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Effect of transcutaneous electrical nerve stimulation
for controlling pain associated with orthodontic

tooth movement

Peter M. Roth, D.D.5., M.5.D.,* and William James Thrash, D.D.S., M.A ™

Los Angeles, Calif.. and Sun Antonio, Texus

Transcutaneous electrical nerve stimulation (TENS) was assessed for its effect on periodontal pain
associated with orthodontic separation. Forty-five adult subjects were randomly assigned to a TENS
group, a placebo TENS group, and a control group. They were further subdivided into intr_aoral

and extracral electrode placement, and 1-, 2-, and 3-day treatment duration groups. In each patient
orthodontic separators were placed mesial and distal to the upper first molars, bilateratly. Subjects
were asked to rate their discomfort every 12 hours for 4 days with a 10 cm visual anaiogue scale.
The results showed a significant decrease in reported pain for those subjects in the TENS group

at the 24-, 36-. and 48-hour assessment periods as compared to either the placebo or controi group.
In the control group postseparation discomfort continued through the 60-hour assessment period.
The present study suggests that TENS is an effective nonpharmacologic method of controfling
postadjustment tooth pain. (Am J OaTHOD DENTOFAC ORTHOP 90: 132-138. 1986.)

Key words: Transcutancous electrical nerve stimolation (TENS). pain, postseparation, nonpharmacotogic,

duration

Pain as a result of early oth movement 1
one of the moest cited negative side effects associated
with orthodontic treatment. Although not quantitatively
documented, it has been noted that this pain i usually
experienced during or immediately following the ad-
Justment of an orthodontic appliance and inay last from
2 10 4 days.’ The pain intensity ranges from a slight
soreness when clenching o a constant, throhbing puin.

Attempts to control pastadjustment orthodontic pain
have encompassed many modalitics. Appliances are de-
signed using highter wires that deliver less force w the
teeth.” However, many patients continde 1o report dis-
cormfort. Pharmacologically. the drug of choice 15 as-
pirin or other forms of mild analgesics.® These are not
without side effects* and arc often ineffective. Although
many noninvasive. nonpharmacelogic pain control
technigues have been proposed, none o date have been
systematically assessed to control postadjustment tooth
patn.
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One such widely used nomnvasive pain control
technique is ranscutaneous electrical nerve stimulation
(FENSY. A form of sumulation-produced analgesia,
TENS 15 delivered via surface clectrodes placed over
the paintul area or within the nerve innervating the
paintul area’s distribution. Most TENS devices produce
a direct current from a self-contained battery source,
usually as an asymmetric, biphasic wavetorm with a
positive rectangular wave component combined with a
negative spike component. The current penerated has
a voltage range of 0 0 90 V (60 mA) and a frequency
range of 0 to 100 Iz, The pulse width duration ranges
from 10 to 200 psec.”

Applications of TENS in general pain control in-
clude chronic pain®™® and postsurgical pain.® The first
dental application of TENS was for treatment of myo-
fascial pain dysfunction (MPD3.” In that study 20 MPD
patients were stimulated at just below sensation thresh-
old for 3 minutes nitially and subsequently for 30 min-
utes. Of these, 16 reported “excellent,”” 2 reported
“good,” Oreported “*fuir,”” and 2 reported " poor” pain
relicf. It should be noted that no control groups were
present in this investigation. Mumford (1976)° assessed
the effects of TENS of the pain threshold of electrically
stimulated tooth pulp. The results demonstrated a higher
pain pereeption threshold after the TENS application.
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As in the aforementioned study. there was no control
for placebo cffects. In a controlled experimental design,
Hannson and Ekblom (1983)" compared the ettects of
high {requency. low frequency, and placebo TENS ther-
apy for patients sttending an emergency outpatient den-
tal clinic. The results showed a significant reduction in
pain ratings in the two TENS groups as compared to
the placebo group.

The purpose of the present investigation was three-
fold: (1} ta assess the effectiveness of TENS therapy
as compared to placebo or no therapy control groups
during the initial response to orthodontic tooth move-
ment. (27 to assess the eftects of location and duration
of TENS therapy during orthodonue tooth movement,
and (3) to document the time course of postadustment
tooth pain.

MATERIAL AND METHODS
Design

The present study used 4 four-factor repeated mea-
sures experimental design. Factor one consisted of the
random factor of treatment modality (1. The levels of
this factor included TENS. placebo, and control mo-
dalities. Factor two was an additional random lactor of
treatment location (LY, The two levels of Tactor two
consisted ot intraoral and extraoral locations. Fuactor
three was a random tactor ol number of appheations
tR1. The levels Tor this factor were 1. 2, and 3 days.
The tourth factor was the repeated tactor of meastre-
ment period (M), The levels for the measurement period
factor were 12, 36, 48, 60, 72_ 84, and 96 hours. The
dependent measure consisted of the visual analogug
seale (VAS)!

Subjects

Forty-five adult volunteers were used in the study—
27 men and |8 women. The mean age was 28 veary
and the range was 22 1o 41 years, All subjects had a
full compliment of teeth, excluding third mofar<. and
interproximal contacts were present on the mesial and
distal surfaces of the maxillary first molars. Subjects
with known curdiac arrhythmias or those with demand
pucemakers present were excluded. No special demo-
graphic characteristicy were considered.

Subjects (N = 45) were randomly and cqually as-
<signed to the following treatment conditions: TENS
intraoral, TENS extraoral. placebo intraoral. placcbo
extraoral, and control {n — 9 per group). With the ex-
ception of the control group, cack of the cxperimental
groups was Turther divided into a L=, 2-, and 3-day
treatment schedule. This was impossible with the con-
trol group because no treatment was provided.
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Apparatus

An Alpha-Stim model 2000% was vsed to deliver
the clectrical current. [ts intensity range of 23 to 500
mA hax been reported as the most eftective for man-
aging head amd neck pain.'” Modahty *A” of the TENS
unit produces a biphasic wavetform with varying pulse
widths in the miflisecond range and intensities in the
microampere range. The VAS used in the present study
consists of a vertical 10 cm hne anchored by the de-
seriprors of “'NO PAINTT at the bottom and "SEVERL
PAIN'" al the top. The VAS score wus detingd as that
distance (in millimeters) from the bottom of the tne w
the point at which the subject marks his or her pain
state. This scale has been found o be superior to
other pain scales in its stimulus discrinuination charac-
teristics. '

Procedures

Following the signing ol institutionally approved
consent forms. subjects in the treatment and placebo
groups were informed that they would assess a pain
reduction device that would deliver a ould electric cur-
rent. Both groups were told that the intensity of the
current was so simall that the most they would feel was
avery slight ingling. 1f anything at all. Conirol subjects
were informed that they were participating in o study
to assess the discomfort expericnced dunng orthodontic
treatment.

For all subjects Unitek S-1 elastic separatorst were
placed mesially und distally to both maxillary first mo-
lars. For those subjects o the external groups, sponge
pad clectrodes were placed bilaterally over the subjects”
ygomatic arches (Fig, 1) The subjects were asked to
hold the electrodes in place throughout the duration of
the trearment. The TENS unit was set to deliver a cur-
rent frequency of 0.3 Hy with an intensity of 500 mA.
The duration of each session was 20 minutes. For the
intraoral group current was applied direetly to the teeth
by placing one probe clectrode on the crown of each
woth and the other electrode on the palatal mucosa
adjacent 1o the tooth (Fig. 250 The TENS unit was sel
at a frequency of 0.5 Hz and at an intensity ol 30 mA.
The first and second molars and the second premolar
on cach side of the arch received 6 seconds of reatment
current. The placebo subjects were exposed 1o wentical
treatment conditions with the exception that there was
po current outpur from the TENS unit.

Following the scparator placement, cach subject
was given cight VAS scorng slips and instructed to

SElectremnedicad Products. Hawehrone, O30

FUnivek Corparation. Montovia, Calit.
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Fig. 1. External sponge pad eiectrodes placed bilaterally over
subject’'s zygomatic arches.

evaluate their pain every 12 hours by marking the spot
on the line they belicved to best represent the pain they
were experiencing at the time. The VAS score is the
distance from the bottom of the line to the point of the
subject’s mark, measured (o the nearest millimeter.
Subjects were also instructed to make each evaluation
independently trom the previous ones by not consulting
the previous VAS ratings. Subjects in both the 2- and
3-day treatment groups returned 24 hours later to repeat
the treatment procedure. Subjects in the 3-day treatment
group returned for an additional treatment 24 hours
later. The subjects in the control group reccived no
treatment procedures. Becuuse each repeated factor 1s
nested within the same treatment condition, the pres-
ence of absence of any electrical feeling from the TENS
unit wiil not confound the experimental design.

Analysis of data

A four-factor, repeated measures analysis of vari-
ance was used to assess the data. The four factors were
treatment modality, number of applications, treatment
location, and measurement period. The simple main
effects test was performed for ail sublevel analyses.
Least significant difference was used for all multiple
pairwise comparisons. An 0.03 leve! of significance was
used for all data analyses.

RESULTS

The mean VAS scores for the different treatment
groups at the various assessment periods are shown in
Table I. These ranged from 1.77 to 23.33. It should be
noted that when TENS was applied intraorally, an ex-
tremely large standard deviation of 23.70 was found.
In addition, a large standard deviation was noted at the
12-hour assessment period.

The four-way repeatcd measures analysis of vari-
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Fig. 2. internal probe electrodes. One is placed on the crown
of each tooth and the other on the palatal mucosa adjacent to
the tooth.

ance revealed a significant interaction between treat-
ment maodality and measurement peried [F(7,14) =
6.75, P <2 0.001]. This means that there was a signif-
icant difference between the mean VAS scores for the
treatment modality groups, but that this difference was
dependent on the measurement period at which the as-
sessment took place. It should be noted that the effects
of treatment location and of applications were not sig-
nificant.

Because a significant interaction period existed for
treatment modality and measuvrement period, a test of
simple main effects was performed to identify at which
assessment periods the significant differences between
treatment conditions existed. It was found that there
was a significant difference between the treatment mo-
dalities at the 24-hour |F(1,34) = 14.72, P < 0.001],
36-hour [F(1,34) = 7.94, P < 0.001], and 48-hour
[F(1,34) = 10.45, P < 0.001] cenditions. In other
words, those subjects receiving TENS reported signif-
icantly lower VAS scores than did subjects receiving
placebo TENS at the 24-, 36-, and 48-hour treatment
periods.

Because of the lack of effcct of both the treatment
location and number of applications, both the TENS
and placebo treatment groups were collapsed across
those factors for the purpose of comparison to the
control group. This allowed the three groups to be di-
rectly compared using a two-factor ANOVA with factor
one consisting of treatment modality and factor two
measurement period. The results indicate that a sig-
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Table I. Mean visual analogue scores as measured across time and treatment conditions

Tirme (hours)

2 24 38 48 60 5 72 84 96

Teny
Internal (n 9}

Mean 16,55 4.77 9.0 535 1011 [2.44 1243 933

Standard deviation 23.70 6.6 13.00 9.3 1615 17.64 1764 15 28
External tn = 9)

Mean |77 211 2,33 .66 333 333 4722 3.66

Standard deviation 2.16 280 3.77 4.55 4.58 6.32 5.67
Total (N - 18)

Mean 14,16 344 572 461 672 TRE %33 650
FPlacebo
Internal (n = 9)

Mean 10,22 13,22 1166 131.0K1 1277 12,33 12 58 120K}

Standard deviation 13,14 15,86 926 1198 128G 13,853 13 85 14,93
Extemal to 0 O

Mean 16.44 1333 19.22 17.55 L300 8.55 6,66 .

Standard deviation 14,83 i7.38 15 K3 1258 L} R& %17 587 4,26
Total (N 18)

Mecan 1333 19.27 16.44 15.27 L2 R 10,44 977 8.38
Controf (N - &)

Mean 17 %38 14,55 2222 16 44 ER (N 988 922 5.44

Standard deviation 2541 6,49 1437 ®.24 13.63 713 6,74 4.41

nificant inferaction exists between the two factors
[Fil4.168) = 3.53, P <2 0.01]. This indicates that the
particular differences in effectiveness between the treat-
ment modalities is dependent on the measurement pe-
riod 1o which treatment was assessed.

To determine at which measurement periods a sig-
nificant difference between treatment modalities ex-
isted, a simple main effects test was performed. It
was found that a significant difference between the
modalities existed at the 24-hour [F(2.42) = 8.75.
P <0 001}, 36-hour [F(2.42) = 6.65, P < 001}, and
48-hour [F(2,42) = 7.20, £ <2 .001) measurement pe-
riods. The multiple pairwise comparisons revealed that
at the 24-. 36-, and 48-hour assessment periods, those
subjects reeeiving TENS reported significantly lower
VAS scores than did those subjects in the placebo
(P <2 0.05) and control (P << 0.05) groups. [t should
be noted that there was no signilicant difference be-
tween the placebo and control groups at any time.

Yo determine the duration of postseparation tooth
pain in untreated subjects, the control group was as-
sessed using a least significant difference test at the
0.05 level. Based on the assumption of zero presepara-
tion tooth pain, an additional time period (T = 0) was
added. This showed that at measurement periods 12,
24, 36, 48, and 60 hours, the VAS scores differed
significantly from those at the preseparation measure-
ment period (P < 0.05). This indicates that reported

postseparation tooth pain appeared before 12 hours and
disappearcd between 60 and 72 hours.

DISCUSSION

A major contribution of the present study was the
documentation of the time of onset and duration of the
initial pain response assoctated with the orthodontic
tooth movement. The time of onsct was between zero
and 12 bours (Fig. 3). This pain lasted through the 60-
hour assessment period and disappeared between 60 and
72 hours. These findings are similar to the clinical ob-
servations reported by Burstone (1964)' and by Hoff-
man (1972)."

The TENS subjects reported significantly less pain
than the placcbo and control subjects at the 24-, 36-,
and 48-hour measurement periods (Fig. 4). This finding
is similar to Hymes (1974),® who found that subjects
receiving TENS therapy immediately after abdominal
surgery reported less pain than controls and similar also
10 Mumford (1976),” who found an increase in the pain
threshold of human tecth after TENS application.

Pain levels for the placebo subjects were less than
those of the control subjects; however, this differcnce
was not significant. The faiure of this study to show
a significant placebo effect supports the findings of Kim
(19843." and Hansson and Ekblem (1983),'" but is con-
trary to the findings of Bailey and associates (1984),'
who reported a strong placebo effect,
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Fig. 3. Mean visual analogue pain ratings on the control group as measured across time. There was
no treatment or implied treatrment with this greup, thus indicating the general duration of postseparation
tooth pain. The asterisk {*) indicates those times that were significantly different from the pretreatmant

period {P < 0.05).
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Fig. 4. Mean visual analogue pain ratings of the major treatment variables. The actual values and

standard dewviations are shown in Table |.

Many investigators beheve that the parameters of
the TENS current influence the mechanism by which
the analgesia is produced. Stratton (1982)7 proposed
that a high frequencyilow intensity TENS application
stimulates the A-delta and A-beta fibers, blocking the
vrunsmission of paintul stimuli by the small unmyelin-
sted C-fibers in the spinal cord: this is in accord with
“elzack and Wall's gate control theory '™ The onset of
analgesia in high frequency/low intensity TENS 15 fess
than 10 minutes, lasts for approximately 30 minutes,
and is not blacked by administration of the narcotic

antagonist naloxone hydrochlovide.” In contrast, an-
algesia resulting from a low frequency/high mtensity
TENS application has been shown to have an onset of
15 to 30 minutes and a duration of several hours™ and
can be blocked by naloxone,*' which 1s consistent with
the existence ol an endorphin mediated mechanism.

It iy interesting to note that there was no significant
TENS ecltfect found at the 12-hour assessment period.
Based on the discussed mechanisms of action for
TENS, one would expect that the TENS effect would
be significant at 12 hours. Hughes and associates
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(1984 found that plasma B-endorphin levels of sub-
Jects receiving TENS increased signuficantly within 30
minutes after TENS application. The gate control mech-
anism should elicit an almost immediate response. '
Thercfore, the fallure to find a signiticant THENS ctfect
at the | 2-hour assessment period was probably the result
of the large variance in the time of pain onset (‘Table
Iy, thus making it difficult to demonstrare a statistical
difference at that particular time period.

ois also of interest to note that there was no sig-
nificant effect of meatment schedule on reported pain
levels as a single application of TENS was shown to
he effective in reducing pain for more than 48 hours
and was as effective as two or three TENS treutments.
The prolonged analgesia cffeet of a single TENS ap-
plication was also demonstrated by Melzack ¢1975)"
and Baur (198377 1t 1= difficult to explain this tinding
usiny the two TENS mechanisms previously described.

Several other mechanisms not previously discussed
may help explain the prolonged analgesic effect. One
such mechanism involves the concept of memory-
like pain pathways. Livingston (1943)7 and Melzack
(197317 suggested that prolonged intense pain or
even fow-level abnormal inputs may produce a self-
sustaining neural pathway that subserves memory-like
processes related to pain. This mechanism tmplics that
once i nearal puin pathway has been established, future
stimulation of that pathway can occeur by lower level
inputs. The coneept of a memory-like mechanism in
pain is supported by convineing experimental evidence
abtained in both human suhjects™ and animals.™ If 4
single application of TENS at the time of scparator
placement prevented the neural pathway from being
established. then pain levels in these subjects. even
several days postseparation. should be less than in those
subjects in whom the pain pathways were allowad 1o
be established. This could account for the prolonged
analgesic effect observed.

In the present study the cffect of electrode place-
ment was not significant. However, this tinding must
be considered with caution. The mean VAS scores for
TENS intraoral treatment arc much higher than those
obrained with the TENS extraoral treatment. The failure
w demonstrate this effect statistically is probably a re-
sult of the high degree of variance in the TENS intraoral
group. The relationship between variance {standard
deviation’) and the difference in the mean values of the
groups results in the possibility of being unable to dem-
onstrate  statistical significant differences. Additional
subjects can be tested to reduce the amount of within-
group variance and decrease the chance of making these
types of errors. However, the relationships between
variance and means do not lessen the validity of those
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statistical differences that are observed. Thus, addi-

tional testing should be performed before any clinical

recommendations on clectrode placement are made.

The clinical application of the present findings is
significant. Orthodontic patients could receive a TENS
treatment immediately following any procedure that
may cause discomfort. ¥f subsequent investigations
demaonstrate similar cesults, the most efficient meuns of
TENS application might be with intraoral electrodes lor
6 seconds per tooth. {f additional research demonstrates
a shorter duration of extraoral TENS to be equally
cffective, then perhaps this might be even more con-
venient as the patients could hold the electrodes in
place without assistunce and home application would
be feasible.

The potential benefits to the patients are many.
White (1984)" has suggested that poor oral hygiene and
cooperation may result from pain caused by treatment
and toothbrushing. Perhaps a reduction in the pain ex-
perienced would lead to better patient compliance,
Muny patients may avoid seeking orthodontic treatment
because of the paio that is associated with it. The ability
to offer more comfortable orthodontic treatment might
enable the orthodontist to provide service lor previously
apprehensive patients. Finally, the use of TENS might
result in a decrease in the amount of unalgesics needed.

‘The present study demonstrated that TENS is cf-
tective in reducing the pain associated with orthodontic
separations: however, much more study s needed in
this ficld. Future studies should focus on determining
what treatment parameters are most effective for treat-
ing this type of pain. Particutar emphasis should be
placed on learning how the analgesia experienced s
affected by varving the duration and location of TENS
application. The guestion of whether a shorter period
of extraoral TENS application is as effective as the 20-
minute application used in this study requires further
investigation. Other investigations should determine if
TENS is eflective in reducing orthodontic pain in mn-
dibular teeth and it TENS Is effective in chuldren,
REFERENCES

1. Burstone C): Biomechanics of tomh movernent. fa Kraws BS
teditorl; Vistas in Orthodontics. Philadelphia. 1964, Lea & Fe-
Diger,

. Burstane CI, Goldberg. A B uranium A new arthedontic al-

loy. Ant J Or1How 770 121-132, 1980,

3. White LW Pain and cooperation in orthodoniic treatment. [ Clin
Orthoed 18: 372-575, 1984,

4. Physicians’ Desk Reference. Oradell, N.J L 1978, Medical Feo-
noics Co.

5. Ullis KC: Transeript of an Alpha-Stim 20000 training program.
ed b Malibu. Calif.. 1983, Intfemmational Electrotherapy Institute,
fne.

& Long DM External clectnical shmulation as a treatment of
chironic pain. Minn Med 57: 195-198, 1974,

[



138

(18]

Roth and Thrash

. Denbeltiz M: Treatiment ot the myofascial pain Jdysfunction syn

drome with transcutancous clectrical nerve stimulation. 74 Ersck
R feditor): Pain control with I E.N.S.. principiey and practice.
St Louis, 1981, Warren H. Green, Inc.

. Hymes AC: Acute pain controb by electrostimulation: A prelim-

tnary report. Adv Neurol 4: 761-767, 1974

. Mumford IM; [nfluence of trans¢utansous neural stimulation on

the pain threshold of buman weth. /n Bonica JT. Able-Fessard
DG feditorsy: Advances in pain reacarch and therapy . vol | New
York. 1976, Raven Press.

. Hansson P. Ekblom A: Transcutancous glectnical nerve stimu

fation (TENS) as compared to ]Jiace.hc_{ TENS for the relief of
soute Oro-facial pain. Pain 15: 157-165, 1953,

o Scort I, Huskisson EC Graphie reprosentation of pain. Pain 2:

175184, 1976,

- Baver W Electrical reatmient of wovere head and neck cancer

puin. Arch Owlaryngol 109z 3x2-383 [9K3.

- Price DB MeGrath PAL Rafin A, Buckingham A, The validation

of visuul anatopue scales a8 ratie svals measures Tor chronic and
eaperimental paan, Pain 177 4536, 1983

- Hofimun WED A study of four types of anthodontic separators.

At ) Oriac $2: 67-73 1972,

CRim WS Climeal study ol the management of posloperalive

pain with transcutaneous electrncal nerve stimudation. Pain 240:
SOk, T9K4

Baley PL. Walliard KE, Pace N1, Stunley TH: Transcutancous
cranial electrical sunmulanon: Experimental pain and plasma (3-
endorphin in man. Pain 20: S66, 1954

17

15,

20.

Am. J. Orthod. Denrofac. Oriiop.
Aupnit 986

Stratton SA: Rele of endorphuns in pain modulation. T Orthop
Sports Phys Ther 31 200-205, 1982,

- Melzack R, Wall P! Pain mechanisos: A new theory, Science

1500 Y71-973, 1645,

Melzack R: Prolonged reliet of pain by brief, intense transcu-
taneous somatie stimulation, Pam b 337-373, 1975,

Anderson SA: Evaluation of the pain svadrome effect of different
frequencies of peripherat electrical stimulation in chronic pain
conditions. Acta Orthod Scand 472 149-157, 1976,

. Hughes GS Ir, Lichstein PR, Whitlock T2, Harker C: Respomnsic

vt plasma beta-endorphins to runscuwtancous electrical nerve
stimulation in healthy subyecrs. Phys Ther 64 LO62-1066, 1954

- Lavingaton WK Pain mechanisms. New York, 1943, Macmiilan

Fub. T

- Melziack R: The puzzle of pain. New York, t973, Basic Books,

Ine.

- Revnolds OF. Hutchuns HC: Rele of menory in pain recognition.

Am J Physiol 152: 658-662, 1948,

- Frankstein SA: One unconsidered form of the part pluyed by the

nervous system in the developroent of discase. Science 16: 242-
244, 14947

Keprint reguiests ti.

121 W James Thrash

Buept. of Community Dentistry
LUTHSCSA-Dental School
FT03 Flowd Curl Rd.

San Antonio, TX 782%4



