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Secondary Versus Primary Closure
Techniques for the Prevention of

Postoperative Complications Following
Removal of Impacted Mandibular Third
Molars: A Systematic Review and Meta-

Analysis of Randomized Controlled Trials
Alonso Carrasco-Labra, DDS,*

Romina Brignardello-Petersen, DDS,†

Nicolás Yanine, DDS, MSc,‡ Ignacio Araya, DDS,§ and

Gordon Guyatt, MD, MSc�

Purpose: To determine the impact of secondary versus primary closure techniques on the frequency
and severity of pain, facial swelling, trismus, infectious complications, and postoperative bleeding after
impacted mandibular third molar extraction.

Materials and Methods: Randomized controlled trials were identified through MEDLINE, EMBASE,
and CENTRAL, ongoing trial registers, meeting abstracts, doctoral and masters theses, and manual
searching of the reference lists of eligible studies. Study selection, data extraction, risk of bias, and
Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) rating of confidence
in effect estimates were undertaken independently in duplicate.

Results: Of 1,721 identified citations, 14 studies proved eligible. Pain and facial swelling at postoperative
days 3 and 7 and infectious complications at day 7 did not differ between techniques. Patients receiving
secondary closure had less trismus (in millimeters) at postoperative days 3 (mean difference, 3.72; 95%
confidence interval, 1.42 to 6.03, P � .002) and 7 (mean difference, 2.35; 95% confidence interval, 0.37 to
4.33; P � .02). Four randomized controlled trials reported bleeding: in 2, there was no bleeding in either
group; the numbers of bleeding events with primary and secondary closures were 22 and 16 and 5 and 15,
respectively, in the other 2. Because of the risk of bias and inconsistency in results, the evidence warranted,
at best, low confidence in the estimates of effect across all outcomes.

Conclusions: Although differences between primary and secondary closure techniques after impacted
mandibular third molar extraction are likely to be small, available evidence provides only low confidence
in the effect estimates. The results do not support a preference for either approach.
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e442 CLOSURE TECHNIQUES IN THIRD MOLAR EXTRACTION
Surgical removal of impacted mandibular third molars
(IMTMs) is the most commonly performed procedure
in oral and maxillofacial surgery.1,2 Clinicians make
he diagnosis of IMTM when the molar does not erupt
roperly or there is insufficient space between the
andibular ramus and the second molar.3 In 1990,

North American surgeons removed approximately 10
million IMTMs.4

Frequent postoperative sequelae after surgical re-
moval of an IMTM include pain, temporary restricted
mouth opening (trismus), and swelling. Less com-

FIGURE 1. Flow chart of article selection proces
arrasco-Labra et al. Closure Techniques in Third Molar Extraction. J O
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monly, late or delayed hemorrhage or sepsis may
occur.5 Surgeons have adopted different strategies to
decrease these sequelae, including changing the type
of surgical closure of the wound.

The classic primary closure technique after IMTM
removal is derived from basic surgical principles.
When using this technique, the surgeon fully covers
and hermitically closes the socket with a flap, allow-
ing primary wound healing. Investigators in favor of
this method have suggested that it decreases the risk
of postoperative infection.6,7

R, International Association for Dental Research.
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Table 1. CHARACTERISTICS OF INCLUDED STUDIES

Study Year Location Design Participants Intervention Comparison Cointerventions
Secondary

(n)
Primary

(n)

Age
Range
(yr)

Mean
Age
(yr)

Impaction
Type

Akota et al22 1998 Norway Split-mouth Healthy Gauze drain* Primary closure NSAID 30 30 20-37 25
Bello et al17 2011 Nigeria Parallel Healthy Partial closure Primary closure ATB-NSAID 40 42 NR 26 Mixed
Cerqueira et al9 2004 Brazil Split-mouth Healthy Tube drain

(urethral
probe #4)

Primary closure ATB-NSAID 53 53 14-30 21 Mixed

Chukwuneke et al20 2008 Nigeria Parallel Healthy Penrose Primary closure NSAID 50 50 18-40 NR Mixed
Danda et al23 2010 India Split-mouth NR Wedge of

mucosa†
Primary closure ATB-NSAID 93 93 18-31 24 Mixed

Hashemi et al18 2011 Iran Split-mouth Healthy Sutureless Primary closure ATB-NSAID 30 30 19-24 22 Bony
Holland and

Hindle16
1984 England Split-mouth NR Dressing

drain‡
Primary closure Nothing 70 70 20-35 NR Mixed

Osunde et al21 2010 Nigeria Parallel NR Single suture Multiple sutures ATB-NSAID 25 25 18-38 26 Mixed
Pasqualini et al8 2005 Italy Parallel Healthy Wedge of

mucosa†
Primary closure ATB-NSAID 100 100 19-27 NR Mixed

Rakprasitkul and
Pairuchvej24

1997 Thailand Split-mouth Healthy Tube drain Primary closure NSAID 23 23 16-35 24 Full bony

Refo’a et al19 2011 Iran Parallel Healthy Partial
closure§

Primary closure ATB-NSAID 16 16 20-25 22 Full bony

Sağlam25 2003 Turkey Split-mouth Healthy Tube drain Primary closure ATB-NSAID 13 13 15-39 24 Full bony
Srinivas26 2006 India Split-mouth Healthy Tube drain Primary closure NSAID 14 14 15-39 NR Mixed
Xavier et al27 2008 Brazil Split-mouth Healthy Incision drain� Primary closure NSAID 20 20 18-40 NR Mixed

Abbreviations: ATB, antibiotic prophylaxis; mixed, combination of erupted, partial bony, and full bony teeth extracted; NR, not reported; NSAID, nonsteroidal anti-
inflammatory drug.

*A gauze drain impregnated with chlortetracycline ointment was used.
†A wedge of mucosa was removed, creating a drainage path.
‡A ribbon gauze dressing was used.
§A distal extension of 5.0 to 6.0 mm to the second molars was kept open.
�Vestibular oblique incision was sutured at isolated points.

Carrasco-Labra et al. Closure Techniques in Third Molar Extraction. J Oral Maxillofac Surg 2012.
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e444 CLOSURE TECHNIQUES IN THIRD MOLAR EXTRACTION
Healing by secondary intention or a secondary clo-
sure technique refers to the cicatrization process of
an intentionally open wound, from the base and bor-
ders to the upper face, by deposition of new tissue.
Investigators who prefer this approach have sug-
gested that it allows the drainage of inflammatory
exudate, because the socket remains in communica-
tion with the oral cavity.8,9

Investigators have conducted many randomized
controlled trials (RCTs) to determine which tech-
nique is associated with fewer and less severe post-
operative sequelae. The purpose of this study was to
summarize the evidence regarding the impact, in pa-
tients undergoing surgical removal of an IMTM, of a
primary versus a secondary closure technique on the
presence and severity of postoperative sequelae, in-
cluding pain, facial swelling, trismus, infectious com-
plications, and bleeding up to 7 days after surgery.

Methods

SEARCH METHODS FOR IDENTIFICATION
OF STUDIES

The present search used the Ovid version of
MEDLINE (from 1966 through December 2011) and
EMBASE (from 1980 through December 2011), the
Cochrane Central Register of Controlled Trials
CENTRAL (issue 12, December 2011), and the Inter-
national Clinical Trials Registry Platform Search Portal
(http://apps.who.int/trialsearch) databases. The Ap-
pendix presents the medical subject headings and key
words used in the search. The literature search was
limited to RCTs using the Cochrane Highly Sensitive
Search filter.10 Unpublished studies were sought us-
ng the International Association for Dental Research
IADR) abstract meetings database of the previous 20
ears and the ProQuest Dissertation and Thesis data-
ase. Manual searches of the reference lists of the
otentially eligible articles were conducted. There
as no restriction by language and translated non-

nglish-language articles.

ELIGIBILITY CRITERIA FOR THE STUDIES

Eligible RCTs enrolled healthy adult participants who
underwent surgical removal of an IMTM and compared
any type of surgical secondary closure technique deter-
mined by the incision or a device (flap design, suture
technique, rubber drain, Penrose, gauze drain, modified
Foley catheter, etc) with a primary closure technique
and followed patients for at least 3 days.

OUTCOMES

Pain, facial swelling, and trismus (in millimeters) were
designated as primary outcomes and infectious compli-
cations (alveolar osteitis and/or surgical site infection)

and postsurgical bleeding as secondary outcomes.

Descargado para Anonymous User (n/a) en University of Chile de C
Para uso personal exclusivamente. No se permiten otros usos sin autorización. 
STUDY SELECTION AND DATA EXTRACTION

Two researchers (I.A., N.Y.) independently re-
viewed the titles and abstracts of all potentially rele-
vant articles. Two reviewers (A.C.-L., R.B.-P.) indepen-
dently evaluated the eligibility of the full-text of all
articles deemed potentially eligible in the title and
abstract reviews. A third reviewer (I.A.) arbitrated dis-

FIGURE 2. Risk of bias summary: reviewers’ judgment on each
risk-of-bias item for the included studies.

Carrasco-Labra et al. Closure Techniques in Third Molar Extrac-

tion. J Oral Maxillofac Surg 2012.
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CARRASCO-LABRA ET AL e445
agreements. The investigators were contacted for
clarification or to obtain missing information. When
data were reported using only graphs, the data
were derived from the figures. Using a standardized
data extraction form, 2 reviewers independently

Table 2. SPECIFIC CHARACTERISTICS OF TRIALS ASSESS

Study Design Type of Scale

kota et al22 Split-mouth Continuous
ello et al17 Parallel Continuous
erqueira et al9 Split-mouth Dichotomous

Chukwuneke et al20 Parallel Continuous
anda et al23 Split-mouth Continuous
ashemi et al18 Split-mouth Continuous*
olland and Hindle16 Split-mouth Dichotomous
sunde et al21 Parallel Continuous
asqualini et al8 Parallel Continuous
akprasitkul and
Pairuchvej24

Split-mouth Continuous

Refo’a et al19 Parallel Continuous
rinivas26 Split-mouth Dichotomous
avier et al27 Split-mouth Ordinal†

Abbreviations: SD, standard deviation; VAS, visual analog sc
*Measured as a continuous variable but reported as a cat
†Data were transformed to dichotomous to be included i

split-mouth trials that did not analyze and report the result
‡VAS cutoff point for pain/no pain not reported.
§Preoperative assessment conducted.
�Scale: 1 to 25, mild; 26 to 50, moderate; 51 to 75, inten

Carrasco-Labra et al. Closure Techniques in Third Molar Extract

FIGURE 3. Secondary versus primary closure technique for the out
and B, 7. CI, confidence interval: M-H, Mantel-Haenszel.
arrasco-Labra et al. Closure Techniques in Third Molar Extraction. J O
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extracted and tabulated the data from the eligible
studies. Two reviewers (A.C.-L., R.B.-P.) indepen-
dently assessed the risk of bias of the eligible stud-
ies using the Cochrane Handbook for Systematic
Reviews of Intervention criteria, with disagree-

AIN

Scale Definition
Outcome Assessment
(Postoperative Days)

Imputation
of SD

AS 50 mm 1, 3, 6 Yes
AS 6 U 1, 2, 3, 5, 6, 7 No
AS 10 cm‡§ 1, 3, 7, 15 No
AS 10 U 1, 3, 5 No
AS 5 points 7 No
AS 6 U 1, 3, 7 No
ain/no pain 1-18 No
AS 10 cm 1, 2, 3, 5, 7 No
AS 5 cm 6 hr, 1, 2, 3, 4, 5, 6 No
AS 10 U 3, 7§ Yes

AS 5 U 3 No
ain/no pain 1, 2, 3, 7 No
AS 100 mm� 2, 3, 7, 15 No

al variable (0 to 5).
meta-analysis. Imputation of a paired SD was performed in
ired data.

to 100, unbearable.

ral Maxillofac Surg 2012.

ain measured as a dichotomous variable at postoperative days A,
ING P

Pain

V
V
V
V
V
V
P
V
V
V

V
P
V

ale.
egoric
n the
s as pa

se; 76
come p
ral Maxillofac Surg 2012.
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e446 CLOSURE TECHNIQUES IN THIRD MOLAR EXTRACTION
ments resolved by a third reviewer (N.Y.).11 The
Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) rating system was
used to evaluate confidence in the effect estimates
(quality of evidence) across outcomes.12 In the GRADE
pproach, RCTs begin as high-quality evidence, but con-
dence in estimates decreases if serious risk of bias,

nconsistency, imprecision, indirectness, and/or publica-
ion bias is present.13 These evaluations were conducted
ndependently and in duplicate (A.C.-L., R.B.-P.). For the
ull-text screening and the risk of bias assessment across
tems, the chance-corrected agreement was calculated
sing � statistics.

FIGURE 4. Secondary versus primary closure technique for the ou
3 and B, 7. CI, confidence interval; SE, standard error.
Carrasco-Labra et al. Closure Techniques in Third Molar Extraction. J O
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DATA SYNTHESIS AND STATISTICAL ANALYSIS

For the continuous outcomes (pain, facial swelling,
and trismus) using the same measurement instru-
ment, the weighted mean difference (MD) and its 95%
confidence interval (CI) were calculated. If the trials
used different measurement instruments, the stan-
dardized mean differences (SMDs) and their 95% CIs
were calculated.

For the dichotomous outcomes (infectious com-
plications and postoperative bleeding), the relative
risks (RRs) and 95% CIs were calculated. For the
trials assessing the outcome pain using an ordinal
scale, the categories were collapsed and the results

pain measured as a continuous variable at postoperative days A,
tcome
ral Maxillofac Surg 2012.
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CARRASCO-LABRA ET AL e447
were included in the meta-analysis of dichotomous
outcomes.

When CIs crossed the nondifference threshold, the
reviewers judged that the results failed to provide
convincing evidence of a treatment effect.

Data from parallel-group and split-mouth trials were
combined using the procedure described by Lesaffre
et al14 and Elbourne et al.15 When needed, a paired
nalysis was approximated by imputing the pooled
tandard deviation (SD) from the SDs of the 2 groups
sing a correlation coefficient of 0.75. All analyses
sed random-effects models.
The analysis was performed using Review Manager

.1 (Nordic Cochrane Centre, Cochrane Collabora-
ion, Copenhagen, Denmark) to obtain the corre-
ponding pooled estimate using the generic inverse

Table 3. SPECIFIC CHARACTERISTICS OF TRIALS ASSESS

Study Design
Method for Assessing

Facial Swelling

ello et al17 Parallel Facial references (tap
measure)

Cerqueira et al9 Split-mouth Amin and Laskin
method28

hukwuneke et al20 Parallel Amin and Laskin
method

anda et al23 Split-mouth Berge method VAS 1-
U29,30

Hashemi et al18 Split-mouth Distance corner of
mouth to lower pa
of the ear lobe
(mm) ¥

Osunde et al21 Parallel Neupert method
modified by Filho31

Pasqualini et al8 Parallel Berge method VAS 0-
cm29,30

Rakprasitkul and
Pairuchvej24

Split-mouth Amin and Laskin
method

efo’a et al19 Parallel Distance from outer
canthus of eye to
angle of mandible*

Sağlam25 Split-mouth Amin and Laskin
method

Srinivas26 Split-mouth Amin and Laskin
method

Xavier et al27 Split-mouth Amin and Laskin
method

ote: The SD of the change from baseline was calculated u
Abbreviations: SD, standard deviation; VAS, visual analog
*Not included in the meta-analysis because the investigat
†These were not meta-analyzed because of the different
§These trials were not included in the meta-analysis beca
Carrasco-Labra et al. Closure Techniques in Third Molar Extraction. J O
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ariance method. Two sensitivity analyses were un-
ertaken: 1) the treatment effect for each outcome

including or excluding split-mouth trials with im-
puted SDs and 2) the treatment effect and its 95% CIs
of the outcomes for each imputed correlation coeffi-
cient (0.5, 0.75, and 0.9).

HETEROGENEITY AND SUBGROUP ANALYSIS

To estimate the total variation across studies, the
Cochran �2 test for heterogeneity and the I2 statistic
were used. Three possible explanations of heteroge-
neity were postulated a priori: 1) articles having a
high risk of bias would show a larger effect of the
intervention compared with studies with low risk of
bias; 2) secondary closure would appear superior to
primary closure when devices such as rubber tubes,

ACIAL SWELLING

Reported Outcome

Outcome
Assessment

(Postoperative
Days)

Imputation
of SD

ean of facial swelling
(mm)

2, 5, 7 No

rcent facial swelling 1, 3, 7, 15 Yes

rcent facial swelling 1, 3, 5 No

(no swelling) to
5 (extremely severe
swelling)¥

7 No

ean facial swelling
(mm)

1, 3, 7 No

ean amount of facial
swelling

1, 2, 3, 5, 7 No

(no swelling) to
5 (extremely severe
swelling)†

6 hr, 1, 2, 3, 4, 5, 6 No

rcent facial swelling 3, 7 Yes

ean vertical swelling
size changes*

1, 3, 7 No

ean vertical and
horizontal facial
swelling

1, 2, 3, 7§ No

ean vertical and
horizontal facial
swelling

1, 2, 3, 7§ No

rcent facial swelling 3, 7, 15 Yes

he method reported by Markiewicz et al.32

nsidered only a vertical component.
d for assessing the outcome.
was not possible to estimate the SD.
ING F

e M

Pe

Pe

5 1

rt
M

M

5 0

Pe

M

M

M

Pe

sing t
scale.
ors co
metho
use it
ral Maxillofac Surg 2012.

linicalKey.es por Elsevier en noviembre 22, 2019.
Copyright ©2019. Elsevier Inc. Todos los derechos reservados.



e
e

d
i
M
t
w
t
c

i

C

e448 CLOSURE TECHNIQUES IN THIRD MOLAR EXTRACTION
Penrose drainage, or gauze were used rather than
when partial closure, incision drain, or a sutureless
technique was implemented; and 3) effect sizes
would vary among crossover trials, split-mouth trials,
and parallel-group trials. In a posteriori subgroup anal-
yses, the cointerventions (pre- and/or postoperative
antibiotic prophylaxis and nonsteroidal anti-inflamma-
tory drugs) reported in the included trials were ex-
plored as a source of heterogeneity.

Results

SEARCH

Of 1,721 identified titles and abstracts, 25 proved
potentially eligible and 14 of those proved eligible
(Fig 1). The � statistic calculated between the review-

FIGURE 5. Secondary versus primary closure technique for the ou
nterval; SE, standard error.
arrasco-Labra et al. Closure Techniques in Third Molar Extraction. J O
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rs for the full-text screening was 0.96, indicating
xcellent agreement.

CHARACTERISTICS OF ELIGIBLE STUDIES

Among the 14 eligible studies, published from
198416 through 2011,17-19 5 used a parallel-group

esign8,17,19-21 and 9 used a split-mouth des-
gn.9,16,18,22-27 Thirteen RCTs were published; 1 was a

aster’s thesis.26 Table 1 summarizes the popula-
ions, which were described as healthy patients and
ere similar in age, cointerventions, and impaction

ype. Five trials used a tube drain as a secondary
losure technique,9,20,24-26 5 trials implemented mod-

ifications in the flap design and/or sutures,17-19,21,27 2
used a dressing drain,16,22 and 2 removed a wedge of
mucosa to allow the drainage of the inflammatory

acial swelling at postoperative days A, 3 and B, 7. CI, confidence
tcome f
ral Maxillofac Surg 2012.
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CARRASCO-LABRA ET AL e449
exudate.8,23 Studies used similar comparison interven-
tions (Table 1).

RISK OF BIAS

All studies ultimately were classified as having an
unclear risk of bias, and the agreement between the
assessors was high (� � 0.86). Because of important

issing information in the Methods sections of the
eports and unfruitful efforts at contacting the inves-
igators, it was not possible to further specify the risk
f bias (Fig 2). Requests for methodologic and result

nformation were sent to 15 investigators; 3 provided
nformative responses. Sequence generation and allo-
ation concealment constituted the most common
nreported methodologic issue. All trials achieved
ull, or nearly full, follow-up.

One study reported that the investigators did not
ave conflicts of interest18; other studies provided no
onflict information.

TREATMENT EFFECT

Primary Outcomes

Pain. All but 1 trial25 evaluated pain (Table 2). At
postoperative days 3 (RR, 1.30; 95% CI, 0.91 to 1.85;
heterogeneity, P � .008, I2 � 71%; SMD, �0.29; 95%
CI, �0.63 to 0.05; heterogeneity, P � .00001, I2 �
96%; Figs 3A, 4A) and 7 (RR, 1.07; 95% CI, 0.94 to
1.22; heterogeneity, P � .05, I2 � 58%; SMD, 0; 95%

I, �0.19 to 0.19; heterogeneity, P � .002, I2 � 79%;

Table 4. SPECIFIC CHARACTERISTICS OF TRIALS ASSESS

Study Design Method for Tris

ello et al17 Parallel Distance between c
(mean of 3 readin

erqueira et al9 Split-mouth Maximum mouth o
hukwuneke
et al20

Parallel Distance between r
(cm) using denta

Osunde et al21 Parallel Distance between r
with vernier calip
readings)

Rakprasitkul and
Pairuchvej24

Split-mouth Distance between c
(mm)

efo’a et al19 Parallel Distance between c
(mm)†

Sağlam25 Split-mouth Distance between c
(mm)

rinivas26 Split-mouth Distance between c
(mm)

avier et al27 Split-mouth Distance between c
using flexible rul

bbreviation: SD, standard deviation.
*This study was not included in the meta-analysis becaus
†Standard error estimated from P values.
‡A pooled SD was estimated.
Carrasco-Labra et al. Closure Techniques in Third Molar Extraction. J O
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igs 3B, 4B), there was no difference between closure
echniques. None of the a priori hypothesis explained
he heterogeneity.

Facial swelling. Twelve studies reported facial
welling.8,9,17-21,23-27 Two25,26 used the method of
min and Laskin,28 but vertical and horizontal facial
eferences were reported independently and it was
ot possible to estimate the SD; therefore, these stud-

es were not included in the meta-analysis. In these 2
rials, there was no difference between the closure
echniques in the horizontal or vertical components.
he trials conducted by Danda et al23 and Pasqualini

et al8 were not included in the meta-analysis because
visual analog scale was used to measure this out-

ome (Table 3). Both trials measured the outcome at
ifferent time points and reported a statistically sig-
ificant decrease in facial swelling at postoperative
ays 38 (MD, 0.85; 95% CI, 0.69 to 1.01) and 723 (MD,
.54; 95% CI, 0.30 to 0.77); (both on a 5-U/cm visual
nalog scale) with secondary closure. Hashemi et al18

and Refo’a et al19 measured the outcome using only a
vertical component; hence, these studies were ex-
cluded from the meta-analysis. In these 2 trials, pa-
tients in the secondary closure arm had less mean
swelling than those in the primary closure arm at
postoperative days 3 (Hashemie et al18: MD, �8 mm;

� .005; Refo’a et al19: MD, �7.9 mm; P � .001) and
(Hashemie et al18: MD, �4.2; P � .005; Refo’a et

l19: MD, �4.6 mm; P � .001). For the trial published

RISMUS

ssessment
Outcome Assessment
(Postoperative Days)

Imputation
of SD

incisors 2, 5, 7 No

(cm) 1, 3, 7, 15 Yes
entral incisors
ers (cm)

1, 3, 5 No‡

entral incisors
; mean of 3

1, 2, 3, 5, 7 No‡

incisors 3, 7 Yes

incisors 1, 3, 7 No‡

incisors 1, 2, 3, 7 Yes

incisors 1, 2, 3, 7 Yes

incisors
)

3, 7, 15 Yes

outcome was reported as a percentage of mouth opening.
ING T

mus A

entral
gs)*

pening
ight c
l calip
ight c
er (cm

entral

entral

entral

entral

entral
er (mm

e the
ral Maxillofac Surg 2012.
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by Refo’a et al,19 the results had to be derived from a
graph.

At postoperative days 3 (SMD, �0.37; 95% CI,
�0.76 to 0.02; heterogeneity, P � .03, I2 � 64%; Fig
A) and 7 (SMD, �0.15; 95% CI, �0.39 to 0.10;
eterogeneity, P � .006, I2 � 72%; Fig 5B), the re-
aining 5 trials failed to provide convincing evidence

f a treatment effect. None of the a priori hypotheses
xplained the heterogeneity.

FIGURE 6. Secondary versus primary closure technique for the out
SE, standard error.
Carrasco-Labra et al. Closure Techniques in Third Molar Extraction. J O
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Trismus. Nine studies evaluated postoperative
rismus,9,17,19-21,24-27 all of which measured the max-

imum mouth opening at the specified time points.
Five split-mouth trials9,24-27 reported unpaired SDs;
the paired SD was imputed using a correlation coef-
ficient. Of the 4 parallel-group studies, the pooled SD
was calculated by assuming equal variances between
groups in 3 studies19-21 (Table 4); in the fourth
study,17 the investigators reported trismus as the per-

ismus at postoperative days A, 3 and B, 7. CI, confidence interval;
come tr
ral Maxillofac Surg 2012.

linicalKey.es por Elsevier en noviembre 22, 2019.
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centage of mouth opening and this study was ex-
cluded from the meta-analysis. This study failed to
show statistically significant differences in the mean
percentage of trismus between groups. The pooled
analysis showed that at postoperative day 3, the sec-
ondary closure decreased trismus by 3.72 mm (MD,
3.72; 95% CI, 1.42 to 6.03; heterogeneity, P � .00001,
I2 � 92%; Fig 6A). At postoperative day 7, a 2.35-mm

ifference in mean trismus was detected in favor of

FIGURE 7. Secondary versus primary closure technique for the o
infection). CI, confidence interval: M-H, Mantel-Haenszel.

Table 5. SPECIFIC CHARACTERISTICS OF TRIALS ASSESS
AND/OR SURGICAL WOUND INFECTION

Study Design Infectiou

kota et al22 Split-mouth Disintegration
bone, increas
irradiating pa
no or low-int
exudate and/

Bello et al17 Parallel Dry socket, pa
socket witho
patient with
without pain
suppurative s

Danda et al23 Split-mouth Alveolar osteiti
ashemi et al18 Split-mouth Postoperative i

outcome defi
Pasqualini et al8 Parallel Suppurative alv

outcome defi
Refo’a et al19 Parallel Infection or alv

Abbreviation: NR, nor reported.
*In this review, infectious complication was considered

infection).

Carrasco-Labra et al. Closure Techniques in Third Molar Extract
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he use of secondary closure techniques (MD, 2.35;
5% CI, 0.37 to 4.33; heterogeneity, P � .00001, I2 �

88%; Fig 6B). None of the a priori hypotheses ex-
plained the heterogeneity.

Secondary Outcomes

Infectious complications. Of 6 studies that re-
ported infectious complications,8,17-19,22,23 217,22 clearly

efined alveolar osteitis and surgical-site infection

infectious complications (alveolar osteitis and/or surgical wound

NFECTIOUS COMPLICATIONS: ALVEOLAR OSTEITIS

plications Definitions*
Outcome Assessment
(Postoperative Days)

d clot, exposure of alveolar
in in alveolus region, and/or
r an intermediate period of
pain, foul odor, and
in socket

6

ith painful and necrotic
puration; socket infection,
y of pus discharge with or
ing about �1 week, a
with or without fever

2, 5, 7, 1 mo

ome definition NR 7
n or alveolar osteitis;
NR

7

with reinfection of socket;
NR

6

; outcome definition NR NR

posite outcome (alveolar osteitis and/or surgical wound

ral Maxillofac Surg 2012.
utcome
ING I

s Com

of bloo
ed pa
in afte
ensity
or pus
tient w
ut sup
histor
, bleed
ocket
s; outc
nfectio
nition
eolitis
nition
eolitis

a com
ral Maxillofac Surg 2012.
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and specified the way the outcome was adjudicated
(Table 5). The point estimate suggested a large ben-
efit for secondary closure, but the CI included a large
benefit for primary closure (RR, 0.51; 95% CI, 0.18 to
1.47; heterogeneity, P � .19, I2 � 37%; Fig 7). Two
studies18,19 reported no events for this outcome.
None of the proposed hypotheses explained the
heterogeneity.

Postoperative bleeding. Of 4 studies measuring
postoperative bleeding,8,17,18,24 28,18 reported no

emorrhage up to 6 and 7 days after surgery. One
tudy24 used an ordinal scale with 4 categories, from

0 to 3, using a visual method in which patients were
required to bite on a gauze pad that was changed
every 2 hours (Table 6). The results suggested a lower
incidence of bleeding in surgical wounds treated with
secondary closure (secondary closure with at least
minimum bleeding, 16/23; primary closure with at
least minimum bleeding, 22/23; RR, 0.73; 95% CI,
0.55 to 0.97). The fourth trial17 reported that 20
patients (62.5%) developed bleeding, 15 (75%) in the
secondary closure group and 5 (25%) in the primary
closure group (RR, 3.15; 95% CI, 1.26 to 7.86). Be-
cause the outcome definition and follow-up for this
outcome were not consistent across trials, a pooled
estimate was not calculated.

SENSITIVITY ANALYSES

The sensitivity analyses for the outcomes pain and
facial swelling suggested no important differences.

For trismus at postoperative days 3 (MD, 4.77; 95%
CI, �0.62 to 10.17; heterogeneity, P � .001, I2 �
7%) and 7 (MD, 1.98; 95% CI, �4.80 to 8.77; heter-
geneity, P � .01, I2 � 84%), the results were no

longer statistically significant when only parallel-
group trials were included.19-21 When the correlation

etween the 2 sides in the split-mouth designs was
hanged, no important differences in the effect esti-

Table 6. SPECIFIC CHARACTERISTICS OF TRIALS ASSESS

Study Design Type of Outcome

ello et al17 Parallel Dichotomous Rea
bl

Hashemi et al18 Split-mouth Dichotomous Exc
asqualini et al8 Parallel Dichotomous Hem

Rakprasitkul and
Pairuchvej24

Split-mouth Ordinal Deg

*Grades 0 to 3 according to degree of bleeding measured i

Carrasco-Labra et al. Closure Techniques in Third Molar Extract
ates were found. 2
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PUBLICATION BIAS

Because no more than 7 studies were included in
any meta-analysis, funnel plots could not be used to
assess publication bias.33

CONFIDENCE IN ESTIMATES OF EFFECT

All outcomes at postoperative days 3 and 7 pro-
vided low to very low confidence in the estimates
(quality of evidence; Tables 7, 8), with serious limita-
tions in the risk of bias, inconsistency, and impreci-
sion.

Discussion

SUMMARY OF RESULTS

The included RCTs suggested that primary and sec-
ondary closure techniques differ little in postopera-
tive pain and facial swelling. However, the trials were
fraught with problems for risk of bias, inconsistency,
and imprecision. Thus, they warranted only low to
very low confidence in the estimates, leaving open
the possibility that there could be substantial benefits
for either technique. The results suggested that pa-
tients who undergo a secondary closure may develop
less trismus on average at postoperative days 3 (MD,
3.75 mm; 95% CI, 1.42 to 6.03 mm; P � .002) and 7
(MD, 2.35 mm; 95% CI, 0.37 to 4.33 mm; P � .02),
although the effects were small and confidence in the
estimates was low.

Six studies that measured the occurrence of alveo-
lar osteitis and/or surgical-site infection failed to de-
tect a difference between the groups. The heteroge-
neity in this meta-analysis was moderate (I2 � 37%),
nd the subgroup analysis hypotheses tested were not
ble to explain the variation in the results (see evi-
ence profile in Tables 7, 8); overall, the reviewers
ave low confidence in the effect estimates.
Estimates have suggested the incidence of alveolar

steitis after surgical removal of the IMTM is 9.5% to
4.4%, and the incidence of surgical-site infection is

LEEDING

Outcome Definition
Follow-Up

(Postoperative Days)

ry bleeding, patient complained of
48 hr postoperatively

2

bleeding or oozing 7
ge, formal definition not reported 6
bleeding* 6

e bit by the patients.

ral Maxillofac Surg 2012.
ING B

ctiona
eeding
essive
orrha

ree of

n gauz
% to 4%.34,35 Of the 14 eligible studies, 8 provided
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no information on the occurrence of infectious com-
plications. The events are important: they appear to
be relatively frequent and can be associated with
severe and prolonged pain. Indeed, surgical-site infec-
tion and postoperative bleeding are some of the main
arguments that surgeons and investigators use to jus-
tify one technique over the other.6-9 Clarifying the
mpact of the two procedures on these outcomes

ould require much larger trials.
Four trials reported postoperative bleeding, show-

ng extreme variability: in 2, there was no bleeding in
ither group; the numbers of bleeding events in the
rimary and secondary closure techniques were 22
nd 16 in the third trial and 5 and 15 in the fourth.
wo of these studies8,18 did not report any approach

to the measurement process or the outcome defini-
tion (Table 6). The effect of the interventions on
bleeding remains uncertain.

None of the prespecified subgroup hypotheses or a
post hoc exploration of the possible impact of pre-
and/or postoperative antibiotic prophylaxis and non-
steroidal anti-inflammatory drugs provided an expla-
nation for the detected heterogeneity. The paucity of
detail regarding the conduct of these trials prevented
an effective exploration of the risk of bias as a poten-
tial explanation.

CONFIDENCE IN ESTIMATES OF EFFECT

All outcomes were classified as warranting low to
very low confidence in the effect estimates (Tables 7,
8). The more serious threats undermining confidence
were the risk of bias, imprecision of the results, and
the inconsistency that exploration of subgroup hy-
potheses failed to explain. Trismus showed a possible
benefit of the secondary closure over the primary
closure technique, but the effect, if true, is likely to be
small and not significant to patients, and confidence
in the estimates is low owing to limitations in the risk
of bias and inconsistency.

STRENGTHS AND LIMITATIONS OF THIS REVIEW

The strengths of this review include a comprehen-
sive search with no language restrictions, a search for
unpublished data, a standardized method for title and
abstract screening, study eligibility applied indepen-
dently and in duplicate, the explicit risk of bias assess-
ment using established criteria, and the application of
the GRADE system for assessing confidence in the
estimates. Although responses from the investigators
were limited, the reviewers’ efforts to contact them to
retrieve more information ensured that the reviewers
captured all accessible data. The necessity of imput-
ing paired SDs for some trials that used the split-
mouth design, especially for the outcome pain, could

weaken inferences from the present results. How-
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Table 8. EVIDENCE PROFILE: CONFIDENCE IN EFFECT ESTIMATES ASSESSMENT AND SUMMARY OF FINDINGS FOR SECONDARY AND PRIMARY CLOSURE
TECHNIQUE FOR PREVENTION OF POSTOPERATIVE COMPLICATIONS (FOLLOW-UP: 7TH POSTOPERATIVE DAY)

Summary of Findings

Quality Assessment Number of Patients Effect

Number of Studies Risk of Bias Inconsistency Indirectness Imprecision Publication Bias
Overall Quality of

Evidence Secondary Closure Primary Closure Relative (95% CI) Absolute

Pain (dichotomous)
5 Serious* No serious

inconsistency
No serious

indirectness
Serious‡ Unlikely Low 158/187 (84.5%) 143/187 (76.5%) RR 1.07 (0.94-1.22) 54 more per 1,000 (46 fewer

to 168 more)
Pain (continuous)

4 Serious* Serious† No serious
indirectness

Serious‡ Unlikely Very low 197 199 — MD 0 higher (0.19 lower to
0.19 higher)

Facial swelling
5 Serious* Serious† No serious

indirectness
Serious‡ Unlikely Very low 161 163 — SMD 0.15 lower (0.39 lower

to 0.1 higher)
Trismus

7 Serious* Serious† No serious
indirectness

No serious
imprecision

Unlikely Low 184 184 — MD 2.35 higher (0.37 to
4.33 higher)

Infectious complications
(alveolar osteitis
and surgical
wound infection)

6 Serious* No serious
inconsistency

No serious
indirectness

Serious‡ Unlikely Low 10/305 (3.3%) 21/307 (6.8%) RR 0.51 (0.18-1.47) 4 fewer per 100 (6 fewer to
3 more)

4.3%§ 2 fewer per 100 (5 fewer to
2 more)

Postoperative bleeding
4 Serious* Serious� No serious

indirectness
No serious

imprecision
Unlikely Low — — Not pooled¶ Not pooled¶

Abbreviations: CI, confidence interval; MD, mean difference; RR, relative risk; SMD, standardized mean difference.
*All studies were classified as having an unclear or a high risk of bias. Most studies judged to have an unclear risk of bias did not provide information on methodology.
†Substantial heterogeneity not explained by a priori subgroup hypotheses.
‡Large confidence intervals around effect estimates; the included trials had a small number of participants.
§Control group risk estimates were from the control arms of meta-analyses based on the included studies.
�Large clinical and outcome definition inconsistencies did not allow the calculation of a pooled estimate.
¶Because outcome definitions, follow-ups, and control event rates were not consistent across trials (0% to 95%), a pooled estimate was not calculated.

Carrasco-Labra et al. Closure Techniques in Third Molar Extraction. J Oral Maxillofac Surg 2012.
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ever, the sensitivity analyses proved robust to ex-
treme assumptions.

The reviewers could have chosen 4 possible ap-
proaches for including split-mouth trials in this sys-
tematic review14: 1) a narrative or qualitative sum-

ary using evidence tables only; 2) analyzing split-
outh studies as if they had a parallel 2-arm design; 3)
eta-analyzing separately only those split-mouth stud-

es reporting the paired SD from the parallel-group
rials; and 4) imputing a measurement representing
he similarities among the split-mouth trials using a
aired analysis and including all trials in the same
eta-analysis. The reviewers chose the last method

ecause it incorporates all possible relevant evidence.
he reviewers tested the assumptions used in this
pproach in a sensitivity analysis.

The risk of bias assessment showed serious defi-
iencies in the description of the Methods sections of
he included trials, reflecting nonadherence to recom-
endations of the Consolidate Standards of Reporting
rials statement.36 Most split-mouth trials failed to

account for the effect of each treatment, the effect of
side, and the effect of each subject on the outcome.
Moreover, a carry-across effect could have biased the
result of the trials; there is no statistical test to ac-
count for these effects.14 In consequence, the bias
hat could be introduced to the results of the split-
outh studies owing to a carry-across effect should

e justified biologically. Not only did none of the trials
ddress this issue, but also the investigators analyzed
nd reported the results as if these were from a
arallel 2-arm trial. Only 1 study tried to address the
aired nature of the data in the analysis; however, the
pproach used only accounts for the effect of each
ntervention and each side.

In summary, the small apparent treatment effects
uggest that there may not be important differences in
utcomes between the secondary and primary clo-
ure techniques in patients undergoing surgical re-
oval of an IMTM. However, the risk of bias and the
eterogeneity among trials produce a low confidence

n the estimates. The results of this review provide
ittle or no reason to choose either procedure.
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Appendix

SEARCH STRATEGY

Ovid MEDLINE (1948 Through December 2011)

1. Molar, Third/
2. third molar*.mp.
3. (wisdom adj (tooth or teeth)).mp.
4. 1 or 2 or 3
5. Tooth, Impacted/
6. (impact* adj3 (tooth or teeth or molar)).mp.
7. 5 or 6
8. Tooth Extraction/
9. Tooth Extraction.mp.

10. (remov* adj3 (tooth or teeth or molar)).mp.

11. 8 or 9 or 10

Descargado para Anonymous User (n/a) en University of Chile de C
Para uso personal exclusivamente. No se permiten otros usos sin autorización. 
12. (heal* adj3 (primar* or secondar*)).mp.
13. (heal* adj3 (primar* or secondar*)).mp.
14. (clos* adj3 (primar* or second*)).mp.
15. Drainage.mp. or Drainage/
16. Rubber/or rubber drain.mp.
17. Suture Technique.mp. or exp Suture Tech-

niques/
18. 12 or 13 or 14 or 15 or 16 or 17
19. Randomi?ed controlled trial.pt.
20. Controlled clinical trial.pt.
21. Randomi?ed.ab.
22. Placebo.ab.
23. Clinical trials as topic.sh.
24. Randomly.ab.
25. trial.ti.
26. 19 or 20 or 21 or 22 or 23 or 24 or 25
27. exp animals/not humans.sh.
28. 26 not 27
29. Pain/or Pain.mp. or Pain, Postoperative/
30. Trismus.mp. or Trismus/
31. Edema.mp. or Edema/
32. Swelling.mp.
33. 31 or 32
34. infections.mp. or exp Infection/
35. Alveolar osteitis.mp. or exp Dry Socket/
36. Surgical wound infection.mp. or exp Surgical

Wound Infection/
37. 34 or 35 or 36
38. 4 or 7 or 11 or 29 or 30 or 33 or 37
39. 18 and 28 and 38

Ovid EMBASE (1980 Through December 2011)

1. Molar, Third/
2. Third molar*.mp.
3. (Wisdom adj (tooth or teeth)).mp. [mp�title,

abstract, subject headings, heading word, drug
trade name, original title, device manufacturer,
drug manufacturer]

4. 1 or 2 or 3
5. Tooth, Impacted/
6. (Impact* adj3 (tooth or teeth or molar)).mp.

[mp�title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer]

7. 5 or 6
8. Tooth Extraction/
9. Tooth Extraction.mp.

10. (Remov* adj3 (tooth or teeth or molar)).mp.
[mp�title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer]

11. 8 or 9 or 10
12. (Heal* adj3 (primar* or secondar*)).mp.
[mp�title, abstract, subject headings, heading
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word, drug trade name, original title, device
manufacturer, drug manufacturer]

13. (Heal* adj3 (primar* or secondar*)).mp.
[mp�title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer]

14. (Clos* adj3 (primar* or second*)).mp.
[mp�title, abstract, subject headings, heading
word, drug trade name, original title, device
manufacturer, drug manufacturer]

15. Drainage.mp. or Drainage/
16. Rubber/or rubber drain.mp.
17. Suture Technique.mp. or exp Suture Tech-

niques/
18. 12 or 13 or 14 or 15 or 16 or 17
19. Pain/or Pain.mp. or Pain, Postoperative/
20. Trismus.mp. or Trismus/
21. Edema.mp. or Edema/
22. Swelling.mp.
23. 21 or 22
24. Infections.mp. or exp Infection/
25. Alveolar osteitis.mp. or exp Dry Socket/
26. Surgical wound infection.mp. or exp Surgical

Wound Infection/
27. 24 or 25 or 26
28. 19 or 20 or 23 or 27
29. 18 and 28
30. Randomized controlled trial/

31. 18 and 28 and 30

Descargado para Anonymous User (n/a) en University of Chile de C
Para uso personal exclusivamente. No se permiten otros usos sin autorización. 
CENTRAL (Issue 12, December 2011)

#1. MeSH descriptor Molar, Third explode all
trees

#2. MeSH descriptor Tooth, Impacted explode all
trees

#3. (#1 OR #2)
#4. Drain�

#5. Tube drain
#6. MeSH descriptor Drainage explode all trees
#7. Penrose
#8. Rubber drain*
#9. Secondary closure

#10. Primary closure
#11. (#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR 10)
#12. MeSH descriptor Pain explode all trees
#13. MeSH descriptor Trismus explode all trees
#14. Facial edema
#15. MeSH descriptor Edema explode all trees
#16. Swelling
#17. (#14 OR #15 OR #16)
#18. MeSH descriptor Infection explode all trees
#19. MeSH descriptor Dry socket explode all trees
#20. Alveolar osteitis
#21. MeSH descriptor Wound infection explode all

trees
#22. (#18 OR #19 OR #20 OR 21)
#22. (#12 OR #13 OR #17 OR #22)

#23. (#3 AND #11 AND #22)
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