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Abstract
Objectives Third molar (M3) removal is the model most
frequently used for pain trials in oral surgery. Corticoste-
roids are frequently administered to reduce trismus and
swelling after dentoalveolar surgical procedures. The pur-
pose of this investigation was to evaluate the influence of a
single, preoperative oral application of methylprednisolone
on postoperative trismus, pain intensity, and the subjective
need for analgesic medication after surgical removal of
impacted mandibular M3 (LM3).
Materials and methods Sixteen healthy patients requiring
similar bilateral surgical LM3 removal were included in a
prospective, randomized, placebo-controlled, double-blind
study in a split-mouth design. At random, each patient
received either weight-dependent methylprednisolone
(40–80 mg) or a placebo orally 1 h prior to surgery. In each
case, the right and left LM3 were treated in independent visits.
Trismus, swelling, pain measured on a 100-mm visual analog
scale, and the postoperative demand of analgesics were
assessed.
Results Statistical analysis indicates a significant reduction
of trismus, swelling, pain intensity, and patient-controlled
intake of analgesics during the whole postsurgical period of
investigation (first to seventh day).

Conclusions The results of this study suggest that a
single preoperative weight-dependent administration of
methylprednisolone is a safe and effective concept for dimin-
ishing postoperative discomfort, pain intensity, and the total
intake of analgesics after wisdom tooth extractions.
Clinical relevance In case of missing contraindications, the
preoperative administration of methylprednisolone is rec-
ommended, a routine medication for more extended proce-
dures in oral surgery.
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Introduction

Dentoalveolar interventions are generally associated with
postoperative pain of variable intensity, swelling of the
facial soft tissues, and reduced mouth opening [1–4]. Most
sequelae are based on an individually varying physiological
inflammatory response in the perisurgical area [5–10],
depending on the degree of tissue trauma and the extent of
bone manipulation [9–11]. Immediate implications are mild
to moderate pain and, as a consequence, an increased anal-
gesic request for several days.

The surgical removal of an impacted third lower molar
(LM3) is a very common surgical procedure in clinical
practice and a well-documented model for investigating
the efficacy of analgesics for postoperative pain manage-
ment in oral surgery [1, 2, 5–18].

Corticosteroids, like methylprednisolone, dexametha-
sone, or betamethasone, are potent and widely used inhib-
itors of inflammation because of their suppressive impact on
the synthesis and release of inflammatory tissue mediators
[10–13, 19, 20]. A significant reduction of edema and
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trismus following steroid application after mandibular third
molar (LM3) removals has been reported [2, 8, 14–17, 21,
22] as well as a decrease in post-interventional pain [9, 11].
Therefore, several investigators have stated that corticoste-
roids are effective adjuncts in peri-operative pain manage-
ment, although steroids do not have a clinically significant
analgesic impact themselves [9, 18, 23]. However, the ad-
ministration of these drugs must be limited in time and
dosage [13] to minimize the risk of potential side effects
such as adrenal suppression, hyperglycemia, infections, or
delayed wound healing [5, 7, 8].

The pre-emptive analgesic effect of steroids in oral sur-
gery has been assessed in an inconsistent way in scientific
papers. In addition, previous studies did not sufficiently
focus on patients’ post-interventional pain and their need
for pain treatment. Furthermore, there exists no consensus
regarding agent, route, timing, duration, and dosage of
administration.

The purpose of this clinical trial was to evaluate the effect
of a single dose of methylprednisolone orally administrated
preoperatively on the postoperative sequelae and the post-
interventional demand of analgesics after third molar
removal.

Patients and methods

Ethics

The study protocol and the informed consent form were
approved by the Research and Ethics Committee of the
Medical University Graz, Austria (no.19-086 ex 07/08)
and by the European Community Clinical Trial System at
the European Medicines Agency for the Monitoring of
Clinical Trials in Europe (no. 2007-006252-19). The trial
adhered to Good Clinical Practice guidelines, including the
Declaration of Helsinki.

All patients were informed about possible risks and ben-
efits associated with the intervention and study medication.
A detailed written informed consent according to the WMA
Declaration of Helsinki (www.wma.net/en/30publications/
10policies/b3/index.html) was signed at least 24 h before
surgery.

Study design

A prospective, randomized, placebo-controlled study in a
split-mouth design was conducted. Inclusion and exclusion
criteria are presented in the following:

Inclusion criteria

& Adults of both gender (age<30 years);
& To date asymptomatic LM3;

& On panoramic radiographs, symmetrically impacted
LM3 of moderate surgical difficulty according to
Pederson et al. [24] (Table 1); and

& Patient’s written informed consent.

Exclusion criteria

& Contraindications for the use of the study medication;
& Significant stomatognathic disorders;
& Acute facial traumata;
& Significant medical history (e.g., anaphylaxis, gastroin-

testinal disease, severe systemic diseases or adverse
health conditions, hematological disease, deficiency of
coagulation, etc.);

& Pregnancy and breast feeding; and
& Contraindications for oral surgery (e.g., acute signs and

symptoms of infection in the surgical area) itself.

Pregnancy was excluded using hCG midstream urine test
kit (hCG-Pregnancy Test®; Dia-Chrom, Vienna, Austria).

Study variables

The primary aim of this trial was to assess the influence of a
preoperative administration of methylprednisolone on
mouth-opening ability, pain, and the summative ad libitum
dosage of non-steroidal anti-inflammatory drug (NSAID)
analgesics after LM3 removals. As a secondary aim,
the gradient of facial swelling, in particular, a rebound
phenomenon after anti-inflammatory medication, as well
as the incidence of complications and adverse drug reactions
were recorded.

Table 1 Pederson [24] Difficulty Index (PDI) for the surgical removal
of impacted mandibular third molars

Spatial relationship

Mesioangular 1

Horizontal/transverse 2

Vertical 3

Distoangular 4

Depth

High occlusal level (level A) 1

Medium occlusal level (level B) 2

Deep occlusal level (level C) 3

Ramus relationship/available space

Sufficient space (class 1) 1

Reduced space (class 2) 2

No space (class 3) 3

Difficulty Index (Σ points)

Very difficult 8–10

Moderately difficult 5–7

Slightly difficult 3–4
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Sample size

Sample size calculation was performed taking into account
the results of the study of Schultze-Mosgau et al. [8]. They
reported a reduction in swelling of 56 % and in pain
perception of 67.7 % following oral perioperative appli-
cation of methylprednisolone. Based on these findings,
the sample size calculation revealed, for a study collective of
maximum homogeneity (Table 2), a need of 16 individuals,
each with symmetrically impacted lower wisdom teeth of
strictly comparable position and surgical level of difficulty
(power, 0.8; alpha, 0.05).

Randomization and crossover design (split-mouth)

Patients were randomized for treatment group and surgeon
by computerized tables prepared in advance. The side of the
initial LM3 removal was defined by the patient.

Both surgical appointments of each patient were fixed
separately with a time interval of at least 3 weeks. Both
LM3 of the same patient were removed by the same surgeon.

Patients who received treatment A at the first LM3 removal
received treatment B at the second surgical appointment, and
vice versa.

Medication and blinding

Medication and data collection of the clinical investigation
were double-blinded. The blinding (medication A and B)
was carried out by the local clinical pharmacy preparing
steroid (verum) and placebo capsules of identical type and
aspect and similar flavor. The dosage of methylprednisolone
(MP) was applied depending on patients’ body weight. For
the verum test phase, patients with a body weight less than
60 kg received 40 mg MP; patients with 60–80 kg received
60 mg MP, whereas patients with more than 80 kg body
weight, a dosage of 80 mg MP was administered.

In advance of the first surgical appointment, patients
received compound A or B containing either steroid or
placebo according to the patient’s randomization. The
remaining compound containing the different receptacle
was applied within the second surgical intervention
obligatorily.

Four investigators were involved strictly following the
protocol: One applied the medication; two accomplished the

surgical third lower molar removal, and one evaluated the
study parameters perioperatively. Both surgeons and
examiners were blinded and not allowed to disclose their
knowledge and suspicions.

Study protocol, assessments, and data acquisition

Demographic data including age, gender, body weight,
health history, and current medications were recorded
(Table 2).

Preoperative protocol On the day of surgery, the stomatog-
nathic system was examined according to Krough-Poulsen
[25]. The surgical area was inspected for inflammatory
symptoms, i.e., mucosal swelling, hyperemia, or exudation.
One hour prior to surgery, the maximum mouth opening
ability was examined. Therefore, the inter-incisal distance
(millimeters) between the mesial corners of the upper and
lower right central incisors at maximum opening of the jaws
was recorded as baseline-reference for evaluation of post-
operative trismus.

Additionally, facial width was measured using a
modification [8] of the non-invasive tape measuring
method first-described by Gabka and Matsumara [26].
Three distances between five anatomic reference points
were evaluated: length between lateral corner of the eye
and angle of the mandible, between tragus and lateral
corner of the mouth, and between tragus and soft tissue
pogonion.

In advance of the first intervention, patients received the
study medication as described previously. One hour prior to
surgery, the capsule was administered.

Surgical technique The LM3 removal was performed under
local anesthesia by two experienced surgeons in an outpa-
tient unit at the Department of Oral Surgery and Radiology,
Medical University Graz, Austria. For mandibular nerve
block and local infiltration, articaine (Ultracain dental forte®
with 1:100,000 epinephrine, Sanofi Aventis, Vienna,
Austria) was used. The surgical procedure was performed
standardized via an envelope flap access [27, 28] following
crestal and buccal osteotomy, tooth section and removal, and
finally, wound closure by suturing. Both sides of each patient
were dealt with the same surgeon in separate visits. The
duration of surgery was recorded.

Table 2 Demographics and
surgical variables Steroid group Placebo group

Count of probands Total (female, male) 16 (10, 6) 16 (10, 6)

Age, years Mean (SD) 23, 9 (3, 3) 23, 9 (3, 3)

Body weight, kg Mean (SD) 65, 5 (8, 4) 65, 5 (8, 4)

Surgical difficulty, Pederson° Mean (SD) 6, 1 (0, 7) 6, 0 (0, 7)
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Postoperative protocol All patients obtained facial cool
packs immediately after surgery. For the post-interventional
period, patients received a standardized scheme of antibiotic
(amoxicillin 875 mg+clavulanic acid 125 mg, Augmentin®
1 g bid,GlaxoSmithKline Pharma, Vienna,Austria; for 5 days)
and analgesic therapy (dexibuprofen, Seractil Forte® 400 mg,
Gebro Pharma, Fieberbrunn, Austria; as required). To prevent
gastrointestinal ulcera, a proton pump inhibitor (pantoprazole,
Pantoloc® 20 mg, Nycomed Pharma, Vienna, Austria; once a
day for 7 days) was applied [29].

Follow up Follow-up visits were conducted on the first,
third, and seventh post-surgical day. Each visit, trismus
was evaluated by measuring the inter-incisal distance at
maximum mouth opening in relation to the preoperative
account. Facial swelling was recorded as described previ-
ously. The presence of paresthesia, fatigue, wound infection,
or further complications was also noted.

Furthermore, patients were advised to record pain inten-
sity using a simplified 100-mm visual analogue scale
(VAS)—with marginal values “0” for “no pain” and “10”
for “maximum pain intensity”—three times a day (morning/
noon/evening) for 7 days and to document their analgesic
doses taken ad libitum for the whole period of investigation.
The surgical routine and the study protocol were completed
by the suture removal on day 7.

Statistics

All statistical analyses used general linear model with re-
peated measurements running SPSS 15.0 statistical analysis
system for Windows (SPSS Inc., Chicago, IL, USA; campus
license). P<0.05 was considered as statistically significant.

Results

Demographic and surgical data

Age, gender, and body weight as presented in Table 2 were
included in the statistical analyses but did not implicate any
significant influence on the investigated study parameters.
The difficulty of the removed impacted LM3 scored from 5
to 7 (Table 2) according to the Pederson Difficulty Index
[24] (Table 1). The duration of the surgeries did not vary
relevantly.

Trismus

Data analysis revealed a significant difference between the
steroid group and placebo group on the first (P00.001) and
third (P00.001) post-interventional days (Table 3). The
restriction of the mouth opening in the steroid group (day

1, 10.3 %; day 3, 5.4 %) was less than in the placebo group
(day 1, 31.3 %; day 3, 20.4 %). On the seventh day after
surgery, maximal inter-incisal opening approximated the
preoperative situation in both groups (P00.462) (Fig. 1).

Pain intensity

Throughout the whole study period, VAS pain scores of the
steroid group revealed a significant lower level (P00.001)
than in the placebo group (Table 4). The steroid group’s
mean graph started and ended more than 10 mm lower than
the placebo group’s graph on a 100 mm scale. Both scores
decreased significantly over time (P00.05).

Analgesic drug demand

For the whole study period, analgesic intake in the steroid
group was significantly (P00.019) decreased compared with
the placebo group (Fig. 2). The mean of daily analgesic doses
diminished in both groups significantly over time (P00.001).

Swelling

The evaluation of swelling was not a primary aim of this
study. Nevertheless, the measurement of all investigated
anatomic distances revealed a reduced increase in steroid
group compared with placebo group at which day 1 and day
3 showed a significant difference between the two groups
(P00.001). No rebound phenomenon was observed.

Complications and side effects

Over the entire observation period, we did not observe any
drug-related adverse side effects or local post-operative
complications, neither in the steroid nor in the placebo
group. Wound healing was similar for each side.

Discussion

This study is presenting a significantly reduced request of
pain medication after a single preoperative steroid applica-
tion for up to 7 days after surgical wisdom tooth removals.
A great number of papers about clinical evaluations support
the decisive therapeutic role of steroids in reducing post-
surgical discomfort in oral surgery. To our knowledge, no
previous report documents a significant reduction of
postoperative analgesics demand, although a multitude of
studies confirm a considerable relief of pain and trismus
after third molar surgery as a result of a steroid medication
[2, 5–13, 15–18, 20–23, 29–34].

Generally, dexamethasone (DM) and MP are the pre-
ferred steroids due to their mainly glucocorticoid and
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minimal mineralocorticoid effects [20, 24]. Esen et al. [22]
and Graziani et al. [13] suggest the short-acting MP for
short-term medication and moderate dosage to avoid post-
operative complications. Instead of MP, some authors prefer
the use of the longer-acting DM, because of its extended
intermediate duration of action, described as 12 to 36 h [32],
or reapplied administration of steroids up to 3 days [12, 16,
18, 30, 33].

A persuasive argument for the use of DM is the preven-
tion of a swelling rebound on the second and third postop-
erative days. However, by using MP, we did not observe any
swelling rebound in our study group, and, according to our
results, we can state that, in cases of average surgical removal
of wisdom teeth, there was no need for multiple steroid
application [30].

Various routes of application (PO, IV, IM, submucosal)
have been advocated. Esen et al. [22] observed a significant
decrease of edema, besides trismus and facial pain, in
patients receiving a single pre-interventional administration
of 125 mg MP intravenously. Graziani et al. [13] compared
the intraoperative application of an endo-alveolar powder or
submucosal injection into the operation site and observed an
effective reduction of postoperative sequelae. Grossi et al.
[20] chose the route of submucosal injection of DM

intraoperatively. The intramuscular route of steroid applica-
tion has also been shown to decrease sequelae in the imme-
diate post-interventional period [11]. But there are several
stringent reasons to avoid the intramusculous application of
steroids, viz., (1) a slower onset of action highly dependent
on the rate of blood flow at the site of administration [9]; (2)
an increased risk of adrenal suppression is described [5, 17,
22], and (3) local complications such as necrosis, hemato-
ma, and abscess can be adverse results of intramuscular
injections.

As a result of the instant plasma drug concentration, the
intravenous application is frequently considered to be the
most effective route of medication [9, 17, 22, 33].

However, steroids such as DM and MP have a very high
enteral absorption rate ensuring an effective reduction of
post-interventional sequelae [35, 36] comparable with
intravenous application [8, 14, 17, 18]. As the mode
of administration does not affect the efficacy of corticosteroids
significantly, the oral route can be preferred due to its com-
fortable handling.

Regarding the dosage, Huffman et al. [30] did not observe
any statistically significant clinical differences between the
administration of 40 or 125 mg MP IV. Filho et al. [21]
reported a significant reduction of trismus and swelling after
wisdom tooth removals in both study groups using 4 or 8 mg
of DM PO 1 h prior to surgery. Eight milligrams DM promo-
ted greater effects than half the dose, but the investigators saw
no influence on pain control. Grossi et al. [20] compared the
same doses (4 and 8 mg of DM) and placebo as submucosal
injections intraoperatively into the operative site. Facial
edema was significantly reduced in both DM groups on the
second postoperative day, but increasing the dose did not
provide any further benefit. Additionally, they observed no
significant effect on pain and trismus. Üstün et al. [5] com-
pared the efficacy of two intravenous dosages of methylpred-
nisolone. No significant benefit of 3 mg/kg MP in comparison
with 1.5 mg/kg was detected. However, all these working
groups compared rather high dosages, each effective in pain
and swelling control for common oral surgery. On the other
hand, Schultze-Mosgau et al. [8] noted a decrease in swelling
of 56 % and in pain perception of 67.7 % after a perioperative
application of 64 mg methylprednisolone PO. And, as Milles

Table 3 Mouth opening ability (millimeters inter-incisal distance)

Steroid group Placebo group

Time Mean SD Min Max Median 95 % CI Mean SD Min Max Median 95 % CI

Preop 47.7 7.3 36.6 63.6 47.3 43.8 51.2 48.9 6.2 40.5 59.7 47.8 45.6 52.2

Day 1 42.7 6.0 32.7 53.1 42.4 39.4 45.9 33.5 5.6 27.0 47.4 33.4 30.4 36.5

Day 3 44.8 6.2 34.4 56.3 43.4 41.5 48.1 38.9 6.9 29.9 54.2 37.6 35.2 42.5

Day 7 46.5 5.9 37.9 55.8 46.7 43.3 49.6 44.5 8.8 32.1 58.7 40.8 39.8 49.2

Fig. 1 Graph of steroid and placebo group demonstrating the trends of
postoperative trismus in relation to the preoperative inter-incisal
distance (100 %)
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and Desjardins [18] still noted, a significant reduction in
swelling (42 % to 19 % decrease) during days 1–3 after M3
removal using 16 mg MP orally the evening before surgery

and 20 mg MP intravenously immediately prior to surgery, it
might be concluded that higher doses of corticosteroids are
generally not necessary to achieve a significant clinical
benefit.

Optimal therapeutic doses are generally identified in
terms of drug per kilogram of patients’ body weight [5,
30, 35]. The aforementioned concept of our study followed
this premise.

Our study shows good clinical results of a preoperative
administration of an anti-inflammatorily acting steroid with
preventive impact in combination with NSAIDs postopera-
tively. Buyukkurt et al. [11] (immediately postoperative
prednisolone+diclofenac IM), Bamgbose et al. [14] (pre-
and postoperative DM IV+diclofenac PO), and Hargreaves
et al. [35] (preoperative DM+Ketorelac IV) examined this
co-administration of corticosteroids and NSAIDs on post-
operative pain, trismus, and edema and concluded that a
perioperative combination therapy is more effective in
decreasing post-interventional sequelae. In contrast to their
study designs, we solely chose the oral route, splitting the
administration of steroid and NSAIDs and achieved similar
results.

The spectrum of dosages of steroids and routes of admin-
istration is diverging, but there is one well-established con-
sensus throughout most studies. Steroids have to be applied
before tissue injury occurs [35–37] to achieve an adequate

Table 4 Pain intensity evaluated on a 100-mm visible analogue scale (VAS)

Steroid group Placebo group

Min Max Mean SD CI 95 % Min Max Mean SD CI 95 %

Day 1 Morning 0 52 24.31 16.39 16.28 32.34 4 94 47.25 24.18 35.40 59.10

Noon 0 68 23.38 18.97 14.08 32.67 3 96 40.88 22.81 29.70 52.05

Evening 0 52 20.44 16.98 12.12 28.76 0 75 39.19 25.49 26.70 51.68

Day 2 Morning 0 62 23.06 18.80 13.85 32.28 0 94 38.00 23.59 26.44 49.56

Noon 0 42 13.38 14.04 6.49 20.26 0 59 28.94 14.90 21.64 36.24

Evening 0 51 16.81 17.90 8.04 25.58 0 58 29.94 18.29 20.98 38.90

Day 3 Morning 0 58 14.13 15.37 6.59 21.66 0 48 23.88 14.01 17.01 30.74

Noon 0 64 12.88 17.83 4.14 21.61 0 41 22.63 11.95 16.77 28.48

Evening 0 63 14.94 17.45 6.39 23.49 0 55 24.19 15.92 16.39 31.99

Day 4 Morning 0 37 11.13 12.24 5.13 17.12 0 37 17.94 12.37 11.87 24.00

Noon 0 39 10.25 12.49 4.13 16.37 0 34 17.63 10.86 12.30 22.95

Evening 0 32 10.31 12.08 4.40 16.23 2 50 21.25 16.18 13.32 29.18

Day 5 Morning 0 25 7.88 7.92 4.00 11.75 0 35 12.19 11.00 6.80 17.58

Noon 0 28 7.63 8.45 3.48 11.77 0 38 11.00 9.83 6.19 15.81

Evening 0 34 7.88 9.72 3.11 12.64 0 48 17.50 15.92 9.70 25.30

Day 6 Morning 0 18 4.81 6.23 1.76 7.87 0 81 16.19 20.74 6.03 26.35

Noon 0 34 5.00 8.94 0.62 9.38 0 92 13.19 22.51 2.16 24.22

Evening 0 33 7.44 9.94 2.57 12.31 0 94 18.06 24.26 6.17 29.95

Day 7 Morning 0 12 2.88 4.38 0.73 5.02 0 100 18.25 30.33 3.39 33.11

CI confidence interval

Fig. 2 Box plot illustrating the progression of the daily overall anal-
gesics consumption (milligrams dexibuprofen) in steroid and placebo
groups
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tissue level in the immediate postoperative period [5, 12].
Some authors strongly recommend the administration at
least 2 h preoperatively [17, 35, 36]. Filho et al. [21] reports
the administration 1 h prior to surgery PO. Huffmann [30]
reports a reduced post-interventional facial swelling in
patients applying MP (125 mg IV) immediately before M3
surgery.

One may argue the small sample size is a weakness of our
study. This sample size is the result of the calculation basing
on the publication of Schultze-Mosgau et al. [8], reporting a
reduction in swelling of 56 % and in pain perception of
67.7 %. The calculation was correct as illustrated by the
significant results regarding all reported variables. This may
be supported by the stringent study design, the homogenous
study sample, and the intra-individual comparison of two
medications in two identical surgical interventions, as well
as a result of the highly potent anti-inflammatory impact of
the study medication.

Conclusion

The findings of the present study indicate that a single,
preoperative, oral administration of methylprednisolone is
a suitable preventive measure to diminish postoperative
discomfort and the need for pain medication. For clinical
practice, our study supports the routine application of ste-
roids for medium-sized and larger procedures in oral sur-
gery. Hence, study models using other standardized oral
surgical procedures (e.g., osseous augmentations like sinus
lift) should be conducted to confirm the clinical benefit of
steroids in oral and maxillofacial surgery.
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