrestal connective tis-
sue, from the mucosal margin to the crestal bone [14],
and its phenotype is essential for the maintenance and
protection of peri-implant tissues [15]. A deeper under-
standing of how particle bone grafting materials interact
with this zone under “open healing” conditions is needed.
Indeed, the effects of this method on soft tissue integra-
tion and aesthetic outcomes has not been thoroughly
explored. Although in vivo studies report bone graft-
ing materials incorporated into supracrestal soft tissues
without inflammatory reactions [16], they do not provide
conclusions about the clinical outcomes nor oral soft tis-
sue healing process. When the provisional restoration is
disconnected during the prosthetic phase, bone substi-
tute particles may be clinically spotted, incorporated into
the peri-implant soft tissue emergence profile [17]. Some
recent protocols go one step further by also advising the
placement of bone grafting materials above the crestal
level, into the soft tissue zone to achieve an optimal peri-
implant soft tissue architecture [18]. To date, the effects
of the incorporation of bone grafting materials into
supracrestal soft peri-implant tissues remain unexplored.

This systematic review and meta-analysis focuses on
the clinical outcomes of peri-implant mucosa following
an “open-healing” approach during immediate dental
implant placement with non-occlusal provisionalization
associated with a bone grafting, meaning without a bar-
rier membrane. We assess peri-implant mucosal stability,
while secondary outcomes include peri-implant soft tis-
sue parameters, bone remodeling outcomes, and implant
survival rate. We aim at providing evidence-based rec-
ommendations for immediate dental implant placement
with the open healing approach.

Methods

Protocol and registration

This study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement [19] and registered
(CRD42023439073) in the International Prospective Reg-
ister of Systematic Reviews.
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Search strategy
Literature searches were conducted in English and
French language articles in May 2025 by 2 investigators
(C.Z and M.C.) in the PubMed (MEDLINE), EMBASE,
Dentistry of Oral Science Source, and Cochrane data-
bases. The following MeSH terms were used: (immediate
dental implant loading), (immediate implant placement),
(immediate loading), (bone regeneration), (bone substi-
tute), (guided bone regeneration), (oral mucosa), (gin-
giva). The search was adjusted for each database as
specified in Supplemental Table 1.

An Al-based language tool was used to improve Eng-
lish clarity. The authors remain fully responsible for the
content.

PICO question Inclusion and exclusion criteria
The research question was:

In healthy patients requiring a tooth extraction
(population), what is the effect of an open healing
approach during an immediate implant placement
with immediate transmucosal provisionalization
(non-occlusal) associated with bone grafting (inter-
vention) on peri-implant soft tissue (outcome)?

The objectives of this systematic review were:

— To assess peri-implant mucosal stability.
— To evaluate peri-implant soft tissue parameters, bone
remodeling outcomes, and implant survival rate.

The Population, Intervention, Comparison, and Out-
comes (PICQO) framework was used:

Population: Adult patients undergoing immediate
implant placement.

Intervention: Open-healing technique: immediate
transmucosal provisionalization (non-occlusal) with
bone grafting.

Comparison: Bone grafting with primary closure.
Outcome: Primary outcome: Midfacial Mucosal Level
(MML).

Secondary outcomes: Papilla evaluation, Peri-implant
mucosa thickness, Buccal horizontal alteration, Pink
Esthetic Score (PES), Keratinized Mucosa Width
(KMW), Marginal Bone Loss (MBL) and Buccal
Bone Thickness (BBT), Implants survival rate.

Definitions used in this article
Immediate implant placement refers to implant insertion
at the time of tooth extraction.

Immediate provisionalization refers to the immediate
connection (within 1 week) of a transmucosal component
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(healing abutment or provisional restoration), main-
tained out of occlusion.

Immediate loading refers to an implant restora-
tion placed in direct occlusal contact within 48 h after
placement.

In the context of the present review, the term “open-
healing” refers to transmucosal management of the
extraction socket using either an anatomic healing abut-
ment or a provisional restoration without primary flap
closure.

Inclusion and non-inclusion criteria
Inclusion criteria:

— Population: Systemically healthy patients>18 years
old with an indication for tooth extraction.

— Intervention: Treatment of a single tooth with an
immediate implant with immediate transmucosal
provisionalization (non-occlusal) associated with
bone grafting using open healing. Variations
in design (customized healing abutment or a
provisional restoration) were considered as
transmucosal provisionalization.

— Comparison: Primary flap closure.

— Outcome: Primary outcome: MML. Secondary
outcomes: Papilla evaluation, Peri-implant mucosa
thickness, Buccal horizontal alteration, PES, KMW,
MBL and BBT, Implants survival rate.

— Study design: Journal article until June 2024:
Randomized Clinical Trials (RCTs) of parallel design,
as well as prospective case series with at least 5
patients and with a follow-up that includes the
placement of final restorations.

Non-inclusion criteria:

— Studies reporting no data on soft tissue.

— Protocols include a gingival graft or a soft tissue
substitute.

— Retrospective studies, case reports, review papers,
conference abstracts, and opinion articles.

Studies involving immediate functional occlusal load-
ing (defined as provisional restorations placed in direct
occlusal contact within 48 h after implant placement)
were excluded. Only protocols with non-occlusal imme-
diate provisionalization or transmucosal healing abut-
ments during the early healing phase were considered
eligible. In all included articles, none reported provisional
restorations in occlusal contact during the early healing
phase. Therefore, the present analysis strictly evaluates
soft tissue management strategies and not the effect of
mechanical functional loading.
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Only randomized clinical trials (RCTs) were considered
for meta-analysis.

Data extraction and risk of bias (RoB) assessment
All titles and abstracts of the articles retrieved were inde-
pendently assessed by two reviewers (C.Z. and M.C.)
using the Rayyan online software (Qatar Computing
Research Institute) [20]. Rayyan was also used to find and
consider duplicate publications. Articles were initially
selected based on titles and abstracts. Potentially relevant
articles were selected for full text screening. The remain-
ing articles were extracted for independent sorting by
the reviewers. In the case of a selection conflict, a third
reviewer (B.F.) made the decision. Two reviewers (C.Z
and M.C) independently performed quality assessment
following the Cochrane Collaboration’s tool for assessing
RoB in RCTs (RoB2) [21] and the Joanna Briggs Institute
evaluation tool for cohort studies [22], case-control and
case series studies. Level of evidence of each article was
evaluated using Oxford Centre for Evidence-Based Medi-
cine OCEBM Levels of Evidence [23].

Data from the included articles were extracted into a
dedicated Excel spreadsheet. If needed, the authors of the
selected studies were contacted for further information.

Statistical analysis
The Cohen kappa coefficient (k) was used to compute
the agreement rate between the primary and secondary
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reviewers after full-text analysis. Data were analyzed
using (Prism, Version 10.2.3, Graphpad Software, LLC).
A meta-analysis was performed if more than one study
(RCT) provided homogeneous information regarding a
specific outcome. The chi-square test (a=0.05) and the
I-square index (I%) were used to evaluate the statistical
heterogeneity and the magnitude of the inconsistency,
respectively. The inconsistency was considered high
if the I? value was above 50% and low if the value was
below 25%. For the meta-analysis, data on MML, Mesial
and Distal Papilla Height, and MBL were extracted into
Review Manager (Version 5.4.1) [24].

Results

Search results

The electronic and manual search process, depicted in
Fig. 1 (flowchart), yielded a total of 362 records, sourced
from PubMed (102), Cochrane (17), Embase (6), Den-
tistry and Oral Science (229), citation searching (7) and
manual search (1) (Fig. 1). After excluding 32 dupli-
cates, using Rayyan, records were screened by titles and
abstracts, resulting in further exclusions.

Consequently, 35 publications were selected for full-
text analysis. Among these, 23 studies were excluded
due to various reasons: in seven studies, protocols were
combined with a gingival graft and/or a soft tissue substi-
tute; in seven studies, no data were reported on soft tis-
sue; in three studies, there was no bone graft procedure;

[ Identification of studies via datab and reg [ Identification of studies via other methods ]
—
3 Records identified from*: Records remoyeq before
2 PubMed (n=102) screening:
8 Cochrane (n=17) Duplicate records removed Records identified from:
= Embase ((n;G) > (n=32) Manual searching (n=1)
= : : Records marked as ineligible Citation searching (n=7)
§ Dentistry (ar:\gzggl Science by automation tools (n=0)
.
_ :
Records screened Records excluded**
(n=322) (n=291)
l v
Reports sought for retrieval Reports not retrieved Reports sought for retrieval _| Reports not retrieved
2 (n=31) (n=2) (n=4) "1 (n=0)
=
: ! I
3
(7]
i qibili Reports excluded: I
Reports assessed for eligibility At Reports assessed for eligibility
(n=29) Glr]glval grala)ft gnd/or E;Oﬁ (n=4) »| Reports excluded:
tissue substitute (n=7) Immediate functional occlusal
No dab;-) reported on soft loading (n=2)
tissue (n=7) No bone graft procedure 2
No bone graft procedure (n=1)
(n=2)
No immediate implant
—
v placement (n=1)
) Immediate functional occlusal
) loading (n=1)
B Studies included in review
S (n=12)
=
—

Fig. 1 Flow chart for the search and selection process of this systematic review



Zadikian et al. BMC Oral Health (2026) 26:759

in one study no immediate implant placement was per-
formed; in three studies, no immediate provisionalization
was done; and in two studies there was no access to full
text. Consequently, 12 publications remained for analy-
sis (Supplemental Fig. 1). A high level of inter-reviewer
agreement (k=0.91; 95% CI: [0.78; 1.04]; p<0.001) was
observed.

Risk of bias and quality assessment

The level of evidence of included studies was evaluated
using OCEBM Levels of Evidence. This systematic review
included 3 studies with a grade of 1B (RCTs), 1 with a
grade of 2B (cohort study), 1 with a grade of 3B (case-
control) and 6 with a grade of 4 (case-series).

RoB for RCTs was assessed using the RoB2 tool
(Fig. 2A), which indicated a generally low RoB across the
included studies. Some concerns were noted about a pos-
sible bias due to deviations from the intended interven-
tions when immediate provisionalization was performed.
Indeed, provisional restorations are visible to patients
during healing and to examiners when measuring the
outcome, it could introduce bias. Moreover, one study
highlighted concerns regarding the limited sample size
[25]. However, the analysis suggests that these factors did
not impact on the overall results.

RoB for cases series, cohort and control cases stud-
ies were assessed using Joanna Briggs Institute Levels
of Evidence critical appraisal tools (Fig. 2B; Supplemen-
tal Fig. 2). Evaluated criteria included inclusion crite-
ria, standardization of measures, follow-up. All studies
scored seven or more, indicating a low RoB.

Characteristics of included studies

Twelve studies were analyzed (Table 1) representing a
total of 431 patients and 438 implants. 277 were imme-
diate implants with immediate provisionalization associ-
ated with bone grafting. 42% of studies (5 out 12) were
conducted in Italy. Supplemental Tables 2-4 provide
additional parameters from the included studies not
detailed in this review.

— Follow-up: The mean follow-up per implant was
10.6 months; 95% CI: [9.84,11.49; SD: [1.87,19.46]
(Fig. 3A). More than 50% of implants were followed
only for the duration of osseointegration, which was
6 months or less. Only one study [26] provided a
mid-term follow-up at 3 years.

— Type of bone grafting materials: The distribution of
bone substitute types utilized is as follows (Fig. 3B)
: 18% of implants were associated with the use of
synthetic bone [27, 28], 15% with allografts [17,
29-31]. 52% with xenogenic bovine bone [26, 30,
32-34], and 8% with autogenous bone [30, 35].

A single study [30] evaluated various bone graft
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materials and concluded that, in the presence of a
thick gingival phenotype, the placement of different
graft biomaterials in horizontal gaps does not
influence clinical outcomes. This study accounts
only for 22 out of 277 immediate implants with bone
grafts included in our systematic review. However,
the authors were unable to conduct a comparative
statistical analysis due to the variability of the
grafting materials and their combinations, along with
the limited sample size in each group.

— Initial assessment of hard and soft tissues: Nine
studies exclusively enrolled patients with no initial
MBL and presence of the buccal wall of bone. Two
studies extended inclusion criteria to patients with
up to 4 mm of missing facial plate height [29, 32]
One study only included patients with complete loss
of the facial bony lamella [35].

Concerning soft tissue requirements, nine studies
enrolled only patients with an ideal soft tissue level with-
out any gingival recession compared with contralateral
tooth. Two studies specified a thick phenotype as an
inclusion criteria [26, 30]. Two studies did not provide
specific soft tissue requirements prior to surgery for
inclusion. Those two studies did also not require an opti-
mal four walls socket [32, 35].

— Flap management: All included studies followed a
protocol that did not involve flap elevation.

— Tooth position: Most studies (92% of included
studies) did an immediate implant placement
combined with immediate provisionalization to
replace a tooth on anterior region. One study (8%)
only performed surgery on maxillary or mandibular
molar [28].

Primary outcome:

— Midfacial Mucosal Level: The standard mean
difference (SMD) for the MML between control
and test group was —0.26; 95%CIL: [-0.71; 0.18;
p=0.25] (3 RCTs, 6 to 12 months follow-up), with
no statistical difference. The heterogeneity across the
studies was low (I* = 6.00%, p = 0.35) (Fig. 4A).

MML was also evaluated on a total of six studies: 3
RCTs and 3 non-RCTs [25-30] (Supplemental Table 5).
Chan et al. documented limited changes with no signifi-
cant differences between immediately placed implants
with and without immediate provisionalization at dif-
ferent time points. Chokaree et al. observed no signifi-
cant difference between control group (standard healing
abutment) and the test group (customized healing abut-
ment). In contrast, Perez et al. observed significantly
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Fig. 2 (a) Risk of bias for RCTs assessed using the RoB2 tool. (b) Risk of bias for cases series, cohort and control cases studies assessed using Joanna Briggs

Institute Levels of Evidence critical appraisal tools

less midfacial recession in the control group (standard
healing abutment) (0.1+0.5 mm) compared to the test
group (customized healing abutment), which exhib-
ited a mean recession of -0.2+0.4 mm. Lertwongpaisan
in 2023 reported limited changes of -0,85 mm (+0,23)

but significant alterations between baseline and the
6-month follow-up, with most of the reduction occur-
ring immediately post-extraction and during the first
month (-0,79 mm+0,23). Spinato et al. (2012) showed
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Author Year Type of Protocol description Mean Number of Number of Follow-
study age patients implants up
Test Control (Years) Test Control Test Control (months)
Chokaree 2024 RCT |IP - BG - customized HA |IP - BG - standard HA 58,5 6 6 6 6 6
Lertwongpaisan 2023 Case-series  IIP — BG - titanium custom- N.A 49,28 30 0 32 0 6
ized HA
Perez 2020 RCT IIP — BG - customized HA IIP - BG - Standard HA 58 18 18 18 18 12
Chan 2019 RCT IIP-BG-IP IIP - BG - standard HA 59,08 18 20 18 20 12
Chu 2018 Caseseries IIP-BG-IP |IP - BG - standard HA 48,5 17 6 17 6 5
Chu 2015 Case series  IIP-1IP [IP - standard HA 48,5 17 27 17 28 5
IIP - BG - standard HA
IIP-BG-IP
Grandi 2013 Cohort IIP-BG-IP Socket preservation- 5688 25 25 25 25 4
study delayed implant - IP
Spinato 2012 Case Control IIP-1P-BG N.A 42,5 20 21 22 23 12-58
Cosyn 2011 Case series  IIP-IP-BG N.A 54 30 0 30 0 36
Noelken 2011 Case series  IIP-IP-BG N.A 43 16 0 16 0 13-36
Felice 2011 RCT IIP-1P-BG Socket preservation- 49 52 52 54 54 4
delayed implant - IP
Redemagni 2009 Case series  |IP - bone graft - IP N.A 52,11 28 0 28 0 204
(6-50)

IIP Immediate Implant Placement, BG Bone Graft, HA Healing Abutment, /P Immediate Provisional NA Not Applicable, RCT Randomized Clinical Trial

no differences between groups (with or without graft).
Cosyn et al. (2011) reported stable levels over 3 years.

Secondary outcome
Peri-implant soft tissue parameters

— Papilla Evaluation:

Papilla height The SMD for mesial papilla between con-
trol and test group was 0.76; 95%CI: [0.18; 1.34; p=0.01] in
favor of the test group. (2 RCTs, 6 to 12 months follow-up).
The heterogeneity across the studies was low (I>=0.00%,
p=0.48) (Fig. 4B). Concerning distal papilla, the SMD
between control and test group was 0.40; 95%CI: [-0.16;
0.96; p=0.16], with no statistical difference (2 RCTs, 6 to
12 months follow-up). Homogeneity across the studies
were observed (I* = 0.00%, p = 0.48) [25, 29] (Fig. 4C).

Papilla-related parameters were assessed either
through linear measurements of papilla height [26, 29] or
using a scoring system [26, 27, 32, 35] such as the Pink
Esthetic Score (PES) or the Papilla Index [36] (Supple-
mental Table 6). Perez et al. reported no statistically sig-
nificant differences in papilla index between the test and
control groups. When evaluated using the PES, papilla
scores ranged from 1.44 to 1.85 across studies (with a
score of 1 indicating an incomplete papilla and 2 a com-
plete papilla). Overall, the scores appeared generally sta-
ble over time and between groups.

— Peri-implant mucosa thickness: Facial soft tissue
thickness at the gingival level was assessed only

by Chu et al. (2015), who compared four different
immediate implant placement procedures: with

or without bone grafting and with or without
immediate provisionalization. Sites that received
both a bone graft and a provisional restoration
demonstrated greater soft tissue thickness compared
to other sites after healing [17].

— Buccal horizontal alteration: Chokaree et al.

observed minimal linear soft and hard tissue
alterations in both groups (standard vs. customized
healing abutment) without significant differences.
Lertwongpaisan reported also gingival contour
shrinkage with a total reduction of 0.70+0.16 mm
buccally 6 months after placing a customized
titanium healing abutment (Supplemental Table 7).

— PES: PES was assessed on 5 studies and achieved a

high PES score [25-27, 32, 35]. Studies conducted
by Chokaree, Perez, Chan and Felice, reported no
difference between the test and control groups. Only
Perez and Noelken compared PES scores between
baseline and post-operative measurements, and
both studies reported no statistically significant
differences. (Supplemental Table 8).

— KMW: KMW refers to the apical-coronal distance

from the gingival crest to the mucogingival junction.
Only one study [27] assessed KMW and reported
limited changes after healing with no significant
differences between the abutment group (utilizing a
customized healing abutment) and the control group
(standard abutment) (Supplemental Table 9).
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a Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Chan et al. 2019 -0.1 0.9 18 -0.1 0.7 20 44.6% 0.00 [-0.64, 0.64]
Chokaree et al. 2024  0.048 0.6411 6 -0.6083 857 6 15.0% 0.00 [-1.13, 1.13]
Perez et al. 2020 -0.2 0.4 18 0.1 0.5 18 40.4%  -0.65[-1.32,0.02] —_——
Total (95% CI) 42 44 100.0% -0.26 [-0.71, 0.18] —l—
Heterogeneity: Tau? = 0.01; Chi? = 2.12, df = 2 (P = 0.35); I> = 6% _%1 _0? S 5 045 i

Test for overall effect: Z = 1.15 (P = 0.25)

b Experimental

Favours [control] Favours [experimental]

Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Chan et al. 2019 0.3 1 18 -07 1.2 20 74.6% 0.88[0.21, 1.55] —u—
Chokaree et al. 2024 -0.8717 0.647 6 -1.126 0.5129 6 25.4% 0.40 [-0.75, 1.55] — T
Total (95% CI) 24 26 100.0% 0.76 [0.18, 1.34] ‘
Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 1 (P = 0.48); I*> = 0% _’2 —Il ) 51 é
Test for overall effect: Z = 2.57 (P = 0.01) Favours [control] Favours [experimental]
Cc
Experimental Control Std. Mean Difference Std. Mean Difference
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Fig.5 Meta-analysis for Marginal Bone Loss

Peri-implant bone evaluation:

— MBL: The SMD for MBL between control and test
group was 0.14; 95%CI: [-0.32; 0.59; p=0.55] with
no statistical difference. (3 RCTs, 6 to 12 months

follow-up). The heterogeneity across the studies was
low (I12=10.00%, p=0.55) (Fig. 5).

Seven studies assessed MBL variations (Supplemen-
tal Table 10). Chokaree et al. reported no statistical dif-
ference in either group at the 6-month at mesial and
distal aspects. Perez et al. (2020) observed limited
changes in the test group at the 12-month follow-up
(0.3 mm+0.6 mm) and also found no statistically sig-
nificant difference between the customized healing abut-
ment group and the control group (standard abutment).
Noelken et al. (2011) reported stable marginal bone
level around implants. Chan (2019) noted no significant
interaction over time or within time points between
groups test (single immediately placed implants with
immediate provisionalization) and group control (with-
out provisionalization). Spinato (2012) also reported no
statistically significant difference between grafted and

Favours [control] Favours [experimental]

non-grafted sites, with values of 0.94 mm +0.51 mm and
0.90 + 0.49 mm, respectively.

— Buccal Bone Thickness: Only one study assessed
peri-implant bone thickness or reduction and found
no significant difference between immediately
placed implants with and without immediate
provisionalization [29].

Implant survival rate

Implant survival rates for immediate implants with
immediate provisionalization combined with bone graft-
ing were reported in all included studies, ranging from
92% to 100% over follow-up periods spanning from 4 to
58 months. When available, none of the studies reported
statistically significant differences between the control
and experimental groups (Supplemental Table 11).

Discussion

This systematic review was designed to evaluate the
effect of an open healing approach during immediate
implant placement with provisionalization associated
with bone grafting on peri-implant soft tissues. A total of
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twelve studies were analyzed, including four randomized
controlled trials (RCTs).

To better understand the outcomes of this approach,
the characteristics of the included studies were care-
fully examined. The varied use of allografts, xenografts,
and synthetic bone grafts reflects diverse approaches to
achieve optimal osseointegration and tissue response.
This diversity makes it challenging to draw definitive
conclusions about the superiority of one material over
another. The results of the review indicate a trend toward
the use of xenografts. Compared with the gold standard
autograft, these materials are slowly resorbable and may
help to better preserve socket contours and volumes,
albeit with less bone content [37].

Most of studies included patients with no alteration
of the buccal bone and an ideal soft tissue level. Initial
parameters analysis is critical and could potentially influ-
ence outcomes related to stability and aesthetic results,
which could mean that a careful selection of patients
is needed prior to performing immediate placement
and more studies are required to validate this protocol
when initial situation is degraded. Indeed, this observa-
tion aligns with a prior meta-analysis [38] showing that
immediate implants in thick phenotype exhibit improved
aesthetic outcomes compared to those placed in thin
phenotype, specifically regarding mid-facial recession
and papilla height maintenance. This highlights the criti-
cal role of the initial soft tissue conditions.

All studies included performed flapless surgeries which
is in adequation with the bone and soft tissue inclusion
criteria that did not require raising a flap for bone aug-
mentation. A single study [35] included only patients
with a complete loss of the buccal bone, performed flap-
less surgery and did not report any major complication.
Flapless surgeries offer advantages, which significantly
enhance patient outcomes. It minimizes surgical trauma
and offers the best possible wound stability, maintains
blood supply, which leads to optimize soft tissue healing
and reduced scarring [39]. Additionally, these procedures
significantly increase patient comfort, allowing individu-
als to quickly resume their oral hygiene habits soon after
the procedure [40].

When assessing midfacial mucosa levels, our meta-
analysis showed minimal and acceptable recession
between the baseline and healing at 6 to 12 months fol-
low-up. While this could suggest that immediate pro-
visionalization helps to stabilize soft tissue, Chan et
al. reported no significant difference when comparing
implants placed immediately with and without immedi-
ate provisionalization. In contrast, Perez et al. observed
less recession in the control group (standard abutments)
compared to the test group (customized abutments).
Indeed, sealing the socket around a smaller abutment
may arithmetically result in a higher gingival level
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by coronally advancing the flap. In contrast, custom-
ized abutments help maintaining the ridge contour, but
mucosa level may be more apical. Our findings align with
a previous meta-analysis [8] suggesting that immediate
provisionalization of immediate implants may support
midfacial soft tissue stability. At the end of the treat-
ment, the optimal compromise between mucosal level
and ridge contour preservation must be achieved. The
maintenance of ridge contour by avoiding buccal concav-
ity and an ideal mucosa level is crucial for both aesthetics
and hygiene.

Papilla preservation remains a major challenge, par-
ticularly in the esthetic zone. This protocol appears to
maintain or even improve papillary outcomes compared
to approaches involving primary flap closure. Addition-
ally, the use of provisional restorations designed to rep-
licate the original contour of the natural tooth seems to
support papilla height, thereby avoiding its collapse and
the need for subsequent reconstruction.

Similarly, the open healing approach did not prevent
horizontal buccal alterations. However, this technique
was associated with minimal dimensional changes and
did not result in any clinically significant drawbacks com-
pared to the control group.

Adequate KMW at the peri-implant site is generally
required for long-term stability. A higher prevalence of
plaque accumulation, apical migration of the mucosal
margin, MBL and peri-implantitis are associated with
the absence of keratinized mucosa [41]. Flapless sur-
gery and avoiding a coronally advanced flap to achieve
primary closure could be one way to help maintain the
position of muco-gingival junction. Here only by one
study [27] assessed KMW and confirmed limited changes
after healing. Nevertheless, they did not significantly dif-
fer between the immediate placement group (utilizing
a customized healing abutment) and the control group
(standard abutment). This could be partially explained
by the small diameter variation between standard and
customized abutments given that the surgeries were per-
formed on the anterior maxilla. Therefore, the interac-
tion between restoration design and mucosal response
should be considered when interpreting the present
findings. Indeed, the design of the prosthetic restora-
tion, particularly the emergence profile, plays a critical
role in shaping and maintaining peri-implant soft tissue
stability [42, 43]. A convex or over-contoured restoration
may exert pressure on the marginal mucosa, potentially
leading to recession or mucosal thinning. Conversely, a
well-designed, concave profile can promote soft tissue
thickening and improved vascularization. Recent studies
have highlighted the importance of prosthetic contour in
guiding the architecture of the peri-implant mucosa and
achieving optimal aesthetic outcomes [44, 45].
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Marginal bone loss could not be prevented with this
“open healing” approach; however, this approach did
not result in significant disadvantages compared with
controls. However, given that bone resorption profiles
vary depending on jaws region, care must be taken when
interpreting these results as most studies were conducted
in the anterior area. Buccal bone thickness, which plays
a critical role in supporting alveolar width, was assessed
in one study [29], which demonstrated minimal peri-
implant bone reduction post-healing. We could not
conclude whether this open healing approach allows
for greater buccal bone thickness, as the study revealed
no significant difference between immediately placed
implants with and without immediate provisionalization.

Immediate functional occlusal loading was not
included in this review and constituted an exclusion cri-
terion. Therefore, the present findings cannot be attrib-
uted to differences in mechanical loading conditions but
strictly to variations in peri-implant soft tissue manage-
ment strategies.

Survival rate reported in this systematic review are
consistent with current data on both immediate and
delayed implants [46, 47], reinforcing the reliability of
immediate placement protocols under specific conditions
and patient selection criteria. When a control was pres-
ent, studies reported no significant differences, particu-
larly between immediate and delayed implant placement
protocols.

It has long been considered that complete flap closure
and primary wound healing is necessary for successful
bone graft integration. Currently, open flap procedure
with collagen membrane coverage is increasingly used
during immediate implants protocol or socket preserva-
tion and is able to also achieve favorable bone healing
outcomes [48—50]. However, here an open healing of
the bone graft protected only by the immediate provi-
sional prosthesis, without a barrier membrane, does not
seem to affect the outcome of the peri-implant mucosa.
Although no soft tissue complications were reported,
more biological and histological analyses are necessary to
understand the suitability of bone grafts as scaffolds for
soft tissue closure and the impact of encapsulating bone
particles on gingival phenotypes. Enhancing our com-
prehensive understanding of peri-implant mucosa clo-
sure is essential, particularly considering the implant site
location where the surface area of a molar is significantly
larger than that of an anterior tooth, necessitating a more
extensive healing process.

To date, only a few authors have highlighted graft par-
ticles encapsulated into soft tissue and performed his-
tological analysis [16, 51]. Biomaterial particles were
found in the connective tissue in direct contact with col-
lagen fibers, occasionally surrounded by multinucleated
cells, whereas the biomaterial particles were occasionally
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surrounded by newly formed, mineralized bone. Given
that a thicker gingival phenotype and more keratin-
ized tissues may contribute to the long-term stability of
crestal bone stability around bone-level implants [14,
52, 53], deepening our understanding of peri-implant
mucosa phenotype modification and its implications
when bone particles are incorporated into connective tis-
sue is crucial.

These findings revealed limitations requiring cautious
interpretation. Several articles were excluded because
they reported outcomes solely on hard tissues and did
not focus on soft tissues. Moreover, we chose to exclude
protocols that included gingival grafts to isolate the
impact of bone grafts on soft tissues. Given that connec-
tive tissue grafting is often recommended in the aesthetic
zone, several studies had to be also excluded. Ultimately,
only twelve studies were included, with just four being
RCTs, the gold standard for establishing causality. The
predominance of cohort and case series studies limits
the capacity to draw definitive causal inferences regard-
ing the impact of the open healing approach on clinical
outcomes, such as soft tissue integration and implant sta-
bility. A meta-analysis could not be performed for every
outcome because of a lack of data or variability in fol-
low-up times, or heterogeneity in parameter assessment
methods. However, the included studies demonstrated
a low RoB. Another limitation is the combined analysis
of anterior and posterior implant sites, despite potential
location-specific differences, due to the limited number
of studies available.

This study requires further reinforcement, as high-
quality RCTs are still necessary. Subsequently, identifying
the biological mechanisms underlying the peri-implant
mucosal response to bone particle integration, through
the development of relevant in vitro and in vivo models,
would enable the optimization of surgical protocols and
biomaterial development.

Conclusion

The open healing approach, combined with bone grafting
during immediate implant placement with provisional-
ization, represents a viable strategy for maintaining mid-
facial mucosal architecture and demonstrates favorable
stability of both soft and hard tissues. In these selected
cases, this minimally invasive technique offers satisfac-
tory clinical outcomes by preserving peri-implant soft
and bone tissue volume and minimizing the need for
additional surgical procedures.
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