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ABSTRACT:
Introduction: Surgical removal of impacted man-

dibular third molars is one of the most common surgical
procedures in oral surgery. Postoperative pain after such sur-
gical procedures is acute and may last more than a week,
thus impacting the patients’ ability to perform activities of
daily living.

Objective: The objective of this study is to eluci-
date the factors that have an effect on postoperative pain
intensity.

Material and methods: A clinical study was con-
ducted on 40 subjects at the age between 17 and 40 with
bilaterally impacted mandibular third molars. The time in-
terval between the two surgical procedures was 2 weeks. The
patients were allocated by simple randomisation in the fol-
lowing groups depending on the medication taken: group
A - placebo, group B - ibuprofen, group C - ibuprofen plus
gabapentin. Visual analogue scale (VAS) was used to meas-
ure pain intensity. The following statistical methods were
used to process the results: T-test, one-way analysis of vari-
ance (ANOVA), one-way ANOVA with repeated measures
(RMA), post hoc tests and hierarchical multiple regression.

Results: The results of the study conducted show that
the pain after both surgical procedures was most severe at
postoperative hour 6; after the first operation the mean was
49.488±4.165 mm, and after the second operation –
39.566±4.935 mm. A statistically significant difference
(paired t-test, p = 0.007, n = 38) was found between the paired
mean pain intensities measured at hour 6; the intensity was
lower after the second procedure compared to the first one.

Conclusion: Our study showed that the factor with
the greatest impact on the intensity of the postoperative pain
was the difficulty of the surgical procedure.

Keywords: mandibular third molar, impacted teeth,
postoperative pain

INTRODUCTION:
Each surgical procedure is associated with postopera-

tive pain,which is acute in nature. According to literature
data, about 80% of patients undergoing surgery experience

moderate to severe postoperative pain.[1] Surgical removal
of the mandibular third molar is one of the most common
surgical procedures in oral surgery. [2] It is rarely life-threat-
ening, but usually causes short-term changes in daily habits
and in the quality of life of the patients in the postoperative
period, [3] and the main factor for this is the presence of post-
operative pain. [4]

NSAIDs are the most commonly used group of medi-
cations for postoperative pain management after surgical re-
moval of mandibular third molars. [5] This group of medi-
cations has no effect on the normal pain threshold but re-
duces abnormal pain responses in inflammatory conditions.
[6] In most patients, they have a satisfactory effect on post-
operative pain. Ibuprofen is the most commonly used and
investigated NSAID for relieving pain in dental practice as
its efficacy is well documented, and it is safer compared to
other similar medications. [7] In cases of surgical procedures
with greater difficulty, which are accompanied by a more se-
rious surgical trauma, NSAIDs are not effective enough in
postoperative pain management, and it is necessary to pre-
scribe medications from other medication groups. [8] Pain
resulting from injury of peripheral nerve branches, which is
the case in surgical procedures, is defined as neuropathic
pain. [9] Anticonvulsants are medications of choice for neu-
ropathic pain management. [10] Representatives of this
group are gabapentin and pregabalin. [10]

OBJECTIVE:
The objectives of this study are to determine the pre-

dictors of the intensity of postoperative pain after surgical
removal of impacted mandibular third molars and to exam-
ine the efficacy of the medications administered for manag-
ing this pain.

PATIENTS AND METHODS:
This study was conducted after obtaining approval

from the Ethics Committee of the Medical University of
Plovdiv, and all the patients who took part in it signed an
informed consent form. 40 patients with indications for ex-
traction of bilaterally impacted mandibular third molars
were included in the study. This study was conducted be-
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tween September 2017 and May 2018 at the Department of
Oral Surgery of the Faculty of Dental Medicine at the Medi-
cal University of Plovdiv.

Inclusion criteria: Clinically healthy patients be-
tween 17 and 40 years of age with no evidence of pain re-
lated to the mandibular third molar to be extracted at the
time of the surgical procedure.

Exclusion criteria:Pregnancy and lactation, patients
with a history of a head injury or seizures, neurological or
psychiatric disorders, regular alcohol consumption and drug
abuse, female patients 5 days before and 5 days after their
menstrual period (in order to exclude the influence of hor-
monal factors on pain), a history of allergy to medications,
and acute inflammation in the area of the tooth to be ex-
tracted.

Study design: This is a randomized, double-blind,
placebo-controlled study. The patients were divided into
three groups, depending on the medication administered:
group A - placebo, group B - ibuprofen (400 mg) and group
C – a combination of ibuprofen (400 mg) and gabapentin
(300 mg). The patients were allocated to groups by simple
randomisation, and each patient was randomly given a num-
bered vial (containing one of the above-mentioned medica-
tions). For greater credibility, the study was double-blind.
Up to 30 minutes prior to the surgical procedure, each pa-
tient took one tablet of the medication in the numbered vial
(preemptive analgesia). The medication was taken every 8
hours, up to postoperative hour 72. Each vial contained an
envelope with three tablets, and the patients took one tablet
at bedtime for three days, the first tablet is taken on the day
of the surgical procedure. To this end, all subjects in the
study received precise written and oral instructions on the
use of the medications.

All patients included in the study underwent
orthopantomography for diagnostic purposes, on the one
hand, and for predicting the difficulty of the surgical proce-
dure to be performed using Pederson index, on the other
hand. [11] The difficulty of the surgical procedure was re-
ported in both numerical and verbal forms, as follows: low
(1-3 points), moderate (3-6 points) and great (7-10 points).
The time interval between the two surgical procedures was
2 weeks. 2 of the patients withdrew in the second surgical
procedure. The factors investigated as having an impact on
postoperative pain were: duration and difficulty of the sur-
gical procedure; age, sex and smoking status; presence of
postoperative complications; and the type of medication ad-
ministered, preemptive analgesia. To measure the intensity
of postoperative pain, Visual Analogue Scale (VAS) was used,
where the patient marked the perceived pain with a vertical
check on a 100 mm ruler. Pain was reported at 3, 6, 24, 48,
and 72 hours, respectively.

Surgical technique: The operations for surgical re-
moval of mandibular third molars were performed using a
standard technique, raising a triangular mucoperiosteal flap
following anesthesia with 4% solution of articaine hydro-
chloride (Septanest).The bone covering the tooth was re-
moved by rotary instruments and, if necessary, the tooth was
separated into fragments. This was followed by dislocation
and extraction of the tooth, smoothing of the bone edges,

irrigation of the surgical wound with saline and placement
of surgical suture, which was removed on postoperative day
7. If necessary, a prophylactic rubber drain was placed, and
it was removed within 48 hours of surgery.

Statistical methods: Descriptive statistics was used
to summarize quantitative data, to assess the main statisti-
cal parameters and to perform frequency analysis of quali-
tative variables expressed as percentages. All quantitative
variables were tested for normal distribution with the non-
parametric Kolmogorov-Smirnov test and with the Shapiro-
Wilk test. Normally distributed data is represented as
mean±standard error, while in the absence of normal distri-
bution, the data is represented by positional averages - me-
dian (mdn) and interquartile range (IQR). In statistical hy-
pothesis testing: we used paired t-test to compare the means
of the dependent observations of the two groups; we used
repeated measure analysis of variance (Repeated Measure
ANOVA) to verify the equivalence of the means of more
than two groups. Parameter estimation in regression mod-
els was based on hierarchical regression analysis so that to
set a fixed order of input variables in order to control the
effects of covariates or to test the effects of some predic-
tors regardless of the impact of others. The critical level of
significance used was α = 0.05. The respective zero hypoth-
esis was rejected when the P-value was less than α. Sys-
tematization, processing and analysis of data were per-
formed with IBM SPSS Statistics (Statistical Package for
the Social Sciences) v. 22.

RESULTS:
The mean age of the patients included in the study

was 22±3 years (19-38), 12 male patients (30±7.24%) and
28 female patients (70±7.24%). 29 (72.5±7.06%) of the pa-
tients were non-smokers and 11 (27.5±7.06%) were smok-
ers, respectively. Non-uniform distribution by sex, age, and
smoking status was observed.

The difficulty of the first surgical procedure was re-
ported in two groups: moderate in 25±6.84% (10 subjects)
and great in 75±6.84% (30 subjects), while in the second
surgical procedure the distribution was as follows: moder-
ate in 21.1±1.07% (8 subjects) and great in 78.8±1.07% (30
subjects). In both surgical procedures, we observed non-uni-
form distribution by this parameter, with mean difficulty in
both procedures of 7±1, which corresponds to surgical pro-
cedures with great difficulty.

The distribution of patients depending on the medi-
cation administered was as follows: in the first surgical pro-
cedure: group A - 20±6.32% (8 persons), group B - 35±7.54%
(14 persons) and group C - 45±7.86% (18 persons); in the
second surgical procedure: group A - 28.9±1.19% (11 per-
sons), group B - 39.5±1.28% (15 persons) and group C -
31.6±1.22% (12 persons). The distribution of patients was
non-uniform in both surgical procedures.

The mean duration of the surgical procedures was
as follows: of the first surgical procedure - 25±22 minutes,
of the second surgical procedure- 35.26±13.262 minutes.
Statistically significant longer duration of surgery in the
second surgical procedures was found. In the first surgical
procedure, non-uniform distribution was observed, unlike
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the second surgical procedure, where the distribution by
duration of surgery was uniform.

Postoperative follow-up of patients was carried out,
and all postoperative complications were described. After
the first surgical procedure, complications occurred in
12.5±5.22% (5 cases), while after the second surgical pro-
cedure, complications were reported in 13.2±5.48% (5
cases), respectively.

For the first procedure, repeated-measures ANOVA
with Greenhouse-Geisser correction showed a statistically
significant difference in the means of pain intensity re-
ported in the sample (n = 40) between the different time
points (F(2.063, 10307.39)=14.079, p=0.000). This demon-
strates the high statistical significance of the results ob-
tained. Post-hoc tests using the Bonferroni correction
showed statistically significantly higher pain intensity at
hour 6 (49.488±4.165 mm) vs. all other time points - hour
3, 24, 48, 72 (32.550±4.64 mm, p=0.002, 29.088±4.47 mm,

p=0.000, 25.500±4.28 mm, p=0.000, 18.61±3.80 mm,
p=0.000, respectively).

The pain reported at hour 72 after the first extrac-
tion was statistically significantly (p = 0.018) lower than
that reported at hour 24.

For the second procedure, the repeated measures
ANOVA with Greenhouse-Geisser correction demonstrated
a statistically significant difference in the means of pain
intensity reported in the sample (n=38) between the differ-
ent time points (F(2.033, 5240.53)=8.266, p=0.001). Dif-
ferences in mean pain intensity after the second surgical
procedure were identical to those after the first surgical pro-
cedure, i. e. with a high level of statistical significance.
Post-hoc tests using the Bonferroni correction showed sta-
tistically significantly higher pain intensity at hour 6
(39.57±4.94 mm) vs. all other time points - hour 24, 48, 72
(23.28±4.37 mm, p=0.011; 21.25±4.18 mm, p=0.004;
18.45±3.93 mm, p=0.001, respectively).

Fig. 1. Dynamics of the mean pain intensity measured by VAS after the first and the second extractions.

A statistically significant difference (paired t-test,
p=0.007, n=38) was found between the paired mean pain
intensities measured at hour 6; the intensity was statistically
significantly lower after the second procedure (39.57±4.94
mm) compared to the first one (48.67±4.27 mm).

Three-step hierarchical multiple regression was con-
ducted with the pain reported at the respective hours in both
procedures as a dependent variable: Step 1 - Here we in-
cluded the predictors which we expected to predict the pain

- difficulty and duration of the procedure.
In the next steps,  we included the explanatory pre-

dictor variables (stepwise method of inclusion) which we did
not expect to necessarily affect the pain, as follows: Step 2 -
preemptive analgesia; Step 3 - complication; and Step 4 -
age, sex, and smoking status.

For the first extraction, this model gave results for
hours 48 and 72, and for the second extraction – for hours
3, 24, 48 and 72 (Table 1.).
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Table 1. Summarized hierarchical regression analysis results for predictor variables for pain.

Variable b SE βββββ t p-value R R2 adjusted R2 ∆∆∆∆∆R2

First surgical procedure

Pain at hour 48

Step 1 0.37 0.14 0.09

Constant -43.71 28.96 -1.51 0.140

Difficulty 9.96 4.48 0.37 2.22 0.032

Duration 0.02 0.28 0.01 0.08 0.936

Pain at hour 72

Step 1 0.49 0.24 0.20

Constant -56.32 24.24 -2.32 0.026

Difficulty 9.72 3.75 0.40 2.59 0.014

Duration 0.26 0.24 0.17 1.09 0.285

Second surgical procedure

Pain at hour 3

Step 1 0.22 0.05 -0.01

Constant -7.17 28.90 -0.25 0.806

Difficulty 4.55 4.80 0.20 -.95 0.350

Duration 0.09 0.45 0.04 0.19 0.849

Step 2 0.47 0.22 0.16 0.17

Constant 33.42 30.28 1.10 0.277

Difficulty 3.81 4.41 0.16 0.87 0.393

Duration -0.03 0.41 -0.01 -0.06 0.951

Preemptive
analgesia

-15.43 5.57 -0.43 -2.77 0.009

Pain at hour 24

Step 1 0.45 0.20 0.16

Constant -47.28 24.91 -1.90 0.066

Difficulty 9.28 4.14 0.43 2.25 0.031

Duration 0.08 0.38 0.04 0.20 0.847

Pain at hour 48

Step 1 0.53 0.28 0.24

Constant -58.73 22.64 -2.59 0.014

Difficulty 10.68 3.76 0.51 2.84 0.007

Duration 0.05 0.35 0.03 0.15 0.880

Step 2 0.61 0.38 0.32 0.10

Constant -47.28 21.94 -2.16 0.038

Difficulty 8.44 3.68 0.40 2.30 0.028

Duration 0.10 0.33 0.05 0.30 0.763

Complication 24.49 10.64 0.33 2.30 0.028

Pain at hour 72

Step 1 0.59 0.35 0.31

Constant -65.22 20.24 -3.22 0.003

Difficulty 11.09 3.36 0.57 3.30 0.002
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The use of hierarchical multiple regression shows
that in the first procedure the difficulty of the surgery con-
tributes significantly to the regression model at hour 48
F(2.37)=3.05, p=0.041, and hour 72 F(2.37)=5.82, p=0.006,
determining 14% and 24% of the pain intensity changes
at these time points, respectively. The regression coefficient
for hour 48 - b0=-43.71 (constant) is not statistically sig-
nificant (t=1.51, p=0.140), whereas the regression coeffi-
cient in front of the factor variable - difficulty b1=9.96 is
(t=2.22, p=0.032) and is significant. For hour 72, the re-
gression coefficient b0=-56.32 is already statistically sig-
nificant (t=2.32, p=0.026), as well as b1=9.72 (t=2.59,
p=0.014).

At both time points, stepwise regression excludes
the variables of Steps 2, 3 and 4 from the regression equa-
tion as non-essential, i.e. regression coefficients in front of
these factors are not statistically significant; therefore, they
do not have a significant influence on pain intensity.

For the second procedure, the hierarchical multiple
regression demonstrates the adequacy of the model at: (I)
hour 3 after addition of predictor variable - preemptive an-
algesia F(3.34)=3.28, p=0.033, which is statistically signifi-
cant; The inclusion of this variable explains an additional
16% of the variation in pain intensity, with only its regres-
sion coefficient b3=-15.43 being statistically significant
(t=2.77, p=0.009). One-way analysis of variance (ANOVA)
with Bonferroni correction showed statistically signifi-
cantly lower levels of pain at hour 3 in Group B (n=15;
23.00±6.30 mm) treated with ibuprofen, and in group C
(n=12; 17.41±5.63 mm) treated with combination of
ibuprofen with gabapentin compared to group A (n=11;
50.27±9.84 mm) who received placebo, p=0.034 and
p=0.013, respectively;

(II) hour 24 F(2.35) = 4.41, p = 0.020 only in Step 1
and excluding the variables in Steps 2, 3 and 4, with diffi-
culty explaining 20% of the variation in pain. The regres-
sion coefficient is statistically significant (t=2.25, p=0.031)
only in front of the factor variable - difficulty b1 = 9.28.
One-way analysis of variance (ANOVA) with Bonferroni
correction demonstrates a statistically significant difference
between the mean pain scores (p=0.020) at hour 24 with
Pederson difficulty index 6 (n=5; 4.00±23.10 mm) versus
Pederson difficulty index 9 (n=4; 58.25±12.48 mm);

(III) hours 48 and 72, at which the difficulty in Step
1 contributes significantly to the adequacy of the regres-
sion models - F(2.35)=6.77, p=0.003 and F(2.35)=9.32,
p=0.001, respectively, explaining 28% and 35% of the vari-
ation in pain. For both time points, in Step 2, introducing
the variable complication from Step 3 represents an addi-
tional 10% and 8% of variation; this change in R2 is sig-

nificant - F(3.34)=6.83, p=0.001 at hour 48 and F(3.34)=
8.48, p=0.000 at hour 72. In patients with complications,
pain intensities at these time points are statistically sig-
nificantly higher (n=5; 55.40±16.04 mm) at hour 48 and
(n=5; 45.20±16.14 mm) at hour 72 compared to patients
without complications (n=33, 16.83±3.70 mm) - t=3.00,
p=0.005 at hour 48 and (n = 33, 14.39±3.42 mm) - t=2.91,
p=0.006 at hour 72, respectively.

 At hour 48, the values of the standardized regres-
sion coefficient β for the two prediction variables - diffi-
culty (β=0.40) and complication (β=0.33) are close to each
other. Therefore, we can conclude that they have a similar
effect on the pain at this time point. On the other hand, at
hour 72, the standardized regression coefficient β for diffi-
culty (β= 0.47) is higher than that for complications
(β=0.30), therefore the difficulty of the procedure has a
greater impact on the pain intensity compared to the oc-
currence of a complication.

DISCUSSION:
Postoperative pain after surgical removal of impacted

mandibular third molars accompanies each surgical proce-
dure. It is usually acute, with short duration (from 2 hours
to 3 days) and reaches its maximum intensity immediately
after the procedure. [12]

In our study, we found that the highest intensity of
postoperative pain in both surgical procedures was at post-
operative hour 6, and it was statistically different from the
pain intensity measured at the other hours reported (hour
3, 24, 48 and 72, respectively). Thus, the results obtained
by us are different from the data of other authors. Chugh
A, et al. [13] reported that the maximum pain intensity af-
ter surgical removal of a mandibular third molar was at 48-
72 postoperative hours, while Bocanegra M, et al. [12]
found in a study that the maximum intensity of postopera-
tive pain was in the first 4 postoperative hours.

The pain after the second surgical procedure at hour
6 was statistically significantly milder than the pain at the
same hour after the first surgical procedure, although the
mean difficulty in both groups of surgical procedures was
reported to be the same – great difficulty. The second sur-
gical procedures were longer, and more complications oc-
curred during their implementation compared to the first
surgical procedures. Benediktsdóttir IS, et al. [14] found
in a study that 15.2% of the patients experienced more se-
vere pain than they expected during the first postoperative
week. The pain after the second procedure was milder at
hour 6, which can be explained by the fact that the patients
having undergone the first operation are prepared what to
expect in the postoperative period and deal more easily

Duration 0.07 0.31 0.04 0.23 0.818

Step 2 0.65 0.43 0.38 0.80

Constant -55.43 19.75 -2.81 0.008

Difficulty 9.18 3.31 0.47 2.77 0.009

Duration 0.11 0.30 0.06 0.38 0.706

Complication 20.92 9.57 0.30 2.19 0.036
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with postoperative pain.
Noxious stimuli that are strong enough to induce tis-

sue damage can cause hypersensitivity, hyperalgesia,
allodynia and unusual paresthesia, due to which pain can
be induced even by non-invasive stimuli. This can be ex-
plained by the combination of peripheral sensitization as-
sociated with the lower nociceptive threshold and central
sensitization associated with higher excitability of the cen-
tral nervous system. Uncontrolled postoperative pain is also
thought to be the cause of such type of sensory disorders.
After central sensitization occurs due to surgical damage
of tissue, postoperative hyperesthesia is prolonged, and it
takes additional time to improve. Preemptive analgesia
minimizes postoperative pain by suppressing central
sensitization, which prevents the development of postop-
erative hyperesthesia. [15] In our study with preemptive an-
algesia, patients received placebo or ibuprofen. The results
obtained clearly demonstrate that after the second surgical
procedure, the pain intensity measured at postoperative
hour 3 was lower in the groups on ibuprofen compared to
the placebo group. These results demonstrate the efficacy
of preemptive analgesia following surgical removal of im-
pacted mandibular third molars. Similar results were re-
ported by authors working on the problem of the efficacy
of preemptive analgesia. [16, 17, 18]

Ibuprofen is a medication from the group of NSAIDs.
In 2015, in a study, Hodkinson DJ, et al. [6] found that this
group of medications have an effect on the inflammatory
component of pain only, but not on the neuropathic com-
ponent of pain. This necessitates the inclusion of another
group of medications for postoperative pain management.
In our study, the patients in group C, besides Ibuprofen, also
received  medication from the group of anticonvulsants
(gabapentin). The statistical analysis of the results found no
difference in postoperative pain response in the different pa-
tient groups, which, in our opinion, can be explained by the
fact that pain intensity was not measured at hour 12 when
the effect of gabapentin administration would be evident.
In our opinion, the absence of statistically reliable data on
the effect of the medication administered may be due to the
influence of the cognitive component of the pain.

Based on the results from the statistical analysis, we
can conclude that the main predictor of postoperative pain

after surgical removal of impacted mandibular third mo-
lars using chisel and mallet technique is the difficulty of
the surgical procedure. In both surgical procedures, the
pain and difficulty at hours 48 and 72 were directly pro-
portional. This fact can also be confirmed by other authors
who worked on the problem and who found that the more
curved the roots of the third molars are, the higher the post-
operative pain intensity reported by the patients is. [14]
Morecurved roots are associated with greater trauma due
to the surgical procedure.

The factors duration, sex, age and smoking status do
not influence the postoperative pain intensity according
to our statistical analyses. In contrast to the results of our
study, some authors claim that the main factor influencing
postoperative complications and pain is the duration of the
surgical procedure. [19] Benediktsdóttir IS, et al. [14]
claimed that the factors sex, age and smoking status in-
crease the risk of complications and postoperative pain. In
a study, they found sex differences in the sensation of pain
and pointed out that female patients reported postopera-
tive pain after extraction of mandibular third molars 3 times
more than male patients. [14] In the same study, the au-
thors found that age had a role for postoperative pain in-
tensity; the older the patients, the longer the surgical pro-
cedures were, and the more intensive the postoperative pain
reported was. In our study, it was not possible to analyze
the age as a factor due to the similar age of the participants.

Our results show that after the second surgical pro-
cedure, at hours 48 and 72, the factor complication had an
important influence on the postoperative pain intensity.
For the first surgical procedure, this fact cannot be con-
firmed, so the question of the influence of postoperative
complications on the intensity of postoperative pain re-
mains controversial.

CONCLUSION:
The findings of our study show that the strongest

predictor of postoperative pain after surgical removal of im-
pacted mandibular third molars is the difficulty. The
preemptive analgesia used by us reduced the intensity of
postoperative pain, which could justify its more frequent
administration, especially in cases of surgical procedures
with great difficulty.
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