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Test-Retest Reliability and Concurrent Validity of Novel Nerve Testing Device 

for Thermal Detection and Thermal Pain Thresholds 

Abstract 

Thermal threshold testing is important for evaluating the thermal function of small-fiber 
nerves types C and A-delta. This study investigated the reliability and validity of a novel 
nerve testing device (NNTD) in evaluating thermal detection and thermal pain thresholds.  
Test-retest reliability of the NNTD and its concurrent validity compared to the current 
technology (Medoc TSA-2, Advanced Thermosensory Stimulator, Israel) were 
investigated among 10 healthy participants. Each participant was tested for the warm 
detection threshold (WDT), cold detection threshold (CDT), hot pain threshold (HPT) and 
cold pain threshold (CPT) on the medial forearm with NNTD for two trials and the Medoc 
TSA-2 for one trial over two consecutive days. Intraclass Correlation Coefficient values, 
Standard Error of Measurement and Bland Altman plots were calculated for test-retest 
reliability. One-way ANOVA, and Bland Altman plots were calculated for validity.  The 
test-retest reliability of the NNTD was good for CPT (ICC=0.88), moderate for WDT 
(ICC=0.545) and HPT (ICC=0.710). The NNTD was valid for both trials of HPT and CPT 
and one trial for WDT compared to the Medoc TSA-2.  In conclusion, the NNTD showed 
good to moderate reliability and found to be valid compared to the Medoc TSA-2.   
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Introduction 

Small diameter nerve fibers which control thermal and pain perception can be evaluated 

using thermal threshold testing [1,2]. If small-fiber nerve damage is detected early, the 

patient can benefit by receiving treatment for the underlying cause, possibly preventing 

further deterioration (Hovaguimian and Gibbons, 2011, Chai et al., 2005, Bachmann et al., 

2010). There are four temperature thresholds (warm detection threshold (WDT), cold 

detection threshold (CDT), hot pain threshold (HPT) and cold pain threshold (HPT)) which 

should be tested, especially at the diagnostic stage, as different pathologies affect different 

thresholds [3-7]. Some examples include: diagnosing small fiber neuropathy with WDT and 

CDT testing [4], detecting nerve damage in patients with diabetes mellitus who had normal 

nerve conduction studies presented with higher CDT values from baseline [8], using thermal 

thresholds to distinguish restless leg syndrome which is caused by small fiber neuropathy 

compared to primary restless leg syndrome. [3]. Unfortunately, in a clinical setting thorough 

assessment of somatosensory deficits, including temperature sensation, are often not 

addressed, or addressed inadequately, often leading to poor outcomes for patients [9].  

Clinicians are aware of the importance of testing thermal thresholds, however, do not have 

the appropriate equipment [10,11]. There are several existing devices for thermal testing, 

which traditionally are limited to a laboratory or research setting due to the initial cost, large 

size, set-up time, requirement of a laptop and an electricity outlet, and require special training 

making them impractical for a clinical setting [10-16]. The use of coins and test tubes for 

CDT and WDT testing, ice for CPT testing and cool tuning forks for CDT testing have all 

been proposed as alternative thermal testing methods, however, no method is able to test all 
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four thresholds, the temperature of the objects is unknown and limited research is available 

on the reliability and validity of these methods [13-15,17-20].  

Thus, there is a need to develop a testing method for use in the clinical setting, reliably and 

validly testing all four thermal thresholds. The goal of this research was to I) determine 

whether it is feasible to design and build a device which can test all four thermal thresholds 

and II) analyze the test-retest reliability of the new device and its concurrent validity 

compared to the Medoc TSA-2 (Advanced Thermosensory Stimulator, Serial Number 1554, 

2001, Israel). Due to access, the Medoc TSA-2 was used as an established reliable and valid 

thermal threshold testing device [14,17,21-25]. 

Methods 

This feasibility quantitative cross-sectional study, investigating test-retest reliability and 

concurrent validity was approved by an institutional research ethics panel (Ref: 2019-2816). After 

ethical approval, a convenience sample of 10 healthy participants were recruited through an email. 

The inclusion criteria for this study were that the participant was healthy and able to come to the 

university campus for maximum 30 minutes of testing on two consecutive days. To ensure the 

results of this study represented healthy participants without any known nerve impairments, 

participants were excluded if they had any known neurological conditions, acute or chronic pain, 

were taking analgesic medications, had loss of skin sensation or did not speak English [15,25-27]. 

Thermal Testing Equipment 

During this study two devices, each able to test all four thermal thresholds, were tested on 

participants. The first device was a nerve testing device, a minimum viable prototype (MVP) 

device which was constructed specifically for this study.  Due to pending intellectual property 

disclosure restrictions, further information on the prototype cannot be discussed at this time. The 
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second device was a commercially available thermal testing laboratory machine, the Medoc TSA-

2 (Advanced Thermosensory Stimulator, Serial Number 1554, 2001, Israel). Both devices had a 

30mm x 30mm thermode and a stop button for each participant to press at the appropriate 

threshold.   

Procedure 

Each participant was tested twice with the prototype and once with the TSA-2 in a randomized 

order, based on a computer-generated list of randomized numbers. The participants were tested in 

a quiet room, sitting in a comfortable chair with their eyes closed and left medial forearm (testing 

site) undressed and resting on the chair’s arm rest.  

Measurements of Thermal Thresholds 

The TSA-2 was strapped to the participant with the provided Velcro strap. The device used a 

starting temperature for WDT and CDT testing of 32˚C. For HPT and CPT, the skin temperature 

of the participant was measured with an infrared non-contact digital thermometer (FR-200 

Thermometer, Metene, USA). The measured skin temperature was manually entered into the 

Medoc software as the starting/baseline temperature for the HPT and CPT tests. Between each 

threshold, the device was programmed to wait ten seconds at the starting temperature between 

tests.  

The prototypes thermode was held on the participant forearm by the researcher. The device was 

programmed to measure the participant's skin temperature and begin all tests from this temperature 

(baseline). Within the cycle the prototype did not begin the next threshold test until the skin had 

returned to the baseline measured temperature along with a ten second delay.  
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Each participant's sex, age and handedness were recorded as well as the room temperature. The 

method of limits testing algorithm with a change of 1˚C/sec was used. Three consecutive tests for 

each threshold were measured starting with increasing temperature for three tests followed by 

decreasing temperature for 3 tests to complete one cycle. The test was stopped between WDT/CDT 

and WPT/CPT to record the results and the thermode was moved one thermode length proximally 

for HPT and CPT testing to use new skin. The mean (n=3) of each test (WDT, CDT, WPT and 

CPT) was used for statistical analysis. 

Statistical Analysis 

To determine the number of participants in this study the tables by Bujang [28] were 

followed which showed the sample size requirement is 9 for a power of 90%, alpha of 0.05, 

Intraclass Correlation Coefficient (ICC) of 0.8 and with two trials. Furthermore, 

recommendations in a handbook by Isaac and Michael [29] for feasibility studies is to test 

10-30 participants.    

The data was analyzed using the Statistical Package for the Social Sciences (SPSS) software 

(IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: 

IBM Corp.). All trials were shown to be normally distributed with the Kolmogorov-Smirnov 

test with 10 degrees of freedom, which accepted the null hypothesis that the results were 

normally distributed as p >0.05 were found for each [30]. However, a comprehensive 
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protocol for clinical trials from 2006 recommends WDT and CDT data be logarithmically 

transformed so this was done with SPSS to maintain consistency [31]. 

Test-Retest Reliability  

To begin, the differences between measurements from trial one and trial two of the prototype 

were analyzed using a paired sample t-test [32]. The mean differences between each trial 

were reported.  The reliability was analyzed by calculating the intraclass correlation 

coefficient (ICC). The results were interpreted as per Koo and Li [33], where values less 

than 0.5 are indicative of poor reliability, between 0.5 and 0.75 imply moderate reliability,  

between 0.75 and 0.9 imply good reliability, and greater than 0.90 imply excellent reliability. 

ICC was calculated using a two-way mixed model with absolute agreement based on a mean 

rating (k=3) and a 95% confidence interval [33].  

Agreement measures were calculated using Bland-Altman plots which analyze the 

agreement between the two different tests with the prototype. Agreement refers to the degree 

at which the results are identical between tests on the same subject [34].  Bland-Altman plots 

calculate limits of agreement (LoAs) using the mean and the standard deviation of the 

difference between two trials (mean difference ±1.96*SD) at a 95% confidence interval [35]. 
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The Y axis shows the difference of each trial (Prototype Trial 1 - Prototype Trial 2) and the 

X axis shows the mean ((Prototype Trial 1 + Prototype Trial 2))/2). 

In addition, the standard error of measurement (SEM) was calculated using the following 

formulas:  

Sum of Squares (SS) – calculated from ANOVA table on SPSS -25 

Standard Deviation (SD) = �𝑺𝑺𝑺𝑺𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻/(𝒏𝒏 − 𝟏𝟏) 

SEMs: SD√𝟏𝟏 − 𝑰𝑰𝑰𝑰𝑰𝑰 [36] 

The SEMs results were considered reliably if they were within 5% of the mean [37]. 

Concurrent Validity 

The first analysis was a one-way ANOVA looking for any statistical differences between the 

three groups (prototype trial one, prototype trial two and the TSA-2 trial). A post-hoc 

analysis was performed using the equal variance Tukey test, the level of significance was set 

to p=0.05 and the effect size (η2) was reported [38]. The effect size was analyzed as per 

Cohen [39] as η2 < 0.01 = small effect size, 0.01> η² <0.06 = medium effect size and an η² 

> 0.14 = large effect size. 

Bland-Altman plots were produced looking at the values from the prototype trials separately 

compared to the TSA-2 trial and the LoAs reported. The dependent variable was the 

difference between trials (Prototype trial - TSA-2) and the independent variable was the 

mean ((Prototype trial + TSA-2 trial)/2). The Bland Altman plots were reported with the 

confidence limits in hyperbolae form with a line of best fit [40].   

Results 

The participants included 5 male and 5 female with a mean (SD) age of 28 (4) years, and 80% 

were right-handed (n=8). The room temperature ranged from 19.29˚C to 25.09˚C.   The mean (SD) 
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of all tests (n=3) from all trials (prototype trial 1, prototype trial 2 and TSA-2 trial) can be found 

in Table 1.  

[Table 1 near here] 

Reliability 

There was no significant differences in results for WDTlog (p=0.600), CDTlog (p=0.939), HPT 

(p=0.742) and CPT (p=0.332) for the prototype trials 1 and 2 (Table 2). 

[Table 2 near here] 

The ICC (2,1) analysis showed that CPT has good reliability while HPT has moderate reliability 

(p≤0.05). WDT and CDT did not have statistically significant (p≥0.154) ICC values but WDT had 

moderate reliability and CDT poor reliability (Table 2). 

The SEM results demonstrate that all trials were less than 2˚C with HPT having the smallest value 

(1.22˚C) while CPT has the largest (1.74˚C) (Table 2). However, contrary to the ICC value for 

CPT, the SEM value is greater than 5% of the mean, indicating it is not reliable. The SEM values 

for WDT, CDT and HPT show good reliability.  

The Bland-Altman Plot’s for the prototype trials 1 and 2 can be found in Figure 1 while the LoA 

results are reported in Table 2. All points, except one in CPT testing, fall within the LoA. The 

LoAs are smallest for WDT (-4.61 to 3.84) and largest for CPT (-7.64 to 5.47). This shows that 

the results from all four tests (WDT, CDT, HPT, CPT) are agreeable.  

[Figure 1 near here] 
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Validity 

 There were significant differences between the prototype WDT Trials and the TSA-2 trial [F 

(2,27)=18.373, p=0.000, η2 = 0.276 ] (Table 3). Post hoc comparisons using the Tukey test 

indicated that the mean score for the prototype trial one was significantly different than the TSA-

2 trial (M=2.117, CI=0.372 – 3.861, p=0.015). However, the prototype trial two did not 

significantly differ from the TSA-2 trial (M=1.730, CI=-0.014 – 3.475, p=0.052) (Table 3). 

[Table 3 near here] 

There were significant differences between the prototype CDT Trials and the TSA-2 trial [F (2,27) 

=5.133, p=0.013, η2 = 0.576]. Post hoc comparisons using the Tukey test indicated that the mean 

score for the prototype trial one was significantly different than the TSA-2 trial (M=3.706, 

CI=1.968 – 5.444, p=0.000). The prototype trial two was also significantly different from TSA-2 

trial (M=3.653, CI= 1.915 – 5.391, p=0.000) (Table 3). 

There were no significant differences between the prototype HPT Trials and the TSA-2 trial [F 

(2,27)=1.224, p=0.310, η2 = 0.083] and there were no significant differences between the 

prototype CPT Trials and the TSA-2 trial [F (2,27)=0.059, p=.943, η2 =0.004] (Table 3).  

The LoAs for the Bland-Altman are reported in Table 4. Bland-Altman plots were created to look 

at the agreement between the two trials of the prototype compared to the TSA-2 trial. The LoAs 

of WDT, HPT and CPT for both trials contain the number zero. The Bland-Altman plots show that 

the results from all four tests (WDT, CDT, HPT, CPT) are agreeable (Figure 2).  

[Figure 2 near here] 
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Discussion 

The aim of this study was to test a novel thermal testing device and analyze its test-retest reliability 

and agreement, along with its concurrent validity compared to the reference standard (TSA-2).  

With regard to the main aim of the study, a novel gadget called Nerve Sensory Function Device 

(NSFD) was developed as an innovative equipment.  The NSFD works by testing the sensory nerve 

endings and evaluates various sensory functions of the nerve such as hot-cold sensation and hot-

cold pain thresholds.  The NSFD applies a sensory stimulus to the sensory nerve endings in order 

to evaluate the sensory function of the nerve as a response.  Thus after developing the NSFD, the 

reliability and validity of the device was also examined in the current study.   

Reliability 

The prototype showed good test-retest reliability for all thresholds as no significant differences 

between each of the two trials based on the means was found. The good reliability findings of the 

CPT (0.88) compare to the findings of Knutti, Suter [41] on the L5 dermatome (ICC 0.68 – 0.90) 

and Wasner and Brock [25] who found an ICC of 0.781 comparing testing on day 1 vs day 21 on 

the dorsum of the hand using the same size of thermode. HPT had moderate reliability (0.71) which 

compares to Felix and Widerstrom-Noga [21] (0.55-0.79) who also tested 10 healthy subjects, 

however, with a smaller 16mm x 16mm probe in eight different locations on the body.  It has been 

shown that a larger thermode (9cm2) results in decreased thresholds compared to a much smaller 

thermode (2.5cm2), possibly explained by spatial summation [42]. Other studies reported higher 

ICC values for HPT (good to excellent reliability) however they included larger sample sizes 

[25,26,41]. The prototype requires further testing with a larger sample.  
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Although our study found poor reliability for CDT (ICC 0.29), findings are in line with previous 

research. With a one week interval, testing on L4, L5 and S1, Krassioukov, Wolfe [23] found poor 

reliability with CDT, however the thermode size was not reported. Zwart and Sand [43] found 

poor reliability for both WDT and CDT when testing L4, L5 and S1 with a larger 25x50mm 

thermode after 1-2 hours.   A moderately reliable WDT result, as found in our study (ICC 0.54), 

is common. Felix and Widerstrom-Noga (2009), Krassioukov et al. (1999)  and. Nothnagel, Puta 

[26] also found a moderate WDT (ICC 0.70, 0.36–0.84 and 0.51 respectively).  

The agreement is important to analyze as it can be counterintuitive to the ICC findings [30]. 

Nothnagel, Puta [26] found CPT LoAs as the largest out of all thermal tests (-18.22˚C to 15.20˚C) 

on the hand which is a very large temperature range (33˚C) while this study found a small range 

of only 13˚C indicating improved agreement. Bland Altman plots do not provide an analysis if the 

LoA’s found are suitable but the smaller the bias the better [30]. 

Historically thermal threshold testing reliability varies significantly on healthy participants, 

especially for thermal detection thresholds [21,26,44]. There are many factors which could 

contribute to this including the small sample size of this study and other studies, the differences in 

testing location on the body, the different baseline temperature (measured skin temperature instead 

of a set temperature), non-standardized testing, reaction time of the participant which needs to be 

quicker for thermal detection thresholds compared to thermal pain thresholds, outside distractions 

or unknown room and skin temperatures [42,45-47]. The prototype design is working towards 

improving the reliability with improved technology including the skin temperature and room 

temperature sensors which could have an advantage over coins, ice and test tube testing methods 

as the temperature of the thermode is always known [13-15]. 
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Validity 

The results show that the prototype is valid for testing HPT and CPT. The results for the prototype 

compared to the TSA-2 were statistically different for WDT and CDT with large effect sizes. One 

way to look at the results is by comparing how far CDT and WDT are from the baseline 

temperature (e.g. WDT result minus measured skin temperature for the prototype or WDT result 

minus 32˚C for the TSA-2). The WDT results for the prototype are much farther from baseline 

than previous studies with participants in prototype trial one pressing the stop button +3.73˚C from 

skin/starting temperature, trial two +4.6˚C from skin temperature and the TSA-2 was +2.39˚C from 

the 32˚C starting temperature. From previous studies, on similar testing locations +1.64˚C and 

+1.67˚C were found for WDT from baseline [16,48]. Higher WDT with warmer baseline 

temperature (35˚C) has been previously reported as found in this study [12] and could be a result 

of starting at skin temperature.  

CDT was similar to previous findings with regards to the change in temperature from the baseline 

temperature. The prototype trial one averaged -2.38˚C from skin temperature, trial two -1.84˚C 

from skin temperature and the TSA-2 was -2.12˚C from the 32˚C starting temperature. From 

previous studies, on similar locations -1.12˚C and -1.77˚C were found for CDT from baseline 

[16,48].  

One of the big differences between the TSA-2 and the prototype is the baseline temperatures. The 

baseline temperature at which the thermode begins each cycle can influence results [45,46,49]. For 

HPT and CPT, both devices (prototype and TSA-2) started at the measured skin temperature, 

which could have contributed to the validity results. A previous study found that there was no 

significant difference for CPT results when the baseline temperature was 32˚C or 36˚C [50].   For 

the WDT and CDT tests, the TSA-2 was started at a common starting temperature of 32˚C [12], 
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while the mean temperature reported by the prototype  was 33.96˚C.  [45,46,51]. Colder thermode 

temperatures can lead to increased detection of decreasing temperature while a warmer starting 

thermode can result in improved detection of increasing temperatures [49]. Participants pressed 

the stop button on the TSA-2 as it warmed up to 32˚C prior to starting WDT testing, indicating 

that the probe felt warm. This design is similar to the alternative testing methods such as coins or 

test tubes, which do not change the skin temperature prior to beginning the test [13-15]. 

The temperature of the room, if too cold (<10˚C) or too hot (>25˚C) can influence skin temperature 

and change the WDT and CDT [52]. The prototype was designed to instantly display the room 

temperature to allow the clinician to address the issue if too warm or too cool before testing. The 

prototype also records the skin temperature, which may be influenced by room temperature. 

Therefore, the test should not be completed until the skin is 25˚C-37˚C [45,46]. Both features are 

advantages of the prototype, ensuring more accurate thermal testing. Participants were not 

acclimatized to the room temperature prior to testing, resulting in skin temperatures measured 

ranging from 29.1˚C to 37.71˚C, which may have influenced results [42,46].  

Bland Altman plots can also be used to compare a new measurement technique (prototype) with a 

gold standard (TSA-2), as even a gold standard’s results could have error [30].  The Bland-Altman 

plots show agreement between all the tests indicating both the TSA-2 and the prototype had 

acceptable results. 

Participants were not blinded to their results, especially with the TSA-2 as it displays a visual 

graph on a laptop immediately after completion of the testing. Participants could see their results 

if they wished. This could have influenced further tests, influencing the reliability of the results 

[53]. The prototype, however, did not have a visual display of the results for the participants (only 

for the researcher) ensuring accurate reliable testing. As this was a feasibility study, the number of 
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participants was small. To improve the significance of the results, the number of participants will 

be increased in the future. The results can only be applied to the small number of participants who 

came from a distinct group (all physiotherapy students at one university). Furthermore, all 

participants were between 26 and 39 years old, which represents a small age group. Further 

research of the prototype is needed, including design alterations and further testing of reliable and 

valid for different pathologies, body locations and participant ages.  

Conclusion 

This study is a steppingstone for the creation of a clinically useful thermal threshold device as the 

test-retest reliability for HPT and CPT ranged from moderate to good respectively, and all thermal 

thresholds were aggregable. Furthermore, both trials of HPT and CPT and one trial for WDT were 

found to be valid compared to the TSA-2. However, the device can be improved even further to 

ensure its reliability, validity and ease of use in practice. Therefore, the prototype will be 

redesigned and further research towards its feasibility, reliability and validity is warranted. 
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Table 1 – Results mean (SD) in ˚C of all Trials 

Test Prototype T1 Prototype T2 TSA-2 Trial 
WDT 32.27 (1.68) 32.65 (2.05) 34.39 (0.63) 

CD 26.18 (1.86) 26.23 (1.77) 29.88 (0.87) 

HPT 40.71 (2.19) 40.95 (2.44) 42.14 (1.85) 

CPT 16.57 (5.07) 17.66 (5.26) 16.79 (10.72) 
Notes:  T1, prototype testing trial one; T2, prototype testing trial two; TSA, Medoc TSA-2, Advanced 
Thermosensory Stimulator, Israel; WDT, warm detection threshold; CDT, cold detection threshold; HPT, 
heat pain threshold; CPT, Cold Pain Threshold; 
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Table 2  - Test-Retest Reliability Results 

Parameter 

Difference 
(T1 – T2) ICC  

SEM (%) 
(˚C) 

LoA (°C) 

Mean 
Difference 

± SD 
(°C) 

95% CI of 
mean (°C) p ICC p 

Lower LoA 
– Upper 

LoA 
Lower LoA – 
Upper LoA 

WDTlog 0.00±0.03 -0.03-0.02 0.600 0.54 0.140 -1.09–0.88 0.02 (4%) -0.06 - +0.05 

CDTlog 0.00±0.04 -0.03-0.03 0.939 0.29 0.322 -3.11–0.82 0.03 (5%) -0.08 - +0.08 

HPT -0.24±2.25 -1.85-1.37 0.742 0.71 0.047* -0.26–0.93 1.22 (3%) -4.67 - +4.18 

CPT -1.08±3.35 -3.48-1.31 0.332 0.88 0.002* 0.56–0.97 1.74 (10%) -7.64 - +5.47 
Notes: Level of significance: *p≤0.05; T1, Trial one with prototype; T2, Trial two with prototype; WDT, warm detection 
threshold; CDT, cold detection threshold; HPT, heat pain threshold; CPT, Cold Pain Threshold; SD, standard deviation; CI, 
confidence interval; ICC, intraclass correlation coefficient; LoA, limits of agreement according to Bland and Altman [28]; SEM, 
standard error of measurement 
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Table 3 – Oneway ANOVA and Post Hoc Analysis Results for Prototype Trials Compared to 

TSA-2 Trial 

Test 
(TSA-2 
trials) 

Group 
Post Hoc Tukey Test TSA-2 ANOVA Effect 

Size 
Mean 

Difference, 
°C 

95% CI, °C p p η2 

WDT 

T1 2.12 0.37 – 3.86 0.015*   

T2 1.73 -0.01 – 3.47 0.052   

Between 
Groups 

   0.013* 0.276 

CDT 

T1 3.71 1.97 – 5.44 0.000**   

T2 3.65 1.91 – 5.39 0.000**   

Between 
Groups 

   0.000** 0.576 

HPT 

T1 1.42 -0.99 – 3.84 0.324   

T2 1.18 -1.23 – 3.60 0.456   

Between 
Groups 

   0.310 0.083 

CPT 

T1 0.22 -8.01 – 8.52 0.998   

T2 -0.87 -9.17 – 7.44 0.964   

Between 
Groups 

   0.943 0.004 

Notes: level of significance: *p≤0.05, **p≤0.001; T1, Trial one with prototype; T2, Trial two with prototype; WDT, 
warm detection threshold; CDT, cold detection threshold; HPT, heat pain threshold; CPT, Cold Pain Threshold; CI, 
confidence interval 
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Table 4 – Limits of Agreement for Prototype Trials with TSA-2 

Trial Parameter 
LoA 

Lower LoA –Upper 
LoA 
(°C) 

Prototype T1 
compared to 
TSA-2 Trial 

WDTlog -0.08 – +0.02 

CDTlog -0.12 – 0.00 

HPT -6.25 – +3.40 

CPT -20.33 - +19.90 

Prototype T2 
compared to 
TSA-2 Trial 

WDTlog -0.07 – +0.03 

CDTlog -0.11 - 0.00 

HPT -7.58 – +5.21 

CPT -19.17 - +20.91 

Notes: T1, Trial one with prototype; T2, Trial two with prototype; WDT, warm detection threshold; CDT, cold 
detection threshold; HPT, heat pain threshold; CPT, Cold Pain Threshold; LoA, limits of agreement according to 
Bland and Altman [28]; 
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Figure 1 - Bland-Altman Plot for prototype trials. 
Figure 2 - Bland Altman plot of differences against averages for prototype trials and TSA-2 trial 
with line of best fit. 
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Figure 1 - Bland-Altman Plot for prototype trials.  
Notes: (A)WDT Prototype Trail 1 compared to Prototype Trial 2; (B) CDT Prototype Trail 1 compared to Prototype 
Trial 2; (C) HPT Prototype Trail 1 compared to Prototype Trial 2; (D) CPT Prototype Trail 1 compared to Prototype 
Trial 2; ; The middle horizontal red line represents the mean difference between prototype trial 1 and prototype 
trial 2; upper and lower blue lines indicate upper and lower limits of agreement, mean difference ±1.96× SD. CDT, 
cold detection threshold; WDT, warm detection threshold; HPT, heat pain threshold; CPT, cold pain threshold;  
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Figure 2 - Bland Altman plot of differences against averages for prototype trials and TSA-2 trial 

with line of best fit.  
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Notes: (A)WDT Prototype Trial 1; (B) WDT Protype Trial 2; (C) CDT Prototype Trial 1; (D) CDT Prototype Trial 2; (E) 
HPT Prototype Trial 1; (F) HPT Prototype Trial 2; (G) CPT Prototype Trial 1; (H) CPT Prototype Trial 2; The upper and 
lower confidence (prediction) limits for an individual at 95% confidence intervals in blue with ordinary least 
squares line of best fit in red. CDT, cold detection threshold; WDT, warm detection threshold; HPT, heat pain 
threshold; CPT, cold pain threshold; 
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