THE JOURNA

J

L OF PROSTHETIC DENTISTRY

_O

SYSTEMATIC

Comparison of implant placement and loading protocols for
single anterior maxillary implants: A systematic review and
network meta-analysis

Xinyi Qian, DMD,” Boldizsar Vankos, DMD,” Kata Kelemen, DMD," Noémi Gede, PhD,” Gabor Varga, PhD,®
Péter Hegyi, MD, PhD,” Gabor Gerber, DMD, PhD,? Péter Hermann, DMD, PhD,"
Arpéad Jodb-Fancsaly, DMD, PhD,' and Krisztina Mikulds, DMD, PhD’

ABSTRACT

Statement of problem. With increasing esthetic needs, patients prefer missing anterior teeth to be restored as soon as possible, but how
the timing of implantation and prosthetic loading influences peri-implant tissue and the esthetic results remains unclear.

Purpose. The purpose of this systematic review and network meta-analysis of randomized controlled trials was to investigate and rank the
hard-tissue and soft-tissue outcomes, esthetics, and patient satisfaction of single maxillary implant placement and loading protocols.

Material and methods. A systematic search was conducted to identify studies with at least a 1-year follow-up that compared different
implant placement and loading protocols and reported on survival, marginal bone loss (MBL), soft tissue, and esthetics. A random effects
model and a Bayesian approach were applied to compare protocols by using mean differences (MD) with 95% credible intervals (Crl) and
surface under the cumulative ranking curve (SUCRA) values.

Results. A total of 43 articles were included, with a follow-up of 1 to 5 years. All protocols had high survival rates and no significant
differences for 1-year or 2-year MBL. Immediate placement with immediate loading ranked first in pink and white esthetic scores and
satisfaction and was statistically significantly better than immediate placement with delayed loading or late placement protocols in pink
esthetic scores, where its advantage over late placement with late loading was also clinically relevant [MD: —1.74, Crl: —2.34 to —1.15].

Conclusions. Immediate implantation with immediate loading showed a considerable esthetic advantage over later rehabilitation, whereas
only a slight difference in MBL resulted from different protocols. (J Prosthet Dent 2025;133:677-688)
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Clinical Implications

Immediate implant placement and loading
performed best in pink and white esthetics and
patient satisfaction and also ranked well in other
aspects, whereas delayed treatments often ranked
last. Immediate implant placement and loading is
highly recommended when the clinical criteria are
fulfilled.

Dental rehabilitation in the esthetic region is always
challenging, especially when placing single maxillary
anterior implant-supported crowns. Thin buccal bone
and rapid bone resorption complicate correct implant
positioning, prosthetic design, and supportive therapy,
the basis of long-term success." ' Given patient de-
mands for excellent esthetics and short rehabilitation
times, individual treatment plans must be based on the
latest scientific and clinical evidence to ensure optimal
outcomes. The timing of implant-prosthodontic re-
habilitation may affect the amount of bone resorption
and could also be crucial for soft tissue changes.” * Ac-
cording to the 2018 Consensus report of the Interna-
tional Team for Implantology (ITI), the timing of
implantation and loading should always be considered
together and decided upon tooth extraction. Twelve
implant placement and loading protocols (IPLPs) have
been defined (Table 1).”

Although authors have emphasized that immediate
implantation may preserve alveolar bone and the soft
tissue contour compared with delayed implantation,
mid-facial gingival recession commonly occurs, espe-
cially in patients with thin mucosal phenotypes.” "’
However, few authors have discussed the effect of early
treatment protocols, even though they may integrate the
benefits of immediate and delayed protocols.”” The
authors are unaware of a comprehensive review that
analyzed and ranked all IPLPs according to their effects
on both hard and soft tissue parameters in the anterior
maxilla.

Table 1.Implant placement and loading protocols. Numbers refer to
timing of implant placement and letters to that of prosthetic loading®*

Protocol 1A: Immediate implantation + immediate restoration

Protocol 1B: Immediate implantation + early loading

Protocol 1C: Immediate implantation + conventional loading

Protocol 2A: Early implantation with soft tissue healing + immediate
restoration

Protocol 2B: Early implantation with soft tissue healing + early loading

Protocol 2C: Early implantation with soft tissue healing + conventional
loading

Protocol 3A: Early implantation with partial bone healing + immediate
restoration

Protocol 3B: Early implantation with partial bone healing + early loading

Protocol 3C: Early implantation with partial bone healing + conventional
loading

Protocol 4A: Late implantation + immediate restoration

Protocol 4B: Late implantation + early loading

Protocol 4C: Late implantation + conventional loading
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The aim of this systematic review and network meta-
analysis was to compare the survival, marginal bone
loss, pink and white esthetics, satisfaction, and soft-
tissue outcomes of all 12 types of IPLPs for single
maxillary anterior implants and to rank these protocols
based on randomized controlled trials (RCTs). The null
hypothesis assumed that all IPLPs have similar perfor-
mances with no significant differences in any aspect
investigated.

MATERIAL AND METHODS

This review followed the Cochrane Handbook and was
reported according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) 2020
guidelines (Supplemental Table 1, available online).'" "
The protocol was registered on the International Pro-
spective Register of Systematic Reviews (PROSPERO)
(registration number CRD42022364995).

The population was healthy adults requiring a single
tooth replacement with implantation in the anterior
maxilla (until the second premolars). The intervention
and comparison were participants receiving treatment
according to different IPLPs. The outcomes were im-
plant survival, marginal bone loss, soft tissue changes,
esthetics, and satisfaction at a minimum of a 1-year
follow-up. Studies were excluded if they did not comply
with this framework or included participants with acute
periapical or periodontal infection, parafunctional
movements, or multiple adjacent implants.

A systematic search was conducted in 7 electronic
databases: MEDLINE (PubMed), Embase, Cochrane
CENTRAL, Web of Science, China National Knowledge
Infrastructure (CNKI), Wanfang Data, and Chinese
Scientific Journal Database (VIP database) in October
2022 and last updated in January 2024. A date filter was
applied for publications since January 2000. The search
keys applied for the systematic search can be found in
Supplemental Table 2 (available online).

Two authors (X.Q., B.V.) independently screened the
search results by title, abstract, and full text; collected data in
a spreadsheet (Excel; Microsoft Corp) by extracting the first
author, year of publication, study population, interventions,
and outcomes; and assessed risk of bias (RoB) using the
Cochrane RoB 2 tool."" Disagreements were resolved by a
third author (KK.). The certainty of evidence was de-
termined using the Confidence in Network Meta-Analysis
(CINeMA) web application.*"”

Pairwise and network meta-analyses (NMAs) were
conducted using random-effects models with Bayesian
methods. The synthesis of each outcome began with
creating a network plot to determine whether the network
was fully connected. Consistency checks were excluded by
the visual inspection of plots. Mean differences (MDs) with
95% credible intervals (Crls) were calculated for continuous
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data. Network estimates (pooled estimates of direct and
indirect data) for each intervention were ranked relative to
each other. Interventions were ranked according to their
posterior likelihood by calculating the surface under the
cumulative ranking (SUCRA) curve values. Cumulative
probabilities for each treatment were expressed as single
values ranging from 0% to 100%. The higher the percentage
or the SUCRA score, the more likely the intervention would
be the best or one of the best. All the NMAs were con-
sistent. All computations were performed using statistical
software packages (R v4.1.1 and BUGSnet v1.1.0; R
Foundation).

The proportion with a 95% confidence interval (CI) was
used for the measurement of the effect size for cumulating
implant survival rates. As considerable between-study het-
erogeneity was assumed in all cases, effect sizes were
pooled with a random-effects model. Between-study het-
erogeneity was described by the Higgins and Thompson I*
statistics.” All statistical analyses were performed with the
meta (v6.2.1) package for basic meta-analysis calculations
and plots and the dmetar (v0.0.9000) package for additional
influential analysis calculations and plots in R (v4.1.2; R
Foundation).” " The inverse variance method was used to
pool proportions. A Hartung-Knapp adjustment was ap-
plied for Cls.”””" The Clopper-Pearson method was used
for the CI of proportion calculation of individual studies.™

Identification of studies via databases and registers

Records identified from™*:
MEDLINE (n=1498)

For a cell count of 0, the individual study proportion with
95% CI was calculated by adding 0.01 as a continuity cor-
rection.

RESULTS

Forty-three articles were selected (Fig. 1). The char-
acteristics of each study are included in Supplemental
Tables 3 and 4 (available online).””

The results of study-level and domain-level RoB are
shown in Supplemental Figure 1-8 (available online). Most
studies carried no risk, whereas some studies raised some
concerns, mainly because of missing outcome data, possible
selection of data, and the randomization process. The cer-
tainty of evidence was often moderate to low due to im-
precision, heterogeneity, and incoherence (Supplemental
Tables 5-10, available online).

Thirty-three studies were analyzed for 1-year implant
survival (IS), but an NMA was not feasible because of
the low number of implant failures; thus, for this out-
come only, cumulated IS rates with 95% CI were cal-
culated for each protocol by using a proportional meta-
analysis, ™7 7777 A A0AT02006% Qupvival rates were 1A
(N=762) =91% (CI: 86%, 94%), 1C (N=477) =96% (CI:
92%, 98%), 2C (N=45) =100% (CI: 100%, 100%), 3C
(N=168) =100% (CI: 100%, 100%), 4A (N=178) =96%

Identification of studies via other methods

Records identified from:
Citation searching (n=2)

Reports sought for retrieval

(n=2)
v

Reports assessed for
eligibility (n=2)

Reports not retrieved
(n=0)

Reports excluded:
(n=0)

c
-g Embase (n=1028) Records removed before
_g Web of Science (n=1618) screening:
:'-E CENTRAL (n=378) Duplicate records removed
© CNKI (n=1548) (n=2700)
k-]
= Wanfang Data (n=423)
VIP database (n=389)
Records screened Records excluded**
(n=4182) (n=3936)
l Cohen kappa=0.93
= Reports sought for retrieval Reports not retrieved
£ (n=246) (n=10)
§ l Cohen kappa=1
g ppa=
Reports assessed for Reports excluded:
eligibility (n=236) Background article (n=2)
Wrong study design (n=73)
Wrong population (n=65)
Wrong study duration (n=41)
Wrong outcome (n=14)
g Studies included in review
) (n=43)
o Reports of included studies
i= (n=43)

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 2020 flowchart of study selection process.
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(CI: 93%, 98%), and 4C (N=517) =98% (CI: 94%, 99%)
(Supplemental Figs. 9-14, available online).

Eighteen studies (N=1055)%2 0 32305759-41495255-57
095 were analyzed for 1-year marginal bone losses
(MBLs) by comparing 7 protocols (Supplemental Figs. 15,
16, available online). The SUCRA values for each protocol in
descending order were 4B=88.16%, 4A=715%, 1A=
62.26%, 2C=39.95%, 1C=3756%, 4C=25.36%, and
3C=25.18% (Fig. 2). Five studies (N=209) were synthesized
for 2-year MBLs by comparing 5 protocols.””””*”*"* The
SUCRA values were 2A=67.26%, 1C=5849%, 1A=
58.14%, 4A=44.31%, and 4C=21.79% (Fig. 3). No statisti-
cally or clinically significant differences were reported
among protocols at 1 or 2 years.

Separate data of 1-year mid-facial, mesial, and distal
soft tissue recession (STR) were available for quantitative
synthesis (Fig. 4, Supplemental Figs. 17-19, available

online). Six studies (N=262) were synthesized for mid-
facial STR by comparing 5 protocols.” /70737373741
SUCRA values were 2C=732%, 1A=63.64%,
4B=50.45%, 1C=37.64%, and 3C=25.07%. The same 5
studies (N=212) were synthesized for mesial and distal
STR, by comparing 4 protocols. For mesial STR, SUCRA
values were 4B=63.05%, 1C=55.21%, 3C=44.91%, and
1A=36.83%. SUCRA wvalues for distal STR were
1A=56.85%, 4B=53.08%, 3C=50.17%, and 1C=39.91%.
No statistically or clinically significant differences were
reported among protocols.

Twenty-two studies (N=1665) were analyzed for
1-year pink esthetic score (PES), by comparing 8
protocols  (Supplemental Fig. 20, available on-
line).2(3,32,35,3‘) 11,47-58,60-62,65 SUCRA Values were
1A=89.61%, 2C=76.71%, 3A=64.77%, 1C=52.21%,
4B=47.58%, 4A=34.4%, 4C=23.67%, and 3C=11.05%.
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£ (-1.37,0.39)  (-0.70,0.40)  (-0.57,0.39) (-0.54,0.54) (-0.45,0.59) (-0.52, 0.68)
8 1c -0.49 -0.16 -0.11 -0.00 0.05 0.08
(-1.18,0.20)  (=0.53,0.21)  (=0.36,0.15)  (-0.54, 0.54) (-0.28,0.38)  (~0.29, 0.45)
4C -0.54 -0.21 -0.16 —-0.05 —-0.05 0.03
(-1.34,0.23) (-0.42,0.00) (-0.36,0.05) (-0.59, 0.45) (—0.38, 0.28) (-0.39, 0.44)
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Figure 2. A, 1-year marginal bone loss (MBL) network diagram. Nodes indicate investigated protocols, and edge thickness refers proportionally to number of
studies included. B, 1-year MBL SUCRA curves. X axis shows number of possible rankings matching number of protocols analyzed. Y axis indicates probability
(%) to reach given rank or higher. C, 1-year MBL league plot showing mean differences and credible intervals in mm between protocols ordered from best to
worst starting at top-left corner. Values above and below gray grids show same differences in opposite direction. No significant differences observed.
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Figure 3. A, Two-year marginal bone loss (MBL) network diagram. Nodes indicate investigated protocols, and edge thickness refers proportionally to number
of studies included. B, 2-year MBL SUCRA curve. X axis shows number of possible rankings matching number of protocols analyzed. Y axis indicates probability
(%) to reach given rank or higher. C, 2-year MBL league plot showing mean differences and credible intervals in mm between protocols ordered from best to
worst starting at top-left corner. Values above and below gray grids show same differences in opposite direction. No significant differences observed.

Differences among protocols 1A-1C [MD: -1.11, Crtl:
-1.91 to —-0.25], 1A—-4A [MD: -1.53, CrI: -2.65 to —0.32],
1A-4C [MD: -1.74, Crl: -2.34 to -1.15], and 1A-3C
[MD: -2.17, Crl: -3.37 to —0.93] were statistically sig-
nificant (the CrI does not contain the null effect). The
clinical significance threshold was 1; thus, only the dif-
ference in protocols 1A-4C was clinically relevant con-
sidering the whole Crl (Fig. 5).

Four studies (N=310) were analyzed for 1-year white
esthetic score (WES), by comparing 4 protocols
(Supplemental Fig. 21, available online).””""***” The
difference between 1A-4C [MD: -1.41, Crl: -2.66 to
—0.15] was statistically significant but not clinically re-
levant (Supplemental Fig. 22, available online).

Thirteen studies (N=982) were analyzed for 1-year sa-
tisfaction measured with a visual analog scale (VAS),

Qian et al

comparing 6 protocols (Supplemental Fig. 23, available
On]jne).32,35,4()/4 1,47,48,50,53,55,56,60,61,65 SUCRA Values were
1A=84.85%, 3C=51.81%, 4A=48.74%, 1C=40.59%, 4C=
37.27%, and 3A=36.75%. Though protocol 1A was much
more likely to be ranked first, no statistically significant
differences were found among the protocols (Fig. 6).
Seven studies (N=462) were analyzed for 1-year change
in peri-implant probing depth (PPDc), comparing 6 proto-
cols  (Supplemental  Figs. 24, 25, available on-
line).”" #9717 Another 7 studies (N=517) were analyzed
for 1-year bleeding index (BI), comparing 6 protocols
(Supplemental Figs. 26, 27, available online).” ">/ 10162
Some studies used cone beam computed tomo-
graphy (CBCT) to measure buccal bone thickness (BBT)
and mid-facial MBL, the results of which are shown in
Table 2. Quantitative analyses of these outcomes were
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Figure 4. A, One-year mid-facial soft tissue recession (STR) network diagram. Nodes indicate investigated protocols, and edge thickness refers

proportionally to number of studies included. B, 1-year mesial and distal STR network diagram. C, 1-year mid-facial STR SUCRA curve. X axis shows
number of possible rankings matching number of protocols analyzed. Y axis indicates probability (%) to reach given rank or higher. D, 1-year mid-
facial STR league plot showing mean differences and credible intervals in mm between protocols ordered from best to worst starting at top-left
corner. Values above and below gray grids show same differences in opposite direction. No significant differences observed. E, 1-year mesial STR
SUCRA curve. F, 1-year mesial STR league plot. No significant differences observed. G, 1-year distal STR SUCRA curve. H) 1-year distal STR league plot.

No significant differences observed.
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Figure 4. (continued)

not possible. Four studies reported on the BBT of various
protocols,”*"**”" whereas buccal MBL was only mea-
sured by Chan and Bushari et al”*”" and Liu et al.”’

Four studies with 3-year follow-up compared pro-
tocols 1C-3C, 1A-1C, 1A-4C, and 4A-4C.”%""*>% Only
Crespi et al™ reported 4-year results, comparing 1A-1C.
The longest reported follow-up was 5 years in 4 studies,
comparing 1C-3C, 1A-1C, and 4A-4C. 777+

Tonetti et al”” (1C protocol), Zhang et al” (14), Gjelvold
et al™ (4Q), and den Hartog et al™ (4A) each reported 1
implant failure, whereas others found no failure at 3 to 5
years of follow-up, resulting in high medium-to-long-term
survival rates. Low (<1 mm) MBL was measured in all
studies.””*"*** Gjelvold et al”*” even reported lower 5-
year MBLs (4A=0.50 +0.73, 4C=0.54 +0.65) than at 1 year
(4A=0.57 +0.52, 4C=0.69 +0.57).

DISCUSSION

The authors are unaware of a previous NMA to rank IPLPs.
Survival rates were above 96% for all included protocols
except for protocol 1A (91%), the reason for which remains
to be investigated. However, protocol 1A generally ranked
high in other aspects, with significant advantage in es-
thetics, especially over protocol 4C. Thus, the null hypoth-
esis that all IPLPs have similar performances with no
significant differences in any aspect investigated was re-
jected.

The cumulated IS rates were found to be generally lower
than in previous systematic reviews, especially for protocol
1A. As most failures occurred in the first year, only short-
term IS was analyzed.”” The 1A protocol requires careful
patient selection and is technique-sensitive, influenced by
several surgical and prosthetic factors such as pre-extraction
gingival levels, phenotype, intact bone walls with >1 mm
buccal bone, and correct implant 3D positioning with
>2 mm jumping gap filled with biomaterial.”*” Zhou et al’

Qian et al

calculated a cumulative IS rate of 97.5% (range: 69.2 to
100%), whereas Pommer et al” obtained an IS of 99.6% at 3
to 5 years (95% CI: 98.5 to 100%). These differences can be
explained by Zhou et al’ and Pommer et al’ considering
different study types and follow-up ranges, whereas, in the
present study, RCTs with short-term follow-up were ana-
lyzed.

Although most studies measured interproximal MBLs,
data were not reported separately for mesial and distal sites;
thus, only mean interproximal MBLs could be analyzed at
the 1-year and 2-year follow-up. Different studies were
included for the 1-year and 2-year analyses, which could
cause incoherence in the rankings; therefore, no tendencies
could be derived for longer-term MBL. Interestingly, pro-
tocol 4B performed the best at 1 year, but only based on 1
analysis by Cardaropoli et al,”” where 0.17 mm bone growth
was measured compared with the 0.31 bone loss in protocol
1C. Bone grafting was applied in both interventions; how-
ever, the implant was placed at the crestal level for 4B but
subcrestally for 1C to compensate for postextraction healing.

Zhou et al’ stated 4A and 1C to be scientifically and
clinically valid treatment options based on IS. Recently,
MBL has gained importance in evaluating protocol validity.
In the present study, 4B was followed by protocols 44, then
1A. Protocol 1C only ranked as one of the last protocols
before 3C and 4C, showing that immediate loading may be
a more favorable treatment regarding MBL, though no
significant differences were observed. Nearly all studies took
the timing of implant placement as baseline, in which case,
the true effect of placement timing on postextraction healing
cannot be examined in protocols later than immediate im-
plantation. Only Lu et al”* and Zhou et al”” set the baseline
at the time of tooth extraction, which should be the most
appropriate method of detecting true differences among the
protocols. Medium- to long-term follow-up showed pro-
mising MBLs. Gjelvold et al”*"” showed bone growth at 5
years compared with at 1 year in both protocols 4A and 4C.
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Figure 5. A, One-year pink esthetic score (PES) network diagram. Nodes indicate investigated protocols, and edge thickness refers proportionally to
number of studies included. B, 1-year PES SUCRA curve. X axis shows number of possible rankings matching number of protocols analyzed. Y axis
indicates probability (%) to reach given rank or higher. C, 1-year PES league plot showing mean differences and credible intervals in mm between
protocols ordered from best to worst starting at top-left corner. Values above and below gray grids show same differences in opposite direction.

Double asterisks indicate statistically significant differences.

Few studies have reported on mid-facial MBL or BBT,
both measurable only on CBCT scans. Slagter et al'’
only evaluated the top 5-mm section from the implant
platform. Liu et al”' measured BBT at 1 mm apical to the
platform, at mid-implant level, and at 1 mm coronal to
the apex of the implant, and also measured mid-facial
MBL. Chan et al’” also measured mid-facial MBL as well
as BBT at 0, 2, 4, 6, and 8 mm above platform level. No
analysis was possible because of the low number of
rather heterogeneously measured data.

Both Liu et al’' and Slagter et al"’ compared protocols
1C and 3C. Liu et al”' reported that the BBT reduction was

THE JOURNAL OF PROSTHETIC DENTISTRY

around 0.6 mm (1C) and 0.56 mm (3C), and Slagter et al”
reported approximately 0.04mm (1C) and 0.07mm (3C);
however, the within study differences between compared
protocols were minimal. Interstudy differences may there-
fore be attributed to study designs, materials, and methods.
Slagter et al”’ included patients with buccal bone defect
sizes of 25 mm and used autogenous bone and soft tissue
grafts in both protocols, whereas Liu et al’' reported no
information on buccal defect sizes and applied only guided
bone regeneration for intervention 3C. There was no in-
formation on phenotype, abutment design, and whether
there was veneering in the subgingival region.

Qian et al
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Figure 6. A, One-year visual analog scale (VAS) network diagram. Nodes indicate investigated protocols, and edge thickness refers proportionally to number
of studies included. B, 1-year VAS SUCRA curve. X axis shows number of possible rankings matching number of protocols analyzed. Y axis indicates probability
(%) to reach given rank or higher. C, 1-year VAS league plot showing mean differences and credible intervals in mm between protocols ordered from best to
worst starting at top-left corner. Values above and below gray grids show same differences in opposite direction. No significant differences observed.

Table 2.Buccal marginal bone loss (MBL) and buccal bone thickness (BBT) (mean tstandard deviation) at first two time points reported for 1A, 1C,

and 3C protocols®*?7 43!

Study Measurement Time of Measurement Measured Dimensions (mm)
1A 1C 3C
Chan 2019, Bushahri 2021 BBT (platform level) 4 months 23+14 2512 -
30 months 1.83+£1.04 2.04 £0.92 -
Buccal MBL 12 months 03104 0.7 £0.6 -
30 months 1.89 +1.02 1.88 +0.61 -
Liu 2016 BBT (1 mm apical to the platform) 0 month - 1.33+0.32 1.27 £0.25
12 months 0.73+0.38 0.71+£0.34
Buccal MBL 0 month -0.44 £0.31 -0.42 +£0.50
12 months - 1.30+0.50 -0.31+0.42
Slagter 2017 (<5 mm defect) BBT (1 mm apical to the platform) 1 month 2.05+0.80 1.39+0.94 -
12 months 1.94 +£0.79 1.37+0.78 -
Slagter 2017 (>5 mm defect) BBT (1 mm apical to the platform) 1 month - 1.29 +£0.60 0.88 £0.57
12 months 1.25+0.53 0.81+0.46
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Two reports were available for 1-year mid-facial MBL
for protocol 1C, where Liu et al’! reported a mean MBL
of around 1.74mm, and Chan et al’’ reported only
0.7mm. Large differences were observed, with Chan
et al”’ only achieving an MBL similar to that of the
1-year report of Liu et al”" at their 30-month follow-up
(1.88 mm). The differences may be explained by the fact
that Chan et al’’ performed allogenic bone grafting,
whereas Liu et al’' used no grafting.

As thin buccal bone, fast bundle bone resorption, and
soft tissue recession are major concerns in implant treat-
ment in the anterior maxilla, it is advisable to standardize
and perform such measurements in further studies to obtain
evidence that aids in clinical decision-making."****’

The protocols were similar regarding STR but
achieved different rankings at mesial, mid-facial, and
distal sites. Most data were available for mid-facial re-
cession, where the rankings were 2C, 1A, 4B, 1C, and 3C
in descending order. Immediate implantation has often
been associated with higher mid-facial bone loss, which
explains increased STR.”"”" Interestingly, 1A ranked first
at the distal papilla but showed greater recession at the
mesial papilla where it ranked last. The difference could
have been the effect of the position and gingival level of
the failing tooth, the quality and quantity of inter-
proximal bone in both vertical and horizontal dimen-
sions toward the neighboring teeth, and 3D implant
positioning, as well as oral hygiene, but no data were
available to analyze the effect these variables.'””"* STR
can worsen esthetics, satisfaction, and can indicate MBL
underneath, the analysis of which would require data on
the same measuring points from the same studies.”” "

PPD change also indicates bone loss and a deep PPD
that is bleeding or purulent could be a sign of peri-im-
plantitis.”’® As pockets deeper than 4 mm were not re-
ported, PPD change was analyzed instead of PPD. The 3A
protocol ranked first with a mean difference of >1 mm from
the following protocols 4C, 1C, 3C, 2C, and 1A, which
showed small differences from each other; only 1A was
significantly worse than 3A but had no clinical relevance
because of wide Crl. Increased probing depth in 1A may
have been associated with postextraction healing.”"”'

Bleeding is a definitive indicator of inflammation,
either peri-implantitis if bone loss is present or peri-
implant mucositis if no bone loss is present.”” In the
analysis of BI, there were no statistically significant dif-
ferences among the protocols. Though both PPDc and
BI were compared, the examined populations were not
the same, and these parameters may only be evaluated
as indicators of peri-implantitis when investigated to-
gether.””’" Peri-implant inflammation cannot be at-
tributed to timing protocols alone, as it is greatly
associated with individual oral hygiene, measurable with
plaque indices, missing from most reports, and not
available for analysis.”’

THE JOURNAL OF PROSTHETIC DENTISTRY

Esthetics and patient satisfaction are key indicators of
success in the anterior region. For both PES and WES,
protocol 1A ranked first with a statistically significant ad-
vantage, especially over late placement. Immediate im-
plantation and loading allowed patients to preserve their
original and natural soft tissue profile, resulting in sig-
nificantly higher PES and WES.""*"”" Higher patient sa-
tisfaction was also found with protocol 1A. Though mean
differences were not statistically significant, the SUCRA
values showed an extremely high probability for 1A
(84.85%) to rank best, with 33.04% advantage over the
second protocol (51.81%). Both esthetics and immediate
rehabilitation may contribute to the higher satisfaction ob-
served in the present study and in the literature.”’

The authors are unaware of a previous NMA reviewing
IPLPs, analyzing several protocols (14, 1C, 24, 2C, 3A, 3C,
4A, 4B, 40), including only RCTs with samples across
America, Asia, and Europe based on data from English and
Chinese language databases. This study focused not only on
implant survival and MBLs but also on soft tissue para-
meters, esthetics, and patient satisfaction.

Although a few RCTs with long-term (3 to 5 years)
follow-up were included, only 1-year and 2-year follow-
ups had sufficient data available for qualitative analysis.
Even for short-term analyses, the strength of evidence
and networks was weak because of the low number of
studies, and therefore subset analyses were not possible.
Parameters such as the definitive restoration material
and retention method, abutment height and connection,
flap design, mucosal phenotype of the patient, and ap-
plication of either hard or soft tissue grafts were rarely
mentioned, all of which could have affected the out-
comes. Missing and possibly selected outcome data,
imprecision, heterogeneity, and incoherence were also
reasons for the reduced strength of the evidence.

If conditions are met, applying 1A protocol in the
anterior maxillary region could result in improved es-
thetics (PES, WES) and patient satisfaction. With recent
systematic reviews of the ITI proving high survivability,
this review could also contribute to acknowledging the
1A protocol as a scientifically and clinically validated
treatment option.”"”"%"”

Well-designed RCTs with standardized metho-
dology, larger sample sizes, and long-term follow-up
focusing on patient phenotype, implant placement po-
sition, hard or soft tissue grafting, buccal bone dimen-
sions, and soft tissue parameters are needed for stronger
clinical recommendations.

CONCLUSIONS

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

1. Immediate implant placement with immediate
loading (1A) shows a considerable advantage in

Qian et al
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terms of esthetics and promising benefits in patient
satisfaction over later rehabilitation, whereas minor
differences were monitored on MBLs around
anterior maxillary single implants treated with dif-
ferent protocols.

2. Further studies are needed to determine the long-

term effects of different implant placement and
loading protocols.

APPENDIX A. SUPPORTING INFORMATION

Supplemental data associated with this article can be found
in the online version at doi:10.1016/j.prosdent.2024.05.033.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

. Zhou W, Gallucci

Heimes D, Schiegnitz E, Kuchen R, Kammerer PW, Al-Nawas B. Buccal
bone thickness in anterior and posterior teeth-A systematic review.
Healthcare ((Basel)). 2021;9.

. Yoda N, Zheng K, Chen ], et al. Bone morphological effects on post-

implantation remodeling of maxillary anterior buccal bone: A clinical and
biomechanical study. | Prosthodont Res. 2017;61:393-402.

O, Chen S, Buser D, Hamilton A. Placement and
loading protocols for single implants in different locations: A systematic
review. Int | Oral Maxillofac Implants. 2021;36:72-e89.

. Stefanini M, Rendon A, Zucchelli A, Sangiorgi M, Zucchelli G. Avoiding

errors and complications related to immediate implant placement in the
esthetic area with a mucogingival approach. Periodontol 2000 2023.

. Pommer B, Danzinger M, Leite Aiquel L, Pitta ], Haas R. Long-term

outcomes of maxillary single-tooth implants in relation to timing protocols
of implant placement and loading: Systematic review and meta-analysis.
Clin Oral Implants Res. 2021;32(Suppl 21):56-66.

. Asghar AM, Sadaf D, Ahmad MZ. Comparing clinical outcomes of

immediate implant placement with early implant placement in healthy adult
patients requiring single-tooth replacement in the aesthetic zone: A
systematic review and meta-analysis of randomised controlled trials. Evid
Based Dent. 2023;24:93.

. Bassir SH, El Kholy K, Chen CY, Lee KH, Intini G. Outcome of early dental

implant placement versus other dental implant placement protocols: A
systematic review and meta-analysis. ] Periodontol. 2019;90:493-506.

. Chen ST, Buser D. Esthetic outcomes following immediate and early

implant placement in the anterior maxilla—A systematic review. Int | Oral
Maxillofac Implants. 2014;29 Suppl:186-215.

. Morton D, Gallucci G, Lin WS, et al. Group 2 iti consensus report:

Prosthodontics and implant dentistry. Clin Oral Implants Res. 2018;29(Suppl
16):215-223.

Kan JYK, Rungcharassaeng K, Deflorian M, Weinstein T, Wang HL, Testori
T. Immediate implant placement and provisionalization of maxillary anterior
single implants. Periodontol 2000. 2018;77:197-212.

Higgins JP, Thomas J, Chandler J, et al. Cochrane handbook for systematic
reviews of interventions. John Wiley Sons,; 2019.

Page MJ, McKenzie JE, Bossuyt PM, et al. The prisma 2020 statement: An
updated guideline for reporting systematic reviews. Int | Surg. 2021;88:105906.
Hegyi P, Petersen OH, Holgate S, et al. Academia Europaea position paper
on translational medicine: The cycle model for translating scientific results
into community benefits. ] Clin Med. 2020;9.

Papakonstantinou T, Nikolakopoulou A, Higgins JPT, Egger M, Salanti G.
Cinema: Software for semiautomated assessment of the confidence in the
results of network meta-analysis. Campbell Syst Rev. 2020;16:e1080.
Nikolakopoulou A, Higgins JPT, Papakonstantinou T, et al. Cinema: An
approach for assessing confidence in the results of a network meta-analysis.
PLoS Med. 2020;17:e1003082.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med. 2002;21:1539-1558.

Harrer M., Cuijpers P., Furukawa T., Ebert D.D. Dmetar: Companion r
package for the guide 'doing meta-analysis in r’. 2023.

R Core Team. R: A language and environment for statistical computing.
6.2.1 ed.,. Vienna, Austria: R Foundation for Statistical Computing,; 2021.
Schwarzer G. Meta: General package for meta-analysis. 2023.

IntHout J, Toannidis JP, Borm GF. The hartung-knapp-sidik-jonkman
method for random effects meta-analysis is straightforward and
considerably outperforms the standard dersimonian-laird method. BMC
Med Res Methodol. 2014;14:25.

Knapp G, Hartung J. Improved tests for a random effects meta-regression
with a single covariate. Stat Med. 2003;22:2693-2710.

Qian et al

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

44.

45.

Clopper CJ, Pearson ES. The use of confidence or fiducial limits illustrated in
the case of the binomial. Biometrika. 1934;26:404-413.

Block MS, Mercante DE, Lirette D, Mohamed W, Ryser M, Castellon P.
Prospective evaluation of immediate and delayed provisional single tooth
restorations. | Oral Maxillofac Surg. 2009;67:89-107.

Bushahri A, Kripfgans OD, George F, Wang IC, Wang HL, Chan HL. Facial
mucosal level of single immediately placed implants with either immediate
provisionalization or delayed restoration: An intermediate-term study.

] Periodontol. 2021;92:1213-1221.

Cardaropoli D, Bellomo M, Tamagnone L, Leonardi R. Bone and soft tissue
modifications in immediate implants versus delayed implants inserted following
alveolar ridge preservation: A randomized controlled clinical trial. Part ii:
Radiographic outcomes. Int | Periodontics Restorative Dent. 2022;42:487-494.
Cardaropoli D, De Luca N, Tamagnone L, Leonardi R. Bone and soft tissue
modifications in immediate implants versus delayed implants inserted
following alveolar ridge preservation: A randomized controlled clinical trial.
Part i: Esthetic outcomes. Int | Periodontics Restorative Dent. 2022;42:195-202.
Chan HL, George F, Wang IC, Suarez Lopez Del Amo F, Kinney J, Wang
HL. A randomized controlled trial to compare aesthetic outcomes of
immediately placed implants with and without immediate
provisionalization. | Clin Periodontol. 2019;46:1061-1069.

Crespi R, Capparé P, Crespi G, Gastaldi G, Romanos GE, Gherlone E.
Tissue remodeling in immediate versus delayed prosthetic restoration in
fresh socket implants in the esthetic zone: Four-year follow-up. Int |
Periodontics Restorative Dent. 2018;38:597-s103.

Crespi R, Capparé P, Gherlone E, Romanos GE. Immediate versus delayed
loading of dental implants placed in fresh extraction sockets in the maxillary
esthetic zone: A clinical comparative study. Int ] Oral Maxillofac Implants.
2008;23:753-758.

De Rouck T, Collys K, Wyn I, Cosyn J. Instant provisionalization of
immediate single-tooth implants is essential to optimize esthetic treatment
outcome. Clin Oral Implants Res. 2009;20:566-570.

Degidi M, Nardi D, Piattelli A. Immediate versus one-stage restoration of
small-diameter implants for a single missing maxillary lateral incisor: A 3-
year randomized clinical trial. ] Periodontol. 2009;80:1393-1398.

den Hartog L, Raghoebar GM, Stellingsma K, Vissink A, Meijer HJ.
Immediate non-occlusal loading of single implants in the aesthetic zone: A
randomized clinical trial. J Clin Periodontol. 2011;38:186-194.

den Hartog L, Raghoebar GM, Stellingsma K, Vissink A, Meijer HJ. Immediate
loading of anterior single-tooth implants placed in healed sites: Five-year
results of a randomized clinical trial. Int | Prosthodont. 2016;29:584-591.
Gjelvold B, Kisch ], Chrcanovic BR. A randomized clinical trial comparing
immediate loading and delayed loading of single-tooth implants: 5-year
results. | Clin Med. 2021;10:1-9.

Gjelvold B, Kisch ], Chrcanovic BR, Albrektsson T, Wennerberg A. Clinical
and radiographic outcome following immediate loading and delayed
loading of single-tooth implants: Randomized clinical trial. Clin Implant Dent
Relat Res. 2017;19:549-558.

Hall JA, Payne AG, Purton DG, Torr B. A randomized controlled clinical trial
of conventional and immediately loaded tapered implants with screw-
retained crowns. Int | Prosthodont. 2006;19:17-19.

Hall JA, Payne AG, Purton DG, Torr B, Duncan WJ, De Silva RK. Immediately
restored, single-tapered implants in the anterior maxilla: Prosthodontic and
aesthetic outcomes after 1 year. Clin Implant Dent Relat Res. 2007;9:34—45.
Palattella P, Torsello F, Cordaro L. Two-year prospective clinical comparison
of immediate replacement vs. Immediate restoration of single tooth in the
esthetic zone. Clin Oral Implants Res. 2008;19:1148-1153.

Puisys A, Auzbikaviciute V, Vindasiute-Narbute E, Pranskunas M,
Razukevicus D, Linkevicius T. Immediate implant placement vs. Early
implant treatment in the esthetic area. A 1-year randomized clinical trial.
Clin Oral Implants Res. 2022;33:634-655.

Slagter KW, Meijer HJA, Bakker NA, Vissink A, Raghoebar GM. Feasibility
of immediate placement of single-tooth implants in the aesthetic zone: A
1-year randomized controlled trial. | Clin Periodontol. 2015;42:773-782.
Slagter KW, Meijer HJA, Bakker NA, Vissink A, Raghoebar GM. Immediate
single-tooth implant placement in bony defects in the esthetic zone: A
1-year randomized controlled trial. | Periodontol. 2016;87:619-629.

Slagter KW, Meijer HJA, Hentenaar DFM, Vissink A, Raghoebar GM.
Immediate single-tooth implant placement with simultaneous bone
augmentation versus delayed implant placement after alveolar ridge
preservation in bony defect sites in the esthetic region: A 5-year randomized
controlled trial. | Periodontol. 2021;92:1738-1748.

Slagter KW, Raghoebar GM, Bakker NA, Vissink A, Meijer HJA. Buccal bone
thickness at dental implants in the aesthetic zone: A 1-year follow-up cone
beam computed tomography study. | Craniomaxillofac Surg. 2017;45:13-19.
Slagter KW, Raghoebar GM, Hentenaar DFM, Vissink A, Meijer HJA.
Immediate placement of single implants with or without immediate
provisionalization in the maxillary aesthetic region: A 5-year comparative
study. ] Clin Periodontol. 2021;48:272-283.

Tonetti MS, Cortellini P, Graziani F, et al. Inmediate versus delayed implant
placement after anterior single tooth extraction: The timing randomized
controlled clinical trial. J Clin Periodontol. 2017;44:215-224.

THE JOURNAL OF PROSTHETIC DENTISTRY


https://doi.org/10.1016/j.prosdent.2024.05.033
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref1
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref1
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref1
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref2
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref2
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref2
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref3
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref3
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref3
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref4
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref4
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref4
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref5
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref5
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref5
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref5
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref6
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref6
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref6
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref6
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref6
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref7
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref7
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref7
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref8
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref8
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref8
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref9
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref9
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref9
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref10
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref10
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref10
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref11
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref11
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref12
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref12
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref13
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref13
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref13
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref14
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref14
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref14
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref15
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref15
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref15
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref16
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref16
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref17
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref17
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref18
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref18
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref18
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref18
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref19
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref19
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref20
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref20
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref21
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref21
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref21
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref22
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref22
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref22
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref22
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref23
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref23
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref23
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref23
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref24
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref24
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref24
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref24
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref25
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref25
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref25
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref25
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref26
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref26
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref26
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref26
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref27
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref27
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref27
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref27
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref28
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref28
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref28
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref29
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref29
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref29
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref30
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref30
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref30
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref31
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref31
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref31
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref32
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref32
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref32
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref33
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref33
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref33
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref33
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref34
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref34
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref34
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref35
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref35
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref35
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref36
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref36
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref36
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref37
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref37
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref37
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref37
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref38
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref38
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref38
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref39
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref39
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref39
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref40
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref40
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref40
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref40
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref40
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref41
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref41
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref41
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref42
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref42
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref42
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref42
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref43
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref43
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref43

688

Volume 133 Issue 3

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

THE

Cheng YL. Jike zhongzhi jike xiufu danke shanghe gianya jiazhi yanjiu
[Study on the value of immediate restoration of single maxillary anterior
teeth with immediate implantation]. Hubei Keji Xueyuan Xuebao ((Yixueban)).
2018;32:331-333.

Gui F. Meixuequ danya jike zhongzhi jike xiufu yu yanqi zhongzhi de
xiaoguo duibi [Comparison of the effect of immediate implant restoration
and delayed implant restoration on single tooth in aesthetic zone].
Linchuang Heli Yongyao Zazhi. 2017;10.

Huang X, Liu LQ, Ma N. Shanghe dangianya yin waishang yanqi zhongzhi
yu jike zhongzhi dui yazhou zuzhi jiankang chengdu ji meixue xiaoguo de
yingxiang [Effects of delayed implantation and immediate implantation on
the health of periodontal tissue and aesthetic effect of maxillary single
anterior teeth due to trauma]. Linchuang Kougiang Yixue Zazhi.
2019;35:223-226.

Huang YB, Ma M. Shanghe gianyaqu jike zhongzhi he yanqi zhongzhi de
liaoxiao bijiao [Comparison of the curative effect of immediate implantation
and delayed implantation in maxillary anterior region]. Baotou Yixueyuan
Xuebao. 2020;36:39-41.

Li QZ. Butong shigi zhongzhi meixuequ danya dui youdao yayin chengxing
de xiaoguo guancha [Investigating the effect of different timings of
implantation on gingival formation around single tooth in aesthetic zone].
Linchuang Yanjiu. 2019;27.

Liu YM, Wu Q, Huang JH. Qianya jike yu yanqi zhongzhi zai meixue,
chunce guliang ji yazhou zuzhi jiankang de linchuang pingjia [Clinical
evaluation of immediate and delayed anterior implants on aesthetics, labial
bone mass and periodontal tissue health]. Zhongguo Kougiang Zhongzhixue
Zazhi. 2016;21:116-119.

Lu T. Yichi zhongzhi jike xiufu zai shanghe gianya xiufu huanzhe zhongde
meixue xiaoguo yanjiu [Investigating the esthetic effect of immediate
implant restorations replacing maxillary anterior teeth]. Zhejiang
Chuangshang Waike. 2018;23:298-300.

Ni JX, Wang YS, Lai SY. Qianya jike zhongzhi xiufu he yangi zhongzhi xiufu
de xiaoguo bijiao [Effect comparison of immediate implant restoration and
delayed implant restoration of anterior teeth]. Weichuang Yixue. 2019;14.
Ning H, Wu HZ, Hu FF, Lu Y, Kang L, Wang Q. Meixuequ danya jike
zhongzhi jike youdao yayin chengxing de linchuang guancha [Clinical
observation of immediate immediate implantation of single tooth in esthetic
area inducing gingival formation]. Kougiang Yixue. 2016;36:361-365.

Niu W. Shanghe gianya danya jike zhongzhi jike xiufu yu yanqi zhongzhi
xiufu dui huanzhe zhiti zhouwei ruanzuzhi he zhuguan manyidu de
yingxiang [Effects of immediate implant restoration and delayed implant
restoration on the soft tissue around implants and subjective satisfaction of
patients with single maxillary anterior teeth]. Zhongguo Shequ Yishi. 2019;35.
Song HL, Zhou H, Wu HY. Meixuequ dankeya jike zhongzhi jike xiufu yu
yanqi xiufu de linchuang xiaoguo bijiao [Comparison of clinical effects of
immediate and delayed implant-supported restoration following immediate
implant placement of single tooth in the aesthetic zone]. Henan Yixue Yanjiu.
2020;29:4620-4623.

Sui SL, Wang J], Zhu K, Liu PL. Shanghe gianyaqu jike yu yanqi zhongzhi
xiufu xiaoguo de linchuang yanjiu [Clinical study on the effect of immediate
and delayed implant restoration in the maxillary anterior region]. Quan Ke
Kougiang Yixue Dianzi Zazhi. 2017;4:9-10.

Tan R, Hu DM, Li JR. Linshi guan dui shanghe danke gianya jike zhongzhi
yichi zhouwei ruanzuzhi chengxing de yingxiang [Effect of temporary crown on
soft tissue formation around immediate implant denture of maxillary single
anterior tooth]. Zhongguo Jijiu Fusu Yu Zaihai Yixue Zazhi. 2014;9:739-741.
Wang C. Shanghe gianyaqu zhongzhi yichi hou xing jike xiufu de duangqi
meixue xiaoguo [Short-term aesthetic effects of immediate restoration of
implant dentures in the maxillary anterior region]. Quanke Kougiang Yixue
Dianzi Zazhi. 2018;5:79-80.

Xu DL. Jike zhongzhi meixue xiufu zai gianya waishang zhong de yingyong
ji dui huanzhe zhengti meiguandu de yingxiang [Application of immediate
implant aesthetic restoration in anterior tooth trauma and its influence on
patients' overall aesthetics. Yangsheg Baojian Zhinan 2021:24-25.

Zeng XH, Cai QL. Jike zhongzhi yu yangi zhongzhi dui shanghe gianya
huanzhe zhiti zhouwei ruanzuzhi de yingxiang [Effects of immediate
implantation and delayed implantation on soft tissue around implants in
patients with maxillary anterior teeth defects. Zhong Wai Yixue Yanjiu.
2019;17:42-44.

Zhang P. Jike zhongzhi dui shanghe qianya quesun huanzhe zhiti zhouwei
ruanzuzhi de yingxiang [Effect of immediate implantation on soft tissue
around implants in patients with maxillary anterior teeth defects].
Heilongjiang Yixue. 2022;46.

Zhang Z. Danke shanghe gianya jike zhongzhi yu xiufu de linchuang he
meixue xiaoguo [Clinical and aesthetic effects of immediate implantation
and immediate restoration of a single maxillary anterior tooth]. Fenzi
Yingxiangxue Zazhi. 2017,40.

Zhen D, Fu MQ. Shangqianya danya jike zhongzhi jike xiufu meixue
xiaoguo fenxi [Analysis of the aesthetic effect of immediate implant

JOURNAL OF PROSTHETIC DENTISTRY

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

immediate restoration of single upper anterior teeth]. Shenzhen Zhongxiyi
Jiehe Zazhi. 2017;27:108-110.

Zhou WW, Luo XQ. Shanghe gianya danya jike zhongzhi jike xiufu yu yanqi
zhongzhi xiufu dui huanzhe zhiti zhouwei ruanzuzhi he zhuguan manyidu
de yingxiang fenxi [Analysis of the influence of immediate restoration and
delayed implant restoration on the soft tissue around the implant and
subjective satisfaction of the maxillary anterior single tooth]. Dangdai Yixue.
2019;25.

Krebs M, Schmenger K, Neumann K, Weigl P, Moser W, Nentwig GH.
Long-term evaluation of ankylos(r) dental implants, part i: 20-year life table
analysis of a longitudinal study of more than 12,500 implants. Clin Implant
Dent Relat Res. 2015;17(Suppl 1):e275-e286.

Hamilton A, Gonzaga L, Amorim K, et al. Selection criteria for immediate
implant placement and immediate loading for single tooth replacement in
the maxillary esthetic zone: A systematic review and meta-analysis. Clin
Oral Implants Res. 2023;34(Suppl 26):304-348.

Buser D, Chappuis V, Belser UC, Chen S. Implant placement post extraction
in esthetic single tooth sites: When immediate, when early, when late?
Periodontol 2000. 2017,73:84-102.

Chappuis V, Araujo MG, Buser D. Clinical relevance of dimensional bone
and soft tissue alterations post-extraction in esthetic sites. Periodontol 2000.
2017;73:73-83.

Seyssens L, De Lat L, Cosyn J. Immediate implant placement with or
without connective tissue graft: A systematic review and meta-analysis. |
Clin Periodontol. 2021;48:284-301.

Wu XY, Shi JY, Buti J, Lai HC, Tonetti MS. Buccal bone thickness and mid-
facial soft tissue recession after various surgical approaches for immediate
implant placement: A systematic review and network meta-analysis of
controlled trials. | Clin Periodontol. 2023;50:533-546.

Kan JY, Rungcharassaeng K, Umezu K, Kois JC. Dimensions of peri-implant
mucosa: An evaluation of maxillary anterior single implants in humans. |
Periodontol. 2003;74:557-562.

Tarnow DP, Magner AW, Fletcher P. The effect of the distance from the
contact point to the crest of bone on the presence or absence of the
interproximal dental papilla. | Periodontol. 1992 Dec;63:995-996.

Tarnow DP, Cho SC, Wallace SS. The effect of inter-implant distance on the
height of inter-implant bone crest. ] Periodontol. 2000 Apr;71:546-549.
Mombelli A, Muller N, Cionca N. The epidemiology of peri-implantitis. Clin
Oral Implants Res. 2012;23(Suppl 6):67-76.

Smeets R, Henningsen A, Jung O, Heiland M, Hammacher C, Stein JM.
Definition, etiology, prevention and treatment of peri-implantitis—A review.
Head Face Med. 2014;10:34.

Hartlev J, Kohberg P, Ahlmann S, Andersen NT, Schou S, Isidor F. Patient
satisfaction and esthetic outcome after immediate placement and
provisionalization of single-tooth implants involving a definitive individual
abutment. Clin Oral Implants Res. 2014;25:1245-1250.

Morton D, Wismeijer D, Chen S, et al. Group 5 iti consensus report: Implant
placement and loading protocols. Clin Oral Implants Res. 2023;34(Suppl
26):349-356.

Wittneben JG, Molinero-Mourelle P, Hamilton A, et al. Clinical
performance of immediately placed and immediately loaded single implants
in the esthetic zone: A systematic review and meta-analysis. Clin Oral
Implants Res. 2023;34(Suppl 26):266-303.

Corresponding author:

Dr Krisztina Mikulas

Department of Prosthodontics, Semmelweis University
HU-1088 Szentkiralyi utca 47., Budapest

HUNGARY

Email: mikulas.krisztinal@semmelweis.hu

CRediT authorship contribution statement

Xinyi Qian: Conceptualization, Project administration, Visualization,
Methodology, Database search, Article selection, Investigation, Data curation,
Formal analysis, Writing — original draft; Boldizsar Vankos: Article selection,
Investigation, Data curation, Validation, Writing — review and editing; Kata
Kelemen: Conceptualization, Project administration, Methodology, Writing —
review and editing; Noémi Gede: Software, Formal analysis, Writing — review
and editing; Gadbor Varga: Supervision, Writing — review and editing; Gabor
Gerber: Writing — review and editing; Arpad Joéb-Fancsaly: Writing — review
and editing; Péter Hegyi: Supervision, Conceptualization, Methodology,
Writing — review and editing; Péter Hermann: Writing — review and editing;
Krisztina Mikulas: Conceptualization, Project administration, Methodology,
Writing — review and editing.

Copyright © 2025 The Authors. Published by Elsevier Inc. on behalf of the
Editorial Council of The Journal of Prosthetic Dentistry.
https://doi.org/10.1016/j.prosdent.2024.05.033

Qian et al


http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref44
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref44
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref44
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref44
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref45
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref45
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref45
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref45
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref46
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref46
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref46
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref46
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref46
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref46
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref47
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref47
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref47
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref47
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref48
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref48
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref48
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref48
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref49
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref49
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref49
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref49
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref49
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref50
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref50
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref50
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref50
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref51
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref51
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref51
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref52
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref52
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref52
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref52
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref53
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref53
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref53
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref53
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref53
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref54
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref54
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref54
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref54
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref54
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref55
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref55
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref55
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref55
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref56
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref56
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref56
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref56
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref57
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref57
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref57
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref57
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref58
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref58
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref58
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref58
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref59
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref59
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref59
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref59
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref59
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref60
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref60
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref60
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref60
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref61
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref61
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref61
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref61
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref62
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref62
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref62
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref62
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref63
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref63
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref63
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref63
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref63
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref63
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref64
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref64
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref64
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref64
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref65
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref65
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref65
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref65
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref66
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref66
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref66
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref67
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref67
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref67
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref68
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref68
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref68
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref69
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref69
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref69
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref69
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref70
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref70
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref70
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref71
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref71
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref71
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref72
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref72
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref73
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref73
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref74
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref74
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref74
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref75
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref75
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref75
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref75
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref76
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref76
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref76
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref77
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref77
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref77
http://refhub.elsevier.com/S0022-3913(24)00412-8/sbref77
mailto:mikulas.krisztina1@semmelweis.hu
https://doi.org/10.1016/j.prosdent.2024.05.033

	Comparison of implant placement and loading protocols for single anterior maxillary implants: A systematic review and networ...
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	Appendix A. Supporting information
	References




