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Chlorhexidine gel and less difficult surgeries might reduce
post-operative pain, controlling for dry socket, infection
and analgesic consumption: a split-mouth controlled

randomised clinical trial
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SUMMARY Reports on post-surgical pain are a few,
and flawed (by
analgesic consumption). Besides, it is not known if

controversial statistics and
chlorhexidine can reduce post-extraction pain
adjusting for its effect on prevention of infection
and dry socket (DS). We assessed these. A total of
90 impacted mandibular third molars of 45
patients 0-2%
chlorhexidine gel was applied in a split-mouth
randomised design to one-half of the sockets.
None of the included patients took antibiotics or
analgesics afterwards. In the first and third post-
operative days, DS formation and pain levels were
recorded. Predictive roles of the risk factors were
analysed using fixed-effects (classic) and multilevel
(mixed-model) multiple linear regressions (x = 0-05,
f<0-1). In the first day, pain levels were 5-56 + 1-53
and 478 + 143 (out of 10), respectively. These
reduced to 322 + 141 and 2:16 + 1-40. Pain was
[both P

were extracted. Intra-alveolar

more intense on the control sides

values = 0-000 (paired t-test)]. Chlorhexidine had a
effect (P =0-0001),
excluding its effect on DS and infection. More
difficult surgeries (P = 0-0201) and dry sockets were
more painful (P = 0-0000). Age had a marginally
significant negative role (P = 0-0994). Gender and

[P>07
reduction

significant pain-alleviating

smoking had no
(regression)].
differed between dry sockets and healthy sockets
[P =0-0102 (anova)]. Chlorhexidine can reduce
regardless of its infection-/DS-preventive
effects. Simpler surgeries and sockets not affected

significant impact

The pattern of pain

pain,

by alveolar osteitis are less painful. Smoking and
gender less likely affect pain. The role of age was
not conclusive and needs future studies.
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Introduction

Surgical removal of impacted mandibular third molars
often accompanies post-operative complications such
as pain, trismus, infection or dry socket (DS) (1, 2).
Pain is one of the most common and important post-
operative complications (2-4), and can cause many
patients to avoid seeking treatment (5). It is also the
most important symptom of dry socket (6, 7). If dry
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socket and/or infection do not occur, a moderate pain
peaks within the first 24 post-operative hours and
then reduces quickly (4, 5, 7-9). If dry socket hap-
pens, the post-surgical pain will differ in pattern; it
will intensify between the second and fourth post-sur-
gical days (6, 7, 10-14).

Control of post-operative pain is a crucial part of
practice (3). Different measures have been proposed
for this purpose, including systemic analgesic con-
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sumption, irrigation with different agents and using
analgesic/tranquiliser dressings (6-8, 10-12, 14). Also
the application of chlorhexidine (CHX) gel might
reduce post-extraction pain (7).

Additionally, knowing the risk factors of pain can
aid the clinician in identifying high-risk patients (1),
individualising the treatment plan (4),
more conservative protocols for high-risk patients (6,
10) and informing the patient (15). However, the risk
indicators of post-operative pain are quite debated
(14, 16).

There are only a few controversial studies focused
on the risk factors of pain (1, 3, 4, 17). Most of
these researches lack prospective, split-mouth, multi-
variable designs (in which other factors can be
adjusted for) (1, 15). Further, while assessing the
risk factors, no study has distinguished the pain of
dry socket or infection from the routine habitual
post-surgical pain. Moreover, the interactions of risk
factors with each other and with potential pain-
alleviating interventions have never been estimated
except in a study concerning the risk factors but not
treatments (1). Finally, all previous studies have
assessed the pain while the included patients
ingested painkillers (1, 16, 18), a factor known as
an inherent confounder to the perceived pain
(7, 13, 16).

In view of the mentioned debates and shortcom-
ings, as well as the lack of any multivariable studies
on the pain-reducing effect of CHX, or the lack of any
split-mouth (highly matched) studies on risk factors
of pain, and the absence of any assessments of the
interactions of pain risk factors and treatments, this
analysis was conducted. Its purpose was to assess
within a multivariable context, the role of potential
predictors of post-operative pain (and their interac-
tions), controlling for confounders such as dry socket,
infection and analgesic consumption.

The null hypotheses were as follows: (1) none of
the predictors (age, gender, smoking, difficulty of sur-
gery, dry socket and CHX treatment) influences the
pain levels. (2) The prognostic factors do not alter the
effects of each other (i.e. there are no interactions).
(3) Dry socket pain does not differ in severity from
the routine post-surgical pain. (4) The pain perceived
1 day after the surgery does not differ from the pain
sensed 3 days after the surgery. (5) The pattern of
pain alterations over time (if any) does not differ
between dry sockets and intact sockets.

exercising

Subjects and methods

This double-blind split-mouth randomised controlled
clinical trial was performed on 90 extraction sockets of
bilateral impacted mandibular third molars in 45
patients attending a private clinic (2011-2012) (7, 19).
The sample size (two sets of 45 highly matched sock-
ets) sufficed to obtain test powers >0-9 for the compar-
ison of matched placebo and experimental groups.

Inclusion and exclusion criteria

To be included in the study, patients had to be prefera-
bly 18-45 years old, needing bilateral extraction of
impacted mandibular third molars with a difficulty
index preferably above 7 according to the Pederson
scale (equal on both the treatment/control sides in each
patient) (7, 19, 20). Patients were excluded if they were
unwilling to participate or attend the follow-up ses-
sions, if they had any systemic or mental diseases, had
any symptoms during the 10 days prior to the surgery,
had any condition contraindicative of surgery, had
ingested any medications as of 4 days before the opera-
tion, needed antibiotic prophylaxis, were pregnant,
had pain-inducing conditions or had any allergies (7).
The internal review board of the university approved
the protocol ethics, according to the Helsinki Declara-
tion. Written consents were taken from the participants
(7, 19). During the explanation of the study to the
patients, they were briefed that the investigators
needed patients that could tolerate pain without taking
analgesics. They were asked if they could do it. How-
ever, they were assured that their refusal would not
affect by any means the treatments provided to them.
All patients would be provided proper routine post-
surgical care, including analgesic prescription (upon
their request or need) or antibiotic treatment (in the
case of clinical need determined by the surgeon). How-
ever, the patients taking such medications until the
third day would be excluded from the study. This was
because antibiotic consumption (indicating a post-oper-
ative infection which might alter the pain) and analge-
sic ingestion (which might affect the pain as well) (7,
13, 16) were strong confounders. Only the information
regarding patients who did not need or ask for analge-
sics or did not clinically need antibiotics until the third
day would be included. If any infections happened after
the study period (after the third day) and the patient
had not consumed any analgesics or antibiotics over
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the study period, they would be given proper antibiotic
medication while being still included in the study. As
stated above, proper care would be provided to the
excluded patients as well (7).

More than 200 subjects were evaluated. Most of
the patients meeting the other inclusion criteria dis-
agreed to participate because of their intention to tak-
ing analgesics post-operatively. Of the patients who
met the inclusion criteria and volunteered to partici-
pate, none was dropped out post-surgically due to
any infection or analgesic/antibiotic consumption.
However, four were dropped out after the surgery
because of failure to attend the follow-up.

The experiments and clinical assessments

Surgery. Before the experiments, a general practitioner
randomised the chlorhexidine treatment. A blinded
maxillofacial surgeon (practicing for about 15 years)
surgically removed both the mandibular third molars of
each patient in a single session. The order of the extrac-
tion sites (left or right) was selected randomly unless
patients asked for or needed clinically the removal of
one side first. The patients underwent the procedure
under local anaesthesia (articaine 4% epinephrine)
administered to the inferior alveolar, long buccal and
lingual nerves. Each patient received one carpule of
anaesthesia on each side, first. The patient would
receive additional dose(s) upon their need or request,
until the surgery was totally painless. A mucoperiosteal
pocket was cut and everted to gain access to the third
molar, carrying out osteotomy and dental sectioning
(using rotary instruments) when necessary. Once the
tooth had been extracted, the alveolus was cleaned and
the bone edges were smoothed. After the operation, the
surgeon left the room. As the randomised treatment,
the general dentist applied the 0-2% CHX gel* to one of
the two same-sized (14 x 7 x 7 mm?) dressings of gel-
atin sponge containing colloidal silver’ for each patient.
The placebo specimen would be a same-sized dry gela-
tin dressing. Then, the same operator placed the CHX/
placebo gelatin sponges in the bilateral extraction sock-
ets. The dentist gently pushed the dressings into the
sockets and ensured the sponge reached the socket floor
and that no excess gel was visible around the experi-

*Kimia, Tehran, Iran.

fGelatamp, Roeko, Germany.
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mental socket. The dressing would be resorbed within
four post-operative weeks. Both the surgeon and the
patients were blinded of the random CHX allocations.
The surgeon returned and sutured the wound (7, 19).

Assessment of pain and other variables. The pain was
evaluated using a visual analogous scale (VAS). It was
assessed on each side of each patient. The evaluations
were performed at the office, on both the first and
the third post-operative days (about 24 and 72 h after
the surgery, respectively) (7, 8 17). The VAS was
converted to 10 distances of equal length, each start-
ing from the ranks 0 to 9 (score 0: no pain, score 10:
intolerable pain).

The blinded maxillofacial surgeon diagnosed the dry
socket occurrence in the third post-operative day,
according to the Blum’s standardised criteria (7, 10,
19). Demographic data (age and gender) as well as
patients’ smoking habit (yes/no) were recorded. The
variable ‘smoking habit” was regarded as ‘yes’ if the
patients reported that they were This
included patients who were smokers but had not
smoked before the surgery.

smokers.

Statistical analyses and the reliability of the pain reports

There were excellent intra-rater agreements between
the reports of the patients at the first and second ses-
sions, regarding the pain they sensed on their placebo
side (Cronbach o = 0-927, P = 0-0000) and on their
CHX side (o = 0-944, P = 0-0000).

Descriptive statistics were calculated. All the inde-
pendent variables except for dry socket were equal on
both the placebo/CHX sides (because of the split-
mouth design of the study). The control and treat-
ment groups were compared in terms of dry socket
formation, using a McNemar matched pairs test
(Table 1) (19). The data were analysed using a paired
t-test, repeated-measures two-way analysis of variance
(anova), Spearman correlation coefficient, fixed-effects
(classic) multiple linear regression and hierarchical
multilevel (mixed-model) multiple linear regression
analyses (random intercept and slopes included). The
level of significance was set at 0-05.

Results

The sample consisted of 90 bilateral extraction sockets
in 45 patients. The subjects were 24 men and 21
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Table 1. Net and frequency (%) distributions of 45 matched
pairs of bilateral extraction sockets (in 45 patients) according to
the dry socket (DS) occurrence in patients’ experimental and
control sides

DS in the CHX side

DS in the

Placebo side Negative Positive Total p
Negative 29 (64-4) 0 29 (64-4)

Positive 10 (22-2) 6 (13:3) 16 (35:6) 0-002
Total 39 (86-7) 45 (100)

The P-value is calculated using the McNemar test, by comparing
the frequency of the independent variable ‘dry socket” in the
control versus experimental matched sides.

All other independent variables are equal and matched between
the placebo and treatment groups.

women. Patients’” mean ages were 22-6 = 2-9 (Range:
18-31) in men and 21-5 £ 2:6 (Range: 17-26) in
women. Of the participants, 16 men and 5 women
smoked cigarettes. The difficulty indices were
7-0 £ 0-8 (Range: 6-8) in men and 7-3 4+ 0-7 (Range:
6—8) in women.

There were moderate to strong positive correlations
between the pain levels perceived on both sides in
the first day (p = 0-658, P = 0-000) and in the third
day (p = 0-464, P = 0-001).

The difference between the pain perceived on the matched
experimental and placebo sides on each post-operative day
(determined in a bivariable framework)

According to the paired f¢-test (n = 90 matched sock-
ets), on each of the post-surgical days, there was a
significant difference between the pain perceived on
the placebo and CHX sides (Fig. 1, Table 2). The
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Fig. 1. Mean (and 95% CI) of pain intensities in dry sockets
(n = 22), healthy sockets (n = 68) and the sample (z = 90 alve-
oli).

application of chlorhexidine gel could significantly
reduce pain intensities either on the first post-opera-
tive day or on the third day (Fig. 1, Table 2).

Differences in the pain of dry sockets versus healthy sockets
as well as the pattern of pain reduction over time with and
without dry socket occurrence

The repeated-measures two-way anNova (1 = 180
observation: 90 sockets at two time points) showed
that the pain was greater in dry sockets compared to
intact sockets (P = 0-0000). It was more severe on the
first day compared to the third day (P = 0-0000,
Fig. 1). The interaction of ‘dry socket” and ‘time” vari-
ables was significant as well (P = 0-0102). This meant
that the pattern of pain reduction over time differed
between healthy and dry sockets.

Table 2. Pain intensities in the first and third post-surgical days, on the matched control and treatment sides

Interquartile range 95% CI
Day Group Mean pain SD Min Q1 Med Q3 Max Low Up P
1st day Placebo 5:56 1-53 3 4 6 8 5-096 6-015 0-000
CHX 478 1-43 2 4 5 5-5 8 4349 5-207
3rd day Placebo 3-22 1-41 0 2 3 6 2-888 3703 0-000
CHX 2-16 1-40 0 1 2 3 5 2:102 2:873

SD standard deviation of pain levels; Min, minimum pain level; Q1, 25th percentile; Med, median; Q3, 75th percentile; Max, maxi-
mum pain level; CI, confidence interval for the mean pain level; Up, upper CI bound; Low, lower CI bound.

The P-values are calculated using the paired #-test, comparing the pain levels on the treatment side (CHX) versus the control side (Pla-
cebo). The comparisons are performed for both post-operative days.

Pain levels are unitless, recorded on a 0-10 scale. Zero means no pain; ten means intolerable pain.

© 2014 John Wiley & Sons Ltd
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The bivariate correlations between and  the

independent variables

pain

The significant correlation coefficients between the
independent variables and pain are presented in
Table 3.

Prognostic factors of pain, determined in a multivariable
framework

On each side and each session separately (excluding the var-
iable CHX). To eliminate multicollinearity between
the main variables and their interactions — which
could disrupt the results — each variable was mean-
centred before its inclusion in the model. Still, some
interaction terms led to rather high variance inflation
factors. They were excluded. The significant predictors
determined by fixed-etfects (classic) regression models
are exhibited in Table 4.

On both sides combined (accounting for the variable CHX
and the random effects). The significant variables (deter-
mined by mixed-model regressions) in the 1st and 3rd
day (accounting for the matching), as well as those in
both days combined (accounting for the matching and
repeated measures) are presented in Table 5.

Discussion

The findings of this study indicated that post-opera-
tive pain was more intense after difficult surgeries

and in dry sockets. CHX application could reduce
pain, adjusted for its preventive effect on dry socket
and infection within the evaluated period (until the
third day).

Each significant interaction indicated that two prog-
nostic factors might alter the effects of each other.
The coefficient signs of the interaction terms pointed
to the direction of this modification. The positive
interactions (i.e. male gender by CHX application, age
by dry socket in the third day) denoted that the pre-
dictors might intensify each other’s influence. There-
fore, the pain-alleviating effect of chlorhexidine might
be weaker in men. In addition, the pain caused by
dry sockets in the third day might be more intense in
older patients. The negative interactions (i.e. the
operation difficulty by dry socket, age by CHX appli-
cation in the third day) denoted that each factor
tended to reduce the impact of the other one: The
pain-alleviating effect of CHX in the third day was less
visible in older people. As well, pain of dry socket
tended to be more intense in less difficult surgeries. A
better explanation for the same interaction is that the
non-DS pain was greater in surgeries that were more
difficult.

Chlorhexidine, available as mouth rinse and topical
gel, is a biguanide antiseptic shown effective in the
prevention of dry socket (7, 10, 11, 13, 19). Our mul-
tivariable analyses confirmed that chlorhexidine gel
might have therapeutic effects on reduction of post-
surgical pain, even in the absence of any clinical

Table 3. Spearman coefficients between pain intensities and the independent variables

Control (n = 45)

Treatment (n = 45) Both sides (7 = 90)

Day Independent variable p P p P p P

1st day Sex: male —0-098 0-522 0-042 0-784 —0-029 0-783
Age —0-115 0-453 —0-180 0-236 —0-141 0-184
Difficulty 0-273 0-070 0-447 0-002 0-323 0-002
Smoking: positive —0-108 0-481 —0-137 0-371 —0-118 0-270
Dry socket: positive 0-739 0-000 0-663 0-000 0-723 0-000
CHX gel: positive - - - - —0-257 0-015

3rd day Sex: male —0-138 0-365 —0-024 0-877 —0-076 0-477
Age 0-053 0-728 —0-294 0-050 —0-111 0-296
Difficulty 0-240 0-112 0-422 0-004 0-282 0-007
Smoking: positive —0-085 0-579 —0-138 0-368 —0-104 0-330
Dry socket: positive 0-646 0-000 0-476 0-001 0-605 0-000
CHX gel: positive - - - - —0-358 0-001

p, Spearman correlation coefficient.
Significant results in bold.

© 2014 John Wiley & Sons Ltd
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Table 4. The role of the pain predictors (excluding CHX) and their interactions on the pain levels on each side at each session com-

puted within fixed-effects (classic) multiple linear regression frameworks

Side Day Predictor B SE Beta P
Placebo 1st day Male sex —0-550 0-323 —0-181 0-097
AR = 0-657 Age —0-084 0-055 —0-151 0-135
(n = 45 sockets) Difficulty 0-651 0-200 0334 0-002
Smoking: yes 0-363 0-354 0-120 0-311
Dry socket: yes 2:544 0-306 0-804 0-000
Difficulty x DS —1-011 0-381 —0-275 0-012
Smoking x DS —0-881 0-632 —0-143 0-172
Male sex x smoking 0-510 0-672 0-075 0-453
3rd day Male Sex —0-681 0-377 —0-243 0-079
AR = 0-452 Age 0-024 0-063 0-047 0-705
(n = 45 sockets) Difficulty 0-477 0-231 0-266 0-046
Smoking: yes 0-219 0-412 0-078 0-598
Dry socket: yes 1-968 0-332 0-675 0-000
Difficulty x DS —0-636 0-431 —0-188 0-149
Smoking x DS —0-808 0-732 —0-142 0-277
CHX 1st day Male sex 0-328 0-352 0-116 0-357
AR = 0-517 Age —0-113 0-061 —0-216 0-073
(n = 45 sockets) Difficulty 0-568 0-215 0-305 0-012
Smoking: yes —0-307 0-349 —0-108 0-384
Dry socket: yes 2:633 0-477 0-634 0-000
Male Sex x difficulty —0-438 0-435 —0-113 0-321
Male sex x DS —0-502 0-993 —0-062 0-616
3rd day Male sex 0-179 0-387 0-064 0-647
AR = 0-341 Age —-0-157 0-068 —0-308 0-026
(n = 45 sockets) Difficulty 0-511 0-241 0-281 0-040
Smoking: yes —0-076 0-396 —0-027 0-849
Dry socket: yes 1745 0-528 0-429 0-002

B, regression coefficient; SE standard error; Beta, standardised regression coefficient; DS, dry socket; CHX, chlorhexidine; AR, adjusted

R-squared for the model.

Variable references: Positive coefficient signs of gender, smoking and dry socket indicate a greater pain in ‘males’, ‘smokers’ and ‘dry

sockets’, respectively. The negative coefficient of CHX indicates a lower pain after CHX application. The positive correlations with diffi-

culty index and age indicate more intense pain in surgeries that were more difficult and in older people. Significant results in bold.

infection or dry socket. This is not assessed before and
is worth further investigations. Some research had
confirmed the role of hygiene (8, 21) and antibiotic
prophylaxis in pain reduction (16). Perhaps, the anti-
septic quality of CHX might reduce painful inflamma-
tory mediators that would be produced in response to
bacterial activity. Further investigations are needed
for confirming this.

There might be a relationship between the magni-
tude of post-operative pain with surgical trauma and
bone removal, which release inflammatory activators
(2, 9, 16). Such an influence was visible in this
study and some other ones (4, 9, 22). Some investi-
gators found significant links between the pain and
the duration of operation (3), which could also post-

pone the recovery (4). However, some researchers

did not find a significant influence of trauma on
pain (2, 16). This might be due to usage of painkil-
lers in their set-ups (as confounders) (16). The surgi-
cal difficulty can also increase the risk of dry socket
(18, 19), which accompanies greater pain. However,
the effect of dry socket was already adjusted for, in
this analysis.

Nicotine might have both negative and positive
effects on pain. It might reduce blood supply and
thus increase pain (8). On the other hand, it might
improve the pain threshold and tolerance (16). After
several analyses, we did not find any significant
effect of smoking on the pain. Many other studies as
well did not find such an influence (2, 8, 16, 18). A
study linked more severe pains to post-operative
smoking but not to pre-operative smoking (8). Grossi

© 2014 John Wiley & Sons Ltd
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Table 5. Three hierarchical multilevel (mixed-model) multiple linear regression analyses of pain predictors (and their interactions) in
the first and third post-operative days (7 = 90 each) and in both sessions combined (7 = 180). The dependent variables are the pain
levels in the first and third days, as well as the pain intensity in both days together

Session Predictor: Reference B SE P 95% CI
First day (7 = 90 matched sockets) Male sex 0-016 0-281 0-9558 —0-553 0-584
Age —0-083 0-049 0-0999 —0-183 0-017
Difficulty 0-468 0-165 0-0072 0-134 0-802
Smoking: positive —0-124 0-290 0-6721 —0-711 0-463
Dry socket: positive 2:294 0-240 0-0000 1-817 2:771
CHX: positive —0-244 0-146 0-1017 —0-539 0-050
Male sex x CHX 0-616 0-275 0-0309 0-060 1-171
Difficulty x DS —0-478 0-272 0-0823 —1-020 0-063
Third day (7 = 90 matched sockets) Male sex 0-254 0-367 0-4939 —0-490 0-997
Age —0-030 0-061 0-6215 —0-153 0-093
Difficulty 0-494 0-208 0-0235 0-071 0917
Smoking: positive —0:266 0-356 0-4597 —0-989 0-457
Dry socket: positive 1-589 0-304 0-0000 0-984 2-194
CHX: positive —0:658 0-169 0-0004 —1-000 —0-316
Male sex x age —0-099 0-124 04318 —0-350 0-153
Male sex x difficulty —0-551 0-473 0-2516 —1-509 0-407
Male sex x CHX 0-513 0-334 0-1325 —0-162 1-187
Age x difficulty —0-108 0-077 0-1669 —0-263 0-047
Age x DS 0-329 0-147 0-0279 0-037 0-622
Age x CHX —0-158 0-060 0-0120 —0-280 —0-037
Difficulty x smoking 0-544 0-466 0-2494 —0-397 1-486
Difficulty x DS —0-530 0-321 0-1037 -1-171 0-111
Both sessions [# = 180 (90 matched Male sex —0-048 0-281 0-8654 —0-616 0-520
sockets in two repeated-measures observations)] Age —0-085 0-050 0-0994 —0-187 0-017
Difficulty 0-394 0-163 0-0201 0-065 0723
Smoking: positive —0-116 0-290 0-6916 —0-703 0-471
Dry socket: positive 2:012 0-206 0-0000 1-604 2:419
CHX: positive —0-450 0-113 0-0001 —0-674 —0-226
Male sex x DS —0:593 0-447 0-1865 —1:475 0-290
Male sex x CHX 0-611 0-261 0-0209 0-094 1-127
Difficulty x DS —0-604 0-237 0-0119 —-1-073 —0-135
Smoking x CHX —0-383 0-242 0-1153 —0-861 0-095

B, regression coefficient; SE standard error; CI, confidence interval; DS, dry socket; CHX, chlorhexidine.

Variable references: positive coefficient signs of sex, smoking and dry socket indicate a greater pain in ‘males’, ‘smokers” and ‘dry sock-
ets’, respectively. The negative coefficient of CHX indicates a lower pain after the CHX application. The positive correlations with diffi-
culty index and age indicate greater pains in more difficult surgeries and in older people. Significant results in bold.

et al. (16). observed higher levels of pain in smoker
females but not in the total sample. They suggested
that probably the positive effects of smoking appear
in men while its negative influence are more obvious
in women (16). We accounted for the role of gender
as well as its interaction with smoking, and again
found no associations. It seems that smoking might
have no or limited impact on post-operative pain.
Few studies have been performed in this regard, and
future researches taking into account the dose of
smoking seem necessary.

© 2014 John Wiley & Sons Ltd

Owing to biological and psychological ditferences,
females and males might perceive and respond differ-
ently to sensory and pain stimuli as well as pain med-
ication (16, 23-25). According to some authors, the
most common finding after the extraction of third
molars (16) might be females perceiving more severe
post-surgical pain or prolonged recovery (1, 3, 5, 9,
15, 22). Females might be more sensitive to pain
stimuli, probably due to reasons such as familial fac-
tors, catastrophising, sex hormones and psychosocial
factors (16, 24, 25). Nevertheless, in the current study
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as well as some other ones (2, 16, 26-29), no such an
influence was observed. Even Grossi ef al. (16). exhib-
ited that although women tended to complain more
than men about ‘post-surgical sickness, appearance,
speech, and eating’, their complaints about pain and
sensation (and their analgesic consumption) were
similar to those of men. Moreover, in another study,
it was men who subjectively felt greater pains
(although the number of analgesics taken did not dif-
fer again) (2). A reason for the greater pain perceived
by females in some studies (1, 9, 15) might be the
probable higher risk of dry socket formation in
females (15),
those studies. Furthermore, the effect of gender on
post-procedural pain might appear or intensify in ado-
lescence (30). This might contribute to the lack of sig-
nificant differences in samples with younger patients.

It is suggested that ageing might intensify pain due
to factors such as increased bone density (9, 15, 16,
18, 31), completion of root formation and reduced
wound healing potential (3). Many authors identified
a positive link between age and pain (1, 2, 26, 32).
Nevertheless, several other researchers found no pain-
related role of age (2, 9, 16-18, 33). Capuzzi et al. (2).
asserted that younger patients might subjectively
report less severe pain, while consuming analgesic
doses similar to doses taken by older patients.
Another study found more intense pains in younger
subjects (3). The present study did not detect a signifi-
cant association with age. Perhaps, the significant
associations observed in the previous research were
partly attributable to factors that change with ageing,
not necessarily ageing itself. For instance, in case, we
had not controlled for the variables ‘gender, smoking
and the surgical difficulty” in our regression model,
age would become significant (P = 0-037). However,
it is noteworthy that the role of age was still margin-
ally significant in the current set-up, even adjusting
for the above-mentioned variables. Besides, it should
be taken into account that all our patients were in
their youth. Probably, by including a larger sample of
older people, might be
observed. The current marginally significant result
cannot verify the role of age; and future studies are
warranted.

which had not been controlled for in

some direct associations

Dry socket pain might be caused by the formation of
plasmin in the alveolus. Plasmin can convert kallikrein
into kinins and cause neuralgic pain and clot disinte-
gration (6, 7, 10). As dry socket might highly affect

pain (15) and confound the results, we also accounted
for its effect, for the first time in the literature, while
assessing the risk factors of pain. It was interesting that
cases diagnosed as dry socket were more painful at
both sessions and not just in the third day.

Dry socket pain is unlikely associated with the
habitual pain observed post-operatively (21). The pat-
tern of pain reduction differed between dry sockets
and intact sockets in this sample, as expected (4-14).
The pain of dry sockets perceived at the third post-
operative day was higher than normal sockets. How-
ever, it was lower than the initial pain felt in the
same sockets in the first day. This contradicted the
anticipation of a pain that increases in the third day
(6, 7, 10-14). However, not knowing the pain levels
in the second day, it is not possible to rule out an
increase in the third day. Moreover, routine clinical
patients mask their pain by taking analgesics in the
first few days; subsequently, when they anticipate a
lower pain in the next days, an increase might be
sensed because of dry socket. Thus, the lack of analge-
sic consumption might be another factor contributing
to the higher pains sensed in the first day, even in
dry sockets. Future studies with longer timeframes
and more intervals should evaluate this item.

Limitations and strengths

Some limitations constrained this study. A larger sam-
ple could favour the reliability of the result. However,
power calculations revealed sufficient powers, possibly
due to excluding many confounders by the split-
mouth design.

The dressing contains 0-5 mg colloidal silver, which
allows for a continuous release of silver ions and a
subsequent continuous antimicrobial effect. This could
act as a confounder. Therefore, cleaner designs (with
inert dressings) are definitely necessary to confirm
our findings. However, this specific dressing was
placed in ‘both” the contralateral sockets, and thus,
the design remained balanced. Moreover, the CHX
application might partly hinder the release of silver
ion from the dressing placed in the experimental side.
Therefore, if the silver release had any confounding
effect, it might favour the pain reduction on the pla-
cebo side more than on the CHX side.

Another issue was the subjective nature of pain,
which could be affected greatly by cultural and
demographic differences, and was difficult to assess

© 2014 John Wiley & Sons Ltd
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(7, 15). Unlike all previous studies, we did not count
systemic analgesic pills consumed, as counting them
would reflect the total/maximum pain sensed by each
patient, not the pain on each surgical site (7). This
would eliminate any contrast between the CHX/pla-
cebo sides.

There is a possibility that some patients might have
lied about avoiding analgesics. However, it was volun-
tary, and the dropped out patients would receive rou-
tine appropriate post-operative care. Therefore, it
seemed unlikely that the volunteered patients had
secretly taken painkillers.

Excluding the patients consuming analgesics might
skew the generalisability of the results to lower pain
levels. Perhaps, the inclusion of all patients regardless
of their painkiller usage might help in this regard.
Nevertheless, such patients will again perceive milder
pain, which this might shift the results.

In this study, many patients disagreed to participate
because they did not want to risk their health by
avoiding painkiller Their
might skew the sample to more courageous or psy-
chologically prepared and cooperating patients, but
not necessarily to the ones with milder pain. The
descriptive statistics denote that some volunteers had
tolerated rather severe pain levels without taking
analgesics. This might favour the generalisability. Per-
haps, some of the four patients who did not attend
follow-up had ingested painkillers, but it is not
known to us.

Another potential limitation was the assessment of
multiple painful spots in each patient. The existence
of one painful socket might affect (either reduce or
increase) the perceived pain on the other socket, and
thus decrease the accuracy. However, such a psycho-
logical bias was less likely present in this study,
because of the following deductions: if the bias was
positive, a fainter pain contrast would be expected
between the placebo/CHX sides. However, the test
power implied a clear difference. If a negative bias
existed, some negative correlations between the pain
at the two sides would be expected. However, the
correlations were positive. Whereas, it was still possi-
ble that some patients had positive bias and few had
negative bias. This cannot be ruled out, and there
seems no other option to conduct a split-mouth study

consumption. exclusion

without this limitation. Besides, the excellent intra-
rater agreements between the two sessions of this
experiment might imply that the reported pain levels

© 2014 John Wiley & Sons Ltd

were rather accurate. Future studies might further the
precision by recording the pain more than once at
each session.

Finally, the sample balance and using multivariable
analyses on a split-mouth design might better the reli-
ability. The rather sophisticated statistical analyses
specified in this study (hierarchical multilevel models
including predictor interactions) were unique to the
literature. Such analyses might allow for multiple
simultaneous adjustments, which are preferable when
modelling a complicated system full of interrelated
factors (19).

Conclusions

When controlling for other variables and their inter-
actions, it might be inferred that:

1 Chlorhexidine gel might reduce post-operative pain
(regardless of its effect on dry socket and infection),
particularly in the third day.

2 Pain of dry socket is more severe than the habitual
pain routinely perceived after the surgery.

3 Those sockets that will develop dry socket on the
third day are more painful, even on the first day.
Severe pain in the first post-operative day might be
indicative of a greater risk of dry socket develop-
ment. This suggestion needs future studies to be
verified.

4 In the absence of analgesic consumption, the post-
surgical pain might be greater in the first day com-
pared to the third day, in both dry sockets and
healthy sockets. the pattern of this
decrease differs between the two.

5 More difficult surgeries might be more painful and
might need more conservative and cautious opera-

However,

tions.

6 Smoking habit and gender are less likely affecting
post-operative pain.

7 The role of age was inconclusive. This factor needs
future studies with larger samples and broader age
ranges.
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