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Introduction

Abstract

Introduction:

The present study aimed to evaluate the effectiveness of Meloxicam transmucosal
patches in dental pain management.

Materials and Methods:

Patientswith symptomatic irreversible pulpitis withoutany other pathology and
experiencing moderate to severe pain on Verbal Rating Scale (VRS-4) and 4 to 10
pint score on Numerical Rating Scale (NRS-11) were included. Transmucosalpatches,
containing the meloxicam/no drug,of 1xlcm?were prepared and applied over the
attached gingiva and alveolar mucosal region of offending tooth.Pain was measured
before and 5, 10, 15, 20, 25, 30 mins, 1hour and 6 hours after the application of patch.
Results:

A total of 51 participants completed the study i.e. Meloxicam group had 26 and
placebo group had 25 participants. On VRS-4 pain scale, at the end of the study
1(4%) participantin meloxicam group had moderate pain, while in the placebo group
2(8%) participants had severe pain and 10(40%) participants had moderate pain. On
NRS-11 scale, meloxicam group showed 86.65% (5.29 + 0.94point) pain reduction
compared to placebo group which had 45.10% (2.76 + 0.18point) pain reduction
(P<0.01). Three participants reported bitter taste of very mild intensity during the
patch application for few mins. No other discomfort were reported.

Conclusion:

The application of meloxicam containing transmucosal patch, is safe and efficacious
alternate to oral administration, for the management of dental pain.

Pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage or
described in terms of such damage(1).The estimated overall prevalence for orofacial pain ranges from 7-66%(2).
Among the orofacial pain, pulpitis is the most commonly reported painful condition(3, 4), that brings patients to
seek dental appointment. A survey of non-institutionalized civilian residents of the United States showed that 28%
of the population reported experiencing orofacial pain, with the most common report being odontalgia(5). Even in
Indian population, 43% of the complaint to seek the dental attention is pulpitis(4). Considering this fact, the pulpitis
pain model was considered in the present study.
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Irreversible pulpitis generally originates as a localized inflammatory response to bacterial invasion of the pulp-
dentin complex. The mechanisms for this pain are thought to be caused by sensitization and activation of pulpal
nociceptors because of local release of inflammatory mediators(6).

Nonsteroidal anti-inflammatory drugs (NSAIDs) come into play to manage such inflammatory pain conditions.The
use NSAIDs reduces the chemical inflammatory mediators that activate or sensitize peripheral nociceptors and the
related subsequent events involved in pain perception(7). Among the NSAIDs, meloxicam are routinely prescribed
drug now a days. Meloxicam, of oxicam class, is given at the dosage of 7.5 to 15 mg daily to confer its analgesic
effect(8). Meloxicam posses strong anti-inflammatory spectrum and are potent analgesics. Considering these facts,
meloxicam was used as interventional drug in the present study.

One of the most important medical and social-economic problem associated with use of NSAIDs is Gastro-intestinal
(GI) toxicity(9) and this Gl toxicity is dose dependent(10).In addition, the parenteral route has the same risks of Gl
toxicity as the oral route(11). However, the topical routes of NSAIDs administration are not associated with any of
the gastrointestinal effects seen with other routes(12) of drug delivery. Transmucosal route is also one such topical
route through which NSAIDs can be administered.

Transmucosal route is one of the preferred topical route, which gets special attention in dentistry. There are many
reports(13-17) on the transmucosal delivery system. It offers distinct advantages over peroral delivery including
reduced dosage, rich blood supply, robustness of the epithelium, suitable patient compliance and improved
bioavailability due to avoidance of degradation in the Gl tract and hepatic first-pass metabolism (18) .Transmucosal
patches are highly flexible and thus much more readily tolerated by the patient than tablets. Patches also ensure
more accurate dosing of the drug compared to gels and ointments(19). To attain these advantages , the transmucosal
patches were used in the present study.

The perception of pain is influenced by many factors(20) and several scales are proposed to measure the pain level
i.e. Numerical Rating Scale (NRS), Verbal Rating Scale (VRS) and Visual Analogue Scale (VAS). The NRS can
bea 11, 21 or 101 point scale where the end points are the extremes of no pain and pain as bad as it could be, or
worst pain. The NRS can be graphically or verbally delivered(21). The VRS comprises a list of adjectives used to
denote increasing pain intensities. The most common words used being: no pain; mild pain; moderate pain; and
severe or intense pain(21). The VAS is presented as a 10-cm line, anchored by verbal descriptors, usually ‘no pain’
and ‘worst imaginable pain’ (Fig. 1). The patient is asked to mark a 100 mm line to indicate pain intensity. The
score is measured from the zero anchor to the patient’s mark(21-24).

It is believed the NRS is preferred when the sensitivity is required, whereas the VRS is preferred by patients because
of its and high compliance rate(25).So in the present study, the NRS-11 was used to quantitatively analyse pain
reduction, and the VRS-4 was used to qualitatively analyse patients’ perception of pain reduction.

Materials and methods

The study protocol was reviewed and approved by Institution Review Board of College of Dental Sciences,
Davangere(Certificate no. CODS/487/2014-2015). The study was conducted in accordance to Declaration of
Helsinki. Eligibility of the participant was assessed by clinical and radiographic examinations. Participants who had
moderate to severe pain on VRS—4 scale and 4 to 10 score on NRS-11 scale were further assessed for radiographic
examination. And whose periapical radiographs confirmed the absence of any periapical pathology were considered
suitable and invited to participate in this study.

The minimum sample size to detect difference between the 2 groups with 5% type | error and 95% confidence
interval, is 189 per group.However, for the preliminary study, the sample size can/should be 10% of original
calculated parent study(26, 27), so the number obtained was (n=) 19 participants per group. Then the sample size
was increased to (n=) 30 per group, to account for refusal to participate, loss of follow up, displacement of patch or
damaged medication.
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The participants of either sex attending department were included based on following inclusion andexclusion
criteria.

Inclusion criteria:

(i) Participants of both sexes aged above 18 years.

(i) Participants with symptomatic irreversible pulpitis and normal periapical appearance of radiograph.

(iii) Participants having moderate to severe pain on VRS—4 scale and 4 to 10 points score on NRS-11
scale.

(iv) Participants with American Society of Anesthesiologists I or I medical history (28).

(v) Mentally sound enough to answer the VRS-4 and NRS-11 pain scale.

(vi) Participants who had not taken any type of analgesic drugs, anti-inflammatory drugs or tranquilizers
for 72 hours before the study.

(vii) Participants who are willing to follow the strict instructions i.e. Not to do any tongue movement that
can dislodge the patch etc.

Exclusion criteria:
(i Participants with American Society of Anesthesiologists 111 or IV medical history (28).
(ii) Participants allergic to the drugs (NSAIDs) or patch material.
(iii) Pregnant or nursing.
(iv) Participants with persistence mental confusion.

Preparation of the transmucosal patches and the randomization method

Transmucosal patches were prepared at Department of Pharmaceutics, Bapuji Pharmacy College, Davangere. Drug
used in the study was meloxicam (Dr Reddy Labs, Hyderabad). The patches were prepared by Anders and Merkle’s
solvent casting technique(29) using film Hydroxypropyl methyl cellulose (HPMC) polymer, acetone, ethanol, and
drugs(30). After preparing the patches, they were cut into 1xlcm? pieces, secured with protective covering and
preserved in desiccator till the evaluation tests were performed. Then the patches were tested for all quality control
measures such as drug content uniformity, thickness uniformity, weight uniformity, sterility, folding endurance,
tensile strength and stability by the third author. The single meloxicam patch contained an average 0f0.50mg of drug
while the placebo patch contained no drug. Following all quality control measures, the patches were packed into60
identical opaque sachets, 30 per group.

These sachets were coded following a simple randomization sequence assisted by computer, which was prepared in
advance by someone who was not directly involved in the any steps of the study. Following coding, the sachets were
placed in black bag to camouflage it both from participants and the investigatorat sachet drawingstage. The rationale
being that, every participant will have equal opportunity of being included on treatment group or placebo group(31).

Pain assessment:

First author was assigned for the for assistance and collection of the data on a detailed proforma where in the pain
scores and other related information were recorded. Participants were asked to make entry on NRS-11 scale as well
as VRS-4 scale at pre-defined interval during the study.

After screening and enrolment according to inclusion and exclusion criteria, all participants were asked to draw one
sachet from the black bag and the serial number of that sachetwas recorded. Following that, patch from the drawn
sachet was recovered and applied over the attached gingiva and alveolar mucosa of the offending tooth. Before
applying the patch, the area was mopped with cotton pallet. Following patch application, participants were advised
not to talk, swallow or do any tongue movement which can dislodge the patch.The key to breaking code was
delivered to principal investigator after the study was complete at data analysis stage.

For pain score, the participants were assessed before the application of patch as well as after the application of patch,
at every 5 mins for 30 mins. After 30 mins, patches were removed and discarded. Then participants were followed
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up over telephonic medium to assess the pain score at 1 hour and 6 hours time point.Methodology in illustrative
form is represented in Figure 1.

Statistical Analysis was done using Software SPSS version 21.0 (SPSS, Chicago, IL, USA). MS Excel
2015(Microsoft Corporation, Washington, DC, USA) was used to generate tables and chart. Descriptive data that
included means, numbers and percentages, were calculated for each group and were used for analysis. One-way
ANOVA was done followed by Post Hoc Tuckey’s test for the analysis. P value < 0.05 was considered as
statistically significant.

Results

There were 60 intervention medication/placebo sachets prepared, 30 for each group. Out of 60, 5 participants had
their sachets fall on the floor so these samples were considered damaged (because of cross infection and
contamination) and excluded. They were given another chance to draw another sachet from the bag. Moreover, one
participant had his patch displaced because of tongue movements and hence excluded. Oneparticipants didn’t
complete the follow-up because of not answering the phone call, hence excluded. And another two participants
discontinued the intervention because of personal reasons, hence excluded. Thus final sample size consisted of 51
participants i.e. n=26 for meloxicam and n=25 for placebo group. All 51 participants” demographic characteristic are
shown in Table 1.

Overall pain assessment on VRS-4 scale among both the groups are shown in table 2. At 3" time interval i.e. 15
mins after the patch application, more number of meloxicam group participants had mild to moderate pain, however
placebo group participants had moderate to severe pain,at the same time point — Table 2.

The pre-intervention NRS-11 score for meloxicam group was 4 for 6 (23%) participants, 5 for 4(15%) participants, 6
for 6 (23%) participants, 7 for 4 (15%) participants, 8 for 3 (12%) participants, 9 for 1 (4%) participant and 10 for 2
(8%) participants. Similarly, for placebo group, the pre-intervention NRS-11 scale pain score was 4 for 4 (16%)
participants, 5 for 8 (32%) participants, 6 for 1 (4%) participant 7 for 5 (20%) participants, 8 for 5 (20%)
participants, 9 for 1 (4%) participant and 10 for 1 (4%) participant — Table 3.

After the intervention 12 (46%) participants had score 0, 9(35%)participants had score 1, 4 (15%) participants
hadscore 2 and 1 (4%) participant hadpain score 4 in Meloxicam group. For placebo group, the post-intervention
pain scores were O for 2 (8%) participants, 1 for 2 (8%) participants, 2 for 4 (16%) participants, 3 for 5 (20%)
participants, 4 for 3 (12%) participants, 5 for 5 (20%) participants 6 for 2 (8%) participants and 7 for 2 (8%)
participants. It showed that after the intervention, more number of the participantsin meloxicam group had low pain
score compared to placebo group.The mean pre-intervention and post-intervention NRS-11 score for meloxicam and
placebo group are shown in table 3. Meloxicam group participants showed 88.64% (5.44+1.18) reduction in mean
NRS-11 score (p<0.01) while placebo group participants had 49.67% (3.04 £ 0.16) mean pain reduction (p<0.01) —
Table 3, Figure 2.

To evaluate the validity and reproducibility of the pain scales used in the present study i.e. VRS-4 and the NRS-11,
Pearson correlation test was used to correlate the readings, and the correlation found significantly positive (0.945).

Discussion
The commonly used dental pain model is extraction model however in this preliminary study,pulpitis was selected
as a pain model. The extraction pain models are mainly used because of its ease of availability(32) and
inflammation, being the dominant pain producing component(33). Similarly, pulpitis is also inflammatory in nature
and being the most common complaint of patients, to seek a dental appointment(3, 4), considering this fact pulpitis
was selected.

The drug delivery route used in the present study was transmucosal, which is based on phenomenon of bioadhesion.
Bioadhesion is defined as the state in which two materials, at least one biological in nature, are held together for an
extended period of time by interfacial forces(34-36). Many theories have been postulated to describe mechanism of
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bioadhesion, namely adsorption theory, wetting theory, diffusion theory, electronic theory, and fracture theory(37,
38) . The term mucoadhesion is used instead of bioadhesion when mucosa is one of the adhesion material, however
these terms are interchangeable.Mucoadhesion is one of the way of targeted drug delivery to an active site of choice.
For this, the pharmacological formulation is prepared in which the active pharmaceutical ingredient (API) is
incorporated within bioadhesive hydrophilic polymers. The rationale being that the formulation will be ‘ held > on or
at the biological surface and the API will be released close to the absorptive membrane, thereby achieving increased
bioavailability (34, 39).

For the transmucosal drug delivery, various mucous devices including tablet, ointment and gels have recently been
developed. However transmucosal patch offer greater flexibility and comfort than other devices, in addition a patch
can circumvent the problem of the relatively short residence time of oral gels on mucosa, since gels are easily
washed away by saliva(40, 41). So transmucosal patches containing the drug were formulated and used in this
intervention.

NSAIDs are the most commonly prescribed drugs in dentistry to manage tooth pain. Amongst NSAIDs, meloxicam
was selected in the present study because, along with otheroxicam derivatives, theseare routinely used in the unit of
Endodontics.

The present study was designed as randomized, double-blind and placebo controlled.Randomization and double
blinding was done to eliminate the potential of matching variables, increaseinternal validity and generatereliable
results. In addition, the placebo was used to eliminate any potential bias in the study outcomes.

In this preliminary study, VRS-4 and NRS-11 were used as pain management tool. There are many pain rating
scales proposed and evaluated (i.e. VAS, VRS and NRS), none is consistently more superior to the other (42-44).
Basically they are subject to patients’ and practitioners’ preferences. Moreover, VRS and NRS are reportedly
preferred by patient because of its ease of use and better psychometric properties(45). Hence, the present study used
both VRS-4 and NRS-11 pain rating scale to measure the pain.

Table 3 shows the mean NRS-11 pain score over the study period starting from base line i.e. the time before patch
application, to 6 hours after the intervention.In general, there has been progressive decline in the level of pain within
the timeframe of intervention for both groups. Meloxicam group showed 86.75% (5.29+ 0.94 point) reduction in
pain (p<0.01) and placebo group showed 45.10% (2.760+0.18 point) reduction in NRS-11 pain score. It showed that
participants treated with meloxicam patches showed trend towards a greater pain reduction score compared to those
treated with placebo — Table 3.

The pain scores using VRS-4 and NRS-11 scale, were recorded at every 5 mins interval for 30 mins and after that
the patch was removed from the mouth and discarded. However, to avail data for the analysis of duration of action, 1
hour and 6 hours time frames were selected. At 1 hour and 6 hour, participants were asked over telephonic medium
to provide the pain score data and also to provide information if they had taken any other medication (i.e. analgesics,
opioids etc.) or not. At those point of time, 4 people lost follow up (meloxicam group n=2, placebo group n=2)
because to technical and personal reasons, hence excluded from the analysis — Figure 1.

In the meloxicam group using VRS-4 scale, 38% (n=10) participants had severe pain & 62% (n=16) participants had
moderate pain before the application of patch. After 10 mins of patch application 38% (n=10) had moderate to sever
pain while the rest 62% (n=16) had their pain reduced to mild intensity in VRS-4 scale and after the completion of
the study (at 6 hours), no participants had severe pain, 4% (n=1) participants had moderate pain, 54% (n=14) had
mild pain while 42% (n=11) had no pain. There was continuous reduction in number of moderate to sever pain
participants upto 1 hour, but at 6 hours reading 4% (n=1) participant reported moderate pain on VRS-4 scale, it may
be due to wearing of the drug action.

Similarly, for the placebo group, 48% (n=12) had sever pain and 52% (n=13) had moderate pain before the
intervention. After the patch application, 8% (n=2) had sever pain, 40% (n=10) had moderate pain, 44% (n=11)
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participants had mild pain & 8% (n=2) had no pain. It showed that after the intervention, placebo group had more
(n=12) number of participants with moderate to sever pain compared to meloxicam group which had (n=) 1
participant with moderate pain. Thus, meloxicam group showed significant pain reduction compared to placebo
group in the present study.

Using NRS-11 scale, post intervention assessment showed 25 (96%) participants in meloxicam group had 0 to 2
pain score, compared to placebo group which had 8 (32%) participants had 0-2 pain score. It reflects greater pain
score reduction with meloxicam group compared to placebo.

In the present study, author tried to evaluate the efficacy as well as safety of the transmucosal patches containing
NSAIDs, for dental pain management.Similar study reported from Assiut university hospital maxillofacial unit, in
which the author studied pain management of 40 patients, underwent minor and major surgery, using single patch
(1x5cm?) containing 4mg of lornoxicam daily for 3 days. Here, pain intensity was measured using100mm
VASscale. The author achieved significant analgesic effect using mucoadhesivepatches of lornoxicam(46). Another
study done in Teikyo University Japan, wherein mucoadhesive indomethacin patches used at 0.5% and 1%
concentration in 65 patients diagnosed with various oral conditions associated with pain. The author stated that
effects were the greatest in the 1% indomethacin group (47).

Twelve participants (46%) in meloxicam group showed maximum (100%) pain reduction compared to 2 (8%)
participants in placebo group. The over all pain reduction achieved with meloxicam group and placebogroup was
86.75% and 45.10% respectively. Thus meloxicam patch performed significantlybetter in pain management
compared to placebo patch.

Two participants in meloxicam group and 1 participant in placebo group reported bitter tasteof very mild intensity
during the patch application for few mins. These can be due to the dissolution of the drug/patch material in the
saliva, followed by reception on the taste receptors. In addition, no any other adverse effects or discomfort reported.

In the present study, the meloxicam patch contained average drug of approximately 0.50mg however the single oral
dosage is 7.5mg for meloxicam. Thus dosage of the drugs used in present study, were very low. It is similar to a
reported study from Teikyo University Japan, wherein mucoadhesive indomethacin patches used at 0.5% and 1%
concentration(47). Moreover, commercially available analgesic gel preparation, aimed for local pain management,
also contains less dosage of the drug i.e. 1 w/w% diclofenac gel. This can be argued as the present study
wasdesignedusingtargeted drug delivery system, so the drug concentration was kept low.

Short comings and future recommendations:
e The present study was designedusing 6 hours time frame only. Longer the duration of observation with
between readings can provide more information regarding the duration of action.
e No biochemical parameters were assessed in the present study. Future studies can correlate the serum drug
concentration with its clinical effect.
e The smaller sample size was also anothershort fall here.Further studies with large sample size can be taken.

Conclusion

The findings of this randomized, double-blind, placebo controlled study opens new panorama in the field of safer
and faster pain relief systems and it recommends the application of meloxicam containing transmucosal patch, is
safe and efficacious alternate to oral administration, for the management of dental pain.
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Table 1: Demographic and clinical characteristics of subjects who participated in study

Groups Count Mean age = s.d. in years Male: Female
Meloxicam n=26 36.35 + 13.27 14:12
Placebo n=25 35.24 +11.40 14:11
Total n=51 35.80+12.34 28:23

Table 2: Pre and post-treatment pain score on VRS-4 scale at different time interval

Meloxicam Placebo group
group
Time Pain score n= % n= %
Pre-treatment Severe 10 38 12 48
Moderate 16 62 13 52
Mild 0 0 0 0
No pain 0 0 0 0
After 5 mins Severe 4 15 12 48
Moderate 13 50 13 52
Mild 9 35 0 0
No pain 0 0 0 0
After 10 mins Severe 2 8 12 48
Moderate 8 31 11 44
Mild 16 62 2 8
No pain 0 0 0 0
After 15 mins Severe 0 0 11 44
Moderate 10 38 12 48
Mild 16 62 2 8
No pain 0 0 0 0
After 20 mins Severe 0 0 11 44
Moderate 7 27 12 48
Mild 19 73 2 8
No pain 0 0 0 0
After 25 mins Severe 0 0 10 40
Moderate 7 27 13 52
Mild 19 73 2 8
No pain 0 0 0 0
After 30 mins Severe 0 0 10 40
Moderate 5 19 13 52
Mild 21 81 2 8
No pain 0 0 0 0
After 1 hour Severe 0 0 3 12
Moderate 0 0 16 64
Mild 18 69 6 24
No pain 8 31 0 0
After 6 hours Severe 0 0 2 8
Moderate 1 4 10 40
Mild 14 54 11 44
No pain 11 42 2 8
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Table 3: Pre and post-treatment mean pain score on NRS-11 scale at different time interval

Time Meloxicam group Placebo group
Pre-treatment 6.10 £ 1.92 6.12+1.72
After 5 mins 485 £1.83 5.96 £ 1.55
After 10 mins 3.52+1.95 578 £1.65
After 15 mins 3.17+1.68 5.56 + 1.70
After 20 mins 2.60+ 151 532 +1.98
After 25 mins 244 +1.34 5.28 £2.01
After 30 mins 2.27+1.25 5.28 £2.01
After 1 hour 1.27+£1.04 444 +1.82
After 6 hours 0.81+0.98 3.36£1.90
p<0.01 p<0.01
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Figure 1: Flow diagram showing overall phases of this preliminary study design
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Figure 2: Line diagram showing mean NRS-11 pain score at different time intervals
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