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COSMO HARALAMBIDIS, DMD

Pain-Free Orthodontic Treatment 
with the Dental Pain Eraser

Roth and Thrash found the nonpharmacolog-
ical, noninvasive TENS technique to be effective 
in reducing periodontal pain after separator place-
ment, although they utilized large external sponge-
pad electrodes or internal probe electrodes with an 
Alpha-Stim Model 2000,* which at the time was 
relatively large and expensive.8 Portable and less 
expensive TENS devices have since been engi-
neered, yet no subsequent studies have tested the 
effectiveness of TENS in relieving pain related to 
orthodontic treatment.

The present 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 re-
action of patients and orthodontists to the use of 
TENS therapy.

Many procedures, including separator place-
ment, archwire insertion and activation, elastic 
wear, application of orthopedic forces, and debond-
ing, can produce pain. Patients generally describe 
the sensation as a feeling of pressure, tension, or 
tooth soreness. Removable appliances are more 
comfortable than fixed appliances but are still as-
sociated with periods of significant discomfort.

Methods of controlling pain include oral an-
algesics,4 chewing gum, plastic bite wafers,5 vibra-
tory forces,6 laser therapy,7 and transcutaneous 
electrical nerve stimulation (TENS).8-12 Adminis-
tration of oral analgesics prior to separator place-
ment can significantly reduce pain levels,4 but the 
side effects associated with nonsteroidal anti- 
inflammatory drugs are an issue for some patients. 
Chewing gum, plastic wafers, or vibration may also 
reduce the discomfort associated with separator 
placement and orthodontic tooth movement,6 but 
all three require patient cooperation. Low-level 
laser therapy has been shown to reduce pain per-
ception after separator placement,7 but additional 
research is needed and the cost of a laser device 
can be prohibitive.

*Registered trademark of Electromedical Products International, 
Inc., Mineral Wells, TX; www.alpha-stim.com.
**Synapse Dental LLC, Cranston, RI; www.synapsedental.com. The 
Dental Pain Eraser is an FDA-approved medical device.

Pain is among the most frequently mentioned negative effects of ortho-
dontic treatment and one of the most common concerns for patients. 
Several studies cite pain as the main reason for avoiding or stopping 

orthodontic treatment.1,2 About 8% of all orthodontic patients discontinue 
treatment because of pain.3
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Materials and Methods

Sixty-five patients with moderate to severe 
crowding, ranging in age from 10 to 57 (mean age 
21), were selected from three private orthodontic 
practices in Cranston and Newport, Rhode Island, 
and Vancouver, British Columbia. All subjects 
had undergone routine dental examination and 
were in good dental health. Subjects were exclud-
ed if they were pregnant; had a history of sei-
zures, cardiac arrhythmia, or pacemaker treat-
ment; or were taking any over-the-counter or 
prescription pain medication during the testing 
period.

The selected patients were all in the leveling 
and alignment phase (first six months) of ortho-
dontic treatment. Patients who were experiencing 
immediate pain following orthodontic adjustment 
were also selected. Of the 65 subjects, 45 were 
randomly assigned to the active treatment group 
and 20 to the control group. After consent forms 
were signed, patients in both groups were in-
formed that they would be evaluating a pain- 
reduction device that would deliver a mild electric 
current. They were told that the intensity of the 
stimulation could range from sub-sensory to a very 
slight tingling.

The portable TENS device used in this study, 
the Dental Pain Eraser,** was designed for 
one-button operation, with one output for a safe 
and stable range of stimulation (Fig. 1). It generat-

ed a biphasic, symmetrical pulse with a net neutral 
charge and a maximum current of 10mA, in ac-
cordance with the amplitudes and waveforms test-
ed in various other dental applications.9-11 Control 
patients received the same mechanical application 
of the device with no current.

The TENS device was applied in each pa-
tient immediately after orthodontic wire activa-
tion or adjustment. Each application was admin-
istered in a clinical setting by a dental provider 
who had been trained to use the probe endings of 
the device. The provider followed a prescribed 
flow chart (Fig. 2), using a digital or paper survey 
system for data entry. 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 in-
tensity of pain after TENS application and after 
24 and 48 hours on a numeric rating scale (NRS), 
using whole numbers from 0 to 10 (Fig. 3).13,14 
The pain location was then noted as being in the 
incisor, canine, or posterior region of a particular 
quadrant.

This study used a repeated-measures exper-
imental design involving five factors:
1. Randomized treatment modality (TENS or pla-
cebo group).
2. Stimulation time required for pain relief.
3. Pain location (incisor, canine, or posterior).
4. Measurement period (0, 24, or 48 hours).
5. Practice location.
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Results
NRS scores before and after TENS stimu-

lation were analyzed using Wilcoxon’s signed-
rank test and paired t-tests, with a significance 
level of p < .05 (Table 1). The consolidated scores 
indicated a significant reduction in pain after ini-
tial application of the Dental Pain Eraser 
(Mann-Whitney U test).

The mean patient age differed significantly 
among the three offices: 27 in Cranston, 13 in 
Newport, and 17 in Vancouver (Mann-Whitney U 
test, independent t-test). Although no significant 
difference was noted in overall NRS scores among 
the three offices, patients in the Cranston office 
reported higher levels of pain before stimulation 
compared with the other two locations (indepen-
dent t-test). All three practices, independently and 
combined, reported significant pain reduction 
compared with pre-stimulation pain levels at 0, 24, 
and 48 hours (Kruskal-Wallis test). These results 
indicated that one TENS stimulation reduced dis-
comfort immediately, and that the relief continued 
for as long as 48 hours.

Patients given the active TENS treatment re-
ported significantly lower NRS scores (Mann- 
Whitney U test, independent t-test) compared with 
the control group (Fig. 4). A slight but nonsignifi-
cant placebo effect was noted as an initial pain 
reduction in the control group, but there was no 
significant decline in pain in the control group af-
ter 24 or 48 hours.

Pain was diminished within one minute after 
application in 55% of the active TENS patients, 
and 29% experienced a reduction in one to two 
minutes (Fig. 5). Fully 96% of the patients said 
they received relief in an expected amount of time 
(less than a few minutes). Most subjects reported 
orthodontic pain in areas containing multiple teeth, 
primarily the incisor (49%) and canine (38%) re-
gions, with roughly equal proportions in each 
quadrant (Fig. 6). If pain relief was reported over 
an entire area in less than one minute, it look less 
than 30 seconds for each individual tooth to expe-
rience significant pain reduction.

The vast majority of patients (80%) listed 
comfort in chewing as the quality-of-life compo-
nent most affected by orthodontic pain, followed 
by a reduction in productivity (37%) and in sleep 
time and quality (37%).

Fig. 1 A. Dental Pain Eraser** model used in 
study. B. Production model.

**Synapse Dental LLC, Cranston, RI; www.synapsedental.com. The 
Dental Pain Eraser is an FDA-approved medical device.

A

B
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Sixty-five percent of the TENS patients stat-
ed they did not feel any sensation during the ap-
plication; 35% said they felt a vibration with mild 
tingling, but classified it as only a slight sensation 
not associated with pain. Nearly 80% said they 
would use the TENS device for relief of ortho-
dontic pain, and most preferred it as the main 
method of relief.

Orthodontic staff members overwhelmingly 
stated that the Dental Pain Eraser was well re-
ceived and effective in providing pain relief fol-
lowing orthodontic wire activation or adjustment. 
Other suggested clinical applications for the device 
included traction of impacted teeth, separator 
placement, clear-aligner adjustments, elastic wear, 
and debonding of appliances. Orthodontic providers 

Fig. 2 Flow chart used by treatment providers.

 

Prior to appliance 
adjustment 
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pain reduction 
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Delayed Pain 
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said they would probably use the Dental Pain Eras-
er on patients 15-50 times per day, concluding that 
this would be a new standard of pain relief in their 
practices.

Discussion
Many clinical studies have found a positive 

relationship between TENS therapy and the behav-
ior of pediatric patients, probably owing to a re-
duction in anxiety. Various authors have shown 

that 53-78% of children prefer TENS over local 
anesthesia.9-11 Dhindsa and colleagues noted no 
difference in pain reduction between TENS and 
2% lidocaine during extraction, cavity preparation, 
pulpotomy, or pulpectomy of deciduous teeth in 
180 pediatric patients.15

Roth and Thrash assessed the effects of TENS 
treatment on periodontal pain associated with 
orthodontic separators placed mesial and distal to 
the upper first molars in 45 adult patients.8 Patients 
using TENS reported a significant reduction in pain 

Fig. 3 Survey questionnaire for pain assessment, including numeric rating scale (NRS).

PHASE 1- PILOT STUDY: THE CLINICAL EVALUATION OF TENS THERAPY FOR 
THE ALLEVIATION OF PAIN ASSOCIATED WITH ORTHODONTIC TREATMENT 

 
 

Title: Survey Questionnaire for Experience Assessment  

Month 1:  

A1. Prior to applying TENS  

Patient name:  
Age:  
Doctor name:  
Time:  __ h __m  
 

1. When did the pain first start?  

 

2.  Mark the level of the pain you are experiencing.  

   0 1 2 3 4 5 6 7 8 9 10 

 

 

 NO WORST 
 PAIN  POSSIBLE 
  PAIN 

 

 

3. Describe the location of the pain using the following (circle all that apply):  

a. Front-incisor, Middle-canine; Rear- molar  

b. Right, Left  

c. Upper, Lower 
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Burstone described both immediate and de-
layed pain responses after orthodontic force appli-
cation.16 The initial response was attributed to 
compression, and the delayed response to hyper-
algesia of the periodontal ligament (PDL). This 
hyper algesia has been related to the effects of pros-
taglandins (PGEs), which make the PDL sensitive 
to released algogenic substances such as histamine, 

at the 24- and 36-hour assessment periods but did 
not experience pain relief immediately or during 
the first 12 hours. Because the pain caused by sep-
arator placement starts within four hours of inser-
tion,3 the crucial first day of orthodontic treatment 
could still be painful. A major contribution of the 
present study is the demonstration of immediate 
pain relief following orthodontic adjustments.

Fig. 4 Significantly lower mean NRS scores among active transcutaneous electrical nerve stimulation (TENS) 
treatment patients compared with controls at all post-application time points.

TABLE 1
NUMERIC RATING SCALE SCORES FOR 

 PAIN PERCEPTION IN ACTIVE TREATMENT GROUP

 N* Mean Median Mode S.D.

Age (years) 45 20.6 14.0 12.0 12.6

Before TENS** 45 6.2 6.0 5.0 2.1

Immediately after TENS 45 1.4 1.0 1.0 1.4

24 hours after TENS 34 2.1 0.0 0.0 3.0

48 hours after TENS 34 1.2 0.0 0.0 2.1
*11 patients did not complete or return their surveys after 24 and 48 hours.
**Transcutaneous electrical nerve stimulation.
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bradykinin, serotonin, and substance P.17,18

Nerve-fiber bundles associated with the pain 
response to compression are highly concentrated 
around the bony support of root structures.19 Tra-
ditional explanations of pain-reduction pathways, 
such as the gate control theory of pain blockage20 
or central nervous system activation and release of 
endorphins,21 have more recently been contravened 
by studies showing the importance of neuropeptide 
release from nerve fibers in the compressed and 
stretched zones of the PDLs. For example, sub-
stance P and calcitonin gene-related peptide 
(CGRP), the neuropeptides released by sensory 
peripheral nerve endings, are known to modify the 
secretion of other pro-inflammatory cytokines 
such as interleukin 1 beta, interleukin 6, and tumor 
necrosis factor from monocytes.22,23

When a periodontal nerve fiber is activated 
by a compressive stimulus, an action potential is 
propagated along the axon to the spinal cord. These 
action potentials also invade collaterals and travel 
along them back to the peripheral terminals, where 
substance P and CGRP are released. Neuropep-
tides dilate capillaries and trigger histamine re-
lease from mast cells. The histamine then further 
stimulates Class C nerve fibers, creating a positive 
feedback loop.24

Biomedical engineering research on TENS 
therapy has tested specific amplitudes, frequencies, 
and delivery types from direct and alternating cur-
rents, with an emphasis on blocking nerve depo-
larization.25 These concepts are employed in the 
Dental Pain Eraser to block nerve action potential 
and thus reduce both the initial neuropeptide re-
sponse and the feedback loop. The additional 
mechanism of action can facilitate immediate and 
delayed pain relief following application of ortho-
dontic compressive forces. In the present study, 
55% of the TENS patients experienced significant 
pain reduction in less than one minute of localized 
stimulation, and 84% in less than two minutes. It 
is important to note that the provider attempted to 
relieve all areas of sensitivity; in most cases, stim-
ulation was applied to both arches and to multiple 
teeth. A clinically important, though unmeasured, 
observation was that few individual teeth required 
more than 10 seconds of stimulation. This indicates 

a direct pattern of nerve block in which the probe 
application ran the height of the tooth and around 
the root surface.

In terms of quality of life, our patients report-
ed that the greatest negative effect of orthodontic 
treatment-related pain was on comfort in chewing, 
followed by a reduction in productivity and in sleep 
time and quality. This agrees with the results of 
other studies, which found that conditioned reflex-
es following archwire activation often lead to an 
avoidance of hard foods,26 and that pain from 
orthodontic treatment can have a marked influence 
on daily activities.27 Pain may be so bothersome 
that it causes wakeful nights and medication use.

Although an argument can be made that the 
lighter forces associated with advanced wires and 
self-ligating systems should cause less patient dis-
comfort, Jones and Richmond found no statistical 
relationship among initial tooth positions, applied 
force levels, and pain.28 In the present study, where 
we used low-pressure, thermally activated nickel 
titanium wires and a self-ligating system to pro-
duce the lightest possible forces, 80% of the pa-
tients still experienced noticeable discomfort. 
Jones and Richmond observed that adults experi-

Fig. 5 Pain reduced in less than two minutes in 84% 
of active TENS patients.
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the Dental Pain Eraser immediately following any 
procedure that might cause discomfort. A Dental 
Pain Eraser could also be provided for home use 
during periods of hypersensitivity. Potential bene-
fits include improved patient cooperation with oral 
hygiene because of the reduced pain of toothbrush-
ing.4 Patients who would otherwise avoid ortho-
dontics might accept treatment if they knew it 
would not be painful. Quality of life could be im-
proved if pain did not interfere with eating, pro-
ductivity, and sleep. The use of the Dental Pain 
Eraser might also result in less need for analgesics.

A subsequent study on the use of the Dental 
Pain Eraser to alleviate pain after separator place-
ment in adolescents and adults was recently com-
pleted; findings included significantly reduced pain 
for as long as three days in patients who received 
TENS treatment, consistent with the results of the 
present study.29 Further investigations are current-
ly being conducted to evaluate the effectiveness of 
the Dental Pain Eraser in blocking pain from such 
applications as cavity preparation, extractions, 
endodontic treatment, and soft-tissue procedures. 
Other studies are warranted to determine its utili-
ty in surgical treatment and as a take-home device 
to alleviate post-procedural sensitivity.

enced more pain than children, which is also con-
sistent with our findings.28

Feedback from the three independent private 
practices in the present study was highly support-
ive of chairside delivery of the Dental Pain Eraser 
to reduce orthodontic-related pain. Suggestions 
were made to improve the head shape of the Den-
tal Pain Eraser to reach farther posteriorly, to im-
prove the power and stimulation indicators, and to 
simplify the tip replacement method. These rec-
ommendations were incorporated into the com-
mercially produced model (Fig. 1B).

Delayed onset of orthodontic pain can occur 
more frequently outside the clinical setting because 
of today’s advanced nickel titanium appliances and 
removable aligner systems. Orthodontists, staff 
members, and patients in this study all agreed that 
it would be beneficial for patients to be able to pur-
chase portable Dental Pain Erasers for home use.

Conclusion
This study demonstrates that portable TENS 

delivery with the Dental Pain Eraser can be an 
effective method for reducing orthodontic pain. 
Every patient could benefit from an application of 

Fig. 6 Locations of intraoral pain after orthodontic wire activation or adjustment.
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