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Abstract
Introduction: Transcranial electrical nerve stimulation (TENS) 
is being used to relieve pain in various specialties for ages but till 
date, no concurrent evidence is achieved on the efficacy of this 
method to relieve pain, still it is used as a non-pharmacological 
method of pain relief. For orthodontic pain relief the literature 
is scanty, as the studies conducted are also very less, hence we 
conducted this metanalysis to pool the results of these scanty 
studies and achieve some concurrent evidence of TENS efficacy 
in pain relief caused due to orthodontic tooth movement.
Material and methods: Medline/PubMed, Cochrane, and 
google scholar were searched for the studies of TENS use in 
orthodontic tooth movement. Studies having data for 24 hrs. 
and 48 hrs. after application of tens device were included. The 
results were scaled and pooled and statistical analysis was done 
by using python and SPSS software.
Results and discussion: Our results were statistically highly 
significant in favor of TENS with a p-value of 0.0001 indicating 
that TENS is highly effective in orthodontic pain relief.
Conclusion: TENS is highly effective in relieving pain from or-
thodontic tooth movement.
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Introduction
Transcranial electrical current to stimulate brain is 

not a recent technique but dates back to 47CE1 and the 
first evidence in the literature is found to be in 1974 

by Toledo by Sergio Sconocchia.2 Scribonius report-
ed for the first time the use of the torpedo fish which 
produced an electric discharge, which was then used 
to stimulate brain to alleviate the pain, the mechanism 
was although not known to him. TENS has come a 
long way since then. If TENS is beneficial or harmful 
for the management of pain is still debatable. Analysis 
of Cochrane review indicates that TENS had effect on 
various acute and chronic pain, but the studies for or-
thodontic pain resulted in only 2 studies which dealt 
with orthodontic tooth movement pain relief with 
TENS. Google scholar analysis resulted in 4 studies. 
This indicates that the literature is very sparse for the 
TENS in orthodontic pain.

TENS technique is noninvasive and nonpharmaco-
logical, it utilizes electrical stimulation which in turn 
reduces periodontal pain. The mechanism of action of 
TENS studied by various research using TENS therapy 
has shown that it blocks nerve depolarization, hence 
incumbering the initial neuropeptide release and 
blocks the positive feedback loop.3

TENS is used worldwide as a non-pharmacological 
technique for the relief of pain whatever may the cause 
and its uses to relieve cancer-related pain have gained 
popularity.4 A Systematic review probably the first on 
TENS was published in 1990s and since then the un-
certainty of this technique in the efficacy of relieving 
chronic and acute pain persists.5-7 

Aim of this study is to evaluate the effectiveness of 
TENS in orthodontic pain, by doing the metanalysis 
based on the available studies.

Mechanism of action of TENS
Acupuncture pain reliving mechanism was ex-

plained by 2 methods, one proposed that if similar in-
tensity pain is introduced in another part of the body, it 
relieves the previous pain which was known as count-
er-irritant mechanism, another mechanism came after 
the gate control theory, which, Stratton8 proposed stat-
ing that high frequency but low-intensity TENS appli-
cation stimulates A-delta and A- Beta fibers and hence 
blocks the transmission of painful stimuli by small 
unmyelinated C- Fibers in the spinal cord. This was 
supported by Melzack and Wall’s gate control theory.9 
According to which any activity in large diameter low 
threshold mechanoreceptive (touch-related) nerve fi-
bers may inhibit the spread of action potentials from 
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small diameter higher threshold nociceptive fibers via 
pre and post synaptic inhibition in the dorsal horn of 
spinal cord as nociceptive fibers (A-delta and C-fibers) 
have a higher threshold of activation than mechanore-
ceptive fibers (A-beta) Hence the prolonged effect of 
TENS is due to release of endogenous opioids explain-
ing the persistence of analgesia for hours after elec-
trical stimulation has stopped, as endorphins effects 
the central nervous system for longer periods. The re-
leased opioids might generate their analgesic action at 
peripheral, spinal and supraspinal sites whereas other 
neurochemicals like GABA, acetylcholine, 5-HT, nor-
adrenaline and adenosine have been concerned in 
TENS analgesia. 

Materials and methods
Eligibility criteria: systematic review was conduct-

ed of all the published data, which was in accordance 
with the Cochrane Handbook for the Systematic Re-
view of Interventions and reported according to the 
guidelines of the Preferred Reporting Items of System-
atic Reviews and Meta-Analysis (PRISMA)10,11,12 

Inclusion Criteria:
1. randomized clinical trials which analyzed the ef-

fectiveness of TENS in orthodontic tooth move-
ment pain with no other adjunct treatment were 
included in this study. 

2. Studies which have evaluated the pain using VAS 
scores having reading at 24 and 48 hours were in-
cluded in our study. (As there was only one study 
with was having control group and none of the oth-
er studies were having any control group, hence the 
study methodology was improvised using Python 
and performing regression analysis and comparing 
the results.)

3. participants who received orthodontic treatment 
with elastomeric separators, canine retraction, 
and/or other orthodontic treatment

Exclusion criteria:
1. Studies involving medically compromised patients.
2. Animal Studies
3. Studies not having 24 and 48 hours reading after 

application of TENS
Data collection: A systematic search on Google 

Scholar, Cochrane database, and Pubmed was con-
ducted, the details of this search are provided in table 
1. This search was completed by manually reviewing 

the results. All the selected studies were then scruti-
nized by a single reviewer but at 2 different occasions 
at an interval of one week, to reduce the search bias.

On Google Scholar search out of 17400 only 5 stud-
ies were found relevant and out of those five only 3 met 
the criteria and were included in this meta-analysis.

On Pubmed search, only three relevant studies 
were found and those were already extracted via Goo-
gle scholar.

On Cochrane database, search we extracted 38 
studies out of which only 2 met the inclusion criteria 
and those two were already extracted by Google schol-
ar search.

RCT done by Zahid H et al was quite near to our 
selection criteria but the readings taken in that study 
were not at 24 and 48 hours hence this study could not 
be included in our study. 13

Statistical Analysis
For Statistical analysis various tools and software 

were used like Python and SPSS. Dunnett’s T3 test was 
used for comparing the results as the samples were 
unequal to evaluate if the results of these studies are 
comparable and can be included in the metanalysis. 

Study one was Asavari L Desai study13 In this 
study TENS was applied on front and back teeth and 
separate analysis was done on them, hence we com-
pared both the results statistically. Before combining 
the front and back teeth results, we wanted to know 
if these two groups are comparable and can be added 
in our study hence, we conducted independent t-test 
to calculate the p value which was insignificant for 
both 24 and 48 hrs data, indicating that that both the 
groups are comparable and hence we included both 
the groups in our study. 

Description
This procedure calculates the difference between 

the observed means in two independent samples. A 
significance value (P-value) and 95% Confidence In-
terval (CI) of the difference is reported. The P-value 
is the probability of obtaining the observed difference 
between the samples if the null hypothesis were true. 
The null hypothesis is the hypothesis that the differ-
ence is 0.

Mean and Standard deviationwere calculated. The 
significance level, or P-value, is calculated using the 
t-test. When the P-value is less than 0.05 (P<0.05), the 
conclusion is that the two means are significantly dif-
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ferent.As there was no significant difference in the 2 
groups and hence, we added both the front and back 
teeth results in our study which made the combined 
sample size to 60 from this single study.

Studies done by Asavari et al14 (Study one), 
Haralambidis C et al15 (Study two), and Roth and 
Thrash al16 (Study three) were included for analysis. 
(Desai et al., 2018, Haralambidis., 2019 and Roth and 
Thrash., 1986)

Results:
We combined the experimental groups of all the 

studies and a total N of 112 was obtained. 
N=60 was obtained from Study one,14 Study two15 

contributed to N=34 and Study three16 gave N=9 to 
our experimental group.

N= 9 for the control group was provided by study 
three which was later scaled and regressed and went 
through python software and was found fit to use in 
our study although it would have affected the results 
as the mean scores were higher as compared to other 
studies, as the results were significant even with higher 
values, this proved that if we had controls from other 
studies the results would have been highly significant 
again, hence this does not make any difference to the 
study results and hence the analysis was continued. 

Age distribution was compared in all three stud-
ies and the difference was found to be insignificant. 
(Figure 1) 

20,2
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28

Mean age distribution

Study one Study two Study Three

Figure 1: Shows Mean Age distribution in the three selected 
studies.

Firstly, we compared the front and back teeth re-
sults from study one to check if they were comparable 
and could be included in the study. As the p-value is 
0.5674 is > 0.05, hence the difference is insignificant 
and hence we included the results in our study. (Table 
3) Similarly, the results were insignificant with p-value 
= 0.1039 for 48 hours results. (Table 4)

Table 1
Search criteria and results obtained and studies selected in this Metanalysis.

Database Search Strategy Results

Medline/Pubmed #1. Transcutaneous Electrical Nerve Stimulation, TENS 11149

#1+2Analgesia or discomfort 116

#1+2+3 orthodontics 2

Included in our study ½

Exclusion reason It was a literature review

Cochrane Library #1. Transcutaneous Electrical Nerve Stimulation, TENS 38

#1+2Analgesia or discomfort 1

#1+3 8

Included in study 2

Exclusion reason Does not meet our inclusion criteria

Google scholar #1. Transcutaneous Electrical Nerve Stimulation, TENS 33,800

#1+2Analgesia or discomfort 24,100

1+2+3 9,980

1+2+pain relief 1390

Included in the study 3

Reason for exclusion Does not meet our inclusion criteria
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Table 2
Shows the comparison of three studies considered for meta-analysis

Study Aim Material methods Results Mean Age 
of subjects

Study 1 To assess and compare the effi-
cacy of transcutaneous electrical 
nerve stimulation (TENS) therapy 
and preemptive piroxicam admin-
istration in reducing the severity of 
pain after orthodontic separator 
placement.

It was a randomized, single-blind, par-
allel arm trial. Subjects of either gender 
between 18 and 30 years of age, sched-
uled to undergo regular orthodontic 
therapy with placement of two sepa-
rators in each arch, were selected for 
this trial. The sample size consisted of 
60 patients from whom prior informed 
consent was obtained. They were as-
signed randomly into two categories of 
30 subjects each.
• Group I: Subjects were given piroxi-
cam (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 princi-
pal investigator to the treatment group.
Perceived pain was evaluated on chew-
ing and fitting back teeth together at 
2-, 6-, 24-, and 48-hour intervals, using 
the visual analog scale (VAS)

Descriptive statistical 
analysis revealed that the 
VAS scores in the piroxi-
cam group were margin-
ally higher than the TENS 
group at all intervals, 
except at 2 hours. The 
difference was, however, 
statistically insignificant.

20.2

Study 2 study was designed to evaluate 
whether a new portable TENS 
device can control orthodontic 
pain in a timely manner, as well as 
to determine the duration of pain 
relief following TENS application, 
identify the optimal locations of 
intraoral TENS application, and 
assess the reaction of patients and 
orthodontists to the use of TENS 
therapy.

65 Subjects with in age group of 10-57 
(mean 21) were included in the study. 
The TENS device was applied in each 
patient immediately after orthodontic 
wire activation or adjustment. After 
the stimulation, the provider recorded 
the time required to achieve comfort 
or when the subject no longer needed 
application. The patient was asked to 
rate the intensity of pain after TENS 
application and after 24 and 48 hours 
on a numeric rating scale.

The consolidated scores 
indicated a significant 
reduction in pain after 
initial application of the 
Dental Pain Eraser.

21

Study 3 To assess the TENS effect on 
periodontal pain associated with 
orthodontic separation.

45 adult subjects were randomly se-
lected and assigned to TENS group 
and Placebo TENS group and Control 
Group, they were further decided into 
intraoral and extraoral electrode place-
ment and 1,2,3day treatment groups. 
Subjects were asked to rate the pain 
on 10 cm VAS scale after 24, 36 and 48 
hours.

This study suggests that 
TENS is an effective 
non-pharmacologic 
method of controlling 
orthodontic pain.

28

Table 3
compares the mean results of front and back teeth for 24 hours 
from study one.

Difference -0.400
Standard error 0.696
95% CI -1.7922 to 0.9922
t-statistic -0.575
DF 58
Significance level P = 0.5674

Table 4
compares the mean results of front and back teeth for 48 hours 
from study one.

Difference -1.070
Standard error 0.648
95% CI -2.3662 to 0.2262
t-statistic -1.652
DF 58
Significance level P = 0.1039
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Combined means were calculated for 24-hour and 
48-hour means from the experimental groups using 
the Cochrane method for combining the means. 

Initially, the two means (back and front teeth) of 
study one was combined, which resulted in a combined 
mean for study 1 for 24- and 48-hour results. The com-
bined N was 60 and combined mean for 24 hours was 
3.33 and STD combined was 2.6784. (Table 5) and for 
48 hours was 2.965 and STD was 2.5445. (Table 6)

Table 5
Combined means for 24 hours from study one.

Region No. of Teeth Mean STD
Back 30 3.53 2.569
Front 30 3.13 2.813
Combined result 60 3.33 2.6784

Table 6
Combined means for 48 hours from study one

Region No. of Teeth Mean STD
Back 30 3.5 2.515
Front 30 2.43 2.501
Combined result 60 2.965 2.5445

Means for all the studies were now combined for the 
experimental group along with the standard deviation. 
Table 7 shows the combined result mean for 24 hours and 
table 8 shows the combined mean results for 48 hours.

Table 7
Shows combined mean of all studies for experimental group 
for 24 hours

Study N Mean Standard 
Deviation

Σx Σx2

Study 1 60 3.33 2.6784 199.8 1088.5898
Study 2 34 2.1 3.0 71.4 446.94
Study 3 9 4.77 6.96 71.55 1019.4759
Sum 103 342.75 2555.0057
Combined 103 3.1445 3.6984

Table 8
Shows combined mean of all studies for experimental group 
for 48 hours

Study N Mean Standard 
Deviation

Σx Σx2

Study 1 60 2.965 2.5445 177.9 909.4678
Study 2 34 1.2 2.1 40.8 194.49
Study 3 9 5.55 9.30 83.25 1672.8975
Sum 103 301.95 2776.8553
Combined 103 2.7702 4.2387

As the experimental and control group was not 
equal in N, hence Welch’s t-test for unequal variance 
data was used to compare both groups. Table 9 and 10 
shows the results of the comparison of experimental 
and control group for 24 hours and 48 hours respec-
tively. There was a statistically significant reduction in 
pain.

Table 9
Results of comparison of experimental and control group for 
24 hours

Difference 11.406
Standard error 1.384
95% CI 8.6649 to 14.1471
t-statistic 8.241
DF 116
Significance level P < 0.0001

Table 10
Results of comparison of experimental and control group for 
48 hours

Difference 13.670
Standard error 1.605
95% CI 10.4913 to 16.8483
t-statistic 8.518
DF 116
Significance level P < 0.0001

Discussion:
Transcutaneous electrical nerve stimulation 

(TENS) is a procedure which is non-pharmacological 
and is quite commonly used by medical and paramed-
ical practitioners in a large number of varied condi-
tions for the treatment of acute and chronic pain. It 
is frequently used to ease a wide variety of incapaci-
tating symptoms which includes non-malignant acute 
and chronic pain and cancer pain and care.17 TENS 
principal of mechanism is explained by the electrical 
stimuli generation that has a greater speed as com-
pared to the impulse of pain which enters the dorsal 
horn substantia gelatinosa and closes the gate for pain 
impulses, hence reduces the severity of pain. TENS 
also provide activation of opiate-like peptides such as 
endorphins. Apart from medical uses TENS has been 
used actively to relieve the pain in dentistry, which 
includes pain in TMD18, dental treatment in pediatric 
patients19, tooth pulp related pain20, trigeminal Neu-
ralgia21, TMJ ankylosis22, Myofascial pain dysfunction 
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syndrome, post-herpetic neuralgia,23 in patients with 
xerostomia24,25 and also for orthodontic pain, although 
the studies for orthodontic pain are sparse. 

As Cochrane reviews were not able to make an 
informed, evidence-based decision on the efficacy 
of TENS for relieving pain, and the limited literature 
on orthodontic pain relief by TENS posed anoth-
er problem for evidence-based decision-making for 
the use of TENS. Due to the limited literature avail-
able on orthodontic pain relief by TENS, its efficacy 
is not proven. All the studies available had limitations 
of number, hence we conducted a meta-analysis and 
pooled the available results to get a significant and ev-
idence-based decision on the effectiveness of TENS 
in orthodontic pain. Only 3 studies met the selection 
criteria and the results were pooled. Regressive sta-
tistical analysis was performed on the pooled results 
and found that the TENS was statistically highly sig-
nificant in relieving orthodontic pain. The limitation 
of our study was the limitation of available literature. 
We compared the experimental group with the control 
group and the readings of 24 hours and 48 hours were 
recorded, and in both scenarios, TENS pain relief was 
statistically significant. This is the only meta-analysis 
available for the efficacy of TENS in orthodontic pain. 
Despite many limitations of this study, statistically sig-
nificant pain relief with the use of TENS has been ef-
fectively proven.

The Limitations of this study were that only three 
RCTs were available that dealt with orthodontic pain. 
For a full-fledged metanalysis, this number was very 
less. Out of those three studies, two were not having 
any control group which again posed a problem in 
data analysis. As there was no control group compar-
ison was not possible, hence the control group from 
one available study was taken and considered after 
making sure that the experimental group of all the 
studies are comparable statistically with each other. 
The only study having the control group was having 
higher overall VAS scores as compared to the other 2 
studies, which again posed the problem in compari-
son, hence the means from that study were regressed 
and went through pythons Scikit for outlier detection 
and then included in the study. Still, the scores provid-
ed a little negative impact, but as the overall result was 
in favor of TENS and would have been more positive 
if the scores were in a similar range with the h other 2 
studies, this was not impacting negatively on our study 
results. 

Conclusion:
TENS has been used as a mechanism for chronic 

or acute pain relief in various disciplines of medicines 
and its use in dentistry is also gaining popularity. Pain 
during various stages of orthodontic therapy is one of 
the major causes of dropout from the treatment, hence 
various pharmacological and non-pharmacological 
methods are being used, but none was found to be com-
pletely effective with no side effects. TENS as does not 
alter the normal physiology and being non-pharmaco-
logical method does not have any significant side effect, 
could prove to be beneficial in relieving orthodontic 
pain. In our study we found that TENS was not only 
effective in relieving the early orthodontic pain but also 
had delayed effect. Hence, we conclude that pain relieve 
obtained by TENS is statistically significant. 
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