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Abstract
Objectives: The aim of this study was to review available evidence for Type 1A (im-
mediate implant placement and immediate loading) of single tooth replacement in the 
maxillary esthetic zone.
Materials and Methods: An electronic search was conducted utilizing the databases 
of MEDLINE, Embase, and Cochrane to identify publications reporting on the out-
comes of Type 1A for single tooth replacement in the maxillary esthetic zone. The 
success and survival rates of the included articles were reported, which were further 
categorized according to the clinical criteria reported in Type 1A. Mean survival rates 
were univariately compared between risk groups and additionally between studies 
published before and since 2012 using bias-corrected and study size-weighed boot-
strap tests. A study time-correcting meta-analysis was then performed to obtain an 
overall effect for the study pool.
Results: A total of 3118 publications were identified in the search, with a total of 68 
articles included. A mean number of implants per study were 37.2 and mean follow-up 
was 2.8 years. All the included studies utilizing Type 1A report highly selective inclu-
sion and exclusion criteria. Univariate risk group comparison determined that studies 
before 2012 report a significantly lower mean survival rate (difference of −1.9 per-
centage points [PP], 95% CI: [−0.3, −4.0], p = .02), facial gap dimension had an impact 
on survival rates (+3.1 PP [0.2, 5.3] for width >2 mm, p = .04), as well as presence of 
endodontic infection (+2.6 PP [0.9, 5.1], p = .004).
Conclusions: Type 1A has a high survival rate in studies reporting strict patient and 
site selection criteria. Further research is required to assess esthetic and functional 
success with Type 1A treatments.
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1  |  INTRODUC TION

The use of dental implants for the replacement of missing or failing 
teeth in partially edentulous patients has been shown to be a clini-
cally predictable option (Jung et al., 2012). Original protocols recom-
mended the placement of dental implants in healed alveolar ridges 
coupled with long healing periods prior to restoration and loading 
of the dental implant (Albrektsson et al., 1981). The current body of 
evidence provides encouraging data on the placement of implants at 
the time of tooth extraction and, in some situations, in conjunction 
with the connection of an immediately delivered implant-supported 
prosthesis (Buser et al., 2017; Gallucci et al., 2018; Kan et al., 2018; 
Seyssens et al., 2021, 2022; Zhou et al., 2021).

Dating back to 2003, the International Team for Implantology 
(ITI) has periodically revisited the classification for timing of im-
plant placement and loading protocols (Chen et al., 2004; Chen & 
Buser,  2009; Hämmerle et al.,  2004) in preparation for their con-
sensus conferences. In the most recent consensus conference, a 
systematic review highlighted the connection and inseparability of 
outcomes with regard to implant placement and loading protocols 
(Gallucci et al., 2018). With this, Type 1A implant protocols are de-
fined as immediate placement of an implant on the same day of tooth 
extraction and immediate restoration/loading on the same day or up 
to 1 week following implant placement (Gallucci et al., 2018).

Immediate placement and loading of an implant are most desir-
able as it has significant patient-centered advantages in reducing 
the overall treatment time as well as reducing the number of in-
terventions and associated morbidity (Chen & Buser, 2009; Cosyn 
et al., 2019; Noelken et al., 2014; Slagter et al., 2014). Furthermore, 
it may assist in preserving the hard and soft tissue morphology 
through the use of a provisional restoration, aiding in achieving an 
ideal esthetic outcome (De Rouck et al., 2009; Kan et al., 2018; Kan 
& Rungcharassaeng, 2001; Puisys et al., 2022; Zhou et al., 2021).

However, Type 1A protocols can be challenging due to the com-
plexity and technique sensitivity of the surgical procedures (Cosyn 
et al., 2019; Levine et al., 2017; Morton et al., 2018). There is evi-
dence that shows there is a higher risk for early implant loss when 
an implant is immediately loaded (Schrott et al., 2014). It is common 
to find suggestions in the literature of factors that would contrain-
dicate using Type 1A protocols, such as the presence of an active 
infection, soft tissue defects, thin tissue phenotype, lack of the sock-
et's facial bone wall following extraction, and the absence of a facial 
gap between the implant and facial bone wall often known as the 
horizontal defect dimension (HDD; Araújo et al., 2022; Cochran & 
Douglas, 1993; Levine et al., 2022). Additionally, inferior outcomes 
related to the clinical, radiographic, and esthetic results can be ob-
tained when those factors are present at the implant site (Chen 
et al.,  2019; Cosyn et al.,  2019; Sanz-Sánchez et al.,  2015; Zhang 
et al., 2017).

Due to the available evidence from systematic reviews reporting 
on the success of Type 1A implant protocols, conservative criteria 
for their predictable implementation of Type 1A protocols were rec-
ommended (Morton et al., 2018). When following the recommended 

criteria, very few patients and sites would be classified as suitable, 
therefore alternative protocols would be indicated. The scientific ev-
idence to support such criteria requires periodic review to provide 
guidelines in managing sites that may present compromises in any 
of the individual criteria. It has also been reported that adjunctive 
procedures such as simultaneous socket grafting and/or connective 
tissue grafting in conjunction with Type 1A implant protocols could 
mitigate the associated esthetic risks following tooth extraction, 
however, these procedures carry their own inherent technical chal-
lenges (Araújo et al., 2022; Seyssens et al., 2021, 2022).

The complexity of treatment increases with the added risks as-
sociated with immediate loading; therefore, it is generally recom-
mended to select this protocol only when patient-centered benefits 
are present (Morton et al., 2018). This is supported by the majority 
of literature that focuses on Type 1A protocols reported on implants 
placed in the anterior maxilla (Zhou et al., 2021). This has patient-
centered advantages in addressing the psychosocial and esthetic 
effects of having a missing tooth in the esthetic zone (Gotfredsen 
et al., 2021; Huynh-Ba et al., 2018).

Despite the significant volume of literature addressing immedi-
ate implant placement and immediate loading, the survival rate of 
Type 1A protocols with regard to the characteristics of the patients 
and sites where the implant was placed and loaded has not been 
systematically reviewed. This systematic review aims to identify, re-
view, analyze, and summarize the available evidence on the survival 
rate of immediate loading of an immediately placed implant in the 
maxillary esthetic zone. Furthermore, two approaches are shown 
and discussed on how to assess survival rates based on studies with 
different study duration. The null hypothesis for this study is that 
the patient and site selection criteria do not influence the overall 
survival rate of Type 1A implant protocols.

2  |  MATERIAL S AND METHODS

This systematic review was conducted following PRISMA (Preferred 
Reporting for Systematic Reviews and Meta-Analyses) guidelines 
(Liberati et al.,  2009; Page et al., 2021). The study was registered 
with the International Prospective Register of Systematic Reviews 
(PROSPERO) database (CRD42021292749).

2.1  |  Focus question

To identify studies for this review, the PICO question (population, 
intervention, comparison, and outcome) was formulated with pa-
tients who require replacement of a single tooth in the anterior max-
illa (15–25 FDI) as the population; immediate implant placement and 
immediate loading with specific site selection criteria, such as intact 
socket walls, facial bone of at least 1 mm in thickness, no acute in-
fection at the site, the availability of at least 3 mm of bone apical 
and lingual to the socket to provide primary stability, at least 35 Ncm 
insertion torque, and/or ISQ of 70; thick soft tissue phenotype as 
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the intervention; immediate implant placement and immediate load-
ing without one or more site-specific factors for selection criteria as 
the comparison; and survival rate as the outcome. Thus, the PICO 
question was formulated: “In patients who require replacement of a 
single tooth in the anterior maxilla (15–25), does specific site selec-
tion criteria influence the survival outcome of an immediate implant 
placed with immediate loading?” The following sections provide a 
concise description of the specific methodological aspects of the 
study.

2.2  |  Search strategy

The search strategy was developed using keywords and Mesh terms 
(Table  1). The electronic search was conducted utilizing the data-
bases MEDLINE (PubMed), Embase, and Cochrane to identify pub-
lications in English up to January 14th, 2022. Due to the specificity 
of the PICO regarding the site selection, a comprehensive search 
strategy was formulated encompassing a complete list of articles for 
manual screening.

TA B L E  1  Systematic search strategy for the focus question.

Focused 
question Does the site selection influence the outcome of an immediate implant placed with immediate loading?

PICO Population Patients who require replacement of a single tooth in the anterior maxilla 15–25 (FDI)

Intervention Immediate implant placement and immediate loading of single implant restorations using modern dental 
implants with a micro-rough surface with specific site selection criteria, including:

•	 Intact socket walls;
•	 Facial bone of at least 1 mm in thickness;
•	 No acute infection at the site;
•	 The availability of at least 3 mm of bone apical and lingual to the socket to provide primary stability;
•	 At least 35 Ncm insertion torque and/or ISQ of 70; and
•	 Thick soft tissue phenotype

Comparison Immediate implant placement and immediate loading of single implant restorations using modern dental 
implants with a micro-rough surface without one or more site-specific factors in the selection criteria

Outcome Evaluate the implants after a minimum follow-up of 12 months regarding:
•	 Proportion of procedures that are executed successfully on selected patients vs. those that are moved to 

an alternate implant placement/loading protocol;
•	 Survival of implants/ implant-supported crowns; and
•	 Criteria influencing the survival/success of implants placed immediately and loaded immediately

Search 
Strategy

PubMed (dental implantation, endosseous[MeSH] OR dental implants[MeSH] OR implantation OR implant OR 
implants) AND (dental prostheses, implant supported[MeSH] OR crown OR single crown OR single unit) 
AND (immediate implant OR immediate implantation OR immediate implant placement OR immediate 
placement OR immediate OR fresh extraction sockets OR immediate extraction sockets) AND (immediate 
dental implant loading[MeSH] OR immediate) AND (English[Language])

Embase (“dental implantation, endosseous”/exp OR “dental implantation, endosseous” OR ((“dental”/exp OR dental) 
AND (“implantation,”/exp OR implantation,) AND endosseous AND (“mesh”/exp OR mesh)) OR “dental 
implants”/exp OR “dental implants” OR ((“dental”/exp OR dental) AND (“implants”/exp OR implants) 
AND (“mesh”/exp OR mesh)) OR “implantation”/exp OR implantation OR “implant”/exp OR implant OR 
“implants”/exp OR implants) AND (“dental prostheses, implant supported” OR ((“dental”/exp OR dental) 
AND (“prostheses,”/exp OR prostheses,) AND (“implant”/exp OR implant) AND supported AND (“mesh”/
exp OR mesh)) OR “crown”/exp OR crown OR “single crown” OR (single AND (“crown”/exp OR crown)) 
OR “single unit” OR (single AND (“unit”/exp OR unit))) AND (“immediate implant” OR (immediate AND 
(“implant”/exp OR implant)) OR “immediate implantation” OR (immediate AND (“implantation”/exp 
OR implantation)) OR “immediate implant placement” OR (immediate AND (“implant”/exp OR implant) 
AND placement) OR “immediate placement” OR (immediate AND placement) OR immediate OR “fresh 
extraction sockets” OR (fresh AND (“extraction”/exp OR extraction) AND sockets) OR “immediate 
extraction sockets” OR (immediate AND (“extraction”/exp OR extraction) AND sockets)) AND (“immediate 
dental implant loading”/exp OR “immediate dental implant loading” OR (immediate AND (“dental”/exp OR 
dental) AND (“implant”/exp OR implant) AND (“loading”/exp OR loading) AND (“mesh”/exp OR mesh)) OR 
immediate) AND (“English”/exp OR English) AND (“language”/exp OR language)

Cochrane (dental implantation, endosseous[MeSH] OR dental implants[MeSH] OR implantation OR implant OR 
implants) AND (dental prostheses, implant supported[MeSH] OR crown OR single crown OR single unit) 
AND (immediate implant OR immediate implantation OR immediate implant placement OR immediate 
placement OR immediate OR fresh extraction sockets OR immediate extraction sockets) AND (immediate 
dental implant loading[MeSH] OR immediate) AND (English[Language])

Database 
Search

MEDLINE (PubMed), Embase, and Cochrane

 16000501, 2023, S26, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/clr.14109 by Jere O

dell - Indiana U
niversity - Indianapo , W

iley O
nline L

ibrary on [13/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  307HAMILTON et al.

Reference lists of the studies that had been included by the 
electronic search were screened and checked for cross-references. 
An attempt was made to identify gray literature by searching 
through the database of the U.S. National Library of Medicine 
(www.clini​caltr​ials.gov). In addition, the following journals were 
hand searched up to January 2022: Clinical Implant Dentistry and 
Related Research, Clinical Oral Implants Research, Clinical Oral 
Investigations, International Journal of Oral & Maxillofacial Implants, 
International Journal of Oral & Maxillofacial Surgery, Journal of 
Clinical Periodontology, and the Journal of Periodontology.

The search results were exported and imported on Covidence 
(Melbourne, Australia), a systematic review management, to orga-
nize and evaluate the papers.

2.3  |  Selection criteria

All types of study designs were included, provided they met the fol-
lowing criteria:
Inclusion criteria:

•	 Studies on humans;
•	 At least 10 participants;
•	 Studies that report immediate implant placement with immediate 

loading (Type 1A);
•	 Modern, rough surface implants;
•	 Single implants placed in the esthetic zone, from 15 to 25 (FDI);
•	 Implant survival rate and Number of implant failures reported; 

and
•	 Minimal follow-up evaluation of 12 months.

Exclusion criteria:

•	 Animal or in-vitro studies;
•	 Studies using zirconia implants;
•	 Review articles;
•	 Implants with machine surfaces or hydroxyapatite (HA) coatings;
•	 Implant supporting fixed or removable, partial or full-arch recon-

structions with multiple implants;
•	 Insufficient information on defined outcome criteria;
•	 Studies that did not report on both the implant placement and 

implant loading protocols;
•	 Implant placement and loading protocols other than Type 1A im-

mediate implant placement and immediate loading;
•	 Studies containing data on several implant placement and loading 

protocols where the data on Type 1A was not able to be clearly 
separated;

•	 Studies with less than 12-month follow-up period; and
•	 Multiple publications on the same patient population.

Furthermore, only the study with the most extended follow-up 
was included in multiple publications with the same study population. 

However, previous studies were consulted only to retrieve informa-
tion not provided in the most recent publication.

2.4  |  Screening of studies and data collection

After duplicate records exclusion, two reviewers (L.H.G. and K.P.A.) 
independently screened the title and abstract to the outcomes. 
Then, the full texts were screened for meeting the inclusion criteria. 
Disagreements were resolved by discussion between reviewers and 
consultation with a third reviewer (A.H.) when required.

Data were extracted manually independently by the three re-
viewers (L.H.G., K.P.A., and A.H.) from the included studies and 
recorded on standardized forms. The following information was col-
lected for further analysis:

•	 Author(s), year of publication, and study designs: randomized/
nonrandomized controlled trial, retrospective study, case series, 
and experimental study;

•	 Number of implants and location;
•	 Follow-up in months;
•	 Survival rate, success rate, and patient dropout(s)/number of im-

plant failures;
•	 Implant brand, implant dimensions, implant lengths, and implant 

design; and
•	 Inclusion and procedural criteria reported for Type 1A protocols.

Included studies were analyzed according to the risk assessment 
Tables 2 and 3 for Type 1A immediate implant placement and imme-
diate restoration/loading in single tooth sites (Lambert et al., 2023); 
the selection criteria of each study were assessed regarding low-, 
medium-, or high-risk inclusions.

Data on noncompliance to the planned Type 1A treatment pro-
tocol were identified in prospective studies to perform an intention-
to-treat analysis, which for the purpose of this review described 
the number of sites that were selected and/or included for Type 
1A treatment that were not able to be completed as planned. The 
reasons for deviation from the originally planned treatment protocol 
were also collated.

2.5  |  Quality assessment

The quality assessment of all the included studies was analyzed by 
two reviewers (L.H.G. and K.P.A.). The risk of bias was assessed in 
randomized controlled trials (RCT) using the Cochrane quality as-
sessment tool RoB2 (Higgins et al., 2022; Sterne et al., 2019). For 
nonrandomized studies, the Newcastle–Ottawa Assessment Scale 
(http://www.ohri.ca/pro-grams/​clini​cal_epide​miolo​gy/oxford.asp) 
was applied to evaluate the selection of the study groups, the com-
parability of the groups, and the ascertainment of the outcome of 
interest converting the Newcastle–Ottawa scales to Agency for 
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Healthcare Research and Quality (AHRQ) standards (good, fair, and 
poor).

2.6  |  Statistical analysis

Cohen's kappa statistical analysis was performed to assess the level 
of agreement between the reviewers in the article screening process. 
Descriptive statistics such as mean and standard deviation (continu-
ous data), percentages (count data), and data range were used to 
summarize demographics, number of implants, survival rates, suc-
cess rates, study duration, failure time, and study dropouts.

2.6.1  |  Main analysis

Survival rates were compared by inclusion criteria groups formed 
after the risk assessment. For interpretation of survival rates, one 
must always consider (average) study duration and study size, there-
fore the statistical assessment was done in two steps. First, mean 
survival rates and average study duration (both weighed by study 
sizes) were univariately compared between risk groups and addition-
ally between studies published before and since 2012. As the distri-
bution of the survival rates was skewed, non-normal, and with a lot of 
identical values (many having 100%), p-values for both survival rates 
and average study duration comparisons were calculated with the 

TA B L E  2  Risk assessment for immediate implant placement in single tooth sites (Lambert et al., 2023).

Low risk Medium risk High risk

Preoperative assessment

Patient related

Medical Status Healthy, Uneventful healing Compromised healing

Esthetic risk Low/Medium esthetic risk High esthetic risk Significant esthetic compromise expected

Site related

Gingival margin position Absence of recession Minor Gingival 
recession

Gingival recession ≥2 mm

Soft tissue quality Thick gingival phenotype Thin gingival 
phenotype or 
limited keratinized 
gingivae

Absence of keratinized gingivae

Bone anchorage Sufficient bone anchorage to 
achieve primary stability

Lack of bone anchorage to achieve 
primary stability

Facial bone wall ≥1 mm facial bone thickness Facial bone plate 
<1 mm thickness, 
or small 
fenestration or 
dehiscence defect

Significant fenestration or dehiscence of 
facial bone

Mucoperiosteal Flap Sufficient alveolar bone for a 
flapless approach

Need for a flapped bone augmentation 
procedure

Socket position within 
alveolar envelope

Socket within the alveolar bone 
envelope

Socket and facial bone wall protruding out 
of the bone envelope

Presence of endodontic 
infection

Absence of infection Chronic peri-apical 
infection

Acute infection

Presence of periodontal 
disease

Periodontally healthy Controlled periodontal 
disease

Active periodontal disease

Planning Implant position Ideal three-dimensional position 
with axis exiting through the 
cingulum or incisal edge

Facially positioned or over-angulated 
implant or excessive implant depth

Gap between facial bone and 
planned implant position

>2 mm 1–2 mm <1 mm

Intra-operative assessment

Extraction Minimally invasive tooth 
extraction

Damage to 
surrounding soft 
tissue including 
severed/detached 
papillae

Significant damage to soft tissue and 
surrounding bone

Primary Implant Stability Primary stability achieved Lack of primary stability

Final implant position Ideal three-dimensional position 
achieved

Facially positioned or over-angulated 
implant or excessive implant depth
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help of bias-corrected and study size-weighed Bootstrap tests (Efron 
& Tibshirani, 1994) and presented with bias-corrected and study size-
weighed bootstrap confidence intervals. In a second step, survival 
rates within the first 6 months, labeled as “early survival rates,” were 
assessed using the very same techniques as from the first step and 
then compared to the previously obtained results. Roughly 90% of 
all implant losses occurred within the first 6 months so the results 
regarding early and overall survival rates should be comparable. Note 
that due to a non-negligible degree of missing observations, inclusion 
criteria could only be assessed in a univariate context.

2.6.2  |  Secondary analysis

Survival rates were transformed in order to obtain comparable 
measures over time (i.e., study duration) and a meta-analysis was 
then performed to obtain an overall effect for the study pool. For 
the transformation of survival rates, an approach from epidemiology 
was used: For each study, incidence and survival rates, IY and SY , per 
observed implant-year were calculated as follows:

For example, study A observing 10 implants with an average 
study time of 10 years, reported 1 loss after 9 years, that is, with re-
ported survival of 90%, has an IY of 1/99 ≈ 1% (1 loss and 9 implants 
were observed 10 years in situ, and 1 was observed 9 years in situ), 
and thus an SY of ≈99%. Note that this approach is more accurate 
than simply reweighing raw survival rates by the product of implant 
x average study duration as the latter approach would put on par 
study A to a study B that observed 100 implants 1 year long with 10 
losses (which would be clinically unacceptable). Observed implant-
years had to be estimated by considering study dropouts and late 
implant losses (6+ months). If the timepoint of a loss or a dropout 
was unknown, it was assumed to have happened in the middle of the 
study duration.

Following the hands-on guide for meta-analysis (Harrer 
et al.,  2021) and the suggestions from Spittal et al.  (2015) to ac-
count for excessive zeros, a Poisson random-effects meta-analysis 
was used to systematically assess the transformed IY (and thus, SY) 
from all 68 studies. Notice that in order to obtain a better model 
fit, incidence rates were first logarithmized (using a continuity cor-
rection) and the resulting means and confidence intervals were re-
transformed to the original scale. The Knapp–Hartung correction 
(Knapp & Hartung, 2003) was further applied to correct potential 
biases from small-sample studies. Mean SY as obtained from meta-
analysis is then graphically presented along with its 95% confidence 
interval. In addition, a 95% prediction interval for the survival rate 
per observed implant-year of a single study is drawn. Between-study 
heterogeneity is then assessed using Higgins & Thompsons’ I2 statis-
tic (Higgins & Thompson, 2002). An I2 of 50%, for example, means 
that 50% of the total variance is caused by study heterogeneity. If all 
studies were comparable (and thus exchangeable), one would expect 
an I2 of 0%.

An exact binomial test was used to assess the proportion of early 
and late failures.

All analyses in this report were performed with the statis-
tics software R, version 4.0.2 (R Development Core Team,  2020). 
Throughout, p-values less than .05 were considered statistically sig-
nificant. No correction for multiple comparisons was applied.

3  |  RESULTS

3.1  |  Study collection and study descriptives

A total number of 3118 publications were identified by the search. 
Following the title screening, 606 abstracts and 241 full-text ar-
ticles were evaluated for inclusion (Figure  1). A Kappa score of 
0.63 was obtained for eligibility assessment of full-text articles, 
which indicates a substantial interrater agreement. A total of 173 
articles were excluded from the full-text screening for not meet-
ing the inclusion criteria, with the reasons for exclusion listed in 
Table  4. A total of 68 articles were included for data extraction 

Incidence rate per observed implant year = IY =

Number of observed losses

Total observed years in situ, all Impl.

Survival rate per observed implant year = SY = 1 − IY

TA B L E  3  Risk assessment for immediate loading of an immediately placed single implant (Lambert et al., 2023).

Low risk Medium risk High risk

Preoperative assessment

Patient related

Occlusal Scheme No direct occlusal contacts Minimal occlusal contact and/or 
shared guidance

Main determinant of anterior 
guidance

Occlusal Parafunction Absent Present

Site related

Bone anchorage Sufficient bone anchorage to 
resist loading forces

Insufficient bone anchorage to 
resist loading forces

Tooth Position Incisor and premolars Canine Molars

Intra-operative assessment

Primary Implant Stability 30–45 Ncm insertion torque 20–30 Ncm insertion torque <20 Ncm insertion torque
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which comprised 11 randomized control trials (RCTs), six controlled 
clinical trials (CCTs), 26 prospective cohort studies, and 25 retro-
spective cohort studies.

The main characteristics of the included studies are reported 
in Table  5. Mean number of implants per study were 37.2 (SD: 
22.9) and mean follow-up time was 2.8 years (SD: 2.3). Fifty-three 
implant failures were reported leading to survival rates ranging 
from 86.7% to 100% and 23 of the included 68 studies reported 
success rates ranging from 88.0% to 100%. Regarding the time 
of implant loss, the failure time is reported in 67 of 68 papers: 
From a total of 49 reported losses with known failure time, 43 
(87.8%) are early losses compared to 6 losses later than 6 months 
(12.2%) (significantly more early failures, p < .0001). One paper 
reported four losses without further information regarding failure 
time. Dropout rates were reported in 25 papers ranging from 0% 
to 41.8%.

3.2  |  Main analysis: Comparison of survival rates

The estimated weighed mean overall survival rate for implants 
placed with a Type 1A protocol is 97.7% (95% CI: 96.9%–98.4%) and 

weighed mean early survival rate is slightly higher with 98.3% (95% 
CI: 97.6%–98.8%), see Table 6.

Table 6 also presents the results of the univariate comparisons 
of inclusion criteria groups regarding survival rates, average study 
durations, and early survival rates.

Gap dimension showed a statistically significant impact on sur-
vival rates as weighed group means significantly differed: 95.9% of 
implants survived for gaps smaller than 2 mm versus 99.0% for gaps 
more than 2 mm (p = .04). Weighed early survival rates also statis-
tically significantly differed (96.5% vs. 99.2%, p = .04) and weighed 
average study duration was comparable (2.5 years vs. 2.6 years, 
p = .85). The second significant impact was found for publication 
year: Before 2012 weighed mean survival rate was 96.3%, and since 
2012, it raised to 98.2% (p = .02), even though publications from 
2012 or later reported significantly larger study durations (2.9 years 
vs. 2.0 years before 2012, p = .005). Similar results were found re-
garding early mean survival rates (97.2% pre-2012 vs. 98.6% 2012 
and later, p = .04). This might be an indicator that surgeons are 
getting more experienced with immediate implant placement over 
time, together with advances in implant technology, materials, sur-
faces, and surgical techniques. Studies including smokers had unex-
pectedly higher weighed mean survival rates than those excluding 

F I G U R E  1  Search results and screening.
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smokers, however, this was not statistically significant (98.8% vs. 
97.4%, p = .06). Studies with nonsmokers are of significantly larger 
weighed duration which is a possible confounding variable (3.2 years 
vs. 2.0 years, p < .001). The presence of chronic endodontic infection 
did not appear to negatively affect implant survival in Type 1A pro-
tocols with higher survival rates reported compared to those studies 
which excluded all endodontic infections (98.8% vs. 96.2%, p = .004). 
Weighed study duration in the analysis of endodontic infection was 
comparable (2.3 vs. 2.2 years, p = .88).

3.3  |  Meta-analysis

A Poisson random-effects meta-analysis was used to systematically 
assess the survival rates per observed implant-year SY from all 68 
studies. An image of the result is shown in Figure 2 and a summary is 
shown in the first line of Table 7 (main model).

Forty-two studies reported an SY of 100% without losses com-
pared to 26 studies with at least one loss. The lowest SY was re-
ported in the study of Grandi et al., 2013 (91.3%).

The estimated mean survival rate per observed implant-year is 
99.4% with a 95% CI of 99.0% to 99.7%. The estimated 95% predic-
tion interval of a single study ranges from 95.3% to 100%. Finally, 
the measure of heterogeneity I2 is 53% and significantly higher 
than zero (p = .002), indicating a “moderate level of heterogeneity” 
(Higgins & Thompson, 2002).

Further sensitivity analysis showed that estimation of mean sur-
vival rate per observed implant-year is quite robust to outliers. A 
recalculation removing influential studies of Groisman et al., 2003, 
Block et al., 2009, Grandi et al., 2013, and Cristalli et al., 2015 yielded 
a slightly higher mean SY of 99.5%, a narrower prediction interval of 
97.5% to 100%, and a reduced measure of heterogeneity I2 of 34% 
(line 2 in Table 7).

3.4  |  Quality assessment

Figure 3 summarizes the risk for bias for the included RCTs. Most 
of the studies have some concern or high risk with regard to the 
randomization process, which is largely due to the time of the ran-
domization and the concealment of allocation. Due to the nature of 
treatment, it is not possible to blind the patients or the clinicians 
delivering care. Another important aspect was the team involved 
in collecting and analyzing the final data, and most of the included 
articles had blinded outcome assessors. The outcome data are well 
reported in all included studies, demonstrating a low risk of bias.

The risk of bias for nonrandomized studies is presented in 
Table 8. Twenty of the 57 evaluated studies were qualified with good 
quality, and 35 articles were identified as fair. Additionally, two arti-
cles were qualified with poor quality. Most of the studies have some 
concerns regarding the selection of the patients with the outcome of 
interest not defined at the start of the study.

3.5  |  Outcome analysis based on study 
inclusion criteria

Selection criteria that were found to be reported in each study and 
the corresponding risk assessments are summarized in Table 9 and 
included:

•	 Medical status;
•	 Gingival margin position;
•	 Soft tissue quality;
•	 Bone anchorage;
•	 Facial bone wall;
•	 Mucoperiosteal flap;
•	 Presence of endodontic infection;
•	 Presence of periodontal disease;
•	 Gap between the facial bone and implant;
•	 Damage during tooth extraction;
•	 Primary implant stability;
•	 Occlusal scheme; and
•	 Signs of parafunction.

3.5.1  |  Medical status

The medical status of the patient as an inclusion or exclusion cri-
terion for Type 1A protocols was reported in 63 of the included 
articles. Forty-one studies (Berberi, Noujeim, et al., 2014; Berberi, 
Sabbagh, et al., 2014; Bittner et al., 2020; Block et al., 2009; Bonnet 
et al.,  2018; Bushahri et al.,  2021; Canullo et al.,  2010; Canullo, 
Goglia, et al., 2009; Cardaropoli et al., 2019; Cooper et al., 2014; 
Cosyn et al., 2011, 2016; Crespi et al., 2008; Ferrara et al., 2006; 
Grandi, Garuti, Samarani, et al.,  2012; Groenendijk et al.,  2017; 
Kan et al.,  2011; Khzam et al.,  2014; Lombardo et al.,  2016; Ma 
et al., 2019; Mangano et al., 2013; McAllister et al., 2012; Menchini-
Fabris et al., 2019; Migliorati et al., 2015; Mijiritsky et al., 2021; 
Noelken et al., 2011; Raes et al., 2017; Raes, Eghbali, et al., 2018; 
Ribeiro et al.,  2008; Rosa et al.,  2014; Saedi Germi et al.,  2020; 
Sato et al., 2017; Seyssens et al., 2020; Spinato et al., 2012; Tarnow 
et al.,  2014; Tortamano et al.,  2010; Valentini et al.,  2010; Van 
Nimwegen et al., 2016; Vidigal Jr. et al., 2017; Yang et al., 2019; 
Zuiderveld et al., 2018) included only healthy patients with no med-
ical conditions and excluded patients with any smoking degree. All 
studies excluded heavy smokers (>10–15 cigarettes/day). Twenty 
studies (Arora & Ivanovski,  2018a, 2018b; Bruno et al.,  2014; 
Cabello et al.,  2013; Calvo-Guirado et al.,  2009, 2015; Canullo 
& Rasperini, 2007; Cardaropoli et al., 2015; Cristalli et al., 2015; 
Degidi et al., 2013; Ganeles et al., 2017; Groenendijk et al., 2021; 
Hartlev et al.,  2013; Kolerman, Nissan, Rahmanov, et al.,  2016; 
Malchiodi et al., 2013; Mangano et al.,  2012; Noelken, Moergel, 
Pausch, et al.,  2018; Norton,  2011; Paul & Held,  2013; Pieri 
et al.,  2011) allowed for patients categorized as light smokers 
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(<10–15 cigarettes/day) to be included. Three studies included 
patients with controlled diabetes (HbA1c < 7; Aguilar-Salvatierra 
et al., 2016; Grandi et al., 2013; Norton, 2011), with one of these 
studies (Aguilar-Salvatierra et al.,  2016) also having patients 
with an HbA1c of up to 10 demonstrating lower implant survival 
and higher marginal bone loss in patients with poorly controlled 
diabetes.

3.5.2  |  Gingival margin position

Gingival recession was reported as an exclusion criterion for Type 
1A implant treatment protocol in 22 studies (Bittner et al.,  2020; 
Block et al., 2009; Bruno et al., 2014; Cabello et al., 2013; Canullo 
et al., 2010; Cardaropoli et al., 2015, 2019; Cosyn et al., 2011, 2016; 
Cristalli et al., 2015; Di Alberti et al., 2012; Groisman et al., 2003; 
Kan et al., 2011; Khzam et al., 2014; Mangano et al., 2013; Migliorati 
et al.,  2015; Raes, Eghbali, et al.,  2018; Ross et al.,  2014; Saedi 
Germi et al.,  2020; Seyssens et al.,  2020; Tarnow et al.,  2014; 
Vidigal Jr. et al., 2017). Only two studies (Noelken, Moergel, Pausch, 
et al., 2018; Shanelec, 2005) reported that preoperative labial tissue 
deficiencies were present, and for which sub-epithelial connective 
tissue grafting was performed in some of them.

3.5.3  |  Soft tissue quality

Soft tissue phenotype was considered as part of the inclusion cri-
teria or study outcomes analysis in 25 studies (Bittner et al., 2020; 
Bushahri et al., 2021; Cabello et al., 2013; Calvo-Guirado et al., 2009, 
2015; Canullo et al., 2010; Canullo, Goglia, et al., 2009; Canullo & 
Rasperini, 2007; Cosyn et al., 2011, 2016; Groenendijk et al., 2021; 
Kan et al., 2011; Malchiodi et al., 2013; Mangano et al., 2012, 2013; 
Migliorati et al., 2015; Raes, Eghbali, et al., 2018; Rosa et al., 2014; 
Ross et al., 2014; Saedi Germi et al., 2020; Shanelec, 2005; Spinato 
et al.,  2012; Vidigal Jr. et al.,  2017; Zuiderveld et al.,  2018), of 
which eight studies excluded (Cosyn et al., 2011, 2016; Malchiodi 
et al., 2013; Mangano et al., 2012, 2013; Raes, Eghbali, et al., 2018; 
Saedi Germi et al., 2020; Spinato et al., 2012) sites with thin gingival 
phenotype. A minimum height of keratinized tissues ranging from 
2 to 3 mm was required in four studies (Block et al., 2009; Calvo-
Guirado et al., 2009, 2015; Cristalli et al., 2015). Sites with a thin soft 
tissue phenotype were included in 17 studies (Bittner et al., 2020; 
Bushahri et al., 2021; Cabello et al., 2013; Calvo-Guirado et al., 2009, 
2015; Canullo et al., 2010; Canullo, Goglia, et al., 2009; Canullo & 
Rasperini, 2007; Groenendijk et al., 2021; Kan et al., 2011; Migliorati 
et al., 2015; Noelken, Moergel, Pausch, et al., 2018; Rosa et al., 2014; 
Ross et al., 2014; Shanelec, 2005; Vidigal Jr. et al., 2017; Zuiderveld 
et al., 2018). Connective tissue grafting in conjunction with Type 1A 
implant treatment protocols for phenotype modification and com-
pensation for anticipated alveolar ridge dimensional changes associ-
ated with tooth extraction was reported in seven studies (Bonnet 
et al.,  2018; Kolerman, Nissan, Rahmanov, et al.,  2016; Migliorati 

et al., 2015; Noelken, Moergel, Pausch, et al., 2018; Shanelec, 2005; 
Vidigal Jr. et al., 2017; Zuiderveld et al., 2018).

3.5.4  |  Bone anchorage

Sufficient bone anchorage for primary stability as a preopera-
tive assessment and inclusion criteria with Type 1A protocols 
was reported in 37 studies. Nineteen of these studies specified 
a minimum distance of bone apical to the socket to allow for en-
gagement with the implant beyond the apex of the tooth ranging 
from 3 to 5 mm (Aguilar-Salvatierra et al., 2016; Berberi, Noujeim, 
et al.,  2014; Berberi, Sabbagh, et al.,  2014; Bushahri et al.,  2021; 
Calvo-Guirado et al.,  2015; Canullo et al.,  2010; Canullo, Goglia, 
et al., 2009; Cosyn et al., 2011, 2016; Crespi et al., 2008; Cristalli 
et al.,  2015; Groenendijk et al.,  2017, 2021; Kolerman, Nissan, 
Rahmanov, et al., 2016; Ma et al., 2019; Menchini-Fabris et al., 2019; 
Pieri et al., 2011; Ribeiro et al., 2008; Seyssens et al., 2020). A re-
quirement for sufficient bone to be present but did not provide any 
indication of the preoperative assessment criteria to determine suit-
ability was reported in 18 studies (Arora & Ivanovski, 2018a, 2018b; 
Block et al.,  2009; Bruno et al.,  2014; Cardaropoli et al.,  2019; 
Degidi et al.,  2014; Ferrara et al.,  2006; Migliorati et al.,  2015; 
Noelken, Moergel, Pausch, et al., 2018; Raes, Eghbali, et al., 2018; 
Rosa et al., 2014; Saedi Germi et al., 2020; Sato et al., 2017; Spinato 
et al., 2012; Tarnow et al., 2014; Tortamano et al., 2010; Valentini 
et al., 2010; Vidigal Jr. et al., 2017; Yang et al., 2019).

3.5.5  |  Facial bone wall

The presence of an intact facial bone wall following tooth extrac-
tion was required in 42 studies (Arora & Ivanovski, 2018a, 2018b; 
Berberi, Noujeim, et al.,  2014; Berberi, Sabbagh, et al.,  2014; 
Bittner et al.,  2020; Block et al.,  2009; Cabello et al.,  2013; 
Canullo et al.,  2010; Canullo, Goglia, et al.,  2009; Canullo & 
Rasperini, 2007; Cardaropoli et al., 2015, 2019; Cosyn et al., 2011, 
2016; Crespi et al., 2008; Cristalli et al., 2015; Degidi et al., 2013; 
Ferrara et al., 2006; Grandi et al., 2013; Grandi, Garuti, Samarani, 
et al., 2012; Groenendijk et al., 2017; Kan et al., 2011, 2003; Khzam 
et al.,  2014; Lombardo et al.,  2016; Mangano et al.,  2012, 2013; 
Menchini-Fabris et al., 2019; Paul & Held, 2013; Pieri et al., 2011; 
Raes, Eghbali, et al.,  2018; Ribeiro et al.,  2008; Ross et al.,  2014; 
Saedi Germi et al.,  2020; Sato et al.,  2017; Seyssens et al.,  2020; 
Shanelec, 2005; Spinato et al., 2012; Tarnow et al., 2014; Tortamano 
et al.,  2010; Van Nimwegen et al.,  2016; Vidigal Jr. et al.,  2017; 
Yang et al., 2019). Seven studies allowed for small facial dehiscence 
or fenestration defects of up to 3 mm (Bonnet et al., 2018; Bruno 
et al., 2014; Bushahri et al., 2021; Hartlev et al., 2013; Ma et al., 2019; 
McAllister et al., 2012; Migliorati et al., 2015). Larger defects or com-
plete lack of facial bone was reported in 11 studies (Calvo-Guirado 
et al., 2009; Cooper et al., 2014; Groenendijk et al., 2021; Kolerman, 
Nissan, Rahmanov, et al.,  2016; Noelken et al.,  2011; Noelken, 
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TA B L E  5  Included study characteristics.

Study Type of study Comparison
Number of 
implant sites

Lost to 
follow-up

Excluded due 
to procedural 
complications

Intention to 
treat

Number of 
implants 
included

Mean 
follow-up 
(months)

Total 
number 
of failures

Early 
failures 
<6 m

Late 
failures 
6 m+

Survival 
rate (%)

Success 
rate (%)

Success 
criteria 
reported Implant details

Implant 
diameters

Implant 
lengths

Implant 
design

Bittner et al. (2020) Randomized control 
trial

Bone Graft vs. No 
Graft

22 0 0 100 22 12 0 0 0 100 NR N BioMet 3i Certain 3.25–5 mm 8.5–15 mm BL, T

Block et al. (2009) Randomized control 
trial

Type 1a vs. 4a 38 7 1 97 30 24 4 NR NR 86.7 NR N BioMet 3i Certain 3.25–4 mm 11.5–13 mm BL, T

Bushahri et al. (2021) Randomized control 
trial

Type 1a vs. 1c 20 2 0 100 18 30 2 2 0 88.9 NR N Neobiotech IS II active 3.5–4.5 mm 11.5–13 mm BL, T

(Canullo, Goglia, 
et al., 2009)

Randomized control 
trial

Platform match vs. 
platform shift

22 0 0 100 22 25 0 0 0 100 NR N Sweden & Martina Global 5.5 mm BL, T

Canullo et al. (2010) Randomized control 
trial

Disconnection vs. 
one abutment 
one time

32 0 7 78 25 36 0 0 0 100 100 N Sweden & Martina Global 5.5 mm 13 mm BL, T

Crespi et al. (2008) Randomized control 
trial

Type 1a vs. 1c 20 0 0 100 20 24 0 0 0 100 NR Y Sweden & Martina Outlink 3.75–5 mm 13 mm BL, T

Degidi et al. (2014) Randomized control 
trial

Disconnection vs. 
one abutment 
one time

91 25 13 86 53 24 0 0 0 100 NR N Dentsply Ankylos 3.5–4.5 mm 14–17 mm BL, T

Migliorati et al. (2015) Randomized control 
trial

SCTG vs. No SCTG 48 1 0 100 47 24 0 0 0 100 NR N Straumann Tapered Effect NR NR TL, T

Pieri et al. (2011) Randomized control 
trial

Platform match vs. 
platform shift

40 1 1 98 38 12 1 1 0 97.4 97.35 Y Samo Biomedica Smiler 
Cone

NR NR BL, T

Slagter et al. (2021) Randomized Control 
Trial

Type 1a vs. 1c 20 2 0 100 18 60 0 0 0 100 NR N Nobel Active NR NR BL, T

Zuiderveld et al. (2018) Randomized Control 
Trial

SCTG vs. No SCTG 60 0 0 100 60 12 2 2 0 96.7 96.7 Y Nobel Active 3.5–4.3 mm 15–18 mm BL, T

Berberi, Sabbagh, 
et al. (2014)

Controlled clinical trial Type 1a vs. 4a 22 NR NR - 22 60 2 2 0 90.9 NR N Dentsply Astra Tech TX 3.5–5 mm 11–15 mm BL, P

Cooper et al. (2014) Controlled clinical trial Type 1a vs. 4a 63 7 8 87 48 60 3 3 0 93.8 NR N Dentsply Astra Tech TX 3.5–5 mm 11–17 mm BL, P

Di Alberti et al. (2012) Controlled clinical trial Type 1a vs. 4a 25 0 NR - 25 12 0 0 0 100 100 Y MIS Seven 3.3–4.2 mm 11.5–16 mm BL, T

Grandi et al. (2013) Controlled clinical trial Type 1a vs. 4a 25 0 0 100 25 12 2 2 0 92 NR N JDentalCare, JDEvolution 3.7–5 mm 11.5–15 mm BL, T

Raes et al. (2017) Controlled clinical trial Type 1a vs. 4a 48 NR NR - 48 60 1 1 0 97.9 NR N Dentsply Astra Tech TX 3.5–5 mm 11–19 mm BL, P

Raes, Eghbali, et al. (2018) Controlled clinical trial Type 1a vs. 4a 16 4 NR - 12 96 1 1 0 91 NR N Dentsply Astra Tech TX 3.5–5 mm 13–17 mm BL, P

Aguilar-Salvatierra 
et al. (2016)

Prospective cohort Healthy vs. Diabetic 85 0 NR - 85 24 4 0 4 95.3 NR N Straumann Bone Level 3.3–4.1 mm 10–14 mm BL, P

Berberi, Noujeim, 
et al. (2014)

Prospective cohort No comparison 20 NR NR - 20 36 0 0 0 100 NR N Dentsply Astra Tech TX NR NR BL, P

Cabello et al. (2013) Prospective cohort No comparison 14 NR NR - 14 12 0 0 0 100 NR N Straumann, Bone Level/
Tissue Level

NR NR BL or TL, 
P

Calvo-Guirado 
et al. (2009)

Prospective cohort No comparison 61 1 NR - 60 12 1 1 0 96.7 NR N Biomet 3i Certain 4–5 mm 13–15 mm BL, P

Calvo-Guirado 
et al. (2015)

Prospective cohort No comparison 71 NR NR - 71 36 0 0 0 100 NR N MIS Seven 4.2–5 mm 11.5–13 mm BL, T

Canullo and 
Rasperini (2007)

Prospective cohort No comparison 10 0 NR - 10 21.9 0 0 0 100 NR N Def Con TSATM 4 mm 13 mm TL, T

Cardaropoli et al. (2015) Prospective cohort No comparison 26 0 0 100 26 12 0 0 0 100 NR N BioMet 3i T3 4–5 mm 11.5–15 mm BL, T

Cardaropoli et al. (2019) Prospective cohort No comparison 20 0 0 100 20 12 0 0 0 100 NR N Straumann Bone Level 
Tapered

3.3–4.8 mm 10–14 mm BL, T

Cosyn et al. (2011) Prospective cohort No comparison 32 4 2 94 26 36 1 1 0 96 NR N Nobel Replace NR NR BL, T

Cosyn et al. (2016) Prospective cohort No comparison 22 4 0 100 18 60 1 1 0 94.4 NR N Nobel Active NR NR BL, T

Cristalli et al. (2015) Prospective cohort No comparison 29 0 4 86 25 12 2 2 0 91.6 91.6 Y Nobel Active 3.5–5 mm 11.5–18 mm BL, T

Ferrara et al. (2006) Prospective cohort No comparison 39 0 6 85 33 28.1 2 2 0 94 NR N Friadent Frialit 3.8–5.5 mm 13–15 mm BL, T

Ganeles et al. (2017) Prospective cohort No comparison 15 4 NR - 11 24 0 0 0 100 100 Y Nobel Active 3.5–5 mm 10–15 mm BL, T
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TA B L E  5  Included study characteristics.

Study Type of study Comparison
Number of 
implant sites

Lost to 
follow-up

Excluded due 
to procedural 
complications

Intention to 
treat

Number of 
implants 
included

Mean 
follow-up 
(months)

Total 
number 
of failures

Early 
failures 
<6 m

Late 
failures 
6 m+

Survival 
rate (%)

Success 
rate (%)

Success 
criteria 
reported Implant details

Implant 
diameters

Implant 
lengths

Implant 
design

Bittner et al. (2020) Randomized control 
trial

Bone Graft vs. No 
Graft

22 0 0 100 22 12 0 0 0 100 NR N BioMet 3i Certain 3.25–5 mm 8.5–15 mm BL, T

Block et al. (2009) Randomized control 
trial

Type 1a vs. 4a 38 7 1 97 30 24 4 NR NR 86.7 NR N BioMet 3i Certain 3.25–4 mm 11.5–13 mm BL, T

Bushahri et al. (2021) Randomized control 
trial

Type 1a vs. 1c 20 2 0 100 18 30 2 2 0 88.9 NR N Neobiotech IS II active 3.5–4.5 mm 11.5–13 mm BL, T

(Canullo, Goglia, 
et al., 2009)

Randomized control 
trial

Platform match vs. 
platform shift

22 0 0 100 22 25 0 0 0 100 NR N Sweden & Martina Global 5.5 mm BL, T

Canullo et al. (2010) Randomized control 
trial

Disconnection vs. 
one abutment 
one time

32 0 7 78 25 36 0 0 0 100 100 N Sweden & Martina Global 5.5 mm 13 mm BL, T

Crespi et al. (2008) Randomized control 
trial

Type 1a vs. 1c 20 0 0 100 20 24 0 0 0 100 NR Y Sweden & Martina Outlink 3.75–5 mm 13 mm BL, T

Degidi et al. (2014) Randomized control 
trial

Disconnection vs. 
one abutment 
one time

91 25 13 86 53 24 0 0 0 100 NR N Dentsply Ankylos 3.5–4.5 mm 14–17 mm BL, T

Migliorati et al. (2015) Randomized control 
trial

SCTG vs. No SCTG 48 1 0 100 47 24 0 0 0 100 NR N Straumann Tapered Effect NR NR TL, T

Pieri et al. (2011) Randomized control 
trial

Platform match vs. 
platform shift

40 1 1 98 38 12 1 1 0 97.4 97.35 Y Samo Biomedica Smiler 
Cone

NR NR BL, T

Slagter et al. (2021) Randomized Control 
Trial

Type 1a vs. 1c 20 2 0 100 18 60 0 0 0 100 NR N Nobel Active NR NR BL, T

Zuiderveld et al. (2018) Randomized Control 
Trial

SCTG vs. No SCTG 60 0 0 100 60 12 2 2 0 96.7 96.7 Y Nobel Active 3.5–4.3 mm 15–18 mm BL, T

Berberi, Sabbagh, 
et al. (2014)

Controlled clinical trial Type 1a vs. 4a 22 NR NR - 22 60 2 2 0 90.9 NR N Dentsply Astra Tech TX 3.5–5 mm 11–15 mm BL, P

Cooper et al. (2014) Controlled clinical trial Type 1a vs. 4a 63 7 8 87 48 60 3 3 0 93.8 NR N Dentsply Astra Tech TX 3.5–5 mm 11–17 mm BL, P

Di Alberti et al. (2012) Controlled clinical trial Type 1a vs. 4a 25 0 NR - 25 12 0 0 0 100 100 Y MIS Seven 3.3–4.2 mm 11.5–16 mm BL, T

Grandi et al. (2013) Controlled clinical trial Type 1a vs. 4a 25 0 0 100 25 12 2 2 0 92 NR N JDentalCare, JDEvolution 3.7–5 mm 11.5–15 mm BL, T

Raes et al. (2017) Controlled clinical trial Type 1a vs. 4a 48 NR NR - 48 60 1 1 0 97.9 NR N Dentsply Astra Tech TX 3.5–5 mm 11–19 mm BL, P

Raes, Eghbali, et al. (2018) Controlled clinical trial Type 1a vs. 4a 16 4 NR - 12 96 1 1 0 91 NR N Dentsply Astra Tech TX 3.5–5 mm 13–17 mm BL, P

Aguilar-Salvatierra 
et al. (2016)

Prospective cohort Healthy vs. Diabetic 85 0 NR - 85 24 4 0 4 95.3 NR N Straumann Bone Level 3.3–4.1 mm 10–14 mm BL, P

Berberi, Noujeim, 
et al. (2014)

Prospective cohort No comparison 20 NR NR - 20 36 0 0 0 100 NR N Dentsply Astra Tech TX NR NR BL, P

Cabello et al. (2013) Prospective cohort No comparison 14 NR NR - 14 12 0 0 0 100 NR N Straumann, Bone Level/
Tissue Level

NR NR BL or TL, 
P

Calvo-Guirado 
et al. (2009)

Prospective cohort No comparison 61 1 NR - 60 12 1 1 0 96.7 NR N Biomet 3i Certain 4–5 mm 13–15 mm BL, P

Calvo-Guirado 
et al. (2015)

Prospective cohort No comparison 71 NR NR - 71 36 0 0 0 100 NR N MIS Seven 4.2–5 mm 11.5–13 mm BL, T

Canullo and 
Rasperini (2007)

Prospective cohort No comparison 10 0 NR - 10 21.9 0 0 0 100 NR N Def Con TSATM 4 mm 13 mm TL, T

Cardaropoli et al. (2015) Prospective cohort No comparison 26 0 0 100 26 12 0 0 0 100 NR N BioMet 3i T3 4–5 mm 11.5–15 mm BL, T

Cardaropoli et al. (2019) Prospective cohort No comparison 20 0 0 100 20 12 0 0 0 100 NR N Straumann Bone Level 
Tapered

3.3–4.8 mm 10–14 mm BL, T

Cosyn et al. (2011) Prospective cohort No comparison 32 4 2 94 26 36 1 1 0 96 NR N Nobel Replace NR NR BL, T

Cosyn et al. (2016) Prospective cohort No comparison 22 4 0 100 18 60 1 1 0 94.4 NR N Nobel Active NR NR BL, T

Cristalli et al. (2015) Prospective cohort No comparison 29 0 4 86 25 12 2 2 0 91.6 91.6 Y Nobel Active 3.5–5 mm 11.5–18 mm BL, T

Ferrara et al. (2006) Prospective cohort No comparison 39 0 6 85 33 28.1 2 2 0 94 NR N Friadent Frialit 3.8–5.5 mm 13–15 mm BL, T

Ganeles et al. (2017) Prospective cohort No comparison 15 4 NR - 11 24 0 0 0 100 100 Y Nobel Active 3.5–5 mm 10–15 mm BL, T

(Continues)
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Study Type of study Comparison
Number of 
implant sites

Lost to 
follow-up

Excluded due 
to procedural 
complications

Intention to 
treat

Number of 
implants 
included

Mean 
follow-up 
(months)

Total 
number 
of failures

Early 
failures 
<6 m

Late 
failures 
6 m+

Survival 
rate (%)

Success 
rate (%)

Success 
criteria 
reported Implant details

Implant 
diameters

Implant 
lengths

Implant 
design

Grandi, Garuti, Samarani, 
et al. (2012)

Prospective cohort No comparison 36 NR NR - 36 12 1 1 0 97.2 97.2 Y JDentalCare, JDEvolution 4.3–5 mm 13–15 mm BL, T

Groenendijk et al. (2021) Prospective cohort No comparison 100 2 NR - 98 12 0 0 0 100.0 93 Y Nobel Active 3–4.3 mm 11.5–18 mm BL, T

Groisman et al. (2003) Prospective cohort No comparison 92 NR NR - 92 24 6 5 1 93.5 NR N Nobel Replace 3.5–6 mm 13–16 mm BL, T

Kan et al. (2011) Prospective cohort Thick vs. Thin 
Biotype

35 NR NR - 35 48 0 0 0 100 100 Y Nobel Replace NR NR BL, T

Ma et al. (2019) Prospective cohort No comparison 28 9 2 93 17 60 0 0 0 100 NR N Southern Co-Axis 4 mm 13–15 mm BL, T

Malchiodi et al. (2013) Prospective cohort No comparison 64 0 NR - 64 36 0 0 0 100 100 Y NR 3.25–4.9 mm 10–16 mm BL, T

McAllister et al. (2012) Prospective cohort No comparison 61 13 2 97 46 24 1 1 0 97.8 NR N Nobel Active 4.3–5 mm 10–15 mm BL, T

Noelken et al. (2011) Prospective cohort No comparison 18 0 0 100 18 22 0 0 0 100 94 Y Nobel Perfect 3.5–5 mm 16 mm TL, P

Rosa et al. (2014) Prospective cohort No comparison 24 6 NR - 18 58.56 0 0 0 100 100 Y Nobel replace 3.5–5 mm BL, T

Sato et al. (2017) Prospective cohort No comparison 16 0 NR - 16 12 0 0 0 100 NR N Neodent CM drive 3.5–5 mm 13–16 mm BL, T

Seyssens et al. (2020) Prospective cohort No comparison 22 3 NR - 19 120 2 1 1 91 NR N Nobel Active NR NR BL, T

Tortamano et al. (2010) Prospective cohort No comparison 12 0 0 100 12 18 0 0 0 100 NR N Straumann tapered effect 4.1 mm 12 mm TL, P

Yang et al. (2019) Prospective cohort Thin vs. Thick Facial 
Bone

50 0 NR - 50 12 0 0 0 100 NR N Nobel active, straumann 
bone level, dentium

NR NR BL, P or 
T

Arora and 
Ivanovski (2018a)

Retrospective cohort Type 1a vs. 1c 20 - - - 20 36 0 0 0 100 95 Y Dentsply Astra Tech TX NR NR BL, P

Bonnet et al. (2018) Retrospective cohort No comparison 39 - - - 39 48 0 0 0 100 100 Y Nobel Replace/Active NR NR BL, T

Bruno et al. (2014) Retrospective cohort No comparison 17 - - - 17 12 0 0 0 100 NR N Nobel Replace NR NR BL, T

Degidi et al. (2013) Retrospective cohort No comparison 10 - - - 10 18 0 0 0 100 NR N Dentsply Ankylos 3.5–4.5 mm 14-17 mm BL, T

Groenendijk et al. (2017) Retrospective cohort No comparison 16 - - - 16 25 0 0 0 100 NR N Nobel Active 3.5–4.3 mm NR BL, T

Hartlev et al. (2013) Retrospective cohort No comparison 55 - - - 55 33 1 1 0 98 NR N Nobel Replace 3.5–6 mm 13–16 mm BL, T

Khzam et al. (2014) Retrospective cohort No comparison 15 - - - 15 23 0 0 0 100 NR Y Dentsply Astra Tech TX 3.5–5 mm 13–15 mm BL, P

Kolerman, Nissan, 
Rahmanov, 
et al. (2016)

Retrospective cohort No comparison 34 - - - 34 29 0 0 0 100 88 Y MIS Seven 3.3–5 mm 13–16 mm BL, T

Lombardo et al. (2016) Retrospective cohort No comparison 21 - - - 21 24 1 1 0 95.2 NR N Bicon NR NR BL, T

Mangano et al. (2012) Retrospective cohort No comparison 26 - - - 26 24 0 0 0 100 100 Y Leone Implant System 4.1–4.8 mm NR BL, T

Mangano et al. (2013) Retrospective cohort No comparison 22 - - - 22 31.09 0 0 0 100 100 Y Leone Implant System 3.3–4.8 mm NR BL, P

Menchini-Fabris 
et al. (2019)

Retrospective cohort No comparison 76 - - - 76 36 0 0 0 100 NR N Sweden & Martina, Outlink 3.75–4.1 mm NR BL, T

Mijiritsky et al. (2021) Retrospective cohort No comparison 23 - - - 23 187.37 0 0 0 100 100 Y Dentsply Xive, Frialit 2, MIS 
Seven

3.3–5.5 mm 13–15 mm BL, T

Noelken, Moergel, 
Pausch, et al., 2018

Retrospective cohort No comparison 26 - - - 26 30 0 0 0 100 100 Y Dentsply, Astra Tech TX 3.5–5 mm 15–17 mm BL, P

Norton (2011) Retrospective cohort No comparison 68 - - - 68 24 3 3 0 95.5 NR N Dentsply, Astra Tech TX 3.5–5 mm 11–17 mm BL, P

Paul and Held (2013) Retrospective cohort No comparison 31 - - - 31 40.8 0 0 0 100 100 Y Nobel Perfect NR 16 mm BL, T

Ribeiro et al. (2008) Retrospective cohort No comparison 46 - - - 46 27.1 3 3 0 93.5 93.5 Y Conexão 3.5–6 mm 10–15 mm BL, T

Ross et al. (2014) Retrospective Cohort No comparison 47 - - - 47 60 0 0 0 100 100 Y Nobel Replace 3.5–4.3 mm 13–16 mm TL, T

Saedi Germi et al. (2020) Retrospective Cohort No comparison 18 - - - 18 12 0 0 0 100 NR N NR NR NR NR

Shanelec (2005) Retrospective Cohort No comparison 100 - - - 100 18 2 2 0 98 98 Y Bränemark Mark IV 4 mm 13–18 mm BL, P

Spinato et al. (2012) Retrospective Cohort No comparison 45 - - - 45 32 0 0 0 100 NR N Zimmer Screw-Vent 3.7–4.7 mm 11.5–16 mm BL, P

Tarnow et al. (2014) Retrospective Cohort No comparison 34 - - - 34 27 0 0 0 100 NR N NR NR NR NR

Valentini et al. (2010) Retrospective Cohort No comparison 24 - - - 24 34 0 0 0 100 NR N Dentsply, Astra Tech TX 4.5–5 mm 13 mm + BL, P

Van Nimwegen 
et al. (2016)

Retrospective Cohort No comparison 51 - - - 51 48 2 2 0 96.9 NR Y BioMet 3i, Certain 3.25–4.5 mm 10-15 mm BL, P

Vidigal Jr. et al. (2017) Retrospective Cohort No comparison 53 - - - 53 51 2 2 0 96.2 NR N NR NR NR NR

Abbreviations: BL, bone level; NR, not reported; P, parallel/cylindrical; T, tapered; TL, tissue level.

TA B L E  5  (Continued)
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Study Type of study Comparison
Number of 
implant sites

Lost to 
follow-up

Excluded due 
to procedural 
complications

Intention to 
treat

Number of 
implants 
included

Mean 
follow-up 
(months)

Total 
number 
of failures

Early 
failures 
<6 m

Late 
failures 
6 m+

Survival 
rate (%)

Success 
rate (%)

Success 
criteria 
reported Implant details

Implant 
diameters

Implant 
lengths

Implant 
design

Grandi, Garuti, Samarani, 
et al. (2012)

Prospective cohort No comparison 36 NR NR - 36 12 1 1 0 97.2 97.2 Y JDentalCare, JDEvolution 4.3–5 mm 13–15 mm BL, T

Groenendijk et al. (2021) Prospective cohort No comparison 100 2 NR - 98 12 0 0 0 100.0 93 Y Nobel Active 3–4.3 mm 11.5–18 mm BL, T

Groisman et al. (2003) Prospective cohort No comparison 92 NR NR - 92 24 6 5 1 93.5 NR N Nobel Replace 3.5–6 mm 13–16 mm BL, T

Kan et al. (2011) Prospective cohort Thick vs. Thin 
Biotype

35 NR NR - 35 48 0 0 0 100 100 Y Nobel Replace NR NR BL, T

Ma et al. (2019) Prospective cohort No comparison 28 9 2 93 17 60 0 0 0 100 NR N Southern Co-Axis 4 mm 13–15 mm BL, T

Malchiodi et al. (2013) Prospective cohort No comparison 64 0 NR - 64 36 0 0 0 100 100 Y NR 3.25–4.9 mm 10–16 mm BL, T

McAllister et al. (2012) Prospective cohort No comparison 61 13 2 97 46 24 1 1 0 97.8 NR N Nobel Active 4.3–5 mm 10–15 mm BL, T

Noelken et al. (2011) Prospective cohort No comparison 18 0 0 100 18 22 0 0 0 100 94 Y Nobel Perfect 3.5–5 mm 16 mm TL, P

Rosa et al. (2014) Prospective cohort No comparison 24 6 NR - 18 58.56 0 0 0 100 100 Y Nobel replace 3.5–5 mm BL, T

Sato et al. (2017) Prospective cohort No comparison 16 0 NR - 16 12 0 0 0 100 NR N Neodent CM drive 3.5–5 mm 13–16 mm BL, T

Seyssens et al. (2020) Prospective cohort No comparison 22 3 NR - 19 120 2 1 1 91 NR N Nobel Active NR NR BL, T

Tortamano et al. (2010) Prospective cohort No comparison 12 0 0 100 12 18 0 0 0 100 NR N Straumann tapered effect 4.1 mm 12 mm TL, P

Yang et al. (2019) Prospective cohort Thin vs. Thick Facial 
Bone

50 0 NR - 50 12 0 0 0 100 NR N Nobel active, straumann 
bone level, dentium

NR NR BL, P or 
T

Arora and 
Ivanovski (2018a)

Retrospective cohort Type 1a vs. 1c 20 - - - 20 36 0 0 0 100 95 Y Dentsply Astra Tech TX NR NR BL, P

Bonnet et al. (2018) Retrospective cohort No comparison 39 - - - 39 48 0 0 0 100 100 Y Nobel Replace/Active NR NR BL, T

Bruno et al. (2014) Retrospective cohort No comparison 17 - - - 17 12 0 0 0 100 NR N Nobel Replace NR NR BL, T

Degidi et al. (2013) Retrospective cohort No comparison 10 - - - 10 18 0 0 0 100 NR N Dentsply Ankylos 3.5–4.5 mm 14-17 mm BL, T

Groenendijk et al. (2017) Retrospective cohort No comparison 16 - - - 16 25 0 0 0 100 NR N Nobel Active 3.5–4.3 mm NR BL, T

Hartlev et al. (2013) Retrospective cohort No comparison 55 - - - 55 33 1 1 0 98 NR N Nobel Replace 3.5–6 mm 13–16 mm BL, T

Khzam et al. (2014) Retrospective cohort No comparison 15 - - - 15 23 0 0 0 100 NR Y Dentsply Astra Tech TX 3.5–5 mm 13–15 mm BL, P

Kolerman, Nissan, 
Rahmanov, 
et al. (2016)

Retrospective cohort No comparison 34 - - - 34 29 0 0 0 100 88 Y MIS Seven 3.3–5 mm 13–16 mm BL, T

Lombardo et al. (2016) Retrospective cohort No comparison 21 - - - 21 24 1 1 0 95.2 NR N Bicon NR NR BL, T

Mangano et al. (2012) Retrospective cohort No comparison 26 - - - 26 24 0 0 0 100 100 Y Leone Implant System 4.1–4.8 mm NR BL, T

Mangano et al. (2013) Retrospective cohort No comparison 22 - - - 22 31.09 0 0 0 100 100 Y Leone Implant System 3.3–4.8 mm NR BL, P

Menchini-Fabris 
et al. (2019)

Retrospective cohort No comparison 76 - - - 76 36 0 0 0 100 NR N Sweden & Martina, Outlink 3.75–4.1 mm NR BL, T

Mijiritsky et al. (2021) Retrospective cohort No comparison 23 - - - 23 187.37 0 0 0 100 100 Y Dentsply Xive, Frialit 2, MIS 
Seven

3.3–5.5 mm 13–15 mm BL, T

Noelken, Moergel, 
Pausch, et al., 2018

Retrospective cohort No comparison 26 - - - 26 30 0 0 0 100 100 Y Dentsply, Astra Tech TX 3.5–5 mm 15–17 mm BL, P

Norton (2011) Retrospective cohort No comparison 68 - - - 68 24 3 3 0 95.5 NR N Dentsply, Astra Tech TX 3.5–5 mm 11–17 mm BL, P

Paul and Held (2013) Retrospective cohort No comparison 31 - - - 31 40.8 0 0 0 100 100 Y Nobel Perfect NR 16 mm BL, T

Ribeiro et al. (2008) Retrospective cohort No comparison 46 - - - 46 27.1 3 3 0 93.5 93.5 Y Conexão 3.5–6 mm 10–15 mm BL, T

Ross et al. (2014) Retrospective Cohort No comparison 47 - - - 47 60 0 0 0 100 100 Y Nobel Replace 3.5–4.3 mm 13–16 mm TL, T

Saedi Germi et al. (2020) Retrospective Cohort No comparison 18 - - - 18 12 0 0 0 100 NR N NR NR NR NR

Shanelec (2005) Retrospective Cohort No comparison 100 - - - 100 18 2 2 0 98 98 Y Bränemark Mark IV 4 mm 13–18 mm BL, P

Spinato et al. (2012) Retrospective Cohort No comparison 45 - - - 45 32 0 0 0 100 NR N Zimmer Screw-Vent 3.7–4.7 mm 11.5–16 mm BL, P

Tarnow et al. (2014) Retrospective Cohort No comparison 34 - - - 34 27 0 0 0 100 NR N NR NR NR NR

Valentini et al. (2010) Retrospective Cohort No comparison 24 - - - 24 34 0 0 0 100 NR N Dentsply, Astra Tech TX 4.5–5 mm 13 mm + BL, P

Van Nimwegen 
et al. (2016)

Retrospective Cohort No comparison 51 - - - 51 48 2 2 0 96.9 NR Y BioMet 3i, Certain 3.25–4.5 mm 10-15 mm BL, P

Vidigal Jr. et al. (2017) Retrospective Cohort No comparison 53 - - - 53 51 2 2 0 96.2 NR N NR NR NR NR

Abbreviations: BL, bone level; NR, not reported; P, parallel/cylindrical; T, tapered; TL, tissue level.
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Moergel, Pausch, et al.,  2018; Norton,  2011; Rosa et al.,  2014; 
Slagter et al., 2021; Valentini et al., 2010; Zuiderveld et al., 2018). 
The thickness of facial bone was only considered in eight studies 
(Bittner et al., 2020; Bushahri et al., 2021; Cardaropoli et al., 2019; 
Groenendijk et al., 2017; Kolerman, Nissan, Rahmanov, et al., 2016; 
Noelken, Moergel, Pausch, et al., 2018; Seyssens et al., 2020; Yang 
et al., 2019), with thicknesses ranging from 0 to 1.6 mm, and no stud-
ies reported a minimum of 1 mm facial bone thickness as an inclusion 
criterion.

3.5.6  |  Mucoperiosteal flap

Flapless immediate implant placement was performed in 49 of the in-
cluded studies (Arora & Ivanovski, 2018a, 2018b; Berberi, Sabbagh, 
et al., 2014; Bittner et al., 2020; Block et al., 2009; Bonnet et al., 2018; 
Bruno et al., 2014; Bushahri et al., 2021; Cabello et al., 2013; Canullo 
et al., 2010; Canullo, Goglia, et al., 2009; Canullo & Rasperini, 2007; 
Cardaropoli et al., 2015, 2019; Cosyn et al., 2016; Crespi et al., 2008; 
Degidi et al., 2013; Ferrara et al., 2006; Grandi et al., 2013; Grandi, 
Garuti, Samarani, et al.,  2012; Groenendijk et al.,  2017, 2021; 
Groisman et al., 2003; Hartlev et al., 2013; Kan et al., 2011; Khzam 
et al.,  2014; Ma et al.,  2019; Malchiodi et al.,  2013; Menchini-
Fabris et al.,  2019; Migliorati et al.,  2015; Mijiritsky et al.,  2021; 
Noelken et al., 2011; Noelken, Moergel, Pausch, et al., 2018; Paul & 
Held, 2013; Pieri et al., 2011; Ribeiro et al., 2008; Rosa et al., 2014; 
Saedi Germi et al.,  2020; Sato et al.,  2017; Seyssens et al.,  2020; 
Shanelec,  2005; Slagter et al.,  2021; Spinato et al.,  2012; Tarnow 
et al.,  2014; Tortamano et al.,  2010; Van Nimwegen et al.,  2016; 
Vidigal Jr. et al.,  2017; Yang et al.,  2019; Zuiderveld et al.,  2018). 
The use of a minimal mucoperiosteal flap was reported in three 
studies (Berberi, Noujeim, et al., 2014; Cosyn et al., 2011; Cristalli 
et al.,  2015), with a further 11 studies reporting raising a full-
thickness mucoperiosteal flap for the purpose of extraction and 
immediate implant placement (Calvo-Guirado et al., 2009; Cooper 
et al., 2014; Di Alberti et al., 2012; Ganeles et al., 2017; Kolerman, 
Nissan, Rahmanov, et al.,  2016; Mangano et al.,  2012, 2013; 
Norton, 2011; Raes, Eghbali, et al., 2018; Ross et al., 2014; Valentini 
et al., 2010).

3.5.7  |  Presence of endodontic infection

Eighteen studies reported the presence of endodontic infection 
as an exclusion criteria (Berberi, Noujeim, et al.,  2014; Berberi, 
Sabbagh, et al., 2014; Block et al., 2009; Canullo & Rasperini, 2007; 
Cosyn et al., 2016; Degidi et al., 2013; Ferrara et al., 2006; Groisman 
et al., 2003; Hartlev et al., 2013; Khzam et al., 2014; Kolerman, Nissan, 
Rahmanov, et al., 2016; Pieri et al., 2011; Ribeiro et al., 2008; Spinato 
et al.,  2012; Tarnow et al.,  2014; Tortamano et al.,  2010; Valentini 
et al.,  2010; Zuiderveld et al.,  2018), with eight studies excluding 
acute infection (Canullo et al.,  2010; Canullo, Goglia, et al.,  2009; 
Cardaropoli et al., 2015, 2019; Cosyn et al., 2011; Degidi et al., 2014; 
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F I G U R E  2  Estimated survival rate per observed implant-years for each study with calculated mean survival rate and prediction interval 
from meta-analysis.
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    |  321HAMILTON et al.

McAllister et al., 2012; Yang et al., 2019) and sixteen studies included 
sites with chronic infection and only excluded acute endodontic 
infection (Arora & Ivanovski,  2018a, 2018b; Bittner et al.,  2020; 
Calvo-Guirado et al., 2009; Crespi et al., 2008; Cristalli et al., 2015; 
Di Alberti et al., 2012; Grandi et al., 2013; Grandi, Garuti, Samarani, 
et al., 2012; Groenendijk et al., 2017, 2021; Kan et al., 2011; Malchiodi 
et al., 2013; Mangano et al., 2012; Migliorati et al., 2015; Mijiritsky 
et al., 2021; Noelken, Moergel, Pausch, et al., 2018). Studies including 
chronic endodontic infection often reported that some sites with api-
cal fenestration of the labial cortical bone were included. However, 
no reports mentioned the presence of a chronic draining fistula and 
breach of the labial mucosa as being included.

3.5.8  |  Presence of periodontal disease

The presence of periodontal disease was an exclusion criterion in 43 
studies (Aguilar-Salvatierra et al., 2016; Arora & Ivanovski, 2018a, 
2018b; Berberi, Noujeim, et al., 2014; Berberi, Sabbagh, et al., 2014; 

Bittner et al., 2020; Block et al., 2009; Bonnet et al., 2018; Bushahri 
et al.,  2021; Cabello et al.,  2013; Canullo et al.,  2010; Canullo & 
Rasperini, 2007; Cardaropoli et al., 2019; Cosyn et al., 2016; Degidi 
et al.,  2013; Ferrara et al.,  2006; Groenendijk et al.,  2017, 2021; 
Groisman et al.,  2003; Hartlev et al.,  2013; Khzam et al.,  2014; 
Lombardo et al., 2016; Ma et al., 2019; Mangano et al., 2012, 2013; 
McAllister et al.,  2012; Migliorati et al.,  2015; Noelken, Moergel, 
Pausch, et al.,  2018; Pieri et al.,  2011; Raes et al.,  2017; Raes, 
Eghbali, et al.,  2018; Ribeiro et al.,  2008; Rosa et al.,  2014; Saedi 
Germi et al., 2020; Sato et al., 2017; Seyssens et al., 2020; Spinato 
et al., 2012; Tarnow et al., 2014; Tortamano et al., 2010; Valentini 
et al.,  2010; Vidigal Jr. et al.,  2017; Yang et al.,  2019; Zuiderveld 
et al., 2018), with only 10 studies including patients with a history 
of treated periodontal disease (Calvo-Guirado et al.,  2015; Cosyn 
et al.,  2011; Cristalli et al.,  2015; Di Alberti et al.,  2012; Grandi 
et al., 2013; Grandi, Garuti, Samarani, et al., 2012; Kan et al., 2011; 
Kolerman, Nissan, Rahmanov, et al.,  2016; Malchiodi et al.,  2013; 
Mijiritsky et al., 2021) and 1 study excluding periodontal acute in-
fection (Cardaropoli et al., 2015).

TA B L E  7  Results of the meta-analysis (first line) with an additional sensitivity analysis. Influential studies removed: Groisman et al. (2003), 
Block et al. (2009), Grandi et al. (2013), and Cristalli et al. (2015).

Analysis Mean SY + 95% CI PI
Heterogeneity I2 
+ 95% CI

Main model 99.4% (99.0%; 99.7%) (95.3%; 100%) 53% (25%; 74%)

Influential studies removed 99.5% (99.1%; 99.7%) (97.5%; 100%) 34% (0%; 64%)

Note: Mean SY = Estimated mean survival rate per observed implant-year.
Abbreviations: I2 = heterogeneity measure; PI, prediction interval.

F I G U R E  3  Risk of bias assessment for randomized control trials using the Cochrane RoB2 tool.
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322  |    HAMILTON et al.

TA B L E  8  Risk of bias assessment for nonrandomized studies using the Newcastle–Ottawa scale.

Authors & Year Type of study Selection Comparability Outcome AHRQ

Berberi, Tehini, et al. (2014) Controlled clinical trial ** * ** Fair

Cooper et al. (2014) Controlled clinical trial *** ** *** Good

Di Alberti et al. (2012) Controlled clinical trial * * ** Poor

Grandi et al. (2013) Controlled clinical trial ** * ** Fair

Raes et al. (2017) Controlled clinical trial *** ** ** Good

Raes, Eghbali, et al. (2018) Controlled clinical trial ** * ** Fair

Aguilar-Salvatierra et al. (2016) Prospective cohort ** * ** Fair

Berberi, Noujeim, et al. (2014) Prospective cohort ** * ** Fair

Cabello et al. (2013) Prospective cohort ** * ** Fair

Calvo-Guirado et al. (2009) Prospective cohort ** * ** Fair

Calvo-Guirado et al. (2015) Prospective cohort ** * ** Fair

Canullo and Rasperini (2007) Prospective cohort ** * ** Fair

Cardaropoli et al. (2015) Prospective cohort ** * ** Fair

Cardaropoli et al. (2019) Prospective cohort ** * ** Fair

Cosyn et al. (2011) Prospective cohort ** * *** Fair

Cosyn et al. (2016) Prospective cohort ** * ** Fair

Cristalli et al. (2015) Prospective cohort ** * ** Fair

Ferrara et al. (2006) Prospective cohort ** * *** Fair

Ganeles et al. (2017) Prospective cohort ** * *** Fair

Grandi, Garuti, Samarani, 
et al. (2012)

Prospective cohort ** * ** Fair

Groenendijk et al. (2021) Prospective cohort *** * ** Good

Groisman et al. (2003) Prospective cohort ** * *** Fair

Kan et al. (2011) Prospective cohort *** * *** Good

Ma et al. (2019) Prospective cohort ** * ** Fair

Malchiodi et al. (2013) Prospective cohort *** * *** Good

McAllister et al. (2012) Prospective cohort ** * *** Fair

Noelken et al. (2011) Prospective cohort ** * *** Fair

Rosa et al. (2014) Prospective cohort ** * ** Fair

Sato et al. (2017) Prospective cohort ** * ** Fair

Seyssens et al. (2020) Prospective cohort *** * *** Good

Tortamano et al. (2010) Prospective cohort *** * *** Good

Yang et al. (2019) Prospective cohort *** ** ** Good

Arora and Ivanovski (2018a) Retrospective cohort *** * *** Good

Bonnet et al. (2018) Retrospective cohort ** * *** Fair

Bruno et al. (2014) Retrospective cohort *** * ** Good

Degidi et al. (2013) Retrospective cohort * * *** Poor

Groenendijk et al. (2017) Retrospective cohort ** * ** Fair

Hartlev et al. (2013) Retrospective cohort *** * ** Good

Khzam et al. (2014) Retrospective cohort *** * ** Good

Kolerman, Nissan, Rahmanov, 
et al. (2016)

Retrospective cohort *** * *** Good

Lombardo et al. (2016) Retrospective cohort *** * *** Good

Mangano et al. (2012) Retrospective cohort ** * *** Fair

Mangano et al. (2013) Retrospective cohort ** * *** Fair

Menchini-Fabris et al. (2019) Retrospective cohort *** ** *** Good
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3.5.9  |  Facial gap (horizontal defect dimension—
HDD)

The presence of a gap between the implant and facial bone wall 
was reported in 56 studies (Arora & Ivanovski,  2018a, 2018b; 
Berberi, Noujeim, et al.,  2014; Berberi, Sabbagh, et al.,  2014; 
Bittner et al.,  2020; Block et al.,  2009; Bonnet et al.,  2018; 
Bruno et al.,  2014; Bushahri et al.,  2021; Cabello et al.,  2013; 
Calvo-Guirado et al., 2009; Canullo et al., 2010; Canullo, Goglia, 
et al., 2009; Canullo & Rasperini, 2007; Cardaropoli et al., 2015, 
2019; Cosyn et al., 2016; Cristalli et al., 2015; Degidi et al., 2013; 
Di Alberti et al.,  2012; Ferrara et al.,  2006; Grandi et al.,  2013; 
Grandi, Garuti, Samarani, et al.,  2012; Groenendijk et al.,  2017, 
2021; Groisman et al., 2003; Hartlev et al., 2013; Kan et al., 2011; 
Khzam et al.,  2014; Kolerman, Nissan, Rahmanov, et al.,  2016; 
Lombardo et al.,  2016; Ma et al.,  2019; Mangano et al.,  2012; 
Migliorati et al., 2015; Mijiritsky et al., 2021; Noelken et al., 2011; 
Noelken, Moergel, Pausch, et al.,  2018; Norton,  2011; Paul & 
Held,  2013; Pieri et al.,  2011; Raes, Eghbali, et al.,  2018; Rosa 
et al.,  2014; Ross et al.,  2014; Saedi Germi et al.,  2020; Sato 
et al.,  2017; Seyssens et al.,  2020; Shanelec,  2005; Slagter 
et al., 2021; Spinato et al., 2012; Tarnow et al., 2014; Tortamano 
et al.,  2010; Valentini et al.,  2010; Van Nimwegen et al.,  2016; 
Vidigal Jr. et al., 2017; Yang et al., 2019; Zuiderveld et al., 2018). 
The size of the gaps varied between 1 and 4 mm, with most stud-
ies reporting placing biomaterial into the gap. Biomaterials utilized 
for socket grafting in conjunction with Type 1A protocols included 
deproteinized bovine bone mineral xenograft (22 studies—Arora & 
Ivanovski, 2018a; Arora & Ivanovski, 2018b; Bittner et al., 2020; 
Bonnet et al., 2018; Bruno et al., 2014; Canullo, Goglia, et al., 2009; 
Canullo & Rasperini,  2007; Cardaropoli et al.,  2015; Cardaropoli 
et al.,  2019; Cosyn et al.,  2011; Cosyn et al.,  2016; Cristalli 
et al., 2015; Degidi et al., 2013; Grandi et al., 2013; Grandi, Garuti, 

Samarani, et al.,  2012; Groenendijk et al.,  2017; Groenendijk 
et al.,  2021; Khzam et al.,  2014; Migliorati et al.,  2015; Paul & 
Held,  2013; Seyssens et al.,  2020; Valentini et al.,  2010; Vidigal 
Jr. et al., 2017), autogenous bone (11 studies—Berberi, Noujeim, 
et al.,  2014; Berberi, Sabbagh, et al.,  2014; Ferrara et al.,  2006; 
Ganeles et al.,  2017; Groisman et al.,  2003; Kan et al.,  2011; 
Malchiodi et al., 2013; Mijiritsky et al., 2021; Noelken et al., 2011; 
Noelken, Moergel, Pausch, et al., 2018; Rosa et al., 2014), autoge-
nous bone and xenograft mixture (six studies—Norton, 2011; Pieri 
et al., 2011; Shanelec, 2005; Slagter et al., 2021; Van Nimwegen 
et al., 2016; Zuiderveld et al., 2018), human allograft (six studies—
Block et al.,  2009; Bushahri et al.,  2021; Kolerman, Nissan, 
Rahmanov, et al., 2016; Ross et al., 2014; Saedi Germi et al., 2020; 
Tarnow et al.,  2014), alloplastic graft materials (three studies—
Canullo et al., 2010; Lombardo et al., 2016; Mangano et al., 2012), 
and alloplastic/allograftor/xenograft on the same study (three 
studies—McAllister et al., 2012; Sato et al., 2017; Yang et al., 2019). 
Only one study reported placing large implants to minimize the 
gap between the implant and the extraction socket's facial bone 
wall (Ferrara et al., 2006).

3.5.10  |  Extraction

Minimally traumatic extraction techniques to minimize damage to the 
surrounding alveolar bone and soft tissues were reported in 59 stud-
ies (Arora & Ivanovski, 2018a, 2018b; Berberi, Noujeim, et al., 2014; 
Bittner et al., 2020; Block et al., 2009; Bonnet et al., 2018; Bruno 
et al.,  2014; Bushahri et al.,  2021; Cabello et al.,  2013; Canullo 
et al., 2010; Canullo, Goglia, et al., 2009; Canullo & Rasperini, 2007; 
Cardaropoli et al.,  2015, 2019; Cosyn et al.,  2011, 2016; Crespi 
et al., 2008; Cristalli et al., 2015; Degidi et al., 2013, 2014; Di Alberti 
et al., 2012; Ferrara et al., 2006; Grandi et al., 2013; Grandi, Garuti, 

Authors & Year Type of study Selection Comparability Outcome AHRQ

Mijiritsky et al. (2021) Retrospective cohort *** * *** Good

Noelken, Moergel, Pausch, 
et al., 2018

Retrospective cohort *** ** *** Good

Norton (2011) Retrospective cohort ** * *** Fair

Paul and Held (2013) Retrospective cohort ** * *** Fair

Ribeiro et al. (2008) Retrospective cohort *** * *** Good

Ross et al. (2014) Retrospective cohort ** * *** Fair

Saedi Germi et al. (2020) Retrospective cohort *** * *** Good

Shanelec (2005) Retrospective cohort ** * *** Fair

Spinato et al. (2012) Retrospective cohort ** * *** Fair

Tarnow et al. (2014) Retrospective cohort ** ** *** Fair

Valentini et al. (2010) Retrospective cohort ** * *** Fair

Van Nimwegen et al. (2016) Retrospective cohort *** ** *** Good

Vidigal Jr. et al. (2017) Retrospective cohort ** ** *** Fair

Note: The asterisks are part of the Newcastle Ottowa Scale (NOS) for risk of bias assessment, so are described in the manual for NOS: https://www.
ohri.ca/progr​ams/clini​cal_epide​miolo​gy/oxford.asp

TA B L E  8  (Continued)
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TA B L E  9  Reported study criteria for inclusion/exclusion categorized based on risk assessment.
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Bittner et al. (2020) Healthy 
Patients

No Contacts NR E I N NR Intact Facial 
Bone

0.8 mm Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y x̄ =2.9 mm Xenograft or 
None

Flapless >20Ncm NR

Block et al. (2009) Healthy 
Patients

No Contacts NR E NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Allograft Minimally traumatic 
using periotomes

NR >71 ISQ

Bushahri et al. (2021) Healthy 
Patients

No Contacts NR NR I N ≥4 mm bone 
height

Small Defects 
Included

1 mm Flapless NR Periodontal 
disease 
excluded

Y x̄ =2.7 mm Allograft Minimally traumatic ≥30 NR

Canullo, Goglia, 
et al. (2009)

Healthy 
Patients

No Contacts NR NR I N ≥3 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
Acute 
Infection

NR Y >1 mm Xenograft Minimally traumatic 
using periotomes

32-45Ncm NR

Canullo et al. (2010) Healthy 
Patients

No Contacts NR E I N ≥4 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
Acute 
Infection

Periodontal 
disease 
excluded

Y >1 mm Alloplastic Minimally traumatic 
using periotomes

32-45Ncm NR

Crespi et al. (2008) Healthy 
Patients

Limited 
Contacts

E NR NR N ≥4 mm bone 
height

Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

NR NR NR NR Minimally traumatic >25Ncm >60 ISQ

Degidi et al. (2014) Light Smokers No Contacts E NR NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
Acute 
Infection

NR Y 2 mm NR Minimally traumatic ≥25Ncm ≥60 ISQ

Migliorati et al. (2015) Healthy 
Patients

No Contacts NR E I Y Sufficient 
Bone

Small Defects 
Included

NR Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic NR NR

Pieri et al. (2011) Light Smokers No Contacts E NR NR N ≥4 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

≥40Ncm NR

Slagter et al. (2021) NR NR NR NR NR N NR Large defects 
Included

NR Flapless NR NR Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

NR NR

Zuiderveld et al. (2018) Healthy 
Patients

No Contacts NR NR I Y NR Large defects 
Included

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic ≥45Ncm NR

Berberi, Sabbagh, 
et al. (2014)

Healthy 
Patients

Limited 
Contacts

NR NR NR N ≥5 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Autogenous NR ≥32Ncm NR

Cooper et al. (2014) Healthy 
Patients

No Contacts NR NR NR N NR Large defects 
Included

NR Full-Thickness Flap NR NR NR NR None NR NR NR

Di Alberti et al. (2012) NR Full Contact NR E NR N NR NR NR Full-Thickness Flap Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y 2 mm NR Minimally traumatic 
using periotomes

≥40Ncm >60 ISQ

Grandi et al. (2013) Diabetes 
and Light 
Smokers

No Contacts NR NR NR N NR Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y NR Xenograft Minimally traumatic ≥45Ncm NR
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TA B L E  9  Reported study criteria for inclusion/exclusion categorized based on risk assessment.
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Bittner et al. (2020) Healthy 
Patients

No Contacts NR E I N NR Intact Facial 
Bone

0.8 mm Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y x̄ =2.9 mm Xenograft or 
None

Flapless >20Ncm NR

Block et al. (2009) Healthy 
Patients

No Contacts NR E NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Allograft Minimally traumatic 
using periotomes

NR >71 ISQ

Bushahri et al. (2021) Healthy 
Patients

No Contacts NR NR I N ≥4 mm bone 
height

Small Defects 
Included

1 mm Flapless NR Periodontal 
disease 
excluded

Y x̄ =2.7 mm Allograft Minimally traumatic ≥30 NR

Canullo, Goglia, 
et al. (2009)

Healthy 
Patients

No Contacts NR NR I N ≥3 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
Acute 
Infection

NR Y >1 mm Xenograft Minimally traumatic 
using periotomes

32-45Ncm NR

Canullo et al. (2010) Healthy 
Patients

No Contacts NR E I N ≥4 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
Acute 
Infection

Periodontal 
disease 
excluded

Y >1 mm Alloplastic Minimally traumatic 
using periotomes

32-45Ncm NR

Crespi et al. (2008) Healthy 
Patients

Limited 
Contacts

E NR NR N ≥4 mm bone 
height

Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

NR NR NR NR Minimally traumatic >25Ncm >60 ISQ

Degidi et al. (2014) Light Smokers No Contacts E NR NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
Acute 
Infection

NR Y 2 mm NR Minimally traumatic ≥25Ncm ≥60 ISQ

Migliorati et al. (2015) Healthy 
Patients

No Contacts NR E I Y Sufficient 
Bone

Small Defects 
Included

NR Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic NR NR

Pieri et al. (2011) Light Smokers No Contacts E NR NR N ≥4 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

≥40Ncm NR

Slagter et al. (2021) NR NR NR NR NR N NR Large defects 
Included

NR Flapless NR NR Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

NR NR

Zuiderveld et al. (2018) Healthy 
Patients

No Contacts NR NR I Y NR Large defects 
Included

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic ≥45Ncm NR

Berberi, Sabbagh, 
et al. (2014)

Healthy 
Patients

Limited 
Contacts

NR NR NR N ≥5 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Autogenous NR ≥32Ncm NR

Cooper et al. (2014) Healthy 
Patients

No Contacts NR NR NR N NR Large defects 
Included

NR Full-Thickness Flap NR NR NR NR None NR NR NR

Di Alberti et al. (2012) NR Full Contact NR E NR N NR NR NR Full-Thickness Flap Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y 2 mm NR Minimally traumatic 
using periotomes

≥40Ncm >60 ISQ

Grandi et al. (2013) Diabetes 
and Light 
Smokers

No Contacts NR NR NR N NR Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y NR Xenograft Minimally traumatic ≥45Ncm NR
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Raes et al. (2017) Healthy 
Patients

No Contacts NR NR NR N NR NR NR NR NR Periodontal 
disease 
excluded

NR NR NR NR NR NR

Raes, Eghbali, 
et al. (2018)

Healthy 
Patients

No Contacts NR E E N Sufficient 
Bone

Intact Facial 
Bone

NR Full-Thickness Flap NR Periodontal 
disease 
excluded

Y <2 mm or 
>2 mm

None Minimally traumatic ≥25Ncm NR

Aguilar-Salvatierra 
et al. (2016)

Diabetes Limited 
Contacts

NR NR NR N ≥5 mm bone 
height

NR NR NR NR Periodontal 
disease 
excluded

NR NR NR NR ≥35Ncm >60 ISQ

Berberi, Noujeim, 
et al. (2014)

Healthy 
Patients

Limited 
Contacts

NR NR NR N ≥5 mm bone 
height

Intact Facial 
Bone

NR Minimal 
Mucoperiosteal 
Flap

Absence of 
infection

Periodontal 
disease 
excluded

Y NR Autogenous Minimally traumatic 
using periotomes

≥32Ncm NR

Cabello et al. (2013) Light Smokers No Contacts I E I N NR Intact Facial 
Bone

NR Flapless NR Periodontal 
disease 
excluded

Y NR None Minimally traumatic 
with Benex

NR NR

Calvo-Guirado 
et al. (2009)

Light Smokers NR I NR I N NR Large defects 
Included

NR Full-Thickness Flap Chronic 
Infection 
Included

NR Y 1 mm None NR NR >64 ISQ

Calvo-Guirado 
et al. (2015)

Light Smokers Limited 
Contacts

NR NR I N ≥5 mm bone 
height

NR NR NR NR Treated 
Periodontal 
Disease 
Included

NR NR NR NR NR >60 ISQ

Canullo and 
Rasperini (2007)

Light Smokers No Contacts NR NR I N NR Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

32-45Ncm NR

Cardaropoli et al. (2015) Light Smokers No Contacts NR E NR N NR Intact Facial 
Bone

NR Flapless Absence of 
Acute 
Infection

Acute 
periodontal 
infection 
excluded

Y NR Xenograft Minimally traumatic ≥50Ncm NR

Cardaropoli et al. (2019) Healthy 
Patients

No Contacts NR E NR N Sufficient 
Bone

Intact Facial 
Bone

0.8 mm Flapless Absence of 
Acute 
Infection

Periodontal 
disease 
excluded

Y ≥2 mm Xenograft Minimally traumatic ≥35Ncm NR

Cosyn et al. (2011) Healthy 
Patients

No Contacts E E E N ≥5 mm bone 
height

Intact Facial 
Bone

NR Minimal 
Mucoperiosteal 
Flap

Absence of 
Acute 
Infection

Treated 
Periodontal 
Disease 
Included

NR NR Xenograft Minimally traumatic 
using periotomes

≥35Ncm NR

Cosyn et al. (2016) Healthy 
Patients

No Contacts E E E N ≥5 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

≥35Ncm NR

Cristalli et al. (2015) Light Smokers Limited 
Contacts

E E NR N ≥4 mm bone 
height

Intact Facial 
Bone

NR Minimal 
Mucoperiosteal 
Flap

Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y x̄ =2.73 mm Xenograft Minimally traumatic 
using periotomes

≥35Ncm NR

Ferrara et al. (2006) Healthy 
Patients

No Contacts E NR NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Minimal <1 mm Autogenous Minimally traumatic NR NR

Ganeles et al. (2017) Light Smokers No Contacts E NR NR N NR NR NR Full-Thickness Flap NR NR NR NR Autogenous NR ≥35Ncm NR

TA B L E  9  (Continued)

 16000501, 2023, S26, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/clr.14109 by Jere O

dell - Indiana U
niversity - Indianapo , W

iley O
nline L

ibrary on [13/02/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  327HAMILTON et al.

A
ut

ho
rs

 &
 y

ea
r

M
ed

ic
al

 s
ta

tu
s—


st

an
da

rd
iz

ed
 re

po
rt

in
g

O
cc

lu
sa

l s
ch

em
e

O
cc

lu
sa

l p
ar

af
un

ct
io

n 
in

cl
ud

ed
 o

r e
xc

lu
de

d 
(I/

E/
N

R)

Pr
e-

op
 g

in
gi

va
l m

ar
gi

n 
po

si
tio

n

So
ft

 ti
ss

ue
 q

ua
lit

y 
(th

in
 

ph
en

ot
yp

e)
—

in
cl

ud
e 

I o
r 

ex
cl

ud
e 

E

C
TG

 p
er

fo
rm

ed
 a

t t
im

e 
of

 
im

pl
an

t p
la

ce
m

en
t (

Y/
N

)

Bo
ne

 A
nc

ho
ra

ge
 

st
an

da
rd

iz
ed

Fa
ci

al
 B

on
e 

W
al

l p
re

se
nc

e—


sm
al

l d
ef

ec
ts

 u
p 

to
 3

 m
m

, 
la

rg
e 

3 
m

m
 +

Fa
ci

al
 B

on
e 

W
al

l t
hi

ck
ne

ss

M
uc

op
er

io
st

ea
l f

la
p

Pr
es

en
ce

 o
f e

nd
od

on
tic

 
in

fe
ct

io
n

Pr
es

en
ce

 o
f p

er
io

do
nt

al
 

di
se

as
e

Pr
es

en
ce

 o
f b

uc
ca

l g
ap

 
(Y

/N
)

G
ap

 d
im

en
si

on
s (

m
m

)

G
ra

ft
 m

at
er

ia
l (

no
ne

, a
ut

o,
 

al
lo

, x
en

o)

Ex
tr

ac
tio

n

Pr
im

ar
y 

im
pl

an
t s

ta
bi

lit
y—


in

se
rt

io
n 

to
rq

ue

Pr
im

ar
y 

im
pl

an
t s

ta
bi

lit
y—


re

so
na

nc
e 

fr
eq

ue
nc

y 
an

al
ys

is

Raes et al. (2017) Healthy 
Patients

No Contacts NR NR NR N NR NR NR NR NR Periodontal 
disease 
excluded

NR NR NR NR NR NR

Raes, Eghbali, 
et al. (2018)

Healthy 
Patients

No Contacts NR E E N Sufficient 
Bone

Intact Facial 
Bone

NR Full-Thickness Flap NR Periodontal 
disease 
excluded

Y <2 mm or 
>2 mm

None Minimally traumatic ≥25Ncm NR

Aguilar-Salvatierra 
et al. (2016)

Diabetes Limited 
Contacts

NR NR NR N ≥5 mm bone 
height

NR NR NR NR Periodontal 
disease 
excluded

NR NR NR NR ≥35Ncm >60 ISQ

Berberi, Noujeim, 
et al. (2014)

Healthy 
Patients

Limited 
Contacts

NR NR NR N ≥5 mm bone 
height

Intact Facial 
Bone

NR Minimal 
Mucoperiosteal 
Flap

Absence of 
infection

Periodontal 
disease 
excluded

Y NR Autogenous Minimally traumatic 
using periotomes

≥32Ncm NR

Cabello et al. (2013) Light Smokers No Contacts I E I N NR Intact Facial 
Bone

NR Flapless NR Periodontal 
disease 
excluded

Y NR None Minimally traumatic 
with Benex

NR NR

Calvo-Guirado 
et al. (2009)

Light Smokers NR I NR I N NR Large defects 
Included

NR Full-Thickness Flap Chronic 
Infection 
Included

NR Y 1 mm None NR NR >64 ISQ

Calvo-Guirado 
et al. (2015)

Light Smokers Limited 
Contacts

NR NR I N ≥5 mm bone 
height

NR NR NR NR Treated 
Periodontal 
Disease 
Included

NR NR NR NR NR >60 ISQ

Canullo and 
Rasperini (2007)

Light Smokers No Contacts NR NR I N NR Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

32-45Ncm NR

Cardaropoli et al. (2015) Light Smokers No Contacts NR E NR N NR Intact Facial 
Bone

NR Flapless Absence of 
Acute 
Infection

Acute 
periodontal 
infection 
excluded

Y NR Xenograft Minimally traumatic ≥50Ncm NR

Cardaropoli et al. (2019) Healthy 
Patients

No Contacts NR E NR N Sufficient 
Bone

Intact Facial 
Bone

0.8 mm Flapless Absence of 
Acute 
Infection

Periodontal 
disease 
excluded

Y ≥2 mm Xenograft Minimally traumatic ≥35Ncm NR

Cosyn et al. (2011) Healthy 
Patients

No Contacts E E E N ≥5 mm bone 
height

Intact Facial 
Bone

NR Minimal 
Mucoperiosteal 
Flap

Absence of 
Acute 
Infection

Treated 
Periodontal 
Disease 
Included

NR NR Xenograft Minimally traumatic 
using periotomes

≥35Ncm NR

Cosyn et al. (2016) Healthy 
Patients

No Contacts E E E N ≥5 mm bone 
height

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

≥35Ncm NR

Cristalli et al. (2015) Light Smokers Limited 
Contacts

E E NR N ≥4 mm bone 
height

Intact Facial 
Bone

NR Minimal 
Mucoperiosteal 
Flap

Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y x̄ =2.73 mm Xenograft Minimally traumatic 
using periotomes

≥35Ncm NR

Ferrara et al. (2006) Healthy 
Patients

No Contacts E NR NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Minimal <1 mm Autogenous Minimally traumatic NR NR

Ganeles et al. (2017) Light Smokers No Contacts E NR NR N NR NR NR Full-Thickness Flap NR NR NR NR Autogenous NR ≥35Ncm NR
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Grandi, Garuti, Samarani, 
et al. (2012)

Healthy 
Patients

No Contacts NR NR NR N NR Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y NR Xenograft Minimally traumatic ≥30Ncm NR

Groenendijk et al. (2021) Light Smokers NR E NR I N ≥5 mm bone 
height

Large defects 
Included

NR Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y ≥2 mm Xenograft Minimally traumatic NR NR

Groisman et al. (2003) NR No Contacts NR E NR N NR NR NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y >1 mm Autogenous Minimally traumatic 
using periotomes

NR NR

Kan et al. (2011) Healthy 
Patients

NR E E I N NR Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y NR Autogenous Minimally traumatic NR NR

Ma et al. (2019) Healthy 
Patients

No Contacts E NR NR N ≥4 mm bone 
height

Small Defects 
Included

NR Flapless NR Periodontal 
disease 
excluded

Y 1.5–3 None Flapless NR Mean of 
65.1 
ISQ + 
-4.38

Malchiodi et al. (2013) Light Smokers No Contacts E NR E N NR NR NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

NR NR Autogenous Minimally traumatic 
using periotomes

NR NR

McAllister et al. (2012) Healthy 
Patients

NR E NR NR N NR Small Defects 
Included

NR NR Absence of 
Acute 
Infection

Periodontal 
disease 
excluded

NR NR Xenograft, 
Allograft or 
Alloplastic

NR ≥35Ncm NR

Noelken et al. (2011) Healthy 
Patients

No Contacts NR NR NR N NR Large Defects 
Included

NR Flapless NR NR Y NR Autogenous Minimally traumatic NR NR

Rosa et al. (2014) Healthy 
Patients

NR NR NR I N Sufficient 
Bone

Large Defects 
Included

Missing Flapless NR Periodontal 
disease 
excluded

Y NR Autogenous Minimally traumatic 
using periotomes

≥35Ncm NR

Sato et al. (2017) Healthy 
Patients

NR E NR NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless NR Periodontal 
disease 
excluded

Y NR Alloplastic or 
Xenograft

Minimally traumatic NR NR

Seyssens et al. (2020) Healthy, 
excluded 
smokers

No Contacts E NR N ≥5 mm bone 
height

Intact Facial 
Bone

0.8 mm Flapless NR Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

≥35Ncm NR

Tortamano et al. (2010) Healthy 
Patients

No Contacts NR NR NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR NR Minimally traumatic NR NR

Yang et al. (2019) Healthy 
Patients

No Contacts NR NR NR N Sufficient 
Bone

Intact Facial 
Bone

0 to >1 mm Flapless Absence of 
Acute 
Infection

Periodontal 
disease 
excluded

Y 2 mm Xenograft or 
Alloplastic

Minimally traumatic ≥35Ncm NR

Arora and 
Ivanovski (2018a)

Light Smokers No Contacts NR NR NR N Sufficient 
available 
bone

Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

≥30Ncm NR

Bonnet et al. (2018) Healthy 
Patients

No Contacts NR NR NR Y NR Small Defects 
Included

NR Flapless NR Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

≥30Ncm NR
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Grandi, Garuti, Samarani, 
et al. (2012)

Healthy 
Patients

No Contacts NR NR NR N NR Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y NR Xenograft Minimally traumatic ≥30Ncm NR

Groenendijk et al. (2021) Light Smokers NR E NR I N ≥5 mm bone 
height

Large defects 
Included

NR Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y ≥2 mm Xenograft Minimally traumatic NR NR

Groisman et al. (2003) NR No Contacts NR E NR N NR NR NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y >1 mm Autogenous Minimally traumatic 
using periotomes

NR NR

Kan et al. (2011) Healthy 
Patients

NR E E I N NR Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y NR Autogenous Minimally traumatic NR NR

Ma et al. (2019) Healthy 
Patients

No Contacts E NR NR N ≥4 mm bone 
height

Small Defects 
Included

NR Flapless NR Periodontal 
disease 
excluded

Y 1.5–3 None Flapless NR Mean of 
65.1 
ISQ + 
-4.38

Malchiodi et al. (2013) Light Smokers No Contacts E NR E N NR NR NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

NR NR Autogenous Minimally traumatic 
using periotomes

NR NR

McAllister et al. (2012) Healthy 
Patients

NR E NR NR N NR Small Defects 
Included

NR NR Absence of 
Acute 
Infection

Periodontal 
disease 
excluded

NR NR Xenograft, 
Allograft or 
Alloplastic

NR ≥35Ncm NR

Noelken et al. (2011) Healthy 
Patients

No Contacts NR NR NR N NR Large Defects 
Included

NR Flapless NR NR Y NR Autogenous Minimally traumatic NR NR

Rosa et al. (2014) Healthy 
Patients

NR NR NR I N Sufficient 
Bone

Large Defects 
Included

Missing Flapless NR Periodontal 
disease 
excluded

Y NR Autogenous Minimally traumatic 
using periotomes

≥35Ncm NR

Sato et al. (2017) Healthy 
Patients

NR E NR NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless NR Periodontal 
disease 
excluded

Y NR Alloplastic or 
Xenograft

Minimally traumatic NR NR

Seyssens et al. (2020) Healthy, 
excluded 
smokers

No Contacts E NR N ≥5 mm bone 
height

Intact Facial 
Bone

0.8 mm Flapless NR Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

≥35Ncm NR

Tortamano et al. (2010) Healthy 
Patients

No Contacts NR NR NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR NR Minimally traumatic NR NR

Yang et al. (2019) Healthy 
Patients

No Contacts NR NR NR N Sufficient 
Bone

Intact Facial 
Bone

0 to >1 mm Flapless Absence of 
Acute 
Infection

Periodontal 
disease 
excluded

Y 2 mm Xenograft or 
Alloplastic

Minimally traumatic ≥35Ncm NR

Arora and 
Ivanovski (2018a)

Light Smokers No Contacts NR NR NR N Sufficient 
available 
bone

Intact Facial 
Bone

NR Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

≥30Ncm NR

Bonnet et al. (2018) Healthy 
Patients

No Contacts NR NR NR Y NR Small Defects 
Included

NR Flapless NR Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic 
using periotomes

≥30Ncm NR
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Bruno et al. (2014) Light Smokers Limited 
Contacts

E E NR N Sufficient 
available 
bone

Small Defects 
Included

Flapless NR NR Y x̄ =1.5 mm Xenograft Minimally traumatic ≥35Ncm ≥65 ISQ

Degidi et al. (2013) Light Smokers No Contacts E NR NR N NR Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic ≥25Ncm >60 ISQ

Groenendijk et al. (2017) Healthy 
Patients

NR E NR NR N ≥4 mm bone 
height

Intact Facial 
Bone

0.9 mm Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y 2 mm Xenograft Minimally traumatic ≥40Ncm NR

Hartlev et al. (2013) Light Smokers No Contacts E NR NR N NR Small Defects 
Included

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y <2 mm None Minimally traumatic 
using periotomes

≥30Ncm NR

Khzam et al. (2014) Healthy 
Patients

No Contacts NR E NR N NR Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic ≥30Ncm NR

Kolerman, Nissan, 
Rahmanov, 
et al. (2016)

Light Smokers No Contacts E NR NR Y ≥5 mm bone 
height

Large defects 
Included

<1 mm or 
deficient

Full-Thickness Flap Absence of 
infection

Treated 
Periodontal 
Disease 
Included

Y NR Allograft Minimally traumatic 
using periotomes

≥32Ncm NR

Lombardo et al. (2016) Healthy 
Patients

NR E NR NR N NR Intact Facial 
Bone

NR NR NR Periodontal 
disease 
excluded

Y NR Alloplastic Minimally traumatic NR NR

Mangano et al. (2012) Light Smokers Limited 
Contacts

E NR E N NR Intact Facial 
Bone

Full-Thickness Flap Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y NR Alloplastic Minimally traumatic NR NR

Mangano et al. (2013) Healthy 
Patients

Limited 
Contacts

NR E E N NR Intact Facial 
Bone

NR Full-Thickness Flap NR Periodontal 
disease 
excluded

NR NR NR Minimally traumatic NR NR

Menchini-Fabris 
et al. (2019)

Healthy 
Patients

NR E NR NR N ≥4 mm bone 
height

Intact Facial 
Bone

NR Flapless NR NR NR NR None Minimally traumatic 
using magnetic 
mallet

NR NR

Mijiritsky et al. (2021) Healthy 
Patients

No Contacts E NR NR N NR NR NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y 2 mm Autogenous Minimally traumatic 
using periotomes

≥32Ncm NR

Noelken, Moergel, 
Pausch, et al. 2018

Light Smokers No Contacts NR I I Y Sufficient 
Bone

Large defects 
Included

0–1.5 mm Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y NR Autogenous Minimally traumatic NR NR

Norton (2011) Diabetes 
& Light 
Smoker

No Contacts NR NR NR N NR Defects Included NR Full-Thickness Flap NR NR Y 1 mm Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

≤25Ncm NR

Paul and Held (2013) Light Smokers No Contacts NR NR NR N NR Intact Facial 
Bone

NR Flapless NR NR Y 1.5–2.5 mm Xenograft Flapless NR NR

Ribeiro et al. (2008) Healthy 
Patients

No Contacts NR NR NR N ≥3 mm bone 
height & 
≥5 mm 
Bone 
Width

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

NR NR NR Flapless NR NR

TA B L E  9  (Continued)
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Bruno et al. (2014) Light Smokers Limited 
Contacts

E E NR N Sufficient 
available 
bone

Small Defects 
Included

Flapless NR NR Y x̄ =1.5 mm Xenograft Minimally traumatic ≥35Ncm ≥65 ISQ

Degidi et al. (2013) Light Smokers No Contacts E NR NR N NR Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic ≥25Ncm >60 ISQ

Groenendijk et al. (2017) Healthy 
Patients

NR E NR NR N ≥4 mm bone 
height

Intact Facial 
Bone

0.9 mm Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y 2 mm Xenograft Minimally traumatic ≥40Ncm NR

Hartlev et al. (2013) Light Smokers No Contacts E NR NR N NR Small Defects 
Included

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y <2 mm None Minimally traumatic 
using periotomes

≥30Ncm NR

Khzam et al. (2014) Healthy 
Patients

No Contacts NR E NR N NR Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic ≥30Ncm NR

Kolerman, Nissan, 
Rahmanov, 
et al. (2016)

Light Smokers No Contacts E NR NR Y ≥5 mm bone 
height

Large defects 
Included

<1 mm or 
deficient

Full-Thickness Flap Absence of 
infection

Treated 
Periodontal 
Disease 
Included

Y NR Allograft Minimally traumatic 
using periotomes

≥32Ncm NR

Lombardo et al. (2016) Healthy 
Patients

NR E NR NR N NR Intact Facial 
Bone

NR NR NR Periodontal 
disease 
excluded

Y NR Alloplastic Minimally traumatic NR NR

Mangano et al. (2012) Light Smokers Limited 
Contacts

E NR E N NR Intact Facial 
Bone

Full-Thickness Flap Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y NR Alloplastic Minimally traumatic NR NR

Mangano et al. (2013) Healthy 
Patients

Limited 
Contacts

NR E E N NR Intact Facial 
Bone

NR Full-Thickness Flap NR Periodontal 
disease 
excluded

NR NR NR Minimally traumatic NR NR

Menchini-Fabris 
et al. (2019)

Healthy 
Patients

NR E NR NR N ≥4 mm bone 
height

Intact Facial 
Bone

NR Flapless NR NR NR NR None Minimally traumatic 
using magnetic 
mallet

NR NR

Mijiritsky et al. (2021) Healthy 
Patients

No Contacts E NR NR N NR NR NR Flapless Chronic 
Infection 
Included

Treated 
Periodontal 
Disease 
Included

Y 2 mm Autogenous Minimally traumatic 
using periotomes

≥32Ncm NR

Noelken, Moergel, 
Pausch, et al. 2018

Light Smokers No Contacts NR I I Y Sufficient 
Bone

Large defects 
Included

0–1.5 mm Flapless Chronic 
Infection 
Included

Periodontal 
disease 
excluded

Y NR Autogenous Minimally traumatic NR NR

Norton (2011) Diabetes 
& Light 
Smoker

No Contacts NR NR NR N NR Defects Included NR Full-Thickness Flap NR NR Y 1 mm Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

≤25Ncm NR

Paul and Held (2013) Light Smokers No Contacts NR NR NR N NR Intact Facial 
Bone

NR Flapless NR NR Y 1.5–2.5 mm Xenograft Flapless NR NR

Ribeiro et al. (2008) Healthy 
Patients

No Contacts NR NR NR N ≥3 mm bone 
height & 
≥5 mm 
Bone 
Width

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

NR NR NR Flapless NR NR
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Samarani, et al.,  2012; Groenendijk et al.,  2017, 2021; Groisman 
et al., 2003; Hartlev et al., 2013; Kan et al., 2011; Khzam et al., 2014; 
Kolerman, Nissan, Rahmanov, et al.,  2016; Lombardo et al.,  2016; 
Ma et al., 2019; Malchiodi et al., 2013; Mangano et al., 2012, 2013; 
Menchini-Fabris et al.,  2019; Migliorati et al.,  2015; Mijiritsky 
et al., 2021; Noelken et al., 2011; Norton, 2011; Paul & Held, 2013; 
Pieri et al.,  2011; Raes, Eghbali, et al.,  2018; Ribeiro et al.,  2008; 
Rosa et al.,  2014; Ross et al.,  2014; Saedi Germi et al.,  2020; 
Sato et al.,  2017; Seyssens et al.,  2020; Shanelec,  2005; Slagter 
et al.,  2021; Spinato et al.,  2012; Tarnow et al.,  2014; Tortamano 
et al., 2010; Van Nimwegen et al., 2016; Vidigal Jr. et al., 2017; Yang 
et al., 2019; Zuiderveld et al., 2018). Six Studies (Bittner et al., 2020; 
Ma et al.,  2019; Paul & Held,  2013; Ribeiro et al.,  2008; Ross 
et al., 2014; Spinato et al., 2012) reported that the extractions were 
performed via a flapless approach, while only one study reported 
that a mucoperiosteal flap was raised prior to tooth extraction 
(Valentini et al.,  2010). The use of periotomes for syndesmotomy 
as part of the extraction process was reported in 24 studies (Arora 

& Ivanovski,  2018a, 2018b; Berberi, Noujeim, et al.,  2014; Block 
et al., 2009; Bonnet et al., 2018; Canullo et al., 2010; Canullo, Goglia, 
et al.,  2009; Canullo & Rasperini,  2007; Cosyn et al.,  2011, 2016; 
Cristalli et al., 2015; Di Alberti et al., 2012; Groisman et al., 2003; 
Hartlev et al.,  2013; Kolerman, Nissan, Rahmanov, et al.,  2016; 
Malchiodi et al.,  2013; Mijiritsky et al.,  2021; Norton,  2011; Pieri 
et al.,  2011; Rosa et al.,  2014; Saedi Germi et al.,  2020; Seyssens 
et al.,  2020; Shanelec,  2005; Slagter et al.,  2021; Van Nimwegen 
et al., 2016), with one study reporting the use of a magnetic mallet 
(Menchini-Fabris et al., 2019) and another utilizing a vertical extrac-
tion system (Cabello et al.,  2013). No studies reported the use of 
piezo surgery as part of the extraction process.

3.5.11  |  Primary stability

The implant insertion torque value was the most commonly reported 
criteria for evaluation of primary implant stability in 42 of the included 
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Ross et al. (2014) NR No Contacts NR E I N NR Intact Facial 
Bone

NR Full-Thickness Flap NR NR Y NR Allograft Flapless ≥35Ncm NR

Saedi Germi et al. (2020) Healthy 
Patients

NR NR E E N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless NR Periodontal 
disease 
excluded

Y NR Allograft Minimally traumatic 
using periotomes

≥35Ncm NR

Shanelec (2005) NR No Contacts NR I I Y NR Intact Facial 
Bone

NR Flapless NR NR Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

NR NR

Spinato et al. (2012) Healthy 
Patients

No Contacts NR NR E N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y x̄ =2.14 mm None Flapless ≥35Ncm NR

Tarnow et al. (2014) Healthy 
Patients

No Contacts E E NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Allograft Minimally traumatic ≥35Ncm NR

Valentini et al. (2010) Healthy 
Patients

No Contacts NR NR NR N Sufficient 
Bone

Large defects 
Included

NR Full-Thickness Flap Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Flap elevation ≥40Ncm NR

Van Nimwegen 
et al. (2016)

Healthy 
Patients

No Contacts NR NR NR N NR Intact Facial 
Bone

NR Flapless NR NR Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

≥35Ncm NR

Vidigal Jr. et al. (2017) Healthy 
Patients

No Contacts E E I Y Sufficient 
Bone

Intact Facial 
Bone

NR Flapless NR Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic ≥35Ncm NR

Risk Categorization:
Low Risk
Medium Risk
High Risk

Abbreviations: E, excluded; I, included; N, no; NR, not reported; Y, yes.
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studies (Aguilar-Salvatierra et al., 2016; Arora & Ivanovski, 2018a, 
2018b; Berberi, Noujeim, et al., 2014; Berberi, Sabbagh, et al., 2014; 
Bittner et al., 2020; Bonnet et al., 2018; Bruno et al., 2014; Bushahri 
et al., 2021; Canullo et al., 2010; Canullo, Goglia, et al., 2009; Canullo 
& Rasperini, 2007; Cardaropoli et al., 2015, 2019; Cosyn et al., 2011, 
2016; Crespi et al., 2008; Cristalli et al., 2015; Degidi et al., 2013, 
2014; Di Alberti et al., 2012; Ganeles et al., 2017; Grandi et al., 2013; 
Grandi, Garuti, Samarani, et al.,  2012; Groenendijk et al.,  2017; 
Hartlev et al.,  2013; Khzam et al.,  2014; Kolerman, Nissan, 
Rahmanov, et al., 2016; McAllister et al., 2012; Mijiritsky et al., 2021; 
Norton,  2011; Pieri et al.,  2011; Raes, Eghbali, et al.,  2018; Rosa 
et al.,  2014; Ross et al.,  2014; Saedi Germi et al.,  2020; Seyssens 
et al.,  2020; Spinato et al.,  2012; Tarnow et al.,  2014; Valentini 
et al., 2010; Van Nimwegen et al., 2016; Vidigal Jr. et al., 2017; Yang 
et al.,  2019; Zuiderveld et al.,  2018). A minimum insertion torque 
threshold of 30–45 Ncm was used for immediate loading in 34 
studies (Aguilar-Salvatierra et al., 2016; Arora & Ivanovski, 2018a, 
2018b; Berberi, Noujeim, et al., 2014; Berberi, Sabbagh, et al., 2014; 

Bonnet et al., 2018; Bruno et al., 2014; Bushahri et al., 2021; Canullo 
et al., 2010; Canullo, Goglia, et al., 2009; Canullo & Rasperini, 2007; 
Cardaropoli et al., 2019; Cosyn et al., 2011, 2016; Cristalli et al., 2015; 
Di Alberti et al., 2012; Ganeles et al., 2017; Grandi, Garuti, Samarani, 
et al.,  2012; Groenendijk et al.,  2017; Hartlev et al.,  2013; Khzam 
et al.,  2014; Kolerman, Nissan, Rahmanov, et al.,  2016; McAllister 
et al., 2012; Mijiritsky et al., 2021; Pieri et al., 2011; Rosa et al., 2014; 
Ross et al.,  2014; Saedi Germi et al.,  2020; Seyssens et al.,  2020; 
Spinato et al., 2012; Tarnow et al., 2014; Valentini et al., 2010; Van 
Nimwegen et al., 2016; Vidigal Jr. et al., 2017; Yang et al., 2019). Five 
studies used 20–25 Ncm as the minimum insertion torque threshold 
for immediate loading (Crespi et al., 2008; Degidi et al., 2013, 2014; 
Norton, 2011; Raes, Eghbali, et al., 2018). One study assessed Type 
1A with a relatively low insertion torque of less than 25 Ncm (Bittner 
et al., 2020). Three studies reported a relatively high minimum in-
sertion torque at or above 45 Ncm (Cardaropoli et al., 2015; Grandi 
et al., 2013; Zuiderveld et al., 2018). Resonance frequency analysis 
(RFA) for determination of primary stability and suitability for loading 
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Ross et al. (2014) NR No Contacts NR E I N NR Intact Facial 
Bone

NR Full-Thickness Flap NR NR Y NR Allograft Flapless ≥35Ncm NR

Saedi Germi et al. (2020) Healthy 
Patients

NR NR E E N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless NR Periodontal 
disease 
excluded

Y NR Allograft Minimally traumatic 
using periotomes

≥35Ncm NR

Shanelec (2005) NR No Contacts NR I I Y NR Intact Facial 
Bone

NR Flapless NR NR Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

NR NR

Spinato et al. (2012) Healthy 
Patients

No Contacts NR NR E N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y x̄ =2.14 mm None Flapless ≥35Ncm NR

Tarnow et al. (2014) Healthy 
Patients

No Contacts E E NR N Sufficient 
Bone

Intact Facial 
Bone

NR Flapless Absence of 
infection

Periodontal 
disease 
excluded

Y NR Allograft Minimally traumatic ≥35Ncm NR

Valentini et al. (2010) Healthy 
Patients

No Contacts NR NR NR N Sufficient 
Bone

Large defects 
Included

NR Full-Thickness Flap Absence of 
infection

Periodontal 
disease 
excluded

Y NR Xenograft Flap elevation ≥40Ncm NR

Van Nimwegen 
et al. (2016)

Healthy 
Patients

No Contacts NR NR NR N NR Intact Facial 
Bone

NR Flapless NR NR Y NR Autogenous 
and 
Xenograft 
mix

Minimally traumatic 
using periotomes

≥35Ncm NR

Vidigal Jr. et al. (2017) Healthy 
Patients

No Contacts E E I Y Sufficient 
Bone

Intact Facial 
Bone

NR Flapless NR Periodontal 
disease 
excluded

Y NR Xenograft Minimally traumatic ≥35Ncm NR

Risk Categorization:
Low Risk
Medium Risk
High Risk

Abbreviations: E, excluded; I, included; N, no; NR, not reported; Y, yes.
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was reported in 10 studies (Aguilar-Salvatierra et al.,  2016; Block 
et al., 2009; Bruno et al.,  2014; Calvo-Guirado et al.,  2009, 2015; 
Crespi et al., 2008; Degidi et al., 2013, 2014; Di Alberti et al., 2012; 
Ma et al., 2019), with minimum thresholds ranging from 60 to 71 ISQ 
(implant stability quotient).

3.5.12  |  Occlusion

Occlusal criteria for immediate loading was reported in 57 studies, 
with 47 studies reporting no occlusal contacts on immediately loaded 
restorations (Arora & Ivanovski, 2018a, 2018b; Bittner et al., 2020; 
Block et al., 2009; Bonnet et al., 2018; Bushahri et al., 2021; Cabello 
et al.,  2013; Canullo et al.,  2010; Canullo, Goglia, et al.,  2009; 
Canullo & Rasperini, 2007; Cardaropoli et al., 2015, 2019; Cooper 
et al., 2014; Cosyn et al., 2011, 2016; Degidi et al., 2013, 2014; Ferrara 
et al., 2006; Ganeles et al., 2017; Grandi et al., 2013; Grandi, Garuti, 
Samarani, et al., 2012; Groisman et al., 2003; Hartlev et al., 2013; 
Khzam et al., 2014; Kolerman, Nissan, Rahmanov, et al., 2016; Ma 
et al., 2019; Malchiodi et al., 2013; Migliorati et al., 2015; Mijiritsky 
et al.,  2021; Noelken et al.,  2011; Noelken, Moergel, Pausch, 
et al.,  2018; Norton,  2011; Paul & Held,  2013; Pieri et al.,  2011; 
Raes et al.,  2017; Raes, Eghbali, et al.,  2018; Ribeiro et al.,  2008; 
Ross et al.,  2014; Seyssens et al.,  2020; Shanelec,  2005; Spinato 
et al., 2012; Tarnow et al., 2014; Tortamano et al., 2010; Valentini 
et al.,  2010; Van Nimwegen et al.,  2016; Vidigal Jr. et al.,  2017; 
Yang et al.,  2019; Zuiderveld et al.,  2018). Limited occlusal con-
tacts were reported in nine studies (Aguilar-Salvatierra et al., 2016; 
Berberi, Noujeim, et al., 2014; Berberi, Sabbagh, et al., 2014; Bruno 
et al., 2014; Calvo-Guirado et al., 2015; Crespi et al., 2008; Cristalli 
et al., 2015; Mangano et al., 2012, 2013), with only one study (Di 
Alberti et al., 2012) reporting that the immediate restorations were 
in full occlusal contact.

3.6  |  Intention-to-treat analysis

Only 23 studies reported whether all included patients were able to 
complete the prospectively assigned treatment protocol, or whether 
treatment protocols had to be varied due to intra-operative crite-
ria not being met (Bittner et al., 2020; Block et al., 2009; Bushahri 
et al.,  2021; Canullo et al.,  2010; Canullo, Goglia, et al.,  2009; 
Cardaropoli et al., 2015, 2019; Cooper et al., 2014; Cosyn et al., 2011, 
2016; Crespi et al., 2008; Cristalli et al., 2015; Degidi et al., 2014; 
Ferrara et al., 2006; Grandi et al., 2013; Ma et al., 2019; McAllister 
et al.,  2012; Migliorati et al.,  2015; Noelken et al.,  2011; Pieri 
et al., 2011; Slagter et al., 2021; Tortamano et al., 2010; Zuiderveld 
et al.,  2018). The most common reasons for not completing the 
planned Type 1A protocol were fracture of the facial bone during 
extraction and lack of desired insertion torque during immediate im-
plant placement. The successful completion of the intention to treat 
with a Type 1A protocol ranged from 85% to 100%. The intention-
to-treat analysis is hampered by the heterogeneity in the timepoint 

in which studies consider a patient/site to be included as a prospec-
tive participant of a Type 1A protocol.

4  |  DISCUSSION

4.1  |  Quality of included studies and validity of 
methods

This report summarizes the results and comparisons regarding re-
ported survival rates from 68 included papers. Of the 68 studies, 
11 RCTs were included for review. This systematic review aimed to 
assess the impact-specific patient and site characteristics reported 
for a single intervention, Type 1A immediate implant placement, and 
immediate loading of single implants in the maxillary esthetic zone. 
When assessing the impact of patient characteristics, an RCT study 
design is not directly applicable with only the treatment groups 
which were of Type 1A treatment protocol included in this analysis 
and carry the same weight as a prospective cohort study. The in-
clusion of study designs other than RCTs is appropriate within the 
design of this systematic review and provides clinically relevant data 
for descriptive reporting. The authors acknowledge that with the in-
clusion of lower-quality case series and retrospective studies, there 
is an inherent risk of bias; however, even these studies report using 
strict patient and site selection criteria.

Statistical assessment of survival rates from studies with differ-
ent time horizons without detailed information on failures and drop-
outs and with missing data is not an easy task as there are multiple 
pitfalls. Performing a meta-analysis on raw survival rates without 
any correction for study duration would yield an easily interpreta-
ble, but highly problematic outcome as studies lasting 10 years would 
be put on the same level as studies lasting 1 year (same study size). 
On the other hand, performing a meta-analysis with study duration 
correction as presented in this paper—it has its origins in epidemiolo-
gy—, the corrected outcomes ensure a fair comparison, but may feel 
strange as they are not in the usually reported spheres. In an iterative 
procedure, the authors thus agreed to additionally assess data in a 
simpler way in form of univariate (multivariate was not possible due 
to the small database) group-wise mean comparisons with cautious 
interpretation and to present these results in the first place along 
with the results from the time-corrected meta-analysis as comple-
mentary analysis.

As the distribution of the survival rates was skewed, non-
normal, and with a lot of identical values (many having 100%), p-
values for comparisons of both survival rates and average study 
duration were calculated with the help of bias-corrected bootstrap 
tests and presented with bias-corrected bootstrap confidence in-
tervals. Bootstrap tests are tests that are based on resampling and 
are superior to common mean tests as they have a bias correction 
and do not follow parametric distributions. However, as it is com-
mon for nonparametric/semi-parametric methods, bootstrap tests 
lack statistical power compared to parametric alternatives, and also, 
study heterogeneity is not specifically modeled. Due to missing 
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combinations, a multivariate analysis was not possible so further 
confounding effects cannot be ruled out, as discussed further below.

Coming back to the here presented meta-analysis, the obtained 
heterogeneity measure I2 of 53% can be interpreted as “moderate” 
(Higgins & Thompson,  2002) and is particularly low for a meta-
analysis of this size. Eliminating the four most influential studies 
leads to an even lower I2 of 34%.

Another limitation of this design and results, which may be an 
indicator for the lack of statistically significant differences, is that 
although the criteria reported have different thresholds, which 
formed the basis of our analysis, many patients in the study may be 
quite far beyond the threshold values, that is, the study may report 
a minimum threshold of 25 Ncm insertion torque, however, one site 
may have been at 25 Ncm, with the remaining sites all above 40 Ncm 
and this would not be reported. The search strategy used in this 
study limited the results to publications in English only which may 
exclude some relevant data.

4.2  |  Implant survival with type 1A 
treatment protocols

The estimated weighed mean overall survival rate for Type 1A pro-
tocols for single implants in the maxillary esthetic zone is 97.7%, 
which is consistent with other systematic reviews (Atieh et al., 2009; 
Chen & Buser, 2014; Cosyn et al., 2019; Gallucci et al., 2018; Garcia-
Sanchez et al., 2022; Pommer et al., 2021; Slagter et al., 2014; Zhou 
et al., 2021).

The short-term mean follow-up time of all included studies at 
32 months or 2.7 years (2.3; 3.1) should be considered when assess-
ing the survival outcomes of Type 1A protocols. The rate of failures 
is also not linear, with the majority of failures occurring during the 
initial healing period prior to osseointegration. This may be related to 
immediate loading protocols employed, and this is often attributed 
to the patients who experience early failures, however, similar rates 
of early implant failures are reported with unloaded implants as a 
result of surgical- and patient-related factors (Clauser et al., 2022).

Systematic reviews which only included longer studies with lon-
ger follow-up durations include very few studies and report compa-
rable survival rates with Type 1A protocols (Pommer et al., 2021). As 
the vast majority of failures with Type 1A protocols reported within 
the study timeframes occurred early within the first 6 months, it 
could be questioned as to whether the treatment protocol will con-
tinue to have an outcome effect in the long term once osseointegra-
tion has been established (Schrott et al., 2014).

Univariate bootstrap tests show that studies before 2012 report 
a significantly lower survival rate. This is not surprising when looking 
at the proportions of studies reporting incidences. Before 2012, 9 of 
17 or 52.9% report a loss, while since 2012, only 17 of 51 = 33.3% 
report a loss. A reason is surely that clinicians have grown in expe-
rience and the technology and clinical techniques have advanced, 
however, one should not forget the impact of publication bias, that 
is, studies that are not published due to “inadequate” results due to 
increasing commercial pressures.

4.3  |  Reported patient and site selection criteria 
for type 1A treatment protocols

All the included studies utilizing a Type 1A treatment protocol report 
highly selective inclusion and exclusion criteria. The only site-specific 
criteria which were found to influence survival in this systematic re-
view was the size of the facial gap, however, this is based on only 20 
of the included 68 studies, and the presence of chronic endodontic 
infection. Sites that presented with a gap of over 2 mm between the 
socket facial bone wall and implant at the time of implant placement 
were associated with higher implant survival rates (99.0% vs. 95.9%, 
p = .04). This finding may be related to the negative effects of facial 
implant positioning and using wider implant diameters that com-
pletely fill the socket. On the other hand, all studies reporting gaps 
≥2 mm were published from 2012 and later so the higher survival 
rates here might also be related to advances in implant technology 
and more proficient surgery experience.

The significantly lower survival rate in studies that did not in-
clude patients with endodontic infections (96.2% vs. 98.9% for 
studies with patients with infections) is surprising and unexpected. 
Although the parameter may be slightly confounded with publication 
year and gap dimension as most studies including infection have a 
gap dimension ≥2 mm, there may be other, unknown associated fac-
tors that might affect implant survival. Current evidence indicates 
that placement of immediate dental implants into extraction sites 
with chronic peri-apical infections, provided appropriate clinical pro-
cedures are performed to debride the socket prior to implant place-
ment (Chen et al., 2018; Chrcanovic et al., 2015; Fugazzotto, 2012; 
Waasdorp et al., 2010; Zuffetti et al., 2017).

Statistically significant differences were not found between sur-
vival rates for all the other reported patient and site characteristics. 
This can indicate that the site characteristics may not influence to 
a large degree the survival of implants. It also must be considered 
that survival is a relatively weak outcome measure and does not give 
an indication of clinically significant parameters such as esthetics, 
peri-implant tissue health, surrounding bone volume, alveolar ridge 
dimensions, and patient-reported outcome measures.

Few studies reported individual inclusion criteria which are con-
sidered higher risk for complications with Type 1A protocols.

Where higher-risk anatomical criteria were included, such as 
large defects of the facial bone wall and gingival recession, there 
was a tendency toward performing adjunct procedures such as con-
nective tissue grafting, and/or raising full-thickness mucoperiosteal 
flaps to facilitate guided bone regeneration procedures.

4.4  |  Intention-to-treat analysis (ITT) for type 1A 
treatment protocols

The intention-to-treat analysis is important for understanding how 
often can a chosen procedure be successfully completed in a given 
site/patient (Hollis & Campbell, 1999). As also reported in previous 
systematic reviews (Schrott et al., 2014), most studies did not include 
patients until the intervention has been successfully completed. As 
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such they do not report sites in which the intervention was aborted 
due to procedural complications or intra-operative assessments that 
deemed the site no longer suitable to continue with immediate im-
plant placement or immediate loading. It is also not reported how 
many patients were screened as potential participants that did not 
meet the inclusion criteria and the reasons for exclusion.

Two studies reported a relatively high proportion of sites that did 
not meet the procedural criteria to continue with a Type 1A proto-
col. Cristalli et al., 2015 reported 4 of 28 sites having defects in the 
facial plates following extraction rendering an intention to treat of 
86% (Cristalli et al., 2015). Ferrara et al., 2006 reported 6 of 39 im-
plants that did not have sufficient primary stability to continue with 
immediate loading with an ITT of 85%, which may be related to the 
implant design utilized in the study (Ferrara et al., 2006).

4.5  |  Clinical significance

This article highlights the importance of strict patient and site se-
lection for Type 1A implant protocols since the literature on com-
promised sites is lacking. The risk assessment table provides a 
framework for clinicians to identify when sites may be indicated for 
Type 1A protocols when low-risk factors are present. The assess-
ment categories and thresholds are based on the current knowledge 
and understanding of the clinical and preclinical literature regard-
ing implant survival, as well as esthetic and biological outcomes 
(Araújo et al., 2022; Buser et al., 2017; Chappuis et al., 2013; Levine 
et al.,  2022). Several of the risk assessment criteria for Type 1A, 
such as thickness of facial bone, soft tissue phenotype, esthetic 
risk, gingival margin position, and presence of a facial gap, are spe-
cifically targeted at achieving optimal esthetics in recognition of the 
dimensional alveolar ridge changes that occur following tooth ex-
traction that can lead to compromised esthetic outcomes (Chen & 
Buser, 2009, 2014; den Hartog et al., 2008; Morton et al., 2014; Yang 
et al., 2019), and are unlikely to be influential in survival outcomes.

The risk thresholds are slightly more conservative than those re-
ported as minimum inclusion criteria in the literature in recognition 
that the studies may include only very few patients who were close 
to this threshold, and the mean values in these studies, which the 
success and survival are based on, may be considerably higher. The 
risk assessment table should be periodically reviewed, and thresh-
olds updated as new literature becomes available.

4.6  |  Clinical recommendations

The studies included in this review on Type 1A immediate implant 
placement and loading protocols demonstrated high- to short-
medium-term survival rates. The quantity and quality of evidence ap-
pear to be sufficient to justify these protocols as routine in sites and 
patients can be considered as low risk of complications. According to 
previously published validation criteria (Gallucci et al., 2009, 2018; 
Zhou et al., 2021), the literature included in the current systematic 

review would support that Type 1A protocols in the anterior maxilla 
can be considered clinically and scientifically validated when strict 
selection criteria are followed. Since the reported studies all had 
strict patient- and site-specific selection criteria for Type 1A proto-
cols, the patient population and sites that this literature is applicable 
to may be limited, and further studies are required to expand upon 
the indications for this protocol.

Survival rates were used in this systematic review as they are the 
most commonly reported outcome measure in the dental literature. 
However, clinical decision-making needs to encompass factors that 
can influence implant success including the potential for esthetic, 
biological, mechanical, and technical complications. Until literature 
is present to demonstrate acceptable implant esthetic and survival 
outcomes of Type 1A implant treatment in compromised sites, to 
obtain predictable results it would be recommended to follow strict 
patient and site selection.

Where sites are presenting with local anatomical characteristics 
which are considered moderate-risk factors, such as thin facial bone, 
thin soft tissue phenotype, and minor gingival recession, adjunc-
tive treatments such as connective tissue grafting (CTG) tend to be 
used, which suggests that they may be required to provide success-
ful esthetic outcomes. Several systematic reviews have specifically 
assessed the influence of CTG on esthetic parameters reporting 
an improvement in soft tissue profile and less mucosal recession 
where CTG is used in conjunction with Type 1A protocols (Atieh & 
Alsabeeha, 2020; Seyssens et al., 2021).

Due to the lack of published studies, where patients and sites are 
identified as having high-risk factors, Type 1A protocols cannot be 
recommended for routine use.

Type 1A protocols are technically challenging and this may in-
fluence the ability to achieve the necessary procedural criteria to 
successfully complete the planned intervention. The experience of 
the clinician should be taken into consideration when electing to un-
derate a Type 1A protocol, and should only be performed by experi-
enced clinicians, particularly if sites present with any moderate-risk 
factors.

In this systematic review, 51 of the 68 included studies included 
reported grafting the gap between the implant and the facial bone 
wall when it was greater than 1 mm. The presence of a facial gap 
larger than 2 mm was univariately associated with increased survival 
rate and greater facial bone thickness when filled with bone substi-
tutes, which is consistent with other literature (Atieh et al., 2009; 
Levine et al., 2022). Although regeneration of bone can occur with-
out the placement of biomaterials into the gap, grafting is recom-
mended to minimize the postextraction dimensional alveolar ridge 
changes (Araújo et al., 2022).

5  |  CONCLUSION

Within the limitation of the present systematic review and range of 
studies included, Type 1A immediate implant placement and imme-
diate loading for single implants in the maxillary esthetic zone has a 
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high survival rate. All the included studies demonstrated strict inclu-
sion and exclusion criteria which highlights the importance of appro-
priate patient and site selection. A risk assessment tool is proposed 
based on the reported inclusion criteria, which can assist clinicians 
in identifying suitable sites indicated for Type 1A implant placement 
and loading protocols. Due to the limitations in using survival analy-
sis for clinical decision-making, further research is required to assess 
esthetic and functional success with Type 1A protocols.
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