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Purpose: We aimed to evaluate the therapeutic effects of near-infrared radiation on patients with
chronic neck pain using various subjective and objective outcome measures.

Methods: Thirty participants with chronic neck pain between 20 years and 65 years of age were divided into
two groups. Participants in Group A received near-infrared therapy every day for 1 week and no intervention
in the following week. Group B participants received no intervention during the 1st week and near-infrared
therapy every day in the following week. Quantitative measures of visual analog scale (VAS), pressure pain
threshold (PPT), muscle stiffness, and skin-surface temperature were obtained using specific equipment.
Results: Both groups showed significant increases in VAS scores after receiving near-infrared therapy. In
most of the sampled muscles, PPT values also increased after receiving near-infrared therapy in both groups.

near infrared;
pressure pain threshold;
visual analog scale

lation is warranted.

All other outcome measures collected prior to and after therapy displayed nonsignificant differences.
Conclusion: Results from this pilot study indicate that near-infrared therapy reduces pain and partially
increases PPT. Further investigation of the long-term effects of near-infrared therapy on a larger popu-

Copyright © 2013, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.

1. Introduction

Neck pain is a common complaint in clinical practice and a major
cause of activity limitations, disability, and loss of productivity. The
prevalence of neck pain with or without upper limb pain ranges
from 9% to 18% in the general population, and one in three people
can recall at least one incidence of neck pain within their lifetime.!"
A wide range of interventions is used to treat neck pain including
drugs, physical therapy,> acupuncture or dry needling,*” local
injection,® botulinum toxin,” and educational programs.® However,
there remains a lack of consensus on the optimal treatment for
chronic neck pain.

Although previous studies on the subject are limited, in-
vestigators have shown that electromagnetic waves of near- and
far-infrared spectra produce thermal and nonthermal effects,
including increased microvascular dilatation and elevated regional
tissue temperatures.>!? Infrared radiation, a form of radiant energy,
is emitted from any substance with a temperature higher than
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absolute zero. Infrared is the portion of the electromagnetic spec-
trum adjacent to the long-wavelength low-frequency end of the
visible spectrum. Infrared produces heat by inducing molecular
vibration. Luminous infrared heat lamps emit radiation in the near-
infrared spectrum (770—1500 nm wavelength), and nonluminous
infrared heat lamps emit radiation in the far-infrared spectrum
(1500—12,500 nm wavelength).!!

Previous studies have described several positive clinical effects
of infrared radiation, including relief of arthritic knee pain,12
improved wound healing,’>~® reduced chronic low back pain,'®
and increased endorphin levels.”” However, to our knowledge,
few studies have evaluated the therapeutic effects of near-infrared
radiation on patients with chronic neck pain using subjective and
objective outcome measures. Therefore, the aim of this study was
to administer near-infrared radiation to patients with chronic neck
pain and to evaluate its clinical effects.

2. Methods
2.1. Participants
Thirty community-living participants (age range, 20—65 years)

with chronic neck pain completed the study. The participants were
randomly divided into two groups. Fifteen participants were
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included in Group A (8 men and 7 women; mean age: 34.5 years),
and 15 participants were included in Group B (9 men and 6
women; mean age: 31.5 years). Participants were excluded if they
had impaired sensation, acute trauma, rheumatological disorders
including ankylosing spondylitis, rheumatoid arthritis or systemic
lupus erythematosus, cervical spondylosis, cervical radiculopathy
or myelopathy, fibromyalgia, history of psychological diseases, or
were pregnant or planned pregnancy. This study was conducted at
Taipei Medical University Hospital and approved by the Institu-
tional Review Board. The potential risks and benefits of participa-
tion were explained to each participant. All participants reviewed
an informed consent document and provided written consent prior
to participating in the study.

2.2. Study design

This study was designed as a randomized crossover 2-week trial to
determine the effects of near-infrared radiation on participants
with chronic neck pain. Group A received near-infrared radiation
every day for 1 week and no intervention in the following week.
Group B received no intervention during the first week and near-
infrared radiation in the following week.

2.3. Intervention

A 650-W infrared halogen lamp (InfraCare HP 3643; Philips
Electronics Industries Ltd, Taipei, Taiwan) was used to administer
infrared radiation to all participants. The lamp covered
60 cm x 40 cm area over the upper back and neck regions.

2.4. Outcome measures

Outcome measures of participants in Group A were assessed prior
to therapy, 15 minutes after therapy, after 1 week of treatment,
and 1 week after cessation of therapy. Outcome measures of
participants in Group B were assessed at baseline, prior to ther-
apy, 15 minutes after therapy, and after 1 week of treatment
(Figure 1).
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2.4.1. Visual analog scale measurements
Participants were asked to mark a 10-cm horizontal line to describe
their perception of pain from none to mild, moderate, and severity.

2.4.2. Measurement of muscle stiffness (muscle tone and
compliance)

The Myotonometer (Neurogenic Technologies Inc., Missoula,
Montana, USA), a patented computerized electronic tissue compliant
meter-type device, and a pressure meter were used to evaluate
muscle stiffness. In this study, each participant was required to siton
a chair with their trunk upright, their shoulders in a horizontal po-
sition on both sides, and their palms placed on their thighs. Muscle
stiffness was measured repeatedly on both sides of the trapezius and
splenius capitis muscles. The sites for measurement (in the center of
the muscle belly) were identified using manual palpation and
marked using a pen. Measurements were taken at eight-force in-
crements (0.25 kg, 0.50 kg, 0.75 kg, 1.0 kg, 1.25 kg, 1.50 kg, 1.75 kg, and
2.00 kg). Force—displacement curves were created using computa-
tional software and the areas under the curves (AUCs) were calcu-
lated from the obtained data. These data provide a reliable measure
of muscle stiffness as described previously.!®1° In this study, myo-
tonometric measurements of the trapezius and splenius capitis
muscles were acquired at rest. Measurement periods were lasted for
6 seconds, with an interval of 2 seconds, and the three points for
measurement were the 1st second, 3rd second, and 5th second. Each
assessment was repeated after a 2-minute interval.

2.4.3. Measurement of pressure pain threshold

The participants were seated comfortably on a chair with a low
support for the back and arms. The pressure pain threshold (PPT)
recording points were selected and marked using a pen. The PPT
values of the trapezius and splenius capitis muscles were measured
three times (at 30-second intervals) bilaterally using an algometer
(FORCE DIAL; Wagner Instruments, Greenwich, Conneticut, USA).
Pressure was applied perpendicularly to the skin at the marked
points. Measurements were collected with continuous application of
increasing pressure, at a uniform rate of 1 kg/second, until the patient
experienced pain and requested pressure cessation. The PPT was
defined as the lowest pressure required for a participant to feel pain.

1-week near-infrared therapy

No therapy on the 2™ week

Prior to 15 minutes 1 week after 1 week after cessation
therapy after therapy therapy of therapy
Group A
No therapy on the 1% week 1-week near-infrared therapy
.]............................—>
Baseline Prior to 15 minutes after therapy 1 week after
therapy therapy

Group B

Figure 1 Study procedures for Groups A and B.
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Table 1 VAS scores, PPT values, AUC values, and skin-surface temperatures in Group A (n = 15)
Al A2 A3 A4
VAS** 5.60 (1.59) 4.4 (1.50) 4.01 (1.87) 5.13(1.41)
PPT (kg/cm?) Left trapezius muscle 2.39(0.51) 2.66 (0.46) 2.58 (0.53) 2.70 (0.63)
Right trapezius muscle 2.34 (0.56) 2.66 (0.43) 2.62 (0.49) 2.60 (0.60)
Left splenius capitis muscle 1.84 (0.33) 2.05 (0.39) 1.98 (0.34) 2.11 (0.35)
Right splenius capitis muscle 1.70 (0.32) 1.94 (0.33) 1.99 (0.43) 2.03 (0.38)
AUC (kg/mm) Left trapezius muscle 17.14 (2.70) 16.57 (1.88) 17.15 (2.40) 16.90 (3.12)
Right trapezius muscle 16.82 (2.70) 16.85 (2.59) 16.68 (2.83) 16.44 (3.19)
Left splenius capitis muscle 17.39 (2.90) 17.10 (2.06) 18.99 (2.11) 18.59 (1.99)
Right splenius capitis muscle 16.72 (2.45) 17.28 (1.72) 18.25(2.01) 17.49 (2.89)
Skin temperature (°C) Neck 32.37 (3.08) 32.64 (3.64) 31.42 (2.88) 31.96 (2.11)
Upper back 32.63 (2.79) 32.58 (3.96) 31.28 (4.28) 31.60 (3.47)

*p < 0.05 and **p < 0.01, differences in outcome variables compared with outcome variables prior to therapy.
A1 = prior to therapy; A2 = 15 minutes after therapy; A3 = after 1 week of therapy; A4 = 1 week after cessation of therapy.

VAS = visual analog scale; PPT = pressure pain threshold; AUC = area under the curve.

Each muscle test was separated by a 2-minute interval. The same
examiner collected all measurements for all participants. Previous
studies have shown that the reliability and test—retest repeatability
of pressure pain for each point in all sessions are high.2%?!

2.4.4. Measurement of skin-surface temperature

A digital infrared thermal image system (SPECTRUM9000MB-500
System, UIS Co, Taipei, Taiwan) was used to measure skin-surface
temperature. The mean skin-surface temperature in the neck and
upper back was assessed prior to and after therapy in both groups
and the values were compared. Previous studies have shown that
measurement of skin-surface temperature can provide an objective
tool during the diagnosis and follow-up of patients with myofascial
pain, and is associated with high accuracy and repeatability in pain
measurements.??23

2.5. Statistical analysis

Repeated-measures analysis of variance (ANOVA) was used to
evaluate the differences between measurement parameters. A
p value <0.05 was considered statistically significant. Following a
significant ANOVA test result, Bonferroni post hoc analysis was
conducted to further evaluate the differences between parameters.
Statistical analyses were performed using Statistical Package for
Social Science software version 18.0 (SPSS Inc., Chicago, Illinois, USA).

3. Results
3.1. Visual analog scale measurements

In Group A, the mean visual analog scale (VAS) score was decreased
from 5.60 (prior to therapy) to 4.4 (15 minutes after therapy). After

1 week of therapy, the mean VAS score further reduced to 4.01
(p < 0.001; Table 1).

In Group B, the mean VAS score decreased from 5.40 (prior to
therapy) to 4.37 (15 minutes after therapy; p < 0.01). After 1 week
of therapy, the mean VAS score further was reduced to 4.00
(p < 0.05; Table 2).

3.2. Measurement of muscle stiffness (muscle tone and compliance)

In both groups, the AUC values of the bilateral trapezius and sple-
nius capitis muscles collected prior to and after therapy displayed
nonsignificant differences (Tables 1 and 2).

3.3. PIT measurements

In Group A, in the right splenius capitis muscle, the mean PPT value
increased from 1.70 (prior to therapy) to 1.94 (15 minutes after
therapy; p < 0.01), and then to 1.99 (after 1 week of therapy;
p < 0.05). In the bilateral trapezius and left splenius capitis muscles,
mean PPT values collected prior to and after therapy showed an
increasing trend (Table 1).

In Group B, in the left trapezius muscle, the mean PPT value
increased from 2.30 (prior to therapy) to 2.57 (15 minutes after
therapy; p < 0.05; Table 2), and then to 2.74 (after 1 week of
therapy; p < 0.05). In the right trapezius muscle, the mean PPT
value increased from 2.22 (prior to therapy) to 2.54 (15 minutes
after therapy; p < 0.01), and then to 2.79 (after 1 week of therapy;
p < 0.01; Table 2). In the right splenius capitis muscle, the mean PPT
value increased from 1.76 (prior to therapy) to 1.98 (15 minutes
after therapy, p < 0.05), and then to 2.15 (after 1 week of therapy;
p < 0.01; Table 2).

Table 2 VAS scores, PPT values, AUC values, and skin-surface temperatures in Group B (n = 15)

B1 B2 B3 B4
VAS* 5.40 (1.72) 5.54 (1.77) 4.37 (1.56) 4.00 (1.85)
PPT (kg/cm?) Left trapezius muscle 2.42(042) 2.30 (0.18) 2.57 (0.34)* 2.74 (0.56)
Right trapezius muscle 2.41(0.45) 2.22(0.34) 2.54 (0.76)** 2.79 (0.47)**
Left splenius capitis muscle 1.96 (0.44) 1.83 (0.38) 1.96 (0.38) 2.21(0.44)
Right splenius capitis muscle 1.89 (0.29) 1.76 (0.40)* 1.98 (0.44)* 2.15(0.57)**
AUC (kg/mm) Left trapezius muscle 16.77 (2.87) 16.47 (2.40) 17.13 (2.10) 16.86 (2.73)
Right trapezius muscle 16.52 (1.86) 16.66 (1.44) 16.67 (1.62) 17.48 (2.54)
Left splenius capitis muscle 17.25(2.17) 17.04 (1.82) 17.18 (1.85) 17.56 (2.89)
Right splenius capitis muscle 17.15 (2.26) 17.22 (3.01) 17.04 (2.60) 16.91 (2.62)
Neck 32.94 (2.76) 32.78 (4.28) 32.97 (4.71) 32.07 (3.24)
Skin temperature (°C) Upper back 32.86 (1.00) 32.57 (4.58) 33.04 (4.90) 32.27 (3.14)

*p < 0.05 and **p < 0.01, differences in outcome variables compared with outcome variables prior to therapy.

Bonferroni post hoc test: B1

= baseline; B2 = prior to therapy; B3 = 15 minutes after therapy; B4 = after 1 week of therapy.
AUC = area under the curve; PPT = pressure pain threshold; VAS = visual analog scale.
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3.4. Measurement of skin-surface temperature

In both groups, skin-surface temperatures collected prior to and
after therapy showed nonsignificant differences (Tables 1 and 2).

4. Discussion

The results from this crossover study indicate that near-infrared
radiation reduced pain significantly and partially modulate me-
chanical pain perception in patients with chronic neck pain. Our
results support a previous report,'® which showed that infrared
radiation effectively reduces chronic lower back pain. Nuhr
et al** previously identified that local heat therapy exerts pain-
relieving effects and can increase the elasticity of connective
tissues.

Although the exact mechanisms underlying the therapeutic
effects of near-infrared radiation on PTT have yet to be fully eluci-
dated, our results of trends toward increasing PPT values following
the application of near-infrared radiation are encouraging. Near-
infrared radiation might exert direct heating effects on free nerve
endings or nerve trunks that supply an affected area through
various mechanisms, including effects on neuronal membrane
potentials,? to reduce pain and increase the pain threshold.

Myotonometer force—displacement curves represent the
amount of tissue displacement caused by a given unit of force
applied perpendicular to a muscle. Increasing AUC values reflect
decreasing muscle stiffness. In previous investigations, thermal
stimuli to the surface of the body relieved muscle stiffness by
inhibiting sympathetic activity and stimulating parasympathetic
activity. Reduced muscle tension might relieve pain and fatigue.?®
However, in our study, the AUC values for the bilateral trapezius
and splenius capitis muscles collected prior to and after therapy
showed nonsignificant differences. It is possible that near-infrared
radiation was unable to reduce muscle stiffness, or that the dura-
tion of the intervention was too short to induce significant effects.

In this study, skin temperatures of the neck and upper back
measured prior to and after therapy showed nonsignificant
differences. The reason for this finding remains unclear. Cooling of
the skin might occur secondarily to sympathetic overactivity
because of nociceptor and mechanoreceptor stimulation, leading to
a reflex neuropathic state. Increases in sympathetic efferent
activity can result in painful responses to afferent stimuli.>’*
Elevated skin temperatures might reflect reduced sympathetic
activity and increased regional microcirculation. However, the
correlation between skin temperature and pain levels requires
further investigation.

Because infrared radiation warms up the tissues, it is judicious
to avoid its use in patients with malignant hyperthermia and in
patients with scleroderma, because some forms of the condition
can deteriorate in sunlight, which has a wavelength close to that of
infrared radiation. In addition, repeated and prolonged exposure of
the skin to heat can result in erythema ab igne, a skin condition
characterized by reticular pigmentation and telangiectasia,
although this effect has yet to be reported following the adminis-
tration of infrared radiation.?° In our study, we observed no adverse
effects following the application of near-infrared radiation.

Biophysical methods that promote health show an increased
popularity, and near-infrared radiation could provide a valuable
alternative intervention for some types of chronic pain. However,
further prospective clinical trials and evidence-based experimental
studies are needed to confirm its potential use as a complementary
and alternative method for relieving symptoms of neck pain. In the
future, near-infrared radiation could potentially be used to reduce
patients’ dependence on nonsteroidal anti-inflammatory drugs and
other pain relief medication.
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This study has several limitations. One limitation was the lack of
experimental blinding of the participants; they were aware of
having received infrared radiation. However, the use of a different
trainer and assessor allowed for experimental blinding of the
assessor. Another limitation of this study was its limited sample
size. Further clinical trials are needed on a larger population to
provide more comprehensive results. One further limitation was
the short duration of therapeutic application; therefore, the long-
term effects of near-infrared radiation could not be determined.
The PPT values can also potentially be influenced by psychological
factors such as depression or anxiety. Future studies should include
the assessment of these factors.

In conclusion, results from this pilot study indicate that patients
with chronic neck pain show improved pain scales and partially
increased PPT in response to near-infrared radiation. The long-term
effects of near-infrared radiation on a larger population warrant
further investigation.

Acknowledgments

This work was supported in part by Elite Public Relations Consul-
tants, Inc. Taipei, Taiwan.

References

1. Mdkeld M, Helidvaara M, Sievers K, Impivaara O, Knekt P, Aromaa A. Preva-
lence, determinants, and consequences of chronic neck pain in Finland. Am J
Epidemiol 1991;134:1356—67.

2. Takala ], Sievers K, Klaukka T. Rheumatic symptoms in the middle-aged pop-
ulation in southwestern Finland. Scand J Rheumatol Suppl 1982;47:15—-29.

3. Bron C, Wensing M, Franssen JL, Oostendorp RA. Treatment of myofascial
trigger points in common shoulder disorders by physical therapy: a random-
ized controlled trial [ISRCTN75722066]. BMC Musculoskelet Disord 2007;8:107.

4. Huang YT, Lin SY, Neoh CA, Wang KY, Jean YH, Shi HY. Dry needling for
myofascial pain: prognostic factors. J Altern Complement Med 2011;17:755—62.

5. Irnich D, Behrens N, Gleditsch JM, Stor W, Schreiber MA, Schops P, Vickers A],
et al. Immediate effects of dry needling and acupuncture at distant points in
chronic neck pain: results of a randomized, double-blind, sham-controlled
crossover trial. Pain 2002;99:83—9.

6. Lavelle ED, Lavelle W, Smith HS. Myofascial trigger points. Anesthesiol Clin

7. Lew HL, Lee EH, Castaneda A, Klima R, Date E. Therapeutic use of botulinum
toxin type A in treating neck and upper-back pain of myofascial origin: a pilot
study. Arch Phys Med Rehabil 2008;89:75—80.

8. Lin SY, Neoh CA, Huang YT, Wang KY, Ng HF, Shi HY. Educational program for
myofascial pain syndrome. J Altern Complement Med 2010;16:633—40.

9. Yu SY, Chiu JH, Yang SD, Hsu YC, Lui WY, Wu CW. Biological effect of far-
infrared therapy on increasing skin microcirculation in rats. Photodermatol
Photoimmunol Photomed 2006;22:78—86.

10. Inoué S, Kabaya M. Biological activities caused by far-infrared radiation. Int J
Biometeorol 1989;33:145—50.

11. Lehmnn JF. Therapeutic heat and cold. 4th ed. Baltimore, MD: Williams &
Wilkins; 1990.

12. Gur A, Cosut A, Sarac AJ, Cevik R, Nas K, Uyar A. Efficacy of different therapy
regimes of low-power laser in painful osteoarthritis of the knee: a double-blind
and randomized-controlled trial. Lasers Surg Med 2003;33:330—8.

13. Horwitz LR, Burke TJ. Effect of monochromatic infrared energy on venous stasis
ulcers. Wound Care Institute Newsletter 1999;4:84.

14. Danno K, Mori N, Toda K, Kobayashi T, Utani A. Near-infrared irradiation
stimulates cutaneous wound repair: laboratory experiments on possible
mechanisms. Photodermatol Photoimmunol Photomed 2001;17:261-5.

15. Horwitz LR, Burke TJ, Carnegie D. Augmentation of wound healing using
monochromatic infrared energy. exploration of a new technology for wound
management. Adv Wound Care 1999;12:35—40.

16. Gale GD, Rothbart PJ, Li Y. Infrared therapy for chronic low back pain: a ran-
domized, controlled trial. Pain Res Manag 2006;11:193—6.

17. Laakso E, Cramond T, Richardson C, Galligan J. Plasma ACTH and B-endorphin
levels in response to low-level laser therapy (LLLT) for myofascial trigger
points. Laser Ther 1994;6:133—42.

18. Leonard CT, Stephens JU, Stroppel SL. Assessing the spastic condition of in-
dividuals with upper motoneuron involvement: validity of the myotonometer.
Arch Phys Med Rehabil 2001;82:1416—20.

19. Leonard CT, Deshner WP, Romo JW, Suoja ES, Fehrer SC, Mikhailenok EL. Myoton-
ometer intra- and interrater reliabilities. Arch Phys Med Rehabil 2003;84:928—32.

20. Delaney GA, McKee AC. Inter- and intra-rater reliability of the pressure
threshold meter in measurement of myofascial trigger point sensitivity. Am J
Phys Med Rehabil 1993;72:136—9.


http://refhub.elsevier.com/S1878-3317(13)00079-X/sref1
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref1
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref1
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref1
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref2
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref2
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref2
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref3
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref3
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref3
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref4
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref4
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref4
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref5
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref5
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref5
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref5
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref5
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref6
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref6
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref6
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref6
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref7
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref7
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref7
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref7
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref8
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref8
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref8
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref9
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref9
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref9
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref9
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref10
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref10
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref10
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref11
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref11
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref12
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref12
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref12
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref12
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref13
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref13
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref14
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref14
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref14
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref14
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref15
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref15
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref15
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref15
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref16
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref16
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref16
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref17
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref17
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref17
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref17
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref18
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref18
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref18
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref18
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref19
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref19
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref19
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref20
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref20
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref20
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref20

Near-infrared Radiation on Chronic Neck Pain

21.

22.

23.

24.

Persson AL, Brogardh C, Sjolund BH. Tender or not tender: test-retest repeat-
ability of pressure pain thresholds in the trapezius and deltoid muscles of
healthy women. J Rehabil Med 2004;36:17—-27.

Nemcovsky CE, Benvenisti A, Gazit E. Variation of skin surface temperature
over the masseter muscles in patients with myofascial pain following occlusal
splint treatment. J Oral Rehabil 1995;22:769—73.

Sherman RA, Woerman AL, Karstetter KW. Comparative effectiveness of
videothermography, contact thermography, and infrared beam thermography
for scanning relative skin temperature. ] Rehabil Res Dev 1996;33:377—86.
Nuhr M, Hoerauf K, Bertalanffy A, Bertalanffy P, Frickey N, Gore C, Gustorff B,
et al. Active warming during emergency transport relieves acute low back pain.
Spine (Phila Pa 1976) 2004;29:1499—503.

25.

26.

27.

28.

29.

135

Carpenter DO. Temperature effects on pacemaker generation, membrane po-
tential, and critical firing threshold in Aplysia neurons. J Gen Physiol 1967;50:
1469—84.

Yasui H, Takamoto K, Hori E, Urakawa S, Nagashima Y, Yada Y, Ono T, et al. Sig-
nificant correlation between autonomic nervous activity and cerebral hemody-
namics during thermotherapy on the neck. Auton Neurosci 2010;156:96—103.
Roberts WJ. A hypothesis on the physiological basis for causalgia and related
pains. Pain 1986;24:297—-311.

Sharma SD, Smith EM, Hazleman BL, Jenner JR. Thermographic changes in
keyboard operators with chronic forearm pain. BMJ 1997;314:118.

Dover S, Phillips TJ, Arndt KA. Cutaneous effects and therapeutic uses of heat
with emphasis on infrared radiation. ] Am Acad Dermatol 1989;20:278—86.


http://refhub.elsevier.com/S1878-3317(13)00079-X/sref21
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref21
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref21
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref21
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref22
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref22
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref22
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref22
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref23
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref23
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref23
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref23
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref24
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref24
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref24
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref24
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref25
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref25
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref25
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref25
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref26
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref26
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref26
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref26
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref27
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref27
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref27
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref28
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref28
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref29
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref29
http://refhub.elsevier.com/S1878-3317(13)00079-X/sref29

	Therapeutic Effects of Near-infrared Radiation on Chronic Neck Pain
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Study design
	2.3 Intervention
	2.4 Outcome measures
	2.4.1 Visual analog scale measurements
	2.4.2 Measurement of muscle stiffness (muscle tone and compliance)
	2.4.3 Measurement of pressure pain threshold
	2.4.4 Measurement of skin-surface temperature

	2.5 Statistical analysis

	3 Results
	3.1 Visual analog scale measurements
	3.2 Measurement of muscle stiffness (muscle tone and compliance)
	3.3 PTT measurements
	3.4 Measurement of skin-surface temperature

	4 Discussion
	Acknowledgments
	References


