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Abstract  :   Gender  d i f fe rences  in  pa in  pe rcep t ion  have  been  repor ted  in
l i te ra ture .  However ,  mos t  such  s tud ies  have  ignored  the  ro le  of  female  sex
hormones  in  inf luencing pain  response  across  menst rual  cycle  (MC).  In  th is
s tudy,  we have invest igated the  var ia t ion in  pain  response on dif ferent  days
of  the  mens t rua l  cyc le .  Nine ty  sub jec t s  (60  females )  were  sub jec ted  to
experimental  pain of  cold pressor  task,  on days 1,  7 ,  14,  and 21 of  the MC
(females), and on four consecutive Mondays of a month (males). Male subjects
showed no variation in pain response. Females reported higher pain sensitivity
on days 7 and 14 of MC. We suggest that experimental pain studies involving
female  menst rua t ing  subjec ts  should  be  car r ied  out  only  dur ing  a  par t icu lar
phase of the cycle,  and this phase should be reported in li terature to increase
the  reproducib i l i ty  of  the  exper iment .
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INTRODUCTION

Sex d i f fe rences  in  the  percep t ion  of
noxious  exper imenta l  s t imul i  have  been
repor ted  by  var ious  g roups ,  wi th  women
exhibi t ing higher  pain sensi t ivi ty than men
(1-3).  Contradictory reports,  however,  exist .
F i l l ing im and  Maixner  (2 )  rev iewed  34
human experimental  s tudies and found sex-
re la ted  d i f fe rences  in  on ly  two- th i rds  o f
them.  One  fac tor  tha t  can  exp la in  the
d isc repanc ies  observed  i s  the  var ia t ion  of
female hormone levels across the menstrual
cyc le .  The  au thors  have  no t  spec i f ied  the
mens t rua l  phase  of  female  sub jec t s  a t  the
t ime  of  conduc t ing  the  exper iment .
Leut in iz ing  hormone  increases  pa in
sens i t iv i ty  in  ra t s  (4 ) .  Es t rad io l  and
proges te rone  have  been  s ta ted  to  p roduce
ana lges ia  tha t  i s  modula ted  th rough  the
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sp ina l  cord  k-op ia te  recep tor  ana lges ic
sys tem (5 ,  6 ) .  However ,  g rea te r  op io id-
mediated s tress  induced analgesia  has been
reported in male rats compared with female
rats (7, 8); and estrogen is believed to cause
this difference by suppressing stress-induced
analgesia (9) .  A typical  menstrual  cycle of
28  days  can  be  d iv ided  in to  three  phases .
The follicular phase begins on the first day
of menses and lasts 10-14 days. About 22-36 h
before  ovula t ion,  a  peak in  es t radiol  level
occurs ,  fo l lowed  by  a  peak  in  l eu t in iz ing
hormone level 10-12 h before ovulation. The
phase  a f te r  ovu la t ion  i s  ca l l ed  the  lu tea l
phase, which lasts for 14 days. Progesterone
peak and a secondary estradiol peak occur 8
days after ovulation, i.e. on the 18th-22nd day
of the menstrual cycle. The levels of estrogen
and  proges te rone  in  b lood  s ta r t  f a l l ing
rapidly 9-11 days after ovulation and reach
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the i r  lowes t  l eve l s  a t  the  s ta r t  o f  the
menstrual  per iod (10) .

On the  bas i s  o f  the  above  fac t s ,  pa in
sensi t ivi ty  should decrease on the 13 th day
when estradiol  peak appears,  and after  17 th

day  when  bo th  es t rad io l  and  proges te rone
levels are high. Goolkasian (11) reviewed the
l i tera ture  and reported a  consis tent  pat tern
of  highest  pain sensi t ivi ty  during days 15-
22  of  a  28-day  cyc le ,  cont rary  to  what  i s
expected .  However, Hellstrom and Lundberg
(12)  have  repor ted  con t rad ic to ry
observa t ions .  They per formed cold  pressor
task (CPT) on female subjects in two phases
of  the  mens t rua l  cyc le ,  and  found  pa in
sensi t iv i ty  to  be  s ignif icant ly  lower  in  the
second  phase  of  the  MC (days  20-24) .
Klatzkin et al (13) have published radically
different results. They performed CPT on 49
female and 48 male subjects. Three episodes
were conducted on each individual ,  in case
of females at three points in the MC: early
fol l icular ,  la te  fol l icular  and luteal  phases.
They did not find any significant difference
in the pain sensitivity in the three menstrual
p h a s e s .

Mos t  o f  the  pa in  re la ted  s tud ies  have
been  car r ied  ou t  on  sub jec t s  o f  wes te rn
origin. Since pain sensitivity has been shown
to vary with  genet ic  (12) ,  racia l  (13) ,  and
cul tu ra l  (14)  fac tors ,  our  a im was  to
inves t iga te  the  pa in  sens i t iv i ty  o f  Ind ian
female subjects  across the menstrual  cycle.

MATERIALS  AND METHODS

A to ta l  o f  126  female  and  47  male
sub jec t s  ( s tuden ts  o f  MBBS I ,  I I  and  I I I
years, enrolled at SRMS Institute of Medical
Sc iences ,  Bare i l ly )  vo lun teered  fo r  th i s
study .  They were screened for select ion on
the basis of the following criteria :

a ) The person should not have a history of
bone in jury  in  the  non-dominant  hand.

b) The  person  should  no t  be  t ak ing
medicines for pain rel ief .

c) Female  vo lun teers  should  repor t  a
regular ,  28 day menstrual  cycle .

Sixty-nine female and 43 male subjects
were  in i t i a l ly  rec ru i ted  fo r  the  s tudy ,  o f
which 9 female and 13 male subjects dropped
out  dur ing  the  course  of  the  s tudy due  to
various reasons.  Final  analysis  was carr ied
out on data obtained from 60 female and 30
male  subjec ts .

Wri t ten  informed consent  was  obta ined
from the subjects before beginning the study.
Protocol for the study was approved by the
Eth ics  Commit tee  a t  SRMS-  Ins t i tu te  o f
Medical  Sciences.

Method  of  co ld  pressor  task

A circulating water bath with pump and
thermometer (designed locally) was used to
immerse  the  non–dominant  hand  of  the
subject (palm down, up to 5 cm above wrist
level). Water was maintained at 0-20 C using
crushed ice. Pain threshold (time after which
subject reported feeling pain) and tolerance
( t ime  for  which  the  sub jec t  to le ra ted  the
pain)  were  measured in  seconds  us ing two
separa te  s top  watches .  Pu lse  and  b lood
pressure were recorded manually before and
immedia te ly  a f te r  the  co ld  pressor  t ask
(CPT). Pain rating (the intensity of pain felt
during CPT, on a scale of 0-10) was obtained
f rom the  sub jec t  on  a  v i sua l  ana log  sca le
(VAS) (15)  af ter  the  exper iment .  CPT was
performed on four  separa te  occas ions  wi th
each subject; on days 1,7,14, and 21 of the
menstrual  cycle  in  case  of  female  subjects
( the  da te  on  which  the  menses  began  was
noted  and  cons idered  day  1) ,  and  on  four
consecutive Mondays of a month in case of
male  subjec ts .

Dexter  and Chestnut  (16)  have reported
the  t - t es t  to  be  a  re l iab le  method  of  da ta
ana lys i s  in  VAS measurements .  We have ,
therefore, analyzed the data obtained in our
experiments by this method .  Day 1 readings
were  t aken  as  re fe rence  and  observa t ions
made on days 7, 14, and 21 were individually
compared wi th  them.  Simi lar ly ,  in  case  of
male subjects, the readings taken on the first
Monday  were  t aken  as  re fe rence  and  the
observa t ions  made  on  a l l  o ther  days  were
compared  separa te ly  wi th  the  respec t ive
reference  va lues .
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R E S U L T S

Pulse and blood pressure readings were
taken  before  and  immedia te ly  a f te r
per forming  the  co ld  pressor  t ask .  For
convenience ,  we  have  presen ted  here  on ly
the  d i f fe rences  in  pu lse  (dPulse ) ,  sys to l ic
(dSBP) ,  and  d ias to l ic  (dDBP)  b lood
pressures.  The differences were obtained by
subt rac t ing  the  res t ing  va lues  o f  each
parameter  f rom the  respec t ive  va lues
obta ined immediate ly  af ter  the  CPT.

Table I  presents the base-l ine values of
d i f fe ren t  parameters  o f  female  and  male
subjec t s .  The  compar i son  of  the  base- l ine

values  of  the  var ious  parameters  showed a
significant difference between ages and body
weigh ts .  Males  were  s l igh t ly  o lder ,  and
weighed more,  but there was no significant
difference in  the body mass indices  of  the
two groups.

Table II shows the statistical analysis of
data  obta ined f rom 30 male  subjects  taken
as  con t ro l .  No  s ta t i s t i ca l ly  s ign i f ican t
differences were observed in any of the six
parameters  s tud ied  (dPulse ,  dSBP,  dDBP,
pa in  th resho ld ,  pa in  to le rance ,  and  pa in
rating) in the four episodes of CPT.

TABLE I  :   Base- l ine  values  (mean+SD) of  di f ferent  parameters  of  female  and male  subjects

P a r a m e t e r F e m a l e M a l e P value

Age (years) 19 .72+1.67 21 .43+2.22 0 .001

Body Weight (kg)   59.23+10.70   68.87+12.95 0 .001

B M I 24.35+4.35 23 .11+4.51 0 .219

Resting Pulse (min)     88.7+10.76   87.3+7.90 0 .497

Resting SBP (mm Hg) 107 .33+12.77 103.27+12.02 0 .144

Resting DBP (mm Hg) 72 .63+9.87   76.40+12.58 0 .158

TABLE II : Mean ±  SD va lues  of  dPulse ,  dSBP,  dABP Pain  threshold(s ) ,  Pa in  to le rance(s )  and  Pa in  ra t ing
obtained in  case of  male  subjects .  CPT was performed on 4 consecut ive mondays of  a  month.

P a r a m e t e r s W e e k
1* 2* 3* 4*

d Pulsed    8.93 ± 8.00     8.13 ± 7.13     8.93 ± 8.07     8.33 ± 8.00
d SBP      5.2 ± 3.00     5.33 ± 2.22      4.67± 4.12     6.53 ± 3.96
d DBP    3.73 ± 3.92    5.47 ± 5.96     5.87 ± 3.74     4.93 ± 5.01
Pa in  th resho ld   18.27 ± 8.89   19.33 ± 6.85   19.06 ± 8.88  20.67 ± 10.39
Pa in  Tole rance 143.00 ± 162.59 138.07 ± 154.65 136.33 ± 163.01 129.93 ± 145.88
Pain rating (VAS)    5.27 ± 1.10    5.47 ± 0.83     5.53 ± 0.92     5.47 ± 1.46

 No significant different was obtained amongs the different days (P value < 0.05)
*Depicts comparison with respective values obtained on day 1.

Da ta  ob ta ined  f rom the  s ix ty  female
volun teers  i s  summar ized  in  Table  I I I .  A
s ign i f ican t  inc rease  in  dPulse  va lue  was
observed on day 21 of the menstrual cycle.
The mean value of dPulse increased on days 7

and 14 also (in comparison to day 1) but the
increase was not significant. The mean value
of dSBP decreased significantly in comparison
to day 1 on the 14 th day of the cycle.  The
change in the mean values of dDBP was not
significant (P > 0.05).



60 Manoj  Kumar  e t  a l Indian  J  Physio l  Pharmacol  2010;  54(1)

The mean pain threshold values were
highest on days 1 and 21 of the cycle.  A
significant decrease (in comparison to day 1)
occurred on day 14 of the menstrual cycle.
Similarly, pain tolerance showed a significant
decrease on days 7 and 14 of the cycle. Lowest
pain rating was obtained on day 21. Decreases
in the mean values of pain rating observed on
days 7 and 14 of the cycle were not significant.

Values of each parameter (e.g.  dPulse)
recorded for all  female subjects on different

days of the menstrual cycle were compared.
The number of subjects showing the highest
value of the particular parameter was counted
for each day. (For example, highest dPulse
values were recorded in 4 subjects on day 1,
and in 22 subjects on day 21 of the menstrual
cycle.)  The numbers of subjects showing the
lowest value of each parameter on different
days were also counted. The data are
summarized in Table IV.

TABLE III  : Mean ±  SD values  of  dPulse ,  dSBP,  dDBP,  Pain  threshold(s) ,  Pa in  to lerance(s)  and Pain  ra t ing
obtained in case of  female subjects ,  on days 1,  7,  14,  and 21 of  the menstrual  cycle.

P a r a m e t e r s Day of menstrual cycle
    1*   7* 1 4 *  21*

d Pulse     6.73 ± 4.82    7.57± 5.94   7.53 ± 6.21 10.27 ± 8.27*
d SBP     8.07 ± 6.76   9.00 ± 4.75   5.00 ± 4.13   6.33 ± 4.93
d DBP     5.00 ± 3.39   4.47 ± 3.92   5.60 ± 5.74   6.73 ± 6.38
Pa in  Thresho ld   22.43 ± 36.39 18.47 ± 23.38 13.13 ± 18.11*   20.5 ± 28.13
Pa in  Tole rance 109.07 ± 152.19 69.43 ± 107.56* 53.77 ± 73.3** 99.60 ± 131.53
Pain Rating (VAS)    5.67 ± 1.58   5.53 ± 1.89   5.50 ± 1.59   5.17 ± 1.62

*P < 0.05 ;  ** P  < 0.005.
*Depicts comparison with respective value obtained on day 1.

TABLE IV  : Number and percentage of female subjects showing maximum and minimum
values of different parameters (dPulse, dSBP, dDBP, pain threshold, pain
tolerance and pain rating) on different days of menstrual cycle.

Subjects showing Subjects showing highest Subjects showing Subjects showing lowest
S . N . P a r a m e t e r s highest  values values on 2/more days lowest  values values on 2/more days

D a y  No.   %      No. %   No. %       No.  %

1 4 6 .67 8 13 .33
a d P u l s e 7 1 0 16 .67 1 2 20 .00

1 4 1 8 30 .00 6 1 0 1 2 20 .00 1 8 30 .0
2 1 2 2 36 .67 1 0 16 .67

1 1 0 16 .67 6 10 .00
d d S B P 7 2 2 36 .67 4 6 .67

1 4 8 13 .33 1 4 23 .3 2 0 33 .33 2 4 40 .0
2 1 6 10 .00 6 10 .00

1 6 10 .00 6 10 .33
c d D B P 7 8 13 .33 6 10 .33

1 4 1 2 20 .00 2 2 36 .7 1 6 26 .67 2 6 43 .3
2 1 1 2 20 .00 6 10 .33

1 1 8 30 .00 4 6 .67
d P a i n 7 1 6 26 .67 6 10 .00

T h r e s h o l d 1 4 6 10 .00 4 6 . 7 2 6 43 .33 2 0 33 .3
2 1 1 6 26 .67 4 6 .67

1 1 8 30 .00 6 10 .00
e P a i n 7 1 6 20 .00 2 3 .33

T o l e r a n c e 1 4 2 3 . 3 3 1 0 16 .7 4 6 76 .67 6 10 .0
2 1 1 8 30 .00 0 0 .00

1 6 10 .00 4 6 .67
f P a i n 7 6 10 .00 3 8 63 .3 6 10 .00 3 6 60 .0

R a t i n g 1 4 6 10 .00 2 3 .33
2 1 4 6 .67 1 2 20 .00
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Highest  dPulse values were recorded in
maximum number  of  sub jec t s  on  day  21 ,
highest values of dSBP on day 7, and highest
values of dDBP were recorded in maximum
number of subjects on days 14 and 21 of the
mens t rua l  cyc le .  Maximum number  of
subjects showed lowest values of dPulse on
days 7 and 14,  and lowest  values of  dSBP
and d DBP on day 14 of the cycle (see Table
IV, parts a, b, c). The highest values of pain
threshold  were  exhib i ted  by  maximum
number  of  sub jec t s  on  day  1 ,  bu t  on ly  6
subjec ts  showed h ighes t  pa in  threshold  on
day 14 of  the menstrual  cycle .  Twenty s ix
subjects showed lowest pain threshold values
on day 14 (Table IV, part d). A total of 36
subjec ts  showed h ighes t  pa in  to le rance  on
days 1 and 21 of the menstrual cycle. Only
2 subjects showed highest pain tolerance on
day 14, while 46 subjects (76.67 %) showed
lowest pain tolerance on day 14 (Table IV,
par t  e ) .  Lowes t  va lue  of  pa in  ra t ing  was
given by 12 subjects (20% of the total)  on
day 21 of the menstrual cycle (Table IV, Part
f).

D I S C U S S I O N

This  s tudy  examined  the  var ia t ion  of
pain response across the menstrual cycle in
Ind ian  females .  The  pa in  response  of
sub jec t s  was  s tud ied  in  t e rms  of
card iovascu la r  reac t iv i ty  (d i f fe rences  in
pulse,  systolic,  and diastolic blood pressure
observed upon performing cold pressor task)
and  pa in  sens i t iv i ty  (va lues  o f  pa in
threshold,  pain tolerance,  and pain rat ing) .
A h igh  pa in  sens i t iv i ty  i s  ind ica ted  when
pain threshold and pain tolerance values are
low and pain rat ing is  high.

Our results  can be summarized into the
fol lowing points:  1)  The group of  30 male
subjects  taken as control  did not  show any
s ign i f ican t  var ia t ion  in  any  of  the
parameters  s tud ied  in  the  four  separa te
ep isodes  o f  CPT,  ind ica t ing  tha t  pa in
var ia t ion  in  females  i s  no t  a  chance
var ia t ion .  2 )  Female  sub jec t s  showed
signif icant  variat ion in both parameters  for
card iovascu la r  reac t iv i ty  as  wel l  a s  pa in
sens i t iv i ty .  The  ca rd iovascu la r  reac t iv i ty
was relatively high on the 7th and 21st days
of  the  mens t rua l  cyc le  (apparen t  f rom the

significantly high values of dPulse  on day
21 ,  Table  I I I ;  h ighes t  va lues  o f  dPulse
recorded  for  22  sub jec t s  on  day  21  and
highes t  va lues  o f  dSBP recorded  for  22
subjects on day 7, Table IV a, b). A relatively
low cardiovascular  react iv i ty  was observed
on  day  14  of  the  cyc le  (apparen t  f rom
significantly less value of dSBP on day 14,
Table III; 20 and 16 subjects showed lowest
values of dSBP and dDBP, respectively,  on
day 14, Table IV, b, c).

Pain sensitivity was high on days 7 and
14 of  the  menst rua l  cycle .  A s igni f icant ly
low va lue  of  mean  pa in  th reshold  was
obtained on day 14.  Highest  pain threshold
was observed in 6 subjects on day 14 while
26 subjects  (43% of  to ta l )  repor ted lowest
pa in  th resho ld  on  th i s  day  (Table  IV,  d ) .
Mean pain  to lerance was  s ignif icant ly  less
on  days  7  and  14  of  the  mens t rua l  cyc le .
This  d i f fe rence  was  h ighly  emphas ized  on
day 14 when only 2 subjects showed highest
pa in  to le rance  and  46  sub jec t s  (76 .7% of
tota l )  showed lowest  pain  to lerance (Table
IV, e).

We conclude from the above findings that
cardiovascular reactivity is  less on the 14th

and  21 st day  of  the  cyc le  whi le  pa in
sensitivity is highest on the 7th and 14th days
of the menstrual cycle. In our study, 76.7%
subjects  showed highest  pain sensi t ivi ty on
day 14.

Pain rating values were not significantly
d i f fe ren t ,  sugges t ing  tha t  the  in tens i ty  o f
pain perceived by the subjects did not vary
across  the  cyc le .  A par t icu lar  in tens i ty  of
pain appeared in less t ime on the 14th day,
i t  occurred after  a  greater  t ime interval  on
the 1st or 21st day of the cycle. Most subjects
recorded  iden t ica l  pa in  ra t ings  on  two or
more  days  o f  the  cyc le ,  ind ica t ing  tha t  a
subject  did not  prefer  to  bear  pain beyond
certain intensity, t ime duration for attaining
tha t  pa in  in tens i ty  d id  not  mat te r .

The high pain sensitivity on the day 14
can be attributed to the effect of leutinizing
hormone  dur ing  the  ovula tory  per iod .  The
peak in leutinizing hormone level occurs 10-
12 h before ovulation, but its effect on pain
sens i t iv i ty  p robably  l as t s  fo r  a  longer
d u r a t i o n .
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Dawson-Basoa  and  Gin tz le r  (5 )  have
repor ted  tha t  es t rogen  and  proges te rone
produce  ana lges ia .  The  leve l s  o f  bo th  the
hormones are high on days 19-23 of a typical
28-day  mens t rua l  cyc le ,  and  may be
responsible for the decreased pain sensitivity
on  day  21 .  However ,  decreased  pa in
sensitivity on day 1 can not be due to these
hormones as they are at  their  lowest levels
on days 28 to 5.

Mogi l  e t  a l  (9 )  repor ted  tha t  es t rogen
suppresses  s t ress-  induced analgesia  and is
there fore  respons ib le  fo r  the  h igher  pa in
sens i t iv i ty  demons t ra ted  by  females .  This
could explain the fact  that  pain sensi t ivi ty
was high on day 7 when estrogen level had
star ted r is ing while  progesterone level  was
s t i l l  low.  On day 14 ,  pa in  sens i t iv i ty  was
highest  due to increased levels  of  estrogen
and  leu t in iz ing  hormone .  On day  21 ,  the

analgesic effect of progesterone masked the
effect of estrogen, causing a decrease in pain
sens i t iv i ty .

For ty -e igh t  o f  the  to ta l  s ix ty  female
sub jec t s  se lec ted  fo r  th i s  s tudy  were
dysmenor rhe ic .  I t  i s  poss ib le  tha t  pa in
sensitivity was reduced on day 1 of the cycle
due  to  menta l  d i s t rac t ion  to  exper imenta l
pa in  by  dysmenorrhea .  This  can  be
invest igated fur ther  by comparing the  pain
response  of  dysmenorrhe ic  and  non-
dysmenorrhe ic  females .

ACKNOWLEDGMENTS

Thanks are due to students of MBBS at
SRMS-IMS, Bareilly,  for volunteering to be
subjects in this study. We thank Mr. T. N.
Mishra, Technician, Department of Physiology,
SRMS- IMS, for his technical help.

R E F E R E N C E S

1 . Berkley KJ.  Sex differences in pain. Behav Brain
Sci 1997; 20:371-380.

2 . Fillingim RB, Maixner W.   Gender differences in
responses to noxious stimuli. Pain Forum  1995; 4:
209-221.

3 . Ri ley  JL3 rd,  Robinson ME,  Wise  EA,  Myers  CD,
Fillingim RB.   Sex differences in the perception of
noxious experimental pain stimuli: a meta-analysis.
Pain 1998; 74: 181-187.

4 . Ra tka  A,  S impkins  JW.  A modula to ry  ro le  fo r
l eu t in iz ing  hormone  re leas ing  hormone  in
nociceptive responses of female rats. Endocrinology
1990; 127: 667-673.

5 . Dawson-Basoa MB, Gintzler AR.  17-Beta-estradiol
and  p roges te rone  modula te  an  in t r ins ic  op io id
analgesic system. Brain Res  1993; 601: 241-245.

6 . Dawson-Basoa  MB,  Gintz le r  AR.  Involvement  of
sp ina l  co rd  de l t a  op ia te  r ecep to r s  in  the
an t inoc icep t ion  o f  ges ta t ion  and  i t s  hormona l
simulation. Brain Res  1997; 757: 37-42.

7 . Baamonde AI, Hidalgo A, Andres-Trelles F.   Sex-
related differences in the effects of morphine and
stress on visceral  pain.  Neuropharmacology  1989;
28: 967-970.

8 . Kepp le r  KL,  S tand i fe r  KM,  Pau l  D ,  Kes t  B ,
Pas temak  GW,  Bodnar  RJ .   Gender  e f fec t s  and
central opioid analgesia. Pain  1991; 45: 87-94.

9 . Mogi l  JS ,  S te rnberg  WF,  Kes t  B ,  Marek  P ,
Liebeskind JC.   Sex differences in the antagonism
of  swim s t ress - induced  ana lges ia :  e f fec t s  o f
gonadectomy and estrogen replacement. Pain  1993;
53: 17-25.

1 0 . Jeffrey JS, Le Resche L.  Sex and gender differences
in pain and inflammation. Am J Physiol Regulatory
Integrative Comp Physiol  2006; 291: 245-256.

1 1 . Goolkas ian  P .  Phase  and  sex  e f fec t s  in  pa in
perception: a critical review. Psych Women  Q 1985;
9: 15-28.

1 2 . Hellstrom B, Lundberg U.   Pain perception to the
CPT dur ing  the  mens t rua l  cyc le  in  r e l a t ion  to
estrogen levels and a comparison with men. Integer
Physiol Behav Sci 2000; 35: 132-141.

1 3 . Kla tzk in  RR,  Mech l in  B ,  Gi rd le r  SS .  Mens t rua l
cycle phase does not influence gender differences in
experimental pai sensitivity. Eur J Pain 2009 (Epub
ahead of print) .

1 4 . Kin H, Mittal DP; Iadarola MJ, Dionne RA.   Genetic
p red ic to r s  fo r  acu te  exper imenta l  co ld  and  hea t
pa in  sens i t iv i ty  in  humans .  J  Medica l  Gene t i c s
2006: 34: 240.

1 5 . Rah im-Wi l l i ams  FB,  R i l ey  JL  3 rd,  Her re ra  D ,
Campbell  CM, Hastie BA, Fil l ingim RB.   Ethnic
ident i ty  predic ts  exper imenta l  pa in  sens i t iv i ty  in
African-Americans and Hispanics. Pain  2007; 129:
177-184.

1 6 . Nayak S, Shiflet SC, Eshun S, Levine FM.   Culture
and gender effects in pain beliefs and the prediction
of  pain  to lerance.  Cross-Cul tural  Research  2000;
34: 135-151.

1 7 . Price DD, Harkins SW.   Psychophysical approaches
to pain measurement and assessment. In: Turk DC,
Melzack R, eds. Handbook of pain assessment. New
York: The Guilford Press,  1992; 113-134.

1 8 . Dexter F, Chestnut DH. Analysis of statistical tests
to compare VAS scale measurements among groups.
Anesthesiology 1995; 82: 896-902.


