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ABSTRACT
Aims and objectives: To assess and compare the efficacy of 
transcutaneous electrical nerve stimulation (TENS) therapy and 
preemptive piroxicam administration in reducing the severity 
of pain after orthodontic separator placement.

Materials and methods: It was a randomized, single-blind, 
parallel arm trial. Subjects of either gender between 18 and 
30 years of age, scheduled to undergo regular orthodontic 
therapy with placement of two separators in each arch, were 
selected for this trial. The sample size consisted of 60 patients 
from whom prior informed consent was obtained. They were 
assigned randomly into two categories of 30 subjects each.
• Group I: Subjects were given piroxicam (20 mg) 1 hour 

before separator placement.
• Group II: Subjects were given TENS therapy immediately 

after separator placement.
The treatment was administered by the coinvestigator, so 

as to blind the principal investigator to the treatment group. 
Perceived pain was evaluated on chewing and fitting back teeth 
together at 2-, 6-, 24-, and 48-hour intervals, using the visual 
analog scale (VAS).

Results: Descriptive statistical analysis revealed that the VAS 
scores in the piroxicam group were marginally higher than the 
TENS group at all intervals, except at 2 hours. The difference 
was, however, statistically insignificant.

Conclusion: The findings of this single blind randomized, 
controlled trial (RCT) suggest that TENS therapy is as effective 
as 20 mg piroxicam administered preemptively, in controlling 
pain felt due to separator placement. The TENS offers several 
advantages over piroxicam, as it is devoid of the inherent side 
effects of nonsteroidal antiinflammatory drugs (NSAIDs) like 
an inhibitory effect on orthodontic tooth movement and also 
gastric irritation.

Therefore, the use of TENS is recommended over NSAIDs 
for the successful management of orthodontic pain, which 
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INTRODUCTION

Pain is a reaction to noxious stimuli and is a highly sub-
jective response with wide individual variations. It is an 
unpleasant yet inseparable part of orthodontic therapy 
and is associated with numerous procedures like sepa-
rator placement and subsequent archwire insertion and 
activation. The fear of pain and discomfort is a major 
deterrent for many prospective orthodontic patients 
and is one of the most common reasons for discontinu-
ing orthodontic treatment, making pain management a 
critical factor for successful treatment.

Discomfort, which can sometimes be unbearable, 
is often experienced by patients after even a seemingly 
simple procedure, such as placement of separators, 
which is almost always the first step of fixed orthodontic 
therapy.1-3 Pain increases to a peak level at approximately 
24 hours following separator placement.4 Majority of 
patients complain of moderate-to-severe pain on biting 
and chewing firm or hard food. Previous studies have 
indicated that patients rank pain as the worst aspect 
of orthodontic treatment and the foremost reason for 
desiring to discontinue care.5 The severity and incidence 
of orthodontic pain is perceived to be greater than that 
associated with tooth extractions.6

Orthodontic forces cause disruption of blood supply 
to fibers attaching the tooth to the alveolar bone, which 
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causes the release of prostaglandins and other inflamma-
tory mediators into the local environment.7

Several efforts have been made in the past to mitigate 
orthodontic pain with NSAIDS, bite wafers, anesthetic 
gels, low-level laser therapy, vibratory stimulation of 
periodontal ligament, chewing gums, and TENS.8

As clinicians, patients often enquire if it will be neces-
sary to take analgesics during the course of treatment and 
if so, which is the most effective. Previous studies have 
shown that preemptive doses of NSAIDs, which act by 
inhibiting cyclooxygenase enzymes, help to reduce the 
amount of pain experienced immediately posttreatment.3,9 
The NSAIDs, when given before a procedure, are absorbed 
and distributed by the body before tissue injury occurs. 
This reduces the sensitivity of nerves to certain inflam-
matory mediators which allows for a lower production 
of prostaglandins, thereby decreasing the inflammatory 
response.10

Till date, the efficacy of preemptive naproxen sodium, 
aspirin, and ibuprofen in controlling pain has been 
evaluated.11

In the present study, we decided to administer piroxi-
cam, as it offers several advantages over other regularly 
used NSAIDs.

Since it has a long mean half-life of 50 to 60 hours, 
it allows for only once-daily dosing. This may be the 
reason it causes significantly lower gastrointestinal 
irritation when compared with aspirin, ibuprofen, or 
naproxen sodium. It is more effective at controlling 
pain as compared with ibuprofen according to a previ-
ous study.12

The NSAIDs, though widely used to alleviate pain, 
come with their inherent side effects like gastrointesti-
nal irritation and inhibitory effect on orthodontic tooth 
movement.13,14

Till date, no noninvasive, nonpharmacologic method 
has been clinically proven to alleviate pain experienced 
by orthodontic patients.

The TENS is an inexpensive, noninvasive method 
in which controlled, electrical pulses are applied to the 
site of injury. It reduces pain through both central and 
peripheral mechanisms with no adverse effect on tooth 
movement and without the risk of allergies and gastroin-
testinal irritation, which can be very beneficial for patients 
and clinicians alike.

Despite extensive research being done on the various 
methods available at the orthodontist’s disposal to effec-
tively manage pain, there is insufficient literature on the 
use of TENS therapy for controlling orthodontic pain.

This study, the first of its kind, was done to assess 
and compare the analgesic effect of piroxicam and TENS 
therapy on orthodontic pain.

AIMS AND OBJECTIVES

The aim of this article is to assess and compare the effi-
cacy of TENS therapy and preemptive piroxicam admin-
istration in reducing the severity of pain after orthodontic 
separator placement.

MATERIALS AND METHODS

It was a single blind, randomized parallel arm trial for 
which ethical clearance from the Institutional Ethics 
Committee of Manipal College of Dental Sciences, 
Manipal University, Mangaluru, Karnataka, India was 
obtained (Clinical Trials of India registration number: 
CTRI/2017/12/010870).

Sixty-seven subjects who were scheduled to receive 
fixed orthodontic treatment at the Department of Ortho-
dontics were screened for the study. Seven subjects did 
not fulfill the below-mentioned criteria and were hence 
excluded. Finally, a total of 60 subjects were enrolled in 
the trial, with prior informed consent (Flow Chart 1). The 
trial was conducted at the Department of Orthodontics, 
Manipal College of Dental Sciences, Mangaluru, Karna-
taka, India in 2017.

Inclusion Criteria

• Subject of either gender with age of at least 18 years 
and not older than 30 years.

• Previously untreated patients.
• Orthodontic treatment requiring the insertion of two 

separators in each of the four quadrants.

Flow Chart 1: CONSORT flowchart
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Exclusion Criteria

• Contraindications to the use of piroxicam or NSAIDS 
in general.

• Pregnant subjects.
• Significant medical illnesses that prevent the subject 

from participating in the study.
• Tooth extraction or surgical procedure before separa-

tor placement.

Treatment Allocations

The study subjects were randomly assigned to two groups 
of 30 subjects each.
• Group I received piroxicam (20 mg) 1 hour before 

separator placement.
• Group II received TENS therapy immediately after 

separator placement.
The above-mentioned treatment was administered by 

the coinvestigator so as to blind the principal investigator 
to the treatment group.

Methods

Subject demographics were obtained along with a 
thorough medical history including hypersensitivity to 
NSAIDs. The vitals were recorded.

Prior to separator placement, subjects were explained 
in detail about the VAS scale and how to rate their per-
ceived pain consequent to separator insertion. A 10-cm 
VAS was used wherein a mark at 0 cm was considered 
as “no pain at all” and 10 cm as “worst pain imaginable.”

For subjects allocated to group I, separators were 
inserted 1 hour after the piroxicam administration. Two 
separators (Ormco, Glendora, CA) were inserted in each 
quadrant.

The patients allotted to group II were given TENS 
therapy.

The TENS unit comprised of amplitude knobs, pulse, 
an on/off switch, a 3-volt battery, and a pair of electrodes. 
A conductive gel was applied at the site of placement after 
which the electrodes were placed over the painful region 
on the cheek corresponding to the molar region on the 
left and right sides, in the upper and lower arches (Fig. 1).

A frequency of 50 Hz with a pulse width of 0.5 msec at  
0 to 60 mA was used. The intensity was gradually increased 
by turning the corresponding knob, till the patient felt a 
tingling sensation due to the pulse. It was further increased 
slowly to the point where the patient experienced maximum 
comfort. The intensity was maintained constant at this 
point and the pulse rate was increased to 2 and then to 5.

Each subject underwent this treatment for 20 minutes 
after which the intensity was decreased to a minimum 
and then the unit was switched off.

Following this, subjects were to record the discomfort 
they perceived when clenching/fitting back teeth together 

and on chewing, at intervals of 2, 6, 24 and 48 hours after 
separator placement in the VAS pain diary. All the patients 
were instructed to return their pain diaries at the next 
appointment which was scheduled after 2 days, for banding 
of the molars. Patients who missed recording perceived 
pain for a few intervals were excluded from the study.

Statistical Analysis

Statistical Package for the Social Sciences (version 20.0, 
SPSS Inc., Chicago, Illinois, USA) was used to perform the 
statistical analyses. Descriptive analyses were done for 
assessing the pain scores at different time intervals in both 
the experimental groups. A repeated-measures analysis of 
variance (ANOVA) test with post hoc Bonferroni test was 
done to assess the difference in VAS scores between both 
the groups, across each time period; p-values less than 
0.001 were regarded as statistically significant.

RESULTS

There was no statistically significant difference between 
the mean ages between both the groups (Graph 1). The 

Fig. 1: TENS therapy being administered to a patient

Graph 1: Age distribution among both groups
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tests show that there was increase in VAS score from  
2 to 24 hours and tapered at 48 hours in all the scenarios. 
This change over time was statistically significant in all 
the cases with the p-value of <0.001. The difference was 
primarily between the 24 and 48 hours in all the cases as 
assessed by Bonferroni’s test.

Differences in Pain Experienced between the 
Experimental Groups on “Pain on Chewing”

The statistical analysis showed that there was an 
increase in VAS scores from 2 to 24 hours after which it 
decreased in both the groups. An interesting observa-
tion was that the VAS scores in the TENS group were 
lesser compared with the piroxicam group at all inter-
vals, except at 2 hours. The difference, however, was 
not statistically significant, as the p-value was >0.001  
(Table 1 and Graph 2).

Differences in Pain Experienced between the 
Experimental Groups on “Pain on Fitting the 
Back Teeth”

The results of the statistical analysis revealed that the pain 
experienced by subjects in the piroxicam group increased 
gradually from 2 to 48 hours. In the TENS group, however, 
the VAS scores decreased significantly after 6 hours itself 
and the difference was statistically significant. A compari-
son of the scores between the two groups showed that 
the scores in the TENS group were less than those in the 
piroxicam group after 6 hours, though the difference was 
statistically insignificant (Table 1 and Graph 3).

DISCUSSION

This trial was designed to evaluate and compare the 
analgesic efficacy of TENS therapy and piroxicam on 
orthodontic pain, using a sample size of 60 individuals 

Table 1: Repeated-measures ANOVA with post hoc Bonferroni test to assess the difference in the VAS scores across each time period

Group
 Chewing Fitting back teeth Fitting front teeth
 Mean ± Std. deviation Mean ± Std. deviation  Mean ± Std. deviation

2 hours Piroxicam  2.3 ± 1.86  1.77 ± 1.942  1.2 ± 1.789
Tens  2.8 ± 2.355  2.4 ± 2.061  1.47 ± 1.795
Total  2.55 ± 2.119  2.08 ± 2.011  1.33 ± 1.782

6 hours Piroxicam  3.4 ± 2.581  3.2 ± 2.976  1.93 ± 2.612
Tens  3.37 ± 2.356  3.83 ± 2.601  2.47 ± 2.33
Total  3.38 ± 2.45  3.52 ± 2.789  2.2 ± 2.469

24 hours Piroxicam  4.43 ± 2.944  3.87 ± 2.849  2.73 ± 3.028
Tens  4.23 ± 2.738  3.53 ± 2.569  3.13 ± 2.813
Total  4.33 ± 2.82  3.7 ± 2.695  2.93 ± 2.905

48 hours Piroxicam  4.37 ± 2.93  4.4 ± 3.169  2.87 ± 2.837
Tens  4.07 ± 2.97  3.5 ± 2.515  2.43 ± 2.501
Total  4.22 ± 2.929  3.95 ± 2.873  2.65 ± 2.661

Time F  14.653  17.378  13.592
p-value <0.001 <0.001 <0.001

Time with group F  0.675  3.549  1.289
p-value  0.512  0.028  0.28

Graph 2: VAS on chewing Graph 3: VAS on fitting back teeth together
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who were scheduled to undergo fixed appliance therapy. 
As there is no objective method available to assess the 
severity of perceived pain, the VAS was selected, as it has 
been proven to be the most accurate and reliable tool to 
measure subjective experiences like pain.15

Piroxicam was chosen over ibuprofen, which is 
the most commonly prescribed analgesic, as it offers 
several significant advantages. It has a longer mean 
half life which therefore prolongs its duration of action 
and permits once-daily dosing. Also, a previous trial 
conducted by Kohli and Kohli16 which compared the 
analgesic efficacy of piroxicam, ibuprofen, and a placebo 
showed that piroxicam controlled pain more effectively 
compared with ibuprofen and the placebo.

However, a major concern with the use of NSAIDs to 
manage orthodontic pain is the likelihood of interference 
with tooth movement due to the inhibition of cyclooxy-
genase activity and thus prostaglandin production.

The TENS therapy is an inexpensive, noninvasive 
method of alleviating both acute and chronic pain. Since 
it is nonpharmacologic, there is no risk of side effects like 
allergic reaction to medication or inhibiting orthodontic 
tooth movement. Pain reduction with TENS is attributed 
to the electrical stimuli, pressure, and touch impulses 
which arrive faster at the levels of the spinal cord in 
the substantia gelatinosa of the dorsal horn and in the 
higher levels of the central nervous system than the pain 
impulses and “close the gate” for pain impulses, resulting 
in a suppression of pain signals. The TENS also causes 
activation of endogenous analgesic systems involving 
opiate-like peptides, such as endorphins, thereby increas-
ing their plasma levels.17

In dentistry, TENS was first used for the treatment 
of myofascial pain dysfunction. The TENS was used 
by Roth and Thrash18 to assess its effect on periodontal 
pain associated with the placement of orthodontic sepa-
rators inserted on the mesial and distal of upper first 
molars, in 45 adult patients. Patients who were given 
TENS reported significant decrease in pain on VAS at 
the 24-, 36-, and 48-hour assessment periods, whereas 
the control group experienced postadjustment pain even 
after a period of 60 hours. A literature search revealed 
that this was the only study which assessed the effect 
of TENS on orthodontic pain. More recently, TENS has 
been used during pulpotomy, cavity preparation, and 
tooth extraction.19

In spite of randomization, the gender distribution 
was unequal, with more males than females in both the 
groups (Graph 4). Previous studies have shown that there 
is no difference in perceived pain during orthodontic 
treatment between the sexes.20 Gender discrimination 
was therefore not included, and males and females were 
evaluated together with the rest of the data.

The findings of this trial indicated that the pain expe-
rienced by the patients in both the treatment groups grad-
ually increased 2 hours after separator placement and 
peaked at the 24-hour interval, after which it declined. 
This corroborates the findings of previous studies by Law 
et al,3 and Kohli and Kohli.16

The greatest reported pain was observed on chewing 
rather than on fitting back teeth together or fitting front 
teeth together, which corroborates the findings of previ-
ous studies. This could be due to the fact that orthodontic 
pain is caused by the compression and inflammation of 
the periodontal ligament, and maximum compression 
occurs during chewing.21

The patients who were administered 20 mg of piroxi-
cam 1 hour before separator placement exhibited slightly 
lower levels of pain than those that were given TENS 
therapy up to the 24-hour interval. Interestingly, after 
the 24-hour interval, subjects who had been given TENS 
showed mildly lower levels of pain across all the three 
categories, i.e., pain on chewing, pain on fitting back teeth 
together, and pain on fitting front teeth together. This 
may be attributed to the fact that the therapeutic plasma 
levels of piroxicam gradually begin to decline after  
24 hours.22 With respect to TENS-induced analgesia, dif-
ferent studies have reported varied durations of action, 
lasting anywhere between 223 and 18 hours.24 This varia-
tion reflects a natural fluctuation in symptoms and the 
patient’s expectation of treatment duration rather than 
specific TENS-induced effects. It is believed that post-
TENS analgesia is longer for acupuncture-like TENS than 
for conventional TENS and this is supported by initial 
findings in experimental studies.25 However, more work 
is needed to establish the time course of analgesic effects 
of different types of TENS.

The differences in pain levels experienced by the 
patients in both the groups were not statistically significant  

Graph 4: Gender distribution in both groups
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and are hence likely to be clinically insignificant as well. 
This finding is of a great significance, as it lends support 
to the idea that TENS can replace the traditionally used 
NSAIDs as a method of controlling pain associated 
with orthodontic therapy. It will be highly beneficial 
for both patients and clinicians, as it is devoid of any 
of the several side effects that are inherent to the use of 
NSAIDs. There are certain contraindications for TENS 
therapy and should be avoided in patients with cardiac 
pacemakers, cerebrovascular problems, epilepsy, and 
pregnancy.26

However, the advantages of TENS therapy far out-
weigh the disadvantages associated as it is noninvasive, 
safe, and effective, which lead to positive acceptance by 
the patients.

CONCLUSION

The findings of this single blind RCT suggest that TENS 
therapy is as effective as 20 mg piroxicam administered 
preemptively, in controlling pain experienced due to 
orthodontic separator placement.

The use of TENS is recommended over NSAIDs due to 
its several advantages, both from the patient’s and from 
the clinician’s perspective.

CLINICAL SIGNIFICANCE

Patients complain of significant pain postorthodontic 
separator placement which prompts the injudicious use 
of analgesics by both the doctor and patients. The use of 
pharmacological agents for alleviating pain comes with 
its inherent drawbacks of gastric irritation and potential 
for inhibiting orthodontic tooth movement. The TENS, on 
the contrary, is a nonpharmacological and safe method to 
control pain, bereft of the above-mentioned side effects. 
The results of this trial suggest that TENS can be effec-
tively used clinically instead of analgesics, to reduce the 
patient’s discomfort.
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