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Abstract

The objective of this study was to assess changes in levels of clinical temporomandibular (TMD) pain in relation to phases of the menstrual

cycle. TMD cases were 35 women not using oral contraceptives (OCs); 35 women using OCs; and 21 men. Controls were 35 normally

cycling women without TMD or other chronic pains. Subjects kept daily diaries over three menstrual cycles, reporting average and worst

pain, general and premenstrual symptoms. Data were subject-centered and de-trended using the residuals from a random-effects linear

regression model. To test for cyclic variation, cycles were standardized to 28 days and data were grouped into 9 periods/cycle (Days 1–3,

4–6,…, 22–24, 25–28). Overall levels of average pain, worst pain and symptoms did not differ across TMD subject groups. For worst pain,

multivariate analysis of variance revealed a statistically significant difference across 3-day periods for normally cycling women with TMD

ðP ¼ 0:011Þ and for women using OCs ðP ¼ 0:017Þ: In both groups, TMD pain levels rose toward the end of the cycle and peaked during

menstruation. In women not using OCs, there was a secondary pain peak at Days 13–15, around the time of ovulation. This peak was not seen

in women using OCs. There was no statistically significant difference over time periods for men ðP ¼ 0:94Þ: Similar patterns were found for

average pain, as well as PMS symptoms and general somatic symptoms. These results suggest that TMD pain in women is highest at times of

lowest estrogen, but rapid estrogen change may also be associated with increased pain.

q 2003 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Temporomandibular disorders (TMDs) are musculos-

keletal pain conditions characterized by pain in the

temporomandibular joint and/or the muscles of mastication.

TMD pain is a common problem, affecting approximately

7–15% of the adult population in North America (Goulet

et al., 1995; Lipton et al., 1993; Locker and Slade, 1988;

Von Korff et al., 1988). TMD pain is 1.5–2 times more

prevalent in women than in men in the community, and 80%

of treated cases are women (Dworkin et al., 1990a).

A number of aspects of the prevalence pattern of TMD

suggest that reproductive hormones may play a role in these

pain conditions: the prevalence of TMD pain prior to

adolescence is low (2–4%), and does not seem to differ for

boys and girls (see LeResche, 1997 for a review); however,

prevalence rates are higher in adult women than in adult

men, and prevalence is lower for women in the post-

menopausal years than for those of reproductive age

(Carlsson and LeResche, 1995; Von Korff et al., 1988).

The prevalence pattern of TMD pain is similar to that of

migraine, where hormonal factors are believed to account

for at least some of the gender difference in prevalence rates

(Stewart et al., 1992). Clinical research on migraine (e.g.

Sommerville, 1972) indicates that for a subset of women

monthly migraines are associated with the precipitous drop

in estrogen that occurs at the end of the luteal phase of the

menstrual cycle, just prior to menstruation. Without

hormonal intervention, headaches occur regularly within

1–2 days of the onset of menses. While this is certainly not

the only trigger for migraine attacks, 24–60% of women
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who experience migraine report at least some headaches

associated with menstruation (Lance and Anthony, 1966;

Rasmussen, 1993). Marcus (1995) reviewed literature

suggesting that the late luteal drop in estrogen may be

associated with changes in specific neurotransmitters

believed to be responsible for migraine. It is plausible that

neurotransmitter changes associated with changes in

estrogen could influence other pain conditions as well.

Few studies have investigated the role of hormonal

fluctuations in the frequency or intensity of musculoskeletal

pains, such as TMD, where episodes tend to be longer than

for headache. Dao et al. (1998) reported on variability of

myofascial pain of TMD over three menstrual cycles in

12 female subjects. Users of oral contraceptives (OCs)

tended to show less variable pain intensity levels, and fewer

pain-free days than women experiencing hormonal fluctua-

tions related to their naturally occurring menstrual cycles;

however, the differences were not statistically significant

and a predominant temporal pattern could not be discerned

in this small sample.

The aims of the present prospective diary study were to

assess variations in clinical TMD pain in relation to phase of

the menstrual cycle in normally cycling female TMD

patients, and to compare findings for these women with

those of male TMD patients and female TMD patients using

OCs. In addition, we assessed variability in non-pain

physical symptoms and mood and included a comparison

group of normally cycling pain-free female controls.

2. Methods

2.1. Subjects

Subjects were 35 women with TMD pain who were not

using OCs; 35 women with TMD who used OCs; 35 female

controls without TMD, severe headache, back pain or other

chronic pain problems who did not use OCs; and 21 men

with TMD. A sample size of 34 subjects with an 80% diary

completion was required to detect cyclic variation on the

order of about 1/3 standard deviation (from highest to

lowest) of the response variation with 80% power based on

multivariate repeated measures analysis at a 0.05 signifi-

cance level. Inclusion criteria for all subjects were: age

18–45 years, generally healthy and able to read and write in

English. Women not taking OCs had to have regular

menstrual cycles (i.e. length of cycle varied by no more than

^3 days), and they could not have taken OCs for at least

3 months. Women using OCs had to be using low dose

combination (estrogen and progesterone) pills and had to

have been on the pills for at least 3 months. Women using

any other form of hormonal therapy were excluded from

the study.

Subjects with TMD were identified through the

Orofacial Pain and Dysfunction Clinic at the University of

Washington. Subjects with TMD were required to have had

pain for at least 3 months, and to meet Research Diagnostic

Criteria for Temporomandibular Disorders (RDC/TMD)

(Dworkin and LeResche, 1992) for both myofascial pain

(i.e. Group Ia or Ib) and arthralgia or arthritis (Group IIIa or

IIIb), that is, every TMD subject had both a masticatory

muscle pain diagnosis and a temporomandibular joint pain

diagnosis. This is the most common diagnostic presentation

in our clinic, representing about 35% of the TMD cases

seen. Potential control subjects were also examined and

were included as controls only if they did not meet criteria

for any Group I or III diagnosis.

2.2. Procedures

Subjects were contacted by telephone and the study was

explained. Interested subjects were screened for inclusion

and exclusion criteria and subjects meeting criteria were

scheduled for a baseline appointment.

At the baseline appointment, written informed consent

was obtained and the subject was examined by a reliable,

calibrated dental hygienist examiner using the procedures of

the RDC/TMD (Dworkin and LeResche, 1992) to confirm

that subjects met inclusion criteria for TMD or the control

group. Subjects completed a baseline questionnaire includ-

ing information on demographics, TMD pain and related

symptoms, history of other pain problems, depression,

anxiety and somatization. Women were queried concerning

their reproductive history, average and worst menstrual pain

and premenstrual symptoms.

After completing the baseline questionnaire, subjects

were instructed in how to complete and return the daily

diary measures. Women were asked to complete diaries for

three consecutive menstrual cycles, and men for 90 days.

The research coordinator stressed the importance of

returning the diary on a daily basis and worked with the

participants to incorporate diary completion and return into

their daily routines. Women who were not on OCs were then

instructed in how to use the ClearPlanw ovulation prediction

kit, and were given enough kits for the first cycle. They were

told that they would receive reminders when they were to

begin testing with the kit.

Subjects left the baseline session with 40 diaries—more

than enough for 1 month or one menstrual cycle. Men were

told to begin completing the diary the next day. Women

were told to begin on the first day of the next menstrual

cycle. Women were telephoned 2–3 days prior to their

predicted menses and reminded to begin diary recordings

the day menses occurred. All subjects also received a

telephone call from the study coordinator 7 days after

beginning the study, to troubleshoot any problems with

diary completion.

Based on information on cycle start day and length of the

cycle, women not using OCs were telephoned 1 day prior to

their scheduled start of ovulation testing and told to begin

using the kit on the scheduled day. Test results were

recorded in the diary each day until the test was positive, at
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which time testing was discontinued. (If the subject did not

record a positive test during the 10 days following her

expected LH surge date, testing was discontinued, and the

subject was asked to complete an extra cycle of diaries, in an

attempt to obtain three ovulatory cycles for all subjects.)

Subjects were also telephoned if no diaries had been

received at the office for three consecutive days.

At the end of the menstrual cycles 1 and 2 (or, after 30

and 60 days for men), subjects were contacted by phone and

were sent a check for $25 (in US dollars) for their

participation, as well as diaries and ovulation testing

supplies for the next cycle. Reminder procedures for

ovulation testing and missing diaries during the second

and third cycle were similar to those for the first. At the

completion of the study, subjects received their $25

payment for the third cycle, as well as a completion bonus

of $50. Thus, subjects received a total of $125 for

completing all study procedures.

2.3. Measures

2.3.1. Baseline questionnaire

Pain measures included the graded chronic pain scale

(Von Korff et al., 1992) as well as measures of pain duration

and persistence. Anxiety was assessed using the anxiety

scale of the SCL-90 (Derogatis and Cleary, 1997), and

depression and somatic symptoms were assessed using

SCL-90 items as described in the RDC/TMD (Dworkin and

LeResche, 1992).

2.3.2. Daily diary

Subjects were instructed to complete the diary once a

day, just before bedtime. In the diary, TMD pain was rated

using 100 mm visual analog scales (VAS) of average facial

pain today and worst facial pain today, anchored with the

terms ‘no pain’ and ‘pain as bad as could be’. Other pain

problems and symptoms were assessed with a rating scale

that combined items of the PMS Diary (Thys-Jacobs et al.,

1995) and the somatization scale of the SCL-90 (Derogatis

and Cleary, 1997). Items from the two scales were

intermingled, so that symptoms would not be clearly

designated as ‘PMS’ or ‘general’ symptoms. Items for

men were identical to those for women, with the exception

that ‘abdominal bloating’ and ‘tenderness/fullness of

breasts’ did not appear on the men’s form. All items were

rated using the response categories of the PMS Diary,

(absent, mild, moderate or severe). A brief (18 item) version

of the Profile of Mood States (Affleck et al., 1987) was also

included for all subjects. This measure assesses positive

mood by averaging scores for three items in each of three

dimensions: elation, composure and agreeableness. Simi-

larly, negative mood is calculated as the average of

depression, anxiety and hostility scales. Women in all

groups reported whether they were having menstrual

bleeding each day and women who were not on OCs also

reported whether they had used the ovulation detection kit

and, if so, whether results were negative or positive.

2.4. Statistical analysis

The study groups were compared on demographics and

baseline characteristics using a x2 test to compare group

frequencies and ANOVA to compare group means.

Significant ANOVAs ðP , 0:05Þ were followed by Tukey’s

Studentized Range Test to elucidate the group differences.

The average cycle lengths were compared between the

female groups using ANOVA.

To assess the variation in VAS pain report between the

TMD groups, the variance of the pain reports was computed

for each subject. Given that the distribution of the variances

was positively skewed in each group, the median (and

25th–75th percentiles) were reported and the group

variances were compared using the Kruskal-Wallis (rank)

test. Similarly, the mean pain report was computed for each

subject and the groups compared using the Kruskal-Wallis

test. In addition, summaries were generated for the first

three cycles to assess if the variation and/or mean levels

changed over time within each group. The variances were

first square root transformed to normalize the distribution.

A generalized score test was performed using generalized

estimating equations to compare the variances and means

over the first three cycles within each group (Rotnitzky and

Jewell, 1990).

To compare the within-subjects pattern of pain and

symptom report over the menstrual cycle, the data were first

subject centered and de-trended using the residuals from a

random-effects linear regression model. The linear regression

model included random intercepts to remove the between-

subject variation in pain and symptom report and random

slopes to remove a linear decrease or increase in pain or

symptom reporting over the entire study period. For purposes

of description, the study data were centered at Day 14 of the

study period (i.e. midpoint of the first menstrual cycle).

The day of the cycle for the female groups was

standardized to a 28-day cycle based on the first day of

the current and subsequent cycles (i.e. standardized cycle

day ¼ cycle day £ 28/cycle length). An alternative stan-

dardization was also done for the normally cycling women

with TMD and control women, where the first half and

second half of the cycle were standardized separately to a

28-day cycle based on the first day of the current and

subsequent cycles and the LH surge day from the ovulation

prediction kit. Specifically, if cycle day # LH surge day,

standardized cycle day ¼ cycle day £ 14/LH surge day.

If cycle day . LH surge day, standardized cycle

day ¼ 14 þ (cycle day 2 LH surge day) £ 14/(cycle

length 2 LH surge day). The recorded LH surge day was

assumed to be Day 14 of a 28-day cycle, which

corresponded to the observed median LH surge day for

these two female groups, as well as to the median for normal
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menstrual cycles in general (Speroff et al., 1994). For men,

a cycle was based on 28 consecutive days of diaries.

In order to reduce the number of contrasts in statistical

testing for variation over the menstrual cycle and still

maintain finer detail than that given by collapsing the cycle

into major phases (e.g. follicular, ovulatory and luteal), the

28-day cycle was then grouped into 9 periods of 3–4 days

each (Day 1–3, 4–6, 7–9, 10–12, 13–15, 16–18, 19–21,

22–24, 25–28) and average pain or symptom report was

computed for each subject and period. Given there was little

missing data (2.0%), averages of the observed data were

used for the analyses. All subjects had at least two

observations for each of the 9 periods, and hence, no

subjects were excluded from any of the analyses. Multi-

variate analysis of variance (MANOVA) was used to

compare the mean pain or symptom report across the

9 periods between study groups and separately for each

study group.

3. Results

3.1. Baseline characteristics

Table 1 shows the baseline demographic characteristics

of the study groups. The mean age of women using OCs was

lower than that of subjects in the other groups, and the

control women without TMD were better educated than the

subjects with TMD. There were no statistically significant

differences in income, race or Hispanic ethnicity across the

four study groups.

Mean item scores on the anxiety scale of the SCL-90 and

on the RDC/TMD depression and somatic symptoms scales

are shown in Table 2. Anxiety and depression scores were

significantly higher for both groups of women with TMD

pain than for the control women (Tukey’s Studentized

Range Tests, P , 0:05). Mean scores on the somatization

(somatic symptoms) scale were higher for all the TMD

groups than for the controls. Because controls were chosen

on the basis having no chronic pain problems, we also

examined the somatic symptoms scale excluding the four

items that refer specifically to pain (e.g. headache, back

pain) (Dworkin et al., 1990b). Scores on this scale were

significantly higher for normally cycling women with TMD

than for the control women, whereas scores for women with

TMD using OCs and for men were intermediate and not

significantly different from those of the other groups.

Table 3 shows the reported pain characteristics at

baseline among the three TMD groups. There were no

statistically significant differences among the groups in

characteristic pain intensity, pain interference or Graded

Chronic Pain (Von Korff et al., 1992). Pain duration showed

wide variability, but there were also no statistically

significant differences in this variable across the three

subject groups.

3.2. Diary data

Subjects were generally compliant in keeping and

returning their diaries. The mean percent of diaries missing

ranged from 1.1% for women without TMD pain to 3.3% for

women using OCs, with an overall mean of 2.0%. Data were

available for 104 cycles for the 35 women using OCs, and

for 103 and 102 confirmed ovulatory cycles for the normally

cycling women with and without TMD, respectively. Mean

cycle length was very similar for the three female groups

(mean ^ SD ¼ 27.6 ^ 3.4 days for normally cycling

women with TMD, 27.9 ^ 2.4 days for women with TMD

using OCs and 28.4 ^ 4.0 days for control women, n.s.).

Table 4 shows measures of central tendency and variance

of average and worst daily facial pain for subjects with

TMD, using diary data from all three cycles. There were no

statistically significant differences across groups for average

or worst pain across the three cycles. Variance in pain report

was lower in men than in women, but this difference did

not achieve statistical significance at the 0.05 level

Table 1

Baseline demographic characteristics

Women with TMD,

normally cycling

ðn ¼ 35Þ

Women with TMD,

using OCs ðn ¼ 35Þ

Men with TMD

ðn ¼ 21Þ

Women without

TMD, normally

cycling ðn ¼ 35Þ

Mean (SD) age (years)a 32.9 (7.1) 27.7 (6.9) 31.4 (8.2) 32.2 (6.8)

Educational level (% .high school)b 85.7 88.2 76.2 100.0

Income (%)

, $25,000 40.6 40.6 33.3 41.2

$25,000–$49,999 31.3 37.5 33.3 26.5

$50,000–$74,999 18.8 9.4 19.0 23.5

$75,000 þ 9.4 12.5 14.3 8.8

Race (% White) 88.6 73.5 90.0 85.7

Ethnicity (% Hispanic) 11.4 17.1 14.3 8.6

a OC users are younger than all other groups (Tukey’s Studentized Range Test, P , 0:05); no significant differences among other groups.
b Women without TMD have higher educational level than all other groups (x2, P ¼ 0:040); no significant differences among other groups.
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(0.052 , P-values , 0.092). When data collected in each

of the three cycles (or three 28-day periods for men) were

compared, the variance of average pain and worst pain

decreased significantly over the observation period for

normally cycling women and for men (Kruskal-Wallis P-

values all ,0.01). The decreases for women using OCs

were only marginally significant (P ¼ 0:046 for average

pain, P ¼ 0:14 for worst pain).

Given the similar levels of pain in normally cycling

women, women on OCs and men, the overall time £ group

interactions for average and worst pain did not achieve

statistical significance. However, separate analyses for each

of the female groups revealed significant time effects. Fig. 1

shows the pattern of pain report for the TMD cases over a

standardized 28-day cycle.

For worst pain, MANOVA revealed a statistically

significant difference across 3-day periods for normally

cycling women ðP ¼ 0:011Þ and for women using OCs

ðP ¼ 0:017Þ: In both groups, TMD pain levels rose toward

the end of the cycle and peaked during menstruation.

In normally cycling women not using OCs, there was a

secondary pain peak at Days 13–15, around the time of

ovulation. Worst pain on Days 13–15 was significantly

higher than on Days 16–18 (paired t-test, P ¼ 0:02) and

marginally higher than on Days 10–12 (paired t-test,

P ¼ 0:061). This secondary peak was not seen in women

using OCs (using paired t-tests to compare worst pain

on Days 13–15 with Days 16–18 and Days 10–12, Ps

were 0.91 and 0.37, respectively). There was no statistically

significant difference over time periods for men (P ¼ 0:94;

Fig. 1c).

For average pain, the patterns across the cycle were

similar to those for worst pain. Differences were statistically

significant for women using OCs ðP ¼ 0:015Þ and

approached significance for normally cycling women

ðP ¼ 0:077Þ: In normally cycling women, average pain

levels were significantly higher on Days 13–15 than on

Days 16–18 (paired t-test, P ¼ 0:012) and marginally

higher than on Days 10–12 (paired t-test, P ¼ 0:064), but

similar differences were not observed for women using OCs.

Again, differences across time were not statistically

significant for men ðP ¼ 0:42Þ: These data are standardized

using the LH surge date as Day 14 for normally cycling

women. Analyses of data standardized only on the basis of

the start dates of menstrual periods showed similar results.

We also looked at the patterns of pain in finer detail by

grouping the cycle into 28 1-day periods; the results of those

analyses were similar to those reported here.

Fig. 2a shows the pattern of PMS symptoms in the two

groups of female TMD cases and the control women over

the menstrual cycle. On average, the subjects had low

symptom scores, however, as might be expected, the highest

levels of these symptoms occurred just prior to and during

menses and levels of symptoms in the TMD cases were

significantly higher than those in the controls throughout the

cycle. Paralleling the pattern seen for pain report, there was

a small secondary peak in symptoms at Days 13–15 in the

group of women with TMD who do not use OCs. This

secondary peak was not seen in women with TMD using

OCs or in controls. MANOVA revealed a statistically

significant difference across the cycle for all three groups of

women (all P-values , 0.0001).

Table 2

Baseline psychological distress scales

Women with TMD, normally

cycling ðn ¼ 35Þ

Women with TMD,

using OCs ðn ¼ 35Þ

Men with TMD

ðn ¼ 21Þ

Women without TMD,

normally cycling ðn ¼ 35Þ

Anxiety: mean (SD) item scorea 0.8 (0.7) 0.7 (0.8) 0.5 (0.6) 0.2 (0.3)

Depression: mean (SD) item scorea 1.2 (0.8) 0.9 (0.7) 0.9 (0.9) 0.4 (0.4)

Somatization: mean (SD) item scoreb 1.1 (0.7) 0.8 (0.6) 0.8 (0.5) 0.3 (0.3)

Somatic symptoms excluding pain

items: mean (SD) item scorec

0.7 (0.8) 0.4 (0.6) 0.5 (0.5) 0.1 (0.3)

a Normally cycling women with TMD and women with TMD using OCs have significantly higher levels than do women without TMD (Tukey’s Studentized

Range Test, P , 0:05).
b All three TMD groups have significantly higher levels than women without pain (Tukey’s Studentized Range Test, P , 0:05).
c Normally cycling women with TMD have significantly higher levels than control women (Tukey’s Studentized Range Test, P , 0:05).

Table 3

Baseline pain characteristics of TMD cases

Normally cycling

women ðn ¼ 35Þ

Women using

OCs ðn ¼ 35Þ

Men ðn ¼ 21Þ

Characteristic pain intensity, past 6 months (0–10 scale), mean (SD) 6.0 (1.7) 6.2 (1.5) 6.0 (1.8)

Interference score, past 6 months (0–10 scale), mean (SD) 3.6 (3.0) 2.9 (2.4) 3.1 (2.7)

Graded Chronic Pain, past 6 months, % grades 3 and 4 38.2 34.3 28.5

Pain duration (months), median (25th–75th percentile) 48 (12–180) 60 (24–120) 24 (7–84)
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Fig. 2b depicts the pattern of overall bodily symptoms, as

measured by items of the SCL-90 somatization scale, across

the cycle in all three groups of TMD subjects and in

controls. Again, the control subjects demonstrated much

lower levels of symptoms than any of the TMD groups. All

three groups of women showed significant changes in levels

of symptoms across the menstrual cycle, with somewhat

higher levels at the beginning and the end of the cycle

(for normally cycling women with TMD, P ¼ 0:0008; for

women with TMD using OCs, P ¼ 0:0008; for control

women, P ¼ 0:004). Men showed no significant differences

across the 3-day periods of a standardized 28-day cycle

ðP ¼ 0:68Þ:

Ratings of positive mood varied across the cycle for all

female groups, and were highest at mid-cycle (Days

10 – 18). For normally cycling women with TMD,

P ¼ 0:019; for women with TMD using OCs, P ¼ 0:0036;

for control women without pain, P ¼ 0:0056: There were

no statistically significant differences in men ðP ¼ 0:44Þ:

Mean ratings of negative mood as measured by

the abbreviated POMS did not differ significantly across

the cycle for any group.

4. Discussion

These data show that the intensity of musculoskeletal

pain associated with TMDs varies systematically across the

menstrual cycle. Mean facial pain intensity levels in

normally cycling women not using OCs rise toward the

end of the cycle and peak during the first three days of

menstruation. A secondary pain peak occurs for these

women around the time of ovulation. In women with TMD

who use OCs, facial pain intensity levels begin to rise

toward the end of the cycle during the week when placebo

pills are substituted for active medication (Days 21–28),

Table 4

Average and worst daily facial pain (median [25th–75th percentile]), subjects with TMD pain (daily diary data)

Normally cycling women ðn ¼ 35Þ Women using OCs ðn ¼ 35Þ Men ðn ¼ 21Þ P-valuea

Average pain (100 mm VAS)

Mean 25 [8–34] 24 [10–43] 19 [10–36] 0.83

Variance 142 [52–235] 121 [77–244] 80 [34–108] 0.052

Worst pain (100 mm VAS)

Mean 30 [13–50] 30 [20–53] 33 [17–46] 0.76

Variance 184 [104–391] 251 [107–404] 137 [84–205] 0.092

a Kruskal-Wallis.

Fig. 1. Means and within-subjects standard errors of average and worst facial pain, in 3-day periods across a 28-day menstrual cycle. Data are subject-centered

and de-trended, standardized on Day 14. (a) Normally cycling women, not using OCs (data are further standardized using the LH surge date); (b) women using

OCs; (c) men.
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and pain intensity peaks during the first days of

menstruation.

During the normal menstrual cycle, estrogen levels are at

their lowest during menses. Estrogen secretion increases

gradually during the early part of the follicular phase and

then exponentially in the days before ovulation. Ovulation

occurs approximately 10–12 h after the LH peak, around

Day 14 in the ‘typical’ menstrual cycle. There is a

precipitous drop in estrogen in the days following ovulation

and then a gradual increase during the early to mid luteal

phase. Estrogen then drops again during the late luteal phase

just prior to menses (Speroff et al., 1994). Women taking

OCs have an estrogen drop at the end of the cycle when they

cease to take active medication, and have relatively low

levels of estrogen at the time of menses. However, they do

not have the fluctuation in estrogen associated with

ovulation. Our diary data show that for normally cycling

women with TMD, facial pain rose at a time corresponding

to the late luteal estrogen drop and peaked during menses

when estrogen reaches its lowest level. Women with TMD

who were taking OCs displayed a similar pattern. However,

only ovulating women showed a secondary pain peak during

the days around ovulation when estrogen levels are

changing exponentially.

PMS and overall bodily symptoms in the female groups

tended to parallel the patterns seen for TMD pain, showing

peaks during the same 3-day periods of the cycle, with no

time lag. Thus, we hypothesize that similar factors may be

associated with the report of TMD and a variety of other

types of pain symptoms, as well as (possibly) non-pain

somatic symptoms included in the PMS diary and

somatization measures. However, it does not appear that

negative mood is a major driver of these symptoms, as this

measure shows no statistically significant variability across

the menstrual cycle.

On the other hand, the patterns we observed in levels of

TMD pain, both in normally cycling women and in users of

OCs, are consistent with data on the frequency of migraine

across the menstrual cycle (Johannes et al., 1995; Waters

and O’Connor, 1971). Although the evidence is less clear

than for migraine, a number of prospective diary studies

have found indications that estrogen fluctuations may be

associated with non-migraine headaches as well. For

example, Waters and O’Connor (1971) found the incidence

of both migraine and non-migrainous headaches to be

significantly higher during the menstrual period than during

the remainder of the cycle. Johannes et al. (1995) found the

risk of all headaches to be elevated during the first three

days of menstruation, although the increase in risk was

statistically significant only for migraine without aura.

Finally, Kappius and Goolkasian (1987) reported headache

index (frequency £ intensity) scores to rise during the

premenstrual period and peak during menses both for

normally menstruating women and for women on OCs.

The hypothesis that has been proposed (and generally

confirmed) for menstrual migraine is that migraine onset is

triggered by the withdrawal of estrogen (Lance and

Anthony, 1966; Rasmussen, 1993; Sommerville, 1972).

Fig. 2. Means and within-subjects standard errors of PMS symptoms and general bodily symptoms, in 3-day periods across a 28-day menstrual cycle. Data are

subject-centered and de-trended, standardized on Day 14. (a) PMS symptoms for the three female groups (TMDNC, normally cycling women with TMD,

TMDOC, women with TMD using OCs, NPNC, normally cycling control women); (b) general bodily symptoms for all subject groups (legend as in (a),

plus men).
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Our data suggest that similar mechanisms associated with

the effects of estrogen withdrawal on pain neurotransmitters

(Marcus, 1995) may account for the exacerbation of

ongoing TMD pain, observed in this study.

Our finding that the highest pain levels in women with

TMD occur at times of low or fluctuating endogenous

estrogen may appear to contradict an earlier case-control

study that found use of exogenous estrogen in the form of

hormone replacement therapy (HRT) to be associated with

increased risk for TMD (LeResche et al., 1997). However, a

very common HRT protocol in perimenopausal women

involves stopping use of estrogen for one week of the cycle

to allow a menstrual bleed (similar to the protocol for many

OCs). It is possible that it is this fairly rapid estrogen

withdrawal or change that puts women on HRT at higher

risk of experiencing pain.

Although overall the levels of TMD pain did not differ

across the three TMD groups over the course of the study,

variability in pain report was somewhat greater for women

than for men. In contrast to the results of Dao et al. (1998),

we found no significant difference in the variability of pain

in women using OCs and that in normally cycling women.

This discrepancy could be due to the fact that our subjects

had joint pain, as well as myofascial pain, or possibly due to

the larger sample size of our study.

This study has a number of limitations. First, there were

some demographic differences across the study groups. The

women with TMD who were taking OCs were, on average,

younger than the subjects in the other groups. Although we

attempted to recruit subjects of similar age in all groups, this

proved very difficult, given the diagnostic and other

inclusion criteria subjects had to meet. The younger age

of the OC users reflects the general trend toward use of OCs

by younger women in the population as a whole. However,

there were no other demographic differences across the

three TMD groups, and their pain characteristics were very

similar. The mean level of education of the female controls

was also higher than that of subjects in the other groups.

Although this difference could possibly have affected

the overall level of symptoms reported, we believe the

low level of symptoms in this group is more likely

attributable to the inclusion criteria for the controls, i.e.

the requirement that they be devoid of all chronic pain

conditions.

Another limitation of the current study, as with nearly all

other studies of menstrual cycle variability in clinical pain,

is that we did not collect daily data on hormone levels.

However, we did use ovulation detection kits in order to

detect anovulatory cycles and eliminated these cycles from

our data analyses. Finally, it is always possible that some

bias in pain and symptom reporting has been introduced by

the subjects’ expectations about when symptoms ‘should’

occur across the menstrual cycle. However, it has been

noted that such bias is minimized in prospective diary

studies, compared to studies that rely on retrospective report

(Woods et al., 1982). Furthermore, while it is possible that

preconceived notions about when symptoms ought to occur

could influence symptom reporting perimenstrually, it is

unlikely that such stereotypes would influence the mid-

cycle peak in pain observed in the normally cycling women

with TMD.

Finally, the TMD subjects in this study were patients in a

tertiary care clinic. On average, these patients had high

levels of pain, other somatic symptoms and pain-related

disability. It is not clear whether the results of this study

would generalize to all persons with TMD.

A methodological strength of this study is that pain and

symptoms were recorded on a daily basis and analyzed

across the entire cycle. There is considerable variability in

hormone levels within menstrual cycle phases. Had we

simply compared pain levels during the follicular versus

luteal phases, for example, important differences across the

cycle would have been missed. Thus, the specific timing of

measurements during phases of the menstrual cycle may be

a highly critical factor when assessing menstrual cycle

effects on pain sensitivity, as well as other phenomena.

There is a substantial (and often contradictory) literature

on responses to experimental pain across the menstrual

cycle. However, this appears to be one of the first studies

showing systematic changes in the intensity of a clinical

pain condition, other than headache, across the menstrual

cycle. Specifically, our data indicate that the highest pain

levels occurred at times of low estrogen (i.e. during the

menstrual flow), and at times of rapid estrogen change (late

luteal and mid-cycle). Evidence from animal experiments

supports a role for estrogen in central pain pathways.

Several studies have shown differences in the pain

neurotransmission and pain modulation systems of male

and female rodents (Bodner et al., 1988). Specifically, sex

differences in mechanisms of pain modulation have been

identified, and estrogen has been found to play a critical role

in the pain modulation system of female mice (Mogil et al.,

1993; Sternberg et al., 1995). While a role for estrogen in

modulating pain in women remains to be confirmed, our

data suggest that this is a topic deserving further

investigation.
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