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Abstract 

Background  The aim of this review is to compare the clinical outcomes of different soft tissue grafting materials 
(connective tissue graft (CTG), platelet-rich fibrin (L-PRF), allogenic and xenogenic substitutes) applied in immediate 
implant placement with each other.

Methods  Through an electronic search regarding the study’s main question (“In patients with non-restorable teeth, 
who receive immediate dental implants (P), what is the best adjunctive soft tissue grafting approach among dif-
ferent autogenous, allogenous, and xenogenous grafts (I), to achieve the desired hard and soft tissue structure (O), 
compared to sites without grafting (C)?”) in PubMed, Scopus, and ISI Web of Science, randomized controlled clinical 
trials (RCTs) using different soft tissue grafts were identified and analyzed using a Bayesian random-effect network 
meta-analysis framework. The pink esthetic score (PES), marginal interproximal bone level changes (MIBL), buccal 
bone thickness changes (BBT), keratinized tissue width changes (KTW), soft tissue thickness changes (STT), papilla 
height changes (PH), midfacial gingival margin level changes (MGML) were defined as desired outcomes of the study; 
except for the MIBL with 12 – 24 months of follow-up, 6 – 12 months is considered for other outcomes.

Results  After duplication removal, 903 studies were identified through the electronic search; from which 21 RCTs 
were included in the review. Among all comparisons in different outcomes, only CTG demonstrated a significantly 
higher gain in STT compared to not placing soft tissue graft. However, CTG in MIBL, KTW, STT, PH, and MGML, and uni-
layer xenogenic collagen matrix in PES were the superior treatments, according to the treatment ranking based 
on surface under cumulative ranking (SUCRA).

Conclusions  At the time of immediate implantation, there is no significant difference between different soft tis-
sue grafts regarding the clinical outcomes of implants. However, the utilization of CTG can be suggested in cases 
with thin soft tissue. The acceptable efficacy of allogenic and xenogenic materials and the non-significant difference 
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between them and CTG indicate supporting evidence for the application of these materials to specific clinical situa-
tions simultaneously with immediate implantation.

Systematic review registration  CRD42024568586.

Keywords  Dental Implants, Implant Aesthetics, Immediate Implant Placement, Porcine-Derived Collagen Matrix, Soft 
Tissue Augmentation

Introduction
The immediate dental implantation experienced an 
upstream in its related published research after 2017 
[1]. Reducing the edentulism duration and minimizing 
the number of surgical procedures are two main reasons 
for immediate implant placement popularity and appli-
cation that make it a suitable treatment option for both 
dentists and patients [2]. There are two main aspects to 
every successful dental implant placement: biological and 
aesthetic features. The quality and harmony of the soft 
tissue around implants not only impact the aesthetic out-
comes of dental implants but also specify health-related 
outcomes such as bleeding on probing [3, 4]. Soft tissue 
thickness can influence the biological width around den-
tal implants. An adequate amount of soft tissue acts as a 
barrier against microorganisms in the mouth, facilitates 
oral hygiene, and guarantees aesthetics by covering the 
greyish color of implants and abutments [5–7].

Previously, in 2012, Hsu et  al., in a decision tree and 
case report, suggested that soft tissue grafting can be 
considered in sites with less than 2 mm of keratinized 
mucosal width, less than 2 mm of mucosal thickness, and 
sites in which the implants are placed in a buccal position 
[8]. Moreover, a study by Kadkhodazadeh et  al. offered 
a protocol for the efficient timing of soft tissue grafting 
around dental implants [9]. There are three major types 
of soft tissue grafts around dental implants: autogenous 
soft tissue grafts, such as subepithelial connective tissue 
graft (CTG), allogenous grafting materials, and xenogenic 
graft substitutes, like xenogenic collagen matrix material 
(XCM) or acellular dermal matrix (ADM). CTG is usually 
harvested from the tuberosity or hard palate; therefore, 
it is associated with a higher patient morbidity rate [10].

The success of autogenous grafts usually depends 
on patient anatomy, requires more surgeries, and can 
cause the patient some discomfort, while in xenogenic 
grafts, fewer surgeries and a faster healing process are 
seen. XCM acts as a space-making scaffold for new peri-
implant tissue formation and holds angiogenic properties 
[11–13]. On the other hand, the effectiveness of xeno-
genic grafts is lower than autogenous grafts due to the 
tissue shrinkage and lower quality of attached tissues in 
grafts [14].

Since the benefits of different adjunctive soft tissue 
grafting materials in immediate implant placement have 

not yet been fully discovered and there is no system-
atic review and network meta-analysis available in the 
literature to evaluate the clinical outcomes of different 
materials used simultaneously with immediate implant 
placement, the present systematic review and network 
meta-analysis aimed to comprehensively assess the 
effects of different types of soft tissue grafts on different 
aspects of immediate implant treatment success and rank 
the available soft tissue graft options in the each desired 
outcome.

Materials and methods
Protocol
This systematic review has been conducted according to 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses extension statement for network 
meta-analysis (PRISMA-NMA) guidance [15]. The pro-
tocol of this review has been prospectively registered in 
the PROSPERO on July 23, 2024 (CRD42024568586). 
The available literature has been qualitatively and quan-
titatively analyzed concerning the following question: “In 
patients with non-restorable teeth, who receive immedi-
ate dental implants (P), what is the best adjunctive soft 
tissue grafting approach among different autogenous, 
allogenous, and xenogenous grafts (I), to achieve the 
desired hard and soft tissue structure (O), compared to 
sites without grafting (C)?”.

Eligibility criteria
PICO

P (Population)  Human patients who need immediate 
dental implant placement after tooth extraction.

I (Intervention)  Randomized clinical trials in which 
adjunctive soft tissue grafting using different autogenous, 
allogenous, xenogenous soft tissue grafts around imme-
diately placed dental implants has been done.

C (Comparison)  Comparison between different autog-
enous, allogenous, xenogenous soft tissue grafts, and No 
Treatment (control group).

O (Outcome)  Primary outcomes: Pink Esthetic Score 
(PES), Marginal Interproximal Bone Level Changes 
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(MIBL), Buccal Bone Thickness Changes (BBT), Kerati-
nized Tissue Width Changes (KTW), Soft Tissue Thick-
ness Changes (STT), Papilla Height Changes (PH), Mid-
facial Gingival Margin Level Changes (MGML).

Secondary outcomes: Prosthetic and Surgical 
Complications

Inclusion criteria

•	 Human original studies
•	 Randomized clinical trials (RCTs)
•	 Studies used soft tissue grafts around immediately 

placed dental implants at the time of surgery.

Exclusion criteria

•	 Articles not written in English
•	 Observational, case report, case series.
•	 Studies did not compare different soft tissue grafts 

with each other or No Treatment; and instead, they 
compared soft tissue grafts with other treatment 
modalities for peri-implant soft tissue enhancement.

Information sources and search strategy
PubMed, Scopus, and ISI Web of Science databases have 
been searched electronically up to May 9, 2024 (Table 1/
S1). The search was updated on September 13, 2024. All 
extracted records have been imported into Mendeley 
Reference Manager to remove the duplicates.

For further details, see Appendix S1.

Study selection and data collection process
Study selection has been carried out according to the eli-
gibility criteria. firstly, four authors (F.R, A.Y, K.H, and 
A.M) were calibrated by (A.A) in terms of study selection 
and data extraction. three authors (F.R, A.Y, and A.M), 
independently, screened all records based on their titles 
and abstracts. Afterward, three authors (F.R, A.Y, and 
K.H) screened the full-text of the articles and extracted 
the data into the pre-designed tables (by A.A), indepen-
dently. All disagreements at any stage were resolved after 
a discussion by the final verdict of the first author.

Data items
The following data items have been extracted into the 
tables for each study:

•	 Treatment arms and groups
•	 Population characteristics
•	 Initial ridge condition

•	 Placed implants’ characteristics
•	 Follow-up period
•	 Implant loading details
•	 Missing tooth/teeth numbers
•	 Insertion torque
•	 Baseline measurements (If any were available)
•	 Clinical outcomes (PES, MIBL, BBT, KTW, STT, PH, 

and MGML)
•	 Prosthetic and surgical complications
•	 Other outcomes and observations (If any were avail-

able)

Risk of bias assessment
The Cochrane Collaboration’s tool for randomized clini-
cal trials (RoB 2) [37] has been used to assess the indi-
vidual studies’ risk of bias. Firstly, three authors (F.R, 
A.Y, and K.H) were calibrated by (A.A) in terms of 
utilization of the risk of bias tool in the bias assess-
ment. Three authors (F.R, A.Y, and K.H) independently 
appraised all studies concerning the following domains: 
random sequence generation, concealment of the allo-
cation, blinding, incomplete outcome data report, and 
other sources of bias. All disagreements at any stage were 
resolved after a discussion by the final verdict of the first 
author.

Statistical analysis
Due to the limited number of studies available on differ-
ent treatment arms, a random-effect Bayesian network 
meta-analysis, considering the No Treatment group as 
the reference, has been conducted to compare various 
available treatment arms. Moreover, a traditional pair-
wise random-effect Bayesian meta-analysis was used, and 
at least two studies were available comparing two specific 
treatment arms. The effect measure for all outcomes was 
mean difference.

For the sake of transitivity and making the results of 
the network meta-analysis clinically interpretable, for 
each specific outcome, a period of follow-ups that are 
most frequently reported for that outcome was chosen, 
and reports of the shorter and longer follow-up times 
were disregarded from the quantitative analysis. After 
the data had been explored, a 6 – 12-month period was 
chosen for PES, BBT, KTW, STT, PH, and MGML, and 
a 12 – 24-month period was chosen for MIBL. Of the 
studies on the same populations, only one that matched 
the other included studies from the follow-up time per-
spective was chosen for each specific outcome. In cases 
where a study reported two follow-up time points within 
the specified follow-up period of an outcome, the longer 
one was selected for the analysis. Eventually, the exact 
follow-up time of the studies included in the analyses was 
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considered as a covariate to be tested for their significant 
effect and accounting for their effect if it enhanced the 
model fit.

All studies had a parallel design and included single 
implants; hence, the transitivity assumption was appli-
cable regarding these matters. Moreover, the initial con-
ditions of the sockets (All were non-compromised or 
minimally compromised) were relatively similar allowing 
all of the treatment arms be potentially applicable for all 
of the patients. The treatment arms were evaluated to be 
similar in terms of the patient’s age and gender, whether 
they raised a flap or placed a flapless implant, immediate 
or delayed provisionalization, use of the bone graft mate-
rials, and inclusion of the defective sockets, qualitatively. 
By the way, it was planned to use network meta-regres-
sion to explore the effect of these covariates, if they were 
reported in all included studies in the analysis, to see if 
they have a significant effect.

The deviance information criterion (DIC) was used for 
model selection, as a model with lower DIC is considered 
better-fitted and more parsimonious. The between-study 
heterogeneity was evaluated using I2. To assess the con-
sistency assumption globally and locally, a comparison 
between the consistency and inconsistency models’ DIC 
and node-splitting has been used, respectively. The node-
splitting model used was introduced by van Valkenhoef 
et  al. [38], which only split potential inconsistent loops 
(loops with independent indirect estimation). If there 
was an evident inconsistency, the source was investigated 
by accounting for various predictive and confounding 
pre-defined covariates using network meta-regression. 
Furthermore, to find the best-fitted model and catch as 
much between-study heterogeneity as possible, the pre-
dictive covariates accounted for their effect on the model 
to see if they could reduce the DIC value.

The sensitivity analyses in this study comprised fitting a 
model with a different between-study heterogeneity prior 
type. Moreover, if the final model accounted for the effect 
of a covariate, the plain model without regression was 
also fitted as a sensitivity analysis.

The results of the analyses are presented in the league 
tables (comprising both network and traditional pair-
wise meta-analysis results). The surface under cumula-
tive ranking (SUCRA) was utilized to rank the treatment 
modalities. To assess the publication bias, the compari-
son-specific funnel plots were generated. The network 
geometry and funnel plots were produced using the 
STATA 15.0 software (StataCorp LP, Lakeway Drive, Col-
lege Station, TX, USA). All analyses were synthesized 
using GeMTC [39] and Bayesmeta [40] R packages. A 
95% credible interval (CrI) was used to determine the 
finding’s significance.

For further details, see Appendix S1.

Certainty of the meta‑evidence assessment
The Grades of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) approach customized for 
the network meta-analysis was used to assess the overall 
certainty and strength of the generated meta-evidence 
[41–43].

First, the certainty of all direct network estimations was 
calculated. The final certainty of the network meta-anal-
ysis evidence has been achieved considering the certainty 
of the direct estimates and the weight of participation of 
both direct and indirect estimates in the overall network 
meta-analysis estimation.

Results
Study selection
Figure 1 shows the flow diagram of the study. A total of 
1532 records were found after the primary search, and 
after removing duplicates, 909 studies remained. After 
the primary and final screening toward the inclusion 
and exclusion criteria, 26 articles were included in this 
review. Among all these studies, 21 articles were consid-
ered for the qualitative and quantitative analysis.

Characteristics of the included studies
Among all included studies, 19, 1, 4, 1, 2, and 16 treat-
ment arms were available on CTG, a combination of CTG 
with platelet-rich fibrin (L-PRF), Mucoderm, Mucograft, 
AlloDerm, and No Treatment, respectively. Moreover, 
from the included studies, two of them [27, 28] and four 
of them [16, 30, 32] were performed and reported on the 
same populations. The methodological characteristics of 
the included studies are summarized in Table 1.

This systematic review pooled 530 immediate implants 
placed. Soft tissue grafts were applied in 320 implant 
placements; CTG was used in 238, CTG + L-PRF was 
used in 6, porcine-derived collagen matrices in 51 (43 
Mucoderm and 8 Mucograft), and acellular dermal 
matrices (AlloDerm) in 25. Furthermore, bone graft was 
used in 434 immediate implant placements. It was men-
tioned in the included studies, except Abd El-Aziz et al. 
study [25], that implants replaced teeth ranging from 1 
to 5, maxillary anterior or premolar regions. All implant 
types were bone level.

Implants with different widths, ranging from 3.2 to 
5 mm, and lengths, ranging from 9 to 18 mm, were 
employed, respectively. Nine studies did not mention the 
diameter width of implants [17, 20, 21, 23, 24, 27, 28, 32, 
35] and nine did not mention the length of implants [17, 
21, 23, 24, 27, 28, 32, 34, 35].

Sixteen studies mentioned the type of restorations used; 
all were non-splinted single crowns as in 11 studies were 
screw-retained [16, 21, 25, 27–30, 32–34, 36] and 11 stud-
ies cement-retained [16, 17, 19, 20, 22, 29–34].
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Various follow-up periods with different onset times 
were observed in studies ranging from 2 weeks to 5 years.

Thirteen studies reported on the insertion torque of 
the implants [16–18, 20–22, 24, 29–32, 34, 36] employing 
different methodologies for reporting ranging between 
20 to 48.55 N-cm.

Risk of bias assessment
The overall quality assessment of the studies is summa-
rized in Fig. 2. None of the studies exhibited a high risk 
of bias. Randomization process was the most problematic 
domain among all domains due to the lack of a clear allo-
cation concealment process, and 10 studies raised some 
concerns regarding this issue [16, 18, 21, 27, 28, 31–34, 
36]. Five studies raised some concerns due to devia-
tions from intended intervention (D2) [21, 28, 31, 32, 
36]. There was only one study showing some concerns 
missing outcome data (D3) [25] and in measurement of 
the outcome (D4) [16]. Selection of the reported results 
(D5) was the only domains that raised no concerns in the 
included studies. In summary, among the 21 included 
studies, 11 showed an overall some concerns regarding 

bias [16, 18, 21, 25, 27, 28, 31–34, 36] While the 10 others 
demonstrated an overall low risk of bias [17, 19, 20, 22–
24, 26, 29, 30, 35]. Moreover, an outcome specific assess-
ment of the risk of bias are presented in the Appendix 
S1 as Figs. 1/S1, 2/S1, 3/S1, 4/S1, 5/S1, 6/S1, 7/S1 corre-
spond to assessment of the risk of bias concerning studies 
reporting PES, MIBL, BBT, KTW, STT, PH, and MGML.

Qualitative synthesis
Table  2 summarizes the PES/WES, MIBL, BBT, KTW, 
STT, PH, MGML, and the complications experienced in 
the studies.

Twelve studies [16, 19, 20, 22–25, 27, 32–35] analyzed 
mean PES in using grafts and no grafts groups, reporting 
all studies no significant difference between them. Two 
studies [16, 33] reported WES points with no significant 
difference but a slightly lower point in CTG groups.

Ten studies reported MIBL [16, 18–20, 23, 25, 30, 33, 
35, 36]. Notably, Zuiderveld et al. [33] reported the high-
est median MIBL in a follow-up of 12 months gain at 
0.9 mm (Interquartile Range (IQR): 0.40 – 1.2mm) in 
the mesial interproximal region across all of the studies, 

Fig. 1  PRISMA flow diagram of the study
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Fig. 2  Summary of the included studies’ overall risk of bias
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Fig. 3  Network map of studies concerning each desired outcome: Pink Esthetic Score (A), Marginal Interproximal Bone Level Changes (B), Buccal 
Bone Thickness Changes (C), Keratinized Tissue Width Changes (D), Soft Tissue Thickness Changes (E), Papilla Height Changes (F), Midfacial Gingival 
Margin Level Changes (G). The size of nodes, size of edges, and color of the edges represent the number of studies on treatment arms, the number 
of studies comparing two treatment arms, and the mode of the risk of bias of studies comparing two treatment arms

achieved through the CTG as the grafting material. In 
contrast, Abd El-Aziz et al. [25] documented the lowest 
mean change in a follow-up of 6 months at −1.19 ± 1.48 
mm in buccal crestal region without any grafting materi-
als. Among the studies using grafting material, six studies 
[16, 18, 25, 30, 35, 36] presented a decrease in mean (or 
median) MIBL despite using CTG as grafting material, 
and Lee et  al. [18] reported mean MIBL of −0.69 ± 0.74 
mm in mesial and −0.39 ± 2.24 mm in the distal region 
with AlloDerm as grafting material in a 12 months 
follow-up.

Five studies [16, 19, 30, 31, 34] reported BBT changes 
Jiang et al. [31] mentioned the highest BBT of 2.72 ± 0.73 
mm based on the 0 mm distance from the implant’s 
shoulder with no grafting material in a 6-month follow-
up. Contrary, a decrease in BBT was documented in 2 
studies [19, 30], reporting the most decreasing change of 
−2.17 ± 2.39 mm based on the 0 mm distance from the 
implant’s shoulder with CTG as grafting material in a 24 
months follow-up [19].

KTW was presented by nine studies [18–21, 23–26, 
35]. Sharafuddin et  al. [23] reported the highest value 
change of 15.42 ± 18.60 mm without any grafting mate-
rial in a 3-month follow-up. However, the lowest value 
change of −30.62 ± 35.88 mm without any grafting mate-
rial was reported in Sharafuddin et  al. [23] study in a 
6-month follow-up. Two studies reported decreased 
KTW in immediate implant placements with AlloDerm 
as grafting material [18, 21] in which the lowest rate was 
reported as −0.47 ± 1.06 mm [18].

Seven studies reported implant loss due to failure in 
osseointegration [16, 19, 25, 29, 30, 32, 33].

Quantitative synthesis
The transitivity assessment has been qualitatively 
appraised as described in "Certainty of the meta-evi-
dence assessment" section. The potential covariates (the 
patient’s age and gender, whether a study raised a flap 
or flapless, immediate or delayed provisionalization, use 
of the bone graft materials, and inclusion of the defec-
tive sockets) were distributed similarly between differ-
ent treatment arms qualitatively; however, all expect for 
patient’s age and gender, were considered to be tested as 
predictive covariates for their effects on the final estima-
tion in the model.

Individual outcome measures
The detailed results of the network meta-analysis for the 
estimation of each PES, MIBL, BBT, KTW, STT, PH, and 
MGML outcomes are reported in appendices S3, S4, S5, 
S6, S7, S8, and S9, respectively.

For further details, see Appendix S2.

Pink esthetic score
Figure 3A elicits the geometry of the overall network of 
the studies reporting PES included in the network meta-
analysis. A global inconsistency has been observed in 
the plain model (Table 1/S3), which is resolved by fixed-
effect accounting for the effect of follow-up time in the 
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final model (Table  4/S3). The network meta-regression 
showed that the follow-up time has a significant effect 
on the estimation of PES in both fixed- (−2.68 [95% CrI: 
−4.68, −0.65]) and random-effect (for CTG: −2.69 [95% 
CrI: −4.68, −0.60]). No significant effect was observed 
among other predictive and confounder variables. There 
was not a significant sign of loop inconsistency accord-
ing to the node-splitting. The funnel plot did not show 
an observable sign of publication bias. There was no sig-
nificant difference between treatment arms after 6 – 12 
months of follow-up according to both network and tra-
ditional pair-wise meta-analysis (Table 3). The treatment 
ranking according to the SUCRA value was as follows: 
Mucoderm (0.81) – CTG (0.67) – Mucograft (0.52) – No 
Treatment (0.27) – CTG + L-PRF (0.24). Figure 4A shows 
the forest plot of the comparison between each treatment 
arm and the No Treatment group. The sensitivity analy-
sis results were not significantly different from the main 
results.

Marginal interproximal bone level changes
Figure  3B elicits the geometry of the overall network 
of the studies reporting MIBL included in the net-
work meta-analysis. No global inconsistency has been 
observed in the plain model (Table  1/S4). No signifi-
cant effect was observed among the predictive and 
confounder variables. There was no potential incon-
sistent loop to be investigated in the network geom-
etry. The funnel plot did not show an observable sign 
of publication bias. There was no significant difference 
between treatment arms after 12 – 24 months of follow-
up according to both network and traditional pair-wise 

meta-analysis (Table  4). The treatment ranking accord-
ing to the SUCRA value was as follows: CTG (0.59) – 
AlloDerm (0.56) – Mucoderm (0.50) – No Treatment 
(0.35). Figure  4B shows the forest plot of the compari-
son between each treatment arm and the No Treatment 
group. The sensitivity analysis results were not signifi-
cantly different from the main results.

Buccal bone thickness changes
Figure  3C elicits the geometry of the overall network 
of the studies reporting BBT included in the net-
work meta-analysis. No global inconsistency has been 
observed in the plain model (Table  1/S5). No signifi-
cant effect was observed among the predictive and 
confounder variables. There was no potential incon-
sistent loop to be investigated in the network geom-
etry. The funnel plot did not show an observable sign 
of publication bias. There was no significant difference 
between treatment arms after 6 – 12 months of follow-
up according to both network and traditional pair-wise 
meta-analysis (Table 5). The treatment ranking accord-
ing to the SUCRA value was as follows: No Treatment 
(0.57) – Mucograft (0.48) – CTG (0.45). Figure  4C 
shows the forest plot of the comparison between each 
treatment arm and the No Treatment group. The sen-
sitivity analysis results were not significantly different 
from the main results.

Keratinized tissue width changes
Figure  3D elicits the geometry of the overall network 
of the studies reporting KTW included in the net-
work meta-analysis. No global inconsistency has been 
observed in the plain model (Table  1/S6). No signifi-
cant effect was observed among the predictive and 
confounder variables. There was not a significant sign 
of loop inconsistency according to the node-splitting. 
The funnel plot did not show an observable sign of 
publication bias. There was no significant difference 
between treatment arms after 6 – 12 months of follow-
up according to both network and traditional pair-wise 
meta-analysis (Table 6). The treatment ranking accord-
ing to the SUCRA value was as follows: CTG (0.67) – 
CTG + L-PRF (0.5) – Mucoderm (0.64) – AlloDerm 
(0.27) – No Treatment (0.27). Figure 4D shows the for-
est plot of the comparison between each treatment arm 
and the No Treatment group. The sensitivity analysis 
results were not significantly different from the main 
results.

Soft tissue thickness changes
Figure  3E elicits the geometry of the overall net-
work of the studies reporting STT included in the 

Table 3  The results of the comparisons of the pink esthetic 
score between treatments using network meta-analysis (lower-
left side) and pair-wise meta-analysis (upper-right side), where 
at least two studies were present, summarized in the league 
table. In the league table, each value represents the result of 
the comparison between its column treatment against its row 
treatment

The values in the square brackets demonstrate the 95% credible interval

Pair-wise Meta-analysis

CTG​ - 0.76
[−3.65, 5.15]

- −1.08
[−3.21, 1.06]

1.35
[−1.79, 4.44]

CTG + L-PRF - - -

−0.37
[−1.64, 0.93]

−1.72
[−5.09, 1.70]

Mucoderm - -

0.29
[−1.75, 2.35]

−1.05
[−4.78, 2.72]

0.66
[−1.68, 3.00]

Mucograft -

0.78
[−0.13, 1.69]

−0.56
[−3.53, 2.44]

1.15
[−0.25, 2.53]

0.49
[−1.57, 2.55]

No Treatment

Network Meta-analysis
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network meta-analysis. A global inconsistency has 
been observed in the plain model (Table  1/S7), which 
is resolved by random-effect accounting for the effect 
of baseline soft tissue thickness value in the final model 
(Table 4/S7). No significant effect was observed among 
other predictive and confounder variables. There was 
not a significant sign of loop inconsistency according 
to the node-splitting. The funnel plot did not show an 
observable sign of publication bias. Only the adjunc-
tive application of CTG showed a significantly higher 
amount of STT after 6 – 12 months of follow-up com-
pared to No Treatment (1.13 mm [95% CrI: 0.04, 
2.34]). The other comparisons did not demonstrate any 

significant difference between treatment arms after 6 – 
12 months of follow-up according to both network and 
traditional pair-wise meta-analysis (Table 7). The treat-
ment ranking according to the SUCRA value was as fol-
lows: CTG (0.69) – AlloDerm (0.63) – CTG + L-PRF 
(0.58) – Mucograft (0.42) – No Treatment (0.19). Fig-
ure 4E shows the forest plot of the comparison between 
each treatment arm and the No Treatment group. The 
sensitivity analysis results were not significantly differ-
ent from the main results.

Papilla height changes
Figure  3F elicits the geometry of the overall network 
of the studies reporting PH included in the network 

Fig. 4  Forest plots of the results of quantitative network meta-analysis of the included studies concerning each desired outcome: Pink Esthetic 
Score (A), Marginal Interproximal Bone Level Changes (B), Buccal Bone Thickness Changes (C), Keratinized Tissue Width Changes (D), Soft Tissue 
Thickness Changes (E), Papilla Height Changes (F), Midfacial Gingival Margin Level Changes (G)

Table 4  The results of the comparisons of the marginal 
interproximal bone level change between treatments using 
network meta-analysis (lower-left side) and pair-wise meta-
analysis (upper-right side), where at least two studies were 
present, summarized in the league table. In the league table, 
each value represents the result of the comparison between its 
column treatment against its row treatment

The values in the square brackets demonstrate the 95% credible interval

Pair-wise Meta-analysis

AlloDerm - - -

0.03
[−1.79, 1.86]

CTG​ - −0.16
[−0.49, 0.11]

0.11
[−2.47, 2.69]

0.07
[−1.88, 2.05]

Mucoderm -

0.28
[−1.57, 2.11]

0.25
[−0.58, 1.07]

0.17
[−1.64, 1.97]

No Treatment

Network Meta-analysis

Table 5  The results of the comparisons of the buccal bone 
thickness changes between treatments using network meta-
analysis (lower-left side) and pair-wise meta-analysis (upper-right 
side), where at least two studies were present, summarized in the 
league table. In the league table, each value represents the result 
of the comparison between its column treatment against its row 
treatment

The values in the square brackets demonstrate the 95% credible interval

Pair-wise Meta-analysis

CTG​ - 0.10
[−0.80, 1.00]

0.01
[−2.12, 2.13]

Mucograft -

−0.08
[−1.26, 1.08]

−0.10
[−2.19, 2.02]

No Treatment

Network Meta-analysis
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meta-analysis. No global inconsistency has been observed 
in the plain model (Table 1/S8). No significant effect was 
observed among the predictive and confounder variables. 
There was not a significant sign of loop inconsistency 
according to the node-splitting. The funnel plot did not 
show an observable sign of publication bias. There was 
no significant difference between treatment arms after 
6 – 12 months of follow-up according to both network 
and traditional pair-wise meta-analysis (Table  8). The 

treatment ranking according to the SUCRA value was as 
follows: CTG (0.73) – Mucograft (0.65) – No Treatment 
(0.43) – AlloDerm (0.19). Figure 4F shows the forest plot 
of the comparison between each treatment arm and the 
No Treatment group. The sensitivity analysis results were 
not significantly different from the main results.

Midfacial gingival margin level changes
Figure  3G elicits the geometry of the overall network 
of the studies reporting MGML included in the net-
work meta-analysis. No global inconsistency has been 
observed in the plain model (Table  1/S9). No signifi-
cant effect was observed among the predictive and con-
founder variables. There was no potential inconsistent 
loop to be investigated in the network geometry. The fun-
nel plot did not show an observable sign of publication 
bias. There was no significant difference between treat-
ment arms after 6 – 12 months of follow-up according 
to both network and traditional pair-wise meta-analysis 
(Table 9). The treatment ranking according to the SUCRA 
value was as follows: CTG (0.91) – No Treatment (0.39) – 
AlloDerm (0.20). Figure 4G shows the forest plot of the 
comparison between each treatment arm and the No 
Treatment group. The sensitivity analysis results were not 
significantly different from the main results.

Certainty of the meta‑evidence assessment
A summary of the GRADE assessment regarding each 
outcome and each comparison is demonstrated in 
Table  10. The problematic domains were the within 
study bias and imprecision causing the certainty of the 
meta-evidence to be down-graded. Only meta-evidence 
receiving a high certainty in this study were CTG vs. No 

Table 6  The results of the comparisons of the keratinized tissue 
width changes between treatments using network meta-analysis 
(lower-left side) and pair-wise meta-analysis (upper-right side), 
where at least two studies were present, summarized in the 
league table. In the league table, each value represents the result 
of the comparison between its column treatment against its row 
treatment

The values in the square brackets demonstrate the 95% credible interval

Pair-wise Meta-analysis

AlloDerm 0.79
[−3.35, 4.87]

- - -

−0.77
[−2.12, 0.58]

CTG​ - - −0.53
[−2.16, 1.12]

−1.10
[−4.78, 2.50]

−0.34
[−3.76, 3.01]

CTG + L-PRF - -

−0.90
[−3.36, 1.61]

−0.13
[−2.39, 2.15]

0.22
[−3.79, 4.26]

Mucoderm -

−0.06
[−1.60, 1.43]

0.70
[−0.26, 1.63]

1.04
[−2.15, 4.25]

0.83
[−1.34, 2.94]

No Treatment

Network Meta-analysis

Table 7  The results of the comparisons of the soft tissue 
thickness changes between treatments using network meta-
analysis (lower-left side) and pair-wise meta-analysis (upper-right 
side), where at least two studies were present, summarized in the 
league table. In the league table, each value represents the result 
of the comparison between its column treatment against its row 
treatment

The values in the square brackets demonstrate the 95% credible interval
* Sign indicates a significant difference in a comparison upon considering a 95% 
credible interval

Pair-wise Meta-analysis

AlloDerm 0.01
[−3.53, 3.53]

- - -

−0.21
[−2.59, 1.78]

CTG​ - - −1.10
[−2.74, 0.54]

0.05
[−6.37, 4.35]

0.31
[−6.28, 4.42]

CTG + L-PRF - -

0.46
[−3.77, 4.36]

0.69
[−2.80, 4.11]

0.41
[−5.02, 7.60]

Mucograft -

0.90
[−1.32, 2.97]

1.13
[0.04, 2.34] *

0.82
[−3.05, 7.39]

0.44
[−3.96, 2.92]

No Treatment

Network Meta-analysis

Table 8  The results of the comparisons of the papilla height 
changes between treatments using network meta-analysis 
(lower-left side) and pair-wise meta-analysis (upper-right side), 
where at least two studies were present, summarized in the 
league table. In the league table, each value represents the result 
of the comparison between its column treatment against its row 
treatment

The values in the square brackets demonstrate the 95% credible interval

Pair-wise Meta-analysis

AlloDerm 0.35
[−3.72, 4.46]

- -

−0.30
[−0.94, 0.28]

CTG​ - −0.15
[−0.43, 0.14]

−0.31
[−1.38, 0.70]

−0.00
[−0.86, 0.84]

Mucograft -

−0.17
[−0.89, 0.47]

0.13
[−0.28, 0.51]

0.14
[−0.74, 0.99]

No Treatment

Network Meta-analysis
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Treatment in the KTW and Mucoderm vs. No Treatment 
in the MIBL. Overall, in different outcomes, 18, 16, and 
12 comparisons received a low, moderate, and very low 
certainty.

Discussion
Interpretation of the results
This review aimed to evaluate the effect of different 
adjunctive soft tissue grafts on the clinical outcomes of 
immediately placed implants. Figure 5 elicits the SUCRA 
values of each treatment modality regarding each of the 
outcomes.

Despite the fact that there are some available decision 
trees in the literature regarding the application of soft tis-
sue grafting around immediately placed dental implants, 
still there is no widely accepted guideline and consen-
sus on the subject, especially for the sockets with mini-
mally hard and soft tissue deficiencies in which it is not 
clear that soft tissue grafting with different materials are 
beneficial or have any differences regarding the implant-
related clinical outcomes. Since most of the studies in 
the present review evaluated the effect using different 
soft tissue grafts on the aforementioned condition and 
compared them with not placing any grafts, the results 
of this study can be considered beneficial to the available 
literature.

The esthetic outcomes of an immediately placed 
implant can be dependent on the location of the tooth, 
mucosal margin position, soft tissue phenotype, and spa-
tial position of the placed implant in relation to the avail-
able hard and soft tissue [44]. Moreover, planning for a 
provisional restoration showed a beneficial effect on the 
emergence profile of the soft tissue and, consequently, a 
superior esthetic outcome [34]. In the present review, it 
was tried to investigate and account for the effect of these 
factors even though they were qualitatively similar in the 

included studies. Nonetheless, except for the follow-up 
time, other tested covariates did not show a significant 
effect on all outcomes. This result could be because of 
the relatively limited number of studies reporting each 
outcome, as the regression analyses could be heavily 
associated with the number of observations, in our case, 
studies.

The long-term stability and health of the restora-
tions supported by the implants are associated with the 
quantity of the peri-implant keratinized mucosal width 
and thickness. It has been shown that a keratinized tis-
sue width higher than 2 mm can reduce the chance of 
soft tissue inflammation and recession, bacterial plaque 
aggregation, and hygiene maintenance. On the other 
hand, more than 2 mm of soft tissue thickness demon-
strated a protective influence on the peri-implant mar-
ginal bone [5, 45–48]. According to the SUCRA values 
and rankings, our analyses illustrated that CTG, com-
pared to other treatments, could be associated with a 
higher STT after 6 – 12 months and, consequently, a 
higher MIBL after 12 – 24 months. Mucograft, on the 
other hand, demonstrated a weak performance among 
graft materials regarding the STT, which might be attrib-
uted to its higher rate of thickness loss and maintained 
space, consequently [49]. Interestingly, a higher BBT was 
achieved after 6 – 12 months in No Treatment had been 
applied. This outcome could be attributed to less soft tis-
sue manipulation when the implants are placed without 
soft tissue grafting. Coherently, Kuebler and Noelken, 
in 2024, evaluated the effect of adjunctive CTG grafting 
alongside bone grafting in immediate implant placement 
and demonstrated that sockets grafted with CTG and 
bone grafts experienced higher PES, lower recession, but 
thinner buccal bone wall [50].

The findings of the present study were in convergence 
with similar reviews. In 2024, Tommasato et al., in a sys-
tematic review, for non-immediately placed implants, 
compared the effect of autogenous and collagen matrices 
on the outcomes of peri-implant soft tissue augmentation 
[45]. With an insistence on the CTG as superior mate-
rial in most outcomes and free gingival graft (FGG) in 
increasing the keratinized tissue width after six months, 
their frequentist network meta-analysis revealed the effi-
cacy of the autogenous grafts (FGG and CTG) is higher 
than that of xenogenous soft tissue grafts. However, 
except for the keratinized tissue width increasing after 
six months, they did not find any other significant dif-
ferences between different treatment modalities in other 
outcomes. Coherently, our findings suggest that CTG 
possessed a higher efficacy in improving MIBL, KTW, 
STT, PH, and MGML than other treatments. In the Tom-
masato et  al. study, all available xenogenic, as well as 
allogenic, substitutes were combined together; however, 

Table 9  The results of the comparisons of the midfacial gingival 
margin level changes between treatments using network meta-
analysis (lower-left side) and pair-wise meta-analysis (upper-right 
side), where at least two studies were present, summarized in the 
league table. In the league table, each value represents the result 
of the comparison between its column treatment against its row 
treatment

The values in the square brackets demonstrate the 95% credible interval

Pair-wise Meta-analysis

AlloDerm - -

−0.75
[−2.89, 1.85]

CTG​ −0.33
[−0.63, −0.04]*

−0.41
[−2.54, 2.20]

0.34
[−0.07, 0.75]

No Treatment

Network Meta-analysis



Page 45 of 53Azadi et al. BMC Oral Health          (2025) 25:183 	

Table 10  The summary of GRADE assessment for meta-evidence certainty regarding each pair of comparison and each desired 
outcome

PES MIBL BBT KTW STT PH MGML
Importance for 
Clinical Decision 
Making

9
Critical

4
Important

4
Important

5
Important

6
Important

7
Critical

8
Critical

AlloDerm vs. CTG​ - Within study 
bias: Some 
concerns

- Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

Within study bias: 
Some concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: No 
concerns

Imprecision: No 
concerns

Imprecision: 
Some concerns

Imprecision: No 
concerns

Imprecision: Major 
concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Moder‑
ate

Overall: Moder‑
ate

Overall: Low Overall: Moder‑
ate

Overall: Very low

AlloDerm vs. 
CTG​ + L-PRF

- - - Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

- -

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Major concerns

Imprecision: 
Major concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Very 
low

Overall: Very 
low

AlloDerm vs. 
Mucoderm

- Within study 
bias: Some 
concerns

- Within study 
bias: Some 
concerns

- - -

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Major concerns

Imprecision: 
Some concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Very 
low

Overall: Low
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Table 10  (continued)

PES MIBL BBT KTW STT PH MGML
Importance for 
Clinical Decision 
Making

9
Critical

4
Important

4
Important

5
Important

6
Important

7
Critical

8
Critical

AlloDerm vs. 
Mucograft

- - - - Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

-

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Major concerns

Imprecision: 
Some concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Very 
low

Overall: Low

AlloDerm vs. No 
Treatment

- Within study 
bias: Some 
concerns

- Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

Within study bias: 
Some concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Some concerns

Imprecision: No 
concerns

Imprecision: 
Some concerns

Imprecision: No 
concerns

Imprecision: Major 
concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Low Overall: Moder‑
ate

Overall: Low Overall: Moder‑
ate

Overall: Verry 
low

CTG vs. 
CTG​ + L-PRF

Within study 
bias: Some 
concerns

- - Within study 
bias: No con-
cerns

Within study 
bias: Some 
concerns

- -

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Some concerns

Imprecision: 
Major concerns

Imprecision: 
Major concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Low Overall: Low Overall: Very 
low
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Table 10  (continued)

PES MIBL BBT KTW STT PH MGML
Importance for 
Clinical Decision 
Making

9
Critical

4
Important

4
Important

5
Important

6
Important

7
Critical

8
Critical

CTG vs. Muco-
derm

Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

- Within study 
bias: No con-
cerns

- - -

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: No 
concerns

Imprecision: 
Some concerns

Imprecision: 
Major concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Moder‑
ate

Overall: Low Overall: Low

CTG vs. Muco-
graft

Within study 
bias: Some 
concerns

- Within study 
bias: Some 
concerns

- Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

-

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Some concerns

Imprecision: 
Major concerns

Imprecision: 
Major concerns

Imprecision: No 
concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Low Overall: Very 
low

Overall: Very 
low

Overall: Moder‑
ate

CTG vs. No Treat-
ment

Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

Within study 
bias: No con-
cerns

Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

Within study bias: 
Some concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: No 
concerns

Imprecision: No 
concerns

Imprecision: No 
concerns

Imprecision: No 
concerns

Imprecision: No 
concerns

Imprecision: No 
concerns

Imprecision: No 
concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Moder‑
ate

Overall: Moder‑
ate

Overall: Moder‑
ate

Overall: High Overall: Moder‑
ate

Overall: Moder‑
ate

Overall: Moder‑
ate
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Table 10  (continued)

PES MIBL BBT KTW STT PH MGML
Importance for 
Clinical Decision 
Making

9
Critical

4
Important

4
Important

5
Important

6
Important

7
Critical

8
Critical

CTG​ + L-PRF vs. 
Mucoderm

Within study 
bias: No con-
cerns

- - Within study 
bias: No con-
cerns

- - -

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Some concerns

Imprecision: 
Major concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Moder‑
ate

Overall: Low

CTG​ + L-PRF vs. 
Mucograft

Within study 
bias: Some 
concerns

- - - Within study 
bias: Some 
concerns

- -

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Major concerns

Imprecision: 
Major concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Very 
low

Overall: Very 
low

CTG​ + L-PRF vs. 
No Treatment

Within study 
bias: No con-
cerns

- - Within study 
bias: No con-
cerns

Within study 
bias: No con-
cerns

- -

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Major concerns

Imprecision: 
Major concerns

Imprecision: 
Major concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Low Overall: Low Overall: Low
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their various structure, porosity, number of layers, origin 
of collagens, and thickness, which are critical properties 
for the regeneration process, can cause inaccuracies in 
the conclusion.

Torra-Moneny et al., in a systematic review and meta-
analysis in 2024, assessed the impact of the application 
of CTG on the peri-implant soft tissue of the immedi-
ate implants compared to no grafting modality [44]. In 

Table 10  (continued)

PES MIBL BBT KTW STT PH MGML
Importance for 
Clinical Decision 
Making

9
Critical

4
Important

4
Important

5
Important

6
Important

7
Critical

8
Critical

Mucoderm vs. 
Mucograft

Within study 
bias: Some 
concerns

- - - - - -

Reporting bias: 
No concerns

Indirectness: No 
concerns

Imprecision: 
Some concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Overall: Low
Mucoderm vs. No 
Treatment

Within study 
bias: Some 
concerns

Within study 
bias: No con-
cerns

- Within study 
bias: No con-
cerns

- - -

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Some concerns

Imprecision: No 
concerns

Imprecision: 
Some concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Low Overall: High Overall: Moder‑
ate

Mucograft vs. No 
Treatment

Within study 
bias: Some 
concerns

- Within study 
bias: Some 
concerns

- Within study 
bias: Some 
concerns

Within study 
bias: Some 
concerns

-

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Reporting bias: 
No concerns

Indirectness: No 
concerns

Indirectness: No 
Concerns

Indirectness: No 
concerns

Indirectness: No 
concerns

Imprecision: 
Some concerns

Imprecision: 
Major concerns

Imprecision: 
Major concerns

Imprecision: No 
concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Heterogeneity: 
No concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Incoherence: No 
concerns

Overall: Low Overall: Very 
low

Overall: Very 
low

Overall: Moder‑
ate

CTG​ Connective Tissue Graft, MIBL Marginal Interproximal Bone Level Changes, BBT Buccal Bone Thickness Changes, KTW Keratinized Tissue Width Changes, STT Soft 
Tissue Thickness Changes, PH Papilla Height Changes, MGML Midfacial Gingival Margin Level Changes
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agreement with our findings, they suggest that there is no 
significant difference in the buccal gingival margin level 
between the application of CTG and No Treatment.

Although CTG is highly effective, they come with 
several significant drawbacks. For instance, they often 
require longer surgical procedures and can cause compli-
cations at the donor site, potentially leading to additional 
surgeries. These issues can result in considerable post-
operative pain and discomfort for patients [51], especially 
those concerned about surgical complications. Addition-
ally, the availability of CTGs may be limited for larger 
surgical areas, which could discourage patients from 
starting or continuing treatments involving CTG. Despite 
the fact that the application of CTG showed superior 
efficacy in the improvement of the MIBL, KTW, STT, 
PH, and MGML, Mucoderm demonstrated higher, but 
relatively comparable to CTG, amounts of achieved PES, 

as a comprehensive outcome of an immediately placed 
implant, after 6 – 12 months. Moreover, based on the 
presence of no statistically significant difference between 
different types of grafts, a clinical recommendation needs 
to be supported by a richer literature, and therefore, 
more clinical investigations should be conducted on this 
subject. Hence, according to current evidence, the utili-
zation of allogeneic and xenogeneic soft tissue grafts may 
be deemed appropriate for individuals exhibiting mild 
to moderate soft tissue deficiencies, those demonstrat-
ing limited compliance, or patients who exhibit appre-
hension regarding potential postoperative discomfort, 
adverse events, or morbidity.

Eventually, the findings regarding CTG + L-PRF and 
Mucograft treatment modalities may not be completely 
relied on because there is only one study available on 
them. Moreover, a caution should be made regarding the 

Fig. 5  Summary of the surface under cumulative ranking (SUCRA) values of each treatment modality in each outcome. Pink Esthetic Score = PES; 
Marginal Interproximal Bone Level Changes = MIBL; Buccal Bone Thickness Changes = BBT; Keratinized Tissue Width Changes = KTW; Soft Tissue 
Thickness Changes = STT; Papilla Height Changes = PH; Midfacial Gingival Margin Level Changes = MGML
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evidence graded with low and very low certainty as they 
are limited by imprecision or bias and are more likely to 
be changed with emerging of new studies in the field.

Limitations and recommendations for future studies
Since to the authors knowledge there is no review compre-
hensively comparing different soft tissue grafting materi-
als regarding the clinical outcomes of immediately placed 
implants, this study can be considered novel and can con-
tribute the expansion of the available literature. However, 
the present systematic review has its limitations. First, the 
imprecision of some of the comparisons due to the lack 
of a reliable number of studies comparing those treatment 
arms affected the certainty and quality of the generated 
meta-evidence. Although most of the included studies 
have an overall low risk of bias, an unclear risk of bias 
affected the certainty of comparisons between AlloDerm 
and CTG or No Treatment in KTW, STT, and PH out-
comes. Moreover, a comprehensive comparison between 
all available treatment modalities could not be achieved, 
as it is demonstrated in Table 4 that many of the cells are 
not filled, because the included studies on different treat-
ment arms are not distributed balanced. Furthermore, 
the reports on the different outcomes are mostly within 
a short-term follow-up time, which negatively influences 
the generalizability of the results. Eventually, despite the 
fact that the follow-up time was considered as a poten-
tial covariate in the regression models and also has been 
restricted to a limited period to satisfy the assumption of 
transitivity, still this network meta-analysis has this limi-
tation that the included studies have different follow-up 
times which may violate the transitivity; thus, the results 
should be interpretated with cautions.

It would be beneficial to the literature if future studies 
focus on the mentioned missing comparisons between 
available treatment arms in the different outcomes. Fur-
thermore, higher follow-up time periods (longer than 12 
months) will enable future evidence with more power and 
certainty. Finally, based on the current literature, allogenic 
and xenogenic soft tissue substitutes showed no signifi-
cant difference compared to the autogenous grafts, and 
they are attributed to less post-operative pain and discom-
fort; hence, to recommend the CTG as a gold standard, 
further investigation seems to be necessary for a more 
comprehensive conclusion with higher certainty, and 
making clinical recommendation instead of suggestions.

Conclusion
Considering the limitations of the present review, the fol-
lowing conclusions can be drawn:

•	 There was not any significant difference between 
different autogenous, allogenous, and xenogenous 
soft tissue grafts regarding any of the investigated 
implant-related clinical outcomes, However, based 
on the treatment rankings, although CTG illustrated 
higher efficacy in the improvement of most of the 
immediate implant clinical outcomes (MIBL, KTW, 
STT, PH, and MGML), Mucoderm superiorly, but 
relatively comparable to CTG, enhanced the most 
important outcome of an immediately placed implant 
(PES). Hence, no clinical recommendation can be 
drawn based on the current literature, and the use 
of CTG can be only a suggestion. Nonetheless, since 
the current evidence shows no significant difference 
between different graft types, allogeneic and xenoge-
neic soft tissue grafts, especially xenogenic collagen 
matrices, may be suitable for patients with mild soft 
tissue thickness loss, limited compliance, or major 
concerns about postoperative complications and 
morbidity.

•	 The application of CTG showed significantly higher 
amounts of soft tissue thickness gain compared to the 
not applying any soft tissue grafts after 6 – 12 months 
and can be suggested for the clinical scenario, espe-
cially in cases with a thin soft tissue thickness. How-
ever, based on the treatment rankings, adjunctive soft 
tissue grafting intervention, except for BBT, demon-
strated higher efficacy in the improvement of clinical 
outcomes of the immediately placed implants com-
pared to No Treatment in 6 – 12 months (12 – 24 
months for MIBL).

•	 The PES score of the immediately placed implants 
decreases between 6 – 12 months of follow-up 
regardless of the grafting with different materials or 
non-grafting approach.
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