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Abstract

Purpose: The present study was conducted to investigate the difference between effect of low-level laser
therapy (LLLT) versus transcutaneous electrical nerve stimulation (TENS) on pain relief and endorphin
hormone in De Quervains's tenosynovitis. Subjects and Methods: Forty women with De Quervains's
tenosynovitis participated in this study; their age ranged from 25 — 35 years old. They were divided
randomly in to two equal groups (A and B). Group (A) received LLLT and selected physical therapy
program (strengthening and stretching exercises), while group (B) received TENS and the same selected
physical therapy program as in group (A). The outcome measures of the current study were Visual
analogue scale (VAS), Quick disabilities of the arm, shoulder, and hand (Q-DASH) score and B-
endorphin hormone which were assessed in both groups before and after treatment. Both groups received
treatment program 3 sessions a week for 6 weeks. Results: The obtained results revealed significant
improvement of all measured variables in two groups after 6 successive weeks, also revealed statistically
significant difference between the two groups after treatment in favor of the group (A). Conclusion:
LLLT and TENS were effective treatment modalities in women with De Quervains's tenosynovitis and
LLLT was more effective than TENS in treating De Quervains's tenosynovitis.
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of low-level laser therapy versus transcutaneous electrical nerve stimulation on pain relief and -
endorphin hormone in de Quervain's synovitis. Int J Drug Deliv Technol. 2026;16(73s): 1240-1248. DOI:
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Introduction stimulate nerve pathways in the spinal cord

which block the transmission of pain [3].

Pain is the most frequent complaint in
pregnancy, occurring mostly in the low back
and less commonly in the hands and wrists.
Carpal tunnel syndrome (CTS) and De
Quervain's tenosynovitis (DQT) are the main
cause of hand and wrist pain [1].

Low-level laser therapy (LLLT) has a large
spread of usage in medicine. During the
previous decades, LLLT has been used in the
treatment of a variety of pathological conditions
such as musculoskeletal complications,
wounds, and pain controls [2].

Transcutaneous electrical nerve stimulation
(TENS) is a device that emits low voltage
currents and which has been used for pain relief.
The way that TENS works is not well
understood. The electrical pulses are thought to

It refers to the delivery of electrical currents
through the skin to activate peripheral nerves.
The technique is widely used in developed
countries to relieve a wide range of acute and
chronic pain conditions, including pain
resulting from cancer and its treatment [3].

De Quervain's tenosynovitis is a frequently
encountered pain of the hand and wrist. It
results from compression and irritation of the
APL and EPB as they pass through the first
dorsal compartment of the wrist. Patients
complain of tenderness and swelling proximal
to the radial styloid process, as well as pain in
the wrist and on the radial side of the hand [5].

The LLLT is a well-established clinical tool
used to treat pathological tissue conditions,
inflammatory processes, and promote wound
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healing. LLLT refers to the use of lasers
emitting a wavelength ranging from 600 to
1100 nm with an output power within 1 to 500
mW. A number of different laser light sources,
including semiconductor diode lasers, and
argon lasers, have been applied in different
treatments [6].

The TENS is a non-pharmacological
treatment for control of pain. When reading and
analyzing the existing literature for which
systematic reviews show that TENS is
inconclusive or ineffective, it is clear that a
number of variables related to TENS
application have not been considered. TENS is
an adjunct treatment for pain control that
produces its effects through activation of the
endogenous inhibition system  using
neurotransmitters with defined duration of
action [7].

So, adding low-level laser therapy and
transcutaneous electrical nerve stimulation
could be of help to improve pain relief and p-
endorphin  hormone in De Quervain's
tenosynovitis.

Subjects and methods
Design of the current study

The study was randomized and single-
blinded. All patients provide their informed
consent to participate, and the study was
conducted from July 2023 to January 2024.

Sample size calculation

The sample size was calculated using the
G*Power software (version 3.1.9.2; Franz Faul,
Universitat Kiel, Germany). F-test MANOVA
within and between interaction effects was
selected. Considering a power of 0.80, an a
level of 0.05 (2 tailed) and effect size of 0.91;
two groups and number of measurements two, a
generated sample size of at least 40 subjects, 20
participants per group was required.

Randomization

The randomization was carried out using
computer-generated  block  randomization
program at http://www.randomization.com/.
The participants were randomized in block sizes
of 6 and 9 with a 1:1 allocation ratio. Concealed
allocation was done using sealed, sequentially
numbered opaque envelopes. The
randomization was carried out by a blinded
researcher who was not involved in recruiting,
data collection or treatment.
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Study flow chart

Participants

Forty women with De Quervain's
tenosynovitis participated in this study, they
randomly allocated into two equal groups (A
and B); twenty patients in each group. Each
woman of the two groups received as 3 sessions
a week for 6 weeks. They were recruited from
and carried out at the out-patient clinics of
faculty of physical therapy, Cairo University
and out-patient clinics of New Cairo hospital,
Cairo, Egypt.

The criteria for inclusion were as follows:
(a) women aged from 25 — 35 years, (b) women
were able to participate in all sessions of the
study, (¢) women suffered from De Quervain's
tenosynovitis and (d) women were clinically
and medically stable. Women with (i) any
significant tightness and/or fixed deformity of
upper limb, or (ii) suffering from skin disease at
the site of treatment, (iii) using medications as
contraceptive pills or pain relief drugs were
excluded.

The participating women were divided into
two groups of equal size. Each participant in the
two groups was administered an identical
selected physical therapy program: Group A
received LLLT and selected physical therapy
program  (strengthening and  stretching
exercises), while group (B) received TENS and
the same selected physical therapy program as
in group (A). The treatment program was
applied 3 sessions/week for 6 weeks.

Measurements used
Pain severity measured by VAS

It is considered as reliable and valid method
available for estimation of pain intensity pain
level. It is a straight horizontal line of fixed
length, usually 100 mm. The ends are defined
as the extreme limits of the parameter to be
measured (symptom, pain, health) orientated
from the left (worst) to the right (best). In some
studies, horizontal scales are orientated from
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right to left, and many investigators use vertical
VAS [8,9].

Functional disabilities measured by Q-DASH

It is a self-administered region-specific
outcome instrument developed as a measure of
self-rated upper-extremity disability and
symptoms. The DASH consists mainly of a 30-
item disability/symptom scale, scored 0 (no
disability) 100 (most severe disability) [10].
The DASH-Arabic version demonstrated sound
psychometric properties of reliability, validity
and responsiveness. It is an effective patient
status and outcome tool that will support
evidence-based practice. This tool is
recommended for evaluating upper extremity
work-related injuries and tracking therapeutic
outcomes [11].

Potential biomarker of chronic pain measured
by f-endorphin hormone

It is released from hypothalamus and
pituitary gland in response to pain or stress. It
also relieves pain and creates a general feeling
of well-being. Venous blood samples (5 mL)
will be collected from all subjects between 7.30
and 10 am after 12 h of fasting to determine
levels of B-endorphin. 5 ml will be withdrawn
before treatment and 5 ml will be withdrawn
after treatment and the serum will be separated
and kept at -4 ° C until the B-endorphin
hormone is evaluated [12].

Intervention
Selected physical therapy program
As shown in Table 1, strengthening and

stretching exercises was applied in every
treatment session [13].

hand on a flat
surface. Then, Use
the fingers on the
other hand to bend
thumb down at the
point  where the
thumb connects to
the palm. Finally,
holding for at least
15 to 30 seconds.
Repeat 2 to 4 times.

2) Finkelstein
stretching exercise:

Therapist asked the

2) Thumb opponens
exercise:

Active exercises of
wrist, thumb and

tendon gliding
exercises for
adductor pollicis
longus and extensor
pollicis brevis

muscles were the
exercise received by
subject  treatments
for 2 weeks
continues for 2 to 3
times repeated in
per/day.

patient to hold her
arms out in front of
her (the patient's
hand should be in the
position used for
shaking someone's
hand). Then,
Bending the thumb
toward the palm. Use
the other hand to
gently stretch the
thumb and  wrist
downward until
feeling a stretch on
the thumb side of the
wrist. Finally,

Table 1. Selected physical therapy program.

Strengthening
exercises

Stretching
exercises

1) Thumb lifting
exercise:

Therapist asked the
patient to put her
hand on a flat
surface, with the
palm up. Then, lift
the thumb away
from the palm to
make a "C" shape.
Finally, holding for
about 6 seconds.
Repeat 8 to 12 times.

1) Isolated thumb
MP-joint _extensor
stretching exercise:

Therapist asked the
patient to hold her
hand in front of her,
and turning hand so
the little finger faces
down and the thumb
faces up (the
patient's hand should
be in the position
used for shaking
someone's  hand);
she may also rest
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holding for at least
15 to 30 seconds.
Repeat 2 to 4 times.

Low-level laser therapy (LLLT)

Each patient in this group asked to sit on arm
chair and rest her dominant hand on the
treatment table and the tender points detected
and remarkabled then the low level laser device
was adjusted on the following parameters:
(Wave length: 830 nm, Energy density: 20
J/em?, Power: 30-40, Contanous output of
100%, Irradiation rate: 1min for each tender
point, Beam diameter: 4mm). Protective
goggles worn by patients and therapist to
protect their eyes from the laser beam. After that
the laser probe held perpendicular to the area to
be treated (the distance between the probe and
the skin will be 2.5 cm?), Then the laser device
switched on to deliver the low level laser beam
on each tender point for Imin. This performed
to the all tender points (the total duration of
treatment session is 10 minutes). After finishing
the session the LLLT device switched off then
the patient started performing strengthening and
stretching exercises for the EPB and APL for 30
minutes, then she asked to wear the thumb spica
splint. This session repeated 3 times per week
for 6 weeks [14].
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Transcutaneous electrical nerve stimulation
(TENS)

Protocol of  Low-Frequency  High-
Amplitude TENS: one electrode is fixed about
1 cm? below the level of the wrist joint and the
other is fixed about 1 cm? on the distal part at
the base of thumb (the radiostyloid process).
The current characteristics were as follows:
monophasic, rectangular with a frequency of 1
Hz; duration — 200 ps; and the stimulation
amplitude was raised until a comfortable
painless motor response was achieved.
Stimulation was administered for 30 minutes
[15].

Statistical analysis

Data were collected for each participant
calculated at base line and after 6 weeks of
intervention for the two groups. The following
statistical steps were done:

- The normality of data was checked using
Shapiro-Wilk  test. Levene’s test for
homogeneity of variances was conducted to test
the homogeneity between both groups. Data
were normally distributed and there was
homogeneity of variance as p-value >0.05.
Unpaired T-test was conducted for comparison
between both groups regarding demographic
characteristics.

- The level of significance for all statistical tests
was set at p-value < 0.05. Statistical analysis
was performed through the statistical package
for social studies (SPSS) version 25 for
windows.

Results

Demographic data

When comparing the age-related mean
values of Groups A and B, we found no
statistically significant differences (p > 0.05)
(Table 2).

Table 2. Age comparison between groups (A
and B)

Group Group

A B t- p-
(mean (mean | value | value
+ SD) + SD)

Age 30.15 £ | 28.85
(years) | 2.85 +2.74
SD: Standard Deviation. t-value: Paired and
Un-paired. t- test value. p-value: Probability
value. S: Significant.

147 | 0.15™

Variables of measurement

(1) Pre-treatment comparison between
groups A and B. The comparison between the
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pre-treatment meant SD values in all
measurable variables was revealed among the 2
groups (p> 0.05) (Table 4).

(2) Comparison of pre- and post-treatment
groups A and B. Between the pre- and post-
treatment comparison mean = SD values of all
measurable variables were revealed among the
2 groups (p< 0.05) (Table 3).

(3) Comparison of post-treatment within
and between groups A and B. The comparison
among the post-treatment mean + SD values of
all measurable variables was revealed within
the 2 groups (p< 0.05) (Table 3).

Table 3. Comparison of arm girth
measurements, VAS, Q-DASH and -
endorphin hormone for the two groups (A and
B).

Gro | Gro
upA |upB |t p-
Items (mea | (mea | val | valu
n =|n =*|ue €
SD) | SD)
pre- | 695 1 41 0.7 | 047
treat 1 E 03 |30 |3
ment | 1.15 )
VAS post- | 2.65 | 3.55 31 1000
treat + + 3 3s
ment | 0.93 | 0.89
p- 0.00 | 0.00
value | 015 | 018
pre- 69.2 | 71.1
treat + + 2’7 8'546
Q- ment | 7.53 | 8.55
DAS | PO | 36.6 ‘5“'1 2.5 | 0.01
s
H ment £6.1 7.21 3 6
p- 0.00 | 0.00
value | 015 | 01°
pre- 41.1 | 434
treat |7 | =+ 1.5 (S)f\,ls4
B- ment | 5.14 | 4.23
endor | POSt | 26:6 | 308155 1509
hin treat 6 £|8 =+ 3 38
P ment | 424 | 4.02
p- 0.00 | 0.00
value | 015 | 01%

Pre: Before treatment.  Post: After 6 weeks of
treatment.  SD: Standard Deviation.

t-value: Paired and Un-paired t- test value. p-
value: Probability value. S: Significant NS:
Non Significant.

Discussion

The efficacy of LLLT and TENS with the
conventional physical therapy for women with
De Quervain's tenosynovitis was examined in
the current study. No previous studies reporting
solely to determine their effects and comparison
between them with the conventional physical
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therapy for women with De Quervain's
tenosynovitis. Therefore, to the best of our
knowledge, this is the first study solely focus on
the consensus of data concerning effects and
comparison  between them  with  the
conventional physical therapy for women with
De Quervain's tenosynovitis.

When comparing between the pre and post-
treatment results of VAS of group (A) revealed
significant differences that are accepted with
Stausholm et al. [16] who said that pain
reduction from the recommended LLLT doses
was significantly superior to placebo even at
follow-ups 12 weeks after the end of therapy,
and the difference was greater than 20 mm VAS
from the final 4-8 weeks of therapy through
follow-ups 68 weeks after the end of therapy.
Interestingly, the pain reduction from the
recommended LLLT doses peaked at follow-
ups 2—4 weeks after the end of therapy (31.87
mm VAS highly significantly beyond placebo).

The results of our study in group (A) are
accepted with Suresh and Kecha [13] who
found that there was a significant reduction in
pain post the management of Ultrasound,
massage and Exercises. The VAS score which
had a pretest score of 6 was reduced to a post
test score of 2. This can be explained by the
physiology of ultrasound therapy which
increases the blood flow in the treated area
which speeds the healing process. It reduces
swelling and edema which are the main sources
of pain.

When comparing between the pre and post-
treatment results of Q-DASH score of group
(A) revealed significant differences that come
in agreement with Sharma et al. [17] and
Sharma et al. [18] who found that using a low
intensity laser therapy (LILT). LILT and sham
LILT were applied to 28 patients, and a
significant reduction was found in grip strength
and combined thickness of the abductor pollicis
longus and extensor pollicis brevis tendon
sheaths. In the second study comparing LILT
and Ultrasonic in DQT, significant difference
was observed between the two groups, whereas
US was found to be more effective in the mean
values for grip strength and Q-DASH.

The results of our study in decreasing pain
in group (A) are agreed with Awotidebe et al.
[19]; Moshkovska and Mayberry [20] who
said that demonstrated that LLLT facilitates the
stimulation of fibroblasts and collagen
synthesis in connective tissue repair. In
addition, there is an effect that LLLT modulates
pain and reduces inflammation through the
prevention of cyclooxygenase-2 and reduction
of prostaglandin E2 receptor concentration.

When comparing between the pre and post-
treatment results of P-endorphin hormone of
group (A) revealed significant difference that
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are accepted with Laakso et al. [21] who
indicated that the analgesic response to
phototherapy may be mediated through
hormonal/opioid mechanisms, and that
responses to LLLT are dose and wavelength
dependent. A mechanism by which peripheral
stimulation using LLLT may elicit activity in
the central pathways is proposed.

In addition, the results of our study of group
(A) are agreed with Mannaa et al. [22] who
stated that LLLT had an effect during
neuroinflammation, analgesic and anti-
inflammatory pathways can be activated in an
attempt to modulate the response. In addition,
the authors of this previous study demonstrated
reduced pain sensitivity with gabapentin-
treatment or non-pharmacological approaches
based on LLLT, to which IL-10/B-endorphin
may be related.

Furthermore, Hagiwara et al. [23] who
found that LLLT has been reported to relieve
pain, free of side effects. However, the
mechanisms underlying LLLT are not well
understood. Recent studies have also
demonstrated that opioid-containing immune
cells migrate to inflamed sites and release p-
endorphins to inhibit pain as a mode of
peripheral endogenous opioid analgesia.

When comparing between the pre and post-
treatment results of VAS of group (B) revealed
significant differences that are accepted with a
study applied by Zhu et al. [24] who said that
TENS supplementation intervention was
associated with a significantly reduced VAS
scores and total postoperative morphine dose at
24 h in patients after total knee arthroplasty.

The results of our study in group (B) are
supported by the results of Gladwell et al. [25]
and Gozani et al. [26] who confirmed that
neuromodulation techniques such as TENS are
indicated as adjuncts to core treatment and used
to alleviate sensations of pain, muscle tension
and spasm, and the impact of an ‘overprotective
brain’. Patients report that TENS provides
indirect benefits including enhanced function,
improved psychological well-being, better
sleep and medication reduction; therefore,
TENS is widely accepted by patients because it
is inexpensive, can be self-administered and has
no toxicity.

The results of our study are agreed by the
results of Simpson et al. [27] who proved that
the effectiveness of TENS of the reduction in
pain severity observed in this meta-analysis (38
mm VAS) appears to compare favorably to that
produced by pharmacological analgesia. In the
prehospital setting, morphine, fentanyl and
methoxyflurane have been reported to produce
mean reductions in pain measured by a numeric
rating scale of 4.5, 4.5 and 3.2, respectively,
whereas a recent prehospital clinical trial of
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nitrous oxide reported a reduction of 4 (numeric
rating scale).

When comparing between the pre and post-
treatment results of Q-DASH score of group (B)
revealed significant differences that are
accepted with Watson [28] who confirmed that
TENS reduces pain without the presence of
adverse effects. It does not involve any risk for
the burn patient because electrodes are placed
on the periphery of the injured skin. It also
represents a low-cost option. In addition to the
benefit of reducing pain, electrical stimulation
can accelerate wound healing by promoting
greater cell migration to the site of injury [29].

Another mechanism of pain relief can be
explained by a study done by Ma and Sluka
[30] who found that TENS did not exacerbate
pain in these cases despite activating low
threshold mechanoreceptive peripheral
afferents. Furthermore, Johnson et al. [31]
stated that TENS may be beneficial for pain
irrespective of pain characteristics or medical
diagnosis, supporting the view that TENS
should primarily be indicated according to
symptoms, that is, the presence of pain rather
than medical diagnosis.

When comparing between the pre and post-
treatment results of B-endorphin hormone of
group (B) revealed significant differences that
come in agreement with a study applied by
Sabino et al. [32] who found that TENS can
reduce pain through central and peripheral
mechanisms. The central mechanism includes
activation of the opioid, muscarinic, and
serotonin receptors in the spinal cord and
brainstem. Peripherally, at site of TENS
application, the reduction of pain may be
through activation of the opioid and o-2
adrenergic receptors involved in analgesia.

The results of the current study are
consistent with findings of Dailey et al. [33]
who said that TENS may improve adherence to
an exercise task, while not directly improving
function. Also, Sluka and Walsh [35]; Vance
et al. [36] added that TENS activates
endogenous inhibitory pathways in the central
nervous system, releasing the inhibitory
neurotransmitters  serotonin, opioids, and
GABA to reduce sensitization of central
neuron, and the greatest effects occur during
stimulation, when endogenous inhibitory
neurotransmitters are released. Moreover, the
research applied by Trupkovic et al. [37] added
that the mechanism of TENS action is similar to
the pharmacological treatment used for
analgesia and sedation in intensive care units,
but without the known side effects of these
drugs.

Also, the significant improvement results in
favor of group (B) when compared with group
(A) that are accepted with the results of
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Karagul et al. [38] who proved that both LLLT
and TENS were found to be effective in treating
pain of the sciatic nerve associated with lumbar
disk herniation with radiculopathy. LLLT was
found to be more effective than TENS in
reducing leg and neuropathic pains. Follow-up
assessments revealed that the only lasting effect
of the treatments, which continued into the third
month, was the improvement in leg pain.

The superiority of the results in group (A) is
in agreement with findings of controlled study
by Naesar et al. [38] who found that an active
treatment of LLLT to be more effective than
placebo  in  relation to pain  and
electrophysiological parameters. Moreover,
Coderre et al. [39] said that different
experimental studies suggest that LLLT has
anti-inflammatory and analgesic effects. It has
been reported that LLLT therapy has both anti-
inflammatory and anti-oedematous effects due
to its reductive effect in prostaglandin
synthesis.

The results of the current study in favor of
group (A) are confirmed with the findings of the
research applied by Battecha and Atya [40]
who concluded that LLLT has to be more
efficient than TENS in increasing cutaneous
microcirculation and decreasing pain in patients
with diabetic neuropathy.

The results of our study of group (A) are
disagreed with Li et al. [41] who considered the
results of published studies, the use of LLLT
cannot yet be considered a standard treatment
for orthodontic pain, because the various
commercial laser systems differ both in
technical specifications and in methods of
application, as well as in the study designs,
which are limited and have risk of bias.

Also, the results of current study are rejected
with the controlled trial study applied by Irvine
et al. [42] who showed LLLT not to be any
more effective than placebo in improving CTS
symptoms, pain, hand function and
electrophysiological parameters.

Furthermore, the results of current research
are inconsistent with the research applied
clinically by Thorsen et al. [43] found that
there was no significant effect of LLLT
(GaAlAs, 830 nm) for chronic myofascial pain
in the neck and shoulder girdle.

Limitations

This study has some limitations related to
changes in the patients’ lifestyle habits and
educational levels, differences in motivation
between all patients — some patients did not
complete the treatment protocol for various
reasons and were excluded from the study —
possible conflicts with knowledge gained from
course work, and a lack of knowledge of
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whether the skills will transfer to a clinical
environment.

Conclusions

LLLT with selected physical therapy
program was more effective than TENS with
selected physical therapy program on pain relief
and endorphin hormone in De Quervains's
tenosynovitis.

Acknowledgements
The authors are grateful to all the women for
their participation in this study.

Ethical approval

The research related to human use complied
with all the relevant national regulations and
institutional policies, followed the tenets of the
Declaration of Helsinki, and were approved by
the Research Ethical Committee at National
Institute of Laser Enhanced Sciences, Cairo
University, located in Cairo, Egypt. The
researchers performed a concise interview to
assess the women’ demographic information
and verify their eligibility for the research
study.

Informed consent
Informed consent was obtained from all
individuals included in this study.

Disclosure statement
No author has any financial interest or received
any financial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

Funding
This research received no external funding.

References

1. Smith M. W., Marcus P. S. and Wurtz L.
D., (2018): "Orthopedic issues in
pregnancy". Obstet. Gynecol. Surv.; 63
(2): 103 —111.

2.  Lin Y., Huang M. and Chai C., (2016):
"Effects of helium-neon laser on the
mucopolysaccharide induction in
experimental  osteoarthritic cartilage".
Osteoarthritis Cartilage; 14 (4): 377 — 383.

3. Dowswell T., Bedwell C., Lavender T.
and Neilson J. P., (2009): "Transcutaneous
electrical nerve stimulation (TENS) for
pain relief in labour". Cochrane Database
Syst. Rev.; CD007214.

4. Tashani O. and Johnson M. L., (2009):
"Transcutaneous Electrical Nerve
Stimulation (TENS) A Possible Aid for

IJDDT Volume 16 Issue 73s 2026

10.

11.

12.

13.

14.

15.

Pain Relief in Developing Countries?".
Libyan. J. Med.; 4 (2): 62 — 65.

Tabinda H. and Mahmood F., (2015): "De
Quervain's Tenosynovitis and
Phonophoresis: A Randomised Control
Trial in Pregnant Females". J. Orthop.
Trau. Rehab.; 1 - 5.

Bloise N., Ceccarelli G., Minzioni P.,
Vercellino M., Benedetti L., De Angelis
M. G., Imbriani M. and Visai L., (2013):
"Investigation of low-level laser therapy
potentiality on  proliferation  and
differentiation of human osteoblast-like
cells in the absence/presence of osteogenic
factors". J. Biomed. Optics.; 18 (12):
128006.

Sluka K. A., Bjordal J. M., Marchand S.
and Rakel B. A., (2013): "What Makes
Transcutaneous Electrical Nerve
Stimulation Work? Making Sense of the
Mixed Results in the Clinical Literature".
Phys. Ther.; 93 (10): 1397 — 1402.
Begum M. R., (2019): "Validity and
reliability of visual analogue scale (VAS)
for pain measurement". J. Med. Case Rep.
Rev.; 2 (11):3-7.

Ferreira-Valente M. A., Pais-Ribeiro J. L.
and Jensen M. P., (2011): "Validity of four
pain intensity rating scales". Pain; 152
(10): 2399 — 2404.

Hudak P. L., Amadio P. C. and
Bombardier C., (1996): "Development of
an upper extremity outcome measure: the
DASH (disabilities of the arm, shoulder
and hand) [corrected]. The Upper
Extremity Collaborative Group (UECG)".
Am. J. Ind. Med.; 29 (6): 602 — 608.
Alotaibi N. M., Aljadi S. H. and
Alrowayeh H. N., (2016): "Reliability,
validity and responsiveness of the Arabic
version of the Disability of Arm, Shoulder
and Hand (DASH-Arabic)". Disabil.
Rehabil.; 38 (25): 2469 — 2478.

Foley K. M., Kourides 1. A., Inturrisi C.
E., Kaiko R. F., Zaroulis C. G., Posner J.
B., Houde R. W. and Li C. H., (1999): "B-
Endorphin: Analgesic and hormonal
effects in humans". Proc. Natl. Acad. Sci.
US A.;76(10): 5377 — 5381.

Suresh T. N. and Kecha P., (2018): "Effect
of ultrasound, massage therapy and
exercises on de-quervain’s tenosynovitis".
Inter. J.Yoga Phys. Ph. Educ.; 3 (3): 43 —
48.

Elsawy D. A., Morsy M. S. and Abo El
Enin M. F., (2021): "Efficacy of Low
Level Laser Therapy on De Quervain's
Tenosynovitis after Delivery". Med. J.
Cairo Univ.; 89 (4): 1715 - 1719.
Al-Zamil M., Minenko I. A., Kulikova N.
G., Mansur N., Nuvakhova M. B,

Page- 1246 - :



EFFECT OF LOW-LEVEL LASER THERAPY VERSUS TRANSCUTANEOUS
ELECTRICAL NERVE STIMULATION ON PAIN RELIEF AND B-ENDORPHIN
HORMONE IN DE QUERVAIN'S SYNOVITIS

16.

17.

18.

19.

20.

21.

22.

23.

Khripunova O. V., Shurygina 1. P.,
Topolyanskaya S. V., Trefilova V. V.,
Petrova M. M., Narodova E. A., Soloveva
I. A., Nasyrova R. F. and Shnayder N. A.,
(2023): "Efficiency of Direct
Transcutaneous Electroneurostimulation
of the Median Nerve in the Regression of
Residual Neurological Symptoms after
Carpal Tunnel Decompression Surgery".
Biomedicines; 11 (9): 2396 — 2404.
Stausholm M. B., Naterstad 1. F., Joensen
J., Lopes-Martins R. A., Sebo H., Lund
H., Fersum K. V. and Bjordal J. M.,
(2019): "Efficacy of low-level laser
therapy on pain and disability in knee
osteoarthritis: systematic review and
meta-analysis of randomised placebo-
controlled trials". BMJ Open; 9 (10):
e031142.

Sharma R., Thukral A., Kumar S. and
Bhargava S. K., (2012): "Effect of low
level lasers in de Quervains tenosynovitis:
Prospective study with ultrasonographic
assessment". Physiotherapy; 88 (3): 730 —
734.

Sharma R, Aggarwal AN, Bhatt S, Kumar
S, Bhargava SK. (2015): "Outcome of low
level lasers versus ultrasonic therapy in de

Quervain’s  tenosynovitis". Indian J.
Orthop.; 49 (2): 542 — 548.
Alotaibi N. M., Aljadi S. H. and

Alrowayeh H. N., (2016): "Reliability,
validity and responsiveness of the Arabic
version of the Disability of Arm, Shoulder
and Hand (DASH-Arabic)". Disabil.
Rehabil.; 38 (25): 2469 — 2478.
Moshkovska T. and Mayberry J. (2015):
"It is time to test low level laser therapy in
great Britain". Postgrad. Med. J.; 81 (2):
436 —441.

Laakso E. L., Cramond T., Richardson C.
and Galligan J. P., (2014): "Plasma Acth
and B-endorphin levels in response to low
level laser therapy (LLLT) for myofascial
trigger points". Laser Ther.; 6 (3): 133 —
141.

Mannaa F. A., Abdel-Wahhab K. G.,
Daoud E. M., El Gendy A. A., Saber M.
M. and Fadl N. N., (2021): "Effectiveness
of Low-Power Laser Therapy in
Improvement  of the  Peripheral
Neuropathy Induced by Xenobiotics in
Rats". Biochem. Biophys. Rep.; 27 (1):
101085.

Hagiwara S., Iwasaka H., Hasegawa A.
and Noguchi T., (2008): "Pre-Irradiation
of Blood by Gallium Aluminum Arsenide
(830 nm) Low-Level Laser Enhances
Peripheral Endogenous Opioid Analgesia
in Rats". Anesth. Analg.; 107 (3): 1058 —
1063.

IJDDT Volume 16 Issue 73s 2026

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Zhu Y., Feng Y. and Peng L., (2017):
"Effect of transcutaneous electrical nerve
stimulation for pain control after total
knee arthroplasty: A systematic review
and meta-analysis". J. Rehabil. Med.; 49
(9): 700 — 704.

Gladwell P. W., Cramp F. and Palmer S.,
(2020): "Matching the perceived benefits

of transcutaneous electrical nerve
stimulation ~ (TENS)  for  chronic
musculoskeletal pain against patient

reported outcome measures using the
International classification of functioning,
disability and health (ICF)".
Physiotherapy; 106 (1): 128 — 135.
Gozani S. N., Ferree T. C., Moynihan M.
and Kong X., (2019): "Impact of
transcutaneous electrical nerve
stimulation on sleep in chronic low back
pain: a real-world retrospective cohort
study". J. Pain Res.; 12 (1): 743 — 752.
Simpson P. M., Fouche P. F., Thomas R.
E. and Bendall J. C., (2014):
"Transcutaneous electrical nerve
stimulation for relieving acute pain in the
prehospital setting a systematic review
and meta-analysis of randomized-
controlled trials". Eur. J. Emerg. Med.;
21(1): 10— 17.

Watson T., (2018): "Electrotherapy:
Evidence-based Practice". 12th ed. United
Kingdom: Churchill-Livingston; Chapter
16.

Norman A. T. and Judkins K. C., (2014):
"Pain in the patient with burns". Crit. Care
Pain; 4 (2): 57 —-61.

Ma Y. T. and Sluka K. A., (2011):
"Reduction in inflammation-induced
sensitization of dorsal horn neurons by
transcutaneous electrical nerve
stimulation in anesthetized rats". Exp.
Brain Res.; 137 (1): 94 — 102.

Johnson M. I, Paley C. A., Jones G.,
Matthew R. Mulvey M. R. and Wittkopf
P. G., (2022): "Efficacy and safety of
transcutaneous electrical nerve
stimulation (TENS) for acute and chronic
pain in adults: a systematic review and
meta-analysis of 381 studies (the meta-
TENS study)". BMJ Open; 12 (2):
€051073.

Sabino G. S., Santos C. M., Francischi J.
N. and De Resende M. A., (2018):
"Release of endogenous opioids following
transcutaneous electric nerve stimulation
in an experimental model of acute
inflammatory pain". J. Pain; 9 (2): 157 —
163.

Dailey D. L., Vance C. G., Rakel B. A.,
Zimmerman M. B., Embree 1.,
Merriwether E. N., Geasland K. M.,

Page- 1247 -



EFFECT OF LOW-LEVEL LASER THERAPY VERSUS TRANSCUTANEOUS
ELECTRICAL NERVE STIMULATION ON PAIN RELIEF AND B-ENDORPHIN

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

HORMONE IN DE QUERVAIN'S SYNOVITIS

Chimenti R., Williams J. M., Golchha M.,
Crofford L. J. and Sluka K. A., (2020):
"Transcutaneous Electrical Nerve
Stimulation Reduces Movement-Evoked
Pain and Fatigue: A Randomized,
Controlled Trial". Arthritis Rheumatol.;
72 (5): 824 — 836.

Sluka K. A. and Walsh D. M., (2016):
"Transcutaneous electrical nerve
stimulation and interferential therapy". In:
KA Sluka, editor. "Pain mechanisms and
management for the physical therapist".
2nd ed. Philadelphia: Wolters Kluwer
Health; 203 — 223.

Vance C. G., Dailey D. L., Rakel B. A. and
Sluka K. A., (2014): "Using TENS for
pain control: the state of the evidence".
Pain Manag.; 4 (3): 197 —209.

Trupkovic T., Kinn M. and Kleinschmidt
S., (2011): "Analgesia and sedation in the
intensive care of burn patients: results of a
European survey". J. Inten. Care Med.; 26
(6): 397 — 407.

Karagul S., Kibar S., Ay S., Evcik D. and
Ergin S., (2024): "Comparison of the
effectiveness of TENS and Low-Level
Laser therapy applied to the sciatic nerve
region in chronic lumbar radiculopathy".
J. Lasers Med. Sci.; 15 (1): el3.

Naeser M. A., Hahn K. A., Liebermen B.
E. and Branco K. F., (2012): "Carpal
tunnel syndrome pain treated with low
level laser and microamperes
transcutaneous electric nerve stimulation:
a controlled study". Arch. Phys. Med.
Rehabil.; 83 (7): 978 — 988.

Coderre T. J., Katz J., Vaccarino A. L. and
Melzack R., (2013): "Contribution of
central neuroplasticity to pathological
pain: review of clinical and experimental
evidence. Pain; 52 (3): 259 — 285.
Battecha K. H. and Atya A. M., (2011):
"Low Intensity Laser Therapy (LILT)
Versus Transcutaneous Electrical Nerve
Stimulation On Microcirculation In
Diabetic Neuropathy". AIP Conf. Proc.;
1380 (3): 18 —23.

LiF.J., Zhang J. Y., Zeng X. T. and Guo
Y., (2014): "Low-level laser therapy for
orthodontic pain: a systematic review'.
Lasers Med. Sci.; 30 (6): 1789 — 1803.
Irvine J., Chong S. L., Amirjani N. and
Chan K. M., (2014): "Double-blind
randomized controlled trial of low-level
laser therapy in carpal tunnel syndrome".
Muscle Nerve; 30 (2): 182 — 187.
Thorsen H., (2012): "Low level laser
therapy for myofascial pain in the neck
and shoulder girdle. A double-blind,
cross-over study". Scand. J. Rehabil.
Med.; 21 (3): 139 — 141.

IJDDT Volume 16 Issue 73s 2026

Page- 1248 -:



