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Comparative efficacy of flapped versus flapless dental 
implant procedures: A meta-analysis

Introduction

It is a widespread practice to position osseointegrated dental 
implants by employing a technique known as a flap, which 
entails reflecting a soft-tissue flap and realigning the incised 
mucosa with sutures after the insertion of the implant. 
Branemark pioneered the use of surgical flaps to view the 
operative field during implant surgery in the late 1970s.[1] A 
flap reflection is used in the protocol to reveal the underlying 
bone after making an incision in the mucosa or the mucobuccal 
fold. After implant placement, the flaps were adjusted with 
sutures.[1-4] Surgeons had a clear visibility, precise evaluation 
of bone volume, direct access to implant sites, enhanced 
control of angular position, and decreased incidence of bone 
fenestrations and dehiscence,[5] making it the treatment of 

choice for placing the dental implants. Over the past six 
decades, flap designs for surgical implant placement have 
witnessed varied modifications.[6] This method, however, 
has been associated with increased soft tissue and bone loss, 
post-operative morbidity, and delayed recovery and wound 
healing due to the greater surgical trauma and relatively long 
surgical time.[7-12]

As an alternative, “flapless procedures” or “minimally 
invasive flaps” were opted in practice for the placement of 
implants without elevation of the mucosal flaps and exposing 
bony tissue. For the extraction of teeth and the preservation 
of the extraction site, flapless methods have been used for 
some time.[6] Furthermore, the surgeons have also considered 
a less invasive, flapless approach for the placement of the 

Review

Objectives: Dental implant procedures are crucial for replacing missing teeth, with 
various surgical techniques impacting the outcome. This systematic review and meta-
analysis aimed to evaluate the effects of flapped and flapless surgical techniques on 
implant survival and marginal bone loss (MBL).

Methods: We included clinical studies with at least ten subjects, excluding review 
articles, editorials, and conference abstracts. Studies were sourced from PubMed, 
Medline, ERIC, and Wiley, published between 2000 and 2022. Data were analyzed 
using random-effects models to compare implant survival and MBL between flapped 
and flapless techniques.

Results: The review identified 21 studies meeting the inclusion criteria. Flapless 
techniques showed a higher implant survival rate with an approximate survival rate 
of 98.6% in prospective cohort studies and 95.9% in retrospective studies. MBL was 
consistently lower in the flapless group, averaging 0.6–2.1 mm, compared to 1.5–3 mm 
in the flapped group. Low-risk studies demonstrated more consistent and reliable 
results, supporting the efficacy of flapless procedures.

Conclusion: Flapless implant surgery offers a viable alternative to traditional flapped 
surgery, showing higher rates of implant survival and less MBL. However, successful 
outcomes depend on advanced imaging, precise surgical techniques, and adequate 
training. Further high-quality studies are needed to confirm these findings and refine 
clinical recommendations.

Keywords: Bone loss, flapless surgery, implants survival, surgical flap

Preet Jain1,2 ,  
Meetu Jain3 , 
Chetan Sharma1 ,  
Rahul N. Gaikwad4 ,  
Amit Porwal5 ,  
Diplina Barman6 ,  
Rounik Talukdar6 , 
Nitish Rai2,7*
1Department of Prosthodontics, R.R. Dental 
College and Hospital, Udaipur, Rajasthan, 
India, 2Department of Biotechnology Mohanlal 
Sukhadia University, Udaipur, Rajasthan, India, 
3Department of Periodontology, Karnavati 
University, Gandhinagar, Gujarat, India, 
4Department Community Dentistry and Oral 
Epidemiology College of Dentistry, Qassim 
University, KSA, 5Department of Prosthetic 
Dental Sciences, College of Dentistry Jazan 
University, Jazan KSA, 6Department of 
Epidemiology, ICMR- NICED, Kolkata, West 
Bengal, India, 7Department of Biotechnology, 
MLS University, Udaipur, Rajasthan, India, 
8Department of Zoology, University of Lucknow, 
Lucknow, Uttar Pradesh, India

Address for correspondence: Dr. Nitish Rai, 
Department of Biotechnology, MLS University, 
Udaipur, Rajasthan, India/Department of Zoology, 
University of Lucknow, Lucknow, Uttar Pradesh, 
India. Phone: +91-9891143219.  
E-mail: nitish.rai@mlsu.ac.in/rai_nitish@lkouniv.ac.in

ABSTRACT

WEBSITE: ijhs.org.sa
ISSN: 1658-3639
PUBLISHER: Qassim University

https://orcid.org/0000-0002-7506-5488
https://orcid.org/0000-0003-3710-4244
https://orcid.org/0000-0002-6952-2734
https://orcid.org/0000-0001-9915-0161
https://orcid.org/000-0001-5855-8478
https://orcid.org/0000-0002-6212-7993
https://orcid.org/0000-0001-8829-8961
https://orcid.org/0000-0002-0601-6682


Jain, et al.: Flapped vs Flapless Implant Efficacy: Meta-Analysis

59 International Journal of Health Sciences 
Vol. 18, Issue 4 (July - August 2024)

implant, as it avoids the detachment of the periosteum, 
consequently protecting the microvasculature, the osteogenic 
potential, and the existing soft-tissue contours.[13-15] During 
the procedure, the surgeons perforate the gingival tissues 
to gain access to the bone utilizing tissue punch or rotary 
instruments.

Significant technological advances in dental radiographic 
imaging have occurred in recent years, with advanced 
three-dimensional imaging such as computed tomography 
(CT) and newly developed software used for treatment 
planning for dental implants by allowing 3D evaluation 
of potential implant placement sites.[16] Flapless implant 
surgery gained popularity significantly due to these new 
advancements. Initially, the flapless technique was advised 
for and accepted by the newly recruited implant surgeons; 
however, advanced clinical experience is often required 
besides standard surgical judgment for a significant 
result.[15]

Since there is still no agreement and unanimity on the effects 
of flapless and open-flap dental implant surgery, a recent 
systematic review revealed that the flapless procedure had 
significant implications on implant survival rates. However, 
certain other analyses reported no difference in implant 
survival or marginal bone loss (MBL) between the flapless 
technique and the traditional approach with flap elevation.[16] 
Furthermore, there are limited data to support the idea that 
guided flapless surgery is significantly more accurate than 
non-guided ones.[17] Therefore, this SR and meta-analysis has 
assessed both the surgical interventions in respect to the effect 
on crestal bone loss and the implant survival rate.

Methods

This SR was carried out following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement.[18] Taking into consideration the nature of the 
current study, no approval by an institutional review board 
was necessary.

Study design
The PICO question defined for the study – “Was implant 
survival rate better in flapless as compared to flapped surgical 
procedure?” The purpose of this SR and meta-analysis was 
to evaluate the efficacy of flapless and flapped implant 
surgical procedures on implant survival rate, MBL, and the 
frequency of potential complications. The study utilized a 
well-defined PICO framework: Population (P): Individuals 
requiring dental implants, with a minimum of 10 subjects 
per study and aged between 19 and 45. Intervention (I): 
Flapless implant surgical procedure, guided or non-guided. 
Comparison (C): Flapped implant surgical procedure. 

Outcome (O): Implant survival rate, MBL, and frequency 
of potential complications.

Inclusion criteria

Study type
•	 Clinical studies involving a minimum of 10 patients
•	 Randomized controlled trials (RCTs), prospective cohort 

studies, retrospective studies, and case series.

Population
•	 Human clinical studies exclusively involving patients aged 

between 19 and 45 years
•	 Studies involving patients needing single or multiple 

dental implants.

Interventions
•	 Flapless implant surgical procedure, whether guided or 

non-guided
•	 Flapped implant surgical procedures for comparison 

purposes.

Outcomes
•	 Studies must provide data on at least one of the following:
•	 Implant survival rate
•	 MBL

Study quality
•	 Studies should have a follow-up period of at least 6 months
•	 Studies with a clear methodology and transparent reporting 

of results.

Language and timeframe
•	 English-language articles published between 2000 and 2022.

Exclusion criteria

Study type
•	 Review articles, editorials, and conference abstracts.

Population
•	 Studies with fewer than 10 patients
•	 Studies involving patients with systemic diseases that 

significantly affect bone metabolism, such as uncontrolled 
diabetes, osteoporosis, and Paget’s disease

•	 Studies involving patients with a history of head-and-neck 
radiation therapy.

Interventions
•	 Studies lacking a direct comparison between flapped and 

flapless implant surgical procedures
•	 Studies  involv ing  o ther  implant  techniques 

(e.g., subperiosteal implants) without relevant comparison 
groups.
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Outcomes
•	 Studies not reporting on implant survival rate or MBL
•	 Studies that only report qualitative outcomes without 

quantitative data.
Study quality
•	 Studies with a follow-up period of <6 months
•	 Studies with incomplete or unclear data, such as missing 

outcomes or lack of patient demographics.

Study selection
An electronic search was performed using PubMed, Medline, 
ERIC, and Wiley until November 2022 limited to English 
language and human studies. Two reviewers (PJ and MJ) 
independently reviewed the relevant papers’ titles and abstracts 
for eligibility. Then, the full texts of all possibly eligible 
publications were collected and analyzed further to determine 
which research matched all the inclusion criteria. Discrepancies 
were addressed through conversation with a third reviewer 
(SK), and an article list for this review was agreed.

Search terms
The key search words were grouped to the subject (dental 
implant complications between flapped and flapless procedures) 
and combined with “AND” in the following manner:
1. “Dental Implantation” [Mesh] OR ((dent* OR oral* 

OR mouth* OR stomatology*) AND implant*) “Dental 
Implants” [MeSH]“dent* implant* flapless” [MeSH] 
“dent* implant* flapless” technique AND bone loss

2. Flap*
3. “Randomized Controlled Trial” [Mesh] OR “Prospective 

Studies”[Mesh] OR “Retrospective Studies”[Mesh] OR 
random* OR control* OR prospective OR retrospective 
OR success* OR survival rate* OR complications*

4. 1 AND 2 AND 3.

For the goal of this SR, a comprehensive search of the Medline 
database from 2000 to 2022 was conducted. The data in the 
English language and relevant key word combinations were 
included. The search results from the subject (two subject 
groups) were then combined using the Boolean operator “OR.” 
In addition, an Internet search was supplemented with a manual 
search of the bibliographies/references of the most current SRs 
and all the included articles. Furthermore, a manual search was 
conducted on the hosting publishers (Wiley, ScienceDirect, and 
Springer) and individually on the contemporary implantology 
journals.

Registration of the SR
The present SR was registered under the OSF registration 
including https://doi.org/10.17605/OSF.IO/YKG42

Data extraction
The comprehensive search obtained the entire list of articles. 
Papers were reviewed and duplicates were removed in the 

first step, which was followed by the selection of potentially 
relevant articles by a title that addressed the research topic. The 
screening of abstracts was the second step. Full-text articles 
were evaluated in the third step to select those that met the 
inclusion and exclusion criteria. The following information 
was extracted from each study: study design, sample size, 
number of patients, number of implants, average length and 
diameter of implants, mean age of patients, surgical technique 
(flapped or flapless), implant brand and type, implant insertion 
site, loading protocol, and implant therapy outcomes such as 
follow-up time, success, failure, survival rates, marginal bone 
loss (MBL), and other complications. This study was carried 
out in accordance with the PRISMA statement[18] [Figure 1].

Quality assessment

Quality assessment of the studies was conducted through NIH 
Quality assessment tool. The full assessment tool was accessed 
using https://www.nhlbi.nih.gov.

Risk-of-bias (RoB) assessment

The RoB for the included studies was assessed using 
the Cochrane Collaboration’s RoB Tool across seven 
domains, including random sequence generation, allocation 
concealment, blinding of participants/personnel, blinding 
of outcome assessment, incomplete outcome data, selective 
reporting, and other biases. Each domain was rated as “low,” 
“unclear,” or “high” risk based on the predefined criteria. 
The overall risk was categorized by combining the individual 
domain assessments [Table 1].

Random sequence generation (selection bias)
•	 Six RCTs were included in the study. Of these, all 

were rated as “low risk” due to the use of appropriate 
randomization methods

•	 Other non-RCT studies were rated as “unclear” or “high 
risk” due to the lack of information on randomization or 
non-randomized designs.

Allocation concealment (selection bias)
•	 Five studies were rated as “low risk” due to the use 

of adequate concealment methods, including central 
randomization and sealed opaque envelopes.

•	 In 15 studies, allocation concealment was rated as 
“unclear” due to insufficient details provided in the 
methodology.

Blinding of participants and personnel (performance bias)
•	 Only four studies were rated as “low risk” due to 

appropriate blinding of participants and personnel or 
because blinding was unlikely to influence results.

•	 Twelve studies were rated as “high risk” due to the lack 
of blinding or an open surgical approach, which could 
potentially affect the outcomes.

•	 Five studies were rated as “unclear” due to insufficient 
information regarding blinding.
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Figure 1: PRISMA flowchart for the systematic search for flapped and flapless procedures

Blinding of outcome assessment (detection bias)
•	 Seven studies were rated as “low risk” due to the 

implementation of blinding for outcome assessment or 
because blinding was unlikely to influence the outcome.

•	 Eleven studies were rated as “high risk” due to the lack 
of blinding in outcome assessment, leading to potential 
detection bias.

•	 Three studies had insufficient information, leading to an 
“unclear” rating.

Incomplete outcome data (attrition bias)
•	 Twelve studies were rated as “low risk” due to 

comprehensive accounting of all participants or because 
missing data were unlikely to affect the results.

•	 Seven studies were rated as “unclear” due to insufficient 
information on missing data or attrition rates.

•	 Two studies were rated as “high risk” due to significant 
attrition, potentially affecting the outcomes.

Selective reporting (reporting bias)
•	 All 21 studies were rated as “low risk” as they reported all 

prespecified outcomes and did not exhibit any evidence 
of selective reporting.

Other bias
•	 No additional sources of bias were identified for any of 

the included studies, resulting in an “unclear” or “none” 
rating across all studies.

Overall RoB
•	 Five studies, including Behneke et al., Oh et al., Job et al., 

Sunitha and Sapthagiri, and Åkesson et al. (2021), were 
rated as “low risk” across all domains.[19-23]

•	 Eight studies, including Campelo and Camara, Van 
Steenberghe et al., Wittwer et al., Jeong et al., Malo et 
al., Sanna et al., Berdougo et al., and Nikzad and Azari, 
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were rated as “high risk” due to significant issues in 
blinding, allocation concealment, and random sequence 
generation.[24-31]

•	 The remaining eight studies, Becker et al., Van 
Steenberghe et al., Pandurić et al., Becker et al., Kumar 
et al., Anumala et al., Said, and Mishra et al., had mixed 
ratings across the domains and were rated as “unclear” 
overall.[31-38]

Statistical methods and data analysis

For an accurate evaluation of treatment outcomes, data 
from several trials with the same results were combined 
and analyzed through a meta-analysis. The implant survival 
rates were considered as dichotomous data, with the number 
of occurrences in the two study groups (i.e., flapless and 
conventional) gathered and compared using odds ratios 
(ORs) and their 95% confidence intervals (CIs). R-Studio 
4.1.3 (RStudio Team) software (2020) (R-Studio: Integrated 
Development for R. RStudio, PBC, Boston, MA) was used to 
conduct the meta-analysis of single proportions through the 
use of a dedicated command package called “Metaprop” (R 
documentation.org). Standard error was calculated using the 
following formula from the prevalence of failures:

SE= √ (𝑃 × (1 − 𝑃) ∕ 𝑛), 𝑃 = CTU in proportions, 𝑛 = population 
size

Random-effects inverse variance method was taken up. It 
included computing the weighted average using the standard 
error (SE) and entering it into the data frame for the Metaprop 
package in R Studio to calculate the pooled estimates. The 
χ² test and I² statistics were applied to analyze statistical 
heterogeneity throughout all trials.[39] The homogeneity of the 
studies was measured using I2 statistics (25% – mild, 25–75% 
– moderate, and >75% – high heterogeneity).

Between the two procedures, the survival and success rates, 
alveolar bone loss, and frequency of comorbidities were 
compared. The key terms flapless, minimally invasive, and 
incision-free in conjunction with crestal bone loss and dental 
implants were used to search the database. In addition, 
significant publications of dental sciences including dental 
implant, oral and maxillofacial surgery, periodontics, and 
prosthodontics were hand-searched to find the applicable 
citations from the same time period.

The data were tabulated in an extraction table from the identified 
articles. In this comprehensive review, the expression “conventional 
implant surgery” is used to refer to the surgical procedures wherein 
a mucoperiosteal flap is elevated to prepare for the implant 
placement and implant osteotomy. The “flapless implant surgery” 
is often described as a surgical procedure, which is used in the 
preparation of the implant osteotomy and in the placement of the 
implant without elevation of the mucoperiosteal flap.

Table 1: Risk-of-bias assessment for the included studies evaluating implant survival in flapless and flapped implant procedures
Study Type of study Random 

sequence 
generation

Allocation 
concealment

Blinding of 
participants/
personnel

Blinding 
of outcome 
assessment

Incomplete 
outcome 
data

Selective 
reporting

Other 
bias

Overall 
risk

Behneke et al. Prospective Low risk Low risk Low risk Low risk Low risk Low risk None Low

Van Steenberghe et al. Prospective Unclear Unclear Unclear Unclear Low risk Low risk None Unclear

Campelo and Camara Retrospective Unclear Unclear High risk Unclear Low risk High risk None High

Becker et al. Prospective Low risk Low risk Low risk Low risk Low risk Low risk None Low

Oh et al. RCT Low risk Low risk Low risk Low risk Low risk Low risk None Low

Wittwer et al. Case series Unclear Unclear High risk High risk Low risk High risk None High

Jeong et al. Prospective Low risk Low risk High risk High risk Low risk High risk None High

Malo et al. Prospective Unclear Unclear Low risk High risk Low risk High risk None High

Sanna et al. Prospective Low risk Low risk Low risk Low risk Low risk Low risk None Low

Pandurić et al. Case report Unclear Unclear High risk High risk Low risk High risk None High

Job et al. RCT Low risk Low risk Low risk Low risk Low risk Low risk None Low

Nikzad and Azari Prospective Low risk Low risk Low risk High risk Low risk High risk None High

Berdougo et al. Retrospective Unclear Unclear High risk High risk Low risk High risk None High

Lindeboom et al. Prospective Low risk Low risk Low risk Low risk Low risk Low risk None Low

Becker et al. Prospective Low risk Low risk Low risk Low risk Low risk Low risk None Low

Sunitha and Sapthagiri Prospective Low risk Low risk Low risk Low risk Low risk Low risk None Low

Kumar et al. RCT Low risk Low risk Low risk Low risk Low risk Low risk None Low

Anumala et al. Prospective Low risk Low risk Low risk Low risk Low risk Low risk None Low

Akesson et al. (2021) RCT Low risk Low risk Low risk Low risk Low risk Low risk None Low

Said RCT Low risk Low risk Low risk Low risk Low risk Low risk None Low

Mishra et al. Prospective Low risk Low risk Low risk Low risk Low risk Low risk None Low
RCT: Randomized controlled trials
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Results

Study identification
After the identification of 123 articles initially, only 21 studies 
met the inclusion criteria. Of the remaining 20 studies, only 
three were comparative cohort studies, which were mainly 
designed to report the immediate post-operative clinical 
courses. The remaining 17 articles included seven potential 
cohort studies and nine retrospective or case series studies 
(level four), which have evaluated clinical outcomes related to 
the survival of the implant along with the evaluation of other 
clinical parameters.

Study characteristics
Of the identified studies, two were short in duration (<7 days) 
and were designed to evaluate the mortality and morbidity in 
intraoperative or post-operative cases. The other 14 studies 
documented the long-term clinical outcomes. In most of the 
studies in this research (11 out of 16), the authors performed 
guided surgical procedures in the planning of the treatment. 
The difference in the study designs was observed in the 
treatment protocol of complete edentulous arches as well as 
in the treatment protocol of single sites.

MBL
The radiographic marginal alveolar bone loss ranged from 
0.7 mm to 2.6 mm over the course of a year. Six articles, 
out of the total, reported on MBL throughout a 12-month 
follow-up period.[24,27,40-43] Five studies used guided surgery 
to evaluate the flapless surgical method in edentulous 
arches.[22,24,27,31,41] In addition, the implants in these studies 
were loaded right away during implant insertion. As stated 
in one of the studies,[24] a comparison was made on the basis 
of annual bone loss observed after the insertion of a flapless 
implant during the guided surgical procedure between smokers 
(13 patients) and non-smokers (7 patients). Their study did 
not note any significant difference in the mean MBL levels 
between smoking and non-smoking patients at the baseline 
as well as at the follow-up after 1 year (smokers: Baseline – 
0.1 mm [SD 0.4 mm] and 1 year – 1.1 mm [SD 1.4 mm]; non-
smokers: Baseline – 0.1 mm [SD 0.5 mm] and 1 year–0.8 mm 
[SD 1.1 mm]).

A comparison was done on the average loss of marginal bone 
taking place in conventional surgery and flapless implant 
surgery.[44] Relatively less bone loss was reported by the authors 
for the flapless implant surgery (n = 70 implants; –2.1 mm, 
SD 1.4 mm) as compared to the conventional surgery (n = 39 
implants; –2.8 mm, SD 1.5 mm).

A study conducted by Hosam reported a MBL of 1.2 mm in a 
flap surgery compared to 0.9 mm through flapless.[35] In other 
studies conducted by Job et al., higher MBL was noted for the 

flapped group, 0.09 ± 0.30, as compared to the flapless group, 
reporting MBL of 0.02–0.05 mm. Thereby, it could be stated 
that the MBL through flapped surgeries was reportedly higher 
as compared to the flapless surgeries.[21]

In a study by Behenke and colleagues, the authors also 
observed that 27% of all implants placed (n = 109) reported 
bone loss of >2 mm, and 14% showed bone loss exceeding 
3 mm over time. Comparatively, less bone loss was observed 
when the implant placement was done using conventional 
flap elevation as well as with a protocol of delayed loading. 
In conclusion, it was stated that the potential risk factors 
responsible for this implant-type failure in the study were 
immediate loading and a flapless surgical approach for the 
one-piece implant[45] [Table 2].

MBL by study bias level
MBL is a critical parameter in assessing the success of dental 
implant procedures. The RoB assessment for the included 
studies showed a predominance of low-risk studies, which 
helped in producing reliable findings.

Low-risk studies
•	 Flapless procedures: These studies reported an average 

MBL of 0.38 mm (range: 0.02–0.91 mm). The consistent 
reduction in MBL across low-risk studies indicates a 
favorable clinical outcome. Flapless procedures, by 
preserving the periosteum and vascular supply, likely 
minimize post-operative bone resorption.

•	 Flapped procedures: Studies using flapped procedures 
reported an average MBL of 0.75 mm (range: 0.02–
1.32 mm). Although still within acceptable clinical limits, 
flapped procedures generally showed higher marginal 
bone loss (MBL) compared to flapless approaches.

High-risk studies
•	 Flapless procedures: These studies demonstrated an 

average MBL of 0.92 mm (range: 0.3–2.1 mm). The 
greater variability could be attributed to study design 
limitations and smaller sample sizes, emphasizing the 
need for caution when interpreting high-risk studies.

•	 Flapped procedures: High-risk studies revealed an average 
MBL of 1.1 mm (range: 0.91–2.8 mm), highlighting 
a relatively higher bone loss than flapless procedures 
[Table 1].

The overall findings suggest that flapless implant procedures 
result in consistently lower MBL than flapped procedures. 
However, high-bias studies reported higher variability in 
outcomes, reinforcing the importance of using rigorous 
methodology. Low-risk studies offer more reliable evidence 
supporting the superiority of flapless procedures in reducing 
MBL. Further high-quality RCTs are warranted to strengthen 
these conclusions.
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Implant survival
We evaluated a total of fourteen studies for the long-term 
outcome of survival of implants over a mean observation period 
of 19 months, which consisted of a sum total of 778 patients 
and placement of 2,040 dental implants.[23,25,26,28,29,34,37,40,45-50]

The data obtained reported a significant rate of survival for 
the assessed patient pool in most cases. The potential cohort 
studies demonstrated rate of survival of roughly 98.6% (95% 
CI: 97.6–99.6), thus signifying its effectiveness clinically. The 
retrospective studies or case series demonstrated a survival rate 
of roughly 95.9% (95% CI: 94.8–97.0), thereby indicating the 
success of the treatment [Figure 2].

It is interesting to note that one set of writers reported the 
failure of the two implants (n = 78 implants) to be attached 

with the transmucosal flapless technique’s limitations rather 
than the guided surgical protocol. However, the authors noted 
that this technique might not be applicable to procedures for 
all bone shapes[41] [Table 2].

The RoB assessment revealed a predominance of low-risk studies 
(14 out of 22), with six classified as high-risk and two as unclear. 
For implant survival rates, low-risk studies reported an average 
survival rate of 97.7% (95% CI: 95.9–99.5%), ranging from 87.5% 
to 100%. In high-risk studies, the average survival rate was 91.3% 
(95% CI: 83.6–99.0%) with a range of 74.1–97.5%. Flapless 
procedures consistently showed higher survival rates compared 
to flapped procedures across all bias levels. Low-risk studies 
reported an average survival rate of 98.6% for flapless and 96.5% 
for flapped procedures, while high-risk studies presented survival 
rates of 94.3% and 88.1%, respectively [Table 1 and Figure 2].

Table 2: Overview of studies comparing flapped and flapless implant procedures
Author Year Type of 

study
Type of 
surgery

No. of 
implants

Site Follow‑up 
(months)

Loading 
protocol

Failures Success 
rates

Marginal Bone 
loss (in mm)

Behneke et al. 2000 Prospective Flap 114 Mand^ 60 Conv.L** 20 95.3 NR*

Van Steenberghe et al. 2005 Prospective Flapless 125 Max^ 12 IMM. L*** 0 100 1.1 to 1.2 mm

Campelo and Camara 2002 Retrospective Flapless 770 Both 120 Both 37 74.1 to 100 NR

Becker et al. 2005 Prospective Flapless 79 Both 24 Conv.L 1 98.7 0.79

Oh, et al. 2006 RCT Flap 12 Max^ 6 Both 3 87.5 NR

Flapless 24 6 Conv.L 3 97.4 NR

Wittwer et al. 2006 Case series Flapless 80 Mand^ 4 IMM. L 2 97.5 NR

Jeong et al. 2007 Prospective Flapless Mand^ 12 Conv.L 0 100 0.3

Malo et al. 2007 Prospective Flapless 92 Both 12 Conv.L - 97.8 1.9

Sanna et al. 2007 Prospective Flapless 183 Both 60 IMM. L 9 91.5 NR

Pandurić et al. 2008 Prospective Flapless 10 Max^ 18 Conv.L NA 100 NR

Flap

Job et al. 2008 RCT Flap 5 Mand^ 3 Conv.L NA NR 0.02 to 0.05

Flapless 5 3 Conv.L NA NR 0.09 to 0.30

Nikzad and Azari 2008 Prospective Flapless 2 Mand^ 12 Conv.L 2 96.49 0.09

Berdougo et al. 2009 Retrospective Flapless 552 Both 48 Both 14 96.3 NR

Lindeboom, et al. 2009 Prospective Flap 48 Max^ 12 Conv.L NA 95.9 NR

Flapless 48 12 Conv.L NA 98.6 0.7 to 0.26

Becker et al. 2009 Prospective Flapless 57 Both 48 Conv.L 1 98.7 0.79

Sunitha and Sapthagiri 2013 Prospective Flap 20 Max^ 24 Conv.L 0 100 0.07

Flapless 20 24 Conv.L 0 100 0.47

Kumar et al. 2017 RCT Flap 10 Mand^ 12 Conv.L 1 NR NR

Flapless 10 12 Conv.L 1 NR NR

Anumala et al. 2019 Prospective Flap 15 Mand^ 6 Conv.L 0 100 1.32

Flapless 15 6 Conv.L 0 100 0.09

Akesson et al. 2021 RCT Flapless 10 Max^ 12 Conv.L 0 100 0.6

Said 2022 RCT Flap 6 Mand^ 3 IMM. L NA 94.5 1.2

Flapless 6 3 IMM. L NA 91.6 0.91

Mishra et al. 2022 Prospective Flapless 10 Max^ 6 Conv.L NA NR 0.33

Flap 10 6 Conv.L NA NR 0.91
*NR, not reported **Conv.L Conventional loading; ***IMM.L Immediate loading, ^ Max maxilla, ^Mand mandible, RCT: Randomized controlled trials
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Sensitivity analysis

The meta-analysis compared implant survival rates and MBL 
between flapped and flapless dental implant procedures. 
Sensitivity analyses were conducted by categorizing studies 
into varying follow-up intervals (0–6 months, 7–12 months, 
13–24 months, and 25+ months). The results demonstrated 
consistent findings across different intervals. In the interval 
of 0–6 months, both procedures exhibited high survival rates 
[Table 3].

Flapless procedures consistently showed higher survival rates, 
averaging 98.6% (95% CI: 97.6–99.6) in prospective cohort 
studies and 95.9% (95% CI: 94.8–97.0) in retrospective studies, 
compared to flapped procedures. Regarding MBL, flapless 
procedures averaged 0.38 mm (range: 0.02–0.91 mm) in low-risk 
studies and 0.92 mm (range: 0.3–2.1 mm) in high-risk studies. 
In contrast, flapped procedures averaged 0.75 mm (range: 0.02–
1.32 mm) in low-risk studies and 1.1 mm (range: 0.91–2.8 mm) 
in high-risk studies. The results suggest that flapless procedures 
reduce MBL and enhance implant survival [Table 3].

For longer follow-up periods (13–24 months), both procedures 
revealed a small decline in survival rates, with flapless 

procedures achieving a survival rate of 96.9% compared to 
94.7% for flapped procedures. In the 25+ months interval, 
the survival rates continued to remain high but exhibited a 
wider gap between the two techniques, as flapless procedures 
retained a survival rate of 94.3% compared to 90.6% for 
flapped procedures [Table 3].

Discussion

Meta-analysis implications

The present meta-analysis compared conventional surgical 
procedures with futuristic minimal invasive flapless 
procedure. Results from non-randomized trials should 
always be evaluated with caution when they are included in 
reviews and meta-analyses since potential biases are likely 
to be greater than for RCTs.[27] Narrowing the inclusion 
criteria, however, runs the danger of leaving out important 
information while simultaneously increasing homogeneity.[51] 
As a direct consequence of this, the current meta-analysis 
also incorporated findings from non-randomized trials. This 
is a significant problem because most meta-analyses only 
use a few RCTs to support their conclusions. More data from 
observational studies in these meta-analyses may support 

Figure 2: Pooled estimates of the (a) Flapless and (b) Flapped
b

a
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clinical reasoning and provide a more reliable basis for causal 
inferences.

Comparison with previous studies
The analysis of two surgical techniques reveals no significant 
differences in outcomes, though certain factors merit 
attention.[52] The flapless technique, often enhanced by CT for 
precise pre-operative planning, minimally risks fenestrations 
or complications, potentially improving the longevity of 
the rehabilitation treatment.[5,16,46,53] Both techniques benefit 
from the use of surgical guides, which aid in optimal 
implant positioning and angulation, contributing to treatment 
durability.[5] Contrastingly, a SR found no difference between 
the “free-hand” flapless method and guided surgeries, whether 
or not they incorporate 3D planning.[17] This review suggested 
a disparity in study frequency—only four employing the 
“free-hand” approach compared to seventeen utilizing 
3D guides—might underpin the apparent equivalence in 
surgical outcomes.[17] This review, along with others, noted 
no distinctions between flapless and open-flap methods in 
studies devoid of any surgical guides, though this finding 
may be skewed by the few studies (only four) that did not 
use guides.[16,54-57] The prevalence of surgical guides remains 
high, with most studies deploying conventional templates 
for implant placement in both techniques.[16] Yet, only four 
studies reported utilizing CT-guided methods,[9,51,58,59] the lower 
frequency potentially linked to higher costs.[60] Malo and his 
coworkers highlighted the survival rates of implants using 
the “free-hand” flapless method without surgical guides were 
comparable to those of the open-flap technique. However, 
this method demands extensive clinical expertise due to 
challenges in visualizing the osseous crest and the absence of 
a 3D guide, complicating ideal implant placement. This might 
explain the solitary implant failure observed in their study.[54] 
Therefore, the employment of surgical guides, particularly 
CT-guided templates, is strongly advocated, especially in full 
arch rehabilitations.[9,16,51] Their use not only enhances the 
predictability and safety of the procedures but also supports 
the consistent success of the implant treatments.

The pertinent debate is whether the lack of disparity in some 
research concerning implant failure rates is a legitimate result or 
is attributable to a lack of statistical power, considering the small 

number of patients per group in many studies.[1,3,20,24,25,31,33,34,47,51] 
Nevertheless, post-meta-analyses, a statistically and clinically 
significant difference (P = 0.03) between open flap and flapless 
surgical intervention, emphasizing the importance of meta-
analyses in increasing the sample size of individual trials to 
generate more accurate estimates of intervention effects.[61]

Clinical applications
Several studies indicating resorption of bone after the 
elevation of the mucoperiosteal flap have been done in the 
past.[20,23,50] However, the literature lacks articles that compare 
the crestal bone’s height using with-flap and flapless surgical 
techniques.[3,20,62] This SR and meta-analysis evaluated the 
efficacy of flapless implant surgery and its clinical effectiveness.

All studies that evaluated the performance of clinical implants 
used extensive pre-operative planning, with a few studies 
using computer-assisted planning specifically. The information 
obtained from the evaluation of the clinical efficiency of the 
implants in the rest of the fourteen studies has shown a high 
rate of survival of implants set using the flapless technique 
with 19 months’ mean observation period. A survival rate of 
95.9% (95% CI: 94.8–97.0) based on retrospective studies or 
case series and a survival rate of 98.6% (95% CI: 97.6–99.6) 
based on the prospective cohort studies suggest that the flapless 
technique is clinically efficient. In this present study, a pooled 
estimate of the flap-related implant surgeries showed a failure 
rate of 11.26 with an I2 value of 68% as compared to implant 
surgeries using flapless techniques with a pooled estimate of 
5.04 (I2 value of 77%) [Figure 2].

A prerequisite for implant success is interproximal crestal 
bone loss of <0.2 mm each year.[44] Crestal bone is regarded 
to be a key indicator of implant health since it experiences the 
highest stress when loaded with an implant. When compared 
to a natural tooth, the blood flow to the area of the crestal bone 
that surrounds an implant is significantly lower due to the 
absence of periodontal ligament vasculature. The bone’s main 
source of blood flow is the periosteum which covers it. Few 
studies have examined the heights of the crestal bones when 
using flap and flapless surgical techniques, despite the fact that 
several studies have shown that elevating the mucoperiosteal 
flap induces bone resorption. Several studies have found that 

Table 3: Sensitivity analysis results for implant survival rates and marginal bone loss
Class interval 
(months)

Procedure Study type Number of 
implants

Survival 
rate (%)

95% CI Marginal 
bone loss 

(mm)

95% CI Follow‑up period 
(months)

0–6 Flapless RCT, prospective, case series 250 96.8 95.2–98.4 0.22 0.10–0.34 3–6

0–6 Flapped RCT, prospective 130 95.3 92.7–97.9 0.35 0.25–0.45 3–6

7–12 Flapless RCT, prospective 280 95.6 93.7–97.5 0.48 0.35–0.61 7–12

7–12 Flapped RCT, prospective 160 94.2 92.1–96.3 0.54 0.42–0.66 7–12

Over 12 Flapless RCT, prospective, case series 350 94.3 92.1–96.5 0.79 0.64–0.94 13–24

Over 12 Flapped RCT, prospective 220 91.6 89.4–93.8 1.05 0.85–1.25 13–24
RCT: Randomized controlled trials
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flapless implant surgery has several additional advantages, 
including preservation of circulation, soft-tissue architecture, 
and hard tissue volume, as well as reduced surgical time and 
expedited recovery, allowing patients to immediately resume 
standard oral hygiene practices.[23,25,31,40,63]

Before application, the study’s methodological quality (bias 
risk) must be assessed. As a result, precisely identifying the 
study type comes first. Identifying the appropriate equipment 
is however critical.[20] SRs are supposed to objectively evaluate 
the included studies and give preference in the synthesis to 
those with the lowest RoB. When a SR is unable to locate 
all relevant data, evidence selection bias occurs. This could 
be due to publication bias, which occurs when data from 
statistically significant studies is more likely to be published 
than data from less significant studies. SRs can be biased if any 
of the primary studies they cover are included, therefore, it is 
important to rigorously evaluate each one.[64,65] When assessing 
the likelihood of bias, figuring out the impact (of exposure 
on result) that would happen in the absence of bias is a good 
place to start.

Its specification should not be subject to the drawbacks 
of trying to estimate its effect through observational 
epidemiology.[66] According to the lexicon of modern 
epidemiology, the specification calls for comparisons of what 
happens to a single person (or group of people) when they are 
exposed to different exposure patterns. Twenty-one papers 
made up the current SR, of which four had a high RoB, 6 a 
moderate risk, and 11 had a low risk.

Study limitations

In consideration of this review, the limitation we have noted 
is that the flapless surgical technique for implant placement in 
many of the studies differed considerably in various clinical 
scenarios, and the loading protocols followed for the implants 
also showed a considerable difference. All these factors, 
along with other confounding elements, play a significant 
role in determining any given surgical outcome, thus making 
it controversial to conclude the clinical outcomes without 
considering the above variables. The results might have been 
impacted by the various follow-up times between the studies 
that were part of the meta-analysis. The statistical power of 
the analysis may have been impacted by the studies’ various 
sample sizes. The trials used various implant systems and 
surgical procedures, which may have had an impact on the 
results. Only flapless and open-flap surgical procedures were 
compared in the research; other variables that can have an 
impact on implant placement, such as bone quantity and 
quality, implant diameter and length, and implant position, 
were not taken into account. Overall, further studies with 
loading protocols similar to the above that thoroughly compare 
conventional flapped surgery with a flapless technique are 
required to evaluate the flapless implant technique’s caliber 
appropriately.

Conclusion

The current meta-analysis found that implants placed utilizing 
flapless surgery had higher implant survival rates and marginal 
bone levels than those placed using open-flap surgery. In addition, 
flapless implant surgery results in soft-tissue preservation, which 
in turn improves the esthetic results of the soft-tissue surrounding 
single-tooth implants, regardless of whether the implants are 
loaded immediately or delayed. However, case selection for 
flapless implant surgery should be made with utmost caution 
as it requires perfect bone volume and superior surgical and 
restorative skills. Finally, it is recommended that additional 
randomized controlled clinical trials with larger sample size 
and a comparison group (that is, flapped implant surgery) be 
conducted to validate the findings of this preliminary study.
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