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Purpose: This study aimed to use thermal grill illusion (TGI), an experimental model of pain processing and central mechanisms, to 
evaluate the perception of TGI-related sensations or pain in patients with chronic lower back pain (CLBP).
Patients and Methods: The perception of TGI (warmth/heat, cold, unpleasantness, pain, burning, stinging, and prickling) was 
examined in 66 patients with CLBP and compared with that in 22 healthy participants. The visual analog scale (VAS) scores for CLBP, 
Oswestry Disability Index (ODI), and 12-Item Short Form Survey (SF-12) scores were obtained from the included patients with CLBP.
Results: The CLBP group showed a less intense perception of TGI for sensations of warmth/heat, unpleasantness, and pain than the 
control group. The CLBP group felt burning sensations lesser than the control (2.77 vs 4.55, P=0.016). In the CLBP group, there were 
significant correlations between the ODI and the degree of unpleasantness (r=0.381, P=0.002) and prickling sensation (r=0.263, 
P=0.033). There were also significant correlations between the mental component score of the SF-12 and the degree of warmth/heat 
(r=−0.246, P=0.046), unpleasantness (r=−0.292, P=0.017), pain (r=−0.292, P=0.017), and burning sensations (r=−0.280, P=0.023).
Conclusion: Our results may be useful for clinicians to evaluate the effectiveness of drugs or interventions to manage centralized LBP.
Keywords: thermal grill illusion, chronic pain, back pain

Introduction
Thermal grill illusion (TGI) is a paradoxical pain sensation induced by the simultaneous application of interlaced warm 
(38–42 °C) and cool (18–22 °C) stimuli to the skin.1–3 Isolated cold and warm stimulations to the skin are felt as cold and 
warmth, respectively; however, the exposure to cold and warm stimulation in combination can create a thermo- 
nociceptive prickling sensation. The device (interlaced grill) used to generate TGI consists of warm and cold aluminum 
bars arranged in parallel with an alternative pattern. When a hand is placed on an interlaced grill, burning heat and pain 
can be generated. As the temperatures of the interlaced bar are innocuous, the peripheral nociceptive system is not 
activated when a hand is placed on an interlaced grill. Accordingly, TGI-associated pain is considered as a pure central 
phenomenon.1–6 Over the last decade, this phenomenon has evoked considerable interest among researchers. Several 
studies were conducted in the fields of psychiatric diseases or elucidate sex-based differences to evaluate the application 
of TGI responses and further unravel this phenomenon.7–10 Recent studies have used TGI to investigate the mechanisms 
underlying chronic pain, wherein TGI was used to apply nociceptive stimuli, without inflicting harm to human 
participants.2,11,12

Chronic pain is closely associated with the abnormal central processing of pain, which increases the facilitation of 
nociceptive signals.13–15 Because TGI-associated pain is an integrative central nervous phenomenon, several studies have 
been conducted to understand chronic pain using the TGI phenomenon.1,3,15,16 Previous TGI studies have reported that 
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some perceived pain-related sensations were reduced in patients with chronic pain.2,3,15 In contrast, Heavner et al 
reported an increased perception of pain-related sensations in the presence of chronic pain.17 This altered perception of 
pain-related sensations has been suggested to be correlated with an altered central integration of ascending pain 
signals.18–20 For the application of TGI to chronic pain in research and clinical practice, TGI-related responses should 
be clearly elucidated through further studies. Recently, the number of patients with chronic lower back pain (CLBP) has 
increased due to changes in lifestyle and increase in spine surgeries. However, CLBP is difficult to diagnose, which 
affects its effective treatment. To the best of our knowledge, none of the studies have assessed CLBP and TGI so far. In 
the current study, we investigated the perception of TGI-related sensations and pain in patients with CLBP.

Materials and Methods
Ethics Statements
The study was approved by the Institutional Review Board (IRB) of Severance Hospital (date of approval: November 21, 
2021; IRB number:4–2021-1424). Written informed consent was obtained from the patients for the publication of this 
paper. This study complied with the Declaration of Helsinki’s ethical standards.

Study Design
A total of 66 patients with CLBP and 22 healthy controls (without pain or psychological disorders) were included in this 
study. The patients and healthy controls were recruited by a spine neurosurgeon (H.C.K.) from among patients with 
CLBP and their guardians who visited the spine center of a university hospital. CLBP was defined as pain that persisted 
for more than 3 months despite administration of various conservative treatments, such as oral medication, physical 
modality, and injection. The inclusion criteria for patients with CLBP were as follows: 1) adult men and women between 
19 and 90 years of age; 2) those who provided voluntary consent to participate in this clinical study; and 3) those willing 
to abide by the experimental protocol. We excluded patients with pain other than CLBP. Patients with psychiatric 
disorders and central nervous system disorders, such as multiple sclerosis and spondylotic myelopathy, were also 
excluded.

Device Construction
The thermal grill was designed and manufactured by Anatz (Seoul, Republic of Korea) according to previous validated 
studies (Figure 1).21–23 The device used for generating the TGI consists of two parts: a control unit and thermal bars. The 
temperatures of the cold and hot bars were controlled and recorded using a digital thermometer. The temperature of each 
bar was generated by Peltier elements and finely controlled by the settings of the control unit. The temperature of the cold 
bar was set to 20±2 °C and that of the hot bar was set to 40±2 °C. A grill consisting of six 12-mm wide and 120-mm long 

Figure 1 Image of the thermal grill device.
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aluminum bars separated by 2-mm spacing was present at the top center of the machine. The hot and cold aluminum bars 
were arranged in parallel with an alternating pattern.

The center of the box is the stimulation surface, where the participants were required to place their palms 
orthogonally to the long axis of the bars (Figure 2). The stimulation surface consists of six 12-mm wide and 120-mm 
long aluminum bars separated by approximately 2 mm. The control unit set the temperature of the individual bars to 
alternating cold and hot temperatures.

Experiment
None of the participants knew the temperature settings of the bars or about the TGI phenomenon. Before obtaining 
informed consent, participants were informed that this experiment was aimed to investigate somatosensory functions, and 
that their hand would not be harmed even though they might feel painful sensation. Patients were instructed to remember 
their hand perceptions during the study, and asked to rate the sensations (warmth/heat, cold, unpleasant, painful, burning, 
stinging, and prickling) generated from the thermal grill using a visual analog scale (VAS; ranging from 0 to 10; 0 = no 
sensation, 10 = worst imaginable sensation), immediately after the procedure. The participants were required to place 
their non-dominant palm on the thermal grill bars, orthogonally to the long axis of the bars for approximately 30 seconds. 
Following the experiment, the ratings were recorded from the VAS pain scores.

Parameters
Before the TGI test, each participant quantified their current lower back pain (LBP) and functional disability using the 
VAS and Oswestry Disability Index (ODI) (range, 0–100; 0=no disability, 100=maximum disability). In addition, all the 
participants completed the 12-Item Short Form Health Survey (SF-12) to evaluate their quality of life.

Statistical Analysis
To test for differences between the data of patients with CLBP and those of healthy controls, the independent t-test with 
Cohen’s d and chi-square tests were used. Additionally, a Pearson linear correlation analysis was performed to analyze 
the correlation between the data related to the degree of current LBP (VAS, ODI, and PCS and MCS of SF-12) and 
perceived TGI-related sensations. All the statistical analyses were performed using SPSS, version 25 for Windows (IBM 
Corp., Armonk, NY, USA). The statistical significance was set at P<0.05.

Results
Demographic Data
Overall, 66 patients with CLBP and 22 healthy controls participated in the study. The demographic and clinical 
characteristics of the participants are presented in Table 1. The duration of LBP in CLBP was 4.7±3.1 years. The 
average VAS score for LBP was 5.45±2.61, and the average ODI score was 28.86±21.84. The CLBP group consisted of 
36 patients with discogenic back pain (diagnosed using discography) and 30 patients with non-specific LBP. The sex 
distribution was not significantly different between the CLBP and control groups. However, the CLBP group was 

Figure 2 Experimental setup of the thermal grill device (views from above (A) and front on the device (B)).
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significantly older than the control group (P<0.001). In addition, the PCS and MCS scores of the SF-12 were significantly 
higher in the control group than in the CLBP group (P<0.001).

Response to the Thermal Grill Illusion
In the CLBP group, the patients reported significantly lesser warm/hot sensations (5.80± 2.37 vs 7.36±2.21, P=0.008), 
unpleasantness (2.76±2.82 vs 4.96±2.50, d=−0.801, P=0.002), pain (1.91±2.76 vs 4.00±2.35, d=−0.784, P=0.002), and 
burning sensation (2.77±3.04 vs 4.55±2.58, d=−0.607, P=0.016). In contrast, there were no significant differences with 
respect to cold (P=0.194), stinging (P=0.591), or prickling sensations (P=0.178) between the groups (Table 2). In the 
CLBP group, the ODI scores were observed to significantly correlate with the degree of unpleasantness (r=0.381, 
P=0.002) and prickling sensations (r=0.263, P=0.033) (Table 3). Additionally, there were significant correlations between 
the MCS of the SF-12 and the degree of warmth/heat (r=−0.246, P=0.046), unpleasantness (r=−0.292, P=0.017), pain (r= 
−0.292, P=0.017), and burning sensations (r=−0.280, P=0.023). However, the VAS and PCS scores of the SF-12 showed 
no significant correlation with the degree of sensations from the TGI in the CLBP group.

Discussion
In this study, we found that patients with CLBP perceived significantly lesser sensations of warmth/heat, unpleasantness, 
pain, and burning during the test using TGI than the healthy controls. Additionally, there was a significant correlation 
between the ODI scores in patients with CLBP and the degree of unpleasantness and prickling sensations. A significant 
correlation was also found between the MCS of the SF-12 in patients with CLBP and the degree of warmth/heat, 
unpleasantness, pain, and burning sensations.

Table 1 Demographic and Clinical Data of Participants

CLBP Control P-value

Number of cases 66 22 -
Type of CLBP (discogenic LBP: Non-specific LBP) 36:30

Symptom duration (years) 4.7 ± 3.1 - -

Sex (male:female) 22:44 10:12 0.306
Age, years 51.61±13.67 24.77±1.80 <0.001*

VAS (LBP) 5.45±2.61 - -

ODI 28.86±21.84 - -
PCS of SF-12 22.66±10.08 50.49±5.03 <0.001*

MCS of SF-12 25.49±13.11 45.35±9.40 <0.001*

Notes: Values are presented as mean±standard deviation or number. * indicates statistical significance (P<0.05). 
Abbreviations: BMI, body mass index; VAS, visual analog scale; LBP, lower back pain; ODI, Oswestry Disability Index; SF-12, 12-Item 
Short Form Health Survey; PCS, physical component score; MCS, mental component score; CLBP, chronic lower back pain.

Table 2 Descriptive Statistics for the Visual Analog Scale Score of Each Sensation Elicited by the Thermal Grill Illusion 
in the Chronic Lumbar Back Pain (CLBP) and Control Groups

CLBP Control P-value Cohen’s d 95% CI

Lower Upper

Number of cases 66 22
Warmth / Heat 5.80 ± 2.37 7.36 ± 2.21 0.008* −0.669 −1.162 −0.176

Cold 1.15 ± 1.81 1.73 ± 1.72 0.194 −0.324 −0.809 0.161

Unpleasantness 2.76 ± 2.82 4.96 ± 2.50 0.002* −0.801 −1.298 −0.305
Pain 1.91 ± 2.76 4.00 ± 2.35 0.002* −0.784 −1.280 −0.288

Burning 2.77 ± 3.04 4.55 ± 2.58 0.016* −0.607 −1.097 −0.116

Stinging 1.21 ± 2.12 0.96 ± 1.25 0.591 0.129 −0.354 0.612
Prickling 1.35 ± 2.03 2.05 ± 2.26 0.178 −0.335 −0.820 0.150

Note: *Indicates statistical significance (P<0.05).
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The fact that some types of perceptions during the TGI test were lower in patients with CLBP is in agreement with 
previous studies.24 Sumracki et al reported that 18 patients with chronic pain from various disorders, such as osteoar-
thritis, nerve injury, fibromyalgia, and complex regional pain syndrome, had a lower TGI response (pain, heat, and 
unpleasantness) than 16 pain-free participants.2,3 Defrin et al found that 47 patients with central neuropathic pain due to 
multiple sclerosis had higher cold and warm sensation thresholds than 32 healthy controls during the TGI test.15 The 
lower sensory perception related to TGI in patients with chronic pain may be attributed to the altered central integration 
of ascending pain signals, which is associated with long-term functional or microstructural changes in the central nervous 
system (CNS).7,25,26 Furthermore, in the current study, by confirming the significant correlation between the ODI and 
MCS of SF-12 in patients with CLBP and some types of TGI-related sensations, the close association between CLBP and 
changes in the CNS became more established.

Unlike in this study, there are reports of increased TGI responses in patients with chronic pain. Heavner et al reported 
that a patient with type 1 complex regional pain syndrome (CRPS) experienced severe burning pain when putting their 
hand on a thermal grill.17 Boettger et al reported that the temperature differentials for the perception of TGI were higher 
in patients with major depressive disorder than in controls.10 The results of Heavner et al and Boettger et al’s studies 
were opposite to those of our study; therefore, further research on the reasons and mechanisms is needed.

In our opinion, the results in the current study can be used to determine the presence or extent of LBP centralization. 
In addition, we believe that the results of this study can be used to evaluate the effectiveness of drugs or interventions to 
manage CLBP. In addition, our results may be helpful in differentiating between malingering and the presence of real 
chronic pain.

There have been no previous studies on the TGI response characteristics in patients with CLBP. Accordingly, this 
study is the first to show TGI response in patients with CLBP by comparing it to healthy controls with no pain. However, 
our study had a few limitations. First, there was a significant age difference between the two groups. However, it has 
been reported that the response to thermal stimuli varies with age despite there being no difference in the response to TGI 
by age.3 To date, no studies have reported whether age is a significant factor for TGI. Second, the medications used for 
pain control were not considered in the analysis of the results. Finally, we did not evaluate the psychological state of the 
included patients, such as depression or anxiety. Previous studies have reported that psychological disorders can affect 
the threshold of TGI-related sensations.8,10,21 Further studies are required to compensate for these limitations.

Conclusion
Patients with CLBP reported significantly less intense responses to TGI for sensations of warmth/heat, unpleasantness, 
pain, and burning sensations. In the CLBP group in this study, various TGI-induced sensations or pain were associated 
with the ODI and MCS of the SF-12 scores. We believe that our results will help clarify TGI-related responses in the 
presence of chronic pain. Furthermore, the findings in this study may be helpful for clinicians to determine the 

Table 3 Correlation Between the Clinical Scale (VAS, ODI, SF-12) Scores and Degree of Sensations from the TGI According to 
the Pearson Correlation Coefficient in the CLBP Group

VAS ODI PCS of SF-12 MCS of SF-12

r P-value r P-value r P-value r P-value

Warmth / Heat 0.107 0.394 0.195 0.117 −0.137 0.271 −0.246 0.046*
Cold 0.167 0.179 −0.232 0.060 −0.057 0.652 0.015 0.906

Unpleasantness −0.024 0.845 0.381 0.002* −0.198 0.110 −0.292 0.017*

Pain −0.028 0.821 0.161 0.197 −0.210 0.090 −0.292 0.017*
Burning −0.020 0.875 0.238 0.054 −0.190 0.123 −0.280 0.023*

Stinging −0.087 0.486 0.150 0.228 −0.145 0.245 −0.124 0.322

Prickling −0.074 0.555 0.263 0.033* −0.075 0.551 −0.060 0.632

Note: *Indicates statistical significance (P<0.05). 
Abbreviations: VAS, visual analog scale; ODI, Oswestry disability index; SF-12, 12-Item Short Form Health Survey; MCS, mental component score; PCS, physical 
component score; CLBP, chronic lumbar back pain; TGI, thermal grill illusion.
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therapeutic effect of drugs or interventions to control centralized LBP and for researchers to develop new drugs and 
widen the knowledge of chronic centralized pain.
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