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Abstract. This systematic review and meta-analysis was performed to investigate
whether methylprednisolone (MP) administered via any route improves
postoperative outcomes (pain, trismus, and oedema) following mandibular third
molar surgery. An electronic search of the PubMed, Scopus, Cochrane CENTRAL,
and Google Scholar databases was performed to identify studies published in
English up until January 2018. A total of 28 studies were included in the review: 25
randomized clinical trials (RCTs) and three controlled clinical trials. Studies were
grouped according to the route of administration of MP for qualitative and
quantitative analysis. Three studies were of ‘high’ quality and 22 were of ‘medium’
quality; three studies had a high risk of bias. Within the purview of the limitations of
this review, the results showed that MP administered via any route significantly
improves oedema in the early postoperative period, but has no effect on late
postoperative oedema. Oral and intra-masseteric MP also seems to reduce pain and
trismus in the early postoperative period. The results also indicate that oral MP may
reduce late postoperative pain, while intra-masseteric MP may improve the late
trismus outcome. More high quality RCTs are required to provide stronger evidence
on the use of MP in third molar surgery.
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The surgical removal of third molars is the
most common oral surgical procedure
performed worldwide. Due to the anatom-
ical position of impacted third molars,
both soft and hard tissue trauma occur
during surgery1. With the presence of
loose connective tissue and high vascular-
ity, even a meticulous surgical technique
can result in considerable postoperative
ons. Published by Elsevier Ltd. All rights reserved.
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discomfort2. As the difficulty of the sur-
gical extraction increases, the amount of
trauma to the surgical site as well as the
surrounding tissues increases proportion-
ately. A greater amount of tissue injury
leads to an increased amount of inflam-
mation in the peri-surgical area. For heal-
ing to occur, this inflammatory process is
necessary. Nevertheless, excessive in-
flammation often causes unnecessary
pain, oedema, and trismus in the postop-
erative period3. The patient’s quality of
life is greatly affected, severely hamper-
ing routine activities4.
A variety of methods have been used to

prevent postoperative complications after
third molar surgery, such as chlorhexidine
rinses5, systemic antibiotics6, low-level
laser therapy7, the use of piezoelectric
surgery8, and pre-emptive pharmacother-
apy, including corticosteroids3, analge-
sics9, and muscle relaxants10. Amongst
the drugs used, researchers have shown
considerable interest in the use of steroids
to improve postoperative outcomes3. Ross
and White were the first to confirm the
advantage of using oral hydrocortisone
against placebo in a double-blind study
involving third molar surgery11. Cortico-
steroids have an inhibitory action on the
enzyme phospholipase A2, which reduces
the release of arachidonic acid at the site
of inflammation. This diminished amount
of arachidonic acid reduces the stimula-
tion of neutrophils to release prostaglan-
dins and leukotrienes, and consequently
there is a lower intensity of postoperative
signs and symptoms12.
The literature contains numerous stud-

ies that have used methylprednisolone
(MP), betamethasone, triamcinolone, and
dexamethasone in third molar sur-
gery3,13,14. Among these, MP and dexa-
methasone are the most popular. The
effect of submucosal dexamethasone in
third molar surgeries has been reviewed
recently13,15. The meta-analysis by Chen
et al.13 suggests that dexamethasone sig-
nificantly reduces early and late oedema,
as well as early trismus after third molar
surgery, but that there is a lack of suffi-
cient evidence regarding the effects on late
trismus and pain. There remains a lack of
consensus on the use of MP to improve
postoperative sequelae after third molar
surgery, with authors using different
routes of administration of MP and report-
ing either no effect2 or significant im-
provement in postoperative outcomes14.
Therefore, the aim of this study was to

systematically review and critically ana-
lyse the available evidence in order to
answer the following clinical question:
Does MP administered via any route
improve postoperative outcomes (pain,
trismus, and oedema) following impacted
third molar surgery?

Materials and methods

Search strategy

This systematic literature review was per-
formed following the guidelines of the
PRISMA Statement (Preferred Reporting
Items for Systematic Reviews and Meta-
analyses)16 and the Cochrane Handbook
for Systematic Reviews of Interventions17.
An electronic search of the PubMed, Sco-
pus, CENTRAL (Cochrane Central Reg-
ister of Controlled Trials), and Google
Scholar databases was performed to iden-
tify papers published in the English lan-
guage up to January 2018. Free text words
and medical subject heading (MeSH)
terms were used. The search strategy
was conducted according to the PICOS
criteria: Population, Intervention, Com-
parison, Outcome, and Study design.
Key words for the ‘population’ were: mo-
lar [MeSH] OR third molar [MeSH] OR
impacted tooth [MeSH]; for the
‘intervention’ were: methylprednisolone
[MeSH] methylprednisolone succinate
[MeSH] OR steroids [MeSH] OR prednis-
olone [MeSH] OR third molar surgery
[all fields]; for the ‘comparison’ were:
methylprednisolone [MeSH] OR placebo
effect [MeSH]; for the ‘outcomes’ were
pain [MeSH] OR oedema [MeSH] OR
trismus [MeSH] OR post-operative [all
fields]. Study designs searched were ran-
domized clinical trials (RCTs) and con-
trolled clinical trials (CCTs). The
reference lists of the identified studies
and relevant reviews on the subject were
also scanned for additional possible stud-
ies. The clinical trials registry platforms
www.clinicaltrials.gov and www.
controlled-trials.com were searched for
any ongoing trials.

Eligibility criteria

Inclusion criteria were the following: stud-
ies on patients requiring mandibular third
molar surgery (‘population’), involving
the use of either preoperative, intraopera-
tive, or postoperative MP via any route
(‘intervention’) and comparison with the
use of a placebo (‘comparison’), and
assessments to include pain, trismus,
and/or oedema (‘outcomes’). Considering
only a minor difference between prednis-
olone and MP18,19, studies using prednis-
olone were also included. The term ‘MP’
is generally used for both drugs in this
review. Animal studies, retrospective
cohort studies, clinical series, case reports,
review papers, uncontrolled studies, and
studies for which the full text was unavail-
able were excluded.

Data collection and analysis

All relevant studies were analysed sepa-
rately by two reviewers (SAN and AJ)
based on the inclusion criteria listed above
for final selection. These two authors are
also the guarantors of this study. The
analysis was done first at the title and
abstract level and then at the full-text
level. Any disagreement was resolved
by discussion with a third reviewer
(IDR). Data extracted from the studies
included the authors, year of publication,
study type, randomization procedure,
allocation concealment, use of blinding,
number of patients, age and sex distribu-
tion of the sample, inclusion/exclusion
criteria, classification of impacted third
molars, time duration of the surgery, type
of intervention, use of pre- or postopera-
tive mouth rinse or antibiotics, outcome
measures, follow-up period, and drop-
outs. If necessary, the study authors were
contacted via e-mail for missing data.

Risk of bias in individual studies

The risk of bias was assessed with the
Cochrane Collaboration risk assessment
tool for RCTs20. For each study, the
following items were assessed for a low
risk, high risk, or unclear risk of bias:
random sequence generation, allocation
concealment, blinding of participants and
personnel, blinding of outcome assess-
ment, incomplete outcome data, selective
reporting, and other biases. The use of a
split-mouth design was one of the factors
included in the evaluation of the studies
for ‘other bias’.

Statistical analysis

The studies were divided into groups based
on the route of administration of MP for
systematic review and analysis. Final mean
and standard deviation (SD) scores were
used for the meta-analysis. A meta-analysis
was conducted only if there were at least
three studies of similar comparisons, report-
ing the same outcome measure. Review
Manager software (RevMan, version 5.3,
2014; Nordic Cochrane Centre (Cochrane
Collaboration), Copenhagen, Denmark) was
used for the data analysis. A random-effects
model was favoured to calculate the pooled
effect of the intervention. The weighted
mean difference (MD) or standard mean
difference (SMD) was used to construct
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forest plots of continuous data. The MD was
used when the outcomes were reported on
the same scale in the included studies, other-
wise the SMD was used. For continuous
variables, heterogeneity was evaluated using
the I2 statistic. This test estimates the per-
centage of variation between study results
that is due to heterogeneity rather than sam-
pling error. An I2 value of less than 40% was
considered unimportant, while a value of
more than 40% was viewed as moderate to
considerable heterogeneity.

Results

Search outcome

The search strategy revealed 636 records
(Fig. 1). After the removal of duplicates,
157 articles were analysed by their
abstracts. One hundred and fourteen articles
were excluded because of non-relevance.
The full text was not available for two
articles21,22, leaving a total of 41 articles
for full text analysis. Twelve studies were
excluded after full text review: three studies
comparing MP with dexamethasone23–25,
two with diclofenac26,27, one with serratio-
peptidase28, and one with celecoxib29, one
study comparing preoperative and postop-
erative administration of MP30, one com-
paring intra-masseteric vs. gluteal route of
administration of MP31, one comparing two
doses of MP32, and one study that reported
only the quality of life outcome4. The same
sample was duplicated in two articles33,34,
hence only one paper was considered33.
There were two articles by the same

authors in which the research was con-
ducted on the same sample35,36. In one
article, swelling was measured using a
patient-reported visual analogue scale
(VAS)35, while in the other article, ther-
mography was used36. Since these two
articles were of the same sample but with
a different outcome variable reported in
each paper, it was considered as a single
trial. Thus, 29 articles were included in the
systematic review, but with a total of 28
trials1,2,14,33,35–59. There were four studies
where more than one route of administra-
tion of MP was compared with place-
bo1,37,39,44. Studies were grouped
according to the route of administration
of MP.

Quality assessment

The quality assessment of individual trials is
presented in the Supplementary Material
(File S1). Only six trials provided informa-
tion on how the subjects were random-
ized2,14,35,39,41,53. A suitable method of
allocation concealment was reported in
eight studies1,14,35,37,41,45,53,54. Blinding of
the participants and personnel was clearly
reported in five studies35,41,45,53,59 and
blinding of outcome assessment in
four2,41,55,59. Nine studies reported a split-
mouth design41,45,47–49,52,56,58,59, while all
remaining studies used a parallel design.
Based on the analysis of the methodological
quality of the included studies, there were
three studies of ‘high’ quality35,45,59 and 22
of ‘medium’ quality1,2,14,33,37–41,43,46–56,58;
three studies had a high risk of bias42,44,57.

Characteristics of included studies

Of the 28 studies included in the review, 25
were RCTs1,2,14,33,35–41,43,45–56,58,59 and
three were CCTs42,44,57. Since CCTs can
have differences between groups that could
confound the differences in outcomes, all
three CCTs, which were also trials rated
with a high risk of bias, were excluded from
the meta-analyses. The characteristics of all
28 studies classified according to the route
of administration of MP are presented in
Tables 1–5. The total numbers of patients
(test group vs. placebo) reported in the
studies were 488 vs. 462 for oral MP, 225
vs. 232 for intravenous (IV) MP, 88 vs. 88
for intramuscular (IM) MP, 122 vs. 119 for
submucosal MP, and 128 vs. 128 for intra-
masseteric MP. The dosage and time of
administration of drug varied across stud-
ies. The MPdose varied from8 mgto80 mg
viaoral route, 20 mgto125 mgviaIVroute,
20 mg to 40 mg via IM route, 10 mg to
40 mg via submucosal route, and 20 mg
to 40 mg via intra-masseteric route.

Oral administration

In one study, combinations of lidocaine,
bupivacaine, and oral MP were compared
in a crossover trial35. To avoid bias, it was
decided not to include the outcome variable
‘pain’ from this study in this review and
meta-analysis. Of eight studies (Supple-
mentary Material, File S2) comparingoral
MP with placebo for the outcome variable
‘pain’37–39,41–45, five reported sufficient da-
ta for a meta-analysis37–39,41,43. One study
had two subgroups43; hence there were a
total of six groups for the analysis. There
was a significant reduction in pain in the
early postoperative period (2–3 days) with
the use of oral MP (random-effects:
SMD = �0.45, 95% CI �0.78 to �0.13;
P = 0.007; I2 = 68%) (Fig. 2A). Similarly,
analysis of the same studies showed a sig-
nificant reduction in pain in the late post-
operative period (7 days) (random-effects:
SMD = �0.49, 95% CI �0.78 to �0.20;
P = 0.001; I2 = 60%) (Fig. 2B).
The characteristics of studies reporting
the outcome ‘trismus’ with the use of oral
MP are presented in the Supplementary
Material (File S3). Sufficient data were
available in six studies for the meta-
analysis1,35,37–39,41. Patients on oral MP
had better mouth opening in the early
postoperative period (random-effects:
MD = 6.11, 95% CI 1.19 to 11.03;
P = 0.01; I2 = 96%) (Fig. 2C); however
there was no significant difference in
mouth opening in the late postoperative
period between the two groups (random-
effects: MD = 2.63, 95% CI �3.29 to
8.55; P = 0.38; I2 = 97%) (Fig. 2D). Of
the five studies not included in the
meta-analysis, one used patient-reported
trismus on a VAS and found no difference
in the early or late postoperative period43.
Two trials reported a significant difference
in mouth opening in both the early and late
postoperative period40,42, while the other
two showed no difference at both time
intervals44,45.
Ten studies (Supplementary Material,

File S4) measured postoperative oedema
with oral MP1,36–39,41–45, of which four
reported adequate data for a meta-
analysis1,37–39. However, in one of the
studies, a statistically significant differ-
ence in baseline facial measurements
was seen between the experimental and
control groups (P = 0.009)38. Hence, this
study was excluded from the meta-analy-
sis. The results of the remaining three
studies indicated that while oral MP had
a significant effect on oedema in the early
postoperative period (random-effects:
SMD = �0.56, 95% CI �0.84 to �0.28;
P < 0.0001; I2 = 0%) (Fig. 2E), there was
no significant difference in oedema in the
late postoperative period (random-effects:
SMD = �0.27, 95% CI �0.54 to 0.01;
P = 0.06; I2 = 0%) (Fig. 2F). Of the
remaining six studies36,41–45, one used
thermography, which the authors found
not to be sensitive enough for the mea-
surement of oedema36. One study used
patient-reported oedema outcomes and
found no difference in the early or late
postoperative period43. Four trials noticed
a significant difference in oedema in the
early postoperative period41,42,44,45, and
two in the late postoperative period38,44.

Intravenous administration

The outcome assessments for pain, trismus,
and oedema by the studies reporting the use
of IV MP are presented in the Supplemen-
tary Material (Files S5, S6, and S7, respec-
tively). There was one study in which in
addition to IV administration of MP, oral
MP was prescribed postoperatively for 2
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Fig. 1. Flowchart of the study selection process.
days47. This study was not included in the
meta-analysis. With regard to the 11 studies
in the IV group1,37,46–54, there was consid-
erable variation in the time and method of
assessment of postoperative pain and oede-
ma in addition to incomplete reporting of
data. Hence a meta-analysis was not
performed for these variables. Six studies
reported no difference in early postopera-
tive pain between the experimental and
control groups37,48,50,51,53,54. Three studies
reported a significant difference in pain
reduction on either the first postoperative
day46,52 or during the early postoperative
period47. Five studies reported late effects
of IV MP on pain, with none demonstrating
a significant difference between the
groups37,47,49,52,54.
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Table 1. Characteristics of studies reporting the use of oral methylprednisolone.

Authors
(year) >Study design Age, yearsa Sex Impaction typeb

Duration of
surgery, mina

Number of
patients

Intervention
Mouth rinse
used (days)

Antibiotic
used (days)

E C

Mukund et al.37 (2017) RCT NR NR NR NR 30 30 Preop. 20 mg MP Preop. Yes (5)
Selimovi�c et al.40 (2017) RCT 18–45 19M, 41F Class 2 NR 20 20 32 mg MP 1 h before surgery and

12 h after surgery
NR NR

Prashar et al.38 (2016) RCT 19–40 NR NR NR 15 15 Postop. 8 mg MP every 8 h for
3 days

Preop. NR

Ibikunle et al.39 (2016) RCT 28.1 � 7.4 69M, 117F NR NR 62 62 Preop. 40 mg prednisolone NR NR
Koçer et al.1 (2014) RCT 29.6 � NR 18M, 26F NR NR 11 11 Preop. 20 mg MP Preop. Yes (5)
Christensen et al.35,36 (2013, 2014)cRCT 25.04 � 4.45 69M, 57F NR E: 29.26 � 12.82

C: 32.51 � 15.13
126c

/124
126
/124

Preop. 32 mg; 16 mg in the
morning and 16 mg in the evening
on the day
after surgery

Postop. (7) Yes (7)

Acham et al.41 (2013) RCT 23 � 9 6M, 10F Class 1, 2, 3
Level A, B, C

NR 16 16 Patients with a BW <60 kg
received 40 mg MP;
patients with a BW 60–80 kg
received 60 mg; patients with
a BW >80
kg received a dosage of 80 mg;
administered preop.

NR Yes (5)

Tiigimae-Saar et al.42 (2010) CCT 17–63 21M, 57F NR 15–60 38 40 Postop. 30 mg prednisolone NR NR
Kang et al.43 (2010) RCT 20–30 NR NR NR G1:60

G2:64
96 G1: Preop. 10 mg prednisolone

G2: Preop. 20 mg prednisolone
NR Preop. and

postop. (3)
Gataa44 (2009) CCT 22.05 � NR 24M, 36F NR NR 20 20 Preop. 10 mg MP NR Yes (3)
Schultze-Mosgau et al.45 (1995) RCT 13–26 7M, 33F NR NR 26 26 32 mg MP 12 h before surgery

and 12 h after surgery with
ibuprofen in E group

NR NR

BW, body weight; C, control group; CCT, controlled clinical trial; E, experimental group; F, female; G1, group 1; group 2; M, male; MP, methylprednisolone; NR, not reported; Postop., postoperative;
Preop., preoperative; RCT, randomized controlled trial.

a Age and duration of surgery are reported as the mean � standard deviation, or range.
b Pell and Gregory classification.
c Two papers with same sample: 126 patients evaluated for trismus and 124 patients for swelling.
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Table 2. Characteristics of studies reporting the use of intravenous methylprednisolone.

Authors
(year)

Study
design

Age,
yearsa Sex

Impaction
typeb

Duration of
surgery, mina

Number
of

patients
Intervention

Mouth rinse
used (days)

Antibiotic
used (days)

E C

Mukund et al.37 (2017) RCT NR NR NR NR 30 30 Postop. 20 mg MP Preop. Yes (5)
Ilhan et al.46 (2014) RCT 18–40 19M, 41F NR E: 25.70 � 0.98

C: 23.80 � 0.79
20 20 Preop. 80 mg MP Yes (NR) Yes (NR)

Koçer et al.1 (2014) RCT 29.6 � NR 18M, 26F NR NR 11 11 Postop. 20 mg MP Preop. Yes (5)
Kaur et al.47 (2014) RCT 18–40 13M, 22F NR NR 35 35 Preop. 125 mg MP IV

followed by 16 mg oral in the
evening after surgery and
6 mg oral every 8 h for 2
days

NR NR

Esen et al.48 (1999) RCT 29.6 � 0.43 9M, 11F Class 1, 2
Level A, B

NR 20 20 Preop. 125 mg MP NR Yes (5)

Milles and Desjardins49 (1993) RCT 20–35 9M, 2F NR NR 11 11 16 mg oral MP 12 h preop.
and 20 mg MP IV preop.

NR No

Hyrkäs et al.50 (1993) RCT 24.7 � 0.6 13M, 39F Class 1, 2
Level A, B

NR 36 36 Preop. 40 mg MP NR Yes (7)

Troullos et al.51 (1990) RCT 21 � 3 15M, 21F NR NR 9 14 Preop. 125 mg MP NR NR
Holland52 (1987) RCT 23.35 � NR 8M, 12F NR E: 5.45 � 5

C: 5.14 � 4
20 20 Preop. 40 mg MP NR NR

Beirne and Hollander53 (1986) RCT 16–33 15M, 16F NR NR 15 16 Preop. 125 mg MP NR Yes (5)
Sisk and Bonnington54 (1985) RCT 19.24 � 4.1 17M, 20F NR NR 18 19 Preop. 125 mg MP NR NR

C, control group; E, experimental group; F, female; IV, intravenous; M, male; MP, methylprednisolone; NR, not reported; Postop., postoperative; Preop., preoperative; RCT, randomized controlled
trial.

a Age and duration of surgery are reported as the mean � standard deviation, or range.
b Pell and Gregory classification.
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Table 3. Characteristics of studies reporting the use of intramuscular methylprednisolone.

Authors
(year)

Study
design

Age,
yearsa Sex

Impaction
typeb

Duration of
surgery, mina

Number of
patients

Intervention
Mouth rinse
used (days)

Antibiotic
used (days)

E C

Mukund et al.37 (2017) RCT NR NR NR NR 30 30 Postop. 20 mg MP Preop. Yes (5)
Eroglu et al.55 (2015) RCT 21.83 � NR 13M, 23F Class 2

Level B
16.32 12 12 Preop. 40 mg MP and 20 mg

24 h after surgery
Yes (7) NR

Micó-Llorens et al.56 (2006) RCT 22 � 2.8 15M, 16F Class 2
Level B

E: 22 � 6.4
C: 21.1 � 5.4

31 31 Postop. 40 mg MP Yes (15) Yes (7)

Buyukkurt et al.33 (2006) RCT 30 � NR 19M, 11F NR NR 15 15 Postop. 25 mg prednisolone NR Yes (5)

C, control group; E, experimental group; F, female; M, male; MP, methylprednisolone; NR, not reported; Postop., postoperative; Preop., preoperative; RCT, randomized controlled trial.
a Age and duration of surgery are reported as the mean � standard deviation, or range.
b Pell and Gregory classification.

Table 4. Characteristics of studies reporting the use of submucosal methylprednisolone.

Authors
(year)

Study
design

Age,
yearsa Sex

Impaction
typeb

Duration of
surgery, mina

Number
of

patients
Intervention

Injection
site

Mouth rinse
used (days)

Antibiotic
used (days)

E C

Chugh et al.2 (2018) RCT 29.7 � NR 38M, 22F Class NR
Position A, B, C

20–35 min 20 17 Preop. 40 mg MP Buccal submucosal
area

Postop. Yes (NR)

Lim and Ngeow14 (2017) RCT 21–39 8M, 32F Class 2
Position B

E: 19.9 � 3.0
C: 19.5 � 3.3

20 20 Preop. 40 mg MP acetate Buccal submucosal
area

Preop. Yes (5)

Ibikunle et al.39 (2016) RCT 28.1 � 7.4 69M, 117F NR NR 62 62 Preop. 40 mg prednisolone NR NR Yes (5)
Gataa44 (2009) CCT 22.05 � NR 24M, 36F NR NR 20 20 Preop. 10 mg MP In the gingiva at the site

of surgery
NR Yes (3)

C, control group; CCT, controlled clinical trial; E, experimental group; F, female; M, male; MP, methylprednisolone; NR, not reported; Postop., postoperative; Preop., preoperative; RCT, randomized
controlled trial.

a Age and duration of surgery are reported as the mean � standard deviation, or range.
b Pell and Gregory classification.
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Table 5. Characteristics of studies reporting the use of intra-masseteric methylprednisolone.

Authors
(year)

Study
design

Age,
yearsa Sex

Impaction
typeb

Duration of
surgery, mina

Number of
patients

Intervention

Mouth
rinse

used (days)
Antibiotic
used (days)

E C

Mukund et al.37 (2017) RCT NR NR NR NR 30 30 Postop. 20 mg MP Preop. Yes (5)
Koçer et al.1 (2014) RCT 29.6 � NR 18M, 26F NR NR 11 11 Postop. 20 mg MP Preop. Yes (5)
Chaurand-Lara and Facio-Umaña57 (2013) CCT 23.31 � 10.03 14M, 18F NR NR 32 32 Postop. 20 mg MP acetate NR Yes (5)
Kaur et al.58 (2011) CCT 23.9 � NR 12M, 8F NR NR 20 20 Postop. 20 mg MP acetate Preop. and

postop.
(15)

Yes (5)

Vegas-Bustamante
et al.59 (2008)

RCT 25 � 5 53%M
46%F

NR NR 35 35 Postop. 40 mg MP Postop.
(15)

Yes (7)

C, control group; CCT, controlled clinical trial; E, experimental group; F, female; M, male; MP, methylprednisolone; NR, not reported; Postop., postoperative; Preop., preoperative; RCT, randomized
controlled trial.

a Age and duration of surgery are reported as the mean � standard deviation, or range.
b Pell and Gregory classification.
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Fig. 2. Forest plot of oral methylprednisolone vs. placebo for the event (A) pain, early; (B) pain, late; (C) trismus, early; (D) trismus, late; (E)
oedema, early; (F) oedema, late.
Four studies were included in the meta-
analysis for trismus1,37,48,54. Results were in-
significant for both the early (random-effects:
MD = 3.15, 95% CI �2.14 to 8.44; P = 0.24;
I2 = 95%) (Fig. 3A) and late time intervals
(random-effects: MD = 2.22, 95% CI �0.95
to 5.39; P = 0.17; I2 = 85%) (Fig. 3B). Addi-
tionally, three studies that did not report
numerical data on trismus also did not find
any significant difference in mouth opening
during the early49–51 or late49 time intervals.
Two studies used the change in inter-incisal
mouthopeningtorecordtrismus;onereported
a significant difference46, while the other
reported no difference in the early postopera-
tive period53.
Nine of 10 studies that measured oedema

found a significant reduction in swelling in
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Fig. 3. Forest plot of intravenous methylprednisolone vs. placebo for the event (A) trismus, early; (B) trismus, late.
the early postoperative period37,46–49,51–54.
Only four studies commented on late post-
operative oedema, with none reporting a
significant difference between the
groups37,47,52,54.

Intramuscular administration

Three studies measured postoperative
pain after IM MP (Supplementary Ma-
terial, File S8)33,37,56. Due to insuffi-
cient data, a meta-analysis was not
conducted. The studies concluded that
there was no difference in pain after IM
MP either in the early37,56 or late37

postoperative period.
Data of three studies (Supplementary

Material, File S8) reporting on early trismus
were combined for a meta-analysis, which
demonstrated no significant difference in
mouth opening between the two groups (ran-
dom-effects: MD = 0.40, 95% CI �3.21 to
4.02; P = 0.83; I2 = 72%) (Fig. 4A)33,37,56.
Since late outcome data were unavailable for
one study56, a meta-analysis for late trismus
Fig. 4. Forest plot of intramuscular methylpred
was not performed. All of the three trials
inferred that IM MP does not reduce trismus
in the late postoperative period33,37,56.
The meta-analysis of three studies

(Supplementary Material, File S8)
found a significant reduction in oedema
in the early postoperative period with the
use of IM MP (random-effects:
MD = �3.38, 95% CI �5.12 to �1.64;
P = 0.0001; I2 = 0%) (Fig. 4B)33,37,56.
One study, which was not included in
the analysis, that used ultrasonography
to evaluate oedema, also reported a sig-
nificant reduction in early swelling with
the use of IM MP55. Three studies com-
mented on late oedema, of which two
reported no difference37,56, while one
reported a significant difference at 7
days33.

Submucosal administration

With regard to the four studies in the
submucosal group (Supplementary Ma-
terial, File S9)2,14,39,44, numerical data for
nisolone vs. placebo for the event (A) trismus, e
pain, trismus, and oedema were unavail-
able for one study14. Another study could
not be included in the analysis since it was
a CCT with a high risk of bias44. Hence, a
meta-analysis was not conducted for any
variable. For early postoperative pain and
trismus, two studies reported a significant
difference between MP and placebo14,39,
while two reported no difference2,44. For
late postoperative pain2,14,44 and tris-
mus2,39,44, the majority of the studies
reported no significant effect of MP.
While three of four studies reported a
significant effect of MP in reducing early
postoperative oedema14,39,44, there was no
consensus on the reduction of late postop-
erative oedema.

Intra-masseteric administration

Although there were five studies compar-
ing intra-masseteric MP with
placebo1,37,57–59, a meta-analysis could
not be conducted due to differences in
methods of outcome assessment amongst
arly; (B) oedema, early.
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the studies, incomplete reporting of nu-
merical data59, and the presence of a
CCT57 (Supplementary Material, File
S10). The majority of the studies reported
a significant reduction in pain57–59 and
trismus1,58,59 with MP in the early post-
operative period. Late pain outcomes were
analysed in two trials, which found no
effect of the drug37,58. Four trials reported
late trismus outcomes1,37,58,59, of which
three noted a significant benefit with
MP1,58,59. All five studies reported a sig-
nificant reduction in early postoperative
oedema with MP. However, no consensus
was found for a reduction in late postop-
erative oedema among the five studies.

Discussion

A number of narrative reviews have been
published in the literature analysing the
role of corticosteroids in third molar sur-
geries3,19,60. However, none have focused
specifically on MP, and no meta-analysis
exploring evidence for its use has been
conducted to date. The focus of this review
was therefore to analyse the role of MP in
improving oedema, trismus, and pain after
impacted mandibular third molar surgery.
The major action of corticosteroids is

suppression of all stages of inflammation.
They decrease capillary vasodilatation, leu-
kocyte migration and phagocytosis, inhibit
the production of vasoactive substances
such as prostaglandins and leukotrienes,
and decrease the number of chemical attrac-
tants such as cytokines2,3,19. The overall
effect is a reduction in inflammation and
thereby oedema. On qualitative review and
meta-analysis of the existing literature, it
was found that there is a significant reduc-
tion in early postoperative oedema with the
use of MP administered by any route.
For the few studies reporting no effect

of MP on early postoperative oedema2,43,
the concept of ‘rebound oedema’ has been
put forward2. Considering the half-life of
MP, which is 12–36 h, some authors have
suggested that the effect of the drug wears
off rapidly and a rebound increase in
swelling is seen on the second or third
postoperative day2,53. This can occur with
most forms of single-use corticosteroid,
like dexamethasone sodium phosphate
and MP sodium succinate, as the effect
wears off in 1 day. Milles and Desjardins
have suggested the use of MP acetate,
which is a sustained release form of MP
with a longer duration of action49. The use
of dexamethasone, which has a longer
half-life, and even the use of multiple
steroid doses have been recommended
to overcome this issue14,38. The rebound
phenomenon is, however, not universally
reported. Acham et al.41 specifically stud-
ied the rebound phenomenon of MP as a
secondary outcome variable. Over a fol-
low-up period of 3 days, the authors did
not find any rebound phenomenon and
concluded that there is no need for multi-
ple steroid administration. A possible
explanation for this is that corticosteroids
inhibit the production of prostanoids as
well as neutrophils. Neutrophils could be-
come ‘deactivated’ during their life-span
of 1–2 days until being replaced by new
neutrophils. By this time, levels of inflam-
matory mediators are lower and are unable
to elicit another full blown inflammatory
reaction14.
Another reason for the non-effective-

ness of steroids could be inadequate dos-
ing. For a significant anti-inflammatory
action, the dose should range from
80 mg to 625 mg of hydrocortisone equiv-
alent anti-inflammatory dosage, which in
the case of MP is 16–125 mg38. Hence,
studies using only a single 10 mg dose of
MP may not have found the drug to be
effective43.
The action of MP seems to wear off during

the latepostoperativeperiodandMPdoesnot
appear toaffect late swellingafter thirdmolar
surgery when administered via any route. Of
the five studies reporting improvedoutcomes
of oedema at 7 days14,33,38,44,58, two reported
the use of MP acetate14,58, while in one study
oral steroids were administered for 3 days
after surgery38. Thus, the action of MP was
maintained for a longer time in these stud-
ies, thereby improving late outcomes of
surgery.
Trismus in the postoperative period sig-

nificantly affects the patient’s diet and
speech24. It has been postulated that tris-
mus can occur as an inhibitory effect of
muscle pain either from the masseter due
to its proximity to the surgical site or the
lateral pterygoid muscle due to prolonged
mouth opening. Inhibitory feedback
mechanisms from these muscles can pre-
vent further movement of the injured site
to protect the musculature, thereby caus-
ing trismus14,19. The results of the present
study suggest that MP improves mouth
opening in the early postoperative period
only when administered via oral or intra-
masseteric route. There was a lack of
consensus amongst studies reporting early
outcomes of trismus with the submucosal
route, with half of the studies reporting a
significant difference14,39, and the other
half reporting no effect of submucosal
MP2,44. The variance in results of this
review could be due in part to the presence
of other confounding factors, such as a
prolonged surgical time, traumatic extrac-
tion (the majority of the studies did not
mention the duration of surgery or the
difficulty of extraction), accidental injec-
tion of local anaesthetic into the medial
pterygoid, and the use of multiple doses of
steroids in two of the oral MP studies
included in the meta-analysis35,38. Quali-
tative and quantitative analysis for late
trismus was conducted for the oral and
IV routes, which found no evidence of MP
improving outcomes. On qualitative anal-
ysis of the IM33,37,56 and submucosal2,39,44

routes, the majority of studies found no
evidence of an improvement in late
trismus. The only route of administration
of MP improving both early and late tris-
mus was found to be intra-masseteric. The
direct effect of MP injected into the mas-
seter muscle seems to be the only reason-
able explanation for this effect.
Pain after third molar surgery is usually

attributed to inflammatory mediators like
prostaglandins and bradykinins, tension
from the swelling14,57, and neurotransmit-
ters such as substance P, glutamate, and
calcitonin gene-related peptide, which
cause central sensitization of pain61,62.
While prostanoids and swelling may be
reduced by steroids, the neurotransmitter
action is not blocked14. Pain is also de-
pendent on several factors such as surgical
trauma and the individual’s pain threshold
and psychological well-being, which can
influence the outcomes in parallel group
studies. In this review, the mode of assess-
ment of pain in the included studies was
either a VAS or the number of analgesics
consumed. Since these are two very dif-
ferent outcome measurement tools, the
data from these cannot be combined for
a meta-analysis. This, combined with
missing data in some studies, meant that
meta-analysis was only conducted for the
oral route, which suggested that oral MP
significantly reduces early and late post-
operative pain. Studies using IV MP
reported no improvement in early or late
postoperative pain (except for the studies
by Holland52 and Ilhan et al.46, which
reported an improvement in pain in the
first 24 h, and the study by Kaur et al.47,
which differed in the early outcome, prob-
ably because of the use of steroids for 3
days). Only Mukund et al.37 and Micó-
Llorens et al.56 reported pain outcomes
after IM MP and found no significant
difference. Amongst local injections, only
intra-masseteric MP was found to reduce
early postoperative pain, while both sub-
mucosal and intra-masseteric injections
had no effect on late postoperative pain.
The result of the pain outcome can be
influenced by various confounding fac-
tors, such as the difference in use of
non-steroidal anti-inflammatory drugs



798 Nagori et al.
(NSAIDS) amongst studies, patient com-
pliance with NSAIDS, the difference in
pain thresholds and difficulty of the ex-
traction amongst subjects, and the use of
multiple doses of steroid.
A larger number of studies were avail-

able for oral and IV MP in this review, as
compared to other routes. Due to insuffi-
cient data in IV MP studies, a meta-anal-
ysis for pain was only possible for oral
MP. Another possible explanation for the
improvement in pain and trismus in the
early postoperative period with oral MP is
that higher plasma levels of the drug
would have resulted at 48 h, as the oral
route of administration is associated with a
delayed onset of action; this could create
an erratic response due to the pharmaco-
kinetics of the drug, as compared to the
other parenteral routes3.
The oral route is in general convenient,

safe, and economical for the patient, with
absorption rates comparable to that of IV
MP19,41. However, it depends greatly on
patient compliance, and oral MP may
cause gastrointestinal upset in some indi-
viduals. The IV route on the other hand
does not depend on patient compliance,
provides immediate availability of the
drug, and has a predictable response.
However, the effect of MP via IV route
is not sustained due to early metabolism,
and repeated dosing may be required. The
IM route overcomes this disadvantage and
can provide a prolonged duration of action
of the drug, especially with MP acetate.
Disadvantages include the potential for
local haematoma, abscess, and necrosis;
furthermore, drug absorption is dependent
on the local blood flow and there may be
patient discomfort due to the second in-
jection site3,19,30,38,41. In order to avoid the
second injection site, clinicians have used
submucosal or intra-masseteric injections
of MP. The surgical area is already anes-
thetized, making the injection painless and
easy to administer. Submucosal injections
provide a repository effect and act directly
on the surgical site with a minimal sys-
temic effect2. The intra-masseteric route
of corticosteroids on the other hand is
considered to be similar to the submucosal
route with systemic action of the drug19,31.
All five routes of administration of MP

were used in the various studies included
in this review. Comparisons between the
different routes of delivery of MP for third
molar surgery have not been reported
frequently in the literature1,37,39,44. Ibi-
kunle et al.39 have found submucosal
MP to be comparable to the use of oral
MP. Koçer et al.1 found intra-masseteric
MP to be more effective than oral and IV
MP. Selvaraj et al.31 found similar
outcomes with intra-masseteric and the
gluteal route of administration of MP.
Gataa44 compared oral and submucosal
MP and found the oral route to be more
effective. Mukund et al.37 compared the
oral, IV, IM, and intra-masseteric routes
and found the intra-masseteric route to be
most beneficial. In the present review, oral
and intra-masseteric MP were found to be
most effective in improving postoperative
sequelae after third molar surgery.
The results of this review are bound by

some limitations. First, the strength of a
systematic review and meta-analysis
depends on the quality of the studies includ-
ed15. There were only three high-quality
studies with minimal bias in this re-
view35,45,59, with the overall quality of
the literature being classified as ‘medium’
(Table 1). Second, not all studies could be
included in the meta-analysis either due to
non-availability of complete data or varia-
tions in outcome measurement tools. Only a
qualitative analysis was performed for the
submucosal and intra-masseteric routes,
whereas meta-analysis for all three vari-
ables was possible only for the oral route
of MP. Third, a standard protocol for MP
administrationwas lacking; the studiesused
different routes, different doses, and differ-
ent time intervals for administering the
drug. Fourth, a few of the studies had a
small sample size, which was as low as nine
patients in the experimental group1,49,51.
MP has been used for several years to

improve postoperative outcomes after
third molar extractions without any con-
sensus on its use. This study appears to be
the first comprehensive qualitative and
quantitative review on the use of MP for
third molar surgery. Within the purview of
the limitations of this study, it is concluded
that MP administered via any route signif-
icantly improves oedema in the early post-
operative period, but has no effect on late
postoperative oedema. Oral MP and intra-
masseteric MP also seem to reduce pain
and trismus in the early postoperative
period. The results also indicate that oral
MP may reduce late postoperative pain,
while intra-masseteric MP may improve
the late trismus outcome. There is a need
for more high quality RCTs utilizing a
standard drug administration protocol
and comparing various routes of adminis-
tration of MP to provide further stronger
evidence on the role of MP in improving
postoperative sequelae after impacted
third molar surgery.
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