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Abstract Background/purpose: Extraction of impacted mandibular third molar (MTM) is one
of the most common procedures in clinical dental treatment; building a decision tree to
perform MTM extraction can be prudent in alleviating periodontal diseases. This study is to re-
view the latest research on the management of periodontal osseous defect (POD) after MTM
extraction and rebuild a new clinical decision tree.
Materials and methods: Current study was conducted according to PRISMA statement. Med-
line, Embase, Scopus, and Google Scholar were searched concerning treatment of MTM
extraction up to Oct.2019. Three focused questions revolving around asymptomatic versus
disease site, age, and necessity of ridge preservation after >6 months follow up will be
answered.
Results: A total of 7 studies were included for meta-analysis. Evidences were inadequate in
regards to asymptomatic vs disease site of MTM extraction in the long-term follow-up. For
patients with age <25 years, postoperative probing depth (PD) always remained at< 4 mm.
However, for patients with age >25 years with initial PD> 7 mm, residual pockets still re-
mained at 5 mm. For ridge preservation, significant positive effect in reduction of second
molar distal site PD was observed, regardless of different biomaterials being placed
(zZ 4.69, p< 0.00001).
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Conclusion: Age is of utmost importance in preoperative evaluation during impacted MTM
extraction. The timing for ridge preservation is essential determinant for achieving optimal
treatment outcome. The clinical decision tree as proposed could serve as guidance when
dealing with POD after impacted MTM extraction.
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Else-
vier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

There have been countless studies on surgical guidelines
and procedures in management of impacted mandibular
third molar (MTM), with asypmtomatic and second molar
periodontal osseous defect (POD) treatment in particular;
however most results still remain to be controversial.
Currently it is still a challenge in making decisions on
whether to receive MTM extractions, more specifically as to
when and how the procedure should be done.

As early as 1932, Montelius reported higher total inci-
dence of impactions in Chinese than those of Caucasian
patients.1 Impacted MTM are always found in Asian Chinese
people, with occurrence of 3.2 times more in the mandible
than in the maxilla of Singapore Chinese population.2

Furthermore, MTM were the most common impacted
teeth (82.5%) than others among the 3853 impacted teeth
in Hong Kong Chinese population.3 The main factors in
contributing impacted third molars include insufficient
dental arch space to accommodate tooth eruption, ectopic
or abnormal eruptive pathway, existence of associated
pathology, and other reasons.

Unfortunately, complication of deep MTM extraction is
common in the formation of intrabony defects at the
distal site of adjacent second molar. The loss of heavy
wide alveolar processes contour always show intrabony
pockets and vertical resorptive lesions of the bone hous-
ing, notably with mandibular molar teeth more prone to
be affected.4 In order to improve bone healing after tooth
extraction, the use of graft and/or membranes was re-
ported to be effective in controlling POD; clinically, loss
of width in sites without intervention ranging from 2.46 to
4.56 mm as compared to 1.14e2.5 mm in sites using graft
and/or membranes, conversely, loss of height in control
sites ranging from 0.9 to 3.6 mm was compared to a gain
of 1.3 mm and a loss of 0.62 mm for sites using graft and/
or membranes.5 Furthermore, a study on Taiwanese pa-
tients with a mean follow up years of 8.66, observed sig-
nificant increase in both radiographic bony destruction
and intrabony defect formation on the distal aspect of
second molar after MTM extraction without any ridge
preservation as compared to the control group (congeni-
tally missing third molar).6

Thus, the objective of this study is to gather the latest
research on impacted MTM and summarize the concept
behind several procedures, ultimately to rebuild a new
clinical decision tree in treating impacted MTM and timing
for ridge preservation.
Materials and methods

Study registration

The review protocol was registered with the PROSPERO
(International Prospective Register of Systematic Reviews)
hosted by the Centre for Reviews and Dissemination, Uni-
versity of York, National Institute for Health Research,
United Kingdom under the identification number
CRD42018115702.
Research design

This systemic review and meta-analysis was conducted ac-
cording to the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) statement.7
Type of studies

Three focused questions to be addressed:

1. Are asymptomatic site of third molar free from disease
in long-term follow up?

2. Can age be an independent factor in evaluating MTM
extraction?

3. Will ridge preservation enhance postoperative extrac-
tion prognosis?
Search strategy

Electronic databases were searched for articles that are
eligible for this review, including the MEDLINE (Pubmed),
EMBASE, Scopus, and Google Scholar. Bibliographies of ar-
ticles and conference proceedings were checked for addi-
tional studies. The following search strategy was used with
a combination of MeSH (Medical Subject Headings) terms
(impact* AND ( [wisdom tooth] or [third molar]) AND
([defect] or [osseous defect] or [periodontal] or [probing
depth] or [PD]) and ([guided tissue regeneration] or [GTR]
or [periodontal regeneration] or [regenerative therapy]).
No publication year or language limit was used, and the last
search was conducted on Oct. 2019. The full search strat-
egy was shown in Fig. 1.
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Fig. 1 Flowchart of search strategy and screening process.
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Subjects/participants

Types of participant
Participants included in the studies with the following
characteristic:

1. Age of participants was denoted clearly in the inclusion
criteria

2. Undergoing impacted MTM extraction with same or
different kind of surgical approaches
3. With or without ridge preservation under different type
of biomaterials

4. Follow up duration of at least 6 months
Types of intervention
The interventions of interest were included:

1. Asymptomatic or disease site e Compare whether or not
the impacted third molar existed in disease free condition
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2. Age e Compare the age between included participants
3. Ridge preservation e Compare the benefit of with or

without ridge preservation

Selection criteria

Inclusion criteria
The inclusion criteria of the selected articles for present
systematic review were as follows:

1. Randomized clinical trials (RCT), prospective and
retrospective controlled clinical trials (CCT)

2. Diagnosis of third molar impaction based on radiographic
examination

3. Age of patients was defined clearly and in good general
health

4. A minimum follow up time of 6 months
5. Outcome variables evaluating the changes of baseline

and postoperative data
Exclusion criteria
The exclusion criteria of the selected articles for present
systematic review were as follows:

1. In vivo & in vitro study, animal studies, and personal
opinion

2. Articles based on Editor’s choices or interviews
3. Patients with a systemic disease
4. A follow up period of <6 months
5. Data analysis presenting only in median value
6. Incomplete or no clinical initial measurement outcomes

Data collection procedure

Section of studies
The eligibility of papers and data extraction were carried out
by tworeviewers (SeH.LowandS-L. Lu). EndnoteX7 software
was used tomanage all included literatures for current study.
This studywasapprovedby theTaipeiMedicalUniversity Joint
Institutional Review Board (Approval No. 201305008).

Data extraction
Two reviewers (SeH. Low and S-L. Lu) independently screen
the titles and abstracts of articles to exclude articles with
unrelated topics. Full texts of potential articles were read for
data extraction. Any disagreements were resolved by discus-
sion, and a third reviewer (HeK. Lu) was consulted when
necessary. When an agreement cannot be reached, data was
excluded until further clarification was available. Only data
directly associated with measures of the outcome were
extracted. Inter-examiner agreement was evaluated by
calculating the kappa value.

Outcome measures
The outcome measures of interest in this review included:

1. The clinical condition before third molar extraction
2. Subject age
3. Preoperative probing depth (PD) over second molar

distal site
4. Postoperative PD over second molar distal site
5. PD change after different kind of surgical approaches
Assessment of risk of bias

Quality assessment of risk of bias were recorded, assessed,
and classified according to Cochrane Handbook for Sys-
tematic Reviews of Intervention8 with the following six
domains: 2 selection bias (sequence generation, allocation
concealment), performance and detection bias (blinding of
participants, operators, examiners), attrition bias (loss to
follow up and missing values or participants), reporting bias
(selective reporting, unclear withdrawals, missing out-
comes) and other bias.

The risk of bias and quality of evidence assessment was
performed independently and in duplicate by two reviewers
(S.H. Low and S.L Lu). For each study, an assessment of low,
high, or unclear risk of bias were given. Low risk, if all
criteria were met, moderate risk when only one criterion
was missing, and high risk if two or more criteria were
missing. Overall risk of bias for each domain across all
studies were tabulated by RevMan version 5.3 software
(Cochrane Collaboration, Copenhagen, Denmark).
Statistical analysis

To assess heterogeneity, we calculated the I2 statistic.
Heterogeneity was defined as low, high, or unclear.9

Estimated effect sizes and 95% CIs based on individual
studies and combined analyses were displayed with forest
plots. Meta-analysis was performed to evaluate the cor-
relation between the primary outcome and the different
variables. P< 0.05 was considered statistically significant.
All statistical analyses and forest plots were performed
and drawn with statistical software RevMan software
(Review Manager, version 5.3., Cochrane Collaboration,
Copenhagen, Denmark), with fixed- and random-effects
models.
Results

Search strategy and screening process

The flowchart of search strategy and screening process
was summarized in Fig. 1. In brief, a total of 3320 records
were identified through electronic search and 5 records
from hand search. After exclusion of duplicates, 3201
articles remained for title and abstract screening. 2918
articles were excluded and 283 records were left for full
text assessment. Finally, 18 studies were included for
qualitative review and 7 studies were included for meta-
analysis.

The reasons for excluded studies which were catego-
rized into 4 details: (1) unclear presentation of the clinical
parameters, incomplete or no clinical initial measurement
outcomes; (2) data analysis presenting only in median
value; (3) unquantifiable/indirect clinical measurements,
radiographic assessment only and (4) follow up periods of
<6 months (Table 1).



Table 1 Brief overview of the excluded studies.

Study Reasons for exclusion

Karapataki, 2000
Kan, 2002
Chang, 2004
Kaul, 2012
Durmuslar, 2014
Singh, 2015
Ge, 2016

Unclear presentation of the
clinical parameters,
incomplete or no clinical initial
measurement outcomes

Montevecchi, 2014
Cortell-Basllester, 2015

Data analysis presenting only in
median value

Faria, 2013
Faria, 2013
Walker, 2017

Unquantifiable/indirect clinical
measurements, radiographic
assessment only

Suarez-Cnquerio, 2003
Sammartino, 2005
Chaves, 2008
Sammartino, 2009
Kim, 2011
Baqain, 2012
Korkmaz, 2015
Kumar, 2015

Follow up periods <6 months
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Risk of bias assessment

All included studies were assessed for risk of bias, and re-
sults were summarized in Fig. 2. The kappa value between
2 reviewers (SeH. Low and S-L. Lu) was 0.91.

The high risks of bias are mostly in the area of allocation
concealment, blinding of participants, and the outcome
assessors. Of all 18 included studies, the risks of bias
assessment were low to unclear risk.

Qualitative review and meta-analysis of studies

The summary of the included studies were listed in Table 2.
Of the 18 studies included in the qualitative evaluation, 8
split-mouth RCTs,10e17 4 parallel RCTs,18e21 2 split-mouth
CCTs,22,23 and 4 parallel CCTs.24e27

Asymptomatic versus disease site of third molar

Due to the settings of present inclusion criteria, none of the
included articles reported and/or relevantly discussed the
issue on asymptomatic versus disease site of third molar in
a long-term follow up. Regretfully, the scope and emphasis
of the included articles could not adequately answer our
first focus question.

Age

According to the included data, from studies with partici-
pants within the mean age of 25 years and below, we found
that regardless of whether preoperative PD over second
molar distal site was lesser or greater than 5mm, the
postoperative PD over second molar distal site would still
remain lesser than 4mm (Figs. 3e1).
In contrast, participants with mean age of 25 years and
above, the initial PD over second molar distal site were >5
or 7 mm, the results for postoperative PD over second molar
distal site did not have a coherent result, more pronounced
in cases with initial PD of >7mm, the residual pockets still
remained to be around 5mm even after 6 months of
extraction (Figs. 3e2).
Ridge preservation

For ridge preservation over MTM extraction site, significant
positive effect can be seen in the reduction of second molar
distal site PD, regardless of the different biomaterials being
placed during the 6 months follow up period (zZ 4.69,
p< 0.00001), a higher heterogeneity was reported
(I2Z 97%) (Figs. 4e1).
Membrane used

When comparing between the membrane being used
(bioresorbable or non-resorbable) with control group
under detailed circumstance, definition of mean age
being> 25 years, and follow up periods of >12 months, we
presented that there was significant positive effect in PD
reduction over second molar distal site as compared to the
control group (zZ 16.35, p< 0.00001, I2Z 11%) (Figs.
4e2a).
Preoperative probing depth <5mm over second
molar distal site

Predictably, under the circumstance with preoperative
PD< 5mm over second molar distal site, no significant
impact was observed on PD reduction postoperatively in the
follow up period of >12 months under the mean age of >25
years (zZ 0.63, pZ 0.53, I2Z 0%) (Figs. 4e2b).
Preoperative probing depth > 5e7mm over
second molar distal site

In a fixed-effects analysis for conditions of preoperative
PD> 5e7mm over second molar distal site, significant dif-
ference was found on PD reduction over second molar distal
site after postoperative period of >12 months under the
mean age of >25 years (zZ 16.35, p< 0.00001, I2Z 11%)
(Figs. 4e2c).
Preoperative probing depth >7mm over second
molar distal site

In fixed-effects analysis for conditions of preoperative
PD> 7mm over second molar distal site, significant positive
effect was calculated for the PD reduction over second
molar distal site after postoperative period of over 12
months under the mean age of >25 years (zZ 10.91,
p< 0.00001, I2Z 0%) (Figs. 4e2d).



Fig. 2 Risk of bias of the included studies.
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Clinical decision making dealing with impacted
third molar

Our current outcomes and results of present systematic
review and analysis, an evidence-based and optimized
clinical decision-making tree was to be demonstrated in
Fig. 5. The clinical periodontal assessment along with pre-
operative evaluation of age and ridge preservation after
extraction are the important key factors in making clinical
decision during impacted third molar extraction.

Discussion

The aim of this study was to review in detail the latest
research on managing impacted MTM and establish a new
clinical decision tree. There were substantial amount of
articles being published concerning current topic, but there
was limited evidence regarding long-term clinical follow up
with complete clinical data (Table 1). To address our focus
questions, long-term clinical study is essential to the cause,
thus we looked for articles with study frame of at least 6
months and up to a year of statistics in order to investigate
concrete clinical scenarios. Comprehensive discussion of
each focus questions will be explored in the following three
sections.

In reviewing asymptomatic versus disease site of third
molar, there were no articles that are in line with the
criteria we have established. A recent split-mouth study
observed that the third molar group has a significantly
higher PD over second molar distal site than the extraction
group in elderly patients (age> 25 years), furthermore
there was also significant prevalence of distal caries over
second molar (pZ 0.003).28

With a median follow up of 5.9 years, white et al. found
that the severity of the initial periodontal disease was
significantly increased at the site of young adults with
present disease (PD> 4mm) in the third molar as compared
to baseline. This proves that the risk of disease still remains
substantial for retained third molar, which is probably due
to lack of periodontal maintenance.29 Moreover in a study
of 262 participants with over 2 years follow up, Fisher et al.
concluded that routine dental prophylaxis in patients with
asymptomatic third molar site has almost no impact on
reducing deep PD in young adults.30

In 2016, a longitudinal study on first and second molars
of 416 subjects reported that presence of third molar may
increase the risk of second molar pathology from a range of
1.74e4.88-fold. In the same study, the survival plot
demonstrated how loss of third molar optimizes the chance
of second molar survival.31 It has been reported by another
study that even non-impacted third molar may influence
adjacent second molar periodontal health and/or other
pathologies, as observed through 1958 participants.32

Similarly, a systemic review that included 7 studies
of sample sizes ranging from 70 to 821 subjects with



Table 2 Summary of included studies.

1st Author, year Study

Design

No. of

patients

recruited

Age range

(mean, years)

Characteristics of

impacted 3rd molar

Socket debridementa Grafting materials Membrane

Selection

Max. F/U

periods

(months)

Preoperative PD

(mean� SD, mm)

Postoperative PD

(mean� SD, mm)

Pecora,20 1993 RCT,

parallel

20

Test:10

Ctrl:10

26e50 Horizontal, unclear Yes (scaling and RP) No Test: e-PTFE

(Gore-Tex�)

Ctrl: No

12 Test: 9.00� 2.49

Ctrl: 8.90� 2.08

Test: 3.30� 0.95

Ctrl: 4.90� 1.45

Karapataki,18

2000

RCT,

parallel

18 43� 7 Unclear Yes (scaling and RP) No T1: PLA

(Guidor�)

T2: e-PTFE

(Gore-Tex�)

12 T1: 9.50� 1.40

T2: 8.20� 1.10

T1: 4.20� 1.40

T2: 4.60� 1.30

Dodson,12 2004 RCT, split-

mouth

24b

T1:12

T2:12

�26

T1: 31.3� 7.1

T2: 28.1� 2.6

Mesioangular,

distoangular, horizontal or

vertical, fully or partial

impacted

Yes (RP) T1: Allograft

(Grafton�)

C1: No

T2: No

C2: No

T1: No

C1: No

T2: Collagen

membrane

(Biomend�)

C2: No

6 T1: 7.30� 3.50

C1: 7.90� 2.20

T2: 6.20� 2.30

C2: 5.40� 2.50

T1: 3.70� 1.60

C1: 4.60� 1.50

T2: 4.30� 1.40

C2: 3.60� 1.20

Leung,19 2005 RCT,

parallel

30

Test: 14

Ctrl: 16

Test: 35.7� 6.8

Ctrl: 28.9� 7.3

Mesioangular impacted Test: Yes (scaling)

Ctrl: No

No No 6 Test: 6.10� 1.40

Ctrl: 6.50� 1.50

Test: 3.20� 1.20

Ctrl: 5.20� 0.70

Aimetti,10 2007 RCT, split-

mouth

15 24.9� 5.46 Mesioangular, fully soft

tissue impacted

Yes (scaling and RP) No Test: PGA/PLA

(Gore Resolut

XT�)

Ctrl: No

12 Test: 5.13� 0.43

Ctrl: 4.92� 0.59

Test: 2.24� 0.34

Ctrl: 4.37� 0.58

Kırtılo�glu,14 2007 RCT, split-

mouth

18c 16-32 (20.8) Vertical or mesioangular,

fully impacted

Unclear No No 12 T1: 2.89� 0.58

T2: 2.78� 0.65

T1: 3.00� 0.69

T2: 2.56� 0.70

Cetinkaya,22

2009

CCT, split-

mouth

15d 16-21

(18.53� 1.60)

Vertical or mesioangular,

fully bony impacted

No No No 6 T1: 2.87� 0.52

T2: 2.93� 0.70

T1: 3.00� 0.76

T2: 3.93� 0.70

Monaco,15 2009 RCT, split-

mouth

12e 15-19 (16) Incompletely root formed,

unclear

Unclear Collagen sponge No 6 T1: 2.70� 0.20

T2: 2.90� 0.20

T1: 2.70� 0.30

T2: 2.80� 0.20

Sammartino,16

2009

RCT, split-

mouth

45f

T1:30

T2:30

Ctrl:30

21e30 Mesioangular or

horizontal, soft tissue or

bony impacted

Yes (scaling and RP

depends on case)

T1: Xenograft

(Bio-Oss�)

T2: Xenograft

(Bio-Oss�)

Ctrl: No

T1: No

T2: Collagen

membrane

(Bio-Gide�)

Ctrl: No

72 T1: 7.60� 0.55

T2: 7.66� 0.55

Ctrl: 7.68� 0.56

T1:3.88� 0.45

T2: 3.15� 0.20

Ctrl: 6.40� 0.51

P.-Vicente,21

2009

RCT,

parallel

43g >18 Mesioangular, fully or

partial impacted

Yes (scaling or RP) No No 6 T1: 4.75� 0.90

T2: 5.50� 1.27

T1: 4.00� 0.67

T2: 4.70� 0.95

Corinaldesi,11

2011

RCT, split-

mouth

11h 32e55 Mesioangular and

horizontal, fully bony

impacted

Yes (scaling and RP) No T1: Collagen

membrane

(Biomend�)

T2: e-PTFE

(Gore-Tex�)

9 T1: 9.10� 3.50

T2: 9.20� 3.00

T1: 3.90� 1.50

T2: 3.70� 1.40

Montero,25 2011 CCT,

parallel

48i 18-29

(23.1� 6.1)

Fully or partial impacted Unclear No No 12 Deep: 6.50� 1.90

Shallow:

3.80� 0.80

Deep: 3.70� 1.60

Shallow:

1.50� 1.10

Faria,24 2013 CCT,

parallel

25 patients

with 40

teeth

16-35

(21.03� 4.38)

Mesioangular, horizontal

or vertical, fully impacted

Yes (scaling and RP) No No 12 5.70� 3.80 3.77� 2.86

(continued on next page)
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Table 2 (continued )

1st Author, year Study

Design

No. of

patients

recruited

Age range

(mean, years)

Characteristics of

impacted 3rd molar

Socket debridementa Grafting materials Membrane

Selection

Max. F/U

periods

(months)

Preoperative PD

(mean� SD, mm)

Postoperative PD

(mean� SD, mm)

Hassan,13 2012 RCT, split-

mouth

14 30-35

(32.0� 2.03)

Horizontal impacted Yes (RP) Test: Xenograft

(Bio-Oss�)

Ctrl: No

Test: Collagen

membrane

(Bio-Gide�)

Ctrl: No

12 Test: 7.50� 0.70

Ctrl: 7.80� 0.80

Test: 3.10� 0.40

Ctrl: 4.90� 0.50

Tabrizi,27 2013 CCT,

parallel

42 18-25 (20.9) Mesioangular, fully

impacted

Unclear No No 6 2.71� 0.59 3.60� 0.88

Tabrizi,17 2014 RCT, split-

mouth

20 25-30

(26.5� 1.9)

Mesioangular or

horizontal, fully impacted

Unclear T1: Allograft

(Cenobone�)

C1: No

T2: Allograft

(Cenobone�)

þ lincomycin

(Upjohn SA�)

C2: No

T1: No

C1: No

T2: No

C2: No

6 T1: 3.10� 2.10

C1: 3.90� 1.40

T2: 3.55� 1.30

C2: 2.85� 0.90

T1: 2.20� 1.10

C1: 2.30� 0.60

T2: 2.50� 0.50

C2: 2.70� 0.90

Doiphode,23 2016 CCT, split-

mouth

30 18e30 Fully or partial impacted Unclear T1: PRP

T2: PRF

Ctrl: No

T1: No

T2: No

Ctrl: No

6 T1: 4.20� 0.52

T2: 2.68� 0.55

Ctrl: 4.35� 0.39

T1: 1.77� 0.21

T2: 1.29� 0.33

Ctrl: 2.99� 0.34

Petsos,26 2016 CCT,

parallel

78 16.0� 2.0 Fully impacted Unclear No No 6 3.25� 0.65 2.57� 0.50

Ctrl: Control; RP:root planing; Max. F/U: maximum follow up; PD: probing depth; RCT: randomized clinical trial; CCT: controlled clinical trial.
a Socket debridement over 2nd molar distal side.
b T1: Demineralized bone powder therapy T2:GTR therapy C1,C2:Control group.
c T1: Triangular flap T2: modified Szmyd Flap.
d T1: Anchor suture T2: Simple suture.
e T1: Triangular flap T2: Envelope Flap.
f T1: Xenograft T2: Xenograft & Collagen membrane Control:untreated.
g T1:� 25 years group T2: >25 years group.
h T1: Resorbable membrane group T2: Non-resorbable membrane group.
i authors divided the molar position into 2 groups which were deep molars or shallow molars.
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Fig. 3 1. The postoperative PD over second molar distal site of patients with mean age of <25 years. (a) Preoperative PD < 5 mm.
(b) Preoperative PD > 5 mm 2.The postoperative PD over second molar distal site of patients with mean age of >25 years. (a)
Preoperative PD < 5 mm. (b) Preoperative PD > 5 mm. (c) Preoperative PD > 7 mm
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follow up periods of 1e18 years by Bouloux et al.
concluded that initial asymptomatic third molars that
require extraction may progress towards periodontal
disease at a mean incidence rate of 3.0% (ranging from
1.0 to 9.0%) annually.33 Therefore risks and benefits of
molar extraction and retention, along with age of



Fig. 4 1. Weighted mean difference of PD over second molar distal site after >6 months follow up. 2. Weighted mean difference
of PD over second molar distal site with mean age >25 years and more than 12 months follow up. (a) Membrane used. (b) Pre-
operative PD < 5 mm. (c) Preoperative PD > 5-7 mm. (d) Preoperative PD > 7 mm.
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Fig. 5 Clinical decision making dealing with impacted third molar.

Clinical decision for 3rd molar removal 81
patients should be taken into consideration while dis-
cussing treatment outcomes.

However in a Cochrane systemic review on comparing
outcomes of wisdom tooth surgical extraction and reten-
tion, there were not enough robust evidence to elucidate
whether removal of wisdom tooth is advantageous in pre-
venting periodontal destruction progression.34 Due to
insufficient evidence that indicates, further RCTs and pro-
spective cohort studies are warranted, as well as taking
patients’ age, type of impaction, baseline periodontal sit-
uation, and other circumstances into account before
deciding between extraction or retention of asymptomatic
third molar as the appropriate treatment.

While identification of asymptomatic versus disease
was one of the deciding factors, age of patients is
another crucial point to consider. It was known that
prevalence and severity of post-surgery complication
increases with age, a consensus of literature as pre-
sented by both Bataineh and Valmaseda-Castellon had
concluded that postoperative risks from third molar
extraction may increase with age,35,36 more specifically
there may be a higher chance of postoperative fracture
when the mean age is at 45 years, as observed by
Krimmel.37 Faria et al. reported that of 26 impacted
MTM extracted from 16 patients with mean age of
21.12� 4.80 years, only 3.8% had radiographic infrabony
defect of �6 mm (1/26) and 96.2% with �5 mm (25/26)
at 12 months follow up,24 thus supporting the idea that
extraction of impacted molar yields better periodontal
outcome at a younger age.

The age of 25 years was chosen as the cut-off point for
patients in present study, mainly because there has been
several large scale research in the past to support the
rationale. As early as 1985, Kugelberg et al. has noted the
occurrence of periodontal defects after MTM removal over
the age of 25 is 2e3 times more common, suggesting
postoperative defects were indeed age related.38 Addi-
tionally, Kugelberg observed that 51% of patients over the
age of 26 had postoperative defects following MTM
extraction, being twice as common as those under 25 year
of age.39 Again in a different study, 215 s molars were
quantified for significant postoperative defects in both age
groups, confirming that POD were 3 times more common
over the age of 25.40

In our study, we found that postoperative PD over sec-
ond molar distal site would still remain <5mm for all of the
participants with mean age of <25 years, regardless of
initial PD over second molar distal site being lesser or
greater than 5mm. Even with preoperative MTM PD condi-
tions of either shallow (<5mm) or deep (>5mm) in initial
evaluation, Montero and Mazzaglia also showed significant
reduction in PD in both groups after 1 year of follow up for
young adults.25 On the contrary, with participants
aging� 25 years, the results for postoperative PD over
second molar distal site do not have consistent outcome
without any ridge preservation intervention. Furthermore,
undergoing third molar extraction at the age of >25 years
would increase risk of complications (odds ratioZ 1.5,
pZ 0.05).41

Several researches agreed on the age of �25 as the
average age for MTM root formations. Maber et al. reported
that the age of third molar apex closure at 97th percentile
is 24.18 years in girls and 23.47 years in boys.42 Liversidge
also found out that the average age of apex closure was
19.27e20.88 in both White and Bangladeshi children from
London and Black African, Cape colored children from
South Africa.43 The development of the MTM shows strong
correlation with age.

Thus, age was an independent factor for third molar
extraction. The age of 25 years can be considered as an
effective and powerful cut-off age in postoperative defects
treatment before MTM extraction.
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The purpose of ridge preservation is to limit and prevent
soft tissue from collapsing into extraction sockets, to ach-
ieve reduction of alveolar ridge resorption, while simulta-
neously supporting vital bone formation.44,45

According to recent systemic review and meta-analysis,
there is limited evidence to support which biomaterials
provide optimal results in vital bone formation, and all of
the osteoinduction still depends on the characteristic of
biomaterials being used.46,47 Nevertheless, present discus-
sion in regards to the determination of a decision tree will
put its emphasis on diagnostic and treatment strategy
rather than evaluating the usage of different graft
materials.

In the age group of <25 years, despite PD being more or
less than 5mm, oftentimes spontaneous healing will occur
under follow up with any ridge preservation after a certain
period of time. Of all asymptomatic impacted MTM in 78
patients with mean age of 16.0� 2.0 years, Petsos et al.
found that the group with preoperative PD� 4mm has
significant reduction of 2.6� 0.5mm (p< 0.05) after 6
months.26 In 48 patients with mean age of 23.1 years,
Montero and Mazzaglia observed progressive decrease from
mean preoperative PD> 5mm to a final mean PD of
2.6� 0.8 mm after 12 months were observed.25 Thus, ridge
preservation may not be recommended for the age< 25
years under MTM extraction.

To sum up some evidence mentioned earlier, in the
course of �25 years of age, we generally need to perform
ridge preservation after extraction, especially under cir-
cumstances of disease or with PD� 5mm. Pecora et al.
observed a statistically significant benefit for using GTR
therapy as opposed to no intervention in study subjects
aged 26 years or greater, with their PD decreasing from
9� 2.5 mm to 3.3� 1.0mm a year post-surgery.20 Besides,
in a RCT study by Hassan et al., there was a statistically
significant gain in the CAL and a reduction in PD of the
grafted sites as compared to the nongrafted sites
(p< 0.001) 12 months after MTM removal.13

Although we have excluded Sammartino study due to its
mean age being unclearly defined, the results of the study
are quite interesting. They randomly assigned 90 MTM im-
pactions into three groups: xenograft (Bio-Oss) alone,
xenograft plus collagen membrane (Bio-Gide), and un-
treated control group. The group of xenograft plus collagen
membrane had the best outcome for the prevention of
second molar periodontal defect after 6 years, when
compared to xenograft (Bio-Oss) alone (7.60� 0.55 mm to
3.88� 0.45 mm). From the results we conclude that usage
of membrane provides potential benefit in ridge
preservation.16

Two recent meta-analysis48,49 also showed that ridge
preservation can provide adjunctive clinical benefit as
effective in gaining CAL or reducing PD at the distal site
of the mandibular second molar as compared to MTM
extraction without ridge preservation procedures. Thus,
ridge preservation should be considered as a main role
for postoperative outcome. Ridge preservation can al-
ways be an alternative choice in creating successful and
long-lasting support for periodontal defects after MTM
extraction, in particularly for cases with severe intrab-
ony destruction, deep PD, and being over the age of 25
years.
As previously demonstrated, clinicians should review the
benefits and risks of MTM extraction and retention.
Consequently, the age and asymptomatic or disease site, as
well as the timing for ridge preservation under circum-
stances mentioned above, should be in first consideration
before proceeding with extraction in order to achieve
decent treatment outcome. The decision tree proposed
here could serve as guidance for clinicians on how to deal
with impacted MTM. Further studies are still needed to
create a more comprehensive and accurate treatment plan
prior to MTM extraction.
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