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A B S T R A C T   

Background: Structural changes in the peripheral nerve system in neuropathic states alter sensory 
capacity of the affected area, thus biasing results of conditioned pain modulation (CPM) re-
sponses. The aim of this study was to evaluate CPM efficiency of central (i.e. trunk) vs. peripheral 
(i.e. limb) application of ‘test’ and ‘conditioning’ stimuli. Methods: Healthy volunteers (ages 
18–73 yrs) underwent two CPM protocols: ’CPM Limb’ and ’CPM Trunk’. Each included two types 
of test stimuli (Ts) (pressure pain threshold: PPT; and contact heat) conditioned either to hand 
immersion in cold noxious water (CPM limb), or to noxious contact heat applied on lower back 
(CPM trunk). Results: Both protocols generated efficient pain inhibition for each of the applied 
Ts; the PPT-based protocol induced more efficient CPM when the conditioned stimulus was 
applied on the trunk (p = 0.016). Moreover, the PPT-based CPM responses were significantly 
correlated (ρ = 0.349; p = 0.007). Conclusions: An efficient CPM induced by both central and 
peripheral stimulation, along with significant correlation between PPT-based responses, advances 
using the central ’CPM Trunk’ protocol in patients with peripheral neuropathy.   

1. INTRODUCTION 

Individual capability for endogenous analgesia in humans can be assessed by testing conditioned pain modulation (CPM) [1,2] a 
human surrogate marker of the ’diffuse noxious inhibitory control’ (DNIC) response [3]. One important factor that may affect CPM 
efficiency is application of the noxious stimuli in affected versus non-affected body sites in cases of peripheral neuropathies. This is 
because the “hardware” changes in the innervation and sensory loss alter the sensory function serving the affected area, lowering the 
sensory capacity of the affected area. Moreover, in cases of neuropathic pain, the affected area might also suffer “software” changes 
due to central neuronal sensitization, such that the stimulus perceived in the central system will be further changed vs. stimulus 
applied on the unaffected area. Thus, the interpretation of the CPM results, where either a test or a conditioning stimulus is applied on 
the affected body area, will be equivocal. A handful of reports indicated that the application of test or conditioning stimuli on allodynic 
or painful body areas in neuropathic pain patients may result in efficient CPM [4,5]. These reports are in line with our recently 
published findings on efficient CPM in a large group of patients with painful diabetic neuropathy [6]. This is in contrast to the common 
notion that patients with chronic non-neuropathic pain have less efficient CPM [7–9]. Thus, there is need to develop a CPM protocol 
which can be performed remote from sites of pathological sensory alterations, the most common of which is distal involvement due to 
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polyneuropathy. 
Only a few studies previously addressed the effect of proximal (thigh) test stimulus application [10], or body core (lower back) vs. 

peripheral (forearm) application for test or conditioned stimuli [11] on CPM efficiency. These reports indicated that CPM was pre-
served among patients with trapezus myalgia [10], and that CPM efficiency was similar regardless of the body site application of test or 
conditioning stimuli [11]. These studies, however, concentrated on young participants [11] or very small patient cohorts [10]. 
Moreover, none of these studies tested relationships between the CPM efficiency from various protocols. 

This study aimed to assess and compare the results of central (i.e. trunk-directed) vs. the ‘routine’ peripheral (i.e. limb-directed) 
CPM protocols, tested on a large (N = 58) and wide-range age cohort of healthy participants. 

2. Methods 

2.1. Participants 

Sixty-one participant signed the consent form, and were defined as healthy according to the published criteria [12]. The final study 
sample included 58 participants, as detailed in the Results section. 

Participants were recruited for study from the community through advertisement in the local press between September 2017 and 
June 2018, and received monetary compensation for their participation. Recruited were subjects of both sexes, age 18–80 years. 
Exclusion criteria were: (1) history of chronic pain, (2) pregnant or breastfeeding women, (3) having significant neurological or 
psychiatric disorders (psychosis, dementia or similar disorders), (4) use of analgesic or psychiatric medication on a regular basis, (5) 
communication or language difficulties that could affect performance on the various tests, and (6) prior participation in CPM-related 
studies. Participants were asked to avoid analgesic medication at least 24 h prior to the experiment. The study was approved by the 
Institutional Helsinki Committee at Rambam Health Care Campus, Haifa, Israel. All subjects signed an informed consent. 

2.2. Study design 

All participants underwent a single lab session. Demographic information (age, sex and years of education) was collected prior to 
psychophysical assessment. Tests instructions were standard and were read to subjects prior to the test to ensure consistency. 

Each participant underwent two CPM protocols; first the routine peripheral ’CPM Limb’ protocol (referring to the stimuli applied on 
the upper limb) and then, after a 30-min pause, a central ’CPM Trunk’ protocol (referring to the stimuli applied on the para-median lower 
back). During this time break, the subjects remained in the laboratory room without exposure to other subjects; no special instructions 
were provided. 

Participants initially underwent a short familiarization with the experimental stimuli which included: (a) exposure to three short 
contact-heat stimuli at 43 ◦C, 45 ◦C, and 47 ◦C, each lasting 7 s, given on the non-dominant forearm (b); exposure to one pressure 

Fig. 1. Schematic representation of the stimulation details 
(A) Ts stand-alone and (B) Ts conditioned components of the CPM assessment. 
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stimulus at non-dominant trapezius muscle with a gradual increaseof pressure by 0.5 kg/s until the patient reported pain (pressure pain 
threshold, PPT) and (c) 10-s exposure to cold water (8–12 ◦C) by non-dominant hand immersion up to the wrist into a plastic water 
bath, after which they were asked to rate pain intensity (0–100 verbal numerical pain scale, NPS). After the familiarization, additional 
set of contact-heat stimuli were given at the dominant forearm in order to determine the intensity of the test stimulus, that evokes a 
pain intensity of 60 on a 0–100 NPS (pain-60). Initial triplet of stimuli consisted of 46 ◦C, 45 ◦C, and 47 ◦C. Participants were asked to 
report their pain level to each stimulus. If none evoked a pain-60 response, additional triplet of stimuli was applied, at higher or lower 
temperatures, accordingly. The temperature found to evoke pain-60 response served as the intensity of the test-stimulus (Ts) in the 
’CPM Limb’ protocol. 

’CPM Limb’ protocol; was based on two types of Ts delivered at the fixed order: (i) mechanical stimuli, consisting of three PPT 
measurements on the dominant trapezius muscle, followed by (ii) 20-sec contact heat stimulus delivered to the ventral surface of the 
dominant forearm at the individually-predetermined pain-60 temperature. During the contact heat stimulation, participants reported 
verbally their pain at 2, 11, and 18 s. A mean value of three PPT measurements composed the PPT Ts; the mean value of two last score 
for the heat stimulation composed the Heat Ts. Conditioning stimulus (Cs) was cold water immersion of the non-dominant hand, up to 
the wrist, in a water container for a period of 50 s (8–10 ◦C; if during familiarization phase this temperature failed to evoke a pain level 
of more than 20/100, water temperature was lowered to 4–6 ◦C). At the beginning of Cs, the subjects were asked to rate the water pain 
intensity. For the CPM measurement, the test-stimuli were administered twice; first stand-alone (Ts stand-alone), then repeated after 10 
min break, in parallel to contralateral hand immersion in cold noxious water (Ts conditioned). 

’CPM Trunk’ protocol: the procedure was similar to the CPM Limb protocol in terms of the Ts methodology but differ in the sites of 
the stimuli application; both PPT- and Heat-Ts were delivered on the dominant trapezius, conditioned to the contact heat applied on 
lower back. The determination of the stimulation temperature for the Heat Cs based on the pain-60 determination on the lower back. 

For all the protocols, the CPM was calculated as a subtraction of the Ts values stand-alone from the Ts given under Cs; a positive value 
for the CPM PPT and negative value for the CPM Heat indicated efficient CPM. 

All the tests were performed by Sh.C, a PhD student. 
The scheme of the CPM assessment paradigm (regardless of the applied protocol) is presented in Fig. 1 (A, B). 

2.3. Instruments 

The following instruments were used.  

1 Pressure Algometer (Wagner Instruments, FDX, Greenwich, CT) was used for PPT assessment. The device with round rubber disc, 
contact area 1 cm2, was pressed upon the skin at the base of neck, on the upper trapezius muscle. The PPT calculation was based on 
the averaged responses of three repetitions delivered at inter-stimulus intervals of 5 s.  

2 Thermal sensory analyzer (TSA, Medoc, Ramat Yishai, Israel) was used to deliver thermal painful stimuli through a square, 30 ×
30 mm, Peltier surface probe. The probe was attached with a Velcro strap to the ventral surface of the mid dominant forearm, or the 
dominant trapezius muscle or non-dominant lower back 5 cm lateral to the spinal processes (see explained locations below). 
Baseline temperature was set to 32.0 ◦C, and maximal temperature to 48.0 ◦C. Temperature increase rate was 2.0 ◦C/s, and decrease 
rate was 8.0 ◦C/s. 

2.4. Statistical analysis 

Statistical analyses were performed using JMP version 15.1.0 (SAS Institute, Cary, NC). Diagnostics for all tests were examined to 
ensure appropriateness of parametric techniques. The CPM Heat calculation was performed only for patients whose pain score to the 
Heat Ts stand-alone was ≥20, as has previously been published [13], since a low pain level of the Ts stand-alone may have a floor effect on 
the CPM efficiency [14]. 

In order to evaluate differences between CPM paradigms and its components, we used the Wilcoxon Signed Rank test, due to the 
non-normal distribution of the variables. The presented P values are uncorrected for multiple comparisons. We applied Spearman 
correlation to test for associations between two protocols CPM (Limb vs Trunk stimulation), for each Ts modality. ANOVA model was 
applied to test the effect of age, sex, and the interaction between them, on the CPM efficiency, separately for each CPM paradigm. 
Spearman correlation tested the association between the CPM efficiency and education level reflected by the number of education 
years. 

The sample size estimates for this study were based on our experience with pain modulation-focused studies suggesting that at least 
27–33 healthy subjects would be enough to detect systematic differences between various methods for CPM assessment [15–19], 
which could be also applied to the effect of body sites. We over-enrolled recruitment to protect against data loss. 

3. Results 

3.1. Subjects 

Out of a total of 61 patients who signed consent, three were excluded due to low pain responsiveness and inability to determine 
pain-60 temperature. Thus, 58 healthy subjects were included in the study (30 females, age range 18–73 years, mean age 47.3 ± 15.2 
years). 
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3.2. Psychophysical results 

Comparing the pain scores between Ts stand-alone and Ts conditioned we determined that both CPM protocols (CPM Limb or CPM 
Trunk) of CPM PPT and CPM Heat generated efficient pain inhibition (Table 1). There were no statistical differences between the CPM 
efficiency tested with the Limb vs. Trunk protocols for CPM Heat. As for the CPM PPT, it was more efficient for the CPM Trunk protocol 
(p = 0.016) (Table 2). Significant correlation was observed between the Limb and Trunk protocols for the CPM PPT (ρ = 0.349; p =
0.007), but not for the CPM Heat responses (ρ = 0.012; p = 0.933), see Fig. 2 (A, B). 

There was a significant difference in the Cs pain levels between two CPM protocols; the contact heat stimulation on the lower back 
(Trunk Cs) was significantly more painful than the cold water hand immersion (Limb Cs) (p < 0.001), Table 2. 

3.3. The effect of demographic parameters on the CPM responses 

Neither sex nor participant’s age influenced the efficiency of any of four tested CPM paradigms; the significance levels of each of the 
ANOVA models were >0.05. Among all paradigms, only the CPM PPT of the Limb protocol correlated significantly with education – 
more efficient CPM was associated with more years of education (ρ = 0.384; p = 0.005). 

4. Discussion 

This study shows that both CPM protocols (the peripheral, upper limb-directed and the central, body trunk-directed) induced 
inhibitory pain modulation in a wide-age range of a healthy population. For the CPM Heat paradigms, both protocols were of similar 
efficiency, though uncorrelated. In contrast, for the CPM PPT paradigms, the central protocol (the conditioning stimulus was applied on 
the trunk) evoked more efficient CPM than the peripheral protocol (the conditioning stimulus was applied on the limb); both CPM PPT 
responses were inter-correlated. None of the CPM responses were related to sex or age but the value of CPM PPT tested peripherally, 
correlated with the years of education. The results of our study suggest that both protocols might be efficiently used in healthy subjects, 
suggesting a certain advantage for the PPT-based central CPM paradigm for testing patients with peripheral neuropathies. 

Application of the noxious stimuli centrally for inducing efficient CPM is not novel. For example, applying mechanical (PPT) or 
thermal (heat pain threshold and suprathreshold heat) on the thigh in a small group of patients with trapezus myalgia, Leffler et al. 
(2002) reported efficient CPM to both types of the test stimuli conditioned to the ischemic pain at forearm, in patients and controls 
alike [10]. Later, for a group of healthy young subjects, Klyne et al. (2015) reported efficient CPM responses using several stimulation 
protocols in which both test (PPT or suprathreshold contact heat) and conditioning stimuli (contact heat) were applied either at lower 
back or peripherally (at forearm), regardless of stimulated body site. An additional conclusion of this study wasthat the PPT-based CPM 
was more valid than the contact heat-based CPM responses, as its efficiency was associated with the Cs intensity (noxious but not 
neutral stimulation temperature) [11]. Taking these results further, bearing in mind that the CPM repeatability is better for the Ts is of 
shorter duration [19], a significant correlation between the efficiency of central and peripheral CPM PPT paradigms support the 
advantage of using PPT as a test-stimulus for CPM assessment. 

The possible role of the Ts modality on the interaction between peripheral and central CPM protocols is intriguing. We believe that 
several factors may affect the CPM reliability across both protocols and explain the lack of correlation between the CPM HEAT of both 
protocols. These factors include the relatively long (20 s) duration of the Ts, the different locations of the Ts (arm vs. upper back), and 
the different location (hand vs. trunk) and modality (cold water vs. noxious heat) of the Cs. In contrast, methodological differences 
between central and peripheral protocols for the CPM PPT can be mainly attributed to the characteristics of the conditioning rather than 
test stimuli. Both Trunk- and Limb-CPM PPT paradigms used the same Ts methodology (PPT) and were applied on the same bodysite 
(trapezius muscle). This, along with the reports that the Ts of short duration (phasic stimuli or pain detection threshold) elicit more 
reliable CPM responses [20–22], including the use in PPT as a test stimulus [22,23], explains why the central and peripheral CPM PPT 
responses in our study were correlated. In addition, higher efficiency of the CPM PPT tested with the central protocol can be attributed 
to higher Cs pain level evoked by trunk (noxious contact heat) vs. limb stimulation. Indeed, despite certain disagreements [24,25], the 
results of animal and human studies point to a positive association between the actual or perceived conditioning pain level and 
CPM/DNIC efficiency [26–29]. This relationship suggests that highly noxious stimuli evoke more intense activation of the 
spino-bulbo-spinal pathway, thus resulting in more efficient descending control of pain. It is worth noting that the effect of perceived 
Cs intensity on CPM efficiency may be modulated, or mimicked, by the Ts stimulation characteristics. This may explain why the 

Table 1 
CPM responses obtained in the Limb and Trunk CPM protocols.  

Body site PPT (kg/cm2) Heat (NPS) 

Ts stand-alone Ts conditioned P Ts stand-alone Ts conditioned P 

Limb median (range) 3.7 (1.7–7) 5.0 (1.8–10) <0.001 49.9 (20–75) 40.0 (0–85) <0.001 
Trunk median (range) 3.6 (1.5–7.6) 5.0 (2.3–10) <0.001 45 (20–71.5) 36.3 (0–70) 0.012 

*P value of Wilcoxon Signed Rank test between Ts stand-alone and Ts conditioned. 
Ts - test stimulus; PPT - pressure pain threshold; NPS - Numerical Pain Scale. 
N = 58 for PPT and Heat Limb Ts stand-alone and Ts conditioned. 
N = 54 for Heat Trunk Ts stand-alone and Ts conditioned. 
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efficiency of central vs. peripheral CPM Heat paradigms was similar, despite the higher painfulness of the Cs of the CPM Trunk protocol. 
The Cs modality may also influence the CPM efficiency, regardless of perceived intensity. However, the findings in this regard are 
inconclusive. For example, using the same Ts, some studies reported more efficient CPM evoked by noxious cold water Cs vs. me-
chanical, ischemic [30,31], or experimental muscle pain modalities [32]. Others, however, found no difference in CPM responses to 

Table 2 
Comparison between CPM efficiency tested at Limb vs. Trunk.  

Parameter Limb median (range) Trunk median (range) P 

CPM PPT (kg/cm2) 1.0 (− 2.3–4.9) 1.2 (0–3.5) 0.016 
CPM Heat (NPS) − 7.5 (-65–30) − 5 (− 71.5–25) 0.311 
Pain-60 T Temp (◦C) 47 (43–49) 47.5 (43–49) 0.229 
Cs (NPS) 40 (10–90) 57.5 (20–90) <0.001 

*P value of Wilcoxon Signed Rank test between CPM Limb and CPM Trunk. 
CPM - Conditioned pain modulation; Ts - test stimulus; Cs - Conditioning stimulus. 
PPT - pressure pain threshold; NPS - numerical pain scale. 
N = 58 for CPM PPT in the Limb and Trunk and CPM Heat in the Limb. 
N = 54 for CPM Heat in the Trunk. 

Fig. 2. Correlation between the central (Trunk stimulation) vs. peripheral (Limb stimulation) protocols 
(A) CPM PPT paradigms; (B) CPM Heat paradigms 
The solid line represents a spline fit relating both protocols. 

Y. Granovsky et al.                                                                                                                                                                                                    



Heliyon 10 (2024) e25156

6

cold water vs. hot water or ischemic Cs modalities [33], vs. contact heat Cs [34], or found it less efficient [35]. Therefore, the question 
of how the Ts or Cs stimuli metrics affect CPM efficiency remains to be explored. 

The neurophysiological basis of the CPM phenomenon is not unequivocal, but depends on the nature of the nociceptive mechanisms 
brought into play. According to the results from animal studies, DNIC is primarily triggered by peripheral C and A-delta fibers initiating 
medullar descending pathways [29,36,37]. Therefore, in our case, superior efficiency of the CPM PPT conditioned to the noxious 
contact heat over noxious cold water can be also partially related to physiological properties of peripheral transmission of the noxious 
heat, which is mediated by both types of nociceptors suggesting, therefore, more significant sensory barrage to the pain modulating 
brain structures. This opposes to the initiation of CPM via the Cs of cold water hand immersion as the noxious cold mainly activates 
A-delta nociceptors [38]. It worth noting that the results of in vitro studies point on the activation of the transient receptor potentials 
channels of polymodal C mechano-heat-cold nociceptors in response to cold stimuli [39] as well. However, the physiological role of C 
fiber activation to cold is under debate [40]. 

Another interesting finding of this study is the relationship between more efficient CPM and the level of education. It has been 
established that higher education level (which is intuitively associated with more years of education) contributes to advanced exec-
utive functioning and cognitive reserve, and is associated with higher grey matter volume and stronger functional connectivity 
[41–43]. In turn, the results of functional imaging studies show overlap between brain regions involved in cognition and top-down 
pain regulation [44–46]. These findings are supported by reports on the association between executive cognitive functioning and 
CPM efficiency [47–49]. Note that, the positive association between CPM and education level in our study was only significant for CPM 
PPT delivered with Limb protocol. Bearing in mind that the Limb protocol was always tested first, and the PPT Ts always preceded the 
contact heat Ts we may hypothesize that the relationship between the CPM and the level of education is best established for “naïve” 
rather than repetitive CPM assessment. 

It is worth noting that none of the CPM paradigms tested in our study related to subjects’ age, nor were they sex-dependent, thus, 
contributing to the potential universal and direct applicability of these paradigms. Knowledge of age and sex effects on CPM efficiency 
is ambiguous at best. The general assumption is that CPM efficiency declines at older age [50–52] possibly due to enhanced central 
sensitization among older cohorts [53]. Others, however, indicated no such relationship [54,55], or very limited and inconclusive 
effects [56]. A large body of evidence suggests sex differences in pain processing exist at the molecular, cellular, and hormonal levels 
[57]. These differences are observed in clinical and experimental settings, having an impact on general pain sensitivity and efficiency 
of inhibitory pain modulation, mainly associated with greater sensitivity and deficient pain inhibition in females [58,59], though the 
magnitude of these differences varies across studies [60]. Importantly, the reported sex differences in CPM efficiency could be in 
opposite directions, even within the same study, depending on stimulation parameters [54,55]. 

Our study has several limitations. First, the sample size is relatively small and can potentially affect generalizability of the results. 
Further research with larger and more diverse participant groups would enhance the validity of the findings. Second, without full 
control conditions (i.e. sham conditioning stimulation or control session), the influence of measurement error on repeated test stimulus 
application cannot be dismissed [61–63]. 

To conclude, we aimed to introduce a protocol for testing CPM in polyneuropathy patients using central (trunk) stimulation for 
both test and conditioning stimuli. We assumed these sites are less affected in the distally dominated polyneuropathy. We found that 
the central stimulation protocol induced more efficient CPM when using PPT as a test stimulus. There was a significant correlation 
between CPM PPT efficiency across central and peripheral protocols. Also, the peripheral CPM PPT efficiency correlated with education 
level, but none of the CPM paradigms were related to age or sex. This suggests their potential applicability in the general population. 
However, the clinical relevance of testing CPM centrally can only be confirmed in patients with peripheral polyneuropathies. 
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