
ORIGINAL ARTICLE

Two-Week Test–Retest Stability of the Cold

Pressor Task Procedure at two different

Temperatures as a Measure of Pain Threshold

and Tolerance

Julian Koenig, MA*; Marc N. Jarczok, MSSc†; Robert J Ellis, PhD‡; Claudia Bach,

MA*; Julian F. Thayer, PhD§; Thomas K. Hillecke, Dr. Sc. Hum.*

*School of Therapeutic Sciences, SRH University, Heidelberg; †Mannheim Institute of Public
Health Social and Preventive Medicine, Mannheim Medical Faculty, Heidelberg University,
Mannheim, Germany; ‡Department of Neurology, Beth Israel Deaconess Medical Center and
Harvard Medical School, Boston, Masssachusetts; §Department of Psychology, The Ohio State

University, Columbus, Ohio, USA

& Abstract

Background: The cold pressor task (CPT) was originally

developed as a clinically indicative cardiovascular test, and

quantifies vascular response and pulse excitability when a

subject’s hand is immersed into ice water. Since the test

procedure results in a gradually increasing cold pain, the CPT

has been widely used as a nociceptive stimulus in experimen-

tal studies on adults and children.

Aim: To evaluate the test-retest stability of response pat-

terns using the CPT as a measure of pain threshold and pain

tolerance.

Materials and Methods: In the present study, sixty-one

undergraduate students received painful stimulation using

the CPT either at 4°C or 6°C. Measurements of pain threshold,

pain tolerance and pain intensity ratings using the short form

of the McGill pain questionnaire (SF-MPQ), were derived. The

assessment was repeated twice over an interval of 2 weeks.

Test-Retest stability was assessed within a three-layered

approach, using ANOVAs, interclass correlation coefficients

and standard error of the mean. A Bland-Altman analysis was

also performed. Possible predictors of pain threshold and

pain tolerance were assessed using random effect panel

regression models.

Results: No significant differences emerged as a function of

temperature (4°C or 6°C) on pain threshold, pain tolerance,

and pain ratings. Environmental variables (room temperature

and humidity) show no impact on measures of pain threshold

and pain tolerance.

Conclusion: Consistent with previous findings, regression

analysis reveals that age is significantly associated with pain

tolerance. The CPT procedure shows excellent 2 week test-

retest stability to assess pain threshold and pain tolerance

within a student population. &

Key Words: cold pressor task, cold pressor task, test-retest,
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INTRODUCTION

The cold pressor task (CPT)was originally developed as a

clinically indicative cardiovascular test and quantifies
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vascular response and pulse excitability when a subject’s

hand is immersed into ice water.1,2 As the test procedure

results in a gradually increasing cold pain, the CPT has

also been widely used as pain stimuli in experimental

studies on adults3 and children.4–6Whereas in the clinical

use, the immersion time is standardized (~1 minute), the

time of immersion quantified in seconds is the dependent

test variable in the application of theCPT in experimental

pain research. Two main measures are derived from the

test in the latter case: pain threshold, determined by the

point at which the subject first reports noticeable pain

and the upper limit for endurance of noxious stimulation;

pain tolerance, determined by the elapsed time from

immersion into the ice water to the point subjects report

that they can no longer endure the stimulation.7

The stability of vascular and myocardial response

patterns provoked by the CPT as clinically indicative test

has already been investigated in several studies.8–12

Results show that the responses elicited by the CPT are

reliable and show little evidence of attenuation over the

test–retest interval, indicating that reactivity to the CPT

can be reliably assessed over a 2-week interval (Saab

et al.10). An important source of variation that must be

controlled for is water temperature13 and the speed and

turbulence of water circulation14, which causes varia-

tions in convection heat transfer as a potential source of

discrepancies.15,16

However, the test–retest stability of measurements of

pain threshold and pain tolerance associated with the

CPT procedure, although frequently assumed,3,16 has

not been systematically demonstrated to date. This

study aimed to investigate the test–retest stability of

measures of pain threshold and pain tolerance using the

CPT at 2 different temperatures (4°C and 6°C) as a pain-
inducing stimulus in a 2-week, repeated-measure design

using a healthy sample of young adults.

METHODS

All experiments were conducted in accordance with the

Declaration of Helsinki and the Ethical Guidelines for

Pain Research in Humans by the Committee on Ethical

Issues of the International Association for the Study of

Pain (IASP). The study protocol was approved by the

university’s institutional review board.

General Procedures

Healthy undergraduate students were recruited at the

SRH University Heidelberg from September 2012

through January 2013. Upon arrival to the laboratory,

participants provided written informed consent and

completed several questionnaires. Self-rated health

(SRH) was measured using the question “How do you

rate your current health status?” on a 0 (“very bad”) to 6

(“excellent”) scale. Only subjects indicating a SRH ≥3
(“fair”) were included in the trial. After inclusion in the

study, subjects were randomly assigned by permuted-

block randomization (1:1) to the 4°C or 6°C group. The

randomization sequence was generated by the first

author a priori for up to 80 participants (40 per

temperature group). The final sample of participants

was healthy undergraduate students consisting of 46

females and 15 males. The age range was 19 to 45 years;

mean 23.71 years (SD = 4.15). The difference of 2°C
between the groups was based on a previous finding3,

which reported a significant difference in pain experi-

ence.

Subjects were blind to their randomized group. Each

participant was given a day of the week (Monday

through Friday) and a time (between 9AM and 6PM),

2 weeks apart when both assessments would be made.

Date and time of measurements were recorded by a

protocol. Socio-demographic variables were assessed

using a self-developed questionnaire. The fourth author

performed all assessments. Data management and

analysis were performed by the first and second author:

They were otherwise not involved in participant contact.

All participants received class credits or an allowance of

20€ for the completion of the study.

Cold Pressor Task

Cold pressor pain sensitivity was assessed by immersing

the nondominant hand up to the wrist in a

15.5 9 19.5 9 15.75 inches acrylic glass (2 cm thick)

tank with circulating water (3 floor pumps Conrad

Electronic GmbH AP-333, water flow: each 200 l/h) to

prevent local warming. Water temperature was con-

trolled as specified constantly with a chilling device

(Resun CL 250) and water pump (Conrad Electronic

GmbH Item no. 55 16 73, 1400 l/h) and measured with

3 digital thermometers (Electronics Tomorrow Ltd.

2120, Hong Kong, Hong Kong) at different spots

(chiller inflow, chiller outflow, tank back top). Mini-

mum and maximum water temperature was recorded in

°C for every thermometer and session. Subjects were

told to keep their hand open rather than closed in a fist

while it was in the water. Before the immersion the

subject was told to keep the hand in the water until cold
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pressor pain turned intolerable, with a cutoff time of 4

minutes. The latencies to the first pain sensation (pain

threshold) and to the intolerable pain (pain tolerance)

were measured with a stopwatch in seconds. The CPT

was repeated 2 times, with a 2-week interval in both

groups. The ambient temperature and humidity was

recorded during both sessions.

Pain Ratings

The short form of the McGill Pain Questionnaire

(SF-MPQ17) was administered after the cold pressor

procedure. The SF-MPQ allows quantitative, multidi-

mensional pain ratings to be obtained in a brief period

of time and was derived from the McGill Pain

Questionnaire (MPQ18). The SF-MPQ consists of 15

descriptors (11 sensory, 4 affective) that are rated on a

4-point intensity scale from 0 (“none”) to 3 (“severe”).

Three pain scores (sensory, affective, and total descrip-

tors) are derived from the sum of the intensity rank

values of the words chosen for descriptors. Pain

intensity on hand removal was assessed on a 10 cm

visual analog scale (VAS) from 0 to 10, and the overall

pain experience is assessed by one descriptor (“no

pain”, “mild”, “discomforting”, “distressing”, “horri-

ble”, or “excruciating”). We used the German version

of the SF-MPQ.19

Statistical Methods

Statistical comparisons on socio-demographic variables

between groups and environmental and test variables

between the assessments were made using a one-way

analysis of variance for continuous variables and chi-

squared test (v²-test) for categorical variables (2-sided

significance) to ensure equivalent baseline status.

A series of repeated-measure ANOVAs and MANOVAs

to examine group differences in pain threshold, pain

tolerance, and pain rating (SF-MPQ) over time (Group

9 Time interactions) was performed. The distribution of

all continuous variables was determined, and transfor-

mations were used as necessary to meet the assumptions

of modeling.20

Test–retest stability for pain threshold, pain toler-

ance, and pain intensity was assessed via a 3-layered

approach to assess reliability as recommended else-

where.21 First, a repeated-measure ANOVA (2-way)

was performed as described to examine systematic error.

Second, Pearson product-moment correlations were

expressed by the interclass correlation coefficient

(ICC). Third, standard error of the mean (SEM) of the

first and second assessments were determined. The ICC

(rho/r) ranges between 0 and 1, where ≥ 0.75 is

considered excellent reliability.21 All tests were deemed

significant at the threshold P < 0.05. Additionally,

differences between both the 2 assessments were pre-

sented graphically for each variable using Bland–Altman

plots. Possible predictors of pain threshold and pain

tolerance were assessed using random effects panel

regression models. Data management and analysis were

performed using Stata (12.1 MP, College Station, TX,

USA) and SPSS (20, IBM, Chicago, IL, USA).

RESULTS

Subjects

Self-rated health was rated as “good/very good” or

“excellent” by 78% of participants. Subjects had an

average height of 170.75 cm (SD = 8.76 cm) and an

average body weight of 67.13 kg (SD = 14.09 kg).

Their body mass index (BMI) range was 17.2 to 41.6;

mean 22.93 (SD = 4.12). Thirty-four participants (28

female) were allocated to the 4°C group, and 25 (16

female) to the 6°C group. Differences in the above

demographics were not significant between the groups.

Characteristics are given in Table 1.

Pain Threshold, Pain Tolerance

ANOVA results on average pain threshold and pain

tolerance (with group and time as factors) are presented

Table 1. Socio-demographic Characteristics

4°C Group 6°C Group P Total Sample

n (f/m) 34 (28/6) 25 (16/9) 0.110 59 (44/15)
age, M (SD), years 22.85 (2.46) 24.88 (5.55) 0.063 23.71 (4.15)
height, M (SD), cm 169.68 (7.49) 172.20 (10.23) 0.278 170.75 (8.76)
weight, M (SD), kg 66.97 (14.88) 67.34 (13.24) 0.921 67.13 (14.09)
BMI, M (SD), kg/m² 23.18 (4.64) 22.59 (3.33) 0.591 22.93 (4.12)
dominant hand, n/n (%/%), left/right 2/32 (5.9/94.1) 2/23 (8.0/92.0) 0.749 4/55 (6.8/93.2)

n (f/m) = number of subjects, females/males; BMI (kg/m²) = body mass index, P differences between groups assessed by ANOVA or chi-squared test.
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in Table 2. Pain threshold (F1,116 = 2.93; P = 0.089),

pain tolerance (F1,116 = 3.88; P = 0.051), and total

immersion time (F1,116 = 3.76; P = 0.055) showed no

statistically significant differences between groups. Fur-

thermore, repeated-measure ANOVAs revealed no sta-

tistical significant differences for (1) pain threshold in

the 4°C (F1,33 = 0.64; P = 0.428) and 6°C group

(F1,24 = 0.21; P = 0.647), (2) pain tolerance in the 4°C
(F1,33 = 0.40; P = 0.530) and 6°C group (F1,24 = 1.20;

P = 0.284), and (3) total immersion time in the 4°C
(F1,33 = 1.09; P = 0.303) and the 6°C group (F1,24 =
1.46; P = 0.238) between the 2 assessments. MANO-

VAs that were performed to examine Group 9 Assess-

ment interactions revealed no statistical significant

differences for pain threshold (F1,118 = 2.93;

P = 0.090), pain tolerance (F1,118 = 3.87; P = 0.515),

or total immersion time (F1,118 = 0.42; P = 0.518).

Figure 1 shows the survival graphs for total immersion

time by group and assessment.

Pain Ratings

Results from the SF-MPQ pain intensity rating and

sensory, affective, and total descriptors are presented in

Table 2. Neither VAS ratings of pain intensity on hand

removal (F1,117 = 0.06; P = 0.806), pain experience

intensity(F1,115 = 5.66; P = 0.019) nor sensory

(F1,117 = 4.53; P = 0.036), affective (F1,117 = 0.18;

P = 0.672), and total pain index (F1,117 = 2.56;

P = 0.113) showed significant differences between the

groups. In neither in the 4°C group (F1,32 = 0.05, P =

0.830) nor in the 6°C group (F1,22 = 0.10; P = 0.753),

ratings of pain intensity showed significant differences

between the 2 assessments, and similar null differences

were found for the sensory pain index, the affective pain

index, the total pain index, and the pain experience

intensity (Table 2). Furthermore, MANOVA (Group 9

Assessment) ([Pain intensity on hand removal: (F1,117 =
0.79; P = 0.376)]) ([Pain experience intensity: (F1,115 =
0.01; P = 0.911)]), ([Sensory pain index: (F1,117 = 0.12;

P = 0.731)]) ([Affective pain index: (F1,117 = 0.39;

P = 0.536)]) ([Total pain index: (F1,117 = 0.00;

P = 0.962)]) revealed, no scale or index of the SF-

MPQ showing any statistical significant differences.

Environment and Test Variables

All environmental and test variables are presented in

Table 3. Room temperature and humidity were

recorded at the beginning and the end of each assess-

ment. None of the environmental variables showed

significant differences between the groups. Only room

temperature at the beginning of the assessments within

the 6°C group showed a significant difference when

comparing the first and second assessment (F1,24 = 5.62;

P = 0.026). Humidity showed significant differences

within the 4°C group at the beginning (F1,32 = 0.38;

P = 0.003) and the end of assessment (F1,32 = 8.23;

P = 0.007), and at the beginning of the assessment

within the 6°C group (F1,24 = 4.61; P = 0.042), com-

paring the first and second assessment. Cold pressor task

water temperature was controlled by 3 digital ther-

mometers placed at different spots within the water

tank. Maximum and minimumwater temperatures were

recorded for each subject and assessment. Mean values

were calculated based on these recordings. Significant

differences between the first and second assessment

occured within the 6°C group for the mean tank bottom

(F1,24 = 6.05; P = 0.022) and mean tank outflow

(F1,24 = 6.06; P = 0.021) water temperature, the max-

Table 2. Pain-related Measures

4°C Group 6°C Group

1st Assessment 2nd Assessment P 1st Assessment 2nd Assessment P

CPT performance, mean (SD)
Pain threshold, seconds 18.82 (13.69) 17.00 (9.9) 0.428* 16.78 (15.44) 15.15 (14.31) 0.647*
Pain tolerance, seconds 65.19 (74.75) 63.19 (78.24) 0.530* 43.24 (59.99) 56.01 (76.10) 0.284*
Total immersion time, seconds 84.01 (75.92) 80.19 (80.35) 0.303* 60.02 (66.16) 71.16 (80.03) 0.238*

SF-MPQ, mean (SD)
Sensory pain index, 0 to 33 2.41 (0.43) 2.32 (0.46) 0.242* 2.55 (0.43) 2.52 (0.38) 0.676*
Affective pain index, 0 to 12 1.68 (2.40) 2.18 (2.59) 0.100 1.76 (1.94) 1.72 (2.32) 0.911
Total pain index, 0 to 45 2.52 (0.46) 2.48 (0.51) 0.572* 2.66 (0.47) 2.62 (0.43) 0.637*
Pain experience intensity, 0 to 5 0.86 (0.26) 0.88 (0.29) 0.678 0.92 (0.23) 0.85 (0.31) 0.178
Pain intensity on hand removal, 0 to 10 5.14 (2.08) 5.28 (2.03) 0.830* 6.08 (2.11) 6.14 (1.81) 0.753*

P differences between assessments assessed by one-way repeated-measurement ANOVA.
*log-transformed for ANOVA.
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Figure 1. Visual inspection of test–retest stability. (A) Test–retest pain threshold in seconds, by group (4°C and 6°C), 4°Cgroup:R² = 0.48;
6°C group: R² = 0.57; (B) Bland–Altman plot on pain threshold; (C) Test–retest pain tolerance in seconds, by group (4°C and 6°C), 4°C
group:R² = 0.72; 6°Cgroup:R² = 0.59; (D)Bland–Altmanplotonpain tolerance; (E) Survival estimateson total CPTperformance (duration
of hand immersion in seconds) by group and time of assessment; B/D represent Bland–Altman plots on pain threshold and pain tolerance
in seconds by group. The average of test and retest and the differences between test and retest, as well as their mean and a � 1.96
standard deviation for the total sample are presented to show the agreement between the 2 different assessments.

CPT Test-Re-Test � 5



imum tank outflow (F1,24 = 6.59; P = 0.017) and max-

imum tank bottom (F1,24 = 7.50; P = 0.011) and the

minimum tank bottom (F1,24 = 5.14; P = 0.033) water

temperature likewise. MANOVA (Group9Assessment)

(F1,117 = 2.47; P = 0.120) revealed, no statistical signif-

icant differences on any of the environmental variables.

Test–Retest Reliability

Pearson product-moment correlations and standard

error of the mean (SEM) of the first and second

assessment for both groups were calculated as presented

in Table 4. Figure 1 presents several graphical analyses.

Figure 1A shows test (y-axis) and retest (x-axis) pain

threshold (Figure 1A) and pain tolerance (Figure 1B)

(non-log-transformed data), separately for each group,

with associated Bland–Altman plots (Figure 1C,D).

Figure 1E presents a survival analysis of total perfor-

mance time by group and assessment. Coefficients of

determination (R2, simple linear regression) for the

graphs by group are given within the figure legends.

Predictors of Pain Threshold and Pain Tolerance

Possible predictors of pain threshold and pain tolerance

were assessed using random effect panel regression

models. Hausman tests indicated no systematic differ-

ence between fixed effect and random effect models

(pain threshold v2 1.21 P = 0.55; pain tolerance v2 0.29
P = 0.87), thus allowing for inferences on the infinite

population. The unadjusted population average of pain

threshold was 17 s and 57.9 s for pain tolerance.

Table 3. Environmental and Test Variables

4°C Group 6°C Group

1st Assessment 2nd Assessment P 1st Assessment 2nd Assessment P

Room temperature, °C, mean (SD)
At the beginning of assessment 21.64 (1.45) 21.67 (1.55) 0.878 22.30 (2.35) 21.36 (1.03) 0.026
At the end of assessment 21.69 (1.42) 22.24 (3.51) 0.349 22.32 (2.36) 21.56 (0.94) 0.077

Humidity,%, mean (SD)
At the beginning of assessment 41.29 (4.70) 37.45 (5.65) 0.003 43.59 (6.02) 40.96 (5.37) 0.042
At the end of assessment 41.50 (4.86) 38.41 (4.96) 0.007 44.00 (6.07) 41.61 (5.41) 0.063

Water temperature, °C, mean (SD)
Tank bottom 4.24 (0.23) 4.28 (0.25) 0.534 6.07 (0.33) 5.76 (0.64) 0.022
Tank inflow 4.19 (0.26) 4.31 (0.26) 0.183 6.10 (0.30) 5.96 (0.63) 0.308
Tank outflow 4.38 (0.30) 4.40 (0.27) 0.565 6.15 (0.33) 5.86 (0.59) 0.021

Maximum water temperature, °C, mean (SD)
Tank bottom 4.34 (0.24) 4.35 (0.26) 0.923 6.20 (0.32) 5.90 (0.62) 0.017
Tank inflow 4.30 (0.30) 4.41 (0.23) 0.289 6.24 (0.31) 6.10 (0.59) 0.272
Tank outflow 4.53 (0.34) 4.54 (0.28) 0.795 6.32 (0.35) 5.99 (0.62) 0.011

Minimum water temperature,°C, mean (SD)
Tank bottom 4.14 (0.26) 4.21 (0.26) 0.277 5.94 (0.40) 5.62 (0.68) 0.033
Tank inflow 4.07 (0.26) 4.21 (0.26) 0.139 5.95 (0.33) 5.82 (0.69) 0.378
Tank outflow 4.22 (0.32) 4.26 (0.28) 0.415 5.98 (0.38) 5.73 (0.59) 0.059

P differences between assessments assessed by one-way repeated-measurement ANOVA.
Bold values indicate a statistical significant difference.

Table 4. ICC and SEM

4°C Group 6°C Group

ICC CORR ICC CORR

Pain threshold, seconds 0.79 0.62*** 0.86 0.73***
Pain tolerance, seconds 0.92 0.81*** 0.85 0.86***
Total immersion time, seconds 0.92 0.83*** 0.87 0.85***

SEM 1st Assessment 2nd Assessment 1st Assessment 2nd Assessment

Pain threshold, seconds 2.35 1.70 3.09 2.86
Pain tolerance, seconds 12.82 13.42 12.19 15.53
Total immersion time, seconds 13.02 13.78 13.23 16.01

ICC, intraclass correlations for one-way random effects model on absolute agreement; SEM standard error of the mean; CORR, Pearson correlation.
***P < 0.001.
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Adjustments for experimental condition, gender, age,

BMI, or environmental condition (ie, room temperature,

average humidity, and average water temperature) did

not contribute significantly to the explanation of pain

threshold, but age did contribute significantly in the pain

tolerance models (Table 5). All else being equal, pain

tolerance diminishes on average by 2.4 seconds per age

year increase in the final model.

DISCUSSION

The reproducibility of the conscious experience and

psychophysical assessments of pain are critical factors in

pain research.22 This is the first study systematically

investigating test–retest reliability of the widely used

CPT as a measure of pain tolerance and threshold. Sixty-

one students received nociceptive stimulation by the

CPT with 1 of 2 water temperatures (4°C or 6°C). The
assessment was repeated after 2 weeks. Pain threshold,

pain tolerance, and ratings of pain intensity were derived

for each assessment. We controlled for socio-demo-

graphic (eg, gender, age) and environmental variables

(eg, room temperature, humidity). Despite a strong

design, with blinding of the participants, the study has

several limitations.

Participants consistent of students and were predom-

inantly female. As gender differences may have sub-

stantial contributions to measures of experimentally

induced pain tolerance,3,23,24 this must be taken into

account considering the results.39 However, gender

analysis revealed no statistical significant differences

within our study (Table 5).

Due to the method of randomization, groups were

not balanced according to the number of subjects per

group. Other studies that addressed test–retest reliability
of different methods of pain stimulation (eg, pressure

pain) in comparable subjects report way smaller total

sample sizes,25 then we do per group. Furthermore, a

rational for the sample size is given by the findings of

Jensen et al.26 that demonstrated that intra-individual

variation of pain threshold in induced pressure pain can

be estimated with 80% power at the 0.05 significance

level in groups of 10 subjects. However, differences

between the groups were not significant, revealing

equivalent baseline status. We were not able to blind

study personnel, as cooling of the water needed to be

adjusted and recorded for each assessment. Participants

were blinded to the water temperature. We did not

obtain ratings on the water temperature expectation by

the participants, what might have been of interest.

Furthermore, we did not record outdoor temperature

that might be of interest, contributing to possible

differences in thermal stimulation.

Three different thermometers at different spots

within the tank controlled water temperature of the

CPT at the beginning and the end of the task. However,

instead of recording maximum and minimum temper-

ature for each assessment, longitudinal records of the

water temperature during the time of hand immersion

might lead to more appropriate data. As sex of the

experimenter has been shown to influence experimental

pain thresholds,27 and a female experimenter (fourth

author) took all our assessments, a possible but system-

atic bias may be present in our data.

Table 5. Possible Predictors of Pain Threshold (seconds) and Pain Tolerance (seconds) in Random Effect Panel
Regression Models

Model

Pain Threshold Pain Tolerance

M0 M1 M2 M3 M0 M1 M2 M3

Group �1.948 �4.01 �6.872 �14.362 �11.492 8.205
Gender 6.583 6.915 17.355 17.339
BMI (KG/m2) �0.280 �0.309 �0.108 �0.332
Age (Years) 0.348 0.395 �3.011** �2.458*
Water temp. (°C) 1.92 �11.342
Room temp. (°C) �1.054 �2.983
Humidity (%) �0.080 �0.676
Constant 17.086 17.912 17.119 20.759 57.903 63.988 58.360 87.571
r2 within 0 0.001 0.033 0 0 0.023
r2 between 0 0.006 0.066 0.088 0 0.011 0.05 0.082
r2 overall 0 0.005 0.057 0.080 0 0.01 0.045 0.075
sigma_u 11.102 11.176 11.021 11.189 65.871 66.121 66.527 66.501
sigma_e 7.134 7.134 7.314 7.38 32.056 32.056 32.267 33.791

Group (4° vs. 6°C); gender (male vs. female); BMI: body mass index; water temp. (mean tank bottom temperature), room temp. (room temperature at beginning of assessment), and
humidity (humidity at beginning of assessment).
Legend:*P < 0.05; **P < 0.01; ***P < 0.001.

CPT Test-Re-Test � 7



Our findings on average pain threshold and pain

tolerance in relation to the water temperature reveal

some interesting questions compared with the work by

other authors. Mitchell et al.3 that used the CPT with 4

temperature conditions (1°C, 3°C, 5°C, and 7°C) found
that tolerance time increases as temperature increases.

Within our study, mean pain threshold and pain

tolerance as well as total immersion time showed no

significant differences between the 4°C and the 6°C
group. Our findings do not support earlier findings,3,14

which show variations in temperature as small as 2°C
when using the CPT might result in significantly

different pain experience. Again, variations in the

construction and methods of CPT3 might be responsible

for these inconsistent results. Further studies are needed,

addressing these issues of the CPT use for nociceptive

stimulation. However, the main focus of the study was

to assess test–retest reliability of the CPT with 2

different water temperatures.

Previous studies report good reliability for the

assessment of pain thresholds, using pressure pain

stimuli inducted by mechanical algometers in

healthy28–31 and clinical32,33 subjects. Although the

measurements may be significantly lower with repeated

measures over a short period time34, pressure pain

thresholds were reported highly consistent over 434 and

30 days.35 The reliability of pain threshold and pain

tolerance to thermal pain has only been investigated in a

few studies. One study found the assessment of thresh-

old and tolerance to pain induced by ice cubes,36 over

assessments separated by 5 days in healthy subjects,

reliable. Another study, using ice cubes in sealed plastic

satchels that were held against the wrist of the partic-

ipants (young adults), reports acceptable reliability of

the present measures for within-session repeat assess-

ments.25 Another study37 investigated test–retest
reliability of cold pain threshold and heat pain threshold

with a 48-hour interval between 2 assessments. Thermal

pain was induced by a thermode, in 13 young partici-

pants with chronic nonspecific low back. The authors

report an ICC for the cold pain threshold of 0.89, when

pain stimulation is applied to the local lumbar area.

Another group of studies13 investigating the reproduc-

ibility of quantitative sensory testing (QST) and address-

ing the reliability of cold pain threshold report good

reliability. A recent study investigating the striatal

l-opioid receptor availability showed no significant

differences in CPT pain threshold repeated measures of

both hands with a 5-minute interval.38 However, our

study is the first to report test–retest stability for the CPT

procedure with a longer interval between assessments.

Pain threshold assessments in the 4°C (ICC = 0.79) and

the 6°C group (ICC = 0.86) show both excellent test–
retest reliability (ICC >.75) over assessments separated

by 2 weeks, comparable the findings on pressure pain

stimuli.28–33 Pain tolerance assessments in both groups

also report excellent reliability. However, results indi-

cate a slightly better stability for the CPT procedure used

with a water temperature of 6°C.
Consistent with previous findings39,40 our regression

analysis (Table 5) reveals that pain threshold varies by

age. No other environmental or socio-demographic

variable showed an impact on measures of pain thresh-

old and pain tolerance. However, gender differences did

not show significance in the present analysis and this

might be due to the small sample size and the given

disparity in group sizes. As volunteers were recruited at

the SRH University in Heidelberg, participants were

predominantly female, reflecting the majority of female

students on campus. While the analysis did show

significance when controlled for age but not for gender,

age differences in male and female participants need to

be taken into account. In group 1 (4°C), analysis of

variance revealed statistical significant differences

(F1,33 = 6.44; P = 0.016) on mean age between male

(n = 6, 25.00 years, SD = 2.39) and female (n = 28,

22.39 years, SD = 2.39) subjects. In group 2 (6°C), no
significant differences (F1,24 = 0.83; P = 0.775) on

mean age between male (n = 9, 24.44 years, SD = 2.96)

and female (n = 16, 25.13 years, SD = 6.66) subjects

were present. As these differences might contribute to

the results of the present regression analysis, future

studies should address gender and age interactions by

carefully balancing group allocation. Weighted sample

sizes of at least 10 male and 10 female participants per

group are needed do address such specific questions that

are beyond the scope of the present analysis as the main

aim of the study was to address the test–retest reliability
of the CPT procedure.

The results demonstrate excellent 2-week test–retest
reliability for measures of pain threshold and pain

tolerance using the CPT as pain stimulus in healthy

subjects. However, as the CPT produces a gradually

increasing cold pain, other methods, using multiple brief

stimuli22 might be more appropriate for experimental

use. Still the CPT procedure has several advantages for it

seems to be a cost-efficient, safe, ethical acceptable, and

reliable measure of pain threshold and pain tolerance.

However, further studies need to address different test

setups, methods of cooling, and environmental influ-
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ences that may contribute to variations of the measures

derived using the CPT for nociceptive stimulation.
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