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Purpose: The primary objective of the present study was to evaluate predictive parameters of
the acute pain score during induction of an inflammatory heat injury.

Patients and methods: Healthy volunteers (50 females/50 males) were included in the
study. The predictive potential of gender, anthropometric (body surface area, body mass index),
psychological (anxiety, depression, vulnerability), and psychophysical (quantitative sensory
testing, conditioned pain modulation) variables in estimating the pain response to a validated
heat injury (47°C, 7 minutes, area 12.5 cm?) were investigated. All assessments were made in
duplicate sessions separated by 21 days (median).

Results: There were three main findings in this study. First, a predictive model of pain sensi-
tivity during the heat injury, including both genders and using multiple regression technique,
could account for 28% of the variance (P < 0.0001), but gender-related differences in the final
model could not be demonstrated. Second, the results confirmed significant gender-related
differences in perception of electrical, pressure, and cold pressor stimuli (P < 0.002). Third,
positive correlations between anthropometric data and pain perception during electrical and
pressure stimuli were demonstrated (P < 0.001 and P < 0.005, respectively).

Conclusion: The study demonstrated predictability of acute pain sensitivity, and although
gender-related differences in pain perception were demonstrated, no gender-related differences
in pain sensitivity could be shown. Interestingly, positive correlations between anthropometric
data and pain perception were shown for the first time.

Keywords: experimental pain, gender differences, healthy subjects, prediction, quantitative
sensory testing

Introduction
Pain sensitivity, defined as the proneness to react to standardized experimental or
pathological stimuli, varies widely between subjects. Pain ratings of seemingly
identical noxious stimuli may range from “no pain” to “excruciating” pain.' Pain
sensitivity is determined by complex interactions between ethnic,*? psychophysical,**
psychological,®® genetic,’ and social factors.” Prediction of pain sensitivity has been
used preoperatively as a measure to prevent development of severe acute pain,*!® and
to attenuate its transition to persistent postsurgical pain. In addition, prediction of
experimental pain sensitivity prior to testing of analgesic drug efficacy may theoreti-
cally reduce the high attrition rate for new drug candidates by allowing initial testing
in groups of high-pain and low-pain responders.!!:!?

Investigating the predictive parameters of pain sensitivity could therefore be
of potential medical interest and have significant implications both for the health
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care system'® and for pharmaceutical research.!' Moreover,
investigations in both females and males is a necessity as
10 years of laboratory research has still not been successful
in producing a clear and consistent pattern of possible sex
differences in human pain sensitivity.'

The primary objective of the present study was to evalu-
ate the predictability of the pain intensity score during an
inflammatory heat injury (in the present study defined as
pain sensitivity), using standardized quantitative sensory
testing (QST) and conditioned pain modulation (CPM
[formerly called diffuse noxious inhibitory control, belongs
to the endogenous pain inhibiting systems]) variables
(Figure 1). The heat-induced injury has been validated'>'¢
and clinically used in prediction of postoperative pain.'>!’?
Potential variables predicting the heat-induced pain were
anthropometric (body mass index [BMI], body surface area
[BSA]), psychological (Hospital Anxiety and Depression
Scale [HADS], Psychological Vulnerability Scale [PVS]),
and psychophysical (QST, CPM test).'®?! All prediction
interactions were examined for gender-related differences.
The secondary objective was to analyze and characterize
gender-related differences in psychophysical variables by
anthropometric and psychological data.

Subjects and methods

Subjects

The protocol was approved by the Regional Ethics
Committee (H-1-2009-132) and the Danish Data Protection
Agency, and reported to ClinicalTrials.gov (NCT01345877).
Healthy subjects were recruited from a website and bulletin
boards at the University of Copenhagen. Inclusion criteria

Gender
Anthropometrics
Psychological tests
Psychophysical tests

Heat injury

| Pain predictors? |—)>| |—)>| Pain predictors

Pain

| Predictive multiple regression model |

A

| Gender-related pain predictors |

<<
| Nongender-related pain predictors | S

Figure | The study algorithm: gender, anthropometric, psychological, and psychophysical
variables are used as potential predictors of heat injury-induced pain.

Notes: The actual predictors are divided into gender-related and nongender-related
predictors and used in a multiple regression model predicting pain sensitivity.

were healthy subjects between 20—40 years of age. Exclusion
criteria were insufficient proficiency in Danish, participa-
tion in other clinical trials in the last 4 weeks prior to this
study, skin lesions on the lower leg, intake of any medica-
tion 48 hours prior to the investigation, intake of analgesics
7 days prior to the investigation (except paracetamol as
needed), current or former drug abuse, smoking, and BMI >
28 kg/m?. Following verbal and written information, all sub-
jects provided written informed consent before inclusion. All
subjects had a routine medical examination by a physician
prior to inclusion. Subjects received compensation (€280)
for the two study days.

Psychological tests

On day one, the subjects completed HADS and PVS.?
HADS is a 14-item questionnaire used to evaluate the
subject’s level of anxiety and depression; the subjects can
rate between 021 with a score of eleven as the cutoff point
for anxiety or depression.” PVS is a six-item questionnaire
used to determine the subjects psychological vulnerability;
the subjects can rate between 0—12 with a score of three as
the cutoff point.**?

Psychophysical tests

Environment and testing paradigm

All tests were performed in a quiet, well-lit room (21°C-24°C,
24%—45% relative humidity) with the subjects comfortably
relaxed in the supine position. Each test was explained prior
to the test and standardized instructions were given during
the tests (Appendix A). The subjects were blinded to the test
results during the study. Subjects were allowed to ambulate
between the testing sequences. In order to get familiarized
with the QST procedures, the subjects underwent a training
session prior to day one. The subject’s suitability in relation
to ethical, psychomotor, and cognitive aspects were evaluated
at this training session. Identical assessments were made on
the two study days, each of 6 hours duration and separated
by a minimum of 2 weeks. The testing paradigm is illustrated
in Figure 2.

Testing areas

The testing area for thermal thresholds and secondary
hyperalgesia was the upper, medial part of the nondomi-
nant lower leg.'> The subjects were instructed to use a hair
trimmer in the area, 2 days prior to the study, in order to
avoid interference with the hair and sensory assessments.
The three other testing areas were: the nondominant thumb
and index finger for electrical thresholds, the nondominant
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Figure 2 The testing sequence: (|) baseline assessments (secondary hyperalgesia, electronic pinprick algometry, thermal and electrical thresholds), (2) cold pressor test and
pressure algometry, (3) conditioned pain modulation efficiency, (4) heat injury, (5-7) postburn 1-3 hour assessments (comparable to baseline assessments, without electrical

stimulation).

Abbreviations: CDT, cool detection threshold; EDT, electrical detection threshold; EPT, electrical pain threshold; EPTo, electrical pain tolerance; HPT, heat pain threshold;

WDT, warmth detection threshold.

index finger for pressure thresholds, and the dominant hand
for CPM and CPT.

Electrical stimulation

Transcutaneous electrical stimuli were applied by a com-
puterized, constant current stimulator (Pain Matcher®, Cefar
Medical AB, Lund, Sweden).?® The stimulator delivers square
wave impulses with a frequency of 10 Hz and an amplitude of
15 mA. The stimulation intensity is automatically modulated
by increasing the pulse width, in 4 ps increments, from 4 s
to a maximum of 396 us. The subject pinches the two rubber
electrodes between the nondominant thumb and index finger.
By holding a steady grip on the electrodes, an incremental
increase in the electrical energy is delivered. When releasing
the pinch grip, a value between 1-100 is registered, which
reflects the energy delivered. The electrical detection thresh-
old (EDT), electrical pain threshold (EPT), and electrical
pain tolerance (EPTo) were assessed.

Mechanical stimulation

Electronic pinprick algometry

The pinprick pain thresholds (PPT) were measured by
an electronic pinprick algometer (Electronic von Frey,

Somedic AB, Horby, Sweden)?” and were assessed in and just
outside the burn injury area on the nondominant lower leg
(nonglabrous skin). The contact diameter with the skin was
0.2 mm (area 0.031 mm?). At each start-up, the algometer
was calibrated against gravity (0 g) and a calibrated weight
(20 g). In order not to exceed a range of skin pressures that
could inflict tissue damage, the electronic pinprick algometer
has a cutoff force value of 4.41 N. The subjects were told
to indicate the pain threshold on an electronic visual analog
scale (VAS) without indicator markings (electronic VAS,
horizontal 10 cm line anchored by zero [no pain] and ten
[maximum perceivable pain]). The PPT corresponded to
a minimum detectable movement of the ruler (electronic
VAS =0.02).

Monofilaments

The area of secondary hyperalgesia in normal skin surrounding
the area of the heat injury was determined with a nylon filament
(nominal value 18 [mean + standard deviation: 0.89 £ 0.05 N;
Stoelting Co, Wood Dale, IL).? The border was determined by
stimulating eight symmetric lines each separated by an angle
of'45 degrees converging towards the center of the heat injury.
The subjects, who had their eyes closed during the assessments,

Journal of Pain Research 2012:5

submit your manuscript

315

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Ravn et al

Dove

reported the occurrence of a definite uncomfortable change in
sensation to a burning or stinging sensation. The corners of the
octagon were marked on the skin and transferred to a transpar-
ent sheath. The secondary hyperalgesia areas were calculated
(total area — area of the thermode) using a computer-based
vector algorithm (Canvas 12.0; ACD Systems International,
Victoria, Canada).

Thermal stimulation

Warmth detection threshold (WDT), cool detection
threshold (CDT), heat pain threshold (HPT)

Thermal stimuli were delivered through a computerized
system (MSA Thermotest®; Somedic AB) using a Peltier
thermode with a contact area of 5.0 x 2.5 cm?.!? Thermal
neutrality was defined as 32°C and cutoff values for heat and
cold stimuli were 50°C and 10°C, respectively. The ramp
rates were 2°C/second. The subjects were told to activate
a button immediately at sensation of a change in temperature
(WDT, CDT) and when the heat was perceived as pain (HPT).
After activation of the button, the thermode returned to 32°C.
On both study days, each test was performed in triplicate with
random intervals of 2—-6 seconds between the three runs, and
the median value was used.

Heat injury

A first-degree heat injury was induced by the thermode
(47°C, 420 seconds) applied to the lower nondominant leg.
The injury is associated with development of erythema and
tenderness. The subject used a VAS to rate the pain (zero =no
pain, ten = maximum perceivable pain) immediately when
47°C had been reached, after 30 seconds, and thereafter
every 60 seconds. The cumulated pain intensity during the
heat injury (PHI) was calculated as:

PHI=(VAS, +VAS, )x0.5+VAS, +VAS ..+
VAS

420s

CPM tests

Cold pressor test (CPT) and pressure algometry

A recirculating 0.9% saline-based chiller (model 11371P;
VWR International, Radnor, PA) with a bath volume of 13 L
was used for the CPT. The temperature was maintained at
0.3°C—0.5°C. First, an electronic algometer, with a neoprene-
coated tip and an area of 1 cm? (Somedic AB; rate: 3040 mN/
second), was applied on the dorsum of the distal phalanx of
the dominant index finger (deep sensitivity pain). The subject
was told to activate a button terminating the stimulus when the

maximum tolerable pressure level was reached (pain pressure
tolerance prior to CPT [PTo1]). Second, the subject then sub-
merged the nondominant hand in the bath, maintaining the
water level 1-2 cm above the wrist, spreading the fingers, and
allowing water freely to circulate around the hand. The time
to pain registration (cold pressor test pain threshold [CPP])
and time to pain tolerance (cold pressor test pain tolerance
[CPTo]) were registered. Third, immediately after withdrawal
of the hand from the bath, a second pressure algometry test at
the dominant index finger was made (pain pressure tolerance
immediately after CPT [PTo2]). The difference in pressure
pain thresholds was calculated as APTo = PTo2 — PTol.

CPM efficiency
The CPM efficiency test has been used in clinical studies to
predict the development of chronic postoperative pain.*?
In the CPM efficiency paradigm, repeated short heat
stimuli (47°C, 4 seconds; Figure 3) were applied to the
nondominant lower leg (nonglabrous skin) in relation to
submersion of the nondominant hand in the CPT water bath
(0.3°C-0.5°C, 30 seconds).”” During the heat stimuli, the
subjects rated their maximal pain (CPM1-4; Appendix A) on
a VAS. The subjects were instructed only to evaluate the pain
from the heat stimulation. The CPM efficiency was calculated as

+ +
ACPM (%) = 100* [1_ CPM2 + CPM3 + CPM4 ]

3* CPM1

Statistical analyses
The power analysis was based on the number of variables
that could be included in the multiple regression analyses.
The authors a priori considered ten variables for the analyses
would make a sufficient statistical basis for conclusions,
corresponding to the inclusion of at least 100 subjects.*
All data were tested for normal distribution using the
Shapiro—Wilk test of normality, analyses of skewness and
kurtosis, and residual plots. In cases of nonnormal distribution,

©) ®@ @, ® ®
i A A 4
-~—12 — -—12 ~—12 —

O 10 20 30 40 50 60 70 80

Seconds

Figure 3 The conditioned pain modulation efficiency with repeated phasic heat
stimuli (47°C, 4 seconds [I, 3-5]) in relation to submersion of the nondominant
hand (2) in the cold pressor test (0.3°C-0.5°C, 30 seconds).

Notes: During the phasic heat stimuli, the subjects rated their maximal pain on a
visual analog scale (0-10).
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simple transformations were tried and, if unsuccessful,
nonparametric statistics were applied. The tests for gender
differences were with unpaired #-tests or Mann—Whitney
U tests, depending on the underlying distribution.

Mean values for day one and day two assessments were
used. All variables were tested for correlation with PHI
using linear regression, and interactions with gender were
examined. All variables, with P < 0.10 in the linear regres-
sion model, were tested in a multiple regression with back-
ward elimination. Variables were included and analyzed with
and without interaction with gender in the multiple regression
model if interaction with gender was found. In all regres-
sion analyses, the double-sided significance level was set
at P < 0.05. In all nonregression analyses, the double-sided
level of significance was set at P << 0.01 in order to reduce
the likelihood of type I error due to multiple comparisons.
Continuous data are presented as mean * standard error of
the mean unless otherwise stated.

Results
Subjects

The intention-to-treat and per-protocol groups were 57/58
(males/females) and 50/50, respectively (Figure 4). A significant
gender difference was seen in height, weight, BMI, and BSA
(Table 1; unpaired z-test P < 0.0001), with lower values

for female subjects compared to male subjects. A trend in
gender-related difference in age distribution was seen (unpaired
t-test P=0.026). The median interval between day one and day
two was 21 (15-30 [25%—75% interquartile range]) days.

The assessments were performed by three investigators:
PR (female [52% of the test]), RF (male [29%]), and APS
(male [19%]). All subjects were instructed by the same
investigator (PR) on the training day, and 79% of the sub-
jects were examined by the same investigator on both study
days. No significant gender difference was seen in the num-
ber of subjects examined by a male or female investigator
(P=0.439).

Due to a malfunctioning alarm system, the contact
thermode overheated by 1°C-2°C. This caused the
development of blisters in the application area, observed
12-24 hours after induction of the injury, in 18 subjects.
Data from this period of equipment failure were analyzed
in detail and compared to earlier data, but no temporal
changes attributable to overheating were observed. Data
from these subjects were therefore included in the per-
protocol analyses.

Psychological variables
Two subjects (one male, one female) had HADS subscores
demonstrating anxiety (score of twelve and eleven, respectively);

Males Females
Enrollment | 60 || 58 | Assessed for eligibility
| 60 ” 58 | Eligible

Excluded -

* Due to medical reasons (n = 3) | Excluded (n=0)
Inclusion | 57 ” 58 |

Dropped out Dropped out

* Personal reasons (n=3) * Excessive pain (n=2)

* Lost to follow-up (n=1) * Lost to follow-up (n=4)
First study day | 53 ” 52 |

Excluded Excluded

* Lost to follow-up (n=1) * Lost to follow-up (n=1)

]

Dropped out . Dropped out

* 2 degree heat injury (n=2) v * 2 degree heatinjury  (n=1)
Second study day | 50 ” 50 |
Analysis | 50 ” 50 |

Figure 4 Consolidated Standards of Reporting Trials diagram of the study illustrating patient enrollment, inclusion, the two study days, and analysis.
Notes: The number of males/females for the intention-to-treat and per-protocol groups was 57/58 and 50/50, respectively.
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Table | Anthropometric data for the per-protocol group

Gender Age (years) Height (cm) Weight (kg) BSA (m?) BMI (kg/m?)
Female subjects (n = 50) 22.9 (2.5) 170.4 (6.6)** 62.8 (7.6)** 1.72 (0.12)** 21.61 (2.29)**
Male subjects (n = 50) 24.5 (4.3) 182.4 (6.8) 78.0 (8.8) 1.99 (0.14) 23.40 (1.79)
Female and male subjects 23.7 (3.6) 176.4 (9.0) 704 (11.2) 1.85 (0.19) 2251 (2.23)

Notes: Data are reported as mean (standard deviation); gender-related differences in height, weight, body surface area (\/height x weight/3600),*' and body mass index were

seen; P < 0.001.
Abbreviations: BMI, body mass index; BSA, body surface area.

in addition, the male subject had a HADS subscore indicating
depression (score of eleven). Eleven subjects (five males,
six females) had PVS scores demonstrating psychological
vulnerability (average scores of 3.6 and 4.7, respectively). No
significant correlations between psychological variables and
PHI (%> > 0.153) or gender (* > 0.315) were observed.

Psychophysical tests

A comprehensive analysis of predictive variables from the
psychophysical tests prior to the heat injury is presented in
Table 2.

Electrical stimulation

Gender-related differences

Significant gender differences were seen for EDT and EPTo
(P < 0.002; Table 2 and Figure 5), but not for EPT (P =0.045).
Associations between PHI and EDT, EPT, and EPTo in
females (P < 0.012) and EPTo in males (P = 0.044) were

Table 2 Analyses of predictive variables

observed, while no associations were found for EDT and EPT
inmales (P > 0.109). Combining both genders, an association
was found between PHI and EDT and EPTo (P < 0.002), but
not with EPT (P = 0.080). An interaction between EDT and
EPTo and gender was observed (P < 0.006).

Anthropometric-related differences

Separate linear regression analyses, using BSA and BMI as
the independent variables, and the electric stimulation tests
as the dependent variables, showed a relationship between
BSA and EDT and EPTo (P < 0.0001, R? = 0.138-0.196).
A significant positive correlation between BMI and EPTo
(P =0.0001, R? = 0.184), but not between BMI and EDT
(P=0.078, R2=0.031), was seen.

Electronic pinprick algometry
PPT assessments in the primary hyperalgesia area
(Figure 6A) and the secondary hyperalgesia area (Figure 6B)

Predictive Gender Correlation with the pain intensity during the heat injury
variables difference Female subjects Male subjects Female and male subjects
(P) R? B P R? B P R? B P
EDT 0.002* 0.13 -6.7 0.012 0.05 -39 0.109 0.10 -5.4 0.002*
EPT 0.045 0.17 -1.8 0.003* 0.0l 0.3 0.464 0.03 -0.6 0.080
EPTo 0.0001 0.25 -17.4 0.000 | *#* 0.06 -5.7 0.088 0.09 -0.2 0.002*
PPT, ., 0.017 016 -0l 0.004* 0.14 -0l 0.007 0.3 —00  0.0000%
PPT,,.. 0.185 0.19 —-0.1 0.002* 0.07 -0.0 0.062 0.12 0.1 0.000 | ##*
WDT 0.084 0.03 -1.7 0.270 0.02 -1.3 0.297 0.03 -1.6 0.106
CDT 0.922 0.12 -6.3 0.012 0.03 -35 0.241 0.08 -54 0.004*
HPT 0.226 0.12 -3.1 0.016 0.07 -1.8 0.064 0.10 -2.5 0.002*
ACPM 0.229 0.0l 1.9 0.509 0.00 0.9 0.690 0.0l 1.5 0.389
PTol 0.000 | ##* 0.26 -0.0 0.000 | ##* 0.00 -0.0 0.695 0.10 -0.0 0.001#*
PTo2 0.000 | ##* 0.17 -0.0 0.003* 0.01 -0.0 0.421 0.08 -0.0 0.005
APTo 0.103 0.02 0.02 0.304 0.0l -0.01 0.475 0.00 0.0 0.840
CPP 0.468 0.10 -0.3 0.025 0.0l 0.1 0.629 0.05 -0.2 0.030
CPTo 0.001%* 0.02 0.0 0.209 0.04 0.1 0.189 0.00 0.0 0.966

Notes: Analyses of predictive variables from the psychophysical tests (prior to the heat injury), gender differences (unpaired t-test), and pain intensity during the heat injury
(linear regression); *P < 0.005, **P < 0.001, ***P < 0.0001.

Abbreviations: B, slope; CDT, cool detection threshold; CPP, cold pressor test pain threshold; CPTo, cold pressor test pain tolerance; EDT, electrical detection threshold;
EPT, electrical pain threshold; EPTo, electrical pain tolerance; HPT, heat pain threshold; PPT,,, pinprick pain threshold in the primary hyperalgesia area; PPT, ,, pinprick
pain threshold in the secondary hyperalgesia area; PTol, pressure pain tolerance before the cold pressor test; PTo2, pressure pain tolerance after the cold pressor test;
ACPM, conditioned pain modulation efficiency; APTo, difference in pressure pain tolerance; R?, coefficient of determination; WDT, warmth detection threshold.
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Figure 5 Electrical stimulation: electrical detection threshold, electrical pain
threshold, and electrical pain tolerance for females, males, and both genders
combined (mean + standard error of the mean).

Notes: The Y-axis illustrates arbitrary units correlating with the electrical energy
delivered (I-100). A significant gender-related difference was observed in electrical
detection threshold and electrical pain tolerance (P < 0.002); *P < 0.005, **P <0.001.
Abbreviations: EDT, electrical detection threshold; EPT, electrical pain threshold;
EPTo, electrical pain tolerance.

during baseline and postburn measurements did not
demonstrate a gender difference (P > 0.017; Table 2).
A negative correlation was found between the baseline
measurements of PPT and PHI, in primary and secondary
hyperalgesia areas, in females and both genders combined
(P < 0.004). A negative correlation with PHI was also found
for males in the primary hyperalgesia area (P = 0.007), but
not in secondary hyperalgesia area (P = 0.062). Significant

EPPA, primary hyperalgesia area (mN)
2509 =«
* %
200
150
|:| Females
100+ [ males
| Females and males
50
0 T T T
Baseline PB1h PB2h PB3 h
B EPPA, secondary hyperalgesia area (mN)
2501
*
200 1 * o
150
El Females
100 4 [ mates
- Females and males
50
0 r r r
Baseline PB1h PB2 h PB3 h

Figure 6 Assessment of pinprick pain thresholds with an electronic pinprick
algometer in (A) the primary hyperalgesia area and (B) the secondary hyperalgesia
area at baseline (preburn), | hour, 2 hours, and 3 hours after the burn injury.
Notes: Significant differences between baseline and postburn assessments were
seen (P < 0.005). No gender-related differences were observed. *P < 0.005.
Abbreviations: EPPA, electronic pinprick algometer; PBI, | hour postburn; PB2,
2 hours postburn; PB3, 3 hours postburn.

interactions between gender and all PPT assessments were
observed (P < 0.001).

Monofilaments

Twelve subjects did not report secondary hyperalgesia in the
postburn measurements. No significant gender differences
in the secondary hyperalgesia areas were found in any of the
postburn measurements (P > 0.072; Figure 7).

Thermal stimulation

Thermal thresholds (WDT, CDT, HPT)

No significant gender-related differences in WDT, CDT,
or HPT were observed (Figure 8; P > 0.084 [preburn and
postburn]). The linear regression analyses did not demon-
strate a correlation between PHI and WDT for females,
males, and both genders combined or between PHI for CDT
and HPT in males (P > 0.064). A negative correlation was
found between PHI and CDT and HPT in females and both
genders combined (P < 0.016). An interaction was found
between HPT and gender (P = 0.007).

Heat injury
No gender difference was seen in PHI (P = 0.477; Table 3).

CPM tests

CPT and pressure stimulation
Gender-related differences
A gender difference was seen in CPTo (P = 0.001; Table 2
and Figure 9), but not in CPP (P = 0.468). A negative cor-
relation was observed between CPP and PHI in females
and in the genders combined (P = 0.025), but not in males
(P=0.629).

Significant gender differences were observed in PTol
and PTo2 (P < 0.0001; Figure 9), with the lowest tolerance

Secondary hyperalgesia area (cm?)

50 -
40 4
30 A
[C]Females
20 [ males
Ml Females and males
10 4
0 T T

PB1 PB2 PB3

Figure 7 Secondary hyperalgesia areas (cm?) assessed by monofilaments at | hour,
2 hours, and 3 hours after the burn injury for females, males, and both genders
combined (mean * standard error of the mean).

Abbreviations: PBI, | hour postburn; PB2, 2 hours postburn; PB3, 3 hours
postburn.
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Figure 8 Thermal stimulation: (A) warmth detection threshold, (B) cool detection threshold, and (C) heat pain threshold at baseline (preburn) and I, 2, and 3 hours after the
burn injury for females, males, and both genders combined (mean = standard error of the mean).

Notes: Values on the Y-axis indicate the warmth and cool detection threshold assessments from thermal baseline (32°C) and the absolute temperature (°C) for heat pain
threshold. The preburn values for warmth detection threshold demonstrated a statistical difference compared to | hour postburn only (P < 0.005) and the preburn values for
heat pain threshold were significantly higher than the I, 2, and 3 hour postburn values (P < 0.005); *P < 0.005.

Abbreviations: CDT, cool detection threshold; HPT, heat pain threshold; PBI, | hour postburn; PB2, 2 hours postburn; PB3, 3 hours postburn; WDT, warmth detection threshold.

values for females. An interaction between gender and PTol ~ Anthropometric-related differences

and PTo2 was observed (P < 0.010) No significant gender ~ Separate linear regressions with BSA and BMI as the
differences were seen in APTo (P = 0.103). No correlation  independent variables and CPTo as the dependent variable did
was found between APTo and PHI (P =0.304), and no interac- ~ not show any correlation with BSA (P = 0.547, R*> = 0.004)
tion between gender and APTo was observed (P = 0.388). or BMI (P =0.301, R*=0.011).
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Table 3 Cumulated pain intensity during heat injury

Gender Day | PHI Day 2 PHI Mean PHI of
day | and day 2
Female subjects 42.72 (17.49) 3886 (18.47)  40.79 (17.28)
Male subjects 39.46 (14.81)  37.75(15.61)  38.60 (13.04)
Female and male  41.09 (16.21) 3830 (17.02)  39.70 (15.27)

subjects

Notes: Data are reported as mean (standard deviation) during the heat injury and
rated on a visual analog scale (0-10).
Abbreviation: PHI, pain intensity during the heat injury.

Separate linear regressions with BSA and BMI as the
independent variables and PTol and PTo2 as the depen-
dent variables showed a correlation with BSA (P < 0.001,
R?=0.118-0.154) and BMI (P < 0.005, R? = 0.080-0.125).

CPM efficiency

The ACPM was 28.8% for females and 25.7% for males, with
no significant gender differences (P = 0.229; Figure 10). No
correlation was seen between ACPM and PHI (P = 0.389;
Table 2).

Prediction of pain sensitivity

The variables that reached statistical significance level
(P = 0.10) in the simple linear regression analyses with
PHI as the dependent variable were used in a new multiple
regression model. Ten variables were included: EDT, EPTo,
PPT in the primary hyperalgesia area, PPT in the second-
ary hyperalgesia area, HPT, PTol, PTo2, CPP, EPT, and
CDT. The final model contained three variables: EPTo, PPT
in the primary hyperalgesia area, and CDT (P = 0.0001,

mN [CJFemales Seconds
1,400 = ) [ Males r175
1,200 4 M Females and males 150
1,000 - '* L125
800 100
600 - L 75
400 - 50
200 25
T.—T—J_ I—l-l_'_- L0
PPTo1 PPTo2 APPTo CPTpain CPTto

Figure 9 Pressure pain tolerance (left Y-axis) before and immediately after the cold
pressor test, and the difference between the two assessments, for females, males, and
both genders combined (mean + standard error of the mean).

Notes: Data from the first cold pressor test indicate the time to pain registration
(cold pressor pain threshold [seconds]) and time to pain tolerance (cold pressor
pain tolerance [mean = standard deviation]) (right Y-axis). Significant gender-related
differences were observed in pressure pain tolerance (P < 0.0001) and in time to pain
tolerance (P < 0.001); **P < 0.001; ***P < 0.0001.

Abbreviations: CPTpain, cold pressor pain threshold; CPTo, cold pressor
pain tolerance; PPTol, pressure pain tolerance before the cold pressor test;
PPTo2, pressure pain tolerance immediately after the cold pressor test; APTo,
difference in pressure tolerance before and after the cold pressor test.

R?=0.282). Interaction with gender was included in the eight
first parameters but was not significant in the final model.

Repeated assessments

Day one and day two preburn and postburn data, combined
and divided between gender, were compared (paired #-tests).
Out of 108 comparisons, seven differed significantly
(P < 0.009): PHI in females, secondary hyperalgesia areas
in males (1-3 hours postburn), and secondary hyperalgesia
areas in both genders combined (1-3 hours postburn).

Discussion

There were three main findings in the present study. First,
a predictive multiple regression model for experimental
pain sensitivity accounted for 28.2% of the variance in pain
induced from a heat injury. In this predictive regression
model, no signs of a gender-related difference in experi-
mental pain sensitivity were observed. Second, the study
confirmed significant gender-related differences in the per-
ception of electrical and cold pressor stimuli. Third, highly
significant positive correlations between BSA, BMI, and
pain perception during electrical, pressure, and cold pressor
stimuli were demonstrated.

Prediction of pain sensitivity

Preoperative QST assessments have been used to predict the
probability of developing severe acute or chronic postsurgical
pain.*!° A number of studies have used short phasic heat stimu-
lation as a preoperative predictor variable.>'” The heat injury
model used in the present study has been validated and used
in a number of physiologic and pharmacodynamic studies.
The main advantage compared to phasic heat stimuli is that
the tonic heat stimulus induces a short-lasting (<48 hours)
tissue injury leading to inflammation with hyperalgesia,
erythema, edema, and hyperthermia. The pain studied is thus
of inflammatory origin, mimicking clinical tissue damage,
and has successfully been used in preoperative prediction of
postoperative pain.!> Reviews indicate that 4%—54% of the
variances in acute postoperative pain and opioid requirements
are predictable by preoperative QST assessments. '?

Pain sensitivity is influenced by the efficacy of the
descending inhibitory system.!*2® In the present study,
the endogenous analgesia system was tested by the CPM
efficiency test but no gender-related difference was seen.
A recent review on gender differences in pain modulation
indicates that males have a more efficient CPM system than
females,* although several conflicting studies exist.*’
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Figure 10 Conditioned pain modulation efficiency: pain ratings with visual analog scale (0—10) during the four phasic heat stimuli during the test for conditioned pain
modulation (compare to Figure 3) for females, males, and both genders combined (mean + standard error of the mean).
Notes: The conditioned pain modulation efficiency is shown. Pain ratings before the cold pressor test were significantly higher in comparison to ratings during and after the

cold pressor test (P < 0.0001); ***P < 0.0001.

Abbreviations: CPMI, conditioned pain modulation rating before the cold pressor test; CPM2, conditioned pain modulation rating during the cold pressor test;
CPM3—4, conditioned pain modulation rating after the cold pressor test; VAS, visual analog scale; ACPM, conditioned pain modulation efficiency.

Psychological variables, anxiety, depression and psycho-
logical vulnerability have been shown in a number of clinical

studies to correlate with pain.*#

However, in the present
experimental study a correlation between psychological vari-
ables and pain was not observed, which most likely is due to
a very low representation of psychological variables outside

the normal range in this group of healthy individuals.

Gender-related differences in pain
perception

Electrical stimuli

There is evidence for higher pain sensitivity to electrical
stimulation in females compared to males from a number of
volunteer*** and patient studies,****=° which is corroborated
by the present study. Interestingly, studies with assessments
of preoperative electrical thresholds'® have shown signifi-
cant predictive potential of postoperative pain intensity in
individuals undergoing caesarean section,’*> but not in an
all-male inguinal herniotomy study.*!

It is essentially not understood why females seem to
have lower electrical thresholds than males. It has been
hypothesized that psychological,**4”3 social,* genetic,***
and endocrinological factors,***”*3 nociceptive input integra-
tion in the central nervous system,**#” and modulation of the
afferent input by antinociceptive activity from supraspinal
structures*®*’ may contribute. Another explanation is that
while the electrical stimulation areas in most studies are
the same for subjects, the relative area of motor stimulation
(relative to total muscle area) is higher for females, leading
to lower thresholds than in males.>* However, a contribution
of higher intraepithelial nerve fiber density in females is
probably an important factor.35-’

The significant positive correlations between electrical
thresholds and anthropometric data are also noticeable. This
finding could be interpreted as gender-related; however, it
does not imply a causal relationship since there are signifi-
cant correlations with gender and BSA and BMI (higher in
males compared to females). The present study does not have
sufficient statistical power to decide if it is gender-related,
anthropometric-related, or both.

A significant positive correlation with BSA was only
seen with electrical stimuli applied at the fingers, and not
with thermal or mechanical stimuli applied at the lower leg
or hand. A possible explanation is that the fingertips have a
higher myelinated nerve fiber density and possess a higher
number of specialized receptors than the nonglabrous testing
site, ie, the lower leg.’* % Correspondingly, a higher density
of Meissner’s corpuscles, intrapapillary myelinated nerve
fibers, and epidermal nerve fibers have been demonstrated
in females compared to males.**% Furthermore, the fingertip
areas are generally smaller in females than in males, indi-
cating that less of the constant current stimulator’s finger
pad area is covered by the female subject (the stimulator
delivers fixed energy quanta). Thus, these two factors may
theoretically contribute to the increased pain sensitivity in
females: a higher nerve and specialized receptor density in
glabrous skin and a smaller stimulation area, leading to a
higher influx of electrical energy by the constant current
simulator.

An obvious and important question is: are QST assess-
ments correlated with the density of epidermal nerve fibers?
The authors are not aware of any systematic sensory research
in glabrous skin, but a recent study in nonglabrous skin
suggests that thermal stimuli are only capable of detecting
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relatively large differences in epidermal innervation
(12.2 epidermal nerve fibers/mm), while mechanical noxious
stimuli have the ability to detect small changes in innervation
(4.18 epidermal nerve fibers/mm).%

Since there is a mathematical relationship between BMI
and BSA,°! it is not surprising that significant positive cor-
relations between BMI and electrical (EPTo) and pressure
algometry tolerance (PPTol, PPTo2) were also observed.

Thermal thresholds

Quantitative perception of heat pain has generally been found
to be more pronounced in female subjects,**¢2% particularly
for tolerance assessments but also for pain thresholds;
although this could not be reproduced in six of 23 studies.®
In the present study, the threshold assessments involving heat
pain stimuli (HPT) indicated a trend towards higher pain
sensitivity in females than males.

CPM tests

CPT and pressure stimulation

In the CPTo assessments, significantly lower thresholds were
demonstrated in female subjects, but a significant correla-
tion with BSA was not shown. Interestingly, although the
study by Selim et al used nonglabrous skin, the epithelial
nerve fiber density — after accounting for BMI — was still
significantly higher in females compared to males.* If this
finding can be extrapolated to the hand, a relatively higher
sensory innervation density could probably account for the
gender-related difference in spite of a smaller stimulation
area in the female subject (the submerged hand).

Females demonstrated lowered tolerance compared to
males during pressure algometry (PPTol, PPTo2), a finding
that corroborates the findings from a number of previous
studies. ¢

CPM efficiency

In three experimental studies, CPT has been used as a
conditioning stimulus and contact heat as a test stimu-
lus.!*¢76% Although the temperature of the conditioning
stimuli varied between 5°C—18°C and the exposure time
between 60—120 seconds (compared to 0.4°C and 30 sec-
onds in the present study), no difference in CPM efficiency
between genders was observed, which is in concordance
with results from the present study. However, the weighted
means of CPM efficiency in a recent review of ten studies
were 15.6% for females and 28.6% for males, suggesting a
higher CPM effect for males.* This finding was based on a
plethora of different conditioning stimuli (cold, electrical,

heat, ischemia, muscle pain) and test stimuli (chemical,
electrical, heat, pressure), which seems to impede proper
evaluation of data. At present, no reconciliatory view exists
on the most reliable way to quantify the inhibitory effect of
the CPM system. ¢

Methodology: limitations and advantages
A limitation of the study is the multiple comparisons made,
leading to an increased probability of type I errors. Although
a significance level of 0.01 was used, it cannot be ruled out
that some results are a consequence of mass significance.
In order to mitigate type II errors, a sufficient sample size
was used to calculate the primary outcome by the multiple
regression analyses. The validity of data was augmented by
repeated assessments, the use of a limited number of inves-
tigators, and the use of standardized methods. Since repeat-
ability data are influenced by variances in characteristics of
QST equipment, testing paradigm, number of observers, test
site, and baseline skin temperature,’’! repeat data sampling —
as in the present study — could be considered indicators of
test homogeneity and, as such, a prerequisite for correct data
interpretation.” It is important to consider that the repeated
data assessments demonstrated that in 7% of the comparisons,
statistical significant differences between test and retest
data were observed. This could be attributed to a type I
error, but a carryover effect between the test days, which
have been demonstrated in the heat injury model, cannot be
excluded.”” However, the risk of carryover effects within
the same session was minimized by the use of relatively long
intervals between the tests. Likewise, the risk of carryover
effects between sessions was minimized by a minimum of
2 weeks between the sessions.

An important objection to the study is that the menstrual
phase was not taken into consideration in female subjects.
In a classic review of pain perception across the menstrual
cycle, it was concluded that for pressure stimulation, cold
pressor pain, thermal heat stimulation, and ischemic muscle
pain, higher thresholds were apparent in the follicular phase
compared to other phases.” In contrast, recent systematic
reviews have presented evidence for much more inconsistent
menstrual cycle effects.*>’¢ In an experimental study, assess-
ments of responses to cold pressor, heat, and ischemic pain
during early follicular, late follicular, and luteal phases in
female subjects were evaluated.”” The pain perception during
each test was not influenced by the menstrual cycle nor did it
affect the demonstrated gender differences in pain sensitivity.
Furthermore, a recent study in females undergoing in vitro
fertilization did not demonstrate a relationship between
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estrogen levels and thermal perception, pain threshold, and
pain tolerance.”

Conclusion

The present study demonstrates predictability of acute
pain sensitivity in healthy volunteers that could account
for nearly 30% of the variance. Significant correlations
between anthropometric variables (BSA and BMI) and pain
perception during electrical and pressure stimulation were
observed. Future studies are needed to confirm the role of
explanatory variables for gender-related differences in pain
perception and, most importantly, to translate these findings
into a clinical perspective.

Acknowledgments

This work was supported by an unrestricted educational
grant from Norpharma A/S Denmark. The authors are grate-
ful to Dorthe Tvinnemose for valuable discussions and Per
Rotboll Nielsen for assistance with medical examination of
the subjects.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Nielsen CS, Stubhaug A, Price DD, Vassend O, Czajkowski N, Harris JR.
Individual differences in pain sensitivity: genetic and environmental
contributions. Pain. 2008;136(1-2):21-29.

2. Campbell CM, Edwards RR, Fillingim RB. Ethnic differences in
respon-ses to multiple experimental pain stimuli. Pain. 2005;113(1-2):
20-26.

3. Rahim-Williams FB, Riley JL 3rd, Herrera D, Campbell CM, Hastie BA,
Fillingim RB. Ethnic identity predicts experimental pain sensitivity in
African Americans and Hispanics. Pain. 2007;129(1-2):177—-184.

4. Abrishami A, Chan J, Chung F, Wong J. Preoperative pain sensitivity
and its correlation with postoperative pain and analgesic consumption:
a qualitative systematic review. Anesthesiology. 2011;114(2):445-457.

5. Afari N, Mostoufi S, Noonan C, et al. C-reactive protein and pain
sensitivity: findings from female twins. Ann Behav Med. 2011;42(2):
277-283.

6. Baum C, Huber C, Schneider R, Lautenbacher S. Prediction of experi-
mental pain sensitivity by attention to pain-related stimuli in healthy
individuals. Percept Mot Skills. 2011;112(3):926-946.

7. Edwards RR, Campbell CM, Fillingim RB. Catastrophizing and experi-
mental pain sensitivity: only in vivo reports of catastrophic cognitions
correlate with pain responses. J Pain. 2005;6(5):338-339.

8. Oosterman JM, Dijkerman HC, Kessels RP, Scherder EJ. A unique
association between cognitive inhibition and pain sensitivity in healthy
participants. Eur J Pain. 2010;14(10):1046—-1050.

9. Hastie BA, Riley JL 3rd, Robinson ME, et al. Cluster analysis of multiple
experimental pain modalities. Pain. 2005;116(3):227-237.

10. Werner MU, Mjobo HN, Nielsen PR, Rudin A. Prediction of postopera-
tive pain: a systematic review of predictive experimental pain studies.
Anesthesiology. 2010;112(6):1494-1502.

11. Chizh BA, Priestley T, Rowbotham M, Schaffler K. Predicting thera-
peutic efficacy — experimental pain in human subjects. Brain Res Rev.
2009;60(1):243-254.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Werner MU, Duun P, Kehlet H. Prediction of postoperative pain by
preoperative nociceptive responses to heat stimulation. Anesthesiology.
2004;100(1):115-119.

Schulz E, Zherdin A, Tiemann L, Plant C, Ploner M. Decoding an
individual’s sensitivity to pain from the multivariate analysis of EEG
data. Cereb Cortex. 2012;22(5):1118-1123.

Racine M, Tousignant-Laflamme Y, Kloda LA, Dion D, Dupuis G,
Choiniere M. A systematic literature review of 10 years of research on
sex/gender and experimental pain perception — part 1: are there really
differences between women and men? Pain. 2012;153(3):602—-618.

. Naert AL, Kehlet H, Kupers R. Characterization of a novel model of tonic

heat pain stimulation in healthy volunteers. Pain. 2008;138(1):163—171.
Pedersen JL, Kehlet H. Secondary hyperalgesia to heat stimuli after
burn injury in man. Pain. 1998;76(3):377-384.

Werner MU, Duun P, Kraemer O, Lassen B, Kehlet H. Arthroscopic
knee surgery does not modify hyperalgesic responses to heat injury.
Anesthesiology. 2003;99(5):1152—1157.

Arendt-Nielsen L, Yarnitsky D. Experimental and clinical applications
of quantitative sensory testing applied to skin, muscles and viscera.
J Pain. 2009;10(6):556-572.

Granot M, Weissman-Fogel I, Crispel Y, et al. Determinants of endog-
enous analgesia magnitude in a diffuse noxious inhibitory control
(DNIC) paradigm: do conditioning stimulus painfulness, gender and
personality variables matter? Pain. 2008;136(1-2):142—149.
Yarnitsky D, Crispel Y, Eisenberg E, et al. Prediction of chronic post-
operative pain: pre-operative DNIC testing identifies patients at risk.
Pain. 2008;138(1):22-28.

Yarnitsky D. Conditioned pain modulation (the diffuse noxious
inhibitory control-like effect): its relevance for acute and chronic pain
states. Curr Opin Anaesthesiol. 2010;23(5):611-615.

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the
hospital anxiety and depression scale. An updated literature review.
J Psychosom Res. 2002;52(2):69-77.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale.
Acta Psychiatr Scand. 1983;67(6):361-370.

Bisgaard T, Klarskov B, Rosenberg J, Kehlet H. Characteristics and
prediction of early pain after laparoscopic cholecystectomy. Pain. 2001;
90(3):261-269.

Borly L, Anderson IB, Bardram L, et al. Preoperative prediction model
of outcome after cholecystectomy for symptomatic gallstones. Scand J
Gastroenterol. 1999;34(11):1144-1152.

Stener-Victorin E, Kowalski J, Lundeberg T. A new highly reliable
instrument for the assessment of pre- and postoperative gynecological
pain. Anesth Analg. 2002;95(1):151-157.

Moller KA, Johansson B, Berge OG. Assessing mechanical allodynia
in the rat paw with a new electronic algometer. J Neurosci Methods.
1998;84(1-2):41-47.

Werner MU, Rotboll-Nielsen P, Ellehuus-Hilmersson C. Humidity
affects the performance of von Frey monofilaments. Acta Anaesthesiol
Scand. 2011;55(5):577-582.

Pud D, Granovsky Y, Yarnitsky D. The methodology of experimen-
tally induced diffuse noxious inhibitory control (DNIC)-like effect in
humans. Pain. 2009;144(1-2):16-19.

Altman DG. Practical Statistics for Medical Research. London:
Chapman and Hall; 1996.

Aasvang EK, Hansen JB, Kehlet H. Can preoperative electrical noci-
ceptive stimulation predict acute pain after groin herniotomy? J Pain.
2008;9(10):940-944.

Granot M, Lowenstein L, Yarnitsky D, Tamir A, Zimmer EZ.
Postcesarean section pain prediction by preoperative experimental pain
assessment. Anesthesiology. 2003;98(6):1422—1426.

Granot M, Weissman-Fogel I. The effect of post-surgical neuroplasticity
on the stability of systemic pain perception: a psychophysical study.
Eur J Pain. 2012;16(2):247-255.

Pan PH, Coghill R, Houle TT, et al. Multifactorial preoperative
predictors for postcesarean section pain and analgesic requirement.
Anesthesiology. 2006;104(3):417-425.

submit your manuscript

324

Dove

Journal of Pain Research 2012:5


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Prediction of pain sensitivity

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Rudin A, Wolner-Hanssen P, Hellbom M, Werner MU. Prediction of
post-operative pain after a laparoscopic tubal ligation procedure. Acta
Anaesthesiol Scand. 2008;52(7):938-945.

Rudin A, Eriksson L, Liedholm R, List T, Werner MU. Prediction of
postoperative pain after mandibular third molar surgery. J Orofac Pain.
2010;24(2):189-196.

Strulov L, Zimmer EZ, Granot M, Tamir A, Jakobi P, Lowenstein L.
Pain catastrophizing, response to experimental heat stimuli, and post-
cesarean section pain. J Pain. 2007;8(3):273-279.

Nir RR, Granovsky Y, Yarnitsky D, Sprecher E, Granot M.
A psychophysical study of endogenous analgesia: the role of the
conditioning pain in the induction and magnitude of conditioned pain
modulation. Eur J Pain. 2011;15(5):491-497.

Popescu A, LeResche L, Truelove EL, Drangsholt MT. Gender
differences in pain modulation by diffuse noxious inhibitory controls:
a systematic review. Pain. 2010;150(2):309-318.

Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-Williams B,
Riley JL 3rd. Sex, gender, and pain: a review of recent clinical and
experimental findings. J Pain. 2009;10(5):447-485.

Taenzer P, Melzack R, Jeans ME. Influence of psychological factors on
postoperative pain, mood and analgesic requirements. Pain. 1986;24(3):
331-342.

Dorn LD, Campo JC, Thato S, et al. Psychological comorbidity and
stress reactivity in children and adolescents with recurrent abdominal
pain and anxiety disorders. JAm Acad Child Adolesc Psychiatry.2003;
42(1):66-75.

McWilliams LA, Goodwin RD, Cox BJ. Depression and anxiety associ-
ated with three pain conditions: results from a nationally representative
sample. Pain. 2004;111(1-2):77-83.

Lautenbacher S, Rollman GB. Sex differences in responsiveness to
painful and non-painful stimuli are dependent upon the stimulation
method. Pain. 1993;53(3):255-264.

Mylius V, Kunz M, Schepelmann K, Lautenbacher S. Sex differences
in nociceptive withdrawal reflex and pain perception. Somatosens Mot
Res. 2005;22(3):207-211.

al’Absi M, France C, Harju A, France J, Wittmers L. Adrenocortical
and nociceptive responses to opioid blockade in hypertension-prone
men and women. Psychosom Med. 2006;68(2):292-298.

Ashina S, Bendtsen L, Ashina M, Magerl W, Jensen R. Generalized
hyperalgesia in patients with chronic tension-type headache.
Cephalalgia. 2006;26(8):940-948.

Ayesh EE, Jensen TS, Svensson P. Somatosensory function following
painful repetitive electrical stimulation of the human temporomandibu-
lar joint and skin. Exp Brain Res. 2007;179(3):415-425.

Leong GW, Lauschke J, Rutowski SB, Waite PM. Age, gender, and
side differences of cutaneous electrical perceptual threshold test-
ing in an able-bodied population. J Spinal Cord Med. 2010;33(3):
249-255.

Nyklicek I, Vingerhoets AJ, Van Heck GL. Hypertension and pain
sensitivity: effects of gender and cardiovascular reactivity. Biol Psychol.
1999;50(2):127-142.

Buhagiar L, Cassar OA, Brincat MP, et al. Predictors of post-caesarean
section pain and analgesic consumption. J Anaesthesiol Clin Pharmacol.
2011;27(2):185-191.

Nielsen PR, Norgaard L, Rasmussen LS, Kehlet H. Prediction of post-
operative pain by an electrical pain stimulus. Acta Anaesthesiol Scand.
2007;51(5):582-586.

Riley JL 3rd, Robinson ME, Wise EA, Myers CD, Fillingim RB. Sex
differences in the perception of noxious experimental stimuli: a meta-
analysis. Pain. 1998;74(2-3):181-187.

Maffiuletti NA, Herrero AJ, Jubeau M, Impellizzeri FM, Bizzini M.
Differences in electrical stimulation thresholds between men and
women. Ann Neurol. 2008;63(4):507-512.

Bakkers M, Merkies IS, Lauria G, et al. Intraecpidermal nerve fiber
density and its application in sarcoidosis. Neurology. 2009;73(14):
1142-1148.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

Goransson LG, Mellgren SI, Lindal S, Omdal R. The effect of age
and gender on epidermal nerve fiber density. Neurology. 2004;62(5):
774-777.

Mowlavi A, Cooney D, Febus L, Khosraviani A, Wilhelmi BJ, Akers G.
Increased cutaneous nerve fibers in female specimens. Plast Reconstr
Surg. 2005;116(5):1407-1410.

Nolano M, Provitera V, Crisci C, et al. Quantification of myelinated
endings and mechanoreceptors in human digital skin. 4nn Neurol. 2003;
54(2):197-205.

Provitera V, Nolano M, Pagano A, Caporaso G, Stancanelli A,
Santoro L. Myelinated nerve endings in human skin. Muscle Nerve.
2007;35(6):767-775.

Selim MM, Wendelschafer-Crabb G, Hodges JS, et al. Variation
in quantitative sensory testing and epidermal nerve fiber density in
repeated measurements. Pain. 2010;151(3):575-581.

Verbraecken J, Van de Heyning P, De Backer W, Van Gaal L.
Body surface area in normal-weight, overweight, and obese adults.
A comparison study. Metabolism. 2006;55(4):515-524.

Hashmi JA, Davis KD. Women experience greater heat pain adaptation
and habituation than men. Pain. 2009;145(3):350-357.

Neziri AY, Scaramozzino P, Andersen OK, Dickenson AH, Arendt-
Nielsen L, Curatolo M. Reference values of mechanical and thermal pain
tests in a pain-free population. Eur J Pain. 2011;15(4):376-383.
Fillingim RB, Maixner W, Kincaid S, Silva S. Sex differences in tem-
poral summation but not sensory-discriminative processing of thermal
pain. Pain. 1998;75(1):121-127.

Jensen MT, Petersen KL. Gender differences in pain and secondary
hyperalgesia after heat/capsaicin sensitization in healthy volunteers.
J Pain. 2006;7(3):211-217.

Jones A, Zachariae R, Arendt-Nielsen L. Dispositional anxiety and
the experience of pain: gender-specific effects. Eur J Pain. 2003;7(5):
387-395.

Edwards RR, Ness TJ, Weigent DA, Fillingim RB. Individual differ-
ences in diffuse noxious inhibitory controls (DNIC): association with
clinical variables. Pain. 2003;106(3):427-437.

Tousignant-Laflamme Y, Page S, Goffaux P, Marchand S. An experi-
mental model to measure excitatory and inhibitory pain mechanisms
in humans. Brain Res. 2008;1230:73-79.

Yarnitsky D, Arendt-Nielsen L, Bouhassira D, et al. Recommendations
on terminology and practice of psychophysical DNIC testing. Eur J
Pain. 2010;14(4):339.

Geber C, Klein T, Azad S, et al. Test-retest and interobserver reliability
of quantitative sensory testing according to the protocol of the German
Research Network on Neuropathic Pain (DFNS): a multi-centre study.
Pain. 2011;152(3):548-556.

Siao P, Cros DP. Quantitative sensory testing. Phys Med Rehabil Clin
N Am. 2003;14(2):261-286.

Bland JM, Altman DG. Measuring agreement in method comparison
studies. Stat Methods Med Res. 1999;8(2):135-160.

Pedersen JL, Kehlet H. Hyperalgesia in a human model of acute inflam-
matory pain: a methodological study. Pain. 1998;74(2-3):139-151.
Werner MU, Lassen B, Pedersen JL, Kehlet H. Local cooling does
not prevent hyperalgesia following burn injury in humans. Pain.
2002;98(3):297-303.

Riley JL 3rd, Robinson ME, Wise EA, Price DD. A meta-analytic
review of pain perception across the menstrual cycle. Pain. 1999;81(3):
225-235.

Sherman JJ, LeResche L. Does experimental pain response vary across
the menstrual cycle? A methodological review. Am J Physiol Regul
Integr Comp Physiol. 2006;291(2):R245-R256.

Klatzkin RR, Mechlin B, Girdler SS. Menstrual cycle phase does not
influence gender differences in experimental pain sensitivity. Eur J
Pain. 2010;14(1):77-82.

Stening KD, Berg G, Hammar M, et al. Influence of estrogen levels on
thermal perception, pain thresholds, and pain tolerance: studies on women
undergoing in vitro fertilization. J Pain. 2012;13(5):459-466.

Journal of Pain Research 2012:5

submit your manuscript

325

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Ravn et al

Dove

Appendix A

Each test was explained prior to the test and standardized
instructions were given during the tests, as described
below.

Electrical stimulation

Electrical detection threshold: “release the grip when you
perceive the electrical stimulation;” electrical pain threshold:
“release the grip when you perceive the electrical stimulation
as painful;” and electrical pain tolerance: “release the grip
when you perceive the electrical stimulation as intolerable.”

Mechanical stimulation

Secondary hyperalgesia: “please tell me when the sensation
elicited by the pinprick stimulation changes from nonpainful
to painful or uncomfortable.”

Thermal stimulation

Warmth detection threshold: “press the button as soon
as you feel the thermode getting warmer;” cool detection
threshold: “press the button as soon as you feel the thermode
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getting cooler;” heat pain threshold: “press the button as
soon as you feel the stimulus changing from warm to pain-
ful;” mean pain intensity during the heat injury: “please
rate the pain as soon as the thermode reaches 47°C, after
30 seconds, and then every minute for up to 7 minutes.
I will tell you when to rate the pain;” cold pressor test pain
threshold: “please tell me when you perceive the cold water
stimulation as painful;” and cold pressor test pain tolerance:
“please withdraw the hand when you perceive the cold water
stimulations as intolerable.”

Conditioned pain modulation

Conditioned pain modulation efficiency: “you will receive
four 4-second heat stimuli. After the first stimulus you will
place your hand in the water bath and you will experience
the second heat stimuli. I will tell you when to withdraw
the hand and thereafter you will receive two additional heat
stimuli. It is important that you only rate the pain from the
heat stimuli and not from the water bath;” and pressure pain
tolerance: “activate the button when you perceive the pres-
sure stimulation as intolerable.”

Dove

The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

submit your manuscript

326

Dove

Journal of Pain Research 2012:5


http://www.dovepress.com/journal-of-pain-research-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


