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Abstract
BACKGROUND
The conventional implant approach involves flap elevation, which may result in
increased soft tissue and bone loss and postoperative morbidity. The flapless
surgical technique, aided by three-dimensional medical imaging equipment, is
regarded as a possible alternative to the conventional approach to alleviate the
above issues. Several studies have been performed regarding the role of flapless
implant surgery. However, the results are inconsistent and there is no robust
synthesis of long-term evidence to better inform surgeons regarding which type
of surgical technique is more beneficial to the long-term prognosis of patients in
need of implant insertion.

AIM
To compare the long-term clinical performance after flapless implant surgery to
that after the conventional approach with flap elevation.

METHODS
PubMed, EMBASE, Cochrane Central Register of Controlled Trials, and grey
literature databases were searched from inception to 23 September 2019.
Randomised controlled trials (RCTs) and cohort studies comparing the long-term
clinical performance after flapless implant surgery to that after the conventional
approach over a follow-up of three years or more were included. Meta-analyses
were conducted to estimate the odds ratios (ORs) or mean differences (MDs) and
their 95% confidence intervals (CIs) between the long-term implant survival rate,
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marginal bone loss, and complication rate of the flapless and conventional
groups. Subgroup analyses were carried out to account for the possible effects of
the guided or free-hand method during flapless surgery.

RESULTS
Ten articles, including four RCTs and six cohort studies, satisfied the eligibility
criteria and nine of them were included in the meta-analysis. There was no
significant difference between the long-term implant survival rate [OR = 1.30,
95%CI (0.37, 4.54), P = 0.68], marginal bone loss [MD = 0.01, 95%CI (-0.42, 0.44), P
= 0.97], and complication rate [OR = 1.44, 95%CI (0.77, 2.68), P = 0.25] after
flapless implant surgery and the conventional approach. Moreover, subgroup
analyses revealed that there was no statistically significant difference between the
implant survival rate [guided: OR = 1.52, 95%CI (0.19, 12.35), P = 0.70]; free-hand:
n = 1, could not be estimated), marginal bone loss [guided: MD = 0.22, 95%CI (-
0.14, 0.59), P = 0.23; free-hand: MD = -0.27, 95%CI (-1.10, 0.57), P = 0.53], or
complication rate [guided: OR = 1.16, 95%CI (0.52, 2.63), P = 0.71; free-hand: OR =
1.75, 95%CI (0.66, 4.63), P = 0.26] in the flapless and conventional groups either
with use of the surgical guide or by the free-hand method.

CONCLUSION
The flapless surgery and conventional approach had comparable clinical
performance over three years or more. The guided or free-hand technique does
not significantly affect the long-term outcomes of flapless surgery.

Key words: Flapless implant surgery; Dental implantation; Minimally invasive surgical
procedures; Computer-assisted surgery; Cone-beam computed tomography; Implant
survival rate; Marginal bone loss; Complication rate

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This is the first systematic review and meta-analysis to compare the long-term
clinical performance after flapless implant surgery to that of the conventional approach
with flap elevation over a follow-up of three years or more. Interestingly, we found that
the flapless implant surgery and conventional approach had comparable implant survival
rates, marginal bone loss, and complication rates over the follow-up period. Moreover,
guided or free-hand implant insertion does not affect the long-term effects of flapless
surgery. Thus, the flapless technique can be considered a promising alternative to the
conventional implant approach without significantly compromising the long-term
outcomes of implant treatment.

Citation: Cai H, Liang X, Sun DY, Chen JY. Long-term clinical performance of flapless
implant surgery compared to the conventional approach with flap elevation: A systematic
review and meta-analysis. World J Clin Cases 2020; 8(6): 1087-1103
URL: https://www.wjgnet.com/2307-8960/full/v8/i6/1087.htm
DOI: https://dx.doi.org/10.12998/wjcc.v8.i6.1087

INTRODUCTION
The long-term clinical performance of dental implant treatment can be affected by
primary  factors  related  to  different  surgical  techniques  and  secondary  factors
associated with the onset  of  marginal  bone loss[1].  The conventional  approach to
implant surgery involves flap elevation, which allows a direct access to implant sites,
improves  the  control  of  placement  angulation,  and  reduces  the  risk  of  bone
fenestrations and dehiscences[2]. However, some studies revealed that this approach
resulted in increased soft tissue and bone loss, postoperative morbidity (e.g., oedema
and pain), and delayed recovery due to the increased surgical trauma and longer
surgical time[3-6].

Thus,  a  flapless surgical  technique has emerged and is  regarded as a  possible
alternative to the conventional approach to alleviate the above issues. In the flapless
approach, a minimal soft-tissue excision is performed to remove a small  specific
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diameter of mucoperiosteum, which matches up with the diameter of the planned
implant, without any flap elevation[7,8]. It has been reported that the flapless technique
can significantly shorten the surgical time, preserve the peri-implant soft and hard
tissue, and reduce the subsequent discomfort to patients[4-6,9]. The flapless surgery also
avoids  the  detachment  of  periosteum,  which  provides  the  blood  supply  and
osteogenic potential to peri-implant alveolar bone to maintain the level of marginal
bone and overlying soft tissue[10,11].

Despite  having  potential  advantages,  the  flapless  surgery  has  generally  been
considered a “blind” procedure due to the difficulty in evaluating the contour and
condition of underlying alveolar bone and anatomical areas. With the advent of new
medical imaging equipment such as cone-beam computed tomography (CBCT), the
remaining bone and critical anatomical structures in surgical sites can be accurately
assessed from three-dimensional  radiography,  which  facilitates  the  planning of
implant insertion via the flapless approach[7,12]. Surgeons can then conduct a free-hand
flapless surgery or a guided method via a prefabricated surgical guide that transfers
the preoperative planning to the accurate implant positioning and insertion[13].

There is no consensus regarding the role of flapless implant surgery and whether
the surgical guide during flapless surgery is beneficial. While one previous systematic
review[14]  suggested that the flapless technique significantly affected the implant
survival rate, other studies[15,16] indicated that there was no difference between the
flapless technique and the conventional approach with flap elevation in respect to
either the survival rate or marginal bone loss of dental implants. Also, although the
guided flapless surgery has been reported to be significantly more accurate than free-
hand insertion[17],  one  literature  review showed that  the  surgical  guide  did  not
demonstrate any advantages over the free-hand method[18]. To date, there is no robust
synthesis of relevant long-term evidence to better inform surgeons regarding which
type of surgical technique is more beneficial to the long-term prognosis of patients in
need  of  implant  insertion.  Thus,  the  aim  of  the  current  systematic  review  is  to
compare  the  long-term  clinical  performance  of  flapless  implant  surgery  to  the
conventional approach with flap elevation in edentulous patients over a follow-up of
three  years  or  more,  and  to  synthesise  relevant  findings  via  meta-analysis  and
subgroup (i.e., guided flapless technique) analysis where appropriate.

MATERIALS AND METHODS
This systematic review was performed in accordance with the Cochrane Handbook[19]

and reported using the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines[20]. The protocol of this systematic review was defined
by HC, XL, and JC prior to the literature search.

Participant-intervention-comparison-outcomes-study design question
The current systematic review was conducted to address the focused clinical question
“How is  the long-term clinical  performance in edentulous patients  after  flapless
implant surgery compared to the conventional approach with flap elevation over a
follow-up  of  three  years  or  more?”  according  to  the  following  participant-
intervention-comparison-outcomes-study framework: Participant (P):  Edentulous
patients in need of dental implant surgery; Intervention (I): Flapless implant surgery;
Comparison (C): Conventional implant surgery with flap elevation; Outcomes (0):
Long-term clinical performance after implant surgery over a follow-up of three years
or  more;  Study design  (S):  Randomised controlled  trials  (RCTs),  prospective  or
retrospective cohort studies.

Eligibility criteria
Based  on  the  participant-intervention-comparison-outcomes-study  framework,
studies were eligible for the current systematic review if they satisfied the following
inclusion criteria:  (1) Studies on edentulous patients who were in need of dental
implant surgery; (2) Studies that compared at least two implant surgical techniques
(i.e., flapless surgery versus the conventional approach with flap elevation) in the
same study;  (3)  Studies  with  a  minimum follow-up of  three  years  after  implant
surgery; (4) Studies that included at least one measure of clinical performance (e.g.,
survival  rate,  marginal  bone loss,  and complication rate)  of  implant surgery;  (5)
Studies designed as RCTs, prospective or retrospective cohort studies; (6) Studies with
an abstract and full text available; and (7) Studies published in English.

If a study met any of the following exclusion criteria, it was excluded from the
study: (1) Duplicate publication; (2) Studies that evaluated only one implant surgical
technique; and (3) In vitro, animal or cadaver studies, case reports, study protocols,
technical notes, opinions, letters, and reviews.

WJCC https://www.wjgnet.com March 26, 2020 Volume 8 Issue 6

Cai H et al. Long-term clinical performance of flapless implant surgery

1089



Information sources and literature search
PubMed,  EMBASE,  and  Cochrane  Central  Register  of  Controlled  Trials  were
systematically searched for articles published from inception to 23 September 2019
with no restrictions. The search strategy (Table 1) was developed for the PubMed
search by combining both MeSH and free text words and adapted for other electronic
databases.

To ensure literature saturation, “grey” literature databases were searched to seek
literature that had not been formally published[19].  The ClinicalTrials.gov and the
International Clinical Trials Registry Platform were searched for unpublished reports
of  clinical  trials;  the  ProQuest  Dissertation  Abstracts  and  Thesis  database  was
searched to identify relevant dissertations and theses; the Conference Proceedings
Citation Index-Science was searched via  Web of Science to identify relevant trials
reported in conference proceedings; in addition, the Open SINGLE and National
Technical  Information  Service  databases  were  also  searched  as  supplements.
Subsequently, a manual search was conducted based on the reference lists of selected
studies and relevant reviews to identify studies that were not indexed in the above
databases.

Study selection
After  removal  of  duplicates,  the  titles  and  abstracts  of  articles  were  screened
independently by two reviewers (HC and JC) to exclude those with no relevance to
this study. Full texts of all the relevant articles were retrieved and assessed according
to the eligibility criteria by the same two independent reviewers (HC and JC). Any
disagreement in study selection was resolved through discussion with a third assessor
(XL). The agreement strength between the reviewers was assessed using Cohen’s
kappa statistic.

Data collection and data items
Relevant  information  in  eligible  articles  was  extracted  independently  by  two
reviewers (HC and JC) and cross-checked by the same two reviewers (HC and JC) for
accuracy.  Data  collected comprised:  Authors;  year  of  publication;  study design;
number, age range, and gender distribution of participants; number, type, system,
size (diameter × length), and location of implants; tools for flapless surgery; free-hand
or guided flapless surgery; prostheses; implant survival rate, marginal bone loss,
complication rate, and other outcome measures; follow-up; and loss to follow-up.
Disagreements during data collection were resolved by discussion and consultation
with a third reviewer (XL).

Risk of bias in individual trials
Two reviewers (HC, JC) independently assessed the risk of bias for each eligible
study. The Cochrane Collaboration’s tool for assessing risk of bias[19] was adopted to
evaluate the quality of selected RCTs using the Review Manager version 5.3 software
(The Cochrane Collaboration, Copenhagen, Denmark). According to this, the risk of
bias  of  studies  was  estimated  as  “low”,  “unclear”,  or  “high”  for  each  item (i.e.,
random sequence generation, allocation concealment, blinding of participants and
personnel,  blinding of  outcome assessment,  incomplete  outcome data,  selective
reporting and other bias) in the tool. The methodological quality of each selected
cohort study was rated using the Newcastle-Ottawa Scale[21,22]. The quality of cohort
studies was scored with “stars” (*)  in accordance with three major domains (i.e.,
selection,  comparability,  and outcome),  where  higher  scores  represented higher
quality and less risk of bias.

Summary measures
The long-term clinical performance after the flapless implant technique was mainly
assessed using the implant survival rate, marginal bone loss, and complication rate
over a follow-up of three years or more. The events of implant failure/survival at the
endpoint of follow-up were identified in accordance with the criteria specified in
individual studies and the proportion of remaining implants in the oral cavity was
calculated to establish the implant survival rate. Digital periapical radiographs were
obtained in some studies immediately after implant placement and at follow-up visits.
Peri-implant marginal bone loss (i.e., marginal bone resorption) over the follow-up
was measured on the radiographs and generally reported with a mean and a standard
deviation (SD), where the negative value was noted for bone gain. Marginal bone loss
could also be calculated using the marginal bone levels at the baseline and follow-up
visits[19].  The  events  of  biological  (i.e.,  peri-implant  mucosa,  peri-implantitis,  or
suppuration) and technical (i.e., abutment-screw fracture, abutment loosening, crown
debonding, or crown chipping) complications recorded in some studies were also
obtained to calculate the complication rate. Other measures, such as the changes in
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Table 1  Search strategy of the current systematic review

Search strategy

1 “Dental Implantation”[Mesh] OR ((dent* OR oral* OR mouth* OR
stomatology*) AND implant*)

2 flap*

3 “Randomized Controlled Trial”[Mesh] OR “Prospective Studies”[Mesh] OR
“Retrospective Studies”[Mesh] OR random* OR control* OR prospective OR
retrospective

4 1 AND 2 AND 3

Pocket Probing Depth, Plaque Index, and Gingival Index over a follow-up of at least
three  years,  were  also  used  in  some  studies  to  describe  the  long-term  clinical
performance of patients after flapless and conventional implant surgery.

Synthesis of results
For an accurate  estimate  of  treatment  effects,  data  were pooled from individual
studies with the same outcome measure to perform a meta-analysis. The implant
survival  and  complication  rates  were  treated  as  dichotomous  data,  where  the
numbers of events in two research groups (i.e.,  flapless and conventional groups)
were collected and compared via odds ratios (ORs) and their 95% confidence intervals
(CIs). For marginal bone loss, the means and SDs in two groups were obtained to
estimate the mean differences (MDs) and their 95%CIs. Some studies reported the
marginal bone loss in other data formats, such as means and 95%CIs, which were then
converted into the desired format  (i.e.,  means and SDs)  to  be synthesised in  the
analyses. In the meta-analyses, P < 0.05 was deemed significant.

Statistical  heterogeneity  across  trials  was investigated using the χ²  test  and I²
statistics[23]. Heterogeneity was considered substantial if χ² exceeded the degree of
freedom (df) and I² was greater than 50%[19]. In the case of substantial heterogeneity, a
random-effects model was used to estimate the overall treatment effects; otherwise,
analysis was performed using a fixed-effects model[24]. The Review Manager version
5.3 (The Cochrane Collaboration, Copenhagen, Denmark) was used for the analyses.

Risk of bias across studies
The publication bias across studies was investigated using the Egger’s test by Stata SE
release15 (StataCorp LP, College Station, TX, USA)[25].

Additional analysis
Sensitivity analyses were performed to determine if the findings of the current meta-
analyses were dependent on any individual study, especially the retrospective study.
The Stata SE release15 (StataCorp LP, College Station, TX, USA) was used for possible
sensitivity analyses to explore the impact of removing each of the selected studies.

Moreover, to assess the correlation of clinical performance after flapless implant
surgery with the use of the surgical guide, studies in the flapless group were stratified
into  “guided”  and “free-hand”  subgroups,  which  were  defined  by  whether  the
flapless surgery was carried out with a surgical guide or not. Subgroup analyses were
performed for each outcome (i.e.,  implant survival  rate,  marginal  bone loss,  and
complications).

RESULTS

Study selection
After  the  removal  of  duplicate  publications,  1839  records  were  obtained via  the
electronic and manual search. The screening of titles and abstracts resulted in 120 full-
text articles, where 110 articles were excluded as they did not meet the eligibility
criteria. Therefore, a total of ten articles[4,26-34] based on independent cohorts comparing
the long-term clinical performance after flapless implant surgery to the conventional
approach were considered eligible studies for the current systematic review and nine
of these studies[4,26,27,29-34]  were selected for the meta-analysis.  Details of the study
selection process are outlined in Figure 1.

The Cohen’s kappa values for measuring the agreement strength between the two
independent reviewers (HC and JC) during study selection were 0.93 in the initial
screen of titles and abstracts and 0.98 in full-text assessment (Figure 1), indicating an
“almost perfect” inter-agreement[35].
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Figure 1

Figure 1  PRISMA flow diagram of the study selection process.

Study characteristics
Table  2  summarises  the  main  characteristics  of  the  ten  included  studies.  Four
RCTs[4,26,27,29], five prospective studies[28,31-34], and one retrospective study[30] involving a
total of 8607 participants and 20428 implants were included in the current systematic
review and nine of them[4,26,27,29-34] were selected for the meta-analyses to compare the
long-term implant survival  rate,  marginal  bone loss,  and complication rate after
flapless implant surgery to those after the conventional approach.

The participants had a mean age of 49 years (range 18-80 years) and there were
more female participants (n = 452) than males (n = 372). However, two studies[29,30] did
not report the details of age at baseline, and the gender distribution was not reported
in one study[30]. One-piece[26,29,33] or two-piece implants[4,26-28,30-32,34] with various systems,
diameters (range 3.5-5.0 mm),  and lengths (range 7.0-18.0 mm) were used in the
selected  studies.  Implants  were  then  placed  in  one  specific  arch  (maxilla  or
mandible)[26,28] or both arches (maxilla and mandible)[4,27,29-34] to support single crowns
or  other  prostheses.  Surgical  guides  (e.g.,  templates  or  stents)  were  used in  five
studies[4,26,27,29,33] to control the trajectory and depth of implant insertion, and three
studies[31,32,34]  used free-hand flapless surgery, which indicated a greater demand.
Different tools for flapless surgery were introduced in the selected studies. Punches
were used in four studies[4,26,29,30] and drills were used in four other studies[27,31,32,34] to
prepare the implant recipient sites with a minimal surgical intervention. Most studies
reported the details of implant survival[4,26,27,29-34], marginal bone loss[4,26,29,31,32,34], and
complications [26 ,27 ,31 ,32 ,34 ].  The  postoperative  oedema  and  pain [27 ],  analgesic
consumption[27],  implant  stability  quotient[27],  microtopographic  observations[34],
prosthesis failure[26,27], and various peri-implantitis related indices[26,28,29,32,34] were also
measured in some studies. Only the studies with a long follow-up of at least three
years  (range  3-10  years)  were  included in  the  current  systematic  review.  Three
studies[28-30,32] even had a follow-up period of more than five years, although the loss to
follow-up rate in these studies increased to more than 20%.

Risk of bias within studies
None of the included RCTs showed an overall low risk of bias. Two studies[26,27] (50%)
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were evaluated to have an unclear risk of bias and two studies[4,29] (50%) were shown
to have a high risk of bias (Figure 2). All the studies[4,26,27,29] (100%) provided details of
the randomisation sequence generation process; however, two studies[4,29] (50%) did
not give sufficient information regarding the concealment of patients’ allocation. The
blinding of participants and personnel was not explicitly stated in all the RCTs[4,26,27,29]

(100%) and two studies[26,27] (50%) did not blind the assessors during the measurement
of outcomes. Only one RCT[4] (25%) did not provide specific reasons for missing data,
which resulted in an unclear risk of bias. With regard to reporting bias, no protocols
were available for any of the selected RCTs (0%) to pre-specify the study outcomes.
All the selected RCTs[4,26,27,29] appeared to be free from other potential sources of bias.

Table 3 summarises the reviewers’ judgments on the risk of bias items and quality
for  each  selected  non-randomised  study  using  the  Newcastle-Ottawa  quality
assessment scale. The overall quality of the selected non-randomised studies reached
an average of 6.5 stars, which was acceptable as no study had less than five stars.
Among these, three studies[28,31,33] were found to have a low risk of bias (seven to eight
stars), and three studies[30,32,34] were judged to have moderate risk of bias (five to six
stars).  Most  studies[30,32-34]  (67%)  did  not  reach  the  comparability  of  cohorts  by
adjusting the results for important factors and none of the selected studies (0%) took
into  account  the  additional  factors,  which  resulted  in  an  absence  of  stars  and a
decrease in study quality. There was also a lack of representativeness of exposed
cohorts[32,34], adequate cohorts over follow-up[30,32], or demonstration that outcome of
interest was not present at baseline[30] in some studies.

Results of individual studies
There was no consensus regarding whether the long-term clinical performance of
flapless implant surgery was comparable to that of the conventional approach. Four
studies[26,30,31,34]  observed  that  there  was  no  difference  between  the  flapless  and
conventional  approaches  regarding  the  implant  survival  rate,  and  four  other
studies[4,27,29,32] even showed a 100% implant survival rate in either the flapless or the
conventional group. However, the results in one study[33] also indicated that more
implants survived after conventional surgery with flap elevation over a follow-up of
3.4 years.

Two studies[26,27]  indicated that  more bone loss and less implant stability were
observed  after  flapless  surgery  than  after  the  conventional  approach.  Four
studies[4,29,31,34] suggested that there was a comparable effect on marginal bone between
the flapless and conventional groups, and one study[32] even reported much better
preservation of marginal bone in the flapless group than the conventional group.

Four studies[26,27,31,32]  found that  the complication rates in the two groups were
comparable and one study[34] indicated that no postoperative infection, dysesthesia,
perforation, or medical complication was observed in each group during the follow-
up. However, patients in the flapless group were also found to have significantly less
postoperative oedema and pain[27], less analgesic consumption[27], and increased peri-
implant mucosal tissue dimension[28] than those in the conventional group after flap
elevation.

Synthesis of results
For the comparison of  implant  survival  rates  between flapless  and conventional
surgery, nine studies[4,26,27,29-34] with 2174 implants were included in the meta-analysis.
As substantial  heterogeneity  (χ²  =  10.44  > df  =  4,  I²  =  62% > 50%,  P  =  0.03)  was
observed across the studies, a random-effects model was carried out. No significant
difference was found between the flapless group and conventional group [flapless vs
conventional: OR = 1.30, 95%CI (0.37, 4.54), P = 0.68] regarding the implant survival
rate over the follow-up period of three years or more (Figure 3A).

Six studies[4,26,29,31,32,34] with 345 implants compared the marginal bone loss between
the two surgical approaches. Among these studies, considerable heterogeneity (χ² =
22.76 > df = 5, I² = 78% > 50%, P < 0.001) was observed, and a random-effects model
was  employed.  After  meta-analysis,  no  significant  difference  in  the  long-term
marginal bone loss around implants was found after flapless surgery compared to
conventional surgery (flapless vs conventional: MD = 0.01, 95%CI (-0.42, 0.44), P =
0.97) (Figure 3B).

With  regard to  the  complication rate,  five  studies[26,27,31,32,34]  with  375  implants
reported the details of complication events after the two implant surgeries. Little
heterogeneity (χ² = 1.95 > df = 3, I² = 0% < 50%, P = 0.58) was found across the studies,
hence,  a  fixed-effects  model  was  performed.  It  was  revealed  that  there  was  no
significant  difference between the flapless  and conventional  surgery [flapless  vs
conventional: OR = 1.44, 95%CI (0.77, 2.68), P = 0.25] regarding the complications after
a follow-up period of at least three years (Figure 3C).
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Figure 2

Figure 2  Quality assessment and risk of bias of the included randomised controlled trials. The reviewers’
judgements regarding each risk of bias item for each selected randomised controlled trial are summarised. Green
represents low risk of bias, yellow represents unclear risk of bias, and red indicates high risk of bias.

Risk of bias across studies
Publication bias was investigated in the meta-analyses using Egger’s test.  It  was
demonstrated that there was no significant evidence of publication bias among the
included studies in each of the three meta-analyses (flapless vs. conventional: survival:
coefficient = -1.15, 95%CI (−57.22, 54.91), P = 0.837; marginal boss loss: coefficient = -
0.83, 95%CI (−9.86, 8.21), P = 0.812; complications: coefficient = -0.08, 95%CI (−12.64,
12.49), P = 0.982). However, the relevant results were reported for reference only due
to the limited number (n < 10) of included studies in each meta-analysis.

Additional analysis
Sensitivity analyses were performed. The overall results and conclusions of the meta-
analyses were not affected by the exclusion or inclusion of individual studies (Figure
4A-C).  Therefore,  the  results  of  this  review can  be  considered  with  a  degree  of
certainty.

Subgroup analyses were carried out to estimate the long-term difference between
flapless surgery and the conventional approach in guided and free-hand flapless
subgroups, respectively. With regard to the implant survival rate, no difference was
observed between guided flapless surgery and the conventional approach [guided vs
conventional:  OR =  1.52,  95%CI  (0.19,  12.35),  P  =  0.70];  however,  the  difference
between the free-hand flapless subgroup and the conventional group could not be
estimated  due  to  insufficient  included  studies  and  rare  failure  events  in  two
studies[32,34] (Figure 5A). No significant difference in marginal bone loss between the
flapless  and conventional  implant  surgery was detected either  with the use of  a
surgical guide [guided vs conventional: MD = 0.22, 95%CI (-0.14, 0.59), P = 0.23] or in
the free-hand subgroup [free-hand vs conventional: MD = -0.27, 95%CI (-1.10, 0.57), P
= 0.53] (Figure 5B). The complication rate over the long-term follow-up period, was
not  significantly  different  between  the  two  surgical  techniques  (flapless  and
conventional) in the guided flapless subgroup [guided vs conventional: OR = 1.16,
95%CI  (0.52,  2.63),  P  =  0.71)  or  the  free-hand  flapless  subgroup  [free-hand  vs
conventional: OR = 1.75, 95%CI (0.66, 4.63), P = 0.26] (Figure 5C).

DISCUSSION
The current systematic review and meta-analysis is the first study to compare the
long-term  clinical  performance  of  flapless  implant  surgery  to  the  conventional
approach with flap elevation in edentulous patients over a follow-up period of at least
three years. Evidence from a total of 8607 participants and 20428 implants indicated
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Table 3  Quality assessment and risk of bias of the included non-randomised studies

Study Coding Manual for Cohort Studies Newcastle-Ottawa Scale

Cooper et al[28], 2014 Selection

(1) Representativeness of the exposed cohort *

(2) Selection of the non-exposed cohort *

(3) Ascertainment of exposure *

(4) Demonstration that outcome of interest
was not present at start of study

*

Comparability

(1) Comparability of cohorts on the basis of
the design or analysis

*

Outcome

(1) Assessment of outcome *

(2) Was follow-up long enough for outcomes
to occur

*

(3) Adequacy of follow-up of cohorts *

Total Scale ******** (8)

Jesch et al[30], 2018 Selection

(1) Representativeness of the exposed cohort *

(2) Selection of the non-exposed cohort *

(3) Ascertainment of exposure *

(4) Demonstration that outcome of interest
was not present at start of study

-

Comparability

(1) Comparability of cohorts on the basis of
the design or analysis

-

Outcome

(1) Assessment of outcome *

(2) Was follow-up long enough for outcomes
to occur

*

(3) Adequacy of follow-up of cohorts -

Total Scale ***** (5)

Maló et al[31], 2015 Selection

(1) Representativeness of the exposed cohort *

(2) Selection of the non-exposed cohort *

(3) Ascertainment of exposure *

(4) Demonstration that outcome of interest
was not present at start of study

*

Comparability

(1) Comparability of cohorts on the basis of
the design or analysis

*

Outcome

(1) Assessment of outcome *

(2) Was follow-up long enough for outcomes
to occur

*

(3) Adequacy of follow-up of cohorts *

Total Scale ******** (8)

Naeini et al[32], 2018 Selection

(1) Representativeness of the exposed cohort -

(2) Selection of the non-exposed cohort *

(3) Ascertainment of exposure *

(4) Demonstration that outcome of interest
was not present at start of study

*

Comparability

(1) Comparability of cohorts on the basis of
the design or analysis

-

Outcome

(1) Assessment of outcome *
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(2) Was follow-up long enough for outcomes
to occur

*

(3) Adequacy of follow-up of cohorts -

Total Scale ***** (5)

Oliva et al[33], 2010 Selection

(1) Representativeness of the exposed cohort *

(2) Selection of the non-exposed cohort *

(3) Ascertainment of exposure *

(4) Demonstration that outcome of interest
was not present at start of study

*

Comparability

(1) Comparability of cohorts on the basis of
the design or analysis

-

Outcome

(1) Assessment of outcome *

(2) Was follow-up long enough for outcomes
to occur

*

(3) Adequacy of follow-up of cohorts *

Total Scale ******* (7)

Prati et al[34], 2016 Selection

(1) Representativeness of the exposed cohort -

(2) Selection of the non-exposed cohort *

(3) Ascertainment of exposure *

(4) Demonstration that outcome of interest
was not present at start of study

*

Comparability

(1) Comparability of cohorts on the basis of
the design or analysis

-

Outcome

(1) Assessment of outcome *

(2) Was follow-up long enough for outcomes
to occur

*

(3) Adequacy of follow-up of cohorts *

Total Scale ****** (6)

The  following  coding  instructions  were  applied  for  the  Newcastle-Ottawa  Scale  (NOS),  which  are  also  available  on  the  NOS  website
(http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp): SELECTION: (1) a: Truly representative of the average edentulous participants in
need of implants in the community *; b: Somewhat representative of the average edentulous participants in need of implants in the community *; c:
Selected group of users, e.g. nurses, volunteers; d: No description of the derivation of the cohort; (2) a: Drawn from the same community as the exposed
cohort *; b: Drawn from a different source; c: No description of the derivation of the non-exposed cohort; (3) a: Secure record (e.g. surgical records) *; b:
Structured interview *; c: Written self-report; d: no description; (4) a: Yes*; b: No. COMPARABILITY: (1) a: Study controls for the most important factor *; b:
Study controls for any additional factor *. OUTCOME: (1) a: Independent blind assessment *; b: Record linkage *; c: Self-report; d: No description; (2) a: Yes
(≥ three-year follow-up period for outcome of interest) *; b: No; (3) a: Complete follow-up, i.e., all subjects accounted for *; b: Subjects lost to follow-up
unlikely to introduce bias, i.e., follow-up rate ≥ 80%, or description provided of those lost *; c: Follow-up rate < 80% and no description of those lost; d: No
statement. Note: A study can be awarded a maximum of one star for each numbered item within the SELECTION and OUTCOME domains. A maximum
of two stars can be allotted for the COMPARABILITY domain.

that there was no significant difference between the implant survival rate, marginal
bone loss, and complication rate after flapless implant surgery and the conventional
approach with flap elevation. Moreover, there was no significant difference between
the flapless and conventional approaches either with the use of a surgical guide or by
a free-hand method over the follow-up period of three years or more.

Earlier  reviews[14-16]  provided controversial  conclusions  regarding the  flapless
implant technique compared with the conventional approach with flap elevation.
Some studies[16]  showed similar  implant  survival  rates  between the  flapless  and
conventional approaches, which is consistent with the current findings, while another
study[14]  suggested that  implants  placed without  flap elevation had a  decreased
survival rate than those with flap elevation. It should be noted that none of these
studies focused on long-term observations. As the authors sought to eliminate the
influence of studies that followed participants for a limited time, only studies with a
minimum  follow-up  of  three  years  were  eligible  for  this  systematic  review  to
synthesise more robust data.

Conventional implant surgery leads to direct access to the recipient sites during
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Figure 3

Figure 3  Forest plots of the meta-analyses results comparing the long-term clinical performance of the flapless and conventional surgery groups. A:
Implant survival; B: Marginal bone loss; C: Complications. The sample sizes of the two research groups in each study varied slightly for different outcomes due to
missing data.

implant placement. However, the “blind” flapless technique aided by preoperative
three-dimensional  planning  can  also  lead  to  the  appropriate  positioning  and
angulation of implant placement[7,12].  Moreover,  the flapless procedure can avoid
detachment  of  the  periosteum  to  even  preserve  the  peri-implant  soft  and  bone
tissue [10,11].  These  benefits  may  contribute  to  comparable  long-term  clinical
performance between flapless and conventional implant surgery. Thus, the flapless
technique can be considered a promising alternative to the conventional implant
approach without significantly compromising the long-term outcomes of implant
treatment. Additionally, although peri-implant bone gain was rarely observed in both
the  flapless  and  conventional  groups,  flapless  surgery  can  guarantee  minor
discomfort (e.g., oedema and pain) for patients during postoperative recovery[27].

The current findings also showed that guided or free-hand implant insertion did
not affect the long-term effects of flapless surgery when compared to the conventional
approach with flap elevation. The results were similar to those in a previous review[15],
where no difference was found in the implant survival rate after use of the free-hand
flapless technique or guided method with or without three-dimensional planning
compared to conventional implant surgery. In contrast, Nickenig et al[17] suggested
that the guided flapless technique was significantly more accurate than free-hand
surgery. These controversial statements can be explained by the different experience
of  surgeons  in  individual  studies.  Thus,  skilled  and  experienced  surgeons  are
generally  recommended  during  the  free-hand  flapless  surgery  to  control  the
angulation of  implant  insertion in  a  very precise  way[36-38].  In  addition,  the cost-
effectiveness of the guided implant technique still requires further discussion.

Flapless  surgery is  now typically  advocated,  as  it  is  in  line  with  the  progress
towards more minimally invasive surgery in general medicine. However, not all cases
are suitable for flapless implant surgery due to the bone and soft tissue associated
preconditions.  It  is  generally  accepted that  patients  with  a  sufficient  amount  of
alveolar bone and keratinised tissue (i.e., a minimum of 6 mm in width) can be treated
by flapless implant surgery[30,31]. Otherwise, mucoperiosteal flaps should be elevated
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Figure 4

Figure 4  Sensitivity analyses of the comparison of long-term clinical performance between the flapless and conventional surgery groups. A: Implant
survival; B: Marginal bone loss; C: Complications.

as required for implant placement. Further criteria for patient allocation to flapless
surgery should include the surgical sites should be free from remnants or soft tissue
concavities after tooth extraction. Surgeons need to be aware of and finely balance the
risks and benefits related to the flapless technique. Moreover, preoperative CBCT
analysis  is  recommended in  either  flapless  implant  surgery  or  the  conventional
approach for ideal treatment planning.

The findings of the current study need to be interpreted with caution due to its
limitations. As this study focused on the long-term clinical performance of implants,
the eligibility criteria then became very strict and the number of included studies was
limited. Consequently, strong evidence on this clinical question could not be obtained,
and the validity of the current analysis could be compromised to some extent. Further
high-quality  RCTs  with  a  long-term  follow-up  are  needed  for  a  more  robust
assessment. In addition, one retrospective study[30] was included in the analysis, which
could  be  another  limitation  of  the  study.  The  nature  of  a  retrospective  design
inherently results in flaws; for instance, it might result in a false positive association
between the flapless technique and the long-term success of implant insertion[39].
Moreover, it should be noted that the loss to follow-up rates in three studies[29,30,32]

were more than 20% over the follow-up period of more than five years. This could
pose a threat to the validity of the evidence because the patients who left these studies
might have a different clinical performance than those who completed the study[40]. As
the  study design and loss  to  follow-up rate  may affect  the  validity  of  evidence,
sensitivity analyses were then performed for each included study, especially the
retrospective study, to assess their possible impact on current findings. No significant
difference in the overall results was detected after the exclusion or inclusion of any
individual studies, which indicated that the conclusions of this review seem to be
reliable and worth considering.

In conclusion, this overview of selected studies indicated that flapless implant
surgery and the conventional approach with flap elevation have comparable effects
regarding the long-term implant survival rate, marginal bone loss, and complication
rate over a follow-up of three years or more.  Moreover,  the guided or free-hand
implant insertion does not significantly affect the long-term effects of flapless surgery
when compared  to  the  conventional  approach.  Hence,  the  flapless  technique  is
considered a promising alternative to the conventional implant approach in patients
with appropriate  alveolar  bone and soft  tissue conditions,  without  significantly
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Figure 5

Figure 5  Forest plots of the results of subgroup analyses to compare long-term clinical performance between the guided/free-hand flapless surgery
subgroup and the conventional surgery group. A: Implant survival; B: Marginal bone loss; C: Complications. The sample size of each research group in each study
varied slightly for different outcomes due to missing data.

compromising the long-term outcomes of implant treatment. However, surgeons'
experience and relevant cost-effectiveness should be considered regarding the option
of a surgical guide or free-hand method in flapless surgery. Further high-quality RCTs
with long-term follow-up are needed for a more robust assessment.
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ARTICLE HIGHLIGHTS
Research background
Conventional  implant  surgery  involves  flap  elevation,  which  may  result  in  increased
postoperative  discomfort  and  morbidity.  The  flapless  surgical  technique,  aided  by  three-
dimensional  medical  imaging  equipment,  is  regarded  as  a  possible  alternative  to  the
conventional approach to alleviate the above issues. However, previous results regarding the
role of flapless implant surgery are inconsistent and there is still concern regarding the long-term
clinical performance of the flapless surgical technique. To date, no meta-analysis or systematic
review comparing the long-term clinical performance of the flapless surgical technique to the
conventional approach have been published.

Research motivation
The long-term clinical performance of dental implant treatment can be affected by different
surgical techniques. Thus, it is important to compare the long-term outcomes of flapless implant
surgery to those of the conventional approach over a follow-up of three years or more. A better
insight into this topic would help inform surgeons regarding which type of surgical technique is
more beneficial to the long-term prognosis of patients in need of implant insertion.

Research objectives
To compare the long-term clinical performance after flapless implant surgery to that after the
conventional approach with flap elevation.

Research methods
This was a systematic review and meta-analysis. The protocol of this study was defined by the
authors prior to the literature search. Nine electronic databases were systematically searched
from inception to September 23, 2019. A manual search was also carried out to identify studies
that were not indexed in the above databases. Randomised controlled trials (RCTs) and cohort
studies comparing the long-term clinical  performance after flapless implant surgery to the
conventional approach over a follow-up of three years or more were included in the current
systematic review. The risk of bias in selected RCTs and cohort studies was assessed using the
Cochrane  Collaboration’s  tool  for  assessing  risk  of  bias  and  the  Newcastle-Ottawa  Scale,
respectively.  Meta-analyses  were  conducted  to  estimate  the  odds  ratios  (ORs)  or  mean
differences  (MDs)  and  their  95%  confidence  intervals  (CIs)  for  the  implant  survival  rate,
marginal bone loss, and complication rate of the flapless and conventional groups. Sensitivity
analyses  were  performed  to  determine  if  the  findings  of  the  current  meta-analyses  were
dependent on any individual study. Moreover, subgroup analyses were carried out to account
for the possible effects of the guided or free-hand method during flapless surgery.

Research results
Of 1839 records, ten articles (i.e., four RCTs and six cohort studies) involving a total of 8607
participants and 20428 implants satisfied the eligibility criteria and nine of them (i.e., four RCTs
and five cohort studies) were included in the meta-analysis. Two RCTs (50%) were evaluated to
have an unclear risk of bias and the other two RCTs (50%) were found to have a high risk of bias.
Three cohort studies had a low risk of bias, and the other three cohort studies were judged to
have a moderate risk of bias. After meta-analyses, there was no significant difference between
the long-term implant survival rate [OR = 1.30, 95%CI (0.37, 4.54), P = 0.68], marginal bone loss
[MD = 0.01, 95%CI (-0.42, 0.44), P = 0.97], and complication rate [OR = 1.44, 95%CI (0.77, 2.68), P
= 0.25] between the flapless implant surgery group and the conventional approach group. The
overall  results  and conclusions of  the meta-analyses were not  affected by the exclusion or
inclusion  of  individual  studies.  Moreover,  subgroup analyses  revealed  that  there  was  no
statistically significant difference between the implant survival rate [guided: OR = 1.52, 95%CI
(0.19, 12.35), P = 0.70; free-hand: n = 1, could not be estimated], marginal bone loss [guided: MD
= 0.22, 95%CI (-0.14, 0.59), P  = 0.23; free-hand: MD = -0.27, 95%CI (-1.10, 0.57), P  = 0.53], or
complication rate [guided: OR = 1.16, 95%CI (0.52, 2.63), P = 0.71; free-hand: OR = 1.75, 95%CI
(0.66, 4.63), P = 0.26] in the flapless and conventional groups either with the use of a surgical
guide or by the free-hand method.

Research conclusions
These findings indicated that flapless surgery and the conventional approach have comparable
clinical performance over a long-term follow-up of three years or more. The guided or free-hand
technique does not significantly affect the long-term effects of flapless surgery.  Hence,  the
flapless technique is considered a promising alternative to the conventional implant approach
without significantly compromising the long-term outcomes of implant treatment.

Research perspectives
The  overall  results  of  long-term  clinical  performance  after  flapless  implant  surgery  are
acceptable.  These findings provide surgeons with evidence-based practical insight that the
flapless technique can be considered an alternative to the conventional implant approach in
patients with appropriate alveolar bone and soft tissue conditions. Although evidence from the
study suggests that guided or free-hand implant insertion does not significantly affect the long-
term outcomes of flapless implant surgery, surgeons' experience and relevant cost-effectiveness
should be considered regarding the option of a surgical guide or free-hand method in flapless
surgery. Further high-quality RCTs with a long-term follow-up are needed for a more robust
assessment.
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