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ABSTRACT

Objective: Transcutaneous electrical nerve stimulation (TENS) may serve as non-invasive intervention
for painful temporomandibular disorders (TMD) to improve jaw motor function, but its efficacy is still
debated. This parallel study evaluated the effect of TENS on pain and movement patterns after
repeated jaw movements in patients with painful temporomandibular joints (TMJ) and disc displace-
ment without reduction (DDwoR), and compared with healthy controls.

Material and Methods: 20 patients with TMJ pain and DDwoR and 20 age- and gender-matched
healthy volunteers were randomly assigned to TENS/sham TENS (STENS) intervention groups in a block
design (10 in each group). Participants performed 20 repeated jaw movements (4 x 5 sessions), and
reported pain intensity on a 0-10 Numerical Rating Scale (NRS) subsequently both before and after
the intervention. Data were tested by repeated measures analysis of variance (ANOVA).

Results: Significant increase of pain intensity and reduction of opening range were shown within
repeated jaw movements in TMJ pain patients in contrast to healthy participants (p <.001). Pain was
significantly reduced during repeated open-close (p=.007), fast open-close (p=.016) and horizontal
movements (p=.023), accompanied with increased opening range (p=.033) and open-close velocity
(p=.019) with TENS intervention when compared with sTENS group (p > .05) in TMJ pain patients.
Conclusions: This study indicated that movement-evoked pain was reduced either spontaneously or
by sTENS in TMJ pain patients with DDwoR, and interestingly, that TENS could attenuate movement-
evoked pain and improve jaw motor function during repeated jaw movements. The findings may have
implications for TENS treatment in TMJ pain patients with DDwoR.
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Introduction

There is evidence showing that repetition-induced pain
might have different mechanisms and prognosis from spon-
taneous chronic pain [1-4]. Temporal summation-evoked
pain is considered to be the result of responses from C noci-
ceptive afferent neurons [4-7]. Individuals with hyperalgesia
to repeated motor performance might show lower pain
thresholds as well as more functional impairment due to a
central pain inhibitory dysfunction [8-11]. So far there is no
information on how movement-evoked pain in patients with
painful temporomandibular disorders (TMD) can be best
managed. Recently, it was demonstrated that patients with
painful temporomandibular joints (TMJ) had a pronounced
temporal summation of simple jaw movements in terms of
self-reported pain scores and decreases in jaw movement
capacity [12].

TMJ disc displacement without reduction (DDwoR) is a
common type of internal derangement that may be accom-
panied with chronic TMJ pain, and sometimes, with compro-
mised mandibular kinematics [13]. The physiological purpose
for such changes in jaw motor function might be a protec-
tion of the painful TMJs against further damage, and this
may provide a better chance for healing of the masticatory
system [14]. It has been reported that people with chronic
pain can present with deficits in jaw motor performance,
which can be expressed as decreased speed and amplitude
of movements associated with decreased activity in the
agonist phase and increased activity in the antagonist phase
of dynamic muscle contractions — the so-called pain adapta-
tion model [15]. The findings from our previous study dem-
onstrated that repetition of various jaw movements led to an
increase in perceived pain and decreases in the jaw move-
ment distances. These results can be interpreted to be in
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accordance with the pain adaptation model and more specif-
ically the integrated pain adaption model, by showing that
the temporal summation of pain may play a significant role
in shaping and adapting the jaw motor behaviour [12].
Overall, such findings may also be consistent with the obser-
vation that temporal summation of nociceptive inputs can
play a crucial role for the maintenance of a sensitised state
in TMJ pain patients with DDwoR [16,17].

Transcutaneous electrical nerve stimulation (TENS), the
electrical stimulation of pulsed currents delivered to the skin
surface, is a non-invasive technique often used as a pain
management intervention with sufficient clinical effects in
reducing pain although the efficacy and specificity has been
contested [18]. Some studies showed no evidence of TENS
effectiveness in terms of jaw opening distance or muscular
activity [19-21]. In other studies, however, short-term effects
of TENS have been shown to decrease pain and improve the
masticatory muscle activity in patients with chronic TMD
[22-25]. Also, TENS delivered at higher intensities appear to
generate greater pain relief [26]. Interestingly, it has been
shown that repetition-induced summation of activity-related
pain can be demonstrated in healthy individuals in whom
musculoskeletal pain had been experimentally induced with
a delayed-onset muscle soreness (DOMS) model, and that
TENS led to a significant reduction in such pain condi-
tions [27].

A question of interest is how the application of TENS
might influence repetition-evoked pain and pain-generated
dysfunction in chronic TMJ arthralgia with DDwoR. The pro-
posed goals for chronic musculoskeletal pain treatment are
pain reduction as well as function improvement [28].
Therefore, the present study aimed to clarify the change of
dynamic self-reported pain and movement pattern following
repeated jaw movements in patients with painful TMJ and
DDwoR in comparison with a matched control group, and to
test whether TENS would be effective in attenuating the
movement-evoked pain in the painful TMJ with DDwoR. The
hypothesis was that TENS would cause pain reduction and
motor improvement during repeated jaw movements in
patients with TMJ pain and DDwoR.

Materials and methods
Participants

Twenty TMJ pain patients with DDwoR (10 men and 10
women, aged 25-38years) and 20 age- and gender-matched
healthy individuals participated in this study. The patients
were recruited from the clinic of the Affiliated Stomatological
Hospital of Nanjing Medical University, P. R. China. The inclu-
sion criteria were: (1) chronic TMJ pain (TMJ arthralgia, pain
duration >3 months), (2) no jaw opening limitation, and (3) a
diagnosis of bilateral DDwoR. The exclusion criteria were as
follows: (1) any systemic disorder (e.g. rheumatological dis-
eases, heart diseases, psychological disorders), (2) any history
of neuromuscular diseases, musculoskeletal injuries or jaw
muscle pain. After receiving an initial interview, 67 patients
who had no jaw opening limitation but the chief complaint
of TMJ pain over three months and a history of joint sounds

were referred for screening. The potential participants were
assessed by a calibrated investigator according to the
Diagnostic Criteria for TMD (DC/TMD) for the diagnosis of
arthralgia [29], and then by a bilateral TMJ magnetic reson-
ance imaging (MRI) (Philips-Acheiva, Magnetom Vision,
Siemens, Erlangen, Germany) for the diagnosis of DDwoR.
After selection, 20 participants met the inclusion criteria of
chronic TMJ arthralgia and bilateral DDwoR. All the patients
who met the inclusion criteria were included in the TMJ pain
with DDwoR group. The duration of TMJ pain was
6-18 months among the included patients. No previous treat-
ment was given to the participants. The control participants
were recruited from Nanjing Medical University and were
screened and examined with the same procedure. All partici-
pants were notified of the procedures and purpose of this
study, and informed written consent was obtained from all
volunteers before initiation of the study. Experimental proce-
dures were approved by the clinical/human experimentation
panel from Ethics Committee of Affiliated Stomatological
Hospital of Nanjing Medical University, and in accordance
with the Helsinki Declaration (Approval number: PJ2015-001-
01). No monetary incentives were given to volunteers.

Study protocol

This study followed the principles of a randomised controlled
trial but is more considered a mechanistic study than a clin-
ical intervention study. Both TMJ pain patients with DDwoR
and control participants were randomly assigned to two
groups in a block design (equal numbers in each group,
10 participants): TENS and sham TENS (sTENS) group
(Figure 1(A)). Three different scans of mandibular motor func-
tion were recorded with the use of a Cranio-Mandibular
Evaluation System (K7, Myotronics-noroned; INCKent, WA,
USA), i.e. scan 1: maximum opening distance; scan 2: open-
close velocity, and scan 3: maximum horizontal movement
range (see “Jaw movement recordings” for more details). All
participants performed 4 continuous repetitive jaw move-
ments x 5 sequential sessions (3s intervals between each
session) of mandibular movements for each scan with the
starting and ending point at the intercuspal position (ICP),
i.e. a total of 20 repeated and standardised jaw movements
were recorded for each scan. The pain intensity at the TMJ
area was scored by the participants on 0-10 NRS immedi-
ately after each session, i.e. an overall average of the 4 con-
tinuous movements. There were 10 min of rest between each
of the three scans (Figure 1(B)). The data from the scans (i.e.
the repetitive jaw movements) and NRS were collected by
the same investigator before and after TENS/sTENS applica-
tion for all participants (Figure 1(A)).

MRI technique

MRl of the TMJs was carried out by using a 1.5-T MRI
machine  (Philips-Acheiva, Magnetom Vision, Siemens,
Erlangen, Germany) in both sagittal and coronal planes to
determine the position of the articular discs and the status
of related tissue. Sagittal oblique T2-weighted images (T2WI)
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Figure 1. Flow-charts of the study protocol. (A) The participants were randomly assigned to one of the protocols. (B) Three different jaw movements were applied,
and the Numerical Rating Scale (NRS) scores of pain were recorded after every fourth movement. (C)-(E) Different scans of repeated movements of mandible. * The

NRS 1 is as also considered the baseline NRS.

and proton density (PD) weighted images were taken in
maximum intercuspal position and full mouth opening posi-
tions (TR = 3000/3500 ms, TE = 120/30 ms respectively) and
coronal PD weighted images in closed mouth position (TR =
3500ms, TE = 30ms). Section thickness was 2mm with a
0.2mm intersection gap. The field of view was settled with
12cm for sagittal images and 18 cm for coronal images. The
diagnosis of DDwoR according to MRI was provided by an
experienced radiologist.

Jaw movement recordings

A magnet was installed on the labial side of the lower cen-
tral incisors of each participant without occlusal interference
from the upper teeth in ICP. The participants were instructed
to sit up straight and stare horizontally forward at a fixed
object. Then the jaw tracker which consisted of an eyeglass
frame and sensor array was placed on the head. After con-
necting the jaw tracker to the computer and finishing all the
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adjustment, the following scans began to be recorded in
sequence: Scan 1) The total opening distance (TOD) of max-
imum open-close movements: The participants, in their ICP
position, were instructed to open their jaws as wide as pos-
sible (even with pain) and then close to ICP and subse-
quently again to open as wide as possible following a
computer-generated rhythm at the speed of 70 mm/s. The
total length of the movement vectors during the maximum
opening position was recorded, which was termed TOD
(Figure 1(C)). Scan 2). The average opening and closing vel-
ocity of the lower jaw at the fastest speed: the participants
were instructed to open maximally and close as fast as pos-
sible, with the beginning and end point of ICP. The average
opening and closing velocities were recorded (Figure 1(D)).
Scan 3) The range of motion during horizontal jaw move-
ments in three directions: the participants were asked to pro-
trude their lower jaw as far as possible (even if painful) and
then to move the lower jaw as far as possible to the right
and to the left to obtain the maximum laterotrusive posi-
tions (even if painful). The length of each of the jaw move-
ment vectors was recorded (Figure 1(E)). Meanwhile,
participants verbally gave pain intensity ratings in the TMJ
area immediately after every 4th continuous movement
using the 0-10 NRS with the endpoints 0 (no pain) and 10
(most pain imaginable) (Figure 1(B)).

TENS/sTENS application

The electrical stimulation was generated via a TENS unit (J5
Myo-monitor; Myotronics-noromed, INC., Seatile, USA). The
TENS parameters were rectangular pulse current waveforms
with 500 ps pulse duration and 1.5 s interval. The stimulation
intensity was set below pain threshold. Electrical stimulation
was delivered through self-adhesive carbon rubber electro-
des positioned over the TMJ region bilaterally. Muscle con-
traction was seen during the application. TENS lasted for
45min with a green light flashing. For the sTENS protocol,
the same device with the same green light flashing for
45min was used, but with no electrical output. Participants
were explained that a new way of treatment would be
applied with the use of the device, and stressed that it was
not painful and that it would be quite normal not to feel
any kind of sensation/stimulation during the process. After
the TENS/STENS treatment, all participants were asked the
question: “which treatment do you think you have received?”
to exam if the blinding was successful [30].

Statistical analysis

The maximum opening distance, the velocity of fast open-
close movements and horizontal movement in three direc-
tions were derived from the average of four movements in
each session. The NRS pain scores were recorded at the end
of the fourth movement in each session, generating five val-
ues from five sessions (NRS 1-5). A four-way analysis of vari-
ance (ANOVA) model with repeated measures was performed
to analyse the effects of the within-subject factors of time (2
levels: before TENS/STENS and after TENS/sTENS) and session

(5 levels: session 1-5), as well as the effects of the between-
subject factors of group (2 levels: control and TMJ pain with
DDwoR) and intervention (2 levels: TENS and sTENS) on NRS
scores and jaw opening distance. A five-way ANOVA model
with repeated measures was performed to analyse the
effects of the within-subject factors of mode (2 levels: open
and close for the fast open-close velocity; 3 levels: protru-
sion, left and right for the horizontal movement range), time
and session, as well as the effects of the between-subject
factors of group and intervention in terms of fast open-close
velocity and horizontal movement range. Tukey HSD post
hoc tests were applied when main effects and/or interactions
were significant. Fisher's exact test for a contingency table
was used for assessment of the blinding procedure [30]. All
statistical calculations were performed using STATISTICA (ver-
sion 10.0; StatSoft. Inc., Tulsa, OK, USA). The data were pre-
sented as mean + standard error of mean (SEM) and levels of
p < .05 were considered statistically significant.

Results

All participants completed all procedures in the experiment.
Blinding was successful in both groups as no statistical differ-
ence was found between the proportion of participants who
correctly identified the intervention and those who did not
(Fisher's exact test, p >.05) (Table 1).

The mean values of NRS and jaw movement distance are
shown in Table 2.

Pain assessment

Pain during normal jaw opening and closing

There was a statistically significant main effect of group
(ANOVA, F=77.7, p<.001) and session (ANOVA, F=49.35,
p<.001), and also significant interactions between time,
group and intervention (ANOVA, F=8.26, p=.007), and
between session and group (ANOVA, F=37.57, p<.001)
(Table 3). Post-hoc tests showed that the NRS pain scores
were significantly decreased after TENS compared to that
before TENS by 0.8+0.4 in the TMJ pain with DDwoR TENS
group (ANOVA, p=.031), but not in the TMJ pain with
DDwoR sTENS group or in the control TENS/sTENS groups
(ANOVA, p >.05) (Table 3). Additionally, the NRS scores of
pain in session 5 was increased by 1.2+0.1 compared to the
session 1 in the TMJ pain with DDwoR group (ANOVA,
p <.001) when compared with the control group (ANOVA,
p=.989) (Table 3).

Table 1. Number of subjects by intervention assignment and guess in
2 x 3 format.

Group Intervention Correct Incorrect Don’t know Total
Control TENS 7 2 1 10
STENS 5 5 0 10
TMJ pain TENS 7 2 1 10
STENS 4 6 0 10
Total 23 15 2 40
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Table 2. The mean values of repeated NRS, jaw movement distance, and velocity in the open-close, the fast open-close and the horizontal movements.

TMJ pain (20 participants)

Control (20 participants)

TENS (10 participants)

STENS (10 participants)

TENS (10 participants) STENS (10 participants)

Before After Before After Before After Before After
NRS in open-close movements (0-10) 2.5+0.5% 1.7+03 24+04 3.1+04 0.1+0.1 0.1+0.1 0.0+0.0 0.0+0.0
NRS in fast open-close movements (0-10) 45+05 35+04 39+04 45+0.7 04+0.2 0.2+0.2 0.1+£0.1 0.0+0.0
NRS in horizontal movements (0-10) 44+0.5 32+05 3604 34+05 0.6+0.2 0.2+0.1 04+03 02+0.2
TOD in open-close movements (mm) 405+23 415+2.2 41.0+14 395+2.0 432+2.0 436+1.8 427 +2.1 424+23
AOV in fast open-close movements (mm/s) 152.2+12.1 1649+152 160.8+11.2 1445+105 173.4+10.1 170.6+9.1 139.2+8.7 1409+12.7
ACV in fast open-close movements (mm/s) 144.1+20.6 156.3+20.0 1404+16.5 129.8+16.2 1883+11.5 199.1+123 1333+87 143.3%69
PD in horizontal movements (mm) 6.4+0.4 6.8+0.3 6.9+0.8 72+07 77+05 7.7+08 59+0.8 57+0.7
LMD in horizontal movements (mm) 54+06 6.3+0.4 6.7+1.0 6.6+0.5 6.4+0.7 6.3+0.7 6.7+1.3 53+0.7
RMD in horizontal movements (mm) 6.1+0.4 6.7+0.6 76+1.1 77+1.0 6.0+0.6 58+0.5 56+0.8 52+0.7

“Values are Mean + SEM. Mean = the average of 5 sessions.

NRS: Numeric rating scale; TOD: Total opening distance; AOV: Average opening velocity; ACV: Average closing velocity; PD: Protrusion distance; LMD: Left move-

ment distance; RMD: Right movement distance; sTENS: sham TENS.

Table 3. The statistical value of the main effects and the interactions

of NRS in the open-close and the fast open-close movements.

Interaction
Time® Session® Time® x Group® x Intervention Session®x Group
NRS Group Intervention p p F p F p
NRS (0Q) TMJ pain TENS .031 <.001 8.26 .007 37.57 <.001
STENS 141
Control TENS 1.000 .989
STENS 1.000
NRS (fast OC) TMJ pain TENS .038 <.001 6.4 .016 9.2 <.001
STENS 447
Control TENS 999 677
STENS 999

NRS: Numeric rating scale; OC: Open-close movement; Fast OC: Fast open-close movement.
The difference of NRS between “before TENS/STENS” and “after TENS/STENS”.

bThe difference of NRS between “session1” and “session5”.

Pain during fast opening and closing

There was a statistically significant main effect of group
(ANOVA, F=129.8, p<.001) and session (ANOVA, F=21.1,
p <.001). There were significant interactions between time,
group and intervention (ANOVA, F=6.4, p=.016), between
time and intervention (ANOVA, F=8.3, p=.007), and
between session and group (ANOVA, F=9.2, p <.001) (Table
3). Post-hoc tests showed that the NRS pain scores were sig-
nificantly decreased after TENS compared to that before
TENS by 1.0+0.3 in the TMJ pain with DDwoR TENS group
(ANOVA, p=.038), but not in the TMJ pain DDwoR sTENS
group or in the control TENS/sTENS groups (ANOVA, p > .05)
(Table 3). Moreover, the NRS in session 5 was increased by
1.3+0.3 compared to the session 1 in the TMJ pain with
DDwoR group (ANOVA, p<.001), but not in the control
group (ANOVA, p=.677) (Table 3).

Pain during horizontal movements

There was a statistically significant main effect of group
(ANOVA, F=94.69, p<.001), time (ANOVA, F=17.59,
p<.001) and session (ANOVA, F=20.78, p<.001). There
were significant interactions between time and intervention
(ANOVA, F=5.63, p=.023), and between session and group
(ANOVA, F=8.12, p<.001). Post-hoc tests showed that the
NRS pain scores were significantly decreased after TENS com-
pared to that before TENS by 0.8+0.2 in the TENS group
(ANOVA, p<.001), but not in the STENS group (ANOVA,

p=.577). The NRS pain score in the TMJ pain with DDwoR
TENS group was decreased by 1.2+0.3, and the NRS pain
score in the control TENS group was decreased by 0.4+0.2.
Additionally, the NRS in session 5 was increased by 1.0+0.2
compared to the session 1 in the TMJ pain with DDwoR
group (ANOVA, p<.001), but not in the control group
(ANOVA, p = .215).

The results showed decreased levels of NRS pain scores
after TENS compared to that before TENS in the TMJ pain
with DDwoR group, however the temporal summation of
pain remained unchanged. Figure 2 shows the changes of
NRS during repeated movements, in which a value of
“change” is obtained by subtracting the session of NRS
before TENS/STENS intervention and the corresponding ses-
sion after intervention (e.g. NRS1 before intervention minus
NRS1 after intervention). In that case, a negative value stands
for the increase of NRS after intervention.

Jaw functional assessment

Total opening distance (TOD)

There was a statistically significant main effect of session
(ANOVA, F=4.397, p=.002). There were significant interac-
tions between time, session and intervention (ANOVA,
F=2.706, p=.033), between time and intervention (ANOVA,
F=6.044, p=.019), and between session and group (ANOVA,
F=5.966, p <.001). Post-hoc tests showed that the TOD in
session 5 was decreased by 2.1+0.6mm after sTENS
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Figure 2. Change of Numerical Rating Scale (NRS) scores of pain evoked by three different movement patterns. (A)-(B) Change of NRS pain scores in open-close
movements in the TMJ pain group with DDwoR and in the control group. (C)-(D) Change of NRS pain scores in fast movements in the TMJ pain group with DDwoR
and in the control group. (E)-(F) Change of NRS pain scores in horizontal movements in the TMJ pain group with DDwoR and in the control group. *represents the
significance between groups with different methods of treatment (TENS/STENS) (p < .05); **represents the significance between groups with different methods of

treatment (TENS/STENS) (p < .01). Mean + SEMs are presented.

compared to that before sTENS (ANOVA, p<.001), while
there was no significant difference of TOD before and after
TENS intervention (ANOVA, p =.548). Meanwhile, the TOD in
session 5 was decreased by 2.3+0.6mm compared to the
session 1 in the TMJ pain with DDwoR group (ANOVA,
p <.001), but not in the control group (ANOVA, p=.999).
Therefore, the TOD decreased less over repeated jaw move-
ments after TENS compared to that before TENS in the TMJ
pain with DDwoR group.

Average velocity of fast movements

There was a statistically significant main effect of interven-
tion (ANOVA, F=5.821, p=.021). There were significant
interactions between mode, time, session, group and inter-
vention (ANOVA, F=3.057, p=.019), between time, group
and intervention (ANOVA, F=5.755, p=.022), and between

time, session and group (ANOVA, F=3.886, p=.005) (Table
4). Post-hoc tests showed an increase of average opening
velocity (AOV) (ANOVA, p=.039) and an increase of average
closing velocity (ACV) (ANOVA, p <.001) in session 5 after
the TENS intervention compared to that from session 5
before TENS in the TMJ pain with DDwoR group (Table 4).
Therefore, the average velocity decreased less over repeated
jaw movements after TENS compared to that before TENS in
the TMJ pain with DDwoR group.

Horizontal movement range
There was neither any significant main effect nor significant
interactions for the horizontal movement ranges in
three directions.

Figures 3-5 show the changes of opening range, average
velocity and horizontal range during repeated movements, in



Table 4. The statistical value of the main effects and the interactions of jaw
average velocity in the repeated fast open-close movements.

Interaction

Time* Mode® x Time® x Session® x Group® x Intervention

Group Intervention p F P
AOV 3.057 0.019
TMJ pain TENS .039
STENS .998
Control  TENS 999
STENS 999
ACV
TMJ pain TENS <.001
STENS 999
Control  TENS 999
STENS 999

AOV: Average opening velocity; ACV: Average closing velocity.
The difference of average velocity between “before TENS/STENS” and “after
TENS/STENS” in session5.
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which a value of “change” is derived from the session of NRS
before TENS/STENS intervention subtracting the correspond-
ing session after intervention (e.g. the baseline TOD before
intervention minus the baseline TOD after intervention).
Therefore, a negative value stands for an increase after
intervention.

Discussion

In the present study, a significant reduction of self-reported
pain intensity and improvement of jaw motor performance
during repetitions of standardised movements in the TMJ
pain with DDwoR group was observed when TENS was
applied but not in the matched control group. Based on the
success of blinding, this finding suggests that the TENS

(B) Open-close movements
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Figure 3. Change of total opening distance (TOD) in repeated open-close movements in the TMJ pain group with DDwoR and in the control group. **represents
the significance of change between groups with different methods of treatment (TENS/STENS) (p < .001). Mean + SEMs are presented.
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Figure 4. Change of average velocity in repeated fast jaw movements. (A)-(B) Change of average opening velocity (AOV) in the TMJ pain group with DDwoR and
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Figure 5. Change of horizontal movement distance in repeated horizontal jaw movements. (A)-(B) The change of protrusion distance (PD) in the TMJ pain group
with DDwoR and in the control group. (C)-(D) The change of left movement distance (LMD) in the TMJ pain group with DDwoR and in the control group. (E)-(F)
The change of right movement distance (RMD) in the TMJ pain group with DDwoR and in the control group. Mean + SEMs are presented.

application appeared to be effective in view of pain relief on
repetition-induced pain in TMJ arthralgia associated with
DDwoR. Meanwhile, it also seems that patients with arthral-
gia-associated DDwoR might have functional improvement
of motor summation effects with TENS intervention.

TENS may alleviate movement-evoked pain in TMJ pain
patients with DDwoR

The increase in pain intensity (wind-up) caused by temporal
summation stimulation is a combination of psychophysical
and neurophysiologic process, which can especially be
enhanced in pathological pain conditions [31]. The wind-up
can result from repetitive stimulation of peripheral C-fibres at
the rate of once every three seconds or less [6,7,32]. Both
central and peripheral sensitisation might be involved in the

pain encoding mechanism of wind-up with inter-stimulus
intervals at 3 and 5s [33]. Central neuron excitation as well
as peripheral inflammatory substances such as bradykinin,
serotonin etc. generated after nociceptive stimulus will lead
to increased pain sensitivity [6,34,35]. In a previous study, it
was demonstrated that repeated jaw movements in TMJ
arthralgia with DDwoR patients could serve as adequate
stimuli to drive temporal summation with increased pain
intensity and reduced jaw movement capacity [12].

Although some studies have shown no effect of TENS in
reducing muscular activity or increasing jaw opening [19,
36], other researchers have claimed the clinical effectiveness
of TENS by showing the reduced facial pain or deep pain
sensitivity [22], the successful control on acute and chronic
pain [37], the relaxed masticatory muscles [37,38], or the
increased jaw opening distance in TMD patients [23].



Different theories have been brought forward to explain the
TENS effects. One theory is that repetitive muscle contrac-
tions caused by the TENS stimulation to motor nerves can
increase blood flow and decrease accumulated toxins, which
could lead to alleviation of pain [39]. A second theory, in line
with the gate control theory, would suggest that nociceptive
activity at the level of the dorsal horn (and brainstem) could
be inhibited by activity in large diameter and myelinated
afferent nerve fibres [40]. Nevertheless, both central and per-
ipheral processes would be likely to be involved in a TENS-
related electroanalgesia [41].

Accordingly, a decrease of 1-2 points or approximately
30% in the NRS is considered a clinical significant improve-
ment or reasonable satisfaction [42]. In the present study,
the TMJ pain with DDwoR group following TENS treatment
showed a pain reduction around 1-2 on a 0-10 NRS across
the repeated sessions when compared to the sTENS group,
which seems to have clinical importance. One explanation
could be that TENS can attenuate the pain generated from
repeated motor summation in TMJ arthralgia with DDwoR
patients. Another explanation could be that a slightly
reduced baseline pain intensity may lead to a smaller pain
increase due to motor summation. It could be suggested
based on these findings that TENS may be considered at
least a complimentary technique to manage activity-related
pain in TMJ pain with DDwoR patients. Further studies will
be needed to clarify the potential effects of TENS on acute
versus chronic pain conditions. It seems interesting that a
flat occlusal splint can provide more improvements in pain
relief in patients with DDwoR when compared with TENS
[43]. Therefore we cannot overlook the potential contribution
in terms of pain from the retrodiscal band due to increased
pressure generated from the displaced intra-articular struc-
tures, at least in the short-term of the DDwoR. However, fur-
ther studies on larger samples will be needed to determine
the effectiveness of TENS in DDwoR with chronic pain.

Another finding is that the pain increase caused by motor
summation was not influenced by the application of TENS,
since the TMJ pain with DDwoR group showed increased
pain intensity over repeated jaw movements despite of the
TENS intervention. Again, this phenomenon is consistent
with the theory that central pain inhibitory dysfuction plays
a crucial role in individuals with hyperalgesia when repeated
motor movements are performed [8-11].

Functional improvement after TENS application

The pain-adaptation model focussed on a reflex-based and
subconscious inhibition of jaw muscles caused by the exist-
ence of pain in the TMJ or related muscles [15]. While in the
integrated pain-adaptation model, multidimensional compo-
nents were brought forward to explain the relationship
between the many different and individual manifestations of
chronic pain and motor function [44]. However, it remains to
be clarified how jaw movements may change due to differ-
ent types or intensity of pain.

In the present study, the changes of movement capacity
were observed in terms of increased total opening distance
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and average open-close velocity in response to motor sum-
mation with the TENS intervention in the TMJ pain with
DDwoR patients. On these bases, it may reflect the fact that
with decreased pain intensity after the TENS intervention,
motor summation mechanisms will generate less functional
inhibition in terms of jaw opening distance and movement
velocity. As the theory of the pain-adaptation model sug-
gests that jaw motor function and muscle activity will be
impaired in accordance with increased pain in jaw muscles
or TMJ [15,44], the result is consistent with the hypothesis
that a reduction of self-reported pain will lead to improve-
ment of motor function. However, it should be noticed that
the functional improvement did not appear to be simultan-
eously changed with the reduction of evoked pain intensity,
since there was pain relief (reduction) across all 5 sessions,
but only delayed functional improvement in the last session
5. Therefore, the pain-adaptation model and integrated pain-
adaption model might not fully explain the relationship
between the acute pain and functional rehabilitation gener-
ated over repetitions of movements. It should also be noted
that a significant limitation in the present study is the rela-
tively small sample size in the TENS and sTENS groups.
Future research is needed to clarify how the perception and
awareness of different types of TMD pain would regulate jaw
motor behaviour.

It has been suggested that the compression stress is
mainly located in the posterior band in DDwoR compared
with the intermediate zone in a healthy disc [45]. The
repeated horizontal movements did not show any change in
jaw motor function in the present study. A possible explan-
ation could be that the TENS intervention mainly reduced
the pain, perhaps in the fully vasculated retrodiscal region,
however both the protrusive and latertrusive movements
generate less pain in the fully vascular region compared to
open-close movements. The TENS seems not to have any
major effect on the horizontal movements, which is consist-
ent with the notion that motor performance may not neces-
sarily be jeopardised without the increase of pain during
functional movements.

TENS effects in healthy controls and future application
on experimental models

Experimental pain models of intense dynamic contractions,
like mimicking tooth-grinding activity and resisted jaw open-
ing and closing movements, have successfully induced short-
lasting fatigue and pain in the jaw-closing muscles in healthy
individuals with rapid disappearance after cessation of the
exercise [46-48]. There are also long-lasting experimental
pain  models, both physically and chemically generated,
whose effects can last up to a few days [49-52]. With the
eccentric contraction of the jaw muscles, pain would occur
several hours after the exercise and peak between 24h and
48h [51,53].

In the present study, the repeated concentric contraction
failed to generate significant self-reported pain in healthy
individuals, which may due to the less effectiveness of con-
centric contraction and low frequency to cause painful
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symptoms. There were two more findings though, one is
that a small amount of pain reduction (0.4 out of 10) was
observed in the healthy TENS group during repeated hori-
zontal movements. The other one is that, for the TMJ pain
with DDwoR sTENS group who reported increased pain over
repeated jaw movements actually showed no difference of
pain intensity after sSTENS. One possible explanation is that
the repeated jaw opening would only cause a short-time
increase of pain in TMJ arthralgia with DDwoR patients with
spontaneous relief within 45 min; another possibility could
be that the sTENS intervention would provide a placebo or
psychological effect for pain relief. However, it may also be
the other way round that the high expectancy of the “TENS
treatment” was the result rather than the cause of the move-
ment-evoked pain relief. Future studies that introduce a third
group without intervention (TENS/sTENS) may help clarify
this issue. We assume that the repeated nociceptive stimula-
tion due to the jaw opening and the TENS/STENS interven-
tion could be applied in an experimental pain study to test
the different behaviour between healthy individuals, experi-
mental pain models and the clinical TMJ pain patients.
Further studies will still be needed to investigate specific
time patterns of the evoked pain triggered by motor summa-
tion and at different intensities. It is also important to choose
the proper experimental models with long-lasting duration,
since some experimental models may last for several hours
up to a few days and therefore better mimicking clinical
pain conditions [49-54].

Finally, it should be acknowledged that there may limita-
tions in the present study such as the accuracy of the jaw
tracking device and the relatively small sample size and
moderate power in the statistical analyses. The natural jaw
movements could, indeed, be interfered by the application
of the jaw tracker. Gender-differences should also be taken
into account in future pain studies. The disc displacements
have a high prevalence between 20 and 40years of age,
while the inflammatory-degenerative joint disorders take
place over the age of 50years [55,56], therefore the involve-
ment of broader range of ages with different types of patho-
physiology is necessary in future studies. Although the
blinding was successful statistically, more than half of the
participant in TENS group correctly guessed the treatment,
which would potentially cause the overrating of the TENS
effect. Furthermore, the same investigator made the experi-
ments, collecting the self-reported pain before and after the
intervention in both groups, which may cause bias from
both respondents and the researcher, e.g. if the participants
intended to satisfy the examiners, or if the investigator
formed a belief before testing. Long-term follow up of the
effects of TENS on movement-evoked pain in patients with
acute DDwoR with limited opening will be needed in future
studies. In addition, it would be interesting to test the
impact of TENS to the chewing capacity, in view of the
observation that nearly 1/3 of patients with TMD pain
showed pain relief rather than pain increase during mastica-
tion [57].

In conclusion, the present study has demonstrated that
TENS attenuates motor-generated pain in TMJ arthralgia with

DDwoR patients, with the improvement of jaw motor cap-
acity during repeated jaw movements. Besides, the elimin-
ation of movement-evoked pain was observed in the TMJ
pain with DDwoR group with sTENS intervention. These find-
ings suggested that the movement-evoked pain would
diminish either spontaneously or by sTENS (placebo or psy-
chological effect) within 45min, and more importantly, pro-
vided better understanding of the effect of TENS in terms of
pain intensity and motor summation mechanisms in TMJ
pain patients with DDwoR. In view of the fact that the
motor-generated pain may be closely related to central
hyperalgesia and maintenance of persistent pain conditions
[58], the effect of TENS on activity-related pain relief sug-
gests a therapeutic potential for clinical application of TENS
in chronic TMJ pain patients with DDwoR.
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