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Introduction
Modern people suffer from diseases of affluence such as neck 

disorders and other problem aches caused by overwork, incorrect 
sitting position and pressure [1]. People feel physically ill and 
mentally anxious, often experiencing disturbing pain throughout 
the day and night. Symptoms such as anorexia or insomnia can 
cause the patient to suffer from lack of nourishment, lowered 
functional immunity and sickness [2].

The uncomfortable symptoms from this type of neck disorder 
can be relieved by taking nonsteroidal anti-inflammatory drugs or 
a muscle relaxant. However, overusing medicine could lead to side  

 
effects such as gastrointestinal discomfort, dizziness and nausea 
[3]. Even worse, drug overuse could result in insensitivity, leading 
to chronic pain. Furthermore, prolonged drug use will increase the 
potential for side effects.

Consequently, developing a complementary therapy free from 
drugs and their side effects is worthwhile. There are traditional 
complementary therapies like acupuncture [4], massage, joint 
stretching, aromatherapy [5], strength exercises [6] and Qigong 
[7] used to make the neck disorder better. All of these conventional 
therapies require a professional to perform the necessary therapy. 
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FIR has many bio-effects including thermal effects and non-thermal 
effects [8-10]. FIR has generally been evaluated as an effective, safe 
and non-pharmacologic alternative for pain relief. The biological 
benefits of FIR have been studied over the past 2 decades. FIR 
operates at a wavelength ranging between 4 and 14 μm [11-13]. FIR 
can activate both thermal and non-thermal effects at the molecular 
level to influence the health of a whole living organism [14]. The 
versatile beneficial effects and the mechanism of FIR on pain relief 
and mental disorders remain less understood; especially the non-
thermal FIR effect. A high interest exists in these aspects to clarify 
the efficacy of FIR therapy.

Many studies examined FIR therapy as a complementary 
treatment. Even though it has been proven effective in healing 
wounds, relieving pain, ameliorating fatigue and improving mood 
[15,16], the evidence was limited to self-rating evaluations with no 
objective physical evidence.

Most studies emphasized only the FIR thermal effect with the 
non-thermal effect not examined. A study claimed that the non-
thermal effect on endothelial cell anti-apoptosis may contribute 
to vascular access [17]. Because FIR bio-effects consist of thermal 
and non-thermal effects, the nonthermal effect must be discussed 
independently. The study was aimed at determining the FIR non-
thermal effect on neck pain relief. We evaluated patient self-ratings 
on pain and anxiety and provide objective physical evidence 

including warming capability, blood flow and heart rate variability. 
This study provides valuable information on the non-thermal FIR 
benefits for neck disorder sufferers who may use the FIR patch in 
the future.

Material and Methods

Participants

This clinical trial was approved by the independent ethics 
committee of China Medical University, with certification by the 
Institutional Review Board (IRB) approval number DMR101-
IRBI-219. The study volunteers gave legal consent to participate 
in this clinical trial and were aged18 to 40 years. There were 40 
participants who were randomly divided to a control group(the 
patch without FIR, n=20) and the experimental group (the FIR 
patch, n=20).

Patches

Two different patches were used to examine the non-thermal 
FIR effect. The control group used a patch (ThermaCare® Neck, 
Wrist & Shoulder) without FIR imported from America (Figure 1). 
The experimental group used the FIR carbon fiber patch obtained 
from Linkwin Technology Co., LTD. (Figure 2). The experimental 
data were recorded as skin temperature, blood flow and heart rate 
variability.

Figure 1: ThermaCare® Neck, Wrist & Shoulder patch. The size is 19cm x 7.5cm.

Figure 1: ThermaCare® Neck, Wrist & Shoulder patch. The size is 19cm x 7.5cm.
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Skin temperature and blood flow

All measurements and procedures in this study were carried out 
in a limate-controlled room at a constant temperature and humidity 
(23 °C and 60% relative humidity) [18]. Before assessment the 
participants were required to sit in a chair in the aforementioned 
room. Participants were thermal graphed to measure the neck area 
temperature using a Fluke Ti25 thermal imager (Fluke Corporation, 
Everett, WA, USA). Their neck blood flow was detected using a 
MoorLDI2-IR Laser Doppler Imager (Moor Instruments Ltd., Devon, 
UK) as described in the previous report [19].

Heart rate variability

This study used heart rate variability (HRV) as an experimental 
parameter to test FIR efficacy. HRV was measured using ANSWatch 
TS-0411 (Taiwan Scientific Corp., Taiwan, Republic of China) [20]. 
The participants sat on the chair, put on the detector around their 
left arm, closed their eyes and stayed calm while HRV was measured 
[18].

Visual analog scale

Psychometric measurements were taken to assess the 
participants’ pain intensity and anxiety. These tests were assessed 
using the standard visual analogue scale (VAS).

VAS is a common clinically used evaluation for assessing pain 

and anxiety [21-24]. Participants were asked to place a mark on 
a 10-cm horizontal line to express how much pain they felt. The 
left-end indicated no pain and the right-end indicated severe pain.

Statistical analysis

All data between groups before and after using patches were 
analyzed using the Wilcoxon Signed- Rank Test using the SPSS 12.0 
software package for statistical analysis. A value of P < 0.05 was 
regarded as statistically significant (∗).

Result and Discussion

The heating rates and skin temperature of the fat-
infrared patch

According to Figure 3 the initial temperatures of the two 
studied patches were equal at 23 °C. After a 30-minute heating 
process the temperature of the control and experimental group 
patches were 34.4 ± 0.4 °C and 34.1 ± 0.5 °C, respectively. The 
dynamic temperature changes in the heating process indicated that 
the temperature of two patches were not significantly different. 
These two patches therefore served the materials for studying the 
FIR non-thermal effect. According to Figure 4, the beginning skin 
temperature was 33.7 ± 0.2 °C for the control group. After using 
the patch for 30 minutes the neck skin temperature increased 
significantly to 34.9 ± 0.2 °C (p<0.05).

Figure 3: Comparison of elevated temperature in two groups within 30 minutes.
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Figure 4: Comparison of skin temperature in two groups before and after a patch treatment. The symbol ‘*’ indicates a significant difference 
between groups using the Wilcoxon Signed-Rank Test (p< 0.05).

The beginning skin temperature of the experimental group 
was 33.4 ± 0.1 °C. Under the same environmental conditions, 
the neck temperature increased to 35.1 ± 0.1 °C (p<0.05). After 
applying the patches, the neck temperatures in the two groups 
both tangibly increased. Comparing the elevated neck temperature 
in the two groups we found that the FIR patch (1.2 °C increase) 
was significantly higher than the control group (1.7 °C increase).
Hot devices provided thermal energy in this study and both groups 
experienced this effect in elevating skin temperature. It is known 
that a patch or heat device with FIR can keep the body warm. Our 
evidence further demonstrated that the FIR patch could produce 
a higher temperature than a patch without FIR. This represents 
that the FIR non-thermal effect could contribute an increase in skin 
temperature.

The blood flow improvement of the far-infrared patch

Before wearing the patch, the control group blood flow was 
measured by the perfusion unit (PU) as 76.4 ± 4.8 PU. According 
to Figure 5 after the patch acted for 30 minutes the blood flow 

increased significantly to 152.5 ± 12.1 PU (p<0.05). Before wearing 
the patch, the experimental group blood flow was measured by 
the perfusion unit as 79.7 ± 6 PU. Under the same conditions the 
blood flow increased significantly to 167.2 ± 15.1 PU (p<0.05). 
After the two groups used the patches, the neck blood flow 
increased. Comparing the neck blood flow for the two groups we 
found that the experimental group showed higher blood flow than 
the control group (p<0.05). The blood flow of the control group 
increased 99.6%, while the experimental group increased 109.7%.
An increase in blood flow indicated rapid hemodynamic changes 
and an increasing volume of blood in the neck region. When 
blood circulation was improved it could quickly expel lactic acid, 
inflammation and toxin extravasations.

These substances are considered to affect muscle cells and 
neural pathways and cause pain [25,26]. The data from this study 
demonstrated that the non-thermal FIR patch increased blood flow 
better than the thermal FIR patch.

Figure 5: Comparison of heart rate variability in two groups before and after a patch treatment. The symbol ‘*’ has a significant difference 
between groups using the Wilcoxon Signed-Rank Test (p<0.05).
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The autonomic nervous system improvement of the far-
infrared patch

HRV is a valid biomarker for assessing the autonomic nervous 
system function [27]. The heart rate variability of the control 
group before wearing the patch was 63.9 ± 20.9 mini second(ms) 
(Figure 6). After 30 minutes the HRV of the control group increased 
significantly to 79.5 ± 23.8ms (p<0.05). The HRV of the experimental 
group before wearing the patch was 61.7 ± 22.0ms. Under the same 
conditions the heart rate variability of the experimental group 
increased to 79.8 ± 24.9ms. The HRV of the control group increased 
approximately 19.6% and the experimental group increased by 
about 22.6%.HRV is a neuro-control factor in the heart and has used 
more in recent scientific research in evidence-based traditional 
medicine. The HRV rate generally increases with parasympathetic 
activity. The parasympathetic nervous system is associated with 
the pain relief process. With parasympathetic predominance, 
vasodilatation is aroused to improve peripheral blood flow and 
promote blood circulation to alleviate muscle pain and decrease 
mood disorders though muscle tension relief [28]. This paper 
found that the FIR group exhibited a significant effect on autonomic 
nervous system regulation.

Efficacy of reducing pain and anxiety from far-infrared 
patch

Neck muscle tension is associated with mental stress and once 
neck muscle rigidity is alleviated anxiety diminishes [29,30]. Figure 
7 indicates the outcomes from pain and anxiety alteration from 
applying the patch from start to finish. The results show that the two 
groups exhibited decreased VAS from the patch application to the 
neck, reflecting the two different patches have efficacy in improving 
anxiety. Furthermore, the experimental group demonstrated better 
efficacy than the control group. Previous studies demonstrated 
that a thermal effect relieves pain and decreases anxiety [31,32]. 
This study showed that extraordinary outcome. The non-thermal 
effect patch reflected better satisfactory evidences in pain relief 
and anxiety reduction than the thermal patch. This indicated that 
the non-thermal effect could provide better therapy for pain and 
anxiety. The pain is characterized by bio-molecular induction of 
cyclooxygenase(COX-2) and prostaglandin E2. The FIR therapy 
could inhibit the induction of these two pain related biomolecules 
to relive pain [33]. Furthermore, the acute increase in nitric oxide 
production by FIR may also help to reduce the pain [34,35].

Figure 6: Comparison of blood flow in two groups before and after a patch treatment. The symbol ‘*’ indicates a significant difference between 
groups using the Wilcoxon Signed-Rank Test (p<0.05).

Figure 7: Comparison of pain and anxiety in two groups before and after a patch treatment. The symbol ‘*’ has a statistical difference between 
groups using the Wilcoxon Signed-Rank Test (p<0.05).
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Limitations

This study demonstrated that the non-thermal effects of the 
FIR patch can significantly improve neck disorders. However, the 
improvement was observed only for a short-term application and 
the pain relief effect was measured immediately after intervention. 
The findings of our experiment were in agreement with those of 
a prior study. A follow-up protocol for long-term FIR application 
is necessary to evaluate the long-term effects in improving neck 
pain. Our investigation revealed that after short-term use the FIR 
patches immediately demonstrated the capacity to reduce anxiety. 
This reflects that when consumers select such products to improve 
neck disorders they may be satisfied with the warm/thermal effect 
after a short period.

Studies providing more physical evidence of neck disorder relief 
and identification of the biological benefits felt by the participants 
is required for future FIR patch development.

Conclusion
This study verified the FIR non-thermal neck pain relief 

effect. Compared to the control group without FIR, the FIR patch 
demonstrated brilliant improvements in skin warming capability, 
blood flow, heart rate variability and pain and anxiety reduction. 
This innovative FIR patch can provide complementary therapy to 
help solve neck pain disorders. This work was just a short-term 
experiment to show the advantages of FIR. A long-term study to 
evaluate the non-thermal effect on neck disorder relief should be 
carried out.

Summary
This study verified the FIR non-thermal neck pain relief 

effect. Compared to the control group without FIR, the FIR patch 
demonstrated brilliant improvements in skin warming capability, 
blood flow, heart rate variability and pain and anxiety reduction. 
This innovative FIR patch can provide complementary therapy to 
help solve neck pain disorders. This work was just a short-term 
experiment to show the advantages of FIR. A long-term study to 
evaluate the non-thermal effect on neck disorder relief should be 
carried out.
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