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Gender Differences in Heat Pain and Temporal Summation Threshold in Normal
Volunteers

Joon Ho Lee, M.D., Jae Hwa Yoo, M.D., Sung Hwan Cho, M.D., and Yong Ik Kim, M.D.

Department of Anesthesiology and Pain Medicine, Soonchunhyang University Hospital, Bucheon, Korea

Background: Females generally have a lower pain and temporal summation threshold than men, However,
the results of studies designed to evaluate gender differences in the thresholds of heat pain and the temporal
summation have been inconsistent, Newly developed device, CHEPS (Contact Heat Evoked Potential Stimulation)
model of PATHWAY, have superiority on its fast rise and return time in temperature, Therefore we investigated
gender differences in heat pain and temporal summation threshold,

Methods: Forty healthy volunteers (20 males and 20 females) were enrolled in this study, A thermode was
applied to the volar side of each volunteer's left forearm and heat pain and the temporal summation threshold
was then measured. The heat pain threshold was estimated using the staircase method by starting from 36°C
and then increasing the temperature in 0,5°C increments, The temporal summation threshold was estimated by
applying five successive stimulation of the same temperature starting at 2°C lower than the heat pain threshold
and then increasing the temperature in 05°C increments,

Results: The mean heat pain thresholds was found to be 41,63 + 1.63°C for males and 4160 + 184°C
for females and the temporal summation thresholds were found to be 4083 =+ 1.64°C for males and 4077 +
1.93°C for females, The differences between males and females were not statistically significant,

Conclusions: The result of this study suggested that there are no gender differences in heat pain and temporal
summation threshold, (Korean J Pain 2008; 21: 126-130)
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Fig. 1. PATHWAY®-CHEPS model thermode is applied to volar
side of left forearm.
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Fig. 2, Stimulation method for measurement of heat pain threshold.
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Fig. 3. Stimulation method for measurement of temporal sum-
mation threshold,
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Fig. 4, Comparison of mean value of heat pain threshold (HPT)
and temporal summation threshold (TST).

£ Holtka 3 HbY Arendt-Nielsen¥} Bjerring,'” Lau-
tenbacher®} Rollman'”, 12]31 Kenshalo='" @1 7+e]
Aol 7b glekar shick

£ 30) ojg 7w Wl ol A o
91 X173 7}44d (neuronal plasticity)< 24~%7+A173
Alfrell olal s vbg-2] A|7HY Thgel] el W
th A7HA 7hg abEAQl el Aol ARk 7
033 Hz o] &9 Hl=g A4 v 55 2429 &
__71.01 01011,],_, 7o g o]“ :ruuq M%q] 1
H]—Ji?ﬂ 9,]-/H§].E O] OH H]—Ji;@]?‘] ;(].:’—oﬂ ﬂ] ]_0:1
{9 izt S7kEo] vehe Aol wind-up 3
3} A5 84 (psychophysical) &2 dZo] rla &
A dok7? olgiat Cc-Af TAA Y (afferent input)
o AFS HHEEE TEE) ST F ABEY
EFRAEZZTTT 5% o8] THdES At A v
Radow e Hgsol el Rk

T3 Goodehild e HH5E & Aot 713
o3k B5ol S7kE = A ohA ol w =99
207 aela Buredat fE 55 E59] 7 5= Al
7VH 7tE3 A o] kil 193 Arendt-Nielsen¥}
Petersen-Felix=""' &Z A& 9|slo] F3ol] #L35}l=
ofA|9 A, FAA 55 A5 N, ala e
o oste] ftEl= AN &l A Adskr] 918l
A& %37} (central summation) S A 7= AS &
E2 dflof sckar &k9ict

9 ATl FF ATH AFE C AR N-
methy-D-aspartate 58] 2] Aol 2Jgk Ao 2% o]
ek A 77 578 7 AH(quantitative sensory testing)¥
A 559 oAt g Hutell glo] wlg- Festrta

14

7
9
15

2] rE rﬁ
OB o By B ¥y B

ox i lo o fu dn Q f

)



+ sl

A4 4% Aol Bk o) H QTS oA B of
Aol B 212 Beltha sglort ol F2 7]
2,9 712 AP ofgk A7k A4 AFE

A3 A $534e] o] oA A8 AR A0
ArE] Jg adto] glom 7|AH A5 A-6 A
5 C A5 ol Qarg withs 2Ado] 9
AR 2L o] AHl EZ 212 w02 A9 o] E
AL 7HA 2 ATl o] &= wE 25 X (fast onset and
offset), B3}t & 4 A+ A= W (quantifiable stimula-
tion parameter)Zh A, 2E]a 2AH Q] 55| FA
(natural pain modality)¥} -FAFalchH= & Solth ™
aeu, 7129 ATl g AFELFY 71EH
TAR R sl =g A7HY 75 o] o ik
Aol o3k FFI AT Thes AEEkst] fqt

71&9 W E2E o] E o] &3 v Peltier A4}
:7]# o] &3t Bl o] 9l ® [ aserS o] 83 Wl e

Z Bt YR A(AE 5 mm o|sh) AT A7ko]
a@o} C RS AFsploll A7kl FiaA Febehs
ghdo] 9L, Peltier AAF715 o] 3 W2 W=
o exE9 Wzt £EE3] LR a7 Ak me] A6
AHE 53 A WS C A4S B3 F 0 A4S

T3] ofrhe ARl %lﬂ}.“"

PATHWAY®] CHEPS 29 4 #1571+ ol 70°C/sec

9 & Z7F S50 H] 40°Clsec] +5 Fa &
ol Aol AFo] HoAIE 27 mm) 71 A
o] thd S ZHEW Ze A 7hol] A 7HA 7R &
Wl delz o7 ¢ AGol tlat gatzel Aekr 77
24747} A5 Qe Held

B o] Fo| A9 At B A dEFo] HO =
ol = o] ek A, AAH7E =3E o] vk A,
714 3|5 &% (baseline skin temperature)] 27 0] 7]
0}2. ;(4 Ji ’\7]. xh;]. 24 Eo] oloh;],.

Hl = 0431 ZﬂoP"*Ol URAIRY, F27 AL ol 3t A

& AN ol g3tel ANHQ §F
Soll that gaksel A F%- ololl I 2
gy $hate] E5oll o

mative data)E v}

Q) Gokst A AAGle] =7 & 9 A 5FE A
£ vje] Fsha A wshed B g0l 9 5 U4
9% B

= Aolth webd] FF EFE ARE ] ¢
A 9104 o ke Qg
23 ez Az

m&‘ rlo

£33 9 32 I3 AUA It X9 H Ao

129

10.

11.

12.

13.

14.

15.

16.

17.

18.

=
=

f

ki
Ao

. Coderre TJ, Katz J, Vaccarino AL, Melzack R: Contribution

of central neuroplasticity to pathological pain: review of
clinical and experimental evidence. Pain 1993; 52: 259-85.

. Ren K: Wind-up and the NMDA receptor: from animal

studies to humans. Pain 1994; 59: 157-8.

. Eide PK: Wind-up and the NMDA receptor complex from

a clinical perspective. Eur J Pain 2000; 4: 5-15.

. Riley JL 3rd, Robinson ME, Wise EA, Myers CD, Fillingim

RB: Sex differences in the perception of noxious ex-
perimental stimuli: a meta-analysis. Pain 1998; 74: 181-7.

. Gracely RH: Studies of pain in human subjects. In: Wall

and Melzack’s textbook of pain. 5th ed. Edited by McMahon
SB, Koltzenburg M, Wall PD: Edinburgh, Churchill
Livingstone. 2006, pp 267-9.

. Vierck CJ Jr, Cannon RL, Fry G, Maixner W, Whitsel BL:

Characteristics of temporal summation of second pain
sensations elicited by brief contact of glabrous skin by a
preheated thermode. J Neurophysiol 1997; 78: 992-1002.

. Staud R, Vierck CJ, Cannon RL, Mauderli AP, Price DD:

Abnormal sensitization and temporal summation of second
pain (wind-up) in patients with fibromyalgia syndrome. Pain
2001; 91: 165-75.

. Meh D, Denislic M: Quantitative assessment of thermal and

pain sensitivity. J Neurol Sci 1994; 127: 164-9.

. Shukla G, Bhatia M, Behari M: Quantitative thermal

sensory testing - value of testing for both cold and warm
sensation detection in evaluation of small fiber neuropathy.
Clin Neurol Neurosurg 2005; 107: 486-90.

Sarlani E, Greenspan JD: Gender differences in temporal
summation of mechanically evoked pain. Pain 2002; 97:
163-9.

Wiesenfeld-Hallin Z: Sex differences in pain perception.
Gend Med 2005; 2: 137-45.

Dao TT, LeResche L: Gender differences in pain. J Orofac
Pain 2000; 14: 169-84.

Sarlani E, Grace EG, Reynolds MA, Greenspan JD: Sex
differences in temporal summation of pain and aftersen-
sations following repetitive noxious mechanical stimulation.
Pain 2004; 109: 115-23.

Arendt-Nielsen L, Bjerring P: Sensory and pain threshold
characteristics to laser stimuli. J Neurol Neurosurg Psy-
chiatry 1988; 51: 35-42.

Lautenbacher S, Rollman GB: Sex differences in responsi-
veness to painful and non-painful stimuli are dependent
upon the stimulation method. Pain 1993; 53: 255-64.
Fillingim RB, Maddux V, Shackelford JA: Sex differences
in heat pain thresholds as a function of assessment method
and rate of rise. Somatosens Mot Res 1999; 16: 57-62.
Kenshalo DR Sr: Somesthetic sensitivity in young and
elderly humans. J Gerontol 1986; 41: 732-42.

Mauderli AP, Vierck CJ Jr, Cannon RL, Rodrigues A, Shen



130

JH Lee, et al / Korean J Pain Vol, 21, No, 2, 2008

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

C: Relationships between skin temperature and temporal
summation of heat and cold pain. J Neurophysiol 2003; 90:
100-9.

Staud R, Price DD, Fillingim RB: Advanced continuous-
contact heat pulse design for efficient temporal summation
of second pain (windup). J Pain 2006; 7: 575-82.

Willer JC: Comparative study of perceived pain and noci-
ceptive flexion reflex in man. Pain 1977; 3: 69-80.
Nielsen J, Arendt-Nielsen L: Spatial summation of heat
induced pain within and between dermatomes. Somatosens
Mot Res 1997; 14: 119-25.

Lautenbacher S, Kunz M, Strate P, Nielsen J, Arendt-
Nielsen L: Age effects on pain thresholds, temporal sum-
mation and spatial summation of heat and pressure pain.
Pain 2005; 115: 410-8.

Lautenbacher S, Strian F: Sex differences in pain and thermal
sensitivity: the role of body size. Percept Psychophys 1991;
50: 179-83.

Fillingim RB, Maixner W: Gender differences in the re-
sponses to noxious stimuli. Pain Forum 1995; 4: 209-21.
Feine JS, Bushnell MC, Miron D, Duncan GH: Sex dif-
ferences in the perception of noxious heat stimuli. Pain
1991; 44: 255-62.

Myers CD, Robinson ME, Riley JL 3rd, Sheffield D: Sex,
gender, and blood pressure: contributions to experimental
pain report. Psychosom Med 2001; 63: 545-50.
Tommerdahl M, Delemos KA, Favorov OV, Metz CB,
Vierck CJ Jr, Whitsel BL: Response of anterior parietal
cortex to different modes of same-site skin stimulation. J
Neurophysiol 1998; 80: 3272-83.

Price DD, Hu JW, Dubner R, Gracely RH: Peripheral
suppression of first pain and central summation of second
pain evoked by noxious heat pulses. Pain 1977; 3: 57-68.
Price DD, Mao J, Frenk H, Mayer DJ: The N-methyl-D-
aspartate receptor antagonist dextromethorphan selectively

30.

31.

32.

33.

34.

35.

36.

37.

38.

reduces temporal summation of second pain in man. Pain
1994; 59: 165-74.

Eide PK, Jgrum E, Stubhaug A, Bremnes J, Breivik H: Relief
of post-herpetic neuralgia with the N-methyl-D-aspartic acid
receptor antagonist ketamine: a double-blind, cross-over
comparison with morphine and placebo. Pain 1994; 58:
347-54.

Price DD, Long S, Huitt C: Sensory testing of pathophy-
siological mechanisms of pain in patients with reflex
sympathetic dystrophy. Pain 1992; 49: 163-73.

Goodchild CS: Nonopioid spinal analgesics: animal ex-
perimentation and implications for clinical developments.
Pain Rev 1997; 4: 33-58.

Arendt-Nielsen L, Petersen-Felix S: Wind-up and neuro-
plasticity: is there a correlation to clinical pain? Eur J
Anaesthesiol 1995; 10(Suppl): 1-7.

Graven-Nielsen T, Aspegren Kendall S, Henriksson KG,
Bengtsson M, Sorensen J, Johnson A, et al: Ketamine
reduces muscle pain, temporal summation, and referred pain
in fibromyalgia patients. Pain 2000; 85: 483-91.
Arendt-Nielsen L, Petersen-Felix S, Fischer M, Bak P,
Bjerring P, Zbinden AM: The effect of N-methyl-D-aspar-
tate antagonist (ketamine) on single and repeated nocicep-
tive stimuli: a placebo-controlled experimental human study.
Anesth Analg 1995; 81: 63-8.

Granot M, Granovsky Y, Sprecher E, Nir RR, Yarnitsky D:
Contact heat-evoked temporal summation: tonic versus
repetitive-phasic stimulation. Pain 2006; 122: 295-305.
Robinson ME, Wise EA, Gagnon C, Fillingim RB, Price
DD: Influences of gender role and anxiety on sex differ-
ences in temporal summation of pain. J Pain 2004; 5: 77-82.
Fillingim RB, Maixner W, Kincaid S, Silva S: Sex
differences in temporal summation but not sensory-discri-
minative processing of thermal pain. Pain 1998; 75: 121-7.



