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menstrual cycle with the highest thresholds on day 22, ex-
cept for the cold pain thresholds, which peaked on day 14. 
There were no such changes regarding heat pain and all the 
detection thresholds. The correlations separately computed 
for each of the 4 days between salivary estrogen as well as 
testosterone on the one hand and the detection or pain 
thresholds on the other hand failed to show significant lev-
els, except for the coupling of testosterone and electrical 
pain thresholds on day 1.  Conclusions:  The pain thresholds 
for all the physical stressors increased after menstruation. 
The acrophases were located in the follicular (cold pain 
threshold) or in the luteal phase (pressure and electrical pain 
thresholds). The results of our correlation analyses indicate 
only minimal influences of the physiological levels of gonad-
al hormones on pain sensitivity in women. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Generally, the human menstrual cycle is divided into 
3 phases: (1) the follicular phase (beginning with the on-
set of menstrual bleeding on day 1 and lasting for about 
10–14 days); (2) the ovulatory phase (characterized by the 
rupture of the follicle from the ovary, approximately on 
day 14), and (3) the luteal phase (lasting 14 days from ovu-
lation to the onset of menstrual bleeding). The follicular 
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 Abstract 

  Background:  The results of studies examining the response 
to experimental pain during the menstrual cycle are conflict-
ing because of differences in the definitions of the menstru-
al period, outcome measures and types of experimental 
pain stimulation. So far, there have been only a few studies 
correlating experimental pain with the levels of gonadal hor-
mones over the menstrual cycle. Therefore, we assessed the 
responses to multiple experimental pain stimuli during the 
menstrual cycle and computed their correlations with the 
salivary concentrations of the gonadal hormones estrogen 
and testosterone.  Methods:  Twenty-four healthy and regu-
larly menstruating women between 20 and 41 years old took 
part in the study. Detection thresholds (warmth, cold and 
electrical current) and pain thresholds (cold, heat, pressure 
and electrical current) were assessed on days 1, 4, 14 and 22 
of the menstrual cycle. In each session, salivary samples were 
collected for the determination of the physiological estro-
gen 17 � -estradiol, progesterone and testosterone. Proges-
terone was used exclusively to verify regular menstrual cy-
cling.  Results:  Significant variations in pain thresholds for 
cold, pressure and electrical stimuli were observed over the 
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phase includes the   menstrual   period (days 1–4). Gonadal 
hormones such as estrogen and progesterone are respon-
sible for the regulation of the menstrual cycle.

  In some disorders such as temporomandibular pain 
disorder  [1]  or migraine  [2, 3] , pain varies across the men-
strual cycle. In animal  [4, 5]  and human  [6, 7]  experimen-
tal studies, pain sensitivity has appeared to vary men-
strually, too. The cyclic fluctuation of the female repro-
ductive hormones estrogen and progesterone might 
explain these findings and, therefore, these hormones 
were targets for correlational research  [8, 9] . In animal 
studies, estrogen and progesterone were found to have an 
influence on nociception via the endogenous opioid sys-
tem  [10–12] . So far, little is known about the nociceptive 
effects of the male reproductive hormone testosterone 
during the menstrual cycle in females, although testos-
terone has been shown to reduce clinical pain in both 
men  [13]  and women  [14] . Using the formalin test as a 
temporomandibular pain disorder model in the rat, 
Fischer et al.  [15]  demonstrated a significant attenuation 
of nociception by testosterone at supraphysiological se-
rum levels.

  Human experimental pain studies examining the cy-
clic variations in pain sensitivity were conducted by use 
of different types of physical stressors such as electrical, 
thermal or mechanical stimulation. Women showed 
higher thresholds for pressure pain, cold pressor pain, 
heat pain and ischemic muscle pain during the follicular 
phase. In contrast to this, experimental electrical pain 
was characterized by higher thresholds in the luteal phase 
 [6] . However, the results were inconsistent as they varied 
depending on the outcome measures (pain intensity rat-
ing, pain threshold and pain tolerance threshold) and 
population characteristics (chronic pain patients and 
pain-free, normally cycling, women with or without use 
of oral contraceptives  [7] ).

  The data based on human experimental pain are often 
limited by the small sample sizes and the lack of stan-
dardized operationalizations of the menstrual cycle. In 
particular, there has been no commonly accepted algo-
rithm to identify the different menstrual phases, which is 
of critical relevance because the menstrual cycle varies 
inter- and intraindividually. Generally, pain perception 
has been quantified at different phases of the menstrual 
cycle, which have been chronologically determined and 
not verified by hormonal assessments. Such approaches 
have not controlled for irregular cyclic menstrual varia-
tions and have not been designed to assess the influence 
of gonadal hormones on pain responses.

  There have been only a few studies trying to correlate 
the serum levels of estrogen and progesterone with ex-
perimental pain, i.e. ischemic pain  [16] , thermal pain  [16, 
17]  and cold pressor pain  [18]  during different phases of 
the menstrual cycle. In 2 studies  [17, 18] , no significant 
correlations could be obtained. Fillingim et al.  [16]  de-
scribed a significant correlation between estrogen and 
heat pain as higher estrogen levels were associated with 
lower heat pain and heat tolerance thresholds. However, 
this was not true for ischemic pain. Stening et al.  [19]  
showed a significant correlation between gonadal hor-
mones (i.e. estrogen and progesterone) and pain thresh-
olds, too. Using the cold pressor test, pain sensitivity was 
increased during the late luteal phase and seemed to be 
dependent on the serum concentrations of progesterone 
in 16 females. Pain sensitivity was reduced when the se-
rum levels of both estradiol and progesterone were high 
in parallel, suggesting joint influences of these hormones 
on pain sensation.

  Since the method of experimental pain induction has 
appeared to be very critical, the first aim of the present 
study was to evaluate the cyclic variations in experimen-
tal pain in healthy volunteers, using various physical 
stressors. Experimental pain was induced by pressure, 
heat, cold and electrical stimulation on days 1, 4, 14 and 
22 of the menstrual cycle because these time points char-
acterize distinct phases in the physiological menstrual 
cycle: days 1 and 4 border the menstrual period within 
the follicular phase, on day 14 the rupture of the follicle 
naturally occurs (ovulatory phase), and day 22 marks the 
luteal phase. The second aim was to assess correlations 
between experimental pain and gonadal hormones on 
each day of testing because it is likely that the linkage it-
self varies over the menstrual cycle and overall correla-
tions might be erroneous. The third aim of the present 
study was to consider the nociceptive role of testosterone 
besides estrogen. Progesterone was assessed only to veri-
fy the existence of regular menstrual cycles for each indi-
vidual woman.

  Methods 

 Subjects 
 Thirty-two healthy and pain-free women between 20 and 41 

years (mean age = 27.3, SD = 6.1 years) took part in the study. 
Menstrual cycles had to be regular (28  8  1 days) as indicated by 
self-report. Subjects were recruited via wall posters and advertise-
ments in local newspapers. In case of interest, they were examined 
both by a neurologist and a psychologist. The exclusion criteria 
were pregnancy, hypertension, acute and chronic pain, endocrine 
disorders, gynecological diseases, psychiatric disorders, periph-
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eral and central neuropathy, as well as dermatosis at the site of the 
pain stimulation. The Mini-DIPS (the German version of the In-
terview of Mental Disorders short version handbook  [20] ) was 
used to screen for psychiatric disorders. All the subjects did not 
take any drugs or oral contraceptives on a regular basis; further-
more, they were free of any analgesics and sedatives for at least the 
24 h preceding each test session. The subjects were instructed be-
ing awake and not having exercised for at least 1 h prior to the 
investigation. They were paid for their participation and gave 
written informed consent before participating in the study. The 
experimental protocol was approved by the ethics committee of 
the medical school of the University of Marburg.

  Among the 32 subjects included in the study, 1 quitted before 
the fourth session because of familial problems, and 7 partici-
pants were excluded from statistical analysis because their men-
strual cycle could not be verified as regular by assessment of pro-
gesterone (for details see the chapter Verification of Menstrual 
Cycle by Salivary Hormones). Due to a malfunction of the ther-
mal stimulator, 1 participant could not be measured by this de-
vice, thus the number of subjects examined for thermal detection 
and pain thresholds lessened from 24 to 23.

  General Procedure 
 After the initial screening for exclusion criteria, the experi-

mental investigations (each of them run by 2 female investigators) 
took place in a sound-attenuated laboratory of the University of 
Marburg and lasted approximately 1.5 h each. The time of day for 
the investigation was kept constant for each single subject over the 
4 sessions. The sessions were run on days 1, 4, 14 and 22 ( 8  1 day) 
of the menstrual cycle according to the self-reported usual cycle 
phase and length. The sessions started with the sampling of saliva 
for an assessment of estrogen, progesterone and testosterone. 
Thereafter, the subjects were carefully familiarized with the sen-
sory tests. The thresholds were assessed using the method of lim-
its, in the following order: thermal thresholds, pressure pain 
thresholds and electrical thresholds.

  Assessment of Detection and Pain Thresholds 
 Thermal Detection and Pain Thresholds 
 Cold and heat stimuli were applied using a computer-con-

trolled thermal stimulator (TSA 2001; Medoc Ltd., Ramat Yishai, 
Israel) with a Peltier thermode (contact area: 6 cm 2 ). The ther-
mode was attached to the left forearm.

   Detection Thresholds for Warmth and Cold:  Beginning at a 
temperature of 32   °   C, the thermode temperature increased or de-
creased at a rate of 1   °   C/s until the subject felt the first change in 
temperature and responded by pressing a button. Thereupon, the 
temperature returned at a rate of 1   °   C/s to the baseline tempera-
ture (32   °   C) and was held constant until the next trial. The inter-
stimulus intervals were at minimum 5 s.

   Pain Thresholds for Heat and Cold:  The temperature increased 
or decreased from a baseline of 32   °   C at a rate of 1.5   °   C/s until the 
subject felt the stimulus to be slightly painful and responded by 
pressing a button. Thereupon, the temperature returned at a rate 
of 2   °   C/s to the baseline temperature. The interstimulus intervals 
were at minimum 10 s. For safety reasons, the upper limit of the 
temperature was set to 52   °   C and the lower limit to 0   °   C. For those 
subjects who did not respond within the safety limits, the pain 
thresholds were set to the maximum values allowed, which was 
necessary only in the case of cold pain thresholds.

  Five trials for each threshold (warmth detection threshold, 
cold detection threshold, cold pain threshold and heat pain 
threshold) were conducted and averages of these 5 trials used as 
the measure of the 4 thermal thresholds.

  Pressure Pain Threshold 
 A pressure algometer (Somedic Sales AB, Hörby, Sweden) was 

used to assess responses to painful mechanical pressure stimuli, 
which were applied to a surface area of 1 cm 2  on the center of the 
left volar forearm. To avoid local sensitization, the probe was 
moved slightly after each trial. The pressure gauge displayed the 
stimulation rate as kilopascal per second (kPa/s), and the slope to 
be reached was defined as 10 kPa/s. The investigator increased the 
pressure constantly while monitoring the display until the subject 
felt the stimulus to be slightly painful and responded by pressing 
a button. Four trials were conducted, and the average of the max-
imum-recorded scores over the last 3 trials was used as a measure 
of the pressure pain threshold.

  Electrical Detection and Pain Thresholds 
 An electrostimulator (Erich Jäger GmbH & Co. KG, Friedberg, 

Germany) delivered the stimuli to the right volar forearm. The 
skin was cleaned and abraded. Each stimulus consisted of a train 
of 15 monophasic square-wave pulses (pulse duration: 4 ms) with 
a stimulus onset asynchrony of 10 ms (resulting repetition rate 
within train: 100.0 Hz; resulting duration of each electrical stim-
ulus: 144 ms). Two bipolar electrodes with a surface area of 0.3 
cm 2  covered with a special cream (Abralyt 2000; FMS Falk Minow 
Services, Herrsching am Ammersee, Germany) were attached
2 cm from each other slightly to the left and to the right of the 
center of the right volar forearm. For the assessment of electrical 
detection and pain thresholds, the stimulation intensity increased 
in 0.15-mA steps. The subjects indicated detection and pain 
thresholds verbally by rating each stimulus as leading to ‘no sen-
sation’, ‘no painful sensation’ or ‘painful sensation’. For safety rea-
sons, the intensity of stimulation was limited to 10 mA. The de-
tection and pain thresholds were assessed in 4 trials. The average 
of the maximum scores over the last 3 trials was used as a measure 
of the detection and pain thresholds.

  Collecting Saliva and Measuring Hormones 
 At the beginning of each session, salivary samples were col-

lected to determine the levels of the physiological estrogen 17 � -
estradiol, progesterone and free active testosterone. The subjects 
were instructed not to smoke, not to eat and not to drink fruit 
juice 1 h before collecting saliva. The volunteers had to chew a 
tasteless swab of cotton for 45 s, which was afterwards put into a 
plastic tube (Salivette; Sarstedt AG & Co., Nürnbrecht, Germany), 
frozen directly and stored at –20   °   C. For further analysis, the sam-
ples were thawed and centrifuged for 10 min at 3,000 rpm to re-
move cellular debris. ELISA assays (DRG Instruments GmbH, 
Marburg, Germany) ( table 1 ) were used to determine the hor-
monal concentrations following the producer’s instructions.

  Verification of Menstrual Cycle by Salivary Hormones 
 The menstrual cycle and its regulation by the hormones estro-

gen and progesterone can vary inter- and intraindividually even 
in normally cycling women. As a further inclusion criterion, we 
therefore used the existence of the regular hormonal pattern for 
progesterone over the menstrual cycle, with very low levels in the 
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menstrual/follicular phase and higher concentrations during the 
luteal period. Seven women dropped out because they did not ful-
fill this criterion. Since we used progesterone for the verification 
of a regular menstrual cycle and, by that, restricted its variance, 
we could not enter it into further advanced analyses.

  Statistics 
 Descriptive data are given as means  8  SD. Physical units were 

degrees Celsius for thermal sensitivity, kilopascal for pressure 
pain and milliampere for electrical sensitivity. In addition, z-
standardized values were calculated for each subject and each 
variable over the 4 sessions in order to assess and demonstrate the 
pattern of intraindividual differences in comparable units. Cases 
which did not show any intraindividual variations in a given vari-
able over the 4 sessions were excluded from the further statistical 
evaluation of this variable, leading to varying numbers of subjects 
as shown in  tables 2–4 . Multivariate data analyses (MANOVA) for 
repeated measurements were conducted to assess the intraindi-

vidual differences in hormone levels, pain and detection thresh-
olds depending on the menstrual cycle. Adjusting degrees of free-
dom with Greenhouse-Geisser correction was necessary if sphe-
ricity could not be observed. In case of significant results, post hoc 
tests (t tests using Bonferroni-corrected  � ) were used.

  Furthermore, the relationship between salivary levels of hor-
mones on the one hand and detection or pain thresholds on the 
other hand were examined by separately computing Pearson cor-
relation coefficients for days 1, 4, 14 and 22. Significance was as-
sumed with  �  = 0.05.

  Results 

 Gonadal Hormones during Menstrual Cycle 
 A MANOVA revealed a statistical significance for 

changes in 17 � -estradiol and testosterone over the men-
strual cycle (F = 2.354; d.f. = 6/138; p = 0.034). ANOVA 
for both of the 2 hormones showed different time pat-
terns. Whereas the salivary concentrations of 17 � -estra-
diol did not vary significantly during the menstrual cycle 
(ANOVA: F = 1.961, d.f. = 3/69, p = 0.128) ( table 2 ;  fig. 1 a), 
for testosterone a statistically significant difference could 
be observed (ANOVA: F = 3.176, d.f. = 3/69, p = 0.029) 
with lower salivary concentrations on day 1 than on day 
22 (Bonferroni’s test: p = 0.034) ( table 2 ;  fig. 1 b). The pro-
gesterone values increased in a cycle-dependent manner, 
with the lowest concentrations on day 1 and the highest 
concentrations on day 22 ( table 2 ). As only women with 
this well-known menstrual pattern of progesterone were 
included (for details see the chapter Verification of Men-
strual Cycle by Salivary Hormones in the Methods sec-
tion), no further statistical evaluation was computed for 
progesterone.

  Detection Thresholds during Menstrual Cycle 
 No significant changes in the detection thresholds 

could be found during the menstrual cycle (MANOVA:
F = 1.737, d.f. = 9/180, p = 0.083) ( table 3 a).

  Pain Thresholds during Menstrual Cycle 
 The pain thresholds as a whole varied significant-

ly during the menstrual cycle ( table 3 b;  fig. 2 a–d) 
(MANOVA: F = 3.244, d.f. = 12/168, p  !  0.000). For heat 
pain, no significant menstrual change could be detected 
(ANOVA: F = 2.569, d.f. = 2.798/53.164, p = 0.063). Con-
cerning cold pain, the change was significant (ANOVA: 
F = 5.463, d.f. = 2.790/53.008, p = 0.002) with the lowest 
pain thresholds on day 1 and highest thresholds on day 
14 (Bonferroni’s t test for the differences between the 2 
days: p = 0.003). In contrast to this, the significantly cy-

Table 1. Performance characteristics of salivary ELISA assays of 
physiological estrogen 17�-estradiol, progesterone and free active 
testosterone

17�-
estradiol

Proges-
terone

Testos-
terone

Intra-assay coefficient of
variation, % 2.59–6.92 4.7–7.6 6.2–13.8

Inter-assay coefficient of
variation, % 2.1–4.33 5.3–7.7 5.5–9.6

Lower detection level, pg/ml 0.389 3.8 1.9

Data from the user’s manual by DRG Instruments GmbH.

Table 2. Salivary concentrations of physiological estrogen 17�-
estradiol, progesterone and testosterone during menstrual cycle

Day of men-
strual cycle

Num-
ber

Min.
pg/ml

Max.
pg/ml

Mean 8 SD
pg/ml

17�-estradiol 1 24 4.78 28.44 13.7386.35
4 24 5.09 24.86 13.8385.85

14 24 4.06 30.64 13.3785.47
22 24 6.18 33.41 16.3187.39

Testosterone 1 24 20 320 160880
4 24 50 370 190890

14 24 60 530 2108100
22 24 90 420 220880

Progesterone 1 24 90 3,910 1,50081,420
4 24 170 4,020 1,68081,520

14 24 230 4,040 1,66081,500
22 24 240 4,000 1,77081,600
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  Fig. 1.  Z-standardized salivary concentra-
tions (means  8  SD) of the physiological 
estrogen 17 � -estradiol ( a ) and testoster-
one ( b ) during the menstrual cycle. 
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  Fig. 2.  Z-standardized experimental pain 
thresholds (means  8  SD) during the men-
strual cycle from day 1 to day 22. As thresh-
olds for cold pain increase with declining 
temperature, we inverted the signs of the 
computed z values of the cold pain thresh-
olds for comparable presentation.  a  Cold 
pain.  b  Heat pain.  c  Pressure pain.  d  Elec-
trical pain. 
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cling thresholds for pressure pain (ANOVA: F = 5.036, 
d.f. = 3/57, p = 0.004) were increased on day 22 when com-
pared with day 1 (Bonferroni’s t test: p = 0.015). The data 
on electrical pain thresholds revealed a significant men-
strual change (ANOVA: F = 8.306, d.f. = 2.386/45.328,
p  !  0.001), with the lowest levels on day 1 and signifi-

cantly higher values on day 14 (Bonferroni’s t test: p  !  
0.001) and day 22 (Bonferroni’s t test: p = 0.001).

  Correlation of Detection and Pain Thresholds with 
Gonadal Hormones 
 The correlations of the detection and pain thresholds 

on the one hand with the gonadal hormones (i.e. 17 � -
estradiol and testosterone) on the other hand, separately 
computed for days 1, 4, 14 and 22 of the menstrual cycle, 
are shown in  tables 4 a and b. There was a statistically sig-
nificant positive correlation (r = 0.43) between salivary 
testosterone and electrical pain thresholds on day 1 of the 
menstrual cycle (p = 0.04). The correlation between tes-
tosterone and heat pain thresholds on day 14 revealed 
near-significant results (r = 0.39; p = 0.06). All other com-
binations of sensory thresholds and gonadal hormones 
did not result in significant correlations at any day of the 
menstrual cycle.

  Discussion 

 First, this study aimed at examining the effects of the 
menstrual cycle on pain sensitivity, assessed by using 
multiple physical stressors to induce experimental pain, 
because earlier findings appeared to be strongly depen-
dent on the physical type of pain induction. For all the 
induction techniques (warmth, cold, electrical current 
and pressure), the detection thresholds (here no pressure 
was applied) did not vary significantly, but the pain 
thresholds increased during the menstrual cycle from 
day 1 to day 22 (pressure and electrical current) or to day 
14 (cold), with the exception of the heat pain threshold. 
Second, the attempt was made to separately correlate sen-
sory thresholds with the salivary concentrations of go-
nadal hormones (estrogen and testosterone) on each day 
of testing during the menstrual cycle. There was merely 
1 statistically significant correlation between testoster-
one and electrical pain thresholds on day 1, whereas the 
55 further attempts at finding significant associations be-
tween sensory thresholds and gonadal hormones failed. 
This happened although we included only women with 
regular menstrual cycles verified by the well-known 
changes in progesterone. We discuss our findings in this 
order.

  The thresholds for cold pain revealed their highest lev-
els on day 14 and their lowest levels on day 1 (menstrual/
follicular period) ( fig. 2 a). This is in contrast to the find-
ings of Veith et al.  [21]  and Hapidou and de Catanzaro 
 [22]  demonstrating higher thresholds and tolerance dur-

Table 3. Courses of thresholds during menstrual cycle
a Detection thresholds for cold, warmth and electrical current

Number Min. Max. Mean 8 SD

Thermal detection threshold – cold, ° C
Day 1 21 –7.80 –0.90 –2.8282.26
Day 4 21 –8.50 –0.90 –3.3282.51
Day 14 21 –8.60 –0.80 –3.7282.03
Day 22 21 –7.00 –0.90 –3.4682.10

Thermal detection threshold – warmth, ° C
Day 1 21 1.50 7.20 3.7181.60
Day 4 21 1.50 8.40 4.0981.76
Day 14 21 1.90 7.40 4.5381.57
Day 22 21 0.00 7.50 4.3181.84

Electrical detection threshold, mA
Day 1 21 0.40 0.75 0.5280.11
Day 4 21 0.30 0.85 0.5680.16
Day 14 21 0.30 0.75 0.5080.15
Day 22 21 0.30 0.75 0.5280.14

b Pain thresholds for cold, heat, pressure and electrical current

Number Min. Max. Mean 8 SD

Thermal pain threshold – cold, ° C
Day 1 20 1.90 25.60 15.9288.52
Day 4 20 0.00 25.30 12.1588.72
Day 14 20 0.00 24.30 8.4986.17
Day 22 20 0.00 20.40 8.8587.11

Thermal pain threshold – heat, ° C
Day 1 20 42.90 48.80 46.0881.38
Day 4 20 42.50 49.60 46.5481.87
Day 14 20 43.40 49.60 46.6881.75
Day 22 20 43.40 49.80 46.7381.69

Pressure pain threshold, kPa
Day 1 20 79.67 360.67 163.03865.22
Day 4 20 74.00 341.33 176.10862.99
Day 14 20 99.00 344.00 189.08862.72
Day 22 20 108.33 337.67 200.50858.65

Electrical pain threshold, mA
Day 1 20 1.00 6.45 2.7681.50
Day 4 20 0.85 6.40 3.2381.57
Day 14 20 1.15 7.00 3.5381.64
Day 22 20 0.85 6.45 3.6681.75
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ing the follicular period. Furthermore, Kowalczyk et al. 
 [18]  found no significant changes in cold pain thresholds 
or pain tolerance during the menstrual cycle.

  Concerning heat pain sensitivity, the data from the lit-
erature have been conflicting, too. Whereas Fillingim et 
al.  [16]  demonstrated the highest heat thresholds during 
the follicular period, other data showed higher levels dur-
ing the ovulatory phase  [23, 24] . Many studies in which 
heat pain stimuli were used found no significant effects 
 [7] , which is in line with our results ( fig. 2 b).

  Riley et al.  [6]  concluded from their meta-analysis that 
pressure stimulation leads to higher thresholds in the fol-
licular phase. In contrast to this, Sherman and LeResche 
 [7] , reviewing further studies on this topic, classified the 

results of pressure pain experiments to be contradictory 
with the highest pressure pain ratings probably between 
day 7 and day 21 of the menstrual cycle, indicating de-
creased pain thresholds during this time period. In our 
study, the thresholds for pressure pain varied significant-

a Correlations with detection thresholds

r p Number

17�-estradiol versus thermal detection threshold – cold
Day 1 0.10 0.97 23
Day 4 0.35 0.10 23
Day 14 0.22 0.92 23
Day 22 0.14 0.52 23

17�-estradiol versus thermal detection threshold – warmth
Day 1 –0.13 0.57 23
Day 4 –0.12 0.60 23
Day 14 –0.23 0.30 23
Day 22 –0.34 0.87 23

17�-estradiol versus electrical detection threshold
Day 1 0.28 0.19 24
Day 4 –0.07 0.75 24
Day 14 0.19 0.41 22
Day 22 0.16 0.48 22

Testosterone versus thermal detection threshold – cold
Day 1 0.38 0.86 23
Day 4 0.56 0.80 23
Day 14 0.12 0.58 23
Day 22 –0.29 0.18 23

Testosterone versus thermal detection threshold – heat
Day 1 0.26 0.24 23
Day 4 –0.06 0.80 23
Day 14 –0.18 0.42 23
Day 22 –0.07 0.74 23

Testosterone versus electrical detection threshold
Day 1 0.29 0.17 24
Day 4 –0.03 0.91 24
Day 14 –0.30 0.18 22
Day 22 0.00 0.99 22

b Correlations with pain thresholds

r p Number

17�-estradiol versus thermal pain thresholds – cold
Day 1 0.22 0.32 23
Day 4 0.12 0.60 23
Day 14 0.06 0.77 23
Day 22 –0.12 0.58 23

17�-estradiol versus thermal pain thresholds – warmth
Day 1 0.14 0.54 23
Day 4 0.23 0.29 23
Day 14 –0.32 0.14 23
Day 22 0.14 0.53 23

17�-estradiol versus pressure pain thresholds
Day 1 –0.06 0.80 24
Day 4 0.00 0.97 24
Day 14 0.22 0.29 24
Day 22 0.10 0.66 23

17�-estradiol versus electrical pain thresholds
Day 1 0.08 0.72 24
Day 4 –0.24 0.26 24
Day 14 0.13 0.58 22
Day 22 0.60 0.79 22

Testosterone versus thermal pain thresholds – cold
Day 1 –0.17 0.44 23
Day 4 –0.03 0.90 23
Day 14 0.20 0.35 23
Day 22 –0.31 0.15 23

Testosterone versus thermal pain thresholds – heat
Day 1 0.12 0.59 23
Day 4 0.09 0.68 23
Day 14 0.39 0.06 23
Day 22 –0.18 0.41 23

Testosterone versus pressure pain thresholds
Day 1 0.13 0.54 24
Day 4 –0.03 0.90 24
Day 14 –0.7 0.74 24
Day 22 –0.18 0.41 23

Testosterone versus electrical pain thresholds
Day 1 0.43 0.04 24
Day 4 0.25 0.25 24
Day 14 –0.22 0.32 22
Day 22 –0.16 0.47 22

Table 4. Pearson correlations of physiological estrogen 17�-estradiol and testosterone during menstrual cycle
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ly during the menstrual cycle, with the highest levels on 
day 22 (luteal phase) and the lowest levels on day 1 (men-
strual/follicular phase) ( fig. 2 c).

  Several studies on electrical pain indicated that high-
est thresholds are likely to be found in the luteal phase 
 [21, 25] . The results of these studies were – in contrast to 
experiments using other pain stimuli – well reproducible. 
In line with these data, we could find highest electrical 
pain thresholds during the luteal phase, too. The lowest 
thresholds were seen in the follicular phase ( fig. 2 d).

  To summarize, the review of the literature suggests 
controversial results, especially with respect to thermal 
pain, as discussed above. Furthermore, menstrual effects 
have often been weak  [6, 7] . In this situation, we were able 
to demonstrate a rather homogenous pattern of respons-
es to all physical forms of inducing experimental pain, 
with significantly increasing pain thresholds from day 1 
to day 22 (pressure and electrical current) or to day 14 
(cold) during the menstrual cycle except for heat pain. In 
line with earlier findings, we observed the greatest effects 
for electrical pain.

  Alternative explanations of our findings not relating 
to menstrual cycle effects may exist. As our experiments 
always started on day 1 of the menstrual cycle and were 
afterwards run in the same chronological order, it is pos-
sible that the increasing pain thresholds were due to ad-
aptation during repeated threshold assessments. Howev-
er, most of the studies have not made use of randomized 
or balanced orders of menstrual cycle phases  [18, 21] . 
Giamberardino et al.  [26]  assessed pain thresholds for the 
electrical stimulation of the skin, subcutis and muscle tis-
sue over the menstrual cycle and randomized the first 
phase of testing. In line with our results, they reported 
increasing thresholds for electrical pain stimuli from the 
follicular (days 2–6) to the luteal phase (days 17–22), 
too.

  Concerning the correlations between the salivary lev-
els of estrogen or testosterone and sensory thresholds, we 
failed to show significant results for almost all the pos-
sible combinations over the menstrual cycle. So far, only 
a few studies have tried to correlate the concentrations of 
gonadal hormones with the results of experimentally in-
duced pain. The results have been conflicting: using the 
cold pressor test in normally menstruating women, Ste-
ning et al.  [19]  reported a significant and positive corre-
lation between progesterone and lowered pain thresh-
olds. Furthermore, increased pain intensity was associ-
ated with high progesterone levels and was found to be 
reduced by parallel increases in both estradiol and pro-
gesterone. Fillingim et al.  [16]  examined thermal and 

ischemic pain during 3 different phases of the menstrual 
cycle in 11 healthy women. They described an association 
between higher estrogen levels and increased thermal 
pain sensitivity but not ischemic pain responses. They 
concluded that a possible relationship between gonadal 
hormones and responses to experimental pain did not 
seem to be simply linear. Söderberg et al.  [17]  found no 
association between estradiol or progesterone and tem-
perature pain thresholds determined by quantitative sen-
sory testing in 19 healthy women at 3 time points during 
the menstrual cycle. Kowalczyk et al.  [18]  failed to show 
significant correlations between the gonadal hormones 
estradiol and progesterone and the responses to cold 
pressor pain in normally menstruating women, in wom-
en with an intake of oral contraceptives and in men. Ac-
cordingly, our not significant results regarding the cor-
relations between gonadal hormones and detection or 
pain thresholds are in line with the data shown in the lit-
erature and suggest that pain processing is at best weakly 
related to gonadal hormones in healthy women. In our 
study, there was only 1 significant correlation, i.e. be-
tween testosterone and electrical pain thresholds on day 
1 (menstrual phase). If this was not a mere chance find-
ing, it might indicate that testosterone affects pain thresh-
olds in healthy women, in a fashion which is dependent 
on the time during the menstrual cycle and on the pain 
induction technique. This finding might agree with clin-
ical observations that chronic pain diseases such as fibro-
myalgia  [14]  or rheumatoid arthritis  [27, 28]  are asso-
ciated with low androgen levels. Testosterone might in-
fluence pain by ameliorating chronic inflammatory 
processes  [29]  or via the opioid system  [9] . Of note, tes-
tosterone can be physiologically aromatized into estro-
gen, and thus the effects of testosterone on nociception 
might be mediated through estrogen. Interestingly, in the 
majority of studies about the time course of testosterone, 
cyclic variation could be demonstrated in healthy women 
 [30] . In spite of these observations, the function of testos-
terone in pain processing in women has not yet been es-
tablished.

  In contrast to our approach using saliva for hormonal 
assessment, serum was taken in most of the studies de-
scribed above. Studies on the correlation between saliva 
and serum indicate that saliva sampling allows determin-
ing steroid hormones reliably  [31] . Since collecting saliva 
is not as stressful as venipuncture, perturbing influences 
on pain experiments can be minimized. Concerning the 
missing cyclic variation in estrogen in our study, an ex-
planation might be that concentrations of gonadal hor-
mones are much lower in saliva than in serum, which 
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might have reduced the reliability of our approach and, 
by that, might have required a more sensitive assay for 
hormonal determination. In contrast, the time course of 
testosterone is in line with cyclic variations reported ear-
lier  [30] . Nevertheless, we have to acknowledge as a fur-
ther limitation that we collected saliva in Salivette tubes 
with cotton swabs. Dabbs  [32]  found unusually high sal-
ivary testosterone concentrations using these plastic 
tubes.

  For their inclusion into the study, subjects had to re-
port regular menstrual cycles (28  8  1 days). Further-
more, regular menstrual cycling was verified by the anal-
ysis of progesterone and, according to our knowledge, 
used for the first time as a further criterion for inclusion 
into a study on menstrual variation in pain. Only women 
with increased progesterone levels on day 22 were kept in 
the study. It is admitted that the peak of progesterone 
might have been before or after day 22. However, it is very 
likely that in women with increased levels at this time the 
menstrual pattern of progesterone was regular.

  Taken together, we could demonstrate that thresholds 
for physically different pain stimuli vary significantly 
during the menstrual cycle in healthy and normally men-
struating women, showing a homogenous response pat-
tern with increasing thresholds from day 1 to day 14 or to 
day 22. We were not able to show significant correlations 
between the salivary concentrations of gonadal hormones 
and detection or pain thresholds, except for testosterone 
and electrical pain thresholds on day 1 of the menstrual 
cycle. This negative finding of our correlation analysis 
indicates that pain processing is at best weakly regulated 
by gonadal hormones in women, or that the regulation 
occurs in a more complex and nonlinear fashion.
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