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Background and Purpose: Aging is associated with an impairment of diverse physiological 
functions, including nociception. For example, older adults in comparison to young adults, show 
an overall increase in pain thresholds, reflecting a decline in pain sensitivity and changes in the 
nociceptive pathways. These results are, however, debated as they were not always replicated 
depending on the stimulus modality, duration, and location. The aim of the current study was to 
determine how the temporal evolution of pain intensity during a continuous tonic heat pain test is 
influenced by aging. More specifically, we wanted to 1) assess the effect of age on initial peak and 
late-phase pain and 2) determine whether potential age effects depend on the stimulation site.
Participants and Methods: 13 young adults (average of 27.9 years old) and 13 older adults 
(average of 67.5 years old) participated in this study. Experimental heat pain was evoked on an 
appendicular (forearm) and axial (lower-back) body region, using a thermode (2-minute stimula-
tion at a constant, individually-adjusted temperature). During the nociceptive stimulation, 
participants used a computerized visual analogue scale to continuously rate their pain.
Results: We show that initial peak (0–30 seconds) pain sensation was significantly lower in 
older adults compared to young adults, while late-phase (30–120 seconds) pain sensation was 
similar across the two age groups. These results hold true for both stimulation sites, 
suggesting the existence of an age effect on both appendicular and axial body regions.
Conclusion: The lower magnitude of initial peak pain observed in older adults, which 
affects both appendicular and axial body regions, could reflect generalized peripheral or 
central alterations of the nociceptive system in older adults. These alterations in older adults 
could have significant clinical impacts, such as an increased vulnerability to injury or an 
underestimation of the severity of their pain condition.
Keywords: pain, experimental pain, age, aging, elderly, psychophysics

Introduction
Aging is associated with a wide range of functional and anatomical changes, 
ranging from cognitive impairment to neurochemical alterations and brain volume 
reductions.1 These functional and anatomical age-related changes can also affect 
pain perception. Indeed, aging appears to be associated with increased pain 
thresholds,2,3 reflecting decreased pain sensitivity. The prevalence of chronic pain, 
however, increases in older adults.4 This apparent contradiction highlights the 
complex and multidimensional character of pain, and suggests that aging does not 
have a general effect on the nociceptive system, but rather affects differently 
various aspects of the painful experience.

A recent meta-analysis conducted by Lautenbacher et al (2017) summarizes the 
numerous studies conducted on the effect of age on pain perception and tolerance 
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thresholds and revealed that while aging appears to be 
related to increased pain perception thresholds (a more 
intense stimulus is required for the pain to be felt), aging 
has no effect on pain tolerance thresholds (the stimulus 
intensity that can be tolerated is unaffected).2 However, 
a different review by El Tumi et al (2017) suggests that the 
effect of age on pain perception may not be so straightfor-
ward, as it also depends on the type, duration, and location 
of the painful stimulus.5 In agreement with this view, 
Helme et al (2004) have identified that although older 
adults reported lower pain scores than young adults, this 
age-difference is of large amplitude for short 1 second 
stimulations and is less visible for longer stimulations, 
signifying that the duration of the stimulation plays 
a crucial role.6 Although their study did not assess the 
evolution of the pain intensity across time during 
a prolonged stimulation, their results suggest that aging 
affects the rapid initial pain response, but not the pro-
longed pain response. Furthermore, the effect of age on 
supra-threshold pain ratings remains unclear, as studies 
have reported either no effect of age,7 or a decreased 
pain intensity in older adults.8 Assessing the influence of 
aging on prolonged supra-threshold pain is essential, as 
these tonic pain tests better mimic a continuous pain 
sensation, which is present in real-life clinical conditions.9

The aforementioned studies2,3,5,7 have predominantly 
been conducted on appendicular/distal body regions (such 
as the arm or the leg); however the stimulation site has been 
suggested as having an important impact on findings.3 It 
therefore remains unclear whether the results summarized 
above can be generalized to axial body areas. The aim of the 
current study was to determine how the temporal evolution 
of pain intensity during a continuous tonic heat pain test is 
influenced by aging. More specifically we wanted to 1) 
assess the effect of age on initial peak and late-phase pain 
and 2) determine whether potential age effects depend on the 
stimulation site. We hypothesized that for both areas, initial 
but not late-phase pain sensations would be reduced in older 
adults compared to younger adults.

Methods
Participants
Thirteen young adults (21 to 39 years old; average of 27.9 
± 5.8 years old; 6 men) and 13 older adults (59 to 74 years 
old; average of 67.5 ± 4.1 years old; 6 men) took part in 
this study. To be included, participants had to be healthy 
with no cognitive impairments (able to understand verbal 

explanations), nor sensory impairments (normal sensitivity 
values according to the Von Frey monofilament sensory 
test). People suffering from a pain condition or having an 
existing neurological disorder were excluded. Participants 
were asked to refrain from consuming short-term analge-
sics 6 hours before testing, and caffeine or tobacco pro-
ducts 2 hours before testing. The experiment took place at 
the Research Centre on Aging (Sherbrooke, Quebec, 
Canada). Participants were all French-speaking, commu-
nity-dwelling adults. All experimental procedures were 
carried out in accordance to the principles of the 
Declaration of Helsinki. The study was approved by the 
CIUSSS de l’Estrie-CHUS Research Ethics Committee 
(Approval #21-01-2016), and each participant provided 
written informed consent before taking part in the study.

Experimental Design
Participants took part in 2 experimental sessions (mini-
mum 1-week interval between the sessions), during which 
a Peltier-type thermode (30×30 mm, TSA-II, Medoc 
Advanced Medical Systems) was used to induce prolonged 
experimental heat pain. The thermode was placed on the 
lower-back during the first session, and on the non- 
dominant forearm (in order to account for hand dominance 
effects) during the second session.10,11 The regions of the 
forearm (commonly used in previous studies2) and of the 
lower-back (well distanced from the forearm) were chosen 
to assess appendicular and axial pain sensitivity, respec-
tively. Participants used a computerized visual analogue 
scale (CoVAS; Medoc Advanced Medical Systems, 
Minneapolis) ranging from 0 (no pain) to 100 (intolerable 
pain) to rate their pain using their dominant hand.12–14

Heat Pain Pre-Test
At the beginning of each experimental session, a pre-test 
was conducted to familiarize participants with the CoVAS 
and the Peltier-type thermode (Medoc Advanced Medical 
Systems, Minneapolis; for similar procedures15–18) and to 
determine the stimulation temperature to be used for the 
tonic heat pain test. During the pre-test, the thermode tem-
perature was gradually increased from 32 °C to 51 °C 
(rising rate = 0.3 °C/sec) while participants used the 
CoVAS to continuously rate their pain. Instructions were 
to start moving the CoVAS cursor at the first feeling of pain 
(pain perception threshold) and to have the cursor reach the 
right end of the scale when the pain became unbearable 
(100/100; pain tolerance threshold). This procedure was 
repeated (3 times on average) until pain reports were 
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consistent between trials (≤ 1 °C difference for pain percep-
tion and pain tolerance thresholds). The thermode tempera-
ture used during the subsequent experimental heat pain test 
was determined by selecting the temperature for which the 
participant had rated the pain intensity at 50/100 with the 
CoVAS (for similar procedures15–18). To avoid pain sensi-
tization, the thermode was applied on adjacent regions of 
the lower-back or the forearm (never on the exact same 
site).

Tonic Heat Pain Test
For the tonic heat pain test, the thermode was applied for 
two minutes on the lower-back region (first session) and 
on the non-dominant forearm (second session). Sessions 
were not randomized as this study was part of a larger 
scale project. Participants used the CoVAS to continuously 
rate their pain during each test (CoVAS sampling rate = 
10 Hz). The temperature was individually adjusted, 
according to pre-test results, to induce a pain intensity of 
approximately 50/100 (± 15/100) for each participant and 
body region. The thermode temperature increased from 
32 °C to the individually adjusted temperature at a rate 
of 5 °C/sec (heat-pain coupling). Once the targeted tem-
perature was reached, the thermode temperature remained 
constant throughout the whole 2-minute test. Participants, 
however, were told that the thermode temperature could 
rise, remain stable, or decrease during the test, in order to 
ensure that their perception was not biased by expecta-
tions. The reliability of such a tonic heat pain protocol is 
well established19,20 and continuous noxious stimulations 
(such as tonic heat pain tests) are believed to better mimic 
clinical pain9 in comparison to phasic stimulations or pain 
threshold measures.

Sample Size and Statistical Analysis
The tonic heat pain test used in this study allows the assess-
ment of pain dynamics by separating the 2-minute pain test 
into two time epochs defined as initial peak and late-phase 
pain.7,16,18,21 In order to conduct statistical analyses, we 
decided on a cut-off between the two phases at 30 seconds 
(initial peak pain: 0–30 seconds; late-phase pain: 30–120 
seconds). This decision was based on visual inspection of 
the data and on previous works.16,22 To confirm the validity 
of this analysis, we also divided the late-phase segment into 
three sub-epochs (30s - 60s; 60s - 90s and 90s - 120s), and 
analysed these sub-epochs separately. The pain intensity 
ratings obtained during the initial peak pain and late-phase 
pain of the 2-minute tonic heat-pain test were averaged for 

each participant, and the mean was used in subsequent 
analyses. The heat-pain coupling phase, corresponding to 
the increase in thermode temperature before the targeted 
temperature was reached, was not included in the analysis.

The study was designed to detect a between-group dif-
ference of 20 points on the CoVAS (minimal clinically 
important change).23 To detect this difference, with a sta-
tistical power of 80% and a significance level of 5%, we 
determined that 13 young and 13 older adults should be 
enrolled in the study (estimated standard deviation of 18, 
based on preliminary results). Given the small number of 
participants and because visual inspection of the histograms 
did not allow us to assume that the data were normally 
distributed, nonparametric tests (Mann–Whitney; bilateral 
significance) were used to compare pain intensity between 
the young and older groups. Statistical differences were 
considered significant if p < 0.05 was obtained. Effect size 
values were reported for each statistical test; a large effect 
was defined as | r | > 0.5, a medium effect as | r | > 0.3, and 
a small effect as | r | > 0.1.24 Unless otherwise indicated, all 
results are reported as average ± SD. All tests were per-
formed using SPSS (version 19.0 for Windows, Chicago, 
IL, USA).

Results
Thirteen young participants (27.9 ± 5.8 years old), and 
13 older adults (67.5 ± 4.1 years old) completed the study 
(Table 1). The mean age difference between the young and 
the older group was 40 years (p < 0.0001), confirming 
a distinct age difference between the two groups. 
Stimulation temperatures were comparable between young 
and older participants, both for the back and the forearm (all 
ps > 0.65). The mean pain intensity (averaged over the 
whole 2-minute pain test) did not differ between young 
and older participants, regardless of the stimulus location 
(all ps > 0.45). This absence of difference in pain intensity 
was expected, as the study was designed to induce moderate 
pain in both age groups (individually-adjusted thermode 
temperature, see Methods).

Pain responses obtained from forearm stimulations are 
presented in Figure 1. The temporal evolution of pain 
intensity throughout the 2-minute forearm stimulation is 
depicted in Figure 1A, and appears higher in young parti-
cipants compared to older participants during the early part 
of the stimulation, but similar in the two groups in the later 
part of the stimulation. The average intensity from the first 
30 seconds (Figure 1B) and the remaining 90 seconds 
(Figure 1C) was compared between the two groups; results 
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confirmed that pain intensity was higher in the young 
group compared to the older group for the first 30 seconds 
(Figure 1B; p = 0.003; r = - 0.59) but not for the remaining 
90 seconds (Figure 1C; p = 0.37; r = - 0.18). Within this 
90s segment, the mean pain intensity of each of the three 
sub-epochs (30s - 60s; 60s - 90s and 90s - 120s) 
was comparable between young and older adults (all ps 
> 0.28; - 0.22 < all rs < 0).

Pain responses obtained from back stimulations are pre-
sented in Figure 2, and show a similar temporal pattern to 
pain responses obtained from forearm stimulation 
(Figure 2A), wherein pain intensity was higher in the 
young group compared to the older group for the first 30 sec-
onds (Figure 2B; p = 0.03; r = - 0.42) but not for the 
remaining 90 seconds (Figure 2C; p = 0.82; r = - 0.05). For 
both groups, pain intensity was similar across all three sub- 
epochs (30s - 60s; 60s - 90s and 90s - 120s; all ps > 0.73; - 
0.08 < all rs < 0).

Discussion
The aim of this study was to assess the effect of age on heat 
pain dynamics (initial peak and late-phase pain sensations) 
on two different body areas: forearm and lower-back. In 
agreement with our hypothesis, our results show that initial 
peak pain but not late-phase pain is decreased in older adults 
on both the forearm and lower-back. These results are 
consistent with previous studies reporting that aging is 
associated with a reduced sensation of “sharpness”25 and 
a diminished initial component of pain.7 Our findings not 
only replicate those of Tousignant Laflamme and colleagues 
(2012) in their study on forearm heat pain stimulation in 
women,7 but also extend them to both men and women, and 
to different body regions (forearm and lower-back). The 
repeatability of this result on two body sites confirms the 
existence of an age effect on both appendicular and axial 
body regions. Consequently, these results suggest an altera-
tion of the initial sensory-discriminative pain response (as 

opposed to the late sensory-discriminative component) that 
is independent of body region.

At first sight, the absence of difference between the 
two groups in terms of targeted stimulation temperature (≃ 
46.5 °C) and average pain intensity (≃ 40/100) appears to 
indicate that there is no effect of age on pain sensitivity. 
However, a closer analysis reveals decreased initial peak 
pain sensations in older adults, but no difference in late- 
phase pain sensations between the two groups. These 
results highlight the importance of looking at the temporal 
dynamics of pain sensitivity, rather than just at the average 
sensation. Moreover, the differential effect of age on initial 
and late-phase pain we observed suggests that the tonic 
heat pain test activates at least two distinct nociceptive 
“circuitries”, which are differently altered with aging. 
Indeed, prolonged or repeated heat pain stimulations pro-
voke nociceptive responses which evolve across time. In 
terms of response dynamics, previous studies suggested 
that different phases can be identified (including peak pain, 
adaptation, habituation and temporal summation).7,16,26,27 

We showed that initial pain (peak pain and the subsequent 
adaptation) was significantly lower in older adults com-
pared to young adults. A decrease of this initial “rise and 
fall” pattern in older adults, which is typically observed at 
the start of a tonic heat pain test,7,16,18 suggests that the 
pain circuitry responsible for this initial pain sensation is 
modified in older adults. In contrast, we observed that late- 
phase pain (habituation and temporal summation) was 
similar across the two groups, which suggests that the 
circuitry responsible for this late-phase sensation remains 
relatively intact with aging. If the exact same circuitry was 
responsible for both sensations (initial peak and late-phase 
pain), we would expect that the difference between the two 
groups would be similar for the two sensations. That 
a between-group difference was observed for only one of 
the two sensations, and not both, leads us to believe that 
the mechanisms underlying initial and late-phase 

Table 1 Characteristics of the Participants in the Young and the Older Group

Mean ± SD p-value Effect Size r

Young (n=13) Older (n=13)

Age (years) 27.9 ± 5.8 67.5 ± 4.1 0.0001 − 0.85

Back stimulation temperature (°C) 46.2 ± 2.5 46.2 ± 2.5 0.66 − 0.09
Forearm stimulation temperature (°C) 46.6 ± 3.2 47.0 ± 2.2 0.94 − 0.02

Back pain intensity (CoVAS) 38.8 ± 15.2 34.8 ± 13.1 0.46 − 0.15

Forearm pain intensity (CoVAS) 43.7 ± 18 40.3 ± 13.4 0.56 − 0.12

Abbreviations: SD, standard deviation; CoVAS, computerized visual analogue scale.
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sensations are different, and that only the former is 
affected by aging.

Aging has been associated with morphological1 and 
functional25,28 alterations of the central nervous system, 
both at the spinal and at the supra-spinal level. At the 
supra-spinal level, functional brain imaging studies sug-
gest that aging is associated with reduced activity in two 
regions of the pain matrix, the primary somatosensory 
cortex (S1) and the insular cortex,25 during a painful heat 
stimulation. It is possible that this alteration of the noci-
ceptive circuitry is involved in the changes in pain percep-
tion observed with aging.1,25,28 Increases in brain activity 
observed in the prefrontal areas of older adults during 
experimental heat pain may also play a role in this altered 
pain perception, via a possible relationship between pain 

and higher-order functions such as attention and 
cognition.28 These supra-spinal mechanisms are only two 
of the multiple processes that may explain the alteration of 
pain processing with aging. At the spinal level, age-related 
modifications impacting pain plasticity have also been 
noted.29 Previous studies have reported an increase in 
temporal summation with aging,27 as well as a preserved 
facilitation of pain and spinal nociceptive responses30 in 
older adults. In the current study, the absence of difference 
in the late-phase pain sensation between the two age 
groups suggests no modifications in terms of temporal 
summation with aging, which is coherent with previous 
tonic heat pain data7 and may be due to the duration of the 
stimulation. A longer tonic heat pain test (7 minutes9 for 
example) may have revealed differences in terms of 

Figure 1 Pain intensity scores during the 2-minute heat pain test applied to the forearm in young (n=13) and older (n=13) adults. (A) Mean pain intensity over the whole 2-min 
pain test in the young group (blue curve) and the older group (purple curve). (B) Pain intensity (mean ± SD) during the first 30 seconds of the 2-min heat pain test (initial peak 
pain) in young and older adults during forearm stimulation. The initial peak pain was greater in the young group compared to the older group (p = 0.003; r = - 0.59). Circles 
represent individual data points. (C) Pain intensity (mean ± SD) during the last 90 seconds of the 2-min heat pain test (late-phase pain) in young and older adults during forearm 
stimulation. No difference between the age groups was observed for late-phase pain (p = 0.37; r = - 0.18). Circles represent individual data points.  
Note: **p < 0.01 for the difference between young and older participants.  
Abbreviations: SD, standard deviation; CoVAS, computerized visual analogue scale.
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habituation or temporal summation. An increase in tem-
poral summation with aging may be one explanation for 
the higher prevalence of chronic pain in older adults.4

Age-related changes in pain perception may also 
originate at the peripheral level, from an alteration of 
nociceptive A-delta and C fibers. These nerve fibers are 
responsible for the transmission of the pain signal from 
the periphery to the central nervous system, generating 
the first sharp pricking pain sensation and the prolonged 
painful sensation that generally outlasts the stimulus.31 

While aging seems to alter both myelinated A-delta and 
unmyelinated C fibers,2,32,33 experimental studies have 
highlighted a particularly detrimental effect of age on 
A-delta fibers.34,35 Kemp and collaborators (2014) 
reported longer somatosensory evoked potentials (SEP) 

latencies for myelinated A-delta fiber stimulation, but 
not for unmyelinated C fiber stimulation, in older adults 
when compared to young adults.35 This result is coher-
ent with Sato et al’s (2012) observation that the conduc-
tion velocity of C fibers in rats does not vary with age.36 

Together, these studies suggest that aging has a more 
pronounced effect on A-delta fibers than on C fibers. 
Some texts suggest that A-delta fibers are particularly 
involved in the first sharp sensation of pain evoked by 
a nociceptive stimulation37–39 (although other findings 
suggest that the two types of fibers share some overlap 
in function40,41). As such, though only hypothetical, it is 
possible that the decrease in A-delta fiber function 
observed in older adults plays a role in their decreased 
sensation of initial pain.7

Figure 2 Pain intensity scores during the 2-minute heat pain test applied to the lower-back in young (n=13) and older (n=13) adults. (A) Mean pain intensity over the whole 
2-min pain test in the young group (green curve) and the older group (red curve). (B) Pain intensity (mean ± SD) during the first 30 seconds of the 2-min heat pain test (initial 
peak pain) in young and older adults during lower-back stimulation. The initial peak pain was greater in the young group compared to the older group (p = 0.03; r = - 0.42). 
Circles represent individual data points. (C) Pain intensity (mean ± SD) during the last 90 seconds of the 2-min heat pain test (late-phase pain) in young and older adults during 
lower-back stimulation. No difference between the age groups was observed for late-phase pain (p = 0.82; r = - 0.05). Circles represent individual data points.  
Note: *p < 0.05 for the difference between young and older participants.  
Abbreviations: SD, standard deviation; CoVAS, computerized visual analogue scale.
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This study has some limitations. First, only two body 
regions were tested, which does not allow us to conclude 
that initial peak pain sensations are altered homogeneously 
across the whole body. Second, even though the two age 
groups in our study were clearly differentiated (40 years of 
difference) and consistent with other studies on 
aging,15,17,42 the participants in the young group may 
have already been affected by aging,43 and the participants 
in the older group were relatively young (< 75 years old). 
It is therefore possible that even stronger age-effects may 
have been obtained with younger and older populations. 
Third, the two experimental conditions were not rando-
mized, as they were part of a larger-scale study. However, 
as the two sessions were weeks apart and our main results 
concern between-group differences (and not between- 
session differences), we believe that this lack of randomi-
zation does not significantly jeopardize the validity of our 
results. Fourth, the choice of the temporal cut-off between 
the two phases (initial peak pain and late-phase pain), 
although based on previous works,16,22 was arbitrary and 
therefore can be discussed. Fifth, the two main intercon-
nected pain components were not assessed independently, 
preventing us from determining if the age effect on pain 
sensitivity arose from the sensory-discriminative compo-
nent or the emotional/affective component. However, con-
tact heat induces significantly less unpleasantness than 
other modalities,44 lessening the possible implication of 
the emotional component.

The current results show that the effect of age on pain 
perception was not only statistically significant, but also 
clinically significant for the forearm and on the edge of 
clinical significance for the lower-back,23 suggesting that 
there are “real-life” implications to the age-related differ-
ence observed in this study. For example, this decreased 
pain sensation may make it more difficult for older adults 
to detect potentially harmful stimuli, rendering them more 
vulnerable to injury in everyday life. It may also result in 
decreased pain complaints in elderly patients, such that 
caretakers, researchers, and medical and rehabilitation pro-
fessionals may underestimate the severity of their 
condition.45 On the other hand, it may be that young adults 
tend to overestimate peak pain intensity (due to the sur-
prise), and that older adults, through their experience, have 
learnt to better estimate this initial pain.

Overall, our results show that following a continuous 
heat pain stimulation, initial peak but not late-phase pain 
sensation is less prominent in older adults compared to 
young adults. The lack of age-dependent differences 

between appendicular and axial body areas may be related 
to either central alterations of the nociceptive system in older 
adults, or generalized peripheral alterations (affecting both 
appendicular and axial body regions). These changes in 
acute pain sensitivity with aging need to be taken into 
account by healthcare professionals working in geriatrics, 
as they may have significant clinical impacts.
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