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Abstract

Conditioned pain modulation (CPM) paradigms provide a proxy measure of activity in the
descending pain modulatory system. Cuff-pressure-algometry offers a standardised CPM assessment
tool although comprehensive validation in large samples is lacking. To address this, we pooled cuff-
algometry CPM data from 324 healthy participants across 8 studies. CPM magnitude was calculated
as pain detection (PDT) and tolerance (PTT) threshold changes, assessed on the dominant leg in the
presence and absence of a painful “conditioning” cuff stimulus on the contralateral leg. CPM-effects
were robust for both changes in PDT and PTT (p<0.001). Using a classification approach where a
>20% change in threshold designated a CPM responder, 69% of participants were CPM-responders
for PDT and 59% for PTT. Test-retest reliability data were assessed in a subset of participants (n=72;
interval 16.49+18.39days) using intraclass correlation coefficients (ICC). Test-retest reliability was
poor for CPM-effects (ICC=0.25-0.37) despite moderate-to-good reliability for PDT and PTT
(ICC=0.69-0.87). Responder classification showed none-to-minimal agreement across Sessions
(Cohen's ¥=0.17-0.21), with 38% of participants switching classification for both PDT and PTT.
Bootstrap analysis reveadled that smaller samples provide highly variable ICC estimates, potentially
explaining discrepancies with previous reliability reports. Despite producing large group-level CPM-
effects, poor test-retest reliability of cuff algometry suggests it captures dynamic, state-dependent
processes rather than a stable trait-like individual characteristic. This highlights the need to consider
the temporal instability of CPM when interpreting data and considering its deployment within

precision pain medicine.
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Conditioned pain modulation (CPM) is the behavioural phenomenon whereby an individua's
perception of a noxious “test” stimulus is modulated by concurrent application of a second noxious
“conditioning” stimulus. Psychophysical CPM paradigms are proposed to indicate efficacy of
descending pain modulatory circuits [38], with dysfunction reported in several chronic pain
conditions [33,46]. Despite initial promise as a biomarker [25], CPM does not consistently correlate
with patients pain intensities nor duration, and while many studies report case-control differences,
clinical utility remains elusive [7]. A recent study reported the impact of varying the conditioning
stimulus timing on CPM’s ‘sensitivity’, highlighting the impact of methodological differences on
CPM functionality as a pain-related biomarker [11]. Despite calls for standardisation [48], substantial
methodological variability in stimulus timing, modality, and intensity between studies continues to

limit the utility of CPM as a biomarker for chronic pain [7].

Cuff-algometry is a contemporary stimulus modality for CPM paradigms and a strong candidate for
standardised testing. It involves using tourniquet cuffs (typically placed around the calf muscles) to
apply ramps of gradually increasing pressure stimulation to derive pain detection and pain tolerance
thresholds for each leg. Following this, a static pressure stimulus is applied to one leg, to serve as a
noxious conditioning stimulus, whilst simultaneously thresholds are re-assessed at the other leg. This
paradigm allows the conditioning stimulus intensity to be personalised, facilitating standardisation of
perceived painfulness across individuals. The procedure is methodologically simple, fast, computer-
controlled and largely user-independent, providing a balance of scalability with standardisation and
reproducibility of application.

Initial clinical work has shown that cuff-algometry CPM assessment is sensitive to both differences
between patient groups [43,44] and case-control comparisons [34], and may also predict post-
surgical pain outcomes [32]. Severa psychophysical aspects of this paradigm have aready been
characterised, including changes in thresholds due to repeated application [16,35], impacts of cuff
location and stimulus intensity [12,41], and responses to sensitisation and analgesia [36]. Initial
assessments have shown good-to-excellent test-retest reliability [12], comparable to other stimulus
modalities [18,45]. However, these assessments used only modest sample sizes, with little consensus
on defining a "functional” CPM response and wide variation in classification thresholds [5,34,43].
Comprehensive characterisation in a large cohort of healthy individuals is a requisite step towards

validating the clinical potential of CPM. To date, such examination is lacking.
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84

85 In this work, we pooled cuff-pressure CPM assessments from eight studies with identical
86  psychophysical methodologies. We perform a large-scale characterisation of the protocol,
87  considering both single-session (n=324) and test-retest (n=72) designs. Our primary aims were to
88  investigate whether cuff-algometry CPM induces robust group-level effects and to see whether these
89 are reliable across sessions, both in terms of absolute values and consistency of binary
90 responder/non-responder classification. Additionally, we examined the relationships between
91  baseline pain thresholds and the recorded CPM effects.

92

93 Methods

94  Sourcedata

95 Datafrom 324 individuals were pooled from eight research studies performed on separate campuses
96 at King's College London. In two of the studies the protocol was repeated twice in identical, separate
97  sessions, creating a test-retest sub-sample of 72 individuals. Data from two of the contributing
98 studies have been published [8,31]. Ethical clearance for this (ID: LRS-22/23-36682) and all
99  contributing studies was granted by the King's College Health Research Ethics Committee. All
100  studies were conducted in accordance with the revised Declaration of Helsinki. Consent for data to
101 beusedin future research studies was given by al participants.

102

103  All studies recruited participants aged 18 years or older, with no ongoing pain, no ongoing
104  cardiovascular, neurological or pain medication use, no pregnancy, no diagnosed mental health
105  conditions, and no central nervous system disorders. In addition to the CPM data, we recorded age,
106 sex, and dominant leg laterality. Study-specific characteristics and any methodological differences
107 aresummarisedin Table 1.

108

109  Pain detection threshold and pain tolerance threshold

110  Participants undertook a protocol incorporating a standardised cuff CPM paradigm, as previously
111  described [4,5,12,13,16]. In brief, participants had a tourniquet cuff (VBM Medizintechnik GmbH,
112  REF: 20-54-522) attached to each calf, with inflation controlled using the cuff pressure algometry
113  system (Nocitech CPAR, Inventors Way ApS, Denmark). Pain thresholds were assessed using
114  pressure ramps inflated at 1 kPa/s. The first ramp was applied to the dominant leg (Figure 1A),
115 followed by the non-dominant leg (Figure 1B). Participants used an electronic 10 cm long visual
116  analogue scale (VAS) anchored at "no pain™ (0 cm) and "worst pain imaginable™ (10 cm) to rate their
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117  perceived pain. When participants could no longer tolerate any more pain, they pressed a button to
118  stopinflation.

119

120  Each pressure ramp provided two psychophysical outputs. Pain Detection Threshold (PDT) was
121 defined as the cuff pressure at which participants first moved the VAS slider away from the "no
122 pain" anchor (instrumentalised as 0.1 cm on the VAS). Pain Tolerance Threshold (PTT) was defined
123 asthe maximum pressure (kPa) participants could tolerate before pressing the stop button.

124

125  All ramps were safety-limited at 97 kPa, after which cuffs automatically deflated to prevent injury. If
126 so, PTT could not be accurately recorded and that participant was not used for further PTT analysis.
127 Leg dominance was assessed by self-report and additionally prompted by asking participants with
128  which leg they would kick a football [27].

129

130  Conditioned pain modulation

131  CPM was assessed using concurrent cuff inflation as the conditioning stimulus (CS, Figure 1C). The
132 CS cuff on the non-dominant leg was swiftly inflated to a static pressure equivalent to 70% of the
133  PTT recorded on the non-dominant leg [47]. Once the CS pressure was reached and maintained, the
134  test stimulus (TS) cuff on the dominant leg began inflating at 1 kPa/s, using an identical ramp
135  protocol to the baseline measurements. Participants received the same VAS rating instructions as
136  during baseline measurements, but were specifically instructed to rate only the painfulness of the TS
137 on the dominant leg and to ignore the pressure applied to the non-dominant leg during the CPM
138  assessment.

139

140 CPM magnitude was calculated as the difference in PDT and PTT, respectively, recorded during
141 conditioning and at baseline (e.g. conditioned PDT minus baseline PDT). Thus, positive CPM-effects
142  indicate increased pain thresholds (a hypoal gesic effect) in the presence of the conditioning stimulus.
143

144  Classifying CPM respondersand non-responders

145  Participants were classified as CPM responders or non-responders based on the magnitude of their
146  pain threshold changes. Specificaly, responders were designated as those showing >20% increase in
147  both PDT and PTT thresholds during conditioning, a criterion previously employed in patient
148  populations [43,44]. The tradition of applying a classification threshold to PDT and PTT changes,
149  rather than binarizing around a change of O, is essential to account for the measurement error

150 inherent in repeating atest stimulus. However, these measurement error thresholds require test-retest
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151  dataand can only be generalised out-of-sample to comparable cohorts. The 20% change criterion can
152  be applied without requiring test-retest in the same participants and allows some direct comparison
153  against patient populations. Participants who had sufficiently high PTT thresholds such that they
154  could not achieve a 20% increase due to the safety limit were excluded from PTT classification
155  analyses.

156

157  Statistical analysis

158  Data are presented as mean values and standard deviation. All statistical analyses were conducted
159 using R version 4.4.1. Group-level CPM-effects were assessed using linear mixed-effects models
160  (Imer function from Ime4 package [2,23]), with participant ID defined as a random intercept to
161  account for repeated measures. Models included fixed effects for condition (e.g. PDT vs. PDT with
162  conditioning), age, sex, and study. Separate models were fitted for PDT and PTT outcomes. Whilst
163  sex differences were not the main focus of this work, we report mixed effects models examining the
164  interaction between condition and sex within Supplementary Figure 1. We computed p-values for
165  fixed effects via Satterthwaite approximation. The significance level was set at a=.05 for all analyses
166

167  The main CPM models took the following form:
168

Pressure; = B° + p(Condition); + B2(Age): + B3(Sex); + fA(Study); + u° + &
169

170

171 Where Pressure = PDT or PTT, Condition = baseline or conditioning, i = participants, j = conditions
172 (baseline/conditioning), ug = the random intercept for participant i, and €;; = the residua error term.
173

174  Exploratory interrelationships between psychophysical measures were examined using linear models
175  aso accounting for age, sex, and study as covariates. These analyses investigated: (1) the relationship
176  between conditioning pressure intensity and CPM-effect, (2) associations between baseline pain
177  thresholds and CPM-effects, and (3) concordance between dominant and non-dominant leg
178  measurements.

179

180  Test-retest reliability (n = 72) was assessed using multiple metrics. Intraclass Correlation
181  Coefficients (ICC) were calculated using the two-way mixed-effects model for absolute agreement
182  [ICC(2,1)] from theirr package [10]. ICCs were interpreted according to the following criteria: <0.50
183  poor, 0.50-0.75 moderate, 0.76-0.90 good, >0.90 excellent reliability [20]. We additionaly report
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184  Pearson Correlation Coefficients, Standard Error of Measurement (SEM), and Coefficient of
185  Variation (CoV). To examine the effect of sample size on reliability estimates, bootstrap anaysis
186  simulated ICC values across sample sizes from 10 to the full dataset (increments of 5). For each
187  target sample size, we created computed 1CC(2,1) values for 1000 bootstrap samples utilising
188  replacement. Median ICC and 95% confidence intervals (2.5th-97.5th percentiles) summarized the
189  bootstrap distributions. Consistency of responder/non-responder classification across sessions was
190  assessed using Cohen's kappa (<0.20 none, 0.21-0.39 minimal, 0.40-0.59 weak, 0.60-0.79 moder ate,
191 >0.80-0.90 strong, > 0.90 almost perfect [26]).

192

193  Results

194  Participants, data quality and ceiling effects

195  The final sample had a mean age of 26.9 years (SD = 8.53, 32 missing values) and comprised 119
196  male and 204 female participants (1 missing value). Detailed information regarding missing valuesis
197  presented in Supplementary Table 1.

198

199  Anayses were conducted on 311 participants for PDT analyses and 257 for PTT analyses. This
200 follows list-wise excluson of al participants with missing sex or age data, in addition to 56
201  participants (17.28%) being excluded from PTT analyses for reaching the safety threshold. For
202  responder classification analyses, a separate 53 participants (16.36%) were excluded because their
203  baseline PTT was sufficiently high that a 20% increase would have surpassed the algometer's safety
204 limit.

205

206  The test-retest subsample comprised 72 participants (mean age = 26.3 years, SD = 8.1; 17 males, 55
207 females) with a mean inter-session interval of 16.5 days (SD = 18.4). Participants were excluded
208 from PTT analyses if they exceeded the safety-limit in at least one session, resulting in sample sizes
209  of 56 for baseline PTT (22.22% excluded), 49 for PTT during conditioning (31.94% excluded), and
210 48 for the PTT CPM-effect analyses (33.33% excluded). A separate 25 participants (34.72%) were
211 excluded from PTT responder classification analyses as their baseline thresholds were too high to
212  permit a 20% increase without exceeding the safety limit. There were no missing data exclusions in

213  thesubsample.
214

215  Group-level CPM effect
216  PDTs increased from baseline (M = 21.86 kPa, SD = 10.05) to conditioning conditions (M = 30.78
217  kPa, SD = 15.57, b = 8.90, t(310) = 15.30, p < .001; Figure 2a). Similarly, PTTs increased from
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218  baseline (M = 47.48 kPa, SD = 17.45) to conditioning (M = 57.72 kPa, SD = 19.54, b = 10.24, t(256)
219 =21.74, p < .001; Figure 2b). The mean PDT CPM-effect was 8.90 kPa (SD = 10.26, 95% ClI [7.76,
220  10.04]) and mean PTT CPM-effect was 10.24 kPa (SD = 7.55, 95% CI [9.40, 11.09]). Those with a
221  greater PDT CPM-effect aso showed a higher effect for PTT (b = 0.24, t(245) = 4.55, p < .001;
222 Figure 2e). Using the 20% threshold, fewer participants qualified as CPM responders for PTT (59%)
223 than PDT (69%). Despite the significant correlation between measures, only 36% of participants
224  qualified as CPM responders on both PDT and PTT (Figure 2f). The PDT and PTT were higher in
225 males compared with females, but no significant sex effects were found for PDT and PTT CPM-
226  effects (Supplementary Figure 1.).

227

228  Interrelationships between psychophysical measures

229  Greater conditioning pressure was associated with a larger increase in thresholds for both the PDT (b
230 =0.64, 1(299) = 8.44, p < .001, Figure 3a) and PTT CPM-effects (b = 0.27, t(245) = 3.74, p < .001,
231 Figure 3d). A higher baseline PDT threshold was associated with a greater increase in thresholds in
232  the presence of the CS (b = 0.16, t(300) = 2.65, p = .009, Figure 3b). This however was not true for
233  baseline PTT (b = 0.05, t(246) = 1.78, p = .0762, Figure 3e). Finally, there was strong concordance
234  between thresholds on the dominant and non-dominant legs for PDT thresholds (b = 0.74, t(305) =
235 175, p<.001, Figure 3c) and PTT thresholds (b = 0.85, t(246) = 23.6, p < .001, Figure 3f). Overall,
236 there was a positive manifold across al the thresholds measured, indicating participants tended to
237 show higher or lower thresholds across all measurements in general (Supplementary Table 2).

238

239  Test-retest reliability

240  Reliability patterns differed markedly between raw thresholds and CPM effects. Individual PDT and
241  PTT measurements demonstrated moderate-to-good test-retest reliability, with strong correlations
242  and low measurement error. In contrast, PDT and PTT CPM-effects showed poor reliability, with
243  weak correlations, high coefficients of variation, and poor ICCs (Table 2). Considering the CPM-
244  effect as a relative effect (percentage change from baseline) rather than an absolute effect aso
245  demonstrated poor reliability between sessions (Supplementary Figure 2.)

246

247  Given the large variability in CPM responses (Figure 2), we examined the effect of sample size on
248  ICC estimates using bootstrap analysis. For the PDT CPM-effect, median ICC decreased from 0.314
249 (95% CI [-0.327, 0.703]) at n=25 to 0.268 (95% CI [-0.092, 0.580]) at our full sample (n=72), with
250 substantial reduction in confidence interval width (Figure 4a). For the PTT CPM-effect, ICCs
251  remained more stable across sample sizes: 0.365 (95% CI [0.029, 0.648]) at n = 25 versus 0.372
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252  (95% CI [0.163, 0.566]) at full sample size (n = 48; Figure 4b). However, a similar widening of
253  confidence intervals was observed with decreasing sample size.

254

255  Between session changesin responder/non-responder status

256  Responder classification showed none-to-minimal agreement across sessions (Figure 5). For PDT (n
257 = 72), 50 participants were classified as responders in session 1 and 45 in session 2, with 27
258  participants (37.50%) switching classification. Specifically, 16 lost and 11 gained responder status
259 (Cohen's x = 0.17; Figure 5a). For PTT (n = 45 after ceiling exclusions), 20 were responders in
260 session 1, and 13 in session 2, with 17 participants (37.78%) switching classification. Specificaly, 12
261 lost and 5 gained responder status (Cohen's k¥ = 0.21; Figure 5b). Classification changes showed
262  minimal concordance between PDT and PTT measures, with only 4 of 12 who lost PTT responder
263  statusalso losing PDT responder status. Similarly, only 1 of 5 new PTT responders also gained PDT
264  responder status. Whilst responder rates in the test-retest subsample for PDT match closely to that of
265 thelarger main sample, PTT responder rates were distinctly lower at 44/28% compared to 59% in the
266  full dataset. The choice of threshold did not substantially alter Cohen's Kappa values, with
267  comparably poor reliability across arange of thresholds from 10-30% (Supplementary Figure 3).

268

269 Discussion

270  This analysis provides a comprehensive examination of the CPM-effect upon application of a
271  standardised cuff algometer paradigm in a large healthy cohort. We demonstrated robust group-level
272  CPM-effects for both PDT and PTT, echoing prior accounts. By contrast, test-retest reliability of
273  CPM-effect magnitudes and responder classification were poor. We propose that CPM-effects
274  capture a dynamic, state-dependent process rather than a stable trait characteristic. Here we discuss
275  both biological and methodological factors that may underpin this poor reliability.

276

277 Within a single session, cuff-pressure-algometry CPM demonstrated a strong group effect, with
278  marked increases in the magnitude of both PDT and PTT observed in the presence of painful
279  contralateral conditioning. The magnitude of these effects accords with previous accounts, with near
280 identical estimates for PDT CPM-effects in studies comprising large (N > 60) samples [34]. We
281 interpret prior reports of both larger and smaller magnitudes of CPM-effect simply in relation to
282 increased variability expected in smaller samples, often featuring only 20 individuals or fewer
283 [4,516]. There are no existing large sample estimates for PTT CPM-effects, but reports from
284 multiple smaller studies suggest they vary even more than for PDT CPM-effects [4,5,16].
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285  Approximately 67% of our participants were designated as PDT CPM responders. Our chosen
286  responder classification threshold has not been previously imposed in healthy individuals using cuff
287  agometry. However, investigations in mixed chronic pain populations have shown lower responder
288  rates of approximately 50% [43,44], broadly supporting hypotheses of dysfunctional CPM responses
289 in chronic-pain patients and a level of sensitivity to detect pain pathophysiology. However, the
290  observation that roughly one-third of our participants displayed a supposedly dysfunctional CPM
291  response warrants further consideration. This high proportion suggests the 20% threshold may be
292  overly conservative and limiting the sensitivity of the approach. We suggest that additional
293  benchmark studies, providing normative data across the lifespan in pain-free individuas, are
294  performed to ensure that the standardisation of the cuff algometer CPM paradigm also incorporates a
295  robust standardised analysis approach.

296

297  Despite group-level differences, ICC indices of between-session test-retest reliability were poor for
298 both PDT and PTT CPM-effects. These observations contrast previous studies which reported
299  moderate-to-good ICCs for PDT CPM-effects [12,18]. Previous reports of PTT CPM-effect
300 reliability have varied more widely, ranging from poor [18] to moderate [12]. Our Cohen’'s Kappa
301 values for responder classification were rated between none and minimal and were lower than
302 previously described [45]. Crucially, this poor reliability cannot be attributed to fundamental
303  measurement instability, given that the baseline PDT and PTT assessments were themselves reliable.
304 However, CPM estimates of reliability are derived from four independent measurements, and the
305 variability associated with each observation becomes compounded during ICC calculation [15].
306  While this will contribute to low reliability, it does not explain why our reliability was lower than
307  previously reported.

308

309 ICC egtimates likely also suffer from biases induced by sampling errors. ICC is the ratio of between-
310 participant to within-participant variability [9]. Previous studies using smaller samples
311 [4,512,16,18,36,37] are likely to have under-estimated between-participant variability in CPM-
312  effects. Our bootstrapping analyses support this perspective, suggesting that ICC estimates become
313 increasingly variable at smaller sample sizes which are prone to observing spurious and
314  irreproducible effects [3]. These under-sampling effects may also be amplified by publication bias
315 and file drawer practices that favour dissemination of higher reliability estimates and statistically
316 significant findings. We suggest that wide adoption of robust, open, and transparent research
317  practices, wherein study protocols, analyses, and dissemination plans are registered in advance, are

318  required to ameliorate these issues [30].

10
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319

320 Prior studies have inadequately considered the impact of ceiling effects, where participants reach the
321  agometer's safety limit during pressure threshold assessments. A common practice has been to
322  assign thissafety limit as the participant's final PTT [4,12,16,45] rather than excluding the data point.
323  This method artificially deflates the true variability in pain tolerance, leading to overestimates of
324  PTT reliability. Consequently, it also distorts responder classifications. Our finding that 17% of
325 individuals reached safety limits, while in line with prior reports [16], places practical limits on the
326  applicability of PTT cuff algometry in healthy volunteers.

327

328 To classify individuals as CPM responders or non-responders, a threshold must be defined to
329  separate them. However, normative thresholds have yet to be established, and thresholding methods
330 proposed to date remain suboptimal. Typically, these are derived from measurement error estimates
331 (CoV [43,44] or SEM [5,19,31,45]), but this only indicates whether observed threshold changes
332  exceed random error. Recently, the lower 95% CI for the PDT CPM-effect of a normative sample
333 was employed as a dysfunctional CPM threshold [34]. Whilst effective for comparing healthy
334 samples with patient groups, in isolation this method cannot reliably indicate a response rate in
335 healthy individuals. Both functional CPM and measurement error must both be quantified and
336 considered to facilitate effective classification. However, measurement error estimates observed in
337 our data are similar in magnitude to previously reported lower 95% Cls [34], with some existing
338 eror estimates exceeding this value [31]. Accordingly, where measurement error ends, and a
339 functional CPM-effect begins, is unclear. This ambiguity highlights the inherent difficulty of
340 imposing a binary cut-off on what is fundamentally a continuous biological process. Whilst binary
341  categorisation is convenient and well-suited to common trial designs and statistical techniques [40],
342 it aso risks sacrificing fine-grained information that may provide mechanistic insights [49]. We
343  suggest considering CPM readouts as continua, aligning with evolving perspectives within pain
344  research [39], and the wider fields of neurology and psychiatry [1], where pathophysiological states
345 areincreasingly understood in this manner.

346

347  Dynamic state fluctuations also increase within-participant variance estimates considered during ICC
348  calculation, lowering reliability estimates [9]. An individual’s emergent pain experience is tempered
349 by competing motivational demands including, but not limited to, physiological stress, perceived
350 threat, selective attention, prior experiences, arousal state, alertness, and circadian effects
351  [6,24,28,42]. Pre-clinical work examining diffuse noxious inhibitory control mechanisms (DNIC), a

352  core element of the neural circuitry proposed to underpin CPM, suggests that propriospinal activity
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353 can aso influence its expression [29], in addition to the well-described descending brainstem
354  circuitry [21,22]. However, unlike assessments made in anaesthetised animal preparations, state
355  fluctuations in top-down control pathways occur in wakeful humans that constantly modulate CPM
356  responses. Future longitudinal studies combining psychophysics with neuroimaging could uncover
357  some of the mechanisms underpinning this dynamic process. [17].

358

359  Our work is not without limitations. First, our findings are specific to the young, healthy cohort
360 studied and may not generalize to older individuals or clinical populations who often exhibit altered
361 CPM [14]. Second, while conducting the study at a single site with a standardized protocol ensured
362  high experimental control, our results may not capture the full variability that would arise from a
363  multi-site study. Similarly, though the use of multiple experimenters reflects a real-world scenario,
364  we acknowledge their contributions to the dataset were not uniform; however, this was mitigated in
365 the crucia test-retest analysis, where data were collected by only two individuals. Finaly, while
366  computer-controlled cuff algometry is designed to be user-independent, some procedural variability,
367  suchasin cuff placement, was likely and unavoidable.

368

369 We have demonstrated that while cuff algometry produces robust group-level CPM effects, between-
370  session reliability was poor. These findings echo growing contention regarding the clinical utility of
371 CPM [7] including its suitability as a biomarker. Like others, we propose that state-dependent effects
372  render single time point measurement of CPM a poor index of an individual’s overall endogenous
373 pain control capacity [29]. We urge that the conceptualisation of CPM as a trait measure of
374  endogenous descending control should be reconsidered in favour of a construct that reflects both
375  static between-individual effects alongside dynamic within-individual variability.

376
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506  Figure 1. Psychophysics overview. Configuration of cuffs for assessment of PDT and PTT on the

507 (&) Dominant and (b) Non-Dominant legs followed by reassessment of thresholds on the dominant
508 legin the presence of conditioning (c). (d) During each ramp, pressure increases with 1 kPa/s. PDT
509 isdefined as the pressure at which stimulation becomes painful (> 1 cm onthe VAS), and PTT asthe
510 maximum tolerated pressure. CPM effects are computed as the difference (delta) in PDT and PTT,

511  respectively, between assessment with conditioning (¢) and without (a) on the dominant leg.
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514 Figure 2. Group level CPM effects. (a) Pain Detection Thresholds (PDTs) and (b) Pain Tolerance
515 Thresholds (PTTs) measured before and during the conditioning stimulus. (c) PDT CPM-effect and
516 (d) PTT CPM-effect for each participant sorted by magnitude. (€) Correlation between PDT and PTT
517 CPM-effects. (f) Percentage of sample classified as responders for PDT and PTT, together with
518  coincidence of the two.
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Figure 3. Psychophysical interreationships. Correlation between the conditioning pressure and
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534 Figure 5. Responder classification stability across sessions. Transitions in responder status

535  between sessions for (a) PDT (Cohen's k = 0.17) and (b) PTT (Cohen's k = 0.21). Width of flows
536  represents number of participants.
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Table 2. Descriptive and Reliability Statistics for the Test-Retest Sample. ICC: Intra-class Correation Coefficient, SEM: Standard Error of
Measurement, CoV: Coefficient of Variation, PDT: Pain Detection Threshold, PTT: Pain Tolerance Threshold

Sample Size
After Session 1 Session 2
Measure " Pearson’sr ICC (2,1) [CI] SEM (kPa) CoV (%)
Ceiling- (kPa, M(SD)) (kPa, M(SD))
Effects
Baseline PDT 72 24.89 (10.91) 26.19 (11.89) 0.688 0.684[0.537 0.787] 6.130 24.63
Conditioned
POT 72 33.95(16.01)  36.26 (18.37) 0.794 0.782[0.666 0.870] 7.481 22.04
CPM-effect
T 72 9.06 (9.36) 10.07 (10.89) 0.256 0.254[-0.075 0.589] 8.081 89.21
Basdline PTT
56 54.10(20.41)  57.39(20.66) 0.867 0.858[0.749 0.921] 7.700 14.23
Conditioned
PTT 49 57.31(19.34)  58.65(18.14) 0.842 0.840[0.739 0.905] 7.725 13.48
CPM-effect
48 8.08 (5.26) 7.07 (5.64) 0.375 0.373[0.167 0.571] 4.167 51.58

PTT
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