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Aims: To assess the effects of intra-alveolar application of chlorbex-
idine gel on the incidence of alveolar osteitis (dry socket) and the
severity of postsurgical pain. Methods: A total of 160 impacted man-
dibular third molars were extracted in 80 patients enrolled in this tri-
al. In each subject, a socket was randomly selected and packed to the
crest of the alveolar ridge with a gelatin sponge dressing saturated in
0.2% chlorbexidine gel. The contralateral socket was packed with a
dry dressing as the placebo. None of the included patients took anti-
biotics or analgesics. The occurrence of dry socket and patients’ pain
levels were assessed at the first and third postoperative days. The data
were analyzed using Spearman correlation coefficient, McNemar,
Wilcoxon, and chi-square tests. Results: Chlorbexidine gel signifi-
cantly reduced dry socket incidence from 32.6% to 11.3% (P <.001
[McNemar and chi-square], absolute risk reduction = 21.2%, relative
risk reduction = 65.4%, odds ratio = 0.263, relative risk = 0.345).
It also significantly relieved postoperative pain on both sides in all
the patients (P < .001 [Wilcoxon]) and also in the 54 subjects who
did not develop dry socket (P <.001 [Wilcoxon]). Conclusions: Be-
sides decreasing the incidence of dry socket, chlorbexidine gel can
reduce postsurgical pain in patients with and without dry socket.
J OROFAC PAIN 2013;27:256-262. doi: 10.11607/jop.1142
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lveolar osteitis (also called dry socket) is a postoperative pain
in and around a tooth extraction site, which intensifies at
any time between the first and third postsurgical days. It ac-
companies a partially or totally disintegrated blood clot within the
alveolar socket, with or without halitosis.'”'° It remains the most
common postextraction complication,=7%11-17 a5 removal of im-
pacted third molars can account for 20% to 30% of dry sockets,
and extraction of all teeth might lead to 0% to 70% of alveolar
osteitis occurrence.!™6710-1517-19 Although probably multifactorial,
its etiology is not clearly understood. A cascade of fibrinolysis in-
duced by the active role of microorganisms is suggested as a mecha-
nism.1—4,6—8,10,16—18,20
Dry socket is clinically diagnosed by the presence of a denuded
socket secondary to premature loss of the blood clot. It manifests
as slight discomfort to the patient, followed by sudden worsening
with intense or lancing pain that increases upon chewing or suc-
tion. 578101421 The condition usually needs many postoperative
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visits for treatment—at least four appointments.®!*
These postoperative visits along with painful ac-
companying symptoms>*®!* add considerably to
patient morbidity and expenditures,'=*1%14 and
may pose psychological distress to both patients
and clinicians.>*614

The fundamental and perhaps the best treatment
is prevention.**7%10.16:21 Methods advocated for this
purpose include application of antibiotics (and their
placement into the wound), topical antiseptic rinses,
antifibrinolytic agents, saline mouthwashes, tran-
quilizer dressings, occlusive dressings, and polylactic
acid, as well as timing of the treatment,!s*7-10:14:20.21
Pathological bacteria play a critical role in alveolar
osteitis by preventing clot formation through fibrino-
lytic enzymatic activities.'=¢-%1017-20 ¢ is probably
why the most effective treatment approach has been
the application of antibiotics and antiseptics,"*%!”
which can enhance the healing process, particularly
when used locally and prophylactically.!-'%12> Con-
cerns about the expense of antibiotics and bacterial
resistance®”?! justify the research on new antiseptic
treatments to obtain a similar outcome with less cost
and fewer adverse effects.**!

Chlorhexidine is a biguanide antiseptic often used
in the form of a mouthrinse and bioadhesive gel. It
acts against a broad spectrum of aerobic and an-
aerobic oral pathogens. It is tolerated by the human
immune system and does not create resistance.'**?
It has been shown effective in the prevention of dry
socket.!=3->71415.23 Nevertheless, several authors have
found it ineffective.>>¢121%2425 The inconclusiveness
of the results®’ rationalizes more assessments for
this agent. The introduction of 0.2% chlorhexidine
in the form of a bioadhesive gel has opened up new
lines of investigation.'” This gel might be more ef-
fective than the mouthwash. This is because the
intra-alveolar positioning of the gel would allow
more bioavailability and thus more prolonged re-
lease of the active substance and a more direct ac-
tion on the alveolus.'™ Besides, the gel can be used
immediately, unlike the chlorhexidine rinse, which
should not be applied within the first 24 postsurgi-
cal hours to avoid clot detachment.’ In addition, in-
tra-alveolar application of chlorhexidine gel relieves
the patient from the adverse effects of the rinse—
ie, staining or disturbance of taste sensation."

However, more evidence is still needed to prove
it is effective. The literature consists of only a few
controversial reports about the effects of different
regimens of chlorhexidine gel application on dry
socket (ie, intra-alveolar placement'** and daily ap-
plication to the wound?).'** Hence, a definite conclu-
sion cannot be drawn, mainly because of the small
number of studies on each regimen, the debates (as
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two out of four studies did not report a significant
effect),’* and methodological drawbacks (eg, lack
of any split-mouth designs). Another point entirely
missing in the literature is the potential therapeutic
effects of chlorhexidine on postoperative pain. The
efficacy of chlorhexidine gel/solution in postsurgical
pain reduction has not been assessed, except par-
tially in a small pilot study with major flaws.* It is
of interest to clinicians to know whether chlorhex-
idine can reduce postextraction pain. If so, is this ef-
fect necessarily a function of dry socket prevention,
or can it appear regardless of its alveolar osteitis/
infection-preventing influence?

In view of these shortcomings and disputes, the
present split-mouth randomized clinical trial was
conducted. Its aim was to assess the effects of intra-
alveolar application of the chlorhexidine gel on the
incidence of alveolar osteitis and the severity of post-
surgical pain.

Materials and Methods

This study was performed on 160 extraction sites in
80 patients attending a private maxillofacial surgery
clinic in Tehran, during the years 2010 and 2011. The
inclusion criteria were patients being 18 to 45 years
of age with an indication for bilateral extraction of
impacted mandibular third molars. The surgery dif-
ficulty index needed to range preferably between 7
and 10 according to the Pederson scale (being equal
on both sides).?* The degree of difficulty was rated
by an experienced maxillofacial surgeon who car-
ried out all the preoperative patient selections.

The exclusion criteria comprised the follow-
ing: unwillingness to participate or unwillingness/
refusal to avoid consuming analgesics/antibiotics af-
ter surgery; failure to attend the follow-up sessions
in the first or third postoperative days; presence of
any systemic disease/infection; ingestion of any med-
ications (including antibiotics and anticoagulants)
during the 4 days before the operation; existence of
any condition that contraindicated surgery; pres-
ence of any psychological conditions or receiving
any sedatives/analgesics/psychiatric medications;
presence of pain-inducing conditions such as aching
teeth, recurrent aphthous stomatitis, or cheek bit-
ing; the need for antibiotic prophylaxis; pregnancy;
being immunodepressed; and having allergy to any
medications.™

The protocol ethics were approved by the inter-
nal review board of the university according to the
Helsinki declarations. The trial and complications
of surgery including the possibility of postoperative
pain were thoroughly explained to the patients prior
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to the study, and written consents were taken from
them. The patients who were willing to participate
were encouraged to avoid ingesting painkillers and
antibiotics. If not possible, they would be excluded
from the study and replaced by new patients. They
would be offered proper treatments (including pain
relief) when necessary, even after being excluded.

Surgery

The patients underwent the procedure under local
anesthesia (articaine 4% with epinephrine admin-
istered to the inferior alveolar, long buccal, and lin-
gual nerves). A mucoperiosteal pocket was cut and
everted to gain access to the third molar. Osteotomy
and dental sectioning were carried out when neces-
sary. Once the tooth had been extracted, the alveo-
lus was cleaned and the bone edges were smoothed.
Both sides were operated at the same session. The
order of sites to be operated was determined ran-
domly by the surgeon, unless the patient’s clinical
conditions necessitated surgery of one site first, or if
the patient asked so.

Intra-alveolar Chlorbexidine Gel Application.
Chlorhexidine treatment was randomized in the
designing stage, using the simple random sampling
method of tossing a coin. The treatment was per-
formed by the same dentist who would apply the
treatment after the surgery. The surgeon was not
aware of the allocations.

After the operation, the surgeon left the room
temporarily. The gel was applied to one of the two
same-sized dressings of gelatin sponge with col-
loidal silver (Gelatamp, Roeko) by the only dentist
who had randomized the treatment. The dry dress-
ing acted as the placebo. The experimental dressing
was impregnated in a 0.2% chlorhexidine bioadhe-
sive gel (1,6-bis|[N-p-chlorphenyl-biguanidol hexane
digluconate], Kimia). Afterwards, the dentist pushed
the dressings gently into the sockets. It was made sure
that they had reached the socket floors and that there
was no observable excess material. Both the surgeon
and patients were blinded to the assignment orders.!

The surgeon returned and closed the wound with
simple 4/0 silk sutures.? After the surgery, no anal-
gesics or antibiotics were consumed by the included
patients. However, upon their request or need, prop-
er medications would be provided (leading to their
exclusion from the study).

Clinical Examination
Subjects were evaluated in the first and third post-

operative days. Clinical assessments were performed
by the blinded maxillofacial surgeon, according to
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Blum’s standardized criteria.>*” Diagnosis of dry
socket was regarded as positive when the patient ex-
perienced postoperative pain that intensified some-
time between the first and third days, with total or
partial loss of the blood clot.”

At each follow-up, postoperative pain was re-
corded using a visual analog scale (VAS). The end
points were considered as “no pain” and “intoler-
able pain”.?%?” The results on the VAS were later
converted to 10 ordered ranks (0 to 9).

Statistical Analysis

Prospective Power Calculation and Sample Size
Determination. A pilot study of 45 individuals was
undertaken. The proportions of dry socket in the
control and experimental sides were 35.6% and
13.3%, respectively. On the basis of this pilot study,
a sample size of 76 patients (76 X 2 sockets) was
needed to obtain a 0.9 power (a = .05, B =.1). Thus
it was prospectively determined as 160 extraction
sites in 80 patients to gain test powers > 0.9.

Effect of Chlorhexidine on Dry Socket Occur-
rence. A McNemar matched-pairs test and a chi-
square test of the Statistical Package for the Social
Sciences (SPSS version 17, SPSS Inc) were used to
compare the incidence of dry socket in both sides.
A Spearman correlation coefficient was used to as-
sess the correlation of alveolar osteitis formation
between the control and experimental groups. Also,
odds ratio (OR), relative risk (RR), relative risk re-
duction (RRR), and absolute risk reduction (ARR)
were calculated. Moreover, 95% confidence inter-
vals (CI) were estimated for the effect size measures
as well as the proportions.

Effect of Chlorbexidine on Postsurgical Pain in
the Sample and in Patients Without Dry Socket.
After calculating descriptive statistics, a Wilcoxon
matched-pairs test was used to compare pain levels
between the control and experimental sides at each
interval for each sex, and for the sample. It was also
used to assess pain reduction over time.

The mean pain magnitudes in the patients who
had not developed dry socket were also calculated.
The Wilcoxon matched-pairs test was performed to
assess the effect of single-dose chlorhexidine appli-
cation on postoperative pain.

The level of significance for all the tests was set
at P =.0S.

Results

More than 200 patients were assessed and/or treat-
ed to include 80 subjects. The patients were mostly
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Table 1 The Net (and Frequency [%]) Distributions of Subjects According to the Occurrence of Alveolar Osteitis (AO) in

Their Control/Experimental Sides

AO in experimental side

Males (n = 39) Females (n = 41) Sample (n = 80)
AQ in control side Absent Present Absent Present Absent Present
Absent 25 (64.1%) 0+ 29 (77%) 0 54 (67.5%) 0
Present 8 (20.5%) 6 (15.4%) 9 (22%) 3(7.3%) 17 (21.3%) 9 (11.3%)
** P< .01, P< 001.
excluded due to their refusal to avoid taking medi-
cations or their need to consume medicine. Four pa- 807 mDry socket
tients were excluded for failure to attend follow-up. 704 # Heaithy 71(88.7%)
The mean age of the included patients was 21.6 =
2.5 years (range: 17 to 31 years); of them, 51.25% 601 54 (67.5%)
were females. Of the 41 females and 39 males, _ 501
19.5% and 53.8%, respectively, smoked cigarettes. 38 -
Smoking was not balanced between the two sexes §
(P = .001, chi-square). Mean difficulty of tooth ex- 301 26(325%)
traction was 7.3 = 0.6 (range: 6 to 8). 20-
- . 104 9 (11.3%)
Effect of Chlorhexidine on Dry Socket Incidence -
OF T d
Dry socket occurred in 14 male patients (35.9% of Control Treatment

males, 95% CI =22.7% to 51.6%) and 12 females
(29.2%, 95% CI = 17.6% to 44.5%). Of these 26
patients (32.6% of the sample, 95% CI = 23.2%
to 43.4%), 9 developed alveolar osteitis bilaterally
(Table 1). When alveolar osteitis was not present on
the control side, it also was absent on the experi-
mental side (Table 1).

According to the Spearman correlation coeffi-
cient, there was a significant correlation between
the occurrence of alveolar osteitis in the two sides
(rtho = .513, P <.001).

The McNemar test showed that the chlorhexi-
dine gel had significant effects on reduction of dry
socket occurrence in the males (P = .008), the females
(P =.004), and the sample (P < .001, Table 1).

While 32.5% of the control sockets developed
dry socket (95% CI =23.2% to 43.4%), its frequen-
cy was 11.3% in the experimental side (95% CI =
6.0% to 20.0%, Fig 1). Therefore, chlorhexidine
gel reduced the incidence of alveolar osteitis by
21.2% (ARR =21.2%, 95% CI = 8.5% to 33.3%)
or 65.4% compared to the control (RRR = 65.4%,
95% CI = 30.9% to 80.7%). According to the chi-
square test, application of chlorhexidine was sig-
nificantly associated with this reduction (P < .001,
Fig 1). Alveolar osteitis was about 3.8-fold more
likely to occur in the control side (as the reciprocal
of OR = 0.263, 95% CI = 0.114 to 0.607). Avoid-
ance of chlorhexidine gel might increase dry socket
risk about 2.89 times (as the reciprocal of RR =
0.345,95% CI = 0.173 to 0.691).

Fig 1 Number and frequency (%) distributions of dry
socket on control and treatment sides among 80 X 2 ex-
traction sites.

Effect of Chlorhexidine on Pain in the Sample

According to the Wilcoxon signed-rank test, there
were significant differences between pains perceived
in the control and treatment sides (Table 2, Fig 2).
These differences were seen on both the first and
third postsurgical days, in the men (P, = .007,
P, <.001),the women (P, <.001,P,  <.001),and
the sample (P, < .001, P, , < .001). Also a signifi-
cant decline was seen in pain at both the control and

treatment sides over time (P < .001).

Effect of Chlorhexidine on Pain in the Patients
Without Dry Socket

On the first postoperative day, the average pain ex-
tents for the control and experimental sides of the
54 patients without dry socket (n = 54 X 2 matched
surgical areas) were 5.1 = 1.2 and 4.5 = 1.0, respec-
tively. These values respectively reduced to 2.9 = 1.2
and 2.1 = 1.2, on the third day. At both intervals, the
pain severities were significantly lower in the experi-
mental side in comparison to the control (P, <.001,
P, =.001).
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Table 2 Descriptive Statistics for Pain Severity (on a 0—9 Scale)

Day Side Mean SD Min Med Max 95% ClI
Males 1st Control 5.51 1.37 3 5 8 5.07-5.96
(n=39) Treatment 5.05 1.28 3 5 8 4.64-5.47
3rd Control 3.23 1.31 0 8 5 2.81-3.65
Treatment 2.33 1.34 0 2 5 1.90-2.77
Females 1st Control 5.83 1.26 3 6 8 5.43-6.23
(n=41) Treatment 4.68 1.23 2 5 7 4.29-5.07
3rd Control 3.54 1.27 1 8 6 3.14-3.94
Treatment 2.32 1.25 0 2 5 1.92-2.71
Total 1st Control 5.68 1.32 3 6 8 5.38-5.97
(n =80) Treatment 4.86 1.26 2 5 8 4.58-5.14
3rd Control 3.39 1.29 0 8 6 3.10-3.67
Treatment 2.8 1.29 0 2 5 2.04-2.61

SD, standard deviation; Min, minimum; Med, median; Max, maximum; Cl, confidence interval for the mean.

Fig2 Mean (and 95% CI) of
pain levels (on a 0-9 scale) on
77 the control (C) and treatment
(Tx) sides.
1 i
‘} T
©
3
E H T
T
o
T
C TX C TX C X C X
1st day 3rd day 1st day 3rd day
Females Total
Discussion RRR of about one-half of control.?* There was also

The findings of this study revealed that chlorhex-
idine might reduce both dry socket frequency and
postsurgical pain levels. The absolute decrease in
the incidence of dry socket in this study was about
21%. This was slightly better than almost all earlier
findings indicating significant absolute risk reduc-
tions such as 8%, 17.5%,'"" and 10%,?® or non-
significant ARRs such as 8%,> and 3%," a similar
efficacy of chlorhexidine and cetylpyridium,'? and a
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one study in which the chlorhexidine rinse had been
applied via intra-alveolar gelatin sponge dressings,
and significant reductions had been found.?’

The present findings also are in accord with ear-
lier findings of reduction in alveolar osteitis by us-
ing chlorhexidine gel. The earlier findings pointed
to ARRs such as a nonsignificant 13% reduction in
a pilot study,* a nonsignificant 10% decrease in pa-
tients with bleeding disorders,! a significant 27.5%
decrease when daily application of chlorhexidine

© 2013 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



gel to the wound was compared with rinsing with
chlorhexidine,® and a significant 19% reduction ob-
served in another trial.? These studies as well as the
present investigation suggest the efficacy of target-
ing microbial etiologies of dry socket.

Postoperative Pain

Pain is the most crucial symptom of dry socket.® Al-
veolar osteitis pain is attributed to the formation of
kinins and plasmin in the alveolus. Kinins activate
the primary afferent nerve terminations that might
have been sensitized previously by other inflamma-
tory mediators. Plasmin might convert kallikrein
into kinins in the osseous alveolar marrow, causing
pain and clot disintegration.”® Different measures
have been proposed for the prevention or allevia-
tion of dry socket pain. These include irrigation
with different agents, positioning analgesic/tran-
quilizer dressings, cleansing the socket, etc,!s+7-10:14:21
However, to the authors’ knowledge, chlorhexidine
has not been assessed as a medicament, apart from a
pilot study reporting insignificant reductions in the
treatment group.* The reasons for this failure to find
a significant pain reduction might be the very small
sample size used and the patients’ consumption of
painkillers, which might render the pain-related re-
sults invalid.

Depending on the presence/absence of dry socket,
the postsurgical pain differs in pattern. Alveolar os-
teitis pain intensifies between the second and fourth
postsurgical days.!"1%142! Nevertheless, in the absence
of dry socket, a moderate pain peaks within 24 post-
operative hours and then reduces rather quickly.?”
The present study indicated that an intra-alveolar
dose of chlorhexidine could significantly lower the
pain for about 10% of potentially tolerable maxi-
mum pain (one rank) even in patients who did not
develop alveolar osteitis. Thus, chlorhexidine might
be applied to reduce the dose of painkiller after sur-
geries. This favorable therapeutic effect seen despite
the absence of dry socket might be attributable to
the healing effects of chlorhexidine, which can re-
duce bacterial colonization and facilitate socket
healing.?

Limitations and Strengths

The current design was constrained by some limita-
tions. Comparable to other studies,!=5!21415:19:24 thig
study was single-centered, which might reduce the
generalizability. Another limitation is the subjective
nature of pain, which is difficult to assess. One ob-
jective approach has been assessing the number of
painkiller pills taken by the patient. Nevertheless,
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in a split-mouth design, this method cannot be used
since it reflects the total pain perceived, not the pain
at each site. Furthermore, painkillers may disrupt
pain perception, rendering the results questionable.

On the other hand, enrolling only patients who
could tolerate postsurgical pain without analgesic
consumption might also be questioned, since the re-
sults might not be generalizable to routine clinical
practice. Nonetheless, it was preferable to include
a narrower range of patients with clear pain, rather
than attempting to include in the present study a
broader range of pain tolerance at the cost of a dis-
rupted pain sensibility due to analgesic ingestion.®

The placement of chlorhexidine gel by using
same-sized Gelatamp blocks had the advantage of
standardizing the amount of chlorhexidine admin-
istered to each surgical bed. In other studies using
intra-alveolar placement of gel,"** the amount of
the gel could differ from case to case depending on
the socket volume.

As another advantage, both randomization and
data analysis were carried out for surgical sites (not
patients). However, other than a few studies,* ear-
lier investigations had assessed the incidence of dry
socket among patients (not sockets), which could
distort the incidences when the number of dry
sockets differed from patient to patient. Some in-
vestigators analyzed the alveolar osteitis incidence
among extraction sockets but randomized the pa-
tients, leading to biased findings.”!'>'> Hence, the
split-mouth randomized double-blind nature of the
current study, reinforced with a large sample, could
improve the reliability of the findings.

A positive feature of the present study is that all the
surgeries and clinical examinations were performed
by an experienced surgeon and according to standard
criteria.>*” Also, smokers and contraceptive takers
were not excluded. Such patients were not included
in some previous studies.* Their exclusion together
with various selection criteria and nonstandard dry
socket definitions used in earlier investigations might
negatively bias some previous results.>”*

The present study’s sample was balanced in terms
of sex, number of experimental/control surgical beds,
and level of operation difficulty on the two sides
(equal difficulty was part of inclusion criteria). These
features were not considered in any of the previous
reports. Only the equal number of male and female
patients was taken into consideration in a few stud-
ies on chlorhexidine rinse,'>'*?° but not in chlorhex-
idine gel experiments. Balancing the sample in terms
of smoking prevalence in males and females might
be advantageous. The split-mouth design adopted in
this trial might control for several variables such as
oral hygiene or contraceptive ingestion.
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Conclusions

Single-dose intra-alveolar application of chlorhex-
idine bioadhesive gel can reduce dry socket incidence.
It was shown for the first time that chlorhexidine
could have postsurgical palliative effects as well. In-
terestingly, it was seen not only in the patients suf-
fering from dry socket but also in those without it.
This implied its potential influence independent of
its effect on alveolar osteitis, and deserves further as-
sessments.
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