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Abstract

Purpose The present work was a pilot study undertaken to
evaluate the effectiveness of amoxicillin and clavulanic
acid impregnated plaster of paris beads for prevention of
infection of third molar extraction sockets.

Materials and Methods This was a prospective, random-
ized, split mouth clinical trial done on 16 patients (32 sites)
who required surgical extraction of mandibular third
molars. Control arm patients were given Tab. amoxicillin
500 mg with clavulanic acid 125 mg (Tab. Klavimed
625 mg, Indomed, India), thrice daily for 3 days after
extraction, whereas test arm patients received Antibiotic
Impregnated Microbeads (AIM), containing Amoxicillin
500 mg and Clavulanic Acid 100 mg placed in situ in the
extraction socket. The primary outcome parameter was
infection and the secondary outcome parameters were pain,
trismus, swelling and wound healing.

Results None of the patients in either group had post
operative infection. There was no significant difference in
pain intensity between the two groups (Ist day p = 0.41;
3rd day p = 0.38, 7th day p = 0.37). Both the groups were
also similar with respect to swelling (p = 0.596, 0.146,
0.871, 0.820 on 1st, 3rd, 7th, 15th post-op day
,Jrespectively).
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Conclusion Amoxycillin with clavulanic acid impregnated
PoP beads appears to be as effective as oral 3 day amox-
icillin with clavulanic acid regime for prevention of 3 M
socket infection.
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Introduction

Third molar (3 M) surgeries are the most common surgical
procedures performed by Oral and Maxillofacial surgeons.
Common post operative complications associated with 3 M
surgeries are pain, trismus, swelling and infection.
Antibiotics are commonly administered, whether oral or
parenteral to reduce the chances of post-op infection of the
extraction site. Penicillin’s are the most frequently used
antibiotics for preventing socket infection. Both oral and
parenteral Penicillins are associated with significant num-
ber of problems like patient compliance, gastrointestinal
disturbance and pain of injection. To overcome these
complications, authors have reported single-dose prophy-
lactic antibiotic administration for 3 M surgeries [1, 2].
Local drug delivery at the site of surgery has the
potential of having advantages of antibiotic without the
major shortcomings of oral/parenteral administration. The
zero-order release kinetics of antibiotics from local deliv-
ery systems may be very attractive to prevent development
of antibiotic resistance due to the absence of long-term,
low concentration tail-release [3]. Local drug delivery of
antibiotics has been tried primarily in orthopedic surgery
with poly methyl methacrylate (PMMA), plaster of paris
(PoP), resorbable sponge and polylactates for the man-
agement of osteomyelitis with favorable results [4].
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Resorbable medium like PoP appears to have advantages
like single-stage surgery, maximum elution within 24-48 h
and biocompatibility. In vivo use and in vitro elution
characteristics have been studied with penicillins, gen-
tamicin, vancomycin, teicoplanin, clindamycin, amikacin
and ceftiofur [5-10].

To the best of our knowledge, local drug delivery of
amoxicillin utilizing PoP has not been tried after 3 M
surgery till now. The present study was undertaken as a
pilot study to evaluate the clinical effectiveness of amox-
icillin and clavulanic acid impregnated PoP beads in con-
trolling post-operative socket infection after 3 M surgery.
The study began with a null hypothesis that there is no
difference between locally delivered amoxicillin with
clavulanic acid and orally administered 3 days amoxicillin
with clavulanic acid regime for prevention of post-opera-
tive infection of 3 M extraction site.

Materials and Methods

This study was carried out as a randomized controlled
clinical trial: split mouth design (Fig. 1). The estimated
sample size was calculated by taking the means of mouth
opening, facial swelling and wound dehiscence from a
previous similar study conducted by Jiminez et al. [11]
with a confidence level of 95% and power of 80%. The
calculated sample size was 13 patients (26 operating sites).
20% was added to the sample size from the start of the
study to compensate for drop-out. Therefore, 16 patients
(32 operating sites) who required removal of bilateral
impacted lower third molars were recruited from the out-
patient department of oral and maxillofacial surgery after
fulfilling the inclusion and exclusion criteria. The inclusion
criteria were patients with age ranging from 18 to 60 years
having bilateral mandibular impacted third molars with no
systemic disorders and who have second molar present in
the oral cavity. The exclusion criteria were heavy smokers,
uncontrolled systemic conditions, pathologies, and infec-
tion at the site of surgery, missing second molar tooth and
patients not ready to give the written consent. The selected
patients were randomized and allocated to one of the
groups. Randomization was done by envelope method; 16
sets of unmarked envelopes were prepared. Each set con-
tained two envelopes, one having a paper slip with ‘Study’
written on it and the other having ‘Control’ written on it.
The side to be operated first was decided after discussion
with the patient. The nurse opened one of the envelopes
and conveyed whether the side would be study side or
control side. All operations were performed by qualified
maxillofacial surgeon under local anesthesia consisting of
2% lidocaine hydrochloride with 1:80,000 (Lignox, War-
rant Pharmaceutical, India). A modified Ward’s incision
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was used in all the cases. The impacted tooth was removed
by standard technique. The flap was repositioned and
sutured with 4-0 silk suture (Truesilk, Suture India, India).
Both the groups received the same postoperative pre-
scription except the antibiotic. In group A (control group),
the patients were given Tab. Amoxicillin 500 mg with
clavulanic acid 125 mg (Tab. Klavimed 625 mg, Indomed,
India), thrice daily for 3 days. Group B (Study Group)
patients received Antibiotic Impregnated Microbeads
(AIM), containing amoxicillin 500 mg and clavulanic acid
100 mg placed in situ (Fig. 2) in the extraction socket
before primary closure (Fig. 3).

Determining the Amount of Medical Grade Calcium
Sulfate Hemihydrate (MGCSH) to Fabricate AIM

The amount was predetermined by mounting five different
average sized extracted third molars in alginate. While
mounting one of the cusps was not embedded in the algi-
nate. The tooth was removed from the alginate and the
cavity thus created was filled with medical grade calcium
sulfate hemihydrate to determine the amount of the powder
required for filling the cavity; the powder was removed and
weighed.
Mean weight of MGCSH: 1.5 gm £ 0.2 gm.

Preparation of AIM

AIM was prepared by mixing the MGCSH with antibiotic
powder sourced from inj. Blumox-CA (500 mg of amoxi-
cillin potassium and 100 mg clavulanic acid) and sterile
water in a 3:2 powder to liquid ratio (Fig. 4, Fig. 5). The
two were mixed thoroughly to form a pliable paste which
was poured in a tray (Fig. 6) containing voids of size
3 x 1 mm (fabricated by addition silicon impression
material) to form microbeads of 3 x 1 mm (Fig. 7, Fig. 8).
The MGCSH was autoclaved prior to use and the mixing
and pouring were done in sterile condition.

All work was conducted in accordance with the Decla-
ration of Helsinki (1964). All patients were informed about
the whole procedure and detailed written informed consent
was taken. Ethics clearance was taken from the institu-
tional ethics review board (SDC&RI/IEC/20017/016).

Outcome Parameters

The primary outcome parameter was infection on postop-
erative evaluation on 1st, 3rd, 7th and 15th day. Infection
was defined as the concurrent presence of at least three of
the following parameters (pain at the extraction site, tris-
mus, localized swelling and suppuration) with the presence
of suppuration being mandatory.
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+ Excluded from analysis (n=0)

Fig. 1 Study design flow-chart

Secondary outcome parameter assessed were Pain,
Trismus, Swelling and Wound Healing

Fig. 2 Antibiotic Impregnated Microbeads (AIM) placed in the
extraction socket

Analysed (n=13)
+ Excluded from analysis (n=0)

Fig. 3 Wound closure after AIM placement

The patients were asked to rate their pain on a printed 10-
cm VAS where a score of 0 indicated “no pain” and 10,
“intolerable pain”. Trismus was evaluated by measuring
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Fig. 4 Mixture of MGCSH and antibiotic powder

Fig. 5 Paste formed after mixing powder with liquid

Fig. 6 Silicon mold

the interincisal distance between the incisal edge of the
upper and lower central incisors using a caliper at maxi-
mum mouth opening (cm). Swelling was assessed by cal-
culating facial size. The length from the corner of the
mouth to the attachment of the ear lobe (anterio-posteri-
orly) and corner of the eye to the angle of the mandible
(superio-inferiorly) was measured and added to derive
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Fig. 7 Paste loaded into the silicon mold

Fig. 8 Beads collected after drying

facial size. Facial swelling was calculated according to the

following formula

Post Op facial size - Pre Op facial size
Pre Op facial size

= % Facial Swelling

Wound healing was assessed based on the criteria given
by Landry et al. (Table 1) [12].

Exploratory data analysis techniques including the
mean, median and standard deviation were used for the
evaluation of the results of this study. The comparison of
difficulty index between the groups was analyzed using
Chi-square test. For the assessment of pain on day 1, Fisher
exact test was used and for day 3 and 7, chi-square test was
used. For the assessment of swelling and inter incisal dis-
tance student ¢ test was used.

Results

Out of 16 patients three patient were dropped from the
study as they were unable to come for the follow-up. The
distribution of demographic variables and confounding
variables between the groups was analyzed using Chi-
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Table 1 Healing criteria by Landry et al. [10]

Healing index Tissue color Bleeding on Granulation  Incision margin Suppuration
palpation tissue
1—Very Poor: 2 or more > 50% of red  Yes Yes Not epithelialized, with loss of epithelium Yes
signs are present gingiva beyond incision margin

2—Poor > 50% of red  Yes Yes Not epithelialized, with exposed connective ~ No
gingiva tissue

3—Good 25—50% of red No No No exposed connective tissue No
gingiva

4—Very Good < 25% of red No No No exposed connective tissue No
gingiva

5—Excellent all pink tissues  No No No exposed connective tissue No

square test and student ¢ test. The sample consisted of 13
patients, and the mean age was 27 £ 7.5 years with seven
(53.8%) females and six (46.2%) males (Table 2). The
difficulty index was assessed based on modified Pederson
index. Control and study groups were statistically similar in
terms of distribution of slightly difficult and very difficult
cases, however, the control group had significantly more
moderately difficult cases (p = 0.36) (Table 2).

Infection, the primary outcome variable, was absent in
both the groups throughout the assessment period
(Table 3).

The secondary outcome variables were pain, swelling,
trismus and wound healing. On 1st post-op day, in control
group, 46.2% patients had score 0, whereas in study group,
61.5% had score 0. As time progressed, the proportion of
patients with score O increased with study side having
higher percentage at each time interval. By 15th day all
patients had score 0 in both the groups. There was no
significant difference in pain intensity between the two
groups (Ist day p =0.41; 3rd day p =0.38, 7th day
p = 0.37) (Table 3). In both the groups, increase in facial
size was observed after surgery (Table 3). However, the
difference between the groups was statistically insignifi-
cant (p = 0.596, 0.146, 0.871, 0.820 on days 1st, 3rd, 7th,
15th, respectively).

Table 2 Demographic data and difficulty index

Parameters Mean Std deviation
Age 27 7.5
Gender N %

Male 6 46.2

Female 7 53.8
Difficulty index Group A Group B p value
Slight difficult 3 9 0.036 Insignificant
Moderate difficult 8
Very difficult 2 2

A significant decrease in mouth opening (Table 3) was
observed in patients from both treatment groups. The
highest decrease in interincisal distance was recorded on
third postoperative day and returned to presurgical inter-
incisal distance on 15th day, the difference between the
groups was not statistically significant. Both the groups had
similar wound healing. On the 1st and 3rd day the healing
index was 3, whereas on 7th day, healing index 5 was
observed in both the groups.

Discussion

Infection of the 3 M extraction site is a chief concern for
oral and maxillofacial surgeons. The overall incidence of
infection ranges between 10 and 25%. A reduction in the
rate of infection by 70% has been reported with the use of
antibiotics when compared to the rate of infection without
antibiotics. Though there is still no universal consensus
whether antibiotics should be administered or not after 3 M
surgery, the general leaning is toward administering
antibiotics.

Pre operative single-dose regime antibiotic has been
studied by authors for third molar surgeries with promising
results [1, 2]. This regime is based on the premise that it is
best to have the antibiotic present in circulation at the time
of formation of blood clot [11].

The present study was a randomized split mouth trial
undertaken to evaluate the clinical effectiveness of amox-
icillin and clavulanic acid impregnated PoP beads in pre-
venting infection of the 3 M extraction sockets.

PoP was chosen for local drug delivery because it is
simple to use, cheap, stable and does not require a second
surgery for removal of beads [14]. It is also easily steril-
ized, well tolerated by tissues and does not incite inflam-
matory reaction [15]. PoP has been wused as an
osteoconductive graft material for socket preservation
proving its acceptability in oral environment [16, 17]. It has
also been used in orthopedic surgery as a vehicle for local
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Table 3 Outcome variables after lower third molar extraction

Days Day 1 Day 3 Day 7 Day 15
Primary outcome
Infection
Group A (Control Group) Absent Absent Absent Absent
Group B (Study Group) Absent Absent Absent Absent
Secondary outcome
Score Group A Group B Group A Group B Group A Group B Group A Group B
Pain”®
0 6(46.0%) 8(61.5%) 9(69.2%) 10(76.9%) 11(84.6%) 12(92.3%) 13(100%) 13(100%)
1 2(15.4%) 1(07.7%) 2(15.4%) 2(15.4%) 2(15.4%) 1(07.7%) - -
2 5(38.6%) 2(15.4%) 2(15.4%) 1(07.7%) - - - -
3 - 1(07.7%) - - - - - -
4 - 1(07.7%) - - - - - -

Group A Group B Group A Group B Group A Group B Group A Group B
Swelling*
Mean value in mm 21.685 21.462 22.646 21.615 21.146 21.231 21.108 21.231
Std. Dev 1.2151 0.8771 1.9221 1.5566 1.3233 1.3009 1.4256 1.3009
t value 0.537 1.503 - 0.164 -0.230
p value 0.596 0.146 0.871 0.820

Group A Group B Group A Group B Group A Group B Group A Group B
Inter incisal distance*
Mean value in mm 43.23 43.46 32.31 32.00 35.46 35.38 42.62 42.38
Std. dev 5.449 5.254 6.156 6.364 5.768 5.752 5.620 5.881
t value -0.110 0.125 0.034 0.102
p value 0.913 0.901 0.973 0.919

“Significant if p < 0.05

#Daylz Fisher exact test value—3.905; p = 0.419
Day 3: Chi-square statistic is 0.386, p = 0 .824496
Day 7: Chi-square statistic is 0.3768, p = 0 .539315

delivery of antibiotics for the management of infections of
bone [18]. PoP appears to have favorable antibiotic elution
characteristics for use after 3 M surgery. Long-term pres-
ence of antibiotics is not necessary, and the most critical
time for exposing the wound to antibiotics is during and
immediately after 3 M surgery [19]. Comparing favorably
to this is the rapid release of antibiotics from PoP in con-
trast to polymethylmethacrylate which elutes antibiotics for
longer duration [10]. Most of the studies report a bolus
release of antibiotics within 24 h by PoP pellets
[15, 20, 21]. An important parameter for local drug
delivery is the stability of the drug at body temperature. At
37 degrees Celsius, sodium amoxicillin has been shown to
be active for 3 days compared to amoxicillin trihydrate
which is active for 7 days [15]. Elution of amoxicillin for
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first 48 h has been reported to maintain levels more than
the minimum inhibitory concentration (MIC) required for
susceptible pathogens [10]. The same study also reported
maximum elution of amoxicillin plus clavulanic acid dur-
ing the first 3 h reducing to no activity after 48 h and the
reason suggested was that it could be due to limited release
of clavulanic acid or its inactivation with time within the
pellet. This release profile of amoxicillin and amoxicillin
with clavulanic acid may be sufficient for 3 M surgeries as
single-dose prophylactic antibiotic regime for 3 M surg-
eries has been shown to be effective in preventing post
operative infection [19, 22].

The incorporation of the PoP beads in the socket wound
was simple. The pellets were radio-opaque which allows
for radiographic monitoring of resorption, though this was
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not one of the parameters in the present study. PoP was
used as local antibiotic delivery vehicle in 13 patients.
None of the patients had post operative socket infection.
The control group also did not have any case of post-op
infection. There were no other similar studies evaluating
the effectiveness of antibiotic impregnated PoP for pre-
vention of post-op socket infection. However, many studies
have reported low rate of infection with the use of antibi-
otics ranging from 3 to 5% [23]. A meta-analysis for
Cochrane by Lodi G et al. [24] reported that antibiotics
after 3 M extractions reduce the risk of infection by
approximately 70%.

The distribution of demographic variables between the
two groups was similar. However, there was a predomi-
nance of ‘slightly difficult’ cases in the study group and a
predominance of ‘moderately difficult’ cases in control
group. This may have had a confounding effect on the
present study.

The statistical difference between the groups with regard
to pain, trismus and swelling was not significant. The
highest pain score in both the groups on day 7 was one,
with one patient in study group and two patients in control
group with that score. The highest score on day 3 was 2 in
both the groups. The low incidence of pain compares
favorably to studies by [25-28].

Most studies indicate that maximum swelling is reached
in 2-3 days and complete regression happens in a weeks’
time [29]. Both the groups of the present study also
demonstrated a similar trend. Trismus was maximum by
third day in both the groups and returned to preoperative
state by 15th day. This compares favorably to the existing
literature [29]. Both the groups had similar and satisfactory
wound healing scores by 7th day. Studies utilizing PoP for
socket preservation have reported no deleterious effects on
healing [16, 17].

A major drawback of the present study is the small
sample size. The present study only serves the purpose of a
pilot study. Another drawback is that eluted antibiotic in
the socket was not measured. Elution characteristics may
be affected by size of pellet, storage of pellets and local
tissue environment. Clinically, however, the test group
appears to have performed, as well as the control group.
Validation of the results over a larger sample size is
required.

Conclusion

Results of the present study suggest that antibiotic
impregnated PoP beads are biocompatible, easy to prepare
and use and may be an effective alternative to oral and
parenteral antibiotic regimes for 3 M surgeries. Local drug
delivery of antibiotics after third molar extraction may

offer greater benefits than antibiotic

administration.
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