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• Nociception
• respond to thermal, chemical and mechanical stimuli
• somatic: deep, superficial
• visceral: include vagal afferents
• transduction/transmission/perception
• + modulation

• Multiple brain sites activated
• sensory-discriminative: SS1, SS2, 
• affective-motivational: ACC, Insular
• cognitive-evaluative: PFC

• Pain is a multidimensional experience

 Fields H. Nature Reviews Neuroscience 5, 565-575 (2004)

Pain pathways 



Clinical pain
• Sensitisation
• peripheral: inflammatory mediators (NGF, IL-1, CCL’s), nerve changes
• primary hyperalgesia

• spinal cord sensitisation: up-regulation (AMPA, NMDA, NOS, PG’s, glia activation)
• secondary hyperalgesia

• supraspinal sensitisation: focus, synaptic change/re-organisation
• ? tertiary hyperalgesia

• Behavoural change
• sleep, mood, fear-avoidance, hyper-vigilance, social interactions

• Descending modulation
• inhibition (e.g. CPM)
• facilitation

• Anxiety, catastrophising associated with ↑ Temporal Summation, ↓ DINC
• Yarnitsky D. Pain 2012; 153: 1193

Consider a persons nociceptive spectrum in assessing current pain
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Ca2+ influx may reduce enhanced TS and alleviate 
pain.  

These dynamic tests induce a process of 
modulation  and  are  believed  to  reflect  the  “real-life”  
modulation exerted by patients when exposed to 
clinical pain. There is a large body of data showing 
differences between pain modulation states in 
patients suffering from idiopathic and other pain 
syndromes as compared to the healthy controls: 

 Fibromyalgia. Various pain modalities applied 
for the noxious conditioning stimulation, by 
ischemic, contact heat, or cold noxious water, 
were non-efficient in increasing pain thresholds 
or reducing experimental supra-threshold pain 
magnitudes.17–19 Evidence for abnormal TS 
includes enhanced pain summation in response 
to repeated heat taps and repeated muscle taps 
delivered at a remote body area, as well as 
prolonged and enhanced painful after-sensa-
tions. Moreover, magnitudes of enhanced after-
sensations  were  predictive  of  patients’  ongoing  
clinical pain.20–22 

 Irritable bowel syndrome. The experimentally 
induced visceral or cold water pain was not 
effective in reducing ongoing rectal pain or the 
perception of noxious heat.23–25 

 Headache. Facilitation, rather than normally 
occurring inhibition, of nociceptive reflex was 
observed in migraine patients conditioned by 
noxious cold water.26 In line with this, in chronic 

tension-type headache patients, conditioning by 
tonic muscle pain failed to reduce the responses 
to electrical pain as recorded by somatosensory 
event-related potentials over the scalp.27 In the 
psychophysical domain, these patients demon-
strated less efficient CPM in terms of lower 
increase in the electrical pain threshold during 
the exposure to conditioning pain,28 as well as 
significant waning of the CPM at the repeated 
application.29 Increased TS was found in 
migraine patients for repeated mechanical and 
electrical noxious stimuli delivered at the 
periorbital area as well as at a remote body site. 
Moreover, enhanced TS was demonstrated in 
association with more severe clinical parameters 
of disease and tended to normalize with time 
elapsed since last migraine attack.30 

 Temporo-mandibular disorder. Submaximal 
effort tourniquet application as the conditioning 
stimulus was found non-efficient in reducing the 
clinical pain in these patients.31 These patients 
also responded with increased TS to repeated 
heat and to repeated mechanical noxious stimuli 
delivered on local and on remote from the 
painful body sites.32–35 

 Osteoarthritis. Patients with knee and with hip 
osteoarthritis demonstrated less efficient CPM as 
assessed by the effect of experimental or ongoing 
clinical pain on pressure pain thresholds.36–40 In 
addition, they demonstrated significant enhance-
ment of TS to noxious pressure as well as to 

 
Figure 1. An Example of a Conditioned Pain Modulation (CPM) Test Protocol. 

 

 

  

 



Factors associated with pain severity and persistence
• Acute pain severity biggest predictor of chronic pain: 20+% variance
• surgical factors, post-operative care, rehabilitation
• ? neurogenic inflammation, ? reduced descending inhibition

• nerve injury: commonly hypoaesthesia initially
• Fuller A. Frontiers in Pain Research 2023; July 6: doi10.3389

• Psycho-social aspects important, although vary over time/trajectory
• genetic
• COMT, Oprm-1, signal transduction genes

• adverse childhood experiences
• Scott K. Arch Gen Psych 2011; 68: 838

• plus parental style
• Anno K. BMC Psychiatry 2015; 15: 181

• education status
• past pain and pain cognitions
• catastrophising post pain onset

• Khan R. Am J Surgery 2011; 201: 122
• Theunissen M. Clin J Pain 2012; 28: 819 

• compensation/solicitous systems 

finances.13–16 Moreover, the progression of APSP to CPSP
can affect quality of life, interfere with daily activities, and
result in physical disability17–24 (Fig. 1). Therefore, early
identification and adequate management of postsurgical
pain is vital.

The incidence of both APSP and CPSP varies across
individuals and procedures. What is clear though, is that a
high proportion of postsurgical patients suffer from moder-
ate to severe APSP.25 In addition, studies reveal that as
many as 20% to 56% of patients may go on to develop
chronic pain after surgery.26 Table 1 highlights the inci-
dence of development of chronic pain after common sur-
geries along with data revealing the approximate number of
such surgeries performed in the United Kingdom and the
United States.27–29

Postsurgical pain is a subjective experience. Surgical
factors such as the type of surgery, anesthesia, and analgesia
intuitively influence postoperative pain perception. Al-
though there is some correlation of pain severity with the
type of surgery performed, there is considerable variability
in the pain (acute/chronic) reported even in response to a
single type of surgery in which presumably the surgical
stimulus is relatively uniform.30 It has been reported that
there is around a 5-fold variance in the amount of opiates
required for adequate pain relief postsurgically.31 This leads
to the question of whether cognitive or physiological factors
might play a significant role in the severity of pain reported
after surgery (Fig. 1).

In recent years there has been increasing evidence that
psychological factors are key determinants in the experience
of pain.32–34 Traditionally, the main psychological factors
of interest have been anxiety and depression.35 However,
during the past 2 decades, another psychological compo-
nent, namely catastrophizing, has come to light (Fig. 2).
Although these psychological factors are related to each
other, pain catastrophizing (PC) has been reported to be the
strongest psychological factor associated with the pain ex-
perience.36 PC is “an exaggerated negative mental set
brought to bear during an actual or anticipated painful
experience” (defined in simple words as expectation or
worry about major negative consequences from a situation,
even one of minor importance).36–39 High levels of cata-
strophizing have been reported to be associated with a
heightened pain experience and can result in the develop-
ment of chronic pain.37,38,40

This article describes the concept of PC, its association
with postsurgical pain, and its potential role in the manage-
ment of postsurgical pain and postsurgical quality of life.
Searches were made of Medline, EMBASE, and PsycINFO
using a combination of MeSH terms and keywords: “pain,”
“catastrophizing,” “chronic postsurgical pain,” “postsurgi-
cal pain.” They were limited to results in the English lan-
guage. A review of related articles, reference lists of iden-
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Figure 1 A summary of the individual and demographic factors
affecting pain experience.

Table 1 Approximate numbers of surgeries performed in England and the United States and incidence of CPSP

Type of surgery
Incidence of chronic
pain

Number of surgeries performed in
the UK in 2005–2006

Number of surgeries performed
in the United States in 1994

Total surgeries 7,125,000 22,629,000
Mastectomy 20%–50% 18,000 131,000
Cesarean section 6% 139,000 858,000
Amputation 50%–85% 15,000 132,000
Cardiac surgery 30%–55% 29,000 501,000
Hernia repair 5%–35% 75,000 689,000
Cholecystectomy 5%–50% 51,000 667,000
Hip replacement 12% 61,000 660,000
Thoracotomy 5%–65%
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2. Depression
3. Physical disability1.Increased pain
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Figure 2 Association of catastrophizing with other psychologi-
cal factors and their effects.
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Hyperalgesia: IASP taxonomy
• HYPERALGESIA

• Increased pain from a stimulus that normally provokes pain.

• Note: Hyperalgesia reflects increased pain on suprathreshold stimulation. This is a clinical term that does not imply 
a mechanism. For pain evoked by stimuli that usually are not painful, the term allodynia is preferred, while 
hyperalgesia is more appropriately used for cases with an increased response at a normal threshold, or at an 
increased threshold, e.g., in patients with neuropathy. It should also be recognized that with allodynia the stimulus 
and the response are in different modes, whereas with hyperalgesia they are in the same mode. Current evidence 
suggests that hyperalgesia is a consequence of perturbation of the nociceptive system with peripheral or central 
sensitization, or both, but it is important to distinguish between the clinical phenomena, which this definition 
emphasizes, and the interpretation, which may well change as knowledge advances. Hyperalgesia may be seen after 
different types of somatosensory stimulation applied to different tissues.



Clinical types
• Mechanical
• Superficial mechanical: pin-prick (punctate)
• Deep mechanical: pressure (static)
• A-delta fibres plus central mechanisms

• Thermal
• Heat
• Pain >44 degrees, C fibres

• Cold
• Pain <15 degree, A-delta fibres

• Visceral
• Primary
• Inflammation visceral organs, include neurogenic inflammation

• Viscero-somatic
• Referred pain e.g. chest pain to arms, throat

• Viscero-visceral
• Same spinal cord segments

• Allodynia: non-painful stimuli producing pain
• Dynamic mechanical hyperalgesia (brush) via A-beta fibres



Stress induced hyperalgesia
• Stress may produce analgesia acutely
• exercise induced hypo-algesia via descending inhibition

• Stress may produce hyperalgesia
• exacerbate chronic pain conditions: intensity, limited change in threshold, tolerance
• implies altered stress induced pain modulation in chronic pain
• Loffler M. Neurobiology of Pain 2023; 13: 100110

• repeated stress in animals, swim, restraint, social defeat, produce hyperalgesia
• develop descending. Pain facilitation pathways
• chronic heightened circulating adrenaline changes B2 receptor systems

• Mechanisms
• up-regulation of alpha-2 receptors on nociceptors
• note adrenaline in algogesic

• augmentation of neurogenic inflammation via alpha-1 receptors
• Richebe P. Anesthesiol 2011; 114: 1280

Neurobiology of Pain 13 (2023) 100110
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Differences between pain patients and healthy individuals in stress-induced 
analgesia 

We found a significant time*group interaction effect for pain 
thresholds (time*group: F(1,37) = 5.63, p = 0.02, ω2 = 0.021), indi-
cating that the increase of pain thresholds in controls was reduced for 
patients with CMP. Post-hoc comparisons of pain thresholds before and 
after the stressor revealed a significant SIA effect for the healthy par-
ticipants (t(17) = −2.56, p = 0.04, d = 0.60), but not for the patients 
with chronic pain (t(21) = −0.51, p = 0.62, d = 0.11), see Fig. 2a and 
Table 3. 

Further, a significant time*group effect for pain intensity ratings 
(time*group: F(1,37) = 7.76, p = 0.008, ω2 = 0.052), showed that pa-
tients with CMP displayed a stronger increase of pain intensity ratings 
than controls. Post-hoc comparisons of pain intensity ratings before and 
after the stressor revealed a significant SIH effect for patients with 
chronic pain (t(21) = −3.07, p = 0.01, d = 0.66), but not for healthy 
participants (t(17) = 0.75, p = 0.47, d = 0.18), see Fig. 2c and Table 3. 

Pain tolerance showed a significant main effect for group (group: F 
(1,37) = 8.08, p = 0.007, ω2 = 0.118), with higher pain tolerance for the 
healthy participants than the patients with CMP. We found no signifi-
cant effect for time (time: F(1,37) = 0.16, p = 0.69, ω2 = −0.005) or the 

interaction of time*group (time*group: F(1,37) = 0.05, p = 0.83, ω2 =
−0.006) for pain tolerance, see Fig. 2b and Table 3. 

For pain unpleasantness ratings, we observed no significant effects 
for time (time: F(1,37) = 0.30, p = 0.58, ω2 = −0.003), group (group: F 
(1,37) = 0.00, p = 0.99, ω2 = −0.022) or time*group (time*group: F 
(1,37) = 2.36, p = 0.13, ω2 = 0.006), see Fig. 2d and Table 3. 

When we added age or gender as individual covariates to the analysis 
of variance models on primary and secondary outcomes, we did not find 
any significant interaction effects of the factor gender (all F < 3.52, p >
0.07, ω2 < 0.020). For the covariate age we found a significant inter-
action effect age*time*group (F(1,37) = 4.31, p = 0.047, ω2 = 0.010) for 
the unpleasantness ratings, indicating that the stress-induced reduction 
of pain unpleasantness ratings became less with age in healthy partici-
pants but not in patients with CMP (see Supplementary Fig. 1). There 
were no other significant interaction effects of the covariate age with the 
change in primary or secondary outcome measures after the stressor (all 
F < 1.33, p > 0.26, ω2 < 0.002), see Supplementary Table 1. 

After adding systolic blood pressure as a covariate to the model, we 
did not find any significant interaction effects of systolic blood pressure 
with the change in primary or secondary outcome measures after the 
stressor (all F < 3.34, p > 0.08, ω2 < 0.018), see Supplementary Table 2. 
This indicates that the time*group interaction effects of pain thresholds 

Fig. 2. Group differences in SIA. Thresholds and 
ratings before and after the stressor are depicted as 
mean and standard error of the mean. Patients with 
chronic musculoskeletal pain (CMP) are depicted with 
triangles and orange lines, healthy controls (HC) are 
depicted with circles and blue lines. Significant post 
hoc (corrected using the false discovery rate) differ-
ences are labeled with asterisks (*p < 0.05). Fig. 2a 
(top left) shows electric pain threshold before (pre) 
and after (post) the stressor, Fig. 2b (top right) shows 
electric pain tolerance before (pre) and after (post) 
the stressor, Fig. 2c (bottom left) shows pain intensity 
ratings in response to the test stimulus before (pre) 
and after (post) the stressor, Fig. 2d (bottom right) 
shows pain unpleasantness ratings in response to the 
test stimulus before (pre) and after (post) the stressor. 
(For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version 
of this article.)   

M. Löffler et al.                                                                                                                                                                                                                                 



Hyperalgesia associated with neuropathic pain
• Allodynia and hyperalgesia occurs in 15-50% those with neuropathic pain
• Sensitivity early predicts development central neuropathic pain
• However, sensory loss > gain associated with chronic neuropathic pain

• Different fields of different responses within area of nerve damage
• Jensen T. Lancet Neurol 2014; 13: 924
• Rolke R. Pain 2006; 123: 231
• Maier C. Pain 2010; 150: 439
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Allodynia and hyperalgesia in neuropathic pain: 
clinical manifestations and mechanisms
Troels S Jensen, Nanna B Finnerup

Allodynia (pain due to a stimulus that does not usually provoke pain) and hyperalgesia (increased pain from a 
stimulus that usually provokes pain) are prominent symptoms in patients with neuropathic pain. Both are seen in 
various peripheral neuropathies and central pain disorders, and aff ect 15–50% of patients with neuropathic pain. 
Allodynia and hyperalgesia are classifi ed according to the sensory modality (touch, pressure, pinprick, cold, and heat) 
that is used to elicit the sensation. Peripheral sensitisation and maladaptive central changes contribute to the 
generation and maintenance of these reactions, with separate mechanisms in diff erent subtypes of allodynia and 
hyperalgesia. Pain intensity and relief are important measures in clinical pain studies, but might be insuffi  cient to 
capture the complexity of the pain experience. Better understanding of allodynia and hyperalgesia might provide 
clues to the underlying pathophysiology of neuropathic pain and, as such, they represent new or additional endpoints 
in pain trials.

Introduction
Neuropathic pain is an umbrella term for a series of 
diff erent conditions caused by a lesion or disease of the 
parts of the nervous system that usually signal 
somatosensory information.1 A range of disorders of the 
peripheral nervous system—such as postherpetic 
neuralgia, painful nerve lesions, trigeminal neuralgia, 
postamputation pain—and a series of neuropathies are 
included under the term. Additionally, CNS disorders 
such as stroke, spinal cord injury, and multiple sclerosis 
can have pain as an important symptom. Diseases 
causing neuropathic pain therefore vary substantially 
both in terms of anatomical location and cause. Despite 

this diversity, neuropathic pain disorders have common 
clinical characteristics, including some, but not necess-
arily all, of the following: pain in an area with partial or 
complete sensory loss; diff erent types of evoked pain; 
specifi c descriptors such as burning pain; increased pain 
after repetitive stimulation; and pain persisting after 
stimulation.1–4 Two particularly bothersome and 
prominent symptoms in diff erent types of neuropathic 
pain are allodynia (ie, pain elicited by a stimulus that 
normally does not cause pain) and hyperalgesia (ie, an 
increased pain response produced by a stimulus that 
normally causes pain; fi gure 1).5

In clinical pain trials, the intensity and degree of pain 
relief represent important outcome measures. However, 
these two measures might not capture all aspects of pain, 
particularly not with the development of new compounds 
targeting specifi c occurrences of pain. Current pain 
treatment is not satisfactory. An elaborate and detailed 
assessment of neuropathic pain might help to identify 
subsets of patients who respond to a particular pain 
treatment.4,8–10 Allodynia and hyperalgesia are symptoms 
and signs that might serve as readouts for pain and thus 
contribute to improved delineation of neuropathic pain.4,8–10

This Review presents an overview of allodynia and 
hyperalgesia in neuropathic pain conditions, including 
their clinical manifestations, underlying mechanisms, 
and potential value as novel outcome measures.

Epidemiology of allodynia and hyperalgesia in 
neuropathic pain
Allodynia is Greek for other (allo) pain (odynia) 
according to the International Association for the Study 
of Pain.5 The authors of a systematic review11 showed 
that the prevalence of pain associated with pre-
dominantly neuropathic pain descriptors in question-
naire studies ranged from 7% to 18%, whereas studies 
based on diagnostic codes reported lower rates of 
neuropathic pain of 1% to 2%. The authors additionally 
stressed the variability in the prevalence of neuropathic 
pain associated with specifi c conditions; the estimated 

Lancet Neurol 2014; 13: 924–35
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Figure 1: Stimulus–response function illustrating allodynia and hyperalgesia 
following nerve damage 
The blue line illustrates the stimulus–pain relationship in normal skin, whereas 
the red lines represent the relationship in skin following nerve damage. Patterns 
of sensory abnormalities can diff er with varying degrees of allodynia and 
hyperalgesia present at diff erent test sites within the aff ected region in a patient 
with neuropathic pain. The stimulus–response function depends on the degree 
of nerve damage and location of the stimulation. In some sites, the stimulus 
response is shifted to the left, resulting in a lower stimulus intensity needed to 
evoke a painful response and with a steep slope, resulting in a high gain in the 
system (red solid line). In other areas dominated by loss of sensitivity, the 
stimulus–response function can be shifted to the right (red dashed line). Because 
of a steep slope, the result at suprathreshold stimuli might still be hyperalgesic 
responses. There is an overlap between allodynia and hyperalgesia, which are 
both part of a general hypersensitivity to a particular sensory stimulus, but the 
evoked sensory experience might shift so that one sensory modality is perceived 
diff erently—eg, touch as burning pain, heat as cold pain.6,7 
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prevalence of, for example, painful diabetic poly-
neuropathy ranged from 15 to 72 per 100 000 person-
years. The main diffi  culty in epidemiological studies of 
pain is the subjective nature of the symptoms, preventing 
proper validation studies from being done.11 The 
prevalence of allodynia in neuropathic pain is likewise 
diffi  cult to assess. In a questionnaire study of more than 
1600 patients with painful diabetic neuropathy,12 18% 
reported that light touching was painful, and 14% 
reported that cold or heat was occasionally painful. Only 
47% with postherpetic neuralgia had touch-evoked 
allodynia, although this is usually reported to be present 
in at least 70% of cases.13 On the basis of quantitative 
sensory testing in 1236 patients with diff erent 
neuropathic pain syndromes, brush-evoked allodynia 
was present in 20% of all patients, 12% of patients with 
painful polyneuropathy, and 49% of patients with 
postherpetic neuralgia.14 In another study of 482 patients 
with diff erent causes of neuropathic pain,15 55% had 
brush-evoked allodynia, whereas pain evoked by contact 
with cold objects was reported in 31% of patients, with 
pressure-evoked pain reported in 52% of patients. Any 
pain evoked by brush, pressure, or cold stimuli was 
present in 52% of patients with painful diabetic 
polyneuropathy and 92% of patients with postherpetic 
neuralgia. The presence of evoked phenomena is 
therefore not only dependent on the patients examined, 
but also on the criteria and methods used to assess these 
evoked responses.

Clinical assessment and manifestations of 
allodynia and hyperalgesia
Theoretically, allodynia can be defi ned as a painful 
response to a non-nociceptive stimulus—ie, one not 
encoded by nociceptors16—but this defi nition cannot be 
used in the clinical setting because it would be impossible 
to establish whether a stimulus is capable of activating 
nociceptors in the individual patient. Therefore, the 

clinical terms allodynia and hyperalgesia need to be 
defi ned according to the sensation experienced after a 
stimulus that would normally produce either no pain or 
pain that can be tested in a non-aff ected body part, usually 
the contralateral part.5 The clinical assessment of allodynia 
and hyperalgesia includes examination of trigger points, 
mapping of the area of abnormality, and determination of 
the intensity of hypersensitivity. Simple bedside tests 
include responses to cotton swab, fi nger pressure, 
pinprick, cold, and warm stimuli—eg, thermorollers kept 
at 20°C and 40°C, respectively (table).17,18

More detailed but time-consuming testing includes 
laser stimuli and quantitative sensory testing,17,18 with 
the use of monofi laments, pressure or pinch algo-
meters, and thermotest equipment. Sensory profi les 
including diff erent aspects of allodynia and hyperalgesia 
have been described.14 The clinical signifi cance of these 
profi les is still unclear, mainly because of an absence of 
specifi c and selective compounds that can address the 
potential underlying mechanisms.19,20 The paradoxical 
presentation of areas of hyperalgesia and sites with 
sensory loss can pose diffi  culty regarding where the 
assessment should be done. Examination at 
hyperalgesic sites might mask the presence of a 
potential sensory loss area (fi gure 2), whereas 
examination within a hypoalgesic area might preclude 
the identifi cation of hypersensitivity. In these situations, 
mapping of sensory abnormalities is a way to obtain 
additional information.

The distribution of diff erent pain types on a phantom 
map represents an important initial step for pain 
assessment (fi gure 2). The area can be quantitated and the 
evoked intensities and qualities measured both before and 
after an intervention. Such procedures are useful—eg, 
when recording the eff ect of drugs. Automatic drawing 
systems have been proposed, which might likewise be of 
value for more accurate measurements. An essential 
element of neuropathic pain is a lesion of the aff erent 

Bedside assessment Experimental assessment Experimental readout Clinical examples

Mechanical

Dynamic mechanical Cotton bud, painter’s 
brush, or cotton ball

Brush (SENSElab 05; Somedic, 
Hörby, Sweden), speed  1–2 cm/s

Evoked pain intensity; area of 
abnormality

PHN; neuropathies; trigeminal 
neuralgia; central pain

Punctate Prick with stick or pin; 
monofi lament

Monofi lament stimulus Evoked pain intensity; pain 
threshold; area of abnormality

Traumatic nerve injury; 
trigeminal neuralgia

Static (superfi cial) Gentle fi nger pressure 
applied to skin

Pressure algometer, fi xed rate Evoked pain intensity; pain 
threshold; area of abnormality

PHN; neuropathies: traumatic 
nerve injury

Static (deep) Finger pressure applied to 
skin and underlying tissue

Pressure algometer, fi xed rate Evoked pain intensity; pain 
threshold; area of abnormality

CRPS; traumatic nerve injury

Thermal

Cold Thermoroller kept at 20°C, 
cold metal or glass object

Thermotest Evoked pain intensity; pain 
threshold; area of abnormality

Chemotherapy neuropathy; 
post-stroke pain

Heat Thermoroller kept at 40°C, 
warm metal or glass object

Thermotest; laser stimulus Evoked pain intensity; pain 
threshold; area of abnormality

Erytromelalgia; burning mouth 
syndrome

PHN=postherpetic neuralgia. CRPS=complex regional pain syndrome. 

Table: Assessment of allodynia and hyperalgesia 
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3.3. Absolute and relative QST reference data

There were no significant differences in QST parame-
ters between the right and left sides of the body, and all
correlations across the two body sides were highly
significant (all p < 0.001). Systematic inter-individual
differences accounted for between 61% and 90% of the
total variance (squared correlation coefficients r2

between 0.61 and 0.90). These findings suggest that
right–left comparisons (relative reference data) may be
more sensitive to detect positive or negative sensory
signs than comparisons with absolute reference data.

Distributions of right–left differences are shown in
Fig. 3. Compared with fitted normal distributions
(drawn lines) there was an over-representation of data
around zero values (kurtosis ranged between 1.25 and
6.16), i.e. in a large proportion of subjects the QST
parameters were identical in symmetric body regions.
Therefore, relative QST reference data were not normal-
ly distributed for many parameters. To keep data pro-
cessing uniform, we nevertheless estimated the 95%
confidence intervals from the fitted standard deviations,
leading to conservative estimates. Lower and upper cut-
off values of these relative reference data are given in
Table 3. To allow comparison of sensitivities of absolute
and relative reference data, we included two columns
showing differences or ratios, which would be needed
for an affected side to be outside the 95% confidence
interval of the absolute reference data. In these cases it
is assumed that the control side yielded values identical
to the normal mean. Relative reference data were up to
2.5 times more sensitive than absolute reference data.
With the exception of cold and warm detection thresh-
olds relative reference data showed a clinically relevant
gain in sensitivity.

In some cases, e.g. distal symmetric polyneuropa-
thies, it may be necessary to use a control area in anoth-
er region of the body than the affected region (e.g., hand
vs. foot). For these comparisons we also calculated

Table 2
Detectability of minus and plus signs for different QST parameters

CDT WDT TSL PHS CPT HPT MDT MPT MPS ALL WUR VDT PPT

Decreased sensibility (minus signs)
Face

p p p p
(
p
) (

p
)

p p
(
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p p p p

(
p
) (

p
)

p p
(
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Foot
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Increased sensibility (plus signs)
Face

p p p
Ø (
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p
Ø
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p

Hand
p p p

Ø
p p

Ø
p p p p

Ø
p

Foot
p p p

Ø
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(
p
)

p p p p
Ø

p

Data based on 95% confidence intervals of absolute QST reference data reflecting all tested body regions across both age groups and gender.p
, clear minus or plus signs detectable; (

p
) Minus or plus signs measurable for at least one age or gender group, but for other groups not detectable;

Ø, for the detection of sensory abnormality the QST value would have to be outside the measurable data range.
a The absence of wind-up is normal. WUR has to show a clear wind-down to be abnormal.

Fig. 2. z-score sensory profiles of two patients suffering from
postherpetic neuralgia (PHN). Patient PHN I (open circles) presents
the QST profile of a 70-year-old woman suffering from PHN for 8
years. Ongoing pain was 80 on a 0–100 numerical rating scale. The
profile shows a predominant gain of sensory function in terms of heat
pain hyperalgesia (HPT), pinprick mechanical hyperalgesia (MPS),
dynamic mechanical allodynia (ALL), and static hyperalgesia to blunt
pressure (PPT) outside the 95% confidence interval of the distribution
of healthy subjects (= grey zone). This profile is consistent with a
combination of peripheral and central sensitization. Patient PHN II
(filled circles) shows the QST profile of a 71-year-old woman with pain
for 8 months. Ongoing pain was 70 on a 0–100 numerical rating scale.
The QST profile shows predominant loss of sensory function. Note the
cold (CDT), warm detection thresholds (WDT), thermal sensory limen
(TSL), tactile detection thresholds (MDT), mechanical pain thresholds
to pinprick stimuli (MPT), and pressure pain thresholds (PPT) outside
the normal range as presented by the grey zone. This profile is
consistent with a combined small and large fiber sensory deafferenta-
tion. z-score: numbers of standard deviations between patient data and
group-specific mean value (absolute reference data; see Appendix 2 of
online supplementary material).
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Perioperative hyperalgesia
• 25% post operative pain severe
• Significant rates persistent pain, in part linked to hyperalgesia development

• Nociception induced
• Primary (in area of tissue damage, inflammatory) and/or secondary (outside area of surgery)

• Opioid induced hyperalgesia (OIHA)
• All opioids, short acting/potent greatest, occurs before tolerance
• Outside area of injury; associated with higher pain report, opioid use post operatively
• Naloxone (low dose) can block

• Mixed mechanisms: medulla descending facilitation, NMDA activation, reduced glutamate clearance

• Inadequate analgesia
• NMDA receptor upregulation nociceptive pathways
• Excito-toxicity +/- surgical nocicpetor death, leading to loss inhibitory neurones in spinal cord

• ? Inhaled anaesthetic agents
• Nitrous oxide, propofol infusions reduce hyperalgesia associated with remifentanil

• Malik O. Curr Pain Headache Rep 2017: 21: 4



Methadone vs Buprenorphine
• Methadone reported NMDA antagonist, Acetyl-choline, dopamine effects
• less tolerance, euphoria compared to other opioids

• Testing on chronic daily dosing pts (n=16) compared to controls 
• mechanical and cold pressor thresholds, tolerance 
• at trough to peak concentrations (55-65%)

• thresholds and tolerance mechanical increased at peak concentrations
• lower tolerance mechanical compared to controls at trough, higher at peak
• no change to mechanical detection thresholds

• lower heat detection and tolerance compared to controls
• Doverty M. Pain 2001; 90: 91

• Buprenorphine at low dose is anti-hyperalgesic in experimental pain
• Koppert W. Pain 2005; 118: 15

• In high doses, may increase descending inhibition

• However, buprenorphine ORT has similar hyperalgesia to methadone
• and no response to morphine

• Anthanasos P. Pain Med 2019: 20; 119
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previously [10]. Cold pressor involves the immersion of
the nondominant arm in 0.5!C–1.5!C water, and the re-
sponse metric is seconds. Electrical stimulation involves
the transmission of an electrical pulse through the ear-
lobe and is measured in volts. One nociceptive marker
was used, which was pain tolerance, when the partici-
pant verbally indicated that they could no longer tolerate
the pain and removed their arm from the water or
requested that the electrical stimulation cease.

Respiration rate was measured over one minute by ob-
servation without the subjects’ awareness. Safety was
monitored and recorded throughout the study by means
of continuous pulse oximetry, continuous electrocardio-
gram waveform, categorical nausea scale [21], and cat-
egorical sedation scale [22].

Plasma Opioid Quantification

The quantification of plasma buprenorphine and norbu-
prenorphine was by high-performance liquid chromatog-
raphy coupled to mass spectrometry, as previously
described [23]. The assay had a limit of quantification of
0.125 ng/mL for both analytes and all variability in accu-
racies, and precision had coefficients of variation for
buprenorphine and nor-buprenorphine of less than
15%. The quantification of plasma morphine was by
high-performance liquid chromatography (HPLC) with
coulometric detection, as previously described [11]. The
assay had a lower limit of quantification of 1 ng/mL, and
all variability in accuracies and precision had coefficients
of variation below 7%.

Data Analysis

Data are presented as mean 6 SEM (with 95% confi-
dence intervals [CIs]). One-way analysis of variance
(ANOVA) was used to compare each outcome variable
across treatments for the buprenorphine combined sub-
jects and the control subjects with 95% CI of differen-
ces. Unpaired samples t tests were used to compare
baseline values between the combined buprenorphine
subjects and the control subjects. The Pearson
product-moment correlation coefficient (Pearson’s r)
was used to measure the linear correlation between in-
dividual buprenorphine daily doses and plasma mor-
phine concentrations. Bonferroni’s and Dunnet’s tests
were used for post hoc analyses as appropriate. Data
for both studies were analyzed using GraphPad Prism
4.2 for Windows (GraphPad Software, San Diego, CA,
USA), and P< 0.05 was considered significant.

Results

Nociceptive Tests

There were no significant differences (P> 0.45) in pain
tolerance responses between the three buprenorphine
dose groups from baseline to morphine infusion 1 or
morphine infusion 2. Hence, the data from the groups
were combined.

Cold Pressor Responses

Pain tolerance responses at baseline and morphine infu-
sion 2 for control subjects and the buprenorphine sub-
jects are shown in Figure 1 (upper panel), and absolute
values and ranges for all treatments in Table 1. Pain tol-
erance values for the buprenorphine subjects remained

Figure 1 Cold pressor pain tolerance responses (up-
per panel), electrical stimulation pain tolerance
responses (middle panel), and respiration rate (lower
panel) mean (6SEM) pain in 10 healthy control and 12
buprenorphine subjects at baseline (B) and morphine in-
fusion 2 (M2). The morphine concentrations between
buprenorphine and control subjects were different.
†P< 0.05, ††P< 0.01 between groups; *P<0.05,
**P< 0.01 between treatments.
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Management
• Clinical assessment to consider peripheral vs central mechanisms
• optimal pain management early to reduce development HA
• regional anaesthetic techniques: dose-response relationship to reduction chronic pain
• NSAIDS with peripheral and central action

• central anti-hyperalgesics if using opioids
• ? iv lignocaine 

• Ketamine: NMDA antagonist 0.1-0.4 mg/kg/hr
• reduces OIHA, nociception induced HA
• ? duration: during stimulus, 6 hr-6 days

• Dexmedetomidine/clonidine

• ? Low dose naloxone

• ? Low dose buprenorphine



Dexmedetomidine/Clonidine 
• Alpha-2 adrenoceptor agonists reduce NA release (LC, SC)
• reduced nociception at SC
• reduced CNS/autonomic response to nociception
• anti-hyperalgesia
• anxiolysis
• anti-inflammatory

• Wiatrwski R. AANA Journal 2021; 89: 77

• Intra-op infusion to PACU
• reduce propofol/MAC/opioid
• reduce OIHA

• Lee C. Korean J Anaesthesiol 2013; 64: 301

• reduce ketamine emergence phenomena
• transition to clonidine po

• Hyland S. Healthcare 2021; 9: 333


