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Work-relatedmusculoskeletal symptomdisorders (WMSDs) have a significant issue for dental professionals.This study investigated
the effects of high-frequency transcutaneous electrical nerve stimulation (TENS) onwork-related pain, fatigue, and the active range
of motion in dental professionals. Among recruited 47 dental professionals with WMSDs, 24 subjects received high-frequency
TENS (the TENS group), while 23 subjects received placebo stimulation (the placebo group). TENS was applied to the muscle
trigger points of the levator scapulae and upper trapezius, while placebo-TENS was administered without electrical stimulation
during 60min. Pain and fatigue at rest and during movement were assessed using the visual analog scale (VAS), pain pressure
threshold (PPT), and active range of motion (AROM) of horizontal head rotation at six time points: prelabor, postlabor, post-
TENS, and at 1 h, 3 h, and 1 day after TENS application. Both groups showed significantly increased pain and fatigue and decreased
PPT and AROM after completing a work task. The TENS group showed significantly greater improvements in VAS score, fatigue,
PPT, and AROM at post-TENS and at 1 h and 3 h after application (all P < 0.05) as compared to the placebo group. A single session
high-frequency TENS may immediately reduce symptoms related to WMSDs in dental professionals.

1. Introduction

Work-related musculoskeletal symptom disorders (WMSDs)
develop as a result of repetitivemovements, awkward posture,
and/or external force. WMSDs decrease the professional’s
skills, work output, job performance, and quality of life [1, 2].
Various studies have described interventions and workplace
ergonomic designs for workers withWMSDs [3, 4]. However,
no controlled environmental factor by the diversity of the
subjects’ occupations might affect the results of these studies.
Therefore, it is important to study a single type of occu-
pational group for the confirmation of accurate treatment
effects.

The prevalence of the WMSDs in dental professionals,
such as a dentist or a dental hygienist, is comparatively high

because of their work environments that require sustain-
ing a certain position or the overuse of certain muscles.
The resulting physical load places them at risk for the
occurrence of musculoskeletal disorders [5, 6]. WMSDs in
dental professionals are accompanied by decreased quality
of life and restricted participation in social activities as
well as decreased quality of patient care [7, 8]. Appropriate
interventions for dental professionals with WMSDs are thus
essential to improve the quality of life [9]. However, despite
the importance of effective therapeutic interventions, the
appropriate management of WMSDs in dental professionals
remains unclear.

Transcutaneous electrical nerve stimulation (TENS) has
been studied and used for treating various types of pain
and related symptoms [10]. In previous studies, TENS was
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shown to relieve pain effectively in cases of musculoskele-
tal pain, arthritic pain, low back pain, neuropathic pain,
and postoperative pain [11–15]. Further, some studies have
reported that the application of TENS improves motor
function [15, 16]. In “the gate control theory,” which is the
basic mechanism underlying the effect of TENS, electrical
currents close the “gate” in the substantia gelatinosa of the
dorsal horn by stimulating large-diameter fibers (A-beta)
that inhibit small-diameter fibers (A-delta and C) [17]. Low-
frequency (<10Hz), high-intensity TENS induces analgesia
by inhibiting pain transmission through the recruitment of
descending inhibition mechanisms and is more frequently
used for the treatment of chronic pain, while high-frequency
TENS (80–100Hz) is more often used for acute pain since
it activates the gate control by stimulating A-beta fibers
[18]. However, various inconsistencies exist among previous
studies with respect to the therapeutic effects according to
the frequency used [19]. To the best of our knowledge, no
study has investigated the effect continuance time of high-
frequency TENS for WMSDs. In addition, because of the
varieties of work environments of the subjects included in
previous studies, it remains unclear whether TENS treatment
can benefit dental professionals with WMSDs.

Therefore, we investigated the immediate and short-
term effects of a single session high-frequency TENS on
work-related pain, fatigue, and range of motion in dental
professionals. This study aimed to improve the quality of life
and job skills of professionals in the field of dental health.

2. Material and Methods

2.1. Participants. This study was designed as a single-blind
randomized placebo-controlled trial with six measurement
time points: before work (pre-labor), after work (post-labor),
measured immediately after TENS (post-TENS), and at 1 h,
3 h, and 1 day after TENS application. Overall, 47 dental
professionals withWMSDs (13 dentists and 34 dental hygien-
ists) participated in this study, which was conducted at 5
dental care centers at Incheon and Seoul in SouthKorea.They
underwent an interview to record their medical history and
physical examination by a blinded examiner. All participants
met the following inclusion criteria: (1) 20–50 years of age,
(2) employed for at least two years as a full-time worker,
and (3) the pain-experienced subjects of neck and shoulder
by labor for more than 2 months of subacute state. Patients
with any history of cervical spinal or upper limb surgery,
structural abnormality, severe musculoskeletal disability, or
use of pacemaker were excluded. Further, subjects had not
received or engaged in any other treatment before the
study intervention. All participants were informed about
the content of the project and its experimental purpose;
written informed consent was obtained from all of them
before participation in this study. All experimental conditions
were approved by the Institutional Review Board of Gachon
University. Sample size was calculated using G-Power version
3.1.3 (Informer Technologies, Dusseldorf, Germany). The
effect size was set at 0.90; 𝛼-error at a probability of 0.05; and

power at 0.85. A minimum of 21 participants were required
in each group.

2.2. Experimental Procedure and Intervention. A total of 50
participants volunteered for this study at initial recruitment.
Three participants were not included for the following rea-
sons: two participants did not satisfy the selection criteria
and one failed to comply with the intervention for personal
reasons. All experiment processes are shown in Figure 1. The
participants were randomly assigned to the TENS group (𝑛
= 24) as the experimental group or the placebo-TENS group
(𝑛 = 23) as the control group using a random allocation
software by an independent examiner who was not involved
in participant recruitment.

High-frequency TENS intervention (frequency 100Hz,
pulse width 100 𝜇s, motor threshold) was applied to tender
trigger points of both the levator scapulae and trapezius
muscles by a trained physical therapist to assure reliability.
The intervention comprised a single session lasting for
60min using a 2-channel TENS unit (TENS-7000; Koalaty
Products Inc., USA). Applied stimulation usually evoked the
occurrence of visual muscle contraction. While electrodes
were attached at the same location, no electrical stimuli were
administered in the placebo-TENS group. The investigator
responded to any questions about the lack of TENS sensation
in the placebo group by explaining that some types of TENS
treatments are “barely perceptible.”

2.3. Outcome Measurements. General characteristics such
as age, height, or weight were assessed using a survey
method. The participants’ pain and fatigue at rest and during
movement, fatigue, pain pressure threshold (PPT), and active
range of motion (AROM) were measured by a single, blinded
examiner in order to reduce measurement error. All data
were measured in the same place at six measurement time
points. All outcome measurements at prelabor, postlabor,
post-TENS, and 1 h, 3 h, and 1 day afterTENS applicationwere
evaluated by the same examiner to ensure masking.

To assess pain intensity at rest and during movement,
we used the 100mm visual analog scale (VAS) with anchor
words “no pain” at one end and “worst pain” at the other.
The participants were instructed tomark their subjective pain
intensity through the line at the appropriate represented point
on the scale. Resting pain, defined by the VAS score at rest,
was an unpleasant feeling or pain when patients were still.
The VAS was also used to measure fatigue at rest and with
movement. In fatigue measurement, the VAS consisted of a
scale with the left end describing “no fatigue” and the right
end described “worst fatigue imaginable.” The anchor words
were “very sure it will not work” and “very sure it will work.”
Movement-induced pain and fatigue, defined by the VAS
score during movement, was an unpleasant feeling or pain
and stiff sensation incurred by full-sagittal flexion of the head
without compensatory movement of trunk [15, 20].

PPT was used to assess deep tissue hyperalgesia of the
neck and upper extremity by using an algometer (Somedic
AB, Farsta, Sweden) with a 1-cm probe [20, 21]. The purpose
of the measurement was fully explained to the participants.
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Excluded (n = 3)

(ii) Personal issue (n = 1)

Postlabor assessment
(i) Pain at rest and during movement

(ii) Fatigue at rest and during movement
(iii) Pain pressure threshold
(iv) Active range of motion in neck

Randomized allocation (n = 47) 

TENS group (n = 24)

Prelabor assessment (n = 47)
(i) Pain at rest and during movement

(ii) Fatigue at rest and during movement
(iii) Pain pressure threshold
(iv) Active range of motion in neck

Placebo-TENS group (n = 23)

Intervention

A single session of electrical stimulation 

Postlabor assessment
(i) Pain at rest and during movement

(ii) Fatigue at rest and during movement
(iii) Pain pressure threshold
(iv) Active range of motion in neck

Intervention

A single session of placebo-electrical 
stimulation with TENS

Post-TENS assessment (n = 47)

(i) Pain at rest and during movement
(ii) Fatigue at rest and during movement

(iii) Pain pressure threshold
(iv) Active range of motion in neck

Time points: immediately, 1h, 3h, and 1 day after TENS application

(i) Not match inclusion criteria (n = 2)

Eligibility criteria assessment (n = 50)

(100Hz, 100𝜇s, motor threshold, 60min)
with TENS

Figure 1: Experimental flow-diagram in this study.

The algometer was placed perpendicular to the planned sites.
The examiner then applied pressure on the site at a consistent
rate of 10 kPa/s. The participant was asked to inform the
examiner when an unpleasant feeling or pain started. PPT
was measured at sites in the levator scapulae and upper

trapezius for assessing the effects of TENS at the painful site
of stimulation.

AROM was evaluated using the distal inclinometer
(Angle/Level, Dejon Tool Co., Covington, OH) for horizontal
head rotation in the range without pain and fatigue sensation.
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Table 1: General characteristics of the participants.

TENS group
(𝑛 = 24)

Placebo-TENS
group (𝑛 = 23) 𝑃

Gender
(male/female) 5/19 6/17 0.679

Job (dentist/dental
hygienist) 6/18 7/16 0.707

Age (years) 30.7 ± 8.32 29.7 ± 8.47 0.685
Height (cm) 163.4 ± 8.16 165.4 ± 7.15 0.393
Weight (kg) 57.8 ± 9.13 58.9 ± 13.33 0.737
Values are expressed as mean ± standard deviation (SD).

The inclinometer’s sensor was set at zero inmaximal left rota-
tion, followed by maximal right rotation when the subjects
were in the neutral supine position. The angle was recorded
when AROM of neck rotation reached the highest possible
point without any compensatory lateral flexionwith the head.
This measurement was performed 3 times, and the mean
value was recorded. Research has shown cervical AROM to
be useful in the determination of function and formonitoring
patient progress; further, it is reliable with good construct
validity [22].

2.4. Data Analysis. Statistical analysis was performed using
SPSS version 15.0 (SPSS Inc., Chicago, USA). The normal
distributions of the results were tested by the Kolmogorov-
Smirnov or Shapiro-Wilk test. Repeated-measures ANOVA
was utilized to assess differences in VAS score, PPT, and
AROM at the six measurement time points. Tukey’s multiple
comparison test was used as a post hoc test. The differences
between the two groups were compared using an indepen-
dent samples 𝑡-test or Mann-Whitney 𝑈 test. Results were
accepted as statistically significant at 𝑃 < 0.05. The sample
size was determined on the basis of the ability to detect a
clinically significant improvement in the primary outcome
measures of VAS score, PPT, and AROM.

3. Results

The demographic characteristics of all subjects are shown
in Table 1. There were no significant differences between
the TENS group and the placebo-TENS group (𝑃 > 0.05).
Overall, 24 dental professionals with WMSDs received a
single session high-frequency TENS and 23 received placebo-
TENS in painful areas of the neck and shoulder. There were
no dropouts in the study during the intervention period, and
no statistical difference was noted at baseline between the
groups (VAS score at rest and during movement, fatigue at
rest and during movement, PPT at the levator scapulae and
upper trapezius, and AROM; all 𝑃 > 0.05). However, both
groups showed significantly increased pain, fatigue, PPT, and
AROM after work (postlabor; all 𝑃 < 0.05).

The main findings of this study were as follows: (a) the
TENS group showed a significantly greater reduction in pain
at post-TENS and 1 h and 3 h after TENS application than the

placebo-TENS group (Table 2). The VAS score at rest of the
TENS group was reduced by 45% at post-TENS, 32% at 1 h
after TENS application, and 49% at 3 h after TENS applica-
tion, while VAS score during movement was decreased by
42% at 3 h after TENS application. (b) A significant decrease
in the fatigue level at rest and during movement in the TENS
group was observed at post-TENS and 1 h and 3 h after TENS
application (Table 3); the greatest decrease in fatigue was
observed at 3 h after TENS. (c) The outcomes of PPT at
post-TENS and 1 h and 3 h after TENS application showed a
significant decrease only in the TENS group (Table 4). In the
levator scapulae, PPTs significantly improved by 24% at post-
TENS, 24% at 1 h after TENS application, and 32% at 3 h after
TENS application compared to pre-TENS treatment PPTs. In
the upper trapezius, PPT significantly increased by 29% only
at 3 h after TENS application. (d) AROM of head rotation in
the TENS group was significantly more increased than that
in the placebo group at post-TENS and at 1 h and 3 h after
TENS application as short term effects (Table 5). In the TENS
group, AROM immediately increased by 17% at post-TENS
and by 15% at 1 h after TENS application. (e) The efficacy of
TENS was maintained for 3 h after its application, but it did
not persist until the following day (Tables 2–5), and (f) there
was no placebo effect observed in the study (Tables 2–5).

4. Discussion

In dental professionals suffering from WMSDs, we found
that the application of a single session high-frequency TENS
immediately improved pain and fatigue at rest and during
movement, PPT in the levator scapulae and upper trapezius,
and AROM of horizontal head rotation. Additionally, these
effects were maintained for 3 h after the intervention. The
reason for no TENS effect in 1 day more is recovered on
pain, fatigue, PPT, and AROM of both TENS and placebo-
TENS groups within a day after finished labor. These results
suggest that high-frequency TENS may have positive effects
for relieving work-related pain and fatigue in dental profes-
sionals immediately.

According to previous studies related to the prevalence of
WMSDs in dental professionals, over 60% of them reported
at least one incident of musculoskeletal pain; this was con-
sidered to be caused by the physical load that placed them
at risk for the occurrence of musculoskeletal disorders [5,
6]. The types of symptoms reported were pain, stiffness, or
fatigue, and the regions of symptoms comprised the neck,
wrist/hand, lower back, and shoulder [23]. These results are
in tune with our present findings. For this study, when we
conducted an initial survey of 70 dental professionals using
a self-administered questionnaire for screening WMSDs, we
found a high prevalence rate (71%), and 50 subjects had
at least one work-related musculoskeletal symptom for the
neck, shoulder, or hand/wrist. B. Valachi and K. Valachi who
reviewed the implications of the specific nature of dental work
on dentists’ health and the potential for the development
of musculoskeletal disorders reported that prolonged, seated
working posture and repeated twisting of the spine, combined
with excessive tightening of some tissues, could be the cause
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Table 2: The changes in the visual analogue scale scores (VAS) in pain at rest and during full-sagittal neck movement after application of a
single session TENS in postlabor state.

TENS group (𝑛 = 24) Placebo-TENS group (𝑛 = 23) 𝑃

VAS score at rest (mm)
Prelabor 7.0 ± 7.33# 6.4 ± 7.42# 0.794
Postlabor 34.2 ± 13.41∗ 32.4 ± 18.46∗

Post-TENS 18.7 ± 7.46∗,# 30.7 ± 17.67∗

1 H TENS 23.2 ± 7.80∗,# 29.1 ± 16.00∗

3H TENS 17.3 ± 8.34∗,# 22.6 ± 12.87∗

1 D TENS 7.9 ± 6.74# 8.2 ± 7.16#

𝑃 0.000 0.000
Postlabor–prelabor 27.2 ± 11.26 26.0 ± 15.83 0.763
Post-TENS–postlabor 15.5 ± 9.10 1.7 ± 3.88 0.000
1H TENS–postlabor 11.0 ± 6.96 3.3 ± 3.88 0.000
3H TENS–postlabor 16.9 ± 7.78 9.8 ± 6.82 0.002
1D TENS–postlabor 26.3 ± 10.86 24.2 ± 14.99 0.597

VAS score during movement (mm)
Prelabor 17.7 ± 10.83# 17.4 ± 12.69# 0.927
Postlabor 48.8 ± 12.00∗ 47.8 ± 19.06∗

Post-TENS 33.5 ± 8.27∗,# 45.7 ± 17.60∗

1 H TENS 37.3 ± 9.09∗,# 42.0 ± 15.86∗

3H TENS 28.4 ± 8.51∗,# 36.1 ± 14.92∗

1 D TENS 18.1 ± 9.76# 18.7 ± 12.90#

𝑃 0.000 0.000
Postlabor–prelabor 31.3 ± 12.45 30.4 ± 18.34 0.864
Post-TENS–postlabor 15.4 ± 8.25 2.2 ± 3.94 0.000
1H TENS–postlabor 12.0 ± 6.70 5.9 ± 4.92 0.002
3H TENS–postlabor 19.8 ± 7.76 11.7 ± 7.17 0.002
1D TENS–postlabor 31.1 ± 11.28 29.1 ± 17.43 0.655

Values are expressed as mean ± standard deviation (SD).
∗ indicates a significant difference within a group as compared to the prelabor value (𝑃 < 0.05).
# indicates a significant difference as compared to the postlabor value (𝑃 < 0.05).
VAS: visual analogue scale; 1 H TENS: 1 h after the application of transcutaneous electrical nerve stimulation (TENS); 3H TENS: 3 h after TENS application;
1 D TENS: 1 day after TENS application.

of various painful disorders and diseases of themusculoskele-
tal system in these professionals [24].

TENS is commonly used for the clinical research and
activates a complex neuronal network, which results in a
reduction in pain [25]. Possible mechanisms engaged in the
effect of TENS on pain include the gate control theory,
which specifies that the stimulation of nonnociceptive large-
diameter afferents (A𝛽 fibers) inhibits nociceptive signal
transmission and increases endogenous opioid release [17,
26]. High-frequency TENS has been proposed to modulate
pain; however, the mechanisms underlying the resulting
analgesia remain poorly understood. According to an animal
study, high-frequency TENS decreases arthritis pain through
delta opioid receptors in the spinal cord, while low-frequency
TENS relieves pain through𝜇-opioid receptors; further, high-
frequency TENS decreases pain by enhancing the release of
the inhibitory neurotransmitter gamma-aminobutyric acid
(GABA) in the dorsal horn of the spinal cord [27, 28]. A
recent human study investigated the possible contribution
of opioid receptors to analgesia induced by high-frequency

TENS in acute skin pain [29]. Based on these reports, we
hypothesize that high-frequency TENS affects and improves
pain in WMSDs by increasing opioid and GABA release as
well as by stimulating opioid receptors. Also, a randomized
study that examined short-term pain relief with TENS found
that the duration of pain relief following cessation of TENS
was from 30min to 2 h when stimulated time applied within
30min [30, 31]. We assumed that the period for which the
TENS effects are sustained depends on the duration of TENS
application because high-frequency electrical stimulation is
known to influence change activation in different regions of
the brain according to the duration of application [32].

We applied high-frequency TENS on the tender trigger
points of the neck and shoulder muscles, and our results
showed significant improvements in pain and fatigue in
the TENS group. These results are in tune with those of
previous studies that examined this therapy. Carbonario et
al. applied high-frequency TENS on bilateral tender points
in the trapezium and supraspinatus in fibromyalgia patients
who experienced improvements in pain, work performance,
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Table 3: The changes in the visual analogue scale scores (VAS) in stiff sensation of muscles (fatigue) at rest and during full-sagittal neck
movement after application of a single session TENS in postlabor state.

TENS group (𝑛 = 24) Placebo-TENS group (𝑛 = 23) 𝑃

VAS score at rest (mm)
Prelabor 11.0 ± 10.63# 12.4 ± 11.07# 0.672
Postlabor 41.0 ± 11.79∗ 42.8 ± 19.06∗

Post-TENS 24.3 ± 9.96∗,# 40.0 ± 16.65∗

1 H TENS 28.3 ± 8.17∗,# 37.0 ± 15.58∗

3H TENS 21.5 ± 8.88∗,# 29.8 ± 12.75∗,#

1 D TENS 12.1 ± 8.20# 14.4 ± 8.70#

𝑃 0.000 0.000
Postlabor–prelabor 30.0 ± 13.27 30.4 ± 16.92 0.922
Post-TENS–postlabor 16.8 ± 7.86 2.8 ± 4.96 0.000
1H TENS–postlabor 12.7 ± 6.08 5.9 ± 5.57 0.000
3H TENS–postlabor 19.6 ± 8.07 13.0 ± 8.49 0.010
1D TENS–postlabor 29.0 ± 10.32 28.5 ± 15.41 0.900

VAS score during movement (mm)
Prelabor 24.4 ± 12.96# 25.4 ± 14.69# 0.794
Postlabor 60.5 ± 14.22∗ 58.7 ± 17.85∗

Post-TENS 41.2 ± 12.18∗,# 56.1 ± 16.16∗

1 H TENS 42.3 ± 11.79∗,# 52.0 ± 15.58∗

3H TENS 34.2 ± 10.70# 45.4 ± 15.22∗

1 D TENS 22.5 ± 12.77# 25.9 ± 13.71#

𝑃 0.000 0.000
Postlabor–prelabor 36.1 ± 11.15 33.3 ± 14.12 0.445
Post-TENS–postlabor 19.3 ± 7.85 2.6 ± 3.33 0.000
1H TENS–postlabor 18.2 ± 6.16 6.74 ± 4.16 0.000
3H TENS–postlabor 26.3 ± 7.14 13.3 ± 4.16 0.000
1D TENS–postlabor 38.0 ± 9.53 32.8 ± 11.76 0.104

Values are expressed as mean ± standard deviation (SD).
∗ indicates a significant difference within a group as compared to the prelabor value (𝑃 < 0.05).
# indicates a significant difference as compared to the post-labor value (𝑃 < 0.05).
VAS: visual analogue scale; 1 H TENS: 1 h after the application of transcutaneous electrical nerve stimulation (TENS); 3H TENS: 3 h after TENS application;
1 D TENS: 1 day after TENS application.

fatigue, stiffness, anxiety, and depression [18]. Further, high-
frequency TENS applied to capsaicin-induced pain in der-
matomes showed significantly reduced sensation to noxious
stimulation following 60-min application [33]. However,
these studies did not compare results against a placebo group
and included a comparatively small number of study subjects.
In clinical research, it is crucial to clarify the presence of
a placebo effect. No electrical-stimulated pad of TENS may
influence the pain response with activation of mechanore-
ceptors by light pressured attachment. In a randomized
placebo-controlled trial, Gemmell and Hilland investigated
the immediate effect of TENS in treating latent upper trapez-
ius trigger points by measuring PPT; a statistically significant
reduction in pain was observed in the TENS group, while
no improvement was noted in the placebo group [34]. These
results are similar to our study because most subjects in the
TENS group showed a significant improvement in the PPT as
well as no effect on placebo group.Therefore, we consider that
high-frequency TENS may have inhibitory effects on work-
induced pain in dental professionals.

AROM measurement indicates pure muscle ability in a
movement range without pain and fatigue. In normal state,
AROM angle of horizontal neck rotation previously reported
145∘ to 160∘, while value of people with neck pain is below
130∘. Our experiments ofWMSDs in dental professionals also
well showed pain-generated situation on time of before and
after labor. Importantly, pain arising frommuscle tenderness
can decrease functional muscle contraction [35]. In our
result, TENS application in the levator scapulae and upper
trapezius decreased muscle tenderness based on the PPT
results. AROM correlated significantly with the VAS score
with movement (test: 𝑟 = 0.828, 𝑃 < 0.001) and PPT at the
levator scapulae (test: 𝑟 = 0.702, 𝑃 < 0.001) and PPT at
the upper trapezius (test: 𝑟 = 0.657, 𝑃 < 0.001). This result
was similar to that of TENS improving AROM and pain in
subjects suffering from shoulder pain [36].Thus, TENSmight
contribute to improvements in functional muscle capability
by reducing pain.

Pain is evaluated by the VAS, since it is the easiest
approach tool to implement for subjects in the resting
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Table 4: The differences between pressure pain threshold (PPT) between after application of single TENS and no electrical stimulation in
both the levator scapulae and the upper trapezius after labor.

TENS group (𝑛 = 24) Placebo-TENS group (𝑛 = 23) 𝑃

Levator scapulae (N)
Prelabor 51.1 ± 13.27# 51.6 ± 10.02# 0.739
Postlabor 35.9 ± 13.46∗ 37.2 ± 13.13∗

Post-TENS 44.5 ± 12.48∗,# 38.7 ± 13.81∗

1 H TENS 44.4 ± 13.80∗,# 40.4 ± 13.31∗

3H TENS 47.0 ± 13.08∗,# 44.7 ± 12.56
1D TENS 52.3 ± 14.71# 51.2 ± 10.46#

𝑃 0.000 0.000
Postlabor–prelabor 15.2 ± 8.42 14.4 ± 9.32 0.764
Post-TENS–postlabor 8.5 ± 5.41 1.5 ± 2.61 0.000
1H TENS–postlabor 8.5 ± 5.37 3.2 ± 3.01 0.000
3H TENS–postlabor 11.1 ± 5.93 7.5 ± 4.02 0.018
1D TENS–postlabor 16.3 ± 6.92 14.0 ± 8.32 0.301

Upper trapezius (N)
Prelabor 44.8 ± 12.48# 46.8 ± 10.40# 0.558
Postlabor 32.9 ± 13.07∗ 33.6 ± 11.10∗

Post-TENS 39.8 ± 12.31∗ 34.4 ± 10.83∗

1 H TENS 38.4 ± 12.51∗ 35.5 ± 10.84∗

3H TENS 42.4 ± 12.37# 38.4 ± 10.15∗

1 D TENS 46.4 ± 13.50# 46.3 ± 9.65#

𝑃 0.000 0.000
Postlabor–prelabor 11.9 ± 8.15 13.2 ± 8.19 0.591
Post-TENS–postlabor 6.9 ± 5.73 0.8 ± 1.80 0.000
1H TENS–postlabor 5.5 ± 4.69 1.9 ± 2.68 0.002
3H TENS–postlabor 9.5 ± 6.52 4.8 ± 3.53 0.004
1D TENS–postlabor 13.5 ± 6.77 12.7 ± 6.86 0.682

Values are expressed as mean ± standard deviation (SD).
∗ indicates a significant difference within a group as compared to the prelabor value (𝑃 < 0.05).
# indicates a significant difference as compared to the postlabor value (𝑃 < 0.05).
1 H TENS: 1 h after the application of transcutaneous electrical nerve stimulation (TENS); 3H TENS: 3 h after TENS application; 1 D TENS: 1 day after TENS
application.

position [37]. In subjects in whom multiple joints and areas
are affected, movement can increase pain due to connections
between the bone and ligament as well as other connective
tissues. In case of subjects with nonsevere musculoskeletal
disorders, VAS score at rest can reflect lower levels of pain
than that during movement. In our study, pain during
movement had higher VAS scores than those in the resting
position; these results were also reflected in the VAS results
for fatigue. Furthermore, pain and fatigue during movement
improved with TENS application. These findings indicated
that high-frequency TENS was effective for both pain or
fatigue-induced specific region and adjacent connective tis-
sues.

Professionals such as dental hygienists and dentists
experience fatigue because of progressively increasing ten-
sion to the neck and shoulder muscles during functional
activities due to repetitive movements [38]. In a previous
study, TENS increased the local blood flow in muscles,
improved tissue oxygenation, and suppressed sympathetic
tone in small arterioles [39, 40]; these changes aided muscle

relaxation. Further, TENS application has been shown to
cause relaxation of the upper trapezius in computer workers
using electromyography as well as to decrease fatigue during
movement in patients of fibromyalgia [34, 41]. Therefore,
we consider that TENS might decrease fatigue via muscle
relaxation in the upper extremity.

This study demonstrated that high-frequency TENS had
positive effects on reducing pain and fatigue at rest and
movement and increasing the PPT and AROM in dental
professionals and provided evidence that the application
of TENS would help dental professionals to restore and
improve their job performance and quality of life. This study
involved a single trial and measurements at six time points;
however, the follow-up period was too short to examine
the long-term effects of the therapy. Also, we did not use
various parameters. Accordingly, further studies with high
methodological quality, a variety of TENS modules, and a
long-term study period are needed to assess the effects of
TENS in the treatment of professionals with WMSDs.
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Table 5: The changes in active range of motion of horizontal head rotation after application of single TENS in postlabor state without pain
or fatigue sense.

TENS group (𝑛 = 24) Placebo-TENS group (𝑛 = 23) 𝑃

Horizontal head rotation (angle)
Prelabor 156.3 ± 13.29# 151.3 ± 13.59# 0.989
Postlabor 119.8 ± 26.64∗ 121.3 ± 29.32∗

Post-TENS 139.6 ± 15.10∗,# 125.0 ± 24.40∗

1 H TENS 137.3 ± 17.51∗,# 128.3 ± 25.12∗

3H TENS 145.2 ± 14.41# 137.0 ± 20.82∗

1 D TENS 157.5 ± 10.84# 155.4 ± 12.78#

𝑃 0.000 0.000
Postlabor–prelabor 36.5 ± 23.84 35.0 ± 25.85 0.841
Post-TENS–postlabor 19.8 ± 13.95 3.7 ± 6.78 0.000
1H TENS–postlabor 17.5 ± 12.51 7.0 ± 7.65 0.001
3H TENS–postlabor 25.4 ± 16.35 15.7 ± 11.11 0.021
1 D TENS–postlabor 37.7 ± 22.84 34.3 ± 24.39 0.606

Values are expressed as mean ± standard deviation (SD).
∗ indicates a significant difference within a group as compared to the prelabor value (𝑃 < 0.05).
# indicates a significant difference as compared to the postlabor value (𝑃 < 0.05).
1 H TENS: 1 h after the application of transcutaneous electrical nerve stimulation (TENS); 3H TENS: 3 h after TENS application; 1 D TENS: 1 day after TENS
application.

5. Conclusion

Based on the results of this study, a single session high-
frequency TENS may be effective in improving WMSDs
in dental professionals. High-frequency TENS may play a
positive role in reducing musculoskeletal pain and fatigue
as well as increasing functional mobility in workers with
WMSDs immediately. Our results support the notion of using
TENS in the treatment of work-related disease or injury.
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[12] J. B. Corrêa, L. O. P. Costa, N. T. B. De Oliveira, K. A.
Sluka, and R. E. Liebano, “Effects of the carrier frequency
of interferential current on pain modulation in patients with
chronic nonspecific low back pain: a protocol of a randomised
controlled trial,” BMCMusculoskeletal Disorders, vol. 14, article
195, 2013.

[13] F. C. Ferreira, A. M. Issy, and R. K. Sakata, “Assessing the effects
of transcutaneous electrical nerve stimulation (TENS) in post-
thoracotomy analgesia,” Revista Brasileira de Anestesiologia, vol.
61, no. 5, pp. 561–567, 2011.

[14] A. J. Robinson, “Transcutaneous electrical nerve stimulation
for the control of pain in musculoskeletal disorders,” Journal of
Orthopaedic & Sports Physical Therapy, vol. 24, no. 4, pp. 203–
226, 1996.

[15] C. G. T. Vance, B. A. Rakel, N. P. Blodgett et al., “Effects
of transcutaneous electrical nerve stimulation on pain, pain
sensitivity, and function in people with knee osteoarthritis: a
randomized controlled trial,” PhysicalTherapy, vol. 92, no. 7, pp.
898–910, 2012.

[16] B. G. Pietrosimone, S. A. Saliba, J. M. Hart, J. Hertel, D. C.
Kerrigan, and C. D. Ingersoll, “Effects of transcutaneous elec-
trical nerve stimulation and therapeutic exercise on quadriceps
activation in people with tibiofemoral osteoarthritis,” Journal of
Orthopaedic and Sports PhysicalTherapy, vol. 41, no. 1, pp. 4–12,
2011.

[17] R. Melzack and P. D. Wall, “Pain mechanisms: a new theory,”
Science, vol. 150, no. 3699, pp. 971–979, 1965.

[18] F. Carbonario, L. A. Matsutani, S. L. K. Yuan, and A. P. Mar-
ques, “Effectiveness of high-frequency transcutaneous electrical
nerve stimulation at tender points as adjuvant therapy for
patients with fibromyalgia,” European Journal of Physical and
Rehabilitation Medicine, vol. 49, no. 2, pp. 197–204, 2013.

[19] K. E. Nnoaham and J. Kumbang, “Transcutaneous electrical
nerve stimulation (TENS) for chronic pain,”Cochrane Database
of Systematic Reviews, vol. 16, no. 3, Article ID CD003222, 2008.

[20] T. H. Kim, E. Kim, and H. Cho, “The effects of the CORE
programme on pain at rest, movement-induced and secondary
pain, active range of motion, and proprioception in female
office workers with chronic low back pain: a randomized
controlled trial,” Clinical Rehabilitation, vol. 29, no. 7, pp. 653–
662, 2015.

[21] A. Gupta, J. McBeth, G. J. Macfarlane et al., “Pressure pain
thresholds and tender point counts as predictors of new
chronic widespread pain in somatising subjects,” Annals of the
Rheumatic Diseases, vol. 66, no. 4, pp. 517–521, 2007.

[22] C. H. P. De Koning, S. P. Van Den Heuvel, J. B. Staal, B.
C. M. Smits-Engelsman, and E. J. M. Hendriks, “Clinimetric
evaluation of active range of motion measures in patients with
non-specific neck pain: a systematic review,” European Spine
Journal, vol. 17, no. 7, pp. 905–921, 2008.

[23] V. K. Kumar, S. P. Kumar, andM. R. Baliga, “Prevalence of work-
related musculoskeletal complaints among dentists in India:
a national cross-sectional survey,” Indian Journal of Dental
Research, vol. 24, no. 4, pp. 428–438, 2013.

[24] B. Valachi and K. Valachi, “Mechanisms leading to muscu-
loskeletal disorders in dentistry,” The Journal of the American
Dental Association, vol. 134, no. 10, pp. 1344–1350, 2003.

[25] C. G. T. Vance, D. L. Dailey, B. A. Rakel, and K. A. Sluka,
“Using TENS for pain control: the state of the evidence,” Pain
management, vol. 4, no. 3, pp. 197–209, 2014.

[26] D. W. Garrison and R. D. Foreman, “Decreased activity of
spontaneous and noxiously evoked dorsal horn cells during
transcutaneous electrical nerve stimulation,” Pain, vol. 58, no.
3, pp. 309–315, 1994.

[27] K. A. Sluka, M. Deacon, A. Stibal, S. Strissel, and A. Terpstra,
“Spinal blockade of opioid receptors prevents the analgesia
produced by TENS in arthritic rats,” Journal of Pharmacology
and Experimental Therapeutics, vol. 289, no. 2, pp. 840–846,
1999.

[28] Y. Maeda, T. L. Lisi, C. G. T. Vance, and K. A. Sluka, “Release
of GABA and activation of GABAA in the spinal cord mediates
the effects of TENS in rats,” Brain Research, vol. 1136, no. 1, pp.
43–50, 2007.

[29] G. Leonard, P. Goffaux, and S. Marchand, “Deciphering the role
of endogenous opioids in high-frequency TENS using low and
high doses of naloxone,” Pain, vol. 151, no. 1, pp. 215–219, 2010.

[30] F. Moran, T. Leonard, S. Hawthorne et al., “Hypoalgesia in
response to transcutaneous electrical nerve stimulation (TENS)
depends on stimulation intensity,” The Journal of Pain, vol. 12,
no. 8, pp. 929–935, 2011.

[31] M. Maayah and M. Al-Jarrah, “Evaluation of transcutaneous
electrical nerve stimulation as a treatment of neck pain due
to musculoskeletal disorders,” Journal of Clinical Medicine
Research, vol. 2, no. 3, pp. 127–136, 2010.

[32] Y. Jiang, J. Liu, J. Liu, J. Han, X. Wang, and C. Cui, “Cerebral
blood flow-based evidence for mechanisms of low-versus high-
frequency transcutaneous electric acupoint stimulation analge-
sia: a perfusion fMRI study in humans,” Neuroscience, vol. 268,
no. 30, pp. 180–193, 2014.

[33] C. R. Jutzeler, A. Curt, and J. L. Kramer, “Effectiveness of high-
frequency electrical stimulation following sensitization with
capsaicin,”The Journal of Pain, vol. 16, no. 7, pp. 595–605, 2015.

[34] H. Gemmell and A. Hilland, “Immediate effect of electric point
stimulation (TENS) in treating latent upper trapezius trigger
points: a double blind randomised placebo-controlled trial,”
Journal of Bodywork and Movement Therapies, vol. 15, no. 3, pp.
348–354, 2011.

[35] M. Brandt, E. Sundstrup, M. D. Jakobsen et al., “Association
between neck/shoulder pain and trapeziusmuscle tenderness in
office workers,” Pain Research and Treatment, vol. 2014, Article
ID 352735, 4 pages, 2014.

[36] O. K. Korkmaz, K. Capaci, C. Eyigor, and S. Eyigor, “Pulsed
radiofrequency versus conventional transcutaneous electrical
nerve stimulation in painful shoulder: a prospective, random-
ized study,”Clinical Rehabilitation, vol. 24, no. 11, pp. 1000–1008,
2010.

[37] D. L. Dailey, B. A. Rakel, C. G. T. Vance et al., “Tran-
scutaneous electrical nerve stimulation reduces pain, fatigue
and hyperalgesia while restoring central inhibition in primary
fibromyalgia,” Pain, vol. 154, no. 11, pp. 2554–2562, 2013.

[38] V. Johnston, G. Jull, R. Darnell, N. L. Jimmieson, and T.
Souvlis, “Alterations in cervical muscle activity in functional
and stressful tasks in female office workers with neck pain,”
European Journal of Applied Physiology, vol. 103, no. 3, pp. 253–
264, 2008.



10 Evidence-Based Complementary and Alternative Medicine

[39] C.-R. Hou, L.-C. Tsai, K.-F. Cheng, K.-C. Chung, and C.-
Z. Hong, “Immediate effects of various physical therapeutic
modalities on cervical myofascial pain and trigger-point sensi-
tivity,” Archives of Physical Medicine and Rehabilitation, vol. 83,
no. 10, pp. 1406–1414, 2002.

[40] R. A. Wong and D. U. Jette, “Changes in sympathetic tone
associated with different forms of transcutaneous electrical
nerve stimulation in healthy subjects,” PhysicalTherapy, vol. 64,
no. 4, pp. 478–482, 1984.

[41] A. A. Acedo, A. C. L. Antunes, A. B. Dos Santos et al., “Upper
trapezius relaxation induced by tens and interferential current
in computer users with chronic nonspecific neck discomfort: an
electromyographic analysis,” Journal of Back and Musculoskele-
tal Rehabilitation, vol. 28, no. 1, pp. 19–24, 2015.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


