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Effectiveness of immediate implant placement into defective sockets 
in the esthetic zone: A systematic review and meta-analysis
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Immediate implant placement 
(IIP) has become popular as it 
shortens the duration of 
therapy and minimizes the 
number of surgical proce
dures, with survival rates 
comparable to those of de
layed implant placement.1–3

Additionally, IIP has been re
ported to yield excellent clin
ical outcomes in terms of 
marginal bone loss (MBL) and 
pink esthetic score (PES).4–9

At the Fifth Consensus 
Conference of the International 
Team for Implantology (ITI) in 
2013, it was proposed that an 
intact labial bone wall of at least 
1 mm is one of the requirements 
for IIP.10,11 However, a thick 
bone wall phenotype is un
common in the anterior maxilla, 
with > 1 mm being recorded for only 4.6% of individuals in 
the central incisor region.12 Chen and Darby13 reported that 
52% of locations in the maxillary central incisor region had                       

facial bone abnormalities, making an onlay graft followed by 
delayed implant placement the best option for a patient 
with a socket defect.14–17 Buser et al18 recommended early 
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ABSTRACT 
Statement of problem. A defective socket is common after tooth extraction in the esthetic zone, 
but whether an implant can be immediately placed in a defective socket is unclear.

Purpose. The purpose of this systematic review and meta-analysis was to summarize relevant 
studies within the last 20 years on implant survival and changes in soft and hard tissues after 
immediate implant placement in esthetic areas with socket defects.

Material and methods. A search was conducted for the relevant studies in the PubMed/Medline, 
the Cochrane Library, Web of Science, and Embase databases from January 2000 to March 2022. 
The literature review, data retrieval, and judgment whether the included studies had a risk of bias 
were handled independently by 2 reviewers, and a single-arm meta-analysis was performed using 
a statistical software program.

Results. A total of 23 studies evaluating the immediate implant placement of 630 implants (9 
studies without a flap and 14 studies with a flap) were included. A 98.1% implant survival rate 
(95% confidence interval (CI): 96.2%, 100.0%) was determined. Marginal bone loss (MBL) at 6, 12, 
and ≥24 months were 1.03 mm (95%CI: 1.02, 1.03), 0.72 mm (0.72, 0.73), and 1.15 mm (1.14, 1.16). 
Gingival recession at 12 months was 0.25 mm (95%CI: 0.17, 0.33). The pink esthetic score (PES) 
were 12.34 (95%CI: 12.16, 12.52) at 12 months and 12.58 (12.39, 12.76) at ≥24 months.

Conclusions. Current evidence shows that immediate implant placement into defective sockets 
in esthetic areas is feasible. Immediate implant placement can have a relatively good therapeutic 
effect in terms of implant survival rate, MBL, gingival recession, and PES. (J Prosthet Dent 
2025;133:411-426) 
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implant placement in conjunction with guided bone re
generation (GBR), flap surgery, and submerged healing 
following soft tissue healing for patients with a socket defect 
and a single tooth indicated for extraction in the maxillary 
anterior region. This recommendation was based on the 
traditional belief that extraction and IIP in the presence of 
socket defects may increase the incidence of complications 
and lead to poor esthetic outcomes.10 As implant-supported 
prostheses become more popular, knowledge as to whether 
immediate implant placement in a defective socket area can 
have favorable clinical outcomes is needed. Some excellent 
treatment reports have been published. For instance, even 
fresh socket defects of 7 mm can be treated with soft tissue 
and bone tissue transplantation combined with IIP, bringing 
high initial stability.19 A study20 involving 45 patients with 
socket defects reported that IIP combined with flap surgery, 
GBR, and an immediate prosthesis was an effective treat
ment. Moreover, only IIP into socket defects is also feasible, 
with a reported 100% 10-year survival rate.21

The IIP of socket defects in the esthetic area is still 
controversial, and few relevant studies exist. Therefore, 
the research hypothesis of the present study was that IIP 
may be suitable for patients with socket defects in the 
esthetic area.

MATERIAL AND METHODS

The Preferred Reporting Items for Systematic Review and 
Meta-Analysis (PRISMA) protocol of Page et al22 was fol
lowed in this systematic review. The study was registered in 
the International Prospective Register of Systematic Reviews 
(PROSPERO) database (CRD42022339102). This study did 
not require ethical approval.

The inclusion criteria primarily followed the partici
pant, intervention, comparison, outcome (PICO) pro
cess, including participants who were adults with socket 
defects in the esthetic zone. The intervention was IIP 
treatment, and the comparison had no restriction on 
whether the study had a control group.23 The outcomes 
were implant survival rate, MBL, gingival recession, and 
PES. Moreover, the included studies reported generally 

healthy participants, a prospective or retrospective re
search design, a minimum of 5 participants in an IIP 
group, and at least 12-month follow-up with the defi
nitive prosthesis. Exclusion criteria were the absence of a 
clear implant method, reviews, editorials, in vitro stu
dies, animal experiments, and expert opinions; studies 
on the impact of drugs or treatments on bone re
modeling; studies on individuals receiving treatments or 
drugs affecting bone metabolism; studies on implanta
tion affected by tumors; and the unavailability of the 
required data from the text.

Two independent reviewers (R.C., J.X.) conducted a 
literature search in the PubMed/Medline, Cochrane 
Library, Web of Science, and Embase databases from 
January 2000 to March 2022. The search strategy was 
((dental implant) OR (oral implant)) AND ((immediate 
implant) OR (fresh socket)) AND ((esthetic) OR (ante
rior teeth) OR (incisor) OR (canine) OR (premolar)) 
AND ((compromised socket) OR (bone defect) OR 
(bone deficiency) OR (dehiscence) OR (fenestration)) 
and varied according to the database, as shown in 
Table 1.

The eligibility of all studies was independently as
sessed based on the inclusion and exclusion criteria by 2 
reviewers (R.C., J.X.). Initially, the assessment was 
conducted on the titles and abstracts, and, when studies 
were selected, kappa coefficients were calculated to 
measure interrater reliability. Subsequently, eligible 
studies were read in full and screened. Any disagree
ments were resolved by discussion with a third reviewer 
(Y.T.), and data were extracted. For the controlled stu
dies, the data from the IIP groups with socket defects 
were exclusively analyzed. Characteristic tables were 
then compiled, and the errors were checked and recti
fied by the third reviewer (Y.T.).

The quality of each included study was independently 
evaluated by 2 reviewers (S.W., S.D.), and any dis
crepancies between them were resolved through discus
sion. Qualitative assessment for these studies was 
performed by using the Methodological Index for 
Nonrandomized Studies (MINORS), including 8 indicators 
for single-arm studies and 12 for controlled studies. The 
reliability between reviewers during quality evaluation was 
assessed by using kappa coefficients. Disagreements were 
resolved through discussion with a third reviewer (Y.T.). 
The quality of each controlled study was categorized as 
high, moderate, or low, based on total scores of 24 to 20, 
19 to 14, and <14; the quality of each single-arm study was 
classified as high, moderate, or low, with total scores of 16 
to 12, 12 to 8, and <8.

Data were analyzed using a statistical software program 
(Stata 17.0; StataCorp LLC). Heterogeneity among studies 
was expressed using I2.24 In an a priori fixed-effects model, 
the Mantel-Haenszel method was used for dichotomous 
outcome variables, and effect sizes were represented as risk 

Clinical Implications 
Surgical design innovation, implants, and biological 
bone grafting material improvements have 
expanded the indications for implant-supported 
prostheses. Immediate implant placement has 
become a desired treatment for dentists and 
patients. Although such placement into defective 
sockets in the esthetic zone is controversial, it 
seems that immediate implant placement does not 
decrease the implant survival rate. 
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ratios (RR) with a 95% confidence interval (CI). For con
tinuous outcome variables, the same approach was used, 
except that effect sizes were presented as mean differences 

with a 95% CI. Forest plots were generated to show the 
effect sizes in the overall and subgroup analyses. The Egger 
test was used to assess publication bias.

RESULTS

Initially, 1059 studies were retrieved, including 320 du
plicates, and 662 studies were excluded based on the 
titles and abstracts. Interrater reliability for the title in 
selecting relevant studies was 0.839 (P<.001) and ab
stract 0.787 (P<.001). The remaining 77 studies were 
assessed for inclusion criteria, and the full text of each 
study was screened. Of these, 54 studies were excluded 
because of lack of details (12 studies), noncompromised 
sockets (9 studies), not IIP (18 studies), research type (9 
studies), and publication of identical patient treatment (6 
studies). Finally, 23 studies were included for data ex
traction (Fig. 1).20,25–46

The characteristics of the included studies are shown in 
Tables 2 and 3. Eleven controlled29,33,34,36–38,40–44 and 12 
single-arm studies20,25–28,30–32,35,39,45,46 were included in this 
study. There were 20 prospective20,25–28,30–40,42,43,45,46 and 3 
retrospective studies.29,41,44 Ten of the included studies were 
about IIP and interim restoration placement25–33,35; 12 were 
about IIP with delayed prostheses20,36–46; and the remaining 
1 was about IIP with immediate and delayed prostheses.34

In total, 783 participants with a mean age of 44.05 years and 
826 implants were evaluated, including 630 IIP implants 
into socket defects. IIP implants were placed in central in
cisor locations (n=272), lateral incisor locations (n=121), 
canine locations (n=39), premolar locations (n=8), or the 
esthetic zone without a definite tooth location (n=190). The 
length of the follow-up varied from 12 to 85 months.

The quality assessments of controlled and single-arm 
studies are shown in Tables 4 and 5. All studies were of 

Table 1. Search strategies 

Database Search Strategy

PubMed #1: (dental implant) OR (oral implant) 
#2: (immediate implant) OR (fresh socket) 
#3: ((((esthetic) OR (anterior teeth)) OR (incisor)) OR (canine)) OR (premolar) 
#4: ((((compromised socket) OR (bone defect)) OR (bone deficiency)) 
#5: (((#1) AND (#2)) AND (#3)) AND (#4)

Web of Science #1: (TS=(dental implant)) OR TS=(oral implant) 
#2: (TS=(immediate implant)) OR TS=(fresh socket) 
#3: ((((TS=(esthetic)) OR TS=(anterior teeth)) OR TS=(incisor)) OR TS=(canine)) OR TS=(premolar) 
#4: ((TS=(compromised socket)) OR TS=(bone defect)) OR TS=(bone deficiency) 
#5: #1 AND #2 AND #3 AND #4

Cochrane Library #1: (dental implant) OR (oral implant) 
#2: (immediate implant) OR (fresh socket) 
#3: (esthetic) OR (anterior teeth) OR (incisor) OR (canine) OR (premolar) 
#4: (compromised socket) OR (bone defect) OR (bone deficiency) 
#5: #1 AND #2 AND #3 AND #4

Embase #1: 'dental implant'/exp OR 'dental implant' OR 'oral implant' 
#2: 'immediate implant' OR 'fresh socket' 
#3: 'esthetic' OR 'anterior teeth'/exp OR 'anterior teeth' OR 'incisor'/exp OR 'incisor' OR 'canine'/exp OR 'canine' OR 'premolar tooth'/exp 
OR 'premolar tooth' 
#4: 'compromised socket' OR 'bone defect'/exp OR 'bone defect' OR 'bone deficiency' OR 'dehiscence'/exp OR 'dehiscence' OR 
'fenestration'/exp OR 'fenestration' 
#5: #1 AND #2 AND #3 AND #4

1059 citations identi�ed
thought database

searching

417 PubMed
196 Embase

65 Cochrane library
381 Web of Science

320 duplicate entries
removed

739 titles screened 398 citations excluded

264 citations excluded

54 citations excluded
by reason

Missing details 12
non-compromised

sockets 9
no IIP 18

Type of study 9
publication of the same

patient records 6

341 abstracts screened

77 full text articles
assessed for eligibility

23 articles included
in the study
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Figure 1. Search strategy. All studies identified by hand-searching 
reference lists found in database search. For simplicity, number not 
duplicated in diagram.
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moderate to high quality. A kappa coefficient of 0.683 
(P<.001) indicated good interrater agreement in quality 
assessment.

A total of 25 groups from 23 studies20,25–46 were 
considered for analysis (Table 6). Within socket defects, 
630 implants were placed between the immediate and 
delayed prosthesis groups, with 315 implants each. 
Among these, 16 implants had failed, comprising 5 in 
the immediate prosthesis group and 11 in the delayed 
prosthesis group. The overall survival rate was 98.1% 
(95%CI: 96.2%, 100.0%), exhibiting low heterogeneity 
(I2=14.9%, P=.252). The immediate prosthesis group 
achieved a survival rate of 98.4% (95%CI: 95.7%, 
100.0%), also with low heterogeneity (I2=0.0%, P=.472). 
Similarly, the delayed prosthesis group recorded a sur
vival rate of 97.9% (95%CI: 96.2%, 100.0%), accom
panied by low heterogeneity (I2=25.6%, P=.172) (Fig. 2).

Tables 7 to 9 provide detailed data on secondary 
outcomes. Eighteen studies20,26,28,29,31–36,38–46 reported 
data on MBL, encompassing a total of 22 groups and 497 
implants. The immediate prosthesis group, comprising 8 
groups, involved 256 implants, while the delayed pros
thesis group, with 14 groups, featured 241 implants. At 6 
months, the overall MBL was 1.03 mm (95%CI: 1.02, 
1.03) with considerable heterogeneity (I2=100.0%, 
P<.001), In contrast, the immediate prosthesis group 
reported an MBL value of 2.52 mm (95%CI: 2.50, 2.54) 
with considerable heterogeneity (I2=100.0%, P<.001). 
The delayed prosthesis group displayed an MBL value of 
0.94 mm (95%CI: 0.93, 0.94) also accompanied by con
siderable heterogeneity (I2=100.0%, P<.001) (Fig. 3). At 
12 months, the total MBL was 0.72 mm (95%CI: 0.72, 
0.73) with considerable heterogeneity (I2=99.9%, 
P<.001). The value of the immediate prosthesis group Ta
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Table 6. Survival of implants 

Study (Year) Implants Survival

Kan et al (2007) 23 23
Noelken et al (2018) 33 33
Noelken et al (2011) 18 18
Noelken et al (2016) 20 19
Pohl et al (2020) 12 12
Rosa et al (2014) 18 18
Sicilia-Felechosa et al (2020) 40 40
Staas et al (2022) 98 98
Yang et al (2019) 16 16
Slagter et al (2017) 20 20
Slagter et al (2017) 20 20
Slagter et al (2017) 20 20
Soliman et al (2014) 17 16
Basler et al (2018) 23 23
Chen et al (2005) 62 60
Elaskary et al (2021) 27 27
Liu et al (2019) 45 45
Wang et al (2021) 18 18
Juodzbalys et al (2007) 14 14
Dyakova et al (2020) 23 23
Th Elaskary et al (2020) 6 6
Fagan et al (2008) 12 11
Meijer et al (2018) 20 20
Slagter et al (2021) 20 20
Takai et al (2017) 5 5
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A

B

C

Figure 2. Implant survival rate. Squares on x-axis indicate effect size for each study; bars indicate 95% CI of effect sizes; sizes of squares inversely 
proportional to respective standard errors. A, Total implant survival rate, 98.1% (95%CI: 96.2%, 100.0%), with low heterogeneity (I2=14.9%, P=.252). B, 
Immediate prosthesis group, 98.4% (95%CI: 95.7%, 100.0%), with low heterogeneity (I2=0.0%, P=.472). C, Delayed prosthesis group, 97.9% (95%CI: 
96.2%, 100.0%), with low heterogeneity (I2=25.6%, P=.172).
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was 1.11 mm (95%CI: 1.09, 1.13) with considerable 
heterogeneity (I2=100.0%, P<.001), and the value of the 
delayed prosthesis group was 0.70 mm (95%CI: 0.69, 
0.71) with considerable heterogeneity (I2=99.9%, 
P<.001) (Fig. 4). The total MBL after 24 months was 
1.15mm (95%CI: 1.14, 1.16), indicating considerable 
heterogeneity (I2=100.0%, P<.001). In comparison, the 
immediate prosthesis group exhibited an MBL value of 
0.64 mm (95%CI: 0.61, 0.68), also accompanied by 
considerable heterogeneity (I2=99.8%, P<.001). The de
layed prosthesis group displayed an MBL value of 
1.22 mm (95%CI: 1.21, 1.23), with considerable hetero
geneity (I2=100.0%, P<.001) (Fig. 5).

Six studies20,29,30,33,42,43 examined gingival recession in 
131 implants. The immediate prosthesis group, comprising 
46 implants from 3 studies, and the delayed prosthesis 
group, with 85 implants from 3 studies, were assessed. The 
total gingival recession at 12 months was 0.25 mm (95%CI: 
0.17, 0.33), with substantial heterogeneity (I2=74.8%, 
P=.001). The value of the immediate prosthesis group was 
0.35 mm (95%CI: 0.07, 0.64) with substantial heterogeneity 
(I2=66.3%, P=.052). The delayed prosthesis group was 
0.24 mm (95%CI: 0.16, 0.32) with substantial heterogeneity 
(I2=85.0%, P=.001) (Fig. 6).

Nine studies20,26–29,39,40,45,46 evaluated the PES of 193 
immediate implants with socket defects. The immediate 
group comprised 83 implants from 4 studies, and the de
layed group involved 110 implants from 5 studies. At 12 
months, the overall PES was 12.34 (95%CI: 12.16, 12.52, 
I2=88.9%, P<.001), demonstrating substantial heterogeneity. 
In the immediate prosthesis group, the PES was 11.54 
(95%CI: 11.03, 12.06, I2=16.2%, P=.303), indicating low 
heterogeneity. The delayed prosthesis group recorded a PES 
of 12.45 (95%CI: 11.26, 12.65, I2=92.0%, P<.001), reflecting 
considerable heterogeneity (Fig. 7). The total PES after 24 
months reached 12.58 (95%CI: 12.39, 12.76, I2=61.5%, 
P=.035), displaying substantial heterogeneity. Within the 
immediate prosthesis group, the PES was 12.16 (95%CI: 
11.79, 12.61, I2=40.6%, P=.186), indicating moderate het
erogeneity. The delayed prosthesis group had a PES of 
12.72(95%CI: 12.50, 12.93, I2=0.0%, P=.424), showing low 
heterogeneity (Fig. 8).

According to the Egger test, the survival rate analysis 
demonstrated publication bias. No evidence of publication 
bias was found in the other meta-analyses (Table 10).

Table 7. Marginal bone loss 

Study (Year) n Pro. 6 m 12 m ≥24 m

Noelken et al (2018) 33 0.74 ±0.85 0.17 ±0.57 0.15 ±0.59 0.04 ±0.65
Noelken et al (2016) 20 0.8 ±0.6 0.2 ±0.6 0.1 ±0.5 0.2 ±0.4
Pohl et al (2020) 12 0.6 ±2.67 1.58 ±2.33
Sicilia-Felechosa et al (2020) 40 0 ±0 0.47 ±0.7 0.71 ±0.88 0.79 ±0.8
Staas et al (2022) 98 3.1 ±1.2 1.7 ±2.4
Yang et al (2019) 16 0 ±0 2.18 ±2.03 2.23 ±1.83
Slagter et al (2017) 20 1.84 ±0.91 1.52 ±0.89
Slagter et al (2017) 20 1.27 ±0.82 1.28 ±0.85
Slagter et al (2017) 20 1.01 ±0.55 1 ±0.47
Basler et al (2018) 11 0.23 ±0.49 0.23 ±0.19 0.19 ±0.21
Basler et al (2018) 12 0.12 ±0.09 0.1 ±0.17 0.16 ±0.1
Dyakova et al (2020) 11 0 ±0 2.07 ±0.05
Dyakova et al (2020) 12 0 ±0 0.22 ±0.05
Elsdkary et al (2021) 27 11.68 ±3.31 12.79 ±1.63 12.61 ±1.6
Th Elaskary et al (2020) 6 0 ±0 0.2 ±0.13
Liu et al (2019) 45 0 ±0 0.96 ±0.51 0.55 ±0.21
Meijer et al (2018) 20 0 ±0 1.08 ±0.52 1.01 ±0.45
Slagter et al (2021) 20 0 ±0 1.01 ±0.55 1 ±0.47 0.71 ±0.35
Takai et al (2017) 5 2.02 ±0.36 1.82 ±0.82 3 ±0.36
Wang et al (2021) 18 0 ±0 0.72 ±0.07 0.91 ±0.08 2.92 ±0.19
Juodzbalys et al (2007) 14 0.57 ±0.3 1.72 ±0.72
Soliman et al (2014) 17 0 ±0 3.91 ±0.17 2.2 ±0.2

Table 8. Gingival recession 

Study (Year) n 12 m

Pohl et al (2020) 12 0.91 ±0.96
Rosa et al (2014) 18 0.25 ±1.11
Yang et al (2019) 16 0.05 ±0.92
Liu et al (2019) 45 0.59 ±0.71
Meijer et al (2018) 20 0.2 ±0.3
Slagter et al (2021) 20 0.15 ±0.28

Table 9. Pink esthetic score 

Study (Year) n 12 m 24 m

Noelken et al (2018) 33 11.3 ±1.8 11.7 ±2
Noelken et al (2011) 18 12.5 ±1.07
Noelken et al (2016) 20 12.00 ±1.67 11.89 ±1.45
Pohl et al (2020) 12 10.91 ±2.60
Elsdkary et al (2021) 27 12.67 ±1.27 12.48 ±1.45
Th Elaskary et al (2020) 6 11.33 ±1.37
Liu et al (2019) 45 10.58 ±2.47
Wang et al (2021) 18 12.78 ±0.5 12.75 ±0.5
Juodzbalys et al (2007) 14 11.1 ±1.35
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DISCUSSION

The results of this single-arm meta-analysis supported 
the research hypothesis that IIP can yield favorable 
clinical outcomes for patients with socket defects in the 
esthetic areas. The overall implant survival rate after IIP 
in socket defects within esthetic areas was 98.1%. A 
comparison between the immediate prosthesis group 
and the delayed prosthesis group showed a slightly 

higher survival rate in the immediate prosthesis group. 
This trend was consistent with findings from studies on 
IIP in intact sockets,1–3,16 a similarity that may be at
tributed to the presence of sufficient alveolar bone at the 
tooth root tip in socket defects, ensuring the implants' 
stability in 3 dimensions and initial stability. During the 
bone healing, no external forces were applied to disturb 
the location of the implant, which promoted successful 
osseointegration and a high survival rate. For instance, 

A

B

C

Figure 3. Marginal bone loss at six months. Area of each square proportional to inverse variance of estimate. A, Total marginal bone loss at six 
months, 1.03 mm (95%CI: 1.02, 1.03), with considerable heterogeneity (I2=100.0%, P<.001). B, Immediate prosthesis group, 2.52 mm (95%CI: 2.50, 
2.54) with considerable heterogeneity (I2=100.0%, P<.001). C, Delayed prosthesis group, 0.94 mm (95%CI: 0.93, 0.94) with considerable heterogeneity 
(I2=100.0%, P<.001).
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A

B

C

Figure 4. Marginal bone loss at 12 months. Area of each square proportional to inverse variance of estimate. A, Total marginal bone loss at 12 
months, 0.72 mm (95%CI: 0.72, 0.73) with considerable heterogeneity (I2=99.9%, P<.001). B, Immediate prosthesis group, 1.11 mm (95%CI: 1.09, 1.13) 
with considerable heterogeneity (I2=100.0%, P<.001). C, Delayed prosthesis group, 0.70 mm (95%CI: 0.69, 0.70) with considerable heterogeneity 
(I2=99.9%, P<.001).
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A

B

C

Figure 5. Marginal bone loss at ≥24 months. Area of each square proportional to inverse variance of estimate. A, Total marginal bone loss at ≥24 
months, 1.15 mm (95%CI: 1.14, 1.16), with considerable heterogeneity (I2=100.0%, P<.001). B, Immediate prosthesis group, 0.64 mm (95%CI: 0.61, 
0.68), with considerable heterogeneity (I2=99.8%, P<.001). C, Delayed prosthesis group, 1.22 mm (95%CI: 1.21, 1.23), with considerable heterogeneity 
(I2=100.0%, P<.001).
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Takai et al44 reported a 100% survival rate after an 85- 
month follow-up.

The cumulative data for MBL in socket defects fol
lowing IIP at 6, 12, and ≥24 months were 1.03 mm, 0.72 
mm and 1.15 mm. Notably, the most significant MBL 
occurred at 6 months but then stabilized by 12 months, 
with no further change in alveolar bone levels after 24 
months. These results likely stem from factors that in
clude primary wound closure, wound and implant sta
bility, angiogenesis, and space maintenance.4

The overall findings regarding gingival recession and 
PES were positive and consistent with most studies.5–9 The 

positive findings could be because IIP surgery, combined 
with bone augmentation, can reconstruct alveolar bone 
morphology and height, resulting in improved gingival es
thetics with reduced gingival recession. Well-reconstructed 
alveolar bone provides a secure attachment site for the 
gingival tissues, contributing to enhanced PES.

Gingival recession appeared to be slightly less in the 
delayed prosthesis group compared with the immediate 
group, possibly because the delayed group involved a 
flap procedure with tight sutures, which could have 
promoted gingival healing, maturity, and stability, 
thereby reducing the incidence of gingival recession.

A

B

C

Figure 6. Gingival recession at 12 months. Area of each square proportional to inverse variance of estimate. A, Total gingival recession at 12 months, 
0.25 mm (95%CI: 0.17, 0.33) with substantial heterogeneity (I2=74.8%, P=.001). B, Immediate prosthesis group, 0.35 mm (95%CI: 0.07, 0.64) with 
substantial heterogeneity (I2=66.3%, P=.052). C, Delayed prosthesis group, 0.24 mm (95%CI: 0.16, 0.32) with substantial heterogeneity 
(I2=85.0%, P=.001).
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Limitations included that this study was a single-arm 
meta-analysis, resulting in a low level of evidence be
cause of the limited availability of research on IIP in 
socket defects within esthetic areas. Future large-scale 
randomized controlled trials should be conducted, and a 
standardized classification system for socket defects, 
measurement methods, and evaluation criteria estab
lished. Nevertheless, IIP did offer a promising research 
direction for addressing socket defects in esthetic areas. 

These advancements would provide a more dependable 
and comprehensive theoretical foundation.

The varying biological behavior of different tooth posi
tions could introduce within-study bias in this research. 
Unfortunately, the included studies did not provide specific 
statistical analysis results related to tooth position, which 
prevented an analysis. Recognizing this limitation, future 
studies should prioritize addressing this issue and conduct a 
detailed analysis.

A

C

B

Figure 7. Pink esthetic score (PES) at 12 months. Area of each square proportional to inverse variance of estimate. A, Total PES at 12 months, 12.34 
(95%CI: 12.16, 12.52), with substantial heterogeneity (I2=88.9%, P<.001). B, Immediate prosthesis group, 11.54 (95%CI: 11.03, 12.06), with low 
heterogeneity (I2=16.2%, P=.303). C, Delayed prosthesis group, 12.45 (95%CI: 12.26, 12.65), showing considerable heterogeneity (I2=92.0%, P<.001).
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CONCLUSIONS

Based on the findings of this systematic review and 
meta-analysis, the following conclusions were 
drawn: 

1. IIP into socket defects in esthetic areas was feasible. 
It could lead to positive outcomes regarding the 

implant survival rate, MBL, gingival recession, 
and PES.

2. For restorative modalities, both immediate and 
delayed prostheses had good clinical effects.

3. Further RCTs are needed to establish the safety and 
efficacy of IIP in socket defects.
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