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ABSTRACT

Primary d/ssmenorrhoeagr painful menstruation in the absencepetvic pathology,is a
common and often debilitatinggynaecological conditiothat affects betwen 45to 95%
of menstruating womenDespitethe high prevalencedysmenorrhoeas often poorly
treated and everdisregardedby health professionglgain researcherandthe women
themselveswho may accept ias a normal part of the m&rual cycle The overall
purposeof this thesis g two-fold: first, to contribute knowledge abotite impact and
consequencesf recurrentseveremenstrual pain opain sensitivity, mood, qualityf life
and sleep in wmen with primary dysmenorrhgeand secondly, to invesage day-time
and nigh-time treatment of recurrent primary dysmenorrhoeic pgor. this thesis]
completedfive sepaate studieson threedifferent groups of young, otherwise healthy
women with a history ofsevereprimary dysmenorrhoea, andgematched controls

withoutdysmenorrhoea.

Thefirst two studies presentedn Chapter 2 addressed the questionwfiether women
with primary dysmenorrhoeare hypersensitive to experimental pain. | uskuically-
relevant experimentgl-induced muscle pain stimul (intramuscular injection of
hypertonic sahe and ischaemia) in referred and seferred sites of menstrual past
different phases of the menstrual cyclWomen with dysmenorrhogaompared to
women without dysmenorrhoedad increased sensitivitto deepmuscle pain both
within the area of referred menstrual pain and atnaote painfree site. Furtherthe

increased muscle pain sensitiwtyasevident even in phases thfe menstrual cycleshen
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women did not have menstrual pailiyustrating that thechanges in pain perception
exterd outside of the painful mensaition phaseThese findings suggest that women
with dysmenorrhoea show lofgsting changes in pain processing possibly because of
the recurrent dysmenorrhoeic painsecondary aim of thewsdly presented in Chaptea,2
was to determine the impact of menstrual cycle phase on experimentibed muscle
pain sensitivityin women with and without primary dysmenorrhobty results suggest

that menstrual cycle phase has no effect on pain setysiti either group of women

As part of my studies, | investigated the impact of dysmenorrhoeic pain on quality of life
and mood| found that women with dysmenorrhdeada significanty reduced quality of

life (Chapter 3) andooorer mood (Chapter 2and Chapter % during menstruation
compared to their paifree follicular phasgand compared to thmenstruation phase of

the painfree control womenThese data highlight theegativeimpact that primary

dysmenorhoea has on young womedaor up to a fewdaysevery month.

Non-steroidal antinflammatory drugs NSAIDs) are often pesribed as the firsline
therapy for menstrual pain. Yet, severe dysmenorrhoeic pain is often poorly managed
especially at night, when the pain likely disrupts slekgondwcted two studies
investigating the effectiveness of diclofenac potassaineadilyavailableNSAID with a

low sideeffect profile compared to placebo, in alleviating sevemimary
dysmenorrhoeic pain across the d&hdpter 4)and during the nightQhapter 5).1 also

investigated the effectiveness of diclofenac potassium in improving subjective and
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objective sleep qualityGhapter 5)I foundthat the daily recommended &g450 mg)of
diclofenac potasam, administeredat three timepoints across the fst 24 hours of
merstruation, significantly reducegderceivedmenstrual paincompared to placebd
confirmed that dysmenorrhoeic pain reduces polysomnographic and subjective measures
of sleep quality compared with the pdree follicular phase. | alschewed, for the first

time, that diclofenac potassium is effective, compared to placebo, in alleviating nocturnal
pain, along with restoring subjective sleep quality and polysomnographic measures of

objective sleep qualityn women with severe primary dysnmarhoea

My studies havaddressed several gapstie knowledge about primary dysmenorrhoea.

| have shown that women with primary dysmenorrhoea are hypersensitive to deep muscle
pain, supportinghe hypothesis of other researchehat the recurrent nmstrual pain
experenced by these womenassociated with central sensitisatiand maypredispose
women with primary dysmenorrhoea to other chronic painful conditidhsrefore,
limiting the monthly noxious inpunto the central nervous systems ofséevomenpy
means of effective treatment of dysmenorrhoeay improve their longerm healthThe
research presented in this thesis further highlightetii@acy of diclofenac potassium
relieving not only daytime and nightime dysmenorrhoeic pairbut also in restoring
objective and subjective painduced sleep disturbances in women with dysmenorrhoea
Further my research has shown thdysmenorrhoeic pain has an immediate negative
impact on quality of lifeand moodduring menstruation. The ressilof this thesis show

the multifactorial impact of dysmenorrhoea and should stimulate further research about
the longterm benefits of effective treatment of menstrual pain.
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CHAPTER ONE

INTRODUCTION

Primary dysmenorrhoeaor painful menstruation, i@ common gynaecological complaint
experiencedby 4595% of menstruating womeriProctor and Farquhar 2006)n this
introduction, I will discussthe literature onthe aetiology and consequencesf primary
dysmenorrhoeayith a focus onnociceptive pathways, mood, qualy life and sleepl also

will review currently available treatments for dysmenorrhoeic pain, focusing primarily en non
steroidal antinflammatory dugs. However, given that many gynaecological symptoms vary in
severity across the menstrual cyc#iggesng that gonadal hormones may influence pain
sensitivity,a brief description ofhe normal menstrual cyclndits impacton painperception

independent of dysmenorrhqes first merited



1.1 The Ovulatory Menstrual Cycle

The ovulatoy menstrual cyle is charactered by regulated cyclic variations in hormone
production, body temperature and metabolic rate, across3a 88y period (seEigure 1 for a
summary of plasma hormone raentrationsduring the menstrual cygleAs described by
Vanderet al (1998, the follicular (proliferative) phase lasts from the first day of menses,
typically referred to as day 1, until ovulation, which occurs around day 14. During
menstruation, concentrations of the four predominant reproductive hormones, namely;
luteinizing hormone (LH), follicle stimulating hormone (FSH), oestrogen and progesterone, are
low. Oestrogen levels progressively increase from around day 5, and rapidly reach a peak
towards the end of the follicular phase. The rise in oestrogen stimulatescteéan of LH
leading to ovulation around day 14. While oestrogen predominates in the follicular phase,
progesterone concentrations remain low. However, in the second half of the menstrual cycle,
the luteal (secretory) phase, progesterone is secretedtfeoocorpus luteum, and thus becomes

the predominant steroid hormor@®ander et al. 1998) There is an increase in body
temperature of approximately 0.44 well as augmented engrgxpenditure and sleeping
metabolic rateshypothesised to be driven,at least in part, by increased progesterone levels, in
the luteal phaseompared witlthe preovulatory follicular plase(Meijer et al. 1992; Driveret

al. 1996)
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Figure 1. The plasma hormone concentrationgluring a typical 28-day ovulatory menstrual cycle Figure
adapted from Pocockand Richards (1999 (Pocock and Richards 1999)



The body is widely responsive the varyingendocrine profile across thmenstrual cycleln
addition to their reproductive functions, tbgclic variations ingonadal hormone concentrat®
affectareas of the nervous system that are involved in higher cognitive funstionsas mood

andpain processing

1.2Pain and the Ovulatory Menstrual Cycle

Clinical pain conditions are more commonwomen than meiiBerkley 1997; Pogatzifahn

2013) and importantly, such pain disorderpredominantly appear to affect women of
reproductive agéUnruh 1996; Craft 2007)in addition, epidemiological studies demonstrate
cyclical exacerbations in several pain conditions, suggesting that gonadal hormones may
influence pain perceptioWhile theexactmechanismsinderlying theseffects remain unclear,

it is plausible that dmale gonadal hormonewmay alter endogenous pain modulationd an

analgesigFillingim and Ness 2000; Cradét al.2004; Aloisi and Bonifazi 2006)

Indeed, there is evidenseiggestinghatthe hormonesestrogen and progesterone are protective
against painful episodes in clinical pain conditioRer instance, women witeeveralclinical
pain conditions including fibromyalgia, irritable bowel syndro(tBS), temporomandibular
joint dysfunction, migraine and rheumatoid arthritis re@ortncreased number and severity of
painful episodes during the late luteal/premenstrual and rmahghases of the menstrual cycle,

when oestrogen levelsither are rapidly falling or very low(Johannest al. 1995; LeResche



2000; LeReschet al. 2003; Pamuk and Cakir 2005; Martin 2009; Colanglal. 2011) For a

review on clinical syndromes across the menstrual cycle, refer to Martin(I2@den 2009)

1.2.1 Pain and the Gnadal Hormones

The transmission of pain involves dynamic and interactive events in the peripheral and central
nervoussystems. Although the exact neuroanatomy and neurochemistry of nociceptive processing
and modulation remain unclear, the current notion of nociceptive pmgeslescribes an
arrangementvhich, under normal circumstances, involves a counterbalance beseasitisation

and desensitisatiofy inhibitory feedback systemef the systen{Fillingim and Ness 2000; Fields

et al. 2006) Modulation of pain occurs at a variedy sites in the primary agfents spinal cord,
brainstem and cerebru(fields and Basbaum 2005ince gonadal hormone receptors have been
identified throughout the nervous systdMeroo and Korach 2006j)t is possible that these
hormones affect numerous sites simultaneously to modulate the pain experience. Indeed, gonadal
hormones have beenrdenstrated to interact withociceptive processeat multiple levels othe
peripheral ad central nervous systef@NS) (Fillingim and Ness 2000; Aloisi and Bonifazi 2006;

Puri et al. 2006; Roglioet al. 2008; Martin 2009)However,the underlyingmechanismsnd the
precise role ogonadal hormones imodulating nociception anghin, are notdlly understood, and

there is alack of consistency regardinghe relationship between #e& hormones and pain
perceptionsuch thatestrogen and progesterone have pat@dlly been observed tgenerate

both antinociceptive and pronociceptive effects on pain path(@agft et al.2004; Martin 2009)

In the text below, | will brily summarise thepertinent literature that describes the relationship



between the gonadal hormones and pain perceptimcusing mainly on the female gonadal

hormones: oestrogen and progesterone.

Gonadal hormones have bdennd toalter various neuronttulators involved in spinal nociceptive
processing, including substance P, the amino acids glutamateaamechaaminobutyric acid
(GABA), as well as various other neurotransmitters, includiegdogenousopioids, dopamine,
noradrenaline and serotor{i@mith 1994; Duvaét al. 1996; Fields and Basbaum 2008)strogen
is believed to be associated withciceptionthrough modulatory effects on GAB#eceptorsmu
(¢) opioid receptorsand nerve growth factor receptors in the dorsal root gan@liwolf 1996;
Eckersellet al. 1998; Aloisi 2003; Smittet al. 2006) Similarly, progesteronbasbeenshownto
modulate afferent ssory input througtthe inhibitory GABAergic system GABA levels in tte
occipital cortex of humans habeen found to decrease across the menstyakd, avith anegative
association beteen GABA and both oestrogen and progestetewels (Eppersonet al. 2002)
Since GABA is the main inhibitory neurotransmitter in ®RS reduced GABA concentratisn

may result in redw paininhibition andhence, increasqehin.

High or fluctuating levels of oestrogatsoare believed to enhanedferent sensory input through
glutamatergic mechanisn{®1cRobertset al. 2007) or by increased synthesis of neurotrophins
(Pezet and McMahon 2006 urthermorethere is evidece of pronociceptive actions of oestrogen
via inflammatory and stress responféflingim and Maixner 1995; Martin 2009Dne suggested
mechanisnby which oestrogen enhances parvia the release of peripheral cytokines, such as

gammainterferon, which in turn, increaseortisol fcretion Prolongedincreases ircortisol



release may promote destruction of muscle,ebamd neural tissue, thus establishihg

foundation for various chronic pain conditiofMelzack 1999)

On the other handgestrogen also displays antinociceptive effedt has been proposed that
oestrogen may reduce sensomurotransmission vidownregulation orinhibition of transient
receptor potential vanilloid subfamily 1 receptfxsi et al. 2008)and glutamate reuptakPawlak

et al. 2005) In addition, oestrogenffacts endogenous opioidergic processat various levels;
including the synthesis, absorption, distribution and metabolism of off©idf et al. 2004) and

has been shown to inftnce all three primary receptor tygesu, kappa, and dejtanediating the
effecs of endogenous opioid peptidegSestrogen activates spinal cord kappnd deltaopiate
receptors(DawsonBasoa and Gintzler 199&nd affets mumediated neurotransmissiowjth
decreased neurotransmission in the CNS during periods of kivegen concentratiggdmithet al.
2006) Negative associatioraso have beeabserved between circulagjtevels of oestradiol and
CNS mureceptor availability during thiellicular, compared to the luteal phg&mithet al. 1998)

The analgesic effects of o#egen via the opioid system haaiso been wellocumented in animal
studies(Maggi et al. 1989; Fillingim and Ness 2000; Craft al. 2004) In addition, pogesteroa

and its metabolites, haugeen eported toexert antinociceptive effectspainly via the GABA
receptor compleXTwyman and Macdonald 1992; Frye and Duncan 1994; Belelli and Lambert
2005) Similar tooestrogen, the analgesic effects of progesterone in animals have been documented

(Fillingim and Ness 2000; Cradtal. 2004)



Investigation of inflammatory models of pain in animals, have shown that oestrogen administration
attenuates inflammatory collagerduced arthritifGanesaret al. 2008) In addition, an oestrogen
receptotbetaagonist was found to inhibit thermalediated hyperalgesia after the application of
prostaglandin E an inflammatory ager(leventhalet al. 2006) Taken together, these findings
propose that oestrogen may exert-arftammatory effects that are likelyjediated by oestrogen
receptotbetaagamism Furthermore, estroge exerts antinflammatory effects by reducintpe

mi c r o g linflaanmatoeylrdspdrsse to lipopolysacchari{désgetoet al.2001)

Studies involving functional imaging techniques, including positron emission tomography (PET
scangSmith et al. 2006)and functional magnetic resonance imaging (fM{®Ihoi et al. 2006; de
Leeuwet al. 2006) may provide further evidence that the gonadal hormones are involved in the
modulation of pain perception. Functional imaging techniques offer objectivenation on brain
activity during the perception of pain, such that interpretations can be made regarding central
processing mechanisnigincent and Tracey 2010l owever, even across these fetwdies results

are not consistenin two studies, @at pain thresholds ihealthy paiffree womenwere not
different during low and high oestrogen conditigds Leeuwet al. 2006; Vincentet al. 2011)
However, a third study found thaduring the period of low oestrogenompared with high
oestrogenhealthy paiAfreewomen had erdnced perception to muscle paiduced by hypertonic
saline(Smith et al. 2006) Inconsistenciesnay be attributed to the small sample fte Leeuwet

al. 2006; Smithet al.2006) and the use of different noxious stimuli. Furthermorejribensistent

resuts have been attributed to the fact that oestrogen and progesterone both increased significantly

during the luteal compared to the follicular phase in the one study; rendering the tetierpef



the studis results difficult, particularly with regard &ach hormonésontribution to paif{Choi et

al. 2006; Vincent and Tracey 2010)

Therealsois evidence that the interactidretween oestrogen and progesterone may be critical in
their impacton pain perception. One study, for example, fotivad the increased perceivgwhin
intensity associated withhigh progesterone levels, wasgnificantly reduced with increasing
oestradiollevels (Steninget al. 2007) Furthermore, there was a tendency towards higher pain
thresholds with increasing levels of both oestradiol and progesterone; Higis serum
concentrations of both oestrogen and progesterone were antinoci¢Spgiviaget al. 2007) Such
antinociceptive effectalsoare observed in pregnant women who have increased pain thresholds
during the third trimestera period of high oestrogen and progesterone lgWltanabeet al.

2002)

The results of mimal studiesalso illustate that the interaction between gonadal hormones and pain
perception is complex and not entirely underst@age et al. 1992; Robbingt al. 1992; Gaumond

et al.2005; Kubeet al.2006) The hormonal effds on nociceptive processitigely arethe result

of actions at multiple levels, fromperipheral nengto the higlest cortical response, and may exert
pronociceptive or antinociceptive effects, depending on the hormone phsfileviewed by Martin
(2009), most studies suggest that the hormonal milieu during the proestrousfpties¢he rats
oestrous cycle (in whh serum oestradiol concentrations peak during early proestrous and decline
during late proestrous, and serum progesterone concentrations are low during early praestrous

peak during late proestrgusnay be pronocegtive. It is however,not known wheher the high or



fluctuating serum oestradiol concentrations are accountable for the pemieeieffects during
this phasg or whether progesterone might also influence pain perception during the proestrous

phasgMartin 2009)

In summarythe net effect of these hormones on pain pemefikely is dependnton the sum of

their pronoateptive and antinociceptive effegtdartin 2009) Finally, it is important to note that
although less is known about the roleotifiersex hormones, such as testosterone, in the perception
of pain, we cannot disregard their possible contributing effects. A very recent study, in fact, suggests
that testosterone influences pain processingfegtang descending inhibitory pathways in females
(Vincentet al. 2013) However, the effects of testesone appeared to be dependent on oestrogen
concentrations, and thus it is likely that hormone constellations are more important than individual
hormone levels when considering their effects on.pehmus, there still is no clear picture of the

associatia between reproductive hormone status and pain.

1.2.2Experimental Pain across the Ovulatory Menstrual Cycle

The complexity of the relati@hip betweergonadal hormones and pain perception in women is
highlighted by the inconsisterdand hencénconclisive, results of investigations on experimentally
induced pain across the menstrual cyséeTable 1) Human experimental pain models applied to
healthy volunteers are useful tools for investigating various aspects of the pain mechanisms, as

they createa situation in which healthy volunteersriséently become patients with walefined
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pain in whomsensory manifestations and sensomtor interactios can be assessed. Moreover,
expeimental pain models may be valuabte both pharmacological andlinical studies to
quantify the sensitivity of the nociceptive system in pain patiemd in predicting clinical pain
outcomes(ArendtNielsen and GraveNielsen 2008) Collectively, researclon experimenta

pain complimergclinical research.

There is a relatively large body of literature on experimental pain perception across the menstrual
cycle in normal healthy women. However, studies have beaehle to agree on whether a cyclical
influence on pain egis, let alone the direction of the effect, should it e@stme studiesuggest

that respnses topainful stimuli vary across the menstrual cyclhile others argue that
experimentapain perception does not vary according to menstrual cycle phasdetails and

results of each study on pain perception across the menstrual cycle in healthy women with

normal menstrual cycles are presentedablel.
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Table 1.Summary of human studies, in chronological order, investigating the influencermrthalmenstrual cycleon experimental pain
responses healthy, normally cycling women

Authors, Subjects Study Results & Outcome Variable Used Menstrual Phases Studied Body Location
Year
Herren, 1933 5 Follicular phase:y s ens i t tpuinttouch t o wPremenstrual (5 days menses onset) Forearm
(threshold),y sensitivity taqg Xe¢dwFolicular
tactile sensitivity. wlLate Follicular
Robinson & 6 Premenstrual & Menstrual phases:y s ensi t 8menstrual cycles Breast
Short, 1977 two-point discrimination thresholds,y s en s i t (phases and days not specified)

pain (Semmes-Weinstein pressure aesthesiometer-
20 nylon mono-filaments).

Tedford et al., 12 +1 week after menses with a steady climb until wMenstrual (days 1-7) Middle & index fingers
1977 peak at ovulation: § s e n std etectricdl ghgck wPostmenstrual (days 8-14) ofinegmr eferre
aversion thresholds. wOvulatory (days 15-21) hand (cutaneous)

wPremenstrual (days 21-28)

Goolkasian, 12 Ovulatory Phase:y sensitivity t o wMenstrual(days 1-7) Right forearm
1980 stimulation (dolorimeter). wPostmentrual (days 8-14)
wOvulatory (days 15-21)
* wPrementrual (days 22-28)
Goolkasian, 12 Ovulatory & Menstrual phases: §y s éwtysta wMenstrual (days 1-7) Right forearm
1983 radiant heat stimulation (dolorimeter) wPostmenstrual (days 8-14)
wOvulatory (days 15-21)
wPremenstrual (days 22-28)

*

Abergeretal., 18 Premenstrual phase:Z sensi t i eniat y 1 wPremenstrual Non-dominant arm &
1983 (threshold & tolerance). wMenstrual hand

wPost-menstrual
(days not defined)
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Authors,

Subjects Study Results & Outcome Variable Used

Menstrual Phases Studied

Body Location

Year
Veith et al., 16 No cycle effects in sensitivity to electric shock pain  wMenstrual (days 2-4) Inside of non-dominant
1984 & cold pressor thresholds. wFollicular (days 8-10) wrist (cutaneous
wOVu|atory eleCtl’iC ShOCk) &
* wLuteal (6-8 days after ovulation) dominant hand (cold
wPremenstrual (11-13 days after ovulation) pressor)
Kuczmierczyk 10 No cycle effects on sensitivity to Forgione-Barber wMenstrual (days 1-4) Middle phalanx of
& Adams, 1986 pain stimulator (pressure pain threshold & wlntermentrual phase (days 7-22) index finger of
tolerance). wPremenstrual (days 24-28) dominant
Kuczmierczyk 10 No cycle effects on sensitivity (Forgione-Barber) wMenstrual (days 1-4) Middle phalanx of
et al., 1986 pressure pain (tolerance). wlntermenstrual phase (days 7-22) index finger of
Intermenstrual phase: y sensitivity to pressure wPremenstrual (days 24-28) dominant
(numeric rating).
Hapidou & De 19 Follicularphase:Zsensi ti vity t o  wFollicular(days 8-14) Arm
Catanzaro, (threshold). wlLuteal (days 15-21)
1988
Amodei & 12 No cycle effects on sensitivity to muscle ischaemia, = wMenstrual (days 1-4) Arm (ischaemia) &
Nelson-Grey, & pressure (Forgione Barber pressure device) pain  wintermenstrual (days 12-16) middle phalanx of
1989 (threshold & tolerance). wPremenstrual (days 1- 4 before menses index finger
onset) (pressure).
Filligim et al., 11 Midfollicular:Z sensi ti vicgam t o i wMidfollicular (days 5-8) Arm
1997 (threshold & tolerance). wOvulatory (within 24h of ovulation)
No cycle effects on thermal sensitivity (threshold &  yMid-to-late luteal (days 19-27)
tolerance).
A, #
Pfleeger etal., 11 Luteal phase: ¥ s e n s i t i aemia (submaximal ¢ wFollicular phase (days 4-9) Arm

1997

effort tourniquet test - threshold & tolerance).

No cycle effects on verbal descriptors of pain

intensity (sensory) & pain unpleasantness
(affective).

A

13
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Authors,
Year

Subjects Study Results & Outcome Variable Used

Menstrual Phases Studied

Body Location

Giamberardino
et al., 1997

Hapidou &
Rollman, 1998

Hellstrom &
Lundberg,
2000

Cimino et al.,
2000

Granot et al.,
2001

IsselTe et al.,
2001

10

36

18

31

10

Luteal

Periovulatory phase: §

pemsitigity to cut&nesus, subcutis &
muscle electrical stimulation (thresholds) at all sites.

@aneaus sensitivity, ¥

muscle/subcutis sensitivity.

Follicular

phase: ¢

point count using palpation & digital pressure-

dolorimetry).

Lut eal
cold pressor pain.

Menstrual, follicular & luteal phases:Z mas s et

pemsitigite ¢ § Zp &i n

sensitivity (electric algometer pressure pain

thresholds).

Luteal phase: Z temporalis sensitivity (pressure pain

threshold).

1

No cycle effects on sensitivity to heat (thermode)

pain thresholds.
Luteal phase: §

|l atency

&y

evoked potentials by laser stimuli during the

follicular
potentials.

#

Perimenstrual phase: ¥

phase; Z

S € n s ipressureé gain

(electronic algometer thresholds) at all sites.

14

tenden s

t hre

-amp |

| at e

wMenstrual (days 2-6)
wPeriovulatory (days 12-16)
wlLuteal (days 17-22)
wPremenstrual (days 25-28)

wMenstrual (days 1-7)
wkFollicular (days 8-14)
wLuteal (days 15-21)
wPremenstrual (days 22-28)

wMenstrual (days 2-4)
wLuteal (days 20-24)

wMenstrual (day 1)

wkFollicular (7 £ 2 days after menses)
wPeriovulatory (14 + 2 days after menses)
wluteal (21 + 2 days after menses)

wMenses (days 1-2)

wMidfollicular (days 5-9)
wOvulatory (days 14-17)
wMidluteal (days 21-24)

wMid-to-late Follicular (days 8-12)
wMid-to-late Luteal (days 19-26)
wPerimenstrual (days 1, 27, 28)

Arm, leg & abdomen

Rheumatological
tender points

Dominant hand

Masseter & temporalis

Thenar eminence of
the non-dominant
hand (heat) &

dorsal superficial radial
nerve of hand (laser)

Masseter, temporalis &
thumb muscles



Authors, Subjects Study Results & Outcome Variable Used Menstrual Phases Studied Body Location
Year
Bajaj et al., 15 Menstrual phase: § s @wuitystd pressure, pinch & wMenstrual (days 1-6) Arm, thigh, abdomen,
2002 heat pain (thresholds) at all sites. wOvulatory (days 12-16) lower back
o ) wluteal (days 17-22)
No cycle effects on sensitivity to tactile threshold wPremenstrual (days 25-28)
(Von Frey hairs) at all sites.
A
Tassorelli et 14 Lutealphase:y sensi ti vity to el wFollicular(days 8-10) Biceps femoris
al., 2002 stimuli. wluteal (days 6-8 from ovulation)
Oshima et al., 9 No cycle effects on sensitivity to electrical pain wFollicular (day 7) Median nerve in index
2002 thresholds. wLuteal (day 21) finger of non-dominant
hand
Drobek et al., 10 Per i me n smasseter sensitiity (pressure pain  wFollicular (days 5-12 after menses) Masseter, temporalis &
2002 thresholds). wLuteal (days 16-27) middle phalanx of 3"
No cycle effects on sensitivity to pressure in the wPerimenstrual (day 28 -day 3 of next right-hand finger
temporalis, masseter tactile thresholds (Von Frey menses)
filaments), & finger pain stimuli.
Stranevaetal.,, 27 No cycle effects on sensitivity to ischaemia wFollicular (4-9 days after menses) Forearm
2002 (submaximal effort tourniquet test thresholds & wluteal (8-12 days after LH surge)
tolerance times).
A, #
Sherman etal., 25 No cycle effects on sensitivity to pressure pain wMenses (days 1-3) Masseter & temporalis

2005

tolerance, palpation pain intensity (VAS), &
ischaemia (submaximal effort tourniquet test

threshold & tolerance).

Ap

15

wOvulatory (1-2 days after LH-surge)
wMidluteal (7-8 days after LH surge)

wlLate-luteal (12-14 days after LH-surge)

& sites on head, face,
neck, back, arms used
for evaluation of
temporomandibular
disorders &
fibromyalgia (pressure)
& non-dominant arm
(ischaemia)



Authors, Subjects Study Results & Outcome Variable Used Menstrual Phases Studied Body Location
Year
Kowalczyk et 21 No cycle effects on sensitivity to cold pressor pain wMenstrual (days 2-5) Left forearm
al., 2006 (threshold & tolerance). wFollicular (days 6-10)
R wOvulatory (within 3 days after LH surge)
A, # wlLuteal (within 7-12 days after LH surge)
wlLate luteal (within 13-17 days after LH surge
Choi et al., 18 Luteal phase: ry sensitivity to thermal pain (VAS) wkFollicular (days 2-13) Non-dominant middle
2006 and unpleasantness (VAS). wLuteal (16-26) finger
#
Smith et al., 8 Follicular phase: § s iivitysto muscle pain wFollicular (days 2-9) (low oestrogen) Masseter
2006 (hypertonic saline, VAS). w7-9 days later after treatment with oestradiol
(high oetrogen)
#
De Leeuw et 9 No cycle effects on heat pain thresholds. wMenstrual (days 2-3) Skin overlying left
al., 2006 wFollicular (days 11-12) masseter muscle
#
15 Late luteal p hoacsldepressgrpann s wEarly follicular Left hand
Stening et al., (thresholds) compared the late follicular phase. wLate follicular (preovulation)
2007 wEarly luteal
# wLate luteal
(exact days not defined)
Klatzkin et al., 49 No cycle effects on sensitivity to cold pressor, heat  wEarly follicular (days 2-5) Hand (cold),
2010 (thermode) & ischaemic (submaximal effort wLate follicular (days 7-12) forearm (heat),
tourniquet procedure) pain (thresholds, tolerance &  Luteal (8-12 days after LH surge) arm & hand
intensity & unpleasantness (VAS)). (ischaemia)

A, #
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Authors, Subjects Study Results & Outcome Variable Used Menstrual Phases Studied Body Location
Year
Rhudy & 41 No cycle effects on sensitivity to suprathreshold wMid-follicular (days 5-8) Biceps femoris muscle
Bartley, 2010 electrocutaneous stimulations (nociception flexion wLate-luteal (days 1-6 preceding menses) of left leg

reflex) & emotionally charged pictures.

Late lutealphase:Z pain ratings ¢

stimuli.

* A
Kowalczyk et 21 Menstrual & late luteal phases:Z s ensi t i v wMenstrual (days 2-5) Fingers (2”“| & 3"
al., 2010 mechanical pressure pai n wFollicular (days 6-10) phalanx of both hands)

different intensities). wOvulatory (within 3 days after LH surge)

R wlLuteal (within 7-12 days after LH surge)

A, # wlate luteal (within 13-17 days after LH surge
Ribeiro- 30 Luteal phase: Z s @ivitystd ischaemic pain wFollicular (days 4-10 after onset of menses) Right forearm
Dasilva et al., (submaximal tourniquet test). wLuteal (days 4-9 preceding menses) (ischaemia & heat),
2011 No cycle effects on sensitivity to heat & pressure Right upper trapezius,

thresholds. right masseter & right

ulna (pressure)
Vincent et al., 12 No cycle effects on sensitivity to thermal pain. wbDays 1-2 Lower abdomen &
2011 wDays 10-12 inner arm
wDbDays 20-22

Veldhuijzen et 15 Follicular phase: my sensitivity to pressure pain wMenstrual (days 2-4) Left foot dorsum

al., 2013

thresholds.

A, #

wMidfollicular (days 6-8)
wPeriovulatory (day of or after positive
ovulatory test)

wMidluteal (1 week after ovulation)

* = ovulation confirmed with body temperature, A = ovulation confirmed by LH surge in urine, # = menstrual phase confirmed with hormone assays, | = pelvic

ultrasound screening for menstrual phase determiniation,

17
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In summary,studies have shown variable effects of the menstrual cycle on pain sensitivity
Enhanced sensitivity to pain has, for example, been reported after menstfliatdtordet al.
1977; Hapidou and De Catanzaro 1988; Giamberardinal. 1997; Hapidou and Rollman
1998; RibeireDasilva et al. 2011; Veldhuijzenet al. 2013) at the time of ovulation
(Goolkasian 1980; Goolkasian 1983; Cimiebal. 2000; Kowalczyket al. 2010) during the
luteal phas€éGoolkasian 1980; Hapidou and De Catanzaro 1988; Tasstralli2002; Choiet

al. 2006) during the premenstrughaseg(Fillingim et al. 1997; Pfleegeet al. 1997; Isseleet

al. 2001)andduring themenstrual phasgs$ierren 1933; Robinson and Short 1977; Hellstrom

and Lundberg 2000; Isseleeal.2001)

In contrast, a number of studies suggest a lack of variability in response to pain across the
menstrual cyclgAbergeret al. 1983; Veithet al. 1984; Kuczmierczyk and Adams 1986;
Kuczmierczyket al. 1986; Amodei and Nelse@ray 1989; Fillingimet al. 1997; Hapidou and
Rollman 1998; Granceét al. 2001; Bajajet al. 2002; Drobeket al. 2002; Oshimaet al. 2002;
Stranevaet al. 2002; de Leeuwet al. 2006; Kowalczyket al. 2006; Klatzkinet al. 2010;

Ribeiro-Dasilvaet al.2011; Vincentet al.2011)

The inconsistent findings the current literature regardimgin sensitivity across theenstrual
cycle have been attributed to various experimentathau®logical concerns including:
differences in thehoice of experimental pain stimudind where these are appligherma and
LeResche 2006; Vincent and Tracey 20183 well agdifferent outcome measures (thresholds
versustolerance)used Also, in the majority of studiesmenstrual cycle phase was arbitrarily

divided into functionally distinct phases, based either @ dharian or endometrial cycle
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(Sherman and LeResche 2006; Vincent aratdy 2010; Pogatzdahn 2013)and importantly,

most studieslid not measure plasma lés®f gonadal hormongsee Table 1)Measurements of
plasma gonadal hormone concentratiort only are needed to accuratelgeterminethe
menstrual cycle phase amdnfirm ovulation, but alscare vital to determinethe relationship
between hormone levels and pain resporisgsortantly, concentrations of the gonadal hormones
during each phase vary markedly between woar@hthere is a large inteand intravariabilty in
menstrual cycle lengths. Further, approximately one in three or one in four menstrual cycles may be
anovulatory in normal womefMetcalf et al. 1983) Confirming ovulation is therefore also
imperative because if ovulation does not occue, thrmonal milieu in the second half of the
menstrual cycle will be distinctly different from that which occurs in a normal ovulatory
menstrual cycleOther factors that have not always been considered in studies to date are
whether women have severe presteual mood changes, such as with premenstrual dysphoric

disorder(Stranevaet al.2002) which may impact pain responses.

The diverse range @xperimental pain stimuéilso contribute tdéhe inconsistent findings across
the studies. The choice of experimental pain stimuli used in studiesdarhental for numerous
reasons: Wwen assessing paiit is essential that the pain stimulus is a) reproducible, b) strong
enough to kcit a measurable response), moderate enough to displaydimidual differences,
andd) either meaningful enough to bear some resemblance to a natural physiologicatalr clin
pain, or precise enough to elucidate the basic mechanism of a response (®hpaman and
LeResche 2006)As shownin Table 1,the pain induction procedures that have baead,
include: pressure/mechanical pdfmodei and NelsoiGray 1989; Bajagt al. 2002) thermal

(Bajaj et al. 202), cold pressor stimulatioffHapidou and De Catanzaro 198&)ectrical
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stimulation (Giamberardinoet al. 1997) ischaemia(Abergeret al. 1983) pinch (Bajaj et al.
2002) tactilestimulation(Bajaj et al. 2002) intramuscular injection of hypertonic sali(®mith

et al.2006) andpain-evoked potentials by lasstimuli (Granotet al.2001)

It is likely that each painful stimulus results in differential processing of nociceptive raffere
(Lynn and Perl 1977)Electrical stimuli, for example, activate all classes of afferent neurons,
(i.e. both nociceptive and narociceptive fibres), hence producing both painful andpainful
sensationgGracely 1990; Keefet al. 1991) which may be difficultto distinguish Electrical
stimulation also is confounded by concurrent activated muscle twitcfaendtNielsen and
GravenNielsen 2008)andthis modality has been shown to evglan sensations that are less
natual than other pain stimuliGracely 1990; Fillingim and Ness 200@n the othehand,
thermal stimuli activate Aleltaand Cfibers only(Keefeet al. 1991) In addition, some stimuli
(e.g. ischaemic pain and cold pressor pain) produce a stress response, while others activate
endogenous pain regulatory mechanisms (e.g. ischaemic(Painpvaaraet al. 1982; Maixner

et al. 1990; Kirschbaunet al. 1999) Given tha studies have shown enhandegpbothalamie
pituitary-adrenal(HPA) responses$o stress during the luteal phase compared with the follicular
phase(Kirschbaumet al. 1999) a specific hormonal milieu iskely to affect one pain stimulus

in a different mannetompared to another pain stirsl

The bodysite and tissue depth at which these stimuli have been applied also varidselgnd
contributes to the inconsistencies between studies. Body sitesnichwed thethumb (Haman

1944) index firger (Tedfordet al. 1977; Kuczmierczyk and Adams 1986; Kuczmiercegkal.
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1986; Amodei and Nelse@ray 1989) forearm (Goolkasian 1983; Stranevet al. 2002;
Kowalczyk et al. 2006) arm (Fillingim et al. 1997; Giamberardinet al. 1997; Pfleegeet al.

1997; Bajajet al. 2002) leg (Giamberardinoet al. 1997; Bajajet al. 2002) abdomen
(Giamberardincet al. 1997; Bajajet al. 2002; Vincentet al. 2011) lower back(Bajaj et al.
2002) foot (Veldhuijzenet al. 2013) and masseter and tearplis muscleglsseleeet al. 2001,
Drobeket al. 2002) Several aspects of pain assessment have been shown to vary according to
body location;particularly with respect to thgroximity to the reporoductive orgagRobinson

and Short 1977; Klonofét al. 1993; Giamberardinet al. 1997) The tissue depth at which pain

is applied is also likely to play a role in the inconsistent findsigse hyperalgesia has been
reported to differ in the skin compl to subcutaneous tissue and compared to deep muscle
tissue(Vecchietet al. 1990; Giamberardinet al. 1993) Furthermore, there is some evidence
supporting thatociceptive activity arising from dedjssues such as muscles under greater

inhibitory influence than activity from cutaneous siieense 199Q)

Another methodological concern that mag/dccountable for the inconsistdimidings of studies
investigating pain sensitivity acrodset menstrual cycle is that of the measurement of the pain
responseResearchers have used various pain response outcomes, including: pain threshold, pain
tolerance,and visual analogue scald¥AS) to measure pain intensityt has been arguedor
example that tolerance measures may constituteaaned component of pain whichasmore
sensitive index of psychologicamotivationaland culturalfactors affecting the experience of

pain, while measures of pain threshaidnstitute an mlearned component gbain more
reflecive of purephysiological aspects of pain percept{®ieisenbergt al. 1975; Wolff 1978)

The VASis widely usedas areffective method of assessinlinical and experimentadain, as it

21



has been shown to produce consistant reliable measures ofpain intensity and pain

undeasantnes@Revill et al. 1976; Priceet al. 1983; Priceet al. 1994; Coll and Ameen 2006)

Collectively, as seerin Table 1 differencesn the methodologyf the studiesenderit difficult

to compare outcomes amnal reach agreeable compatibdenclusions aboute influence of the
menstrual cyclgphaseon pain perceptiom women with normal menstrual cycldsven the two
reviews that used forms of metaalyses of several experimental studies about pain regativi
healthy women across the menstrual cycle are not in agreementeRaééy(1999) concluded

that there areeducedpain thresholdsluring the luteal compared to the follicular phase of the
menstrual cyclefor almost every stimulus mdality used including pressure, cold pressor,
thermal heat and ischaemic muscle pdRiley et al. 1999) In a more recent review of 19
studies, including studies conducted after 1999, Martin (2689assified the menstrual cycle

into early, mid, and late follicular anduteal phases, since the hormonal milieus at the various
stages of both the follicular and luteal phases vary va3flthe 19 studies examined, 7 reported
increased pain perception during the late luteal or early follicular phases (low or declining serum
oestrogen and progesterone concentrations), 5 reported increased pain sensitivity during the late
follicular and early luteal phases (rising serum oestrogen and rising serum progesterone
concentrations), and 6 studies reported no differences in painidgnsicross the menstrual

cycle (Martin 2009) This metaanalysisthereforeconcludedthat the literatur@bout the impact

of menstrual cycle phase on pain sensitiistgtill inconclusive(Martin 2009)

In my studies described in Chapter 2, | confronted the methodological concerns described above.

| confirmed menstrual cycle phase with biological markers (plasma oestrogen and progesterone
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concentrations, and ovulatory kitghich detect the LH surge in urine), | used a wiibject
design to account for many of the difficulties involved with the interpretation of pain perception,
including the influence of interactions between biological variables (such as geneticsizbody s
muscle mass, pain inhibitory pathways and CNS variation) and psychological variables (anxiety,
depression and culture); all of which vary considerably between individuals. | also confirmed the
absence of severe premenstrual syndram#éhe participarg using the validated Penn Daily
Symptom Rating ForrfFreemaret al. 1996) and ensured normal psychological stauts, using the
validated General Health Questionngi@oldberget al. 1976) Further, given that mood alters
pain perceptioiSherman and LeResche 2006;éfwal. 2010) | assessed mddhoroughly using

the profile of mood states (POMS) questionnaire, a validated scale of curren{Maédir et

al. 1992) Finally, Iinvestigated two groups of women: those with and witlsmvere primary
dysmenorrhoea, andised two clinically-relevant and effective experimental pain stimuli
(hypertonic saline and ischaemidain severitywas assesseasing theVAS, a validated and
effective scale which produces consistent and reliable measures of pain infResitlyet al.

1976; Priceet al. 1983; Priceet al. 1994; Coll and Ameen 2006)

Intramuscular injection of the algesic substance, hypertonic salinebettex nociceptive and
more clinically relevant method of inducing deep muscla ffan electrical stimulatiorgndhas

been found to produce o vitro or in vivotoxicity (Kellgren 1938; GraveiNielsenet al. 1997;
Stohler and Kowalski 1999; Svendsenal. 2005; Hodget al. 2009) Injection of hypertonic
saline has beeshown to induce a mild, acutauscular pain that closely memluces clinical
musculoskeletal pain in both subjectively perceived quality, and in its effects on motor

performancgGravenNielsenet al. 1997) Hypertonic saline is believed to excite wide dynamic
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range neurongRo and Capra 1999possibly via activation ofroup Il (thiny myelinatedA-
deltafibres) and group IV (umyelinatedC-fibres) muscle nociceptors to produce both a local
area of transient pain and referred péaintal 1960; Iggo 1961; Kumazawa and Mizumura
1977; GraverNielsenet al. 1997; GraverNielsenet al. 2002) Currently, hypertonic saline has
only been used in one study to induce a d®epcle pain in normally cyclingealthywomen

under different hanonal conditiongSmithet al. 2006)

Another accepted method of inducing deepscle pain is by inducing tissue ischaemia
(Svensson and Arenditielsen 1995) By occluding blood flow to a group of muscles using a
tourniquet, and by voluntdy contracting the muscigroup to increase the use of oxygen by the
muscles, the muscles become ischaemic and pain is pro{Meeder et al. 1990; Svensson
and ArendiNielsen 1995) The involved mechanisms of deepiscle pain afteischaemic
contractions are complex and not fully understood. However, it has been sugtiegted
ischaemic contractions result in the accumulation of various substances such as potassium,
adenosine and lactate, which excite muscle nociceptors or semsit®eptors to respond to
muscle contractions that are normally fuainful (Newham and Mills 1999; Gracat al. 2001;
Mense and Simons 2001 addition, theories on tourniqui@duced ischaemic pain support the
role of Gfibres in the transmission of pain, whilefbre conduction is believed to be abolished
during an ischaemic ever{Chabel et al. 1990; Loramet al. 2007) Ischaemia has been
previously used as a method for inducing experimental pamormally cycling heatty women
across the menstrual cyqlsee Table 1 Abergeret al. 1983; Amodei and NelseGray 1989;
Fillingim et al. 1997; Pfleegeet al. 1997; Stranevat al.2002; Shermaet al. 2005; Klatzkinet

al. 2010; RibeireDasilvaet al.2011)
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In the section above | have discussed the literature pertaining to pain perception faeross t
menstrualcycle in women who haveormal ovulatory menstrual cyclesnd who do not
experience menstrual pain. Maimnealthy women of repductive ageexperience recurrent
monthly menstrual pain, a common gynaecological comkaiown as primary dysmenorrhoea.
Interestingly, research suggests that the recurrent menstrual pain experienced by women with
primary dysmenorrhoea may make these women more susceptible to painful stimuli, not only
during menstruation, but also in the p&iee phases of their menstrual cycl€kerefore, in the

next section of this introduction | will discuss thmevalewe and aetiology of primary
dysmenorrhoeabefore discussingtudies that have investigated the perception of experimental

painacross the menstrual cycletiresewomen

1.3 Dysmenorrhoea

1.3.1 Definition of Dysmenorrhoea

Dysmenorrhoea, defined as painful menstrual cramps of uterine origin, is the most common
gynaecological condition among women of reproductive(&geo 1999)Despite its common
occurrence, however, it is unddiagnosed and undéreated(Campbell and McGrath 1997;
Coco 1999; Proctor and Farquhar 2008adsed on pathophysiology, dysmenorrhoea can be

sulclassified as either primary or sexlary dysmenorrhog&roctor and Farquhar, 2006)

Primary dysmenorrhoea is defined as painful, spasmodic cramping in the lower abdomen, just

before and/or during menstruation, in the absence of any discernable macroscopic pelvic
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pathology(Dawood 1987)The onset of primary dysmenorrhoea usually occurs in adolescence,
at or shortly after (4 months) menarch@Hofmeyr 1996; Dawood 2006)The onset of
primary dysmenorrhoeic paiasually has a clear and predictable temporal patberginning

just before or at the start of menstruat{@awood 1987; Harel 2008 he paintypically lasts

for 872 hoursjs most severe dung the first @ second day of menstruaticemd may radiate

to the back and thighgiofmeyr 1996; Proctoet al. 2002; Ruoff and Lema 2003 adlition,
systemic symptomsuch asnausea, vomiting, diarrhoea, fatigue and insonfreguently

accompany the paifHofmeyr 1996; Ruoff and Lema 2003)

Secondary dysmenorrhoepmain, in contrast, may originate from a number of identifiable
pathological conditionancluding endometriosis, adenomyaosis, fibroids (myomas) and pelvic
inflammatory disease. The onset of secondary dysmenorrhoea can occur gnystiaiky

more than 2 gars, after menarch@nd depending on the underlying condition, may be
accompanied by other gynaecological symptoms such as intermenstrual bleeding and
menorrhagialn addition, he timing and intensity of secondary dysmenorrhpaia during the
menstrué cycle may be constant or diffuse, and is not necessarily associated with menses
(Hofmeyr 1996 Proctor and Farquhar 2008)hile women with secoraty dysmenohioea

share somef the samecharacteristics to those of women lwviprimary dysmenorrhoea, the

focus of this thesis is on primary dysmenorrhoea.

26



1.32 Prevalence of Primary Dysmendnoea

The prevalence gfrimary dysmenorrhoea is highly underestimated,difficult to determing
becausefew affected womenseek medical treatmentlespite the substantial distress
experiencedasmany considethe pain to be a normal part of the memskrcycle rather than a
disorder (Wong 2010) thus many cases remain undocumen{&buld 1998; Jones 2004,
Chenet al.2006; Daley 2008)Due to the different definitions of the conditi@nd the lack of
standard method®r assessg severity of dysmenorrhoeprevalenceestimates vary between

45 and 95% of menstruating womglamieson and Steege 1996; Proctor and Farquhar 2006;
Unsalet al. 2010) with very severgrimary dysmenorrhoea estimated to aff@gproximately
10-25% of women of reproductivega (Andersch and Milsom 1982; Dawood 1987; Sundell

al. 1990; Hofmeyr 1996) As such, dysmenorrhoea appears to be the most common
gynaecological disorder in women irrespective of nationality andldggow and Park 1996;

Proctor and Farquhar 2002; Pagehl.2006)

1.3.3 The Aetiology of Primary Dysmenorrhoea

The most widely accepted explanation for thathogenesisf primay dysmenoroea isthe
overproduction ofuterine prostaglandins (PGgPawood 1987) PGs are ubiquitously
distributed intracellular idbstances which arderived from longchain polyunsaturated fatty
acids such as arachidonic acid, a common component of cell membrane phospholipids

(Hayaishi and Matsumura 1993)Gs have been shown to have a range of biological effects on
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a wide \ariety of physiological as well as pathological activities including pain, inflammation,

body temperature, and sleep regula(idayaishi and Matsumura 1995)

Prostaglandin synthesis is limited by the availability of the free fatty acid precumors
arachidonic acid, which is regulated by cycddenosine phosphat®ia cyclic adenosine
phosphate PG production can be stimulated by substances suctadasnaling peptide
hormones and steroid hormones, but also by mechanical stimuli and tissna (vanderet

al. 1998; Funk 2001) Arachidonic acid is derived from phospholipids by the lysosomal
enzyme phospholipase;AThe stability of lysosomal activity is regulated by several factors,
one of which is progesterone levels; high mstgrone leveltend to stabilis the activity of
lysosomes, whd falling levels tend to labiles lysosome activityDawood 1995; Hofmeyr
1996) Therefore, the decrease in progesterthia accompanies the regression of the corpus
luteum in the late luteal phasé the menstrual cycleesultsin the removal of this stabilisg
effect on endometrial lysosomes, the release of phospholipasendnstrual flowand
hydrolysis of phospholipsl from the cell membrane to generadditional arachidonic acid
(see Figure 3. Consequently, the enduring availability of arachidonic acid together with the
intracellular destruction and tissue trauma during menstrydéwour the production of PGs

(Dawood 1995)

All women have igreased levels of PGhuring the luteal phase compared with the follicular
phase of ovulatory cycles. However, there is evidence tombparedwith eumenorrhoeic
women, dysmenorrhoeic women have leighevels of PGsas measured in luteal phase

endometrial biopsies, endometrial jet washings and menstrual flGigsn and Hill 1978;
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Dawood 2006) Higher circulating levels of PGs (Pggand PGE) have been reported in
women with dysmenorrhoea compd with asymptomatic women during menstruation, and
these PG levels are highest during the first 48 hours of menses, when symptoms peak
(Lundstromand Green 1978; Dawood 1987; Hofmeyr 1996; Coco 199@thermorethe
severity of menstrual pain and associated symptoms of dysmenordreeadirectly
proportional to the amount of PGs releag€thanet al. 1981; Dawood 2006)In addition,
clinical administration of exogenous PGs resututerine contraction and often also prodsice

the same stemic symptoms that frequently accompany dysmenorrhoea, including nausea,
vomiting anddiarrhoea(Dawood 1995; Coco 1999Taken together, thedendings, together

with many clinical trials which demonstrate the effective relieve of dysmenorrhoeic pain
through PG suppressioadeSection 1.37), supportthe hypothesis that PGs aesponsible for

the painful uterine contraohs andthe associated systemic symptoms that accompany

dysmenorrhoeic pain.

On the basis that exposure of the endometrium to luteakpiragesterone is crucial for the
increased production of uterine BGlysmenorrhoea is believed to occur only in ovulatory
menstrual cyclegDawood 1987)this notion has, however morerecentlybeenchallenged in a
study in which basal body temperatevas usedto distinguish between ovulatory and
spontaneous anovulatory menstrual cycl&ésere was no difference in the severity of
menstrual symptoms, including pain, betwesvulatory and anovulatory menstrual cycles in
women with dysmenorrhog@&spin Lopezet al. 2010) Nevertheless, iturrenty is believed

that primary dysmenorrhoea does result fréne enhanced tease of PGs, allegedly from
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disintegrating cells during endometrial sloughiwhich causes myometrial hypercontractility,

resulting in ischemia and hypoxia of theerine muscle, andiltimately,pain (Dawood1987)

There are nine classes of PGs: PGA through PGI; within which individual prostaglandins are
denoted by numerical subscripts. The two types of PGs that are implicated in the pathogenesis
of primary dysmenorrhoeic pain aRGF, yand PGE; however, BF, yappears to be of
particular importancéRuoff and Lema 2003)While PGE may result in either myometrial
contraction or relaxation, PGRalways causes potent vasoconstriction of uterine blood vessels,
and myometrial contractior{glofmeyr 1996; Ruoff and Lema 2003; Harel 200@)erealsois
evidence that P& gowers the thresholébr pain perception by sensitig nerve endings to

pain(Hofmeyr 1996; Ruoff and Lema 2003; Harel 2Q04)
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C Progesterone

E

Phospholipase\,

Cell wall E ArachidonicAcid
Phospholipids
E Cyclo-oxygenase (COX)
Cyclic Endoperoxides
PGG, PG

Pain (PGG, PCH)
Myometrial contraction = Prostaglandins

Vasoconstriction e PGF,, PGE,

Hypersensitisationf painfibres

Figure 2. The arachidonic acid cascade displaying the cyclooxygenase (COX) pathway, the biosynthesis of
cyclic endoperoxides (PGG and PGH,) and finally the synthesis of prostaglandins (PGFyand PGE,).
Prostaglandins F, ygand E, mediate myometrial contractions, vasocostriction, hypersensiisation of pain
nerve fibresand, ultimately, pain. Enzymesare shown in bold italics. Figure modified from Harel (2004).
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Coupled with their elevated PG levels, dysmenorrhoeic women have higher levels of uterine
activity duringmenstruation compared widsymptomatic women; basal or resting uterine tone

(> 10 mm Hg), active intrauterine pressure (> 120 mm Hg), frequency of uterine contractions,
and uncoorohated uterine contractions all ageeater in dysmenorrhoeic woméAkerlund

1979; Dawood 1995; Hofmeyr 1996; Dawood 20@&irthermore, studies investigating uterine
blood flow using Doppler ultrasonographlgave showrthat the song and abnormal uterine
contractions in women with dysmenorrhoea during menstruam@nassociated witreducel
uterine blood flow and resultantyometrial ischaemjandhence pair{Altunyurt et al. 2005)

Thus during menstruation, excessive release of PGs by the endometrium results in
hypercontractility of the uterus, and subsequent uterine muscl@emeh and hypoxia
(Dawood 1995; Hofmeyr 1996] he contraction of the isehmic uterugherefore ighelikely

cause of dysmenorrhoeic pain.

In addition to PGs, vasopressihas been implicated in the aetiology of primary
dysmenorrhoeaalthough the involvement of vasopressin remains controvefSiawood

2006) Limited studies hee shown kevated circulating serum arginine vasegsin leveldn

women with primary dysmenorrhoea during menstruafigkstrom et al. 1992; Akerlund

2004) Higher arginine vasopressin levels result in dysrhythmical uteringactions, which

would ultimately contribute to the pain by causing further uterine hypoxia and ischaemia
(Akerlund 1979)In contrast, other studies have not found increased plasma vasopressin levels
in women with primary dysmenorrhoéBaker et al. 1999a; Valentinet al. 2000) Also, a
vasopressin antagonist had no effect on menstrual pain, intrauterine pressure and uterine blood

flow (Valentinet al.2000)
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There alsas some evidence that dysmenorrhoea is not merely a disorder noticeable during the
menstruation phase of the menstrual cy&leecentstudy investigating cytoke gene expression
profiles, showedthat throughout the menstrual cycle, women wghmary dysmenorrhoea
compared to controlsexhibited a shift in the balance between expression patterns of pro
inflammatory cytokines and'GFbeta family member genes related to amflammatory
responseswith up-regulation of genes coding fgoro-inflammatory cytokines and down
regulation ofgenes related to antiflammatory responseda et al. 2013) In addition, sone
studies have found thalysmenorrhoeic women presenith elevated levels of prolactin in the
luteal phase(Litschgi and Glatthaar 1978; Ylikorkakt al. 1979; Bakeret al. 1999a)compared
with other phases of the menstruatley Also, women with primary dysmenorrhoea have been
found to havehigher nocturnal body temperatures, altered sleep, inactased mrning
oestrogen concentratiom®mparedto asymptomaticvomen, in three different phases of the
menstr@al cycle, namelythe midfollicular, mid-luteal, and menstruation phas@aker et 4.
1999a) Thereforeeven in the absence of pawpmenwith dysmenorrhoeaay havedistorted
hormonaland cytokine profilesompared with womewithout menstrualassociated disorderis.
remains unclear, however hether the altered cytokine and hormopeofiles of women with
recurrent menstrual pain translates to other physiological abnormatitissde of the

menstruation phassuch as altered processing and perception af pai
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1.3.4 Pain &nsitivity in Women with ysmenorhoea

The first studyalluding to a possible increase in pain sensitiatyross the menstrual cyale
women with dysmenorrhoea compared to women without dysmenorrhoea, was conducted in
1944 (Haman 1944) In this study dysmenorrheic women had lower pain thresholds to a
pressure stnulus applied to the thumb, compared riondysmenorrhoeic womenin all
menstrual cycle phasdgslaman 1944)Since this first account of an increased sevigjtito
pressurepain in dysmenorrhoeic womecompared tavomenwithout dysmenorrhogeaseveral
studies havanvestigated whether pain perceptionfeli§ between dysmenorrhoeic and non
dysmenorrhoeiovomen at different phases of the menstrual cyelewever the results are

inconclusive

Several studies report thad differencesxistin the perceptiomf experimental painncluding
ischaemic painheat pain,and electrical stimulation of the skinbetween dysmenorrhoeic and
nortdysmenorrhoeic wome(Abergeret al. 1983; Amodei and NelseGray 1989; Brinkeret
al. 2007) On the other handyther studies report that women with dysmenorrhioaaze an
enhanced perception te#ser pairevokedpotertials (Granotet al. 2001) heat pain(Goolkasian
1983; Bajajet al.2002; Vincentet al. 2011) pressure paifBajaj et al. 2002)and electrical pain
stimuli (Giamberardinoet al. 1997) applied to the abdomen, lowdack and extremities,
compared to ncaysmenorrhoeic womefGiamberardincet d. 1997; Bajajet al. 2002; Vincent

etal.2011)

As is the case for studies investigating pain sensitivity in women with normakfreain

menstrual cycle (seeSection 1.2), it is important to consider menstrual cycle phase when
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investigating pain sesitivity in women with primary dysmenorrhoea singenadalhormones
may impact pain perceptiofas discussed ifsection 1.21). Also, menstrual cycle pls2 is of
particular importance when investigating pain sensitivity in women with dysmnersar,
becaue it is possible that the perception of pain is altered in the presence of background

dysmenorrhoeic pain (during menstruation) compared tofpagnphases of the menstrual cycle.

1.34.1Experimental Pain across the Ovulatory Menstrual Cycle in WomgnDiysmenorrhoea

Studies investigatingpain sensitivity across the menstrual cycieriomen vith dysmenornoea
are inconsistent and inconclusivéYomen with dysmenorrhoea havieeen reported to have
reduced cold pain thresholdaring the luteal phase epared with the follicular phagelapidou
and De Catanzaro 1988kduced heat and pressure pain thresholds during thetnned phase
compared with allother phases of the menstrual cy¢@ajaj et al. 2002) and leighened
electrical pain thresholds during the late luteal pli@amberardineet al. 1997) Other studies
however, report that therméBGranotet al. 2001; Vincentet al. 2011) ischaemic, and pressure
painperceptiofAmodei and NelsoiGray 1989)do not vary acarding to menstrual cycle phase

in women with dysmenorrhoea

The methodological concerns, including stimsilgite, pain modalityand range of outcome
measuresused, which influence pain sensitivity in women with pdmee menstrual cycles
(Section 1.2.2plso apply hereStudies on pain perception across the menstrual cycle in women

with dysmenorrhoea have used a diverse range of stimulations to induce experimental pain,
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including: pressuréAmodei and NelsoiGray 1989; Bajagt al. 2002) heat(Granotet al. 2001;
Bajaj et al. 2002; Vincentet al. 2011) cold pressor stimulatio(Hapidou and De Catanzaro
1988) electrical stimulation(Giamberardinoet al. 1997) ischaemia(Aberger et al. 1983;
Amodei and Nelsoiray 1989) pinch(Bajaj et al. 2002) tactile stimulationBajaj et al. 2002)

and pairevoked potentials by laser stim{@Granotet al.2001)

As is the case with studies on women without dysmenorrhoea, a variety of sites havedaeen u
to induceexperimental paiim women with dysmenorrhogemcluding: the thumi§fHaman 1944)

index finger (Amodei and NelsoiGray 1989) forearm (Goolkasian 1983) upper arm
(Giamberardineet al. 1997; Bajajet al.2002) leg (Giamberardinaet al. 1997; Bajajet al.2002)
abdomen(Giamberardincet al. 1997; Bajajet al. 2002) and lower backBajaj et al. 2002)
Menstrual pain iseferred to the abdomen in 7®0% of womenMonteroet al. 1999) and to

the lower back in 40% of womefTissot and Messing 1995However, ¢ date, only three
studieshave compad pain sensitivity both within and outside areas of referred menstrual pain
(Giamberardineet al. 1997; Bajajet al. 2002; Vincentet al. 2011) Giamberardinaet al (1997)

found that women with dysmenorrhoea had lower pain thresholds to electrical stimulation during
the perimenstrual phaséut not during the luteaphas¢ for muscle and subcutaneous
stimulatiors at both the abdomen (within the area of referred menstrual pain) and limb sites
(outside the area of referred menstrual pain). Similarly, Bajaj (2002) reported hyperalgesia to
heat and pressure stimulations both within (abdomen and lower back) ane ¢atsidand leg)

areas of referred menstrual pain during the menstrual phase in dysmenorrhoeic women. The
authorshypothesisehat thee findings are indicative of a spinal mechanism of central kyper

excitability induced by recurrent moderéatesevere menrual pain(Bajaj et al. 2002) More
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recently, a study by Vincentet al (2011) substantiatedother reports that women with
dysmenorrhoea are more sensitiban controlsto thermal pain oth within (abdomen) and
outside (arm) areas of referred menstrual pairtontrast to the other two studies, the increased
pain sensitivity was evidenbroughout the menstrual cyclduring the menstruation (days2)

phase, the follicular phase (day&12), and the luteal phase (days2Z) (Vincentet al.2011)

In terms of tissue depth dysmenorrhoeic women have shown hyperalgesia to electrical
stimulation in the areas of referradenstrual pain for deep tissues such as muscle and
subcutaneous tissy&iamberardincet al. 1997) however, the hyperalgesia does not extend to

the skin(Giamberardinoet d. 1997; Brinkertet al. 2007) This finding is in agreement with

other studies that report that structures that become hyperalgesic under recurrent visceral pain
conditions are primarily muscles, with lesser influence on subcutaneous tissues andseoBn les

the skin(Vecchietet al. 1990; Giamberardinet al. 1993)

Based on the diverse study designs and findings presented above, it still remains unclear whether
or not women with primary dysmenorrho@ae hypersensitive to pain during the painful
menstruation phase and/or during other e phases of the menstrual cycle. In my studies
decribed inChapter 21 address manynethodological concern® further investigate whether
muscle pain responseafiffer between women with and without primary dysmenorrhata

different phases of the menstrual cycle
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1.35 Classificationof Primary Dysmenorrhoeaas aCentral SensitisationSyndrome

While studies of experimental pain have not yet confirmed thatemowith dysmenorrhoea are
hypersensitive to pain, it has been suggested that the repeated monthly painful episodes may
result in the development of central sensitivity to p@finus 2007; Yunus 2008Central
sensitisations defined as an abnormaugmentation of pain by mechanismghin the CNS,

and therefore represents a state where the response to normal peripheral inputs is greatly
enhancedWoolf 2004; Woolf 2007) This heightened »xitability of nociceptive projection
neuronsnot only increases their sensitivity itgputs from afferents fronMamaged or inflamed

sites, but also to other convergent inputSessle 2007)Primary d/smenorrhoea has been
classified as a member of the central sensitivity syndromes (CSS) together with several other
clinical canditions including fibromyalgia and tensitype headachegYunus 2007; Yunus

2008) These syndromes are characterised by pain hypersensitivity in the absence of tissue

injury, inflammation, or a lesion to the nervous sys{&oolf 2007; Yunus 2007)

Indeed, ompared to nowlysmenorrhoeic womemngesearch indicates thatherwise healthy
women with dysmenorrhoea may have a variatiorthe mode of systemic pain processing;
where the peripheral nociceptive message generated by the reproductive organs during
menstruation is amplified, thus causing an increased excitability of somatovisceral convergent
neurons in themnal cord, and ulthately, increasegain perception(Granotet al.2001; Bajajet

al. 2002) Possible consequences of prolonged massive afferent visceral barrage and hence
increased neuronal inputto the CNS are furctional and structural alterations throughout the

CNS includingcentral sensitisatioto pain(Giamberardino 1999; Granet al.2001; Bajajet al.
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2002) Below, | will briefly discuss the evidence suggesting that recurrent pain is associated with

central sensitisation foain

Recent studies have demonstrated significant differences between the brains of otherwise healthy
women who experience moderdtesevere dysmenorrhoeic pain andodé of non
dysmenorrhoeic women; includindifferences in central activity induced by nows skin
stimulation (Vincent et al. 2011) cerebral metabolisr(iTu et al. 2009) and cerebral structure

(Tuet al.2010)

Functional magnetic resonance imaging recently demonstrated that activity @mttrainal

cortex a regionthat has beemmplicated in enhanced pain perception mediated by anaisty
anticipation(Ploghauset al. 2001; Fairhurset al. 2007) may explain the increased response to
thermal pain that was found in women with dysmenorrhoea, even irbfea@e of menstrual

pain .e. duringnon-menstrual phasegYincentet al.2011) Furtrermore, during menstruation,
control women displayed deactivation of brain regions in responseperigental noxious
thermal stimulation; a phenomenon that was not observed in the women with dysmenorrhoea

(Vincentet al.2011)

In 2009, Tuet al used fluoredeoxygluose PETin 17 wonen with primary dysmenorrhoea and

16 painfree controls to demonstrate that primary dysmenorrhoea is associated with abnormal
metabolic changes in several areas in the brain involved in pain procéEsiet al. 2009)

When experiencing menstrual paicompared to a paifree phase othe menstrual cycle

women with dysmenorrhoeahoweal increasedregional glucose metabolism ithalamic,
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orbitofrontal and prefrontal areas, and decreased regional metabolism in lateral somatic
sensorimotor aregqu et al. 2009) Thesepresentations of hypeand hym-metabolic cerebral
regions were found to benique to menstrual pain; they were not evident in the controls, and
they dffer from those observed in acute visceral pain domas and other kinds of persistent
pain(Derbyshire 2003; Apkariaet al.2005; Kupers and Kehlet 2006; Kulkaetial.2007) The
authors suggeshat disinhibition of thalamarbitofrontatprefrontal networks may contribute to

the generation of pain and increased pain sensitivity in women with primary dysmenprrhoea
possibly by maintaining spinal and thalamic sensitisatgssociated with chronic visceral pain)

and by increasing negatieenotionAffect(Tu et al.2009)

Given the results of altered brain metabolism in women with dysmenorrhoea, and that repeated
painful episodes experienced by women with dysmenorrhoea may induce structural and
functional changes within the CNS, the same groupgeséarches further investigated the brain
morphology in women with and without dysmenorrhoea using an optimised -vased
morphometry (VBM) approac{Tu et al.2010) Compared to healthy controldyr@ormal volume
changes in the gray matter of women with primary dysmenorrhoea were observed; in particular,
abnormal decreases were observed in regions of the brain involved in pain transmission and
higher level sensory procgsg, while increases were observed in regions involved in pain
modulation and endocrine function regulati¢fiu et al. 2010) Although the functional
consequences of this central reorganisation remain to be estabtishealjthors suggest that
these changesupport a combination of impaired pain inhibition and amplified pain facilitation
(Tu et al. 2010) Importantly, thechanges in gray matter volume were evideveénwhen the

women wee in a paidfree phase of the mensttuycle, highlightingthat lasting central changes
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may occur in recurring pain conditions, and not just chronic pain condifitms hypothesis is
further supported by the observation of simitaorphological brain ltanges(using VBM),
specifically decreases in granatter volume,in otherrecurrent or chronipain states, including
irritable bowel syndromelBS) (Davis et al. 2008; Blanksteiret al. 2010) and chronic pelvic

pain (CPP) (As-Sanieet al. 2012) Althought tre changes in gray matter volume may vary
between pain states, and may dependherbrain structures involved, as well as pain duration
and pain incidence (persistent or intermittetitgse changesupport the theory thairolonged
nociceptive inpuinto the CNS can generate functional and structural modifications throughout
the nervous systenand caralter the processing of pain within the Cl\arcus 1995; Apkarian

et al.2005; Hermanmt al.2008)

Although primary dysmenorrhoes not currently classified as a CRRoward 2004)it is a
frequent cemorbid symptom in women with CREondervaret al. 2001) For example, a recent
robust 10year followup study concluded that women with IBS are more likely to experience
dysmenorrhoea compared to women without [BEafsdottir et al. 2012) This finding isnot
surprising given thatn the clinical setting, a painful condition of one organ can affleet
reactivity to painful stimuli of other visceral areagth at least partially overlapping sensory
projection(Giamberardino 2000; Giamberardiebd al. 2001) Furthermore, other studies report
that women who experience both dysmenorrhoea and IBSlysmenorrhoea and urinary
calculosis, have more menstrual pain, IBS paird ambdominal muscle hyperalgesia
(Giamberardincet al. 2010) or more menstrual pain, urinary pain and lumbar and abdominal
muscle hyperalgesiéGiamberardincet al. 2010) compared to women with only one of these

painful conditions.The mechanisms underlying thisgim o0 me n o n, visderevisoemld
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hyperal ges-bagamr sdéirgsiotsiss a understood, roweeer, a plausibient i r e
explanation is that increased nociceptive input to the CNS from one visceral domain (e.g. the
reproductive organs), sensitises or increases the excitability of wgsesval convergent

neurons in the spinal cord. As esult, the central effect of the input from the second visceral
location (e.g. the urinary tract) is amplifi€¢@iamberardino 2000(see review byBrumovsky

and Gebhart 2010Regardless of thexact mechanisms involved in producingsthvisceral

interaction, remarkablyeffective treatment of one painfabndition in one organ decreagssn

and symptoms from the other organ. For examplégotive treatment of dysmenorrhoéas

been shown to significantly decreapain reactivity fromthe urinary tract(Giamberardino

2000) as wellasIBS and urinary calculosis symptorfGiamberardinet al.2010).

Taken together, the recently described evidence of structural and functional modifications within
the CNS suggest that women with primary dysmdra@a have central changes that persist
beyond the time of menstruation, possibly due to the recurrent nociceptive input into the CNS
(Marcus 1995;Apkarian et al. 2005; Hermanret al. 2008) Recentlyresearchers have even
suggestedhat dysmenorrhoea may predispose wortea chronic pain statAs-Sanieet al.

2012) Why some women with dysmenorrhoea undergo a transition to a chronic pain state, while
others do not, remains uncle&towever, it has beehnypothesisé that central pain modulation
(amplification or inhibition) may account for this phenomentinis also interesting to speculate
whether such central changes contribute to the gender difference in chronic pain conditions

(Berkley 1997; PogatzkZahn 2013)
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While one potential longrm outcome of primary dysmenorrhoea may be heightened risk for
developing other painful conditions later on in life, it also has immediate impact on the daily

lives of women due to the effect of painaaily functioning, quality of life and mood.

1.3.6 Consequences of Primary Dysmenorrhoea

1.3.6.1 Daytime FunctioningQuality of Lifeand Mood

The painful menstrual cramps experienced by women with dysmenocaonba considerably
disabling, havingoeenlikened torenal colic painAyanetal. 2012) The intense cyclic pain is
associated with a restriction of physical actiiBawood 1995; Cheept al. 2006; Patekt al.

2006; Chantleret al. 2009a) and dysmenorhoeic pain has been reported tothe primary
cause of recurrent sherm school or work absenteeism among young womenhibd-c
bearing age. Several longitudinal studies on young dysmenarivoenenhave revealed that
rates of absenteeism in these women range freB034(Andersch and Milsom 1982; Sundell

et al. 1990) Therefore, dysmenorrhoea not only disrupts the personal lives of these women
(Eryilmaz et al. 2010) but given its significant impact on productivity, dysmermea can

ultimately have economic consequen@dsfmeyr 1996; Jones 2004)

Chronic pain isa major contributor to a reducedality of life (QoL) (Skevington 1998; Laursen
et al. 2005; O'Connor 2009; Matusiak al. 2010; Souzeet al. 2011; Langley 2012)Primary
dysmenorrhoea presents features of both chrardcaaute pain syndromes; it is a recurring pain

with a regular onset, however it is of short duraiiBakeret al. 1999a) However, sirprisingly
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very little is known about the effect of primary dysmoeroeic pain on QoLAlthough review
articles on primary dysmenorrhoea report that dysmenorrhoeic pain is ass@adthta reduced
QoL (Coco 1999; Proctor and Farquhar 2Q@8)idence of these claimslimited. Only recently
have crossectional studis specifichy investigated Qol as a construct, in women who
experiencedysmenorrbeic pain Women with dysmenorrhoelaave been shown to exhikat
reduced physical, but not mentabmponent, ofQoL (Vincent et al. 2011) Women with
dysmenorrhoea also have been shown to sigreficantly lowerin the domains of physical and
social functioning, physi¢arole functioning, bodily painand general health perceptions,
compared to women who did not report dysmenorri{Baanardet al. 2003; Unsakt al. 2010)
Although these studie®porta decreasenihealthrelated QoLin women with dysmenordea,
they donot distinguish between primary and secondary dysmeoeartBarnardet al. 2003;
Unsalet al. 2010; Souzat al. 2011; Vincentet al. 2011) and only on&onsideed the intensity
of dysmenorrbeic pain(Unsal et al. 2010) Given thatpain severity is a strong preadtor of
depression angoaer QoL (Bair et al. 2003) it is importan that studies reporting on QoL

consider the intensity of the pain experienced.

Moreover, these studies do not take menstrual cycle phase into af@aumirdet al. 2003;
Unsalet al.2010; Souzat al.2011; Vincentt al.2011) It thereforeremainsunknown whether

QoL in women with dysmenordea isspecifically linked to menstrual pain or [persistently
lower, possibly reflecting a different psychological profilecompared to women without
dysmenorrbea Women with severe premenstrual syndrome, another condition linked to a
specific mensual phasereport a poorer Qohot only in the premenstrual phase but also in the
low-symptom follcular phase, compared to contr@Bakeret al. 2012) and the same may be
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true in women with dysmenorrha€bo addresghe limitations of previous studies) the study
describedin Chapter 31 investigate using the validate®hort Form of the Quality of Life
Enjoyment and Satisfaction Questionna({Endicott et al. 1993) whether severerecurrent
primary dysmenorrhoeic painaffecs QoL during menstruation when the women are

experiencing paims well as during aon-painful mengrual phase

Given thatpain not aly is a sensory experience, also an emotional evefifaxonomy 1979;
Bromm 1995) the effects of dysmenorrhoeic pain on psychological distress and affective states,
such as moqdalso need to be considerdtpidemiological studiehave demonstrated that pain
exacerbates psychological distrés®n Korff and Simon 1996; Briet al. 2003) Importantly,

the association between pain and anxiety/depression is bidirectional; such that psychological
distresscan also exacerbatgain (Von Korff and Simon 1996; Baiet al. 2003) Numerous
studies on paHfree male and female participants halso shown that affective processes can
modulate pain; arousing positive emoticarsdd mood areable to reduce pain perceptomwhile
arousing negative emotions and mood induces pain facilitiMamsenberget al. 1984; Zelmaret

al. 1991; Zillmannet al. 1996; Weisenbergt al. 1998; Rhudy and kagher 2000; Meaghet al.

2001; Wunsclet al.2003; Rainvilleet al.2005; Rhudyet al.2005; Rhudy and Bartley 2010)

There aresurprisingly few reportson emotional distressin women who experience cyclical
primary dysmenorrhoeipain Evening assessent of moodin one studyshowed that women
with primary dysmenorrhoea were significantly mawgtated during menstruation compared to

their follicular phas€Bakeret al. 1999a) Similarly, cepressiorand anxiety have been found to
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be strongly associated with menstrual pahhough no distinadn was made between wem
with primary and secondary dysmenorrhdé@donso and Coe 2001; Dorat al. 2009) To
address the lack of information @i the impact of primary dysmenorrhoea on mood state, a
part of the study reporteith Chapter 3, | investigate the mood of women with and without
dysmenorrhoealuring the painful menstruation phase as well as during thefremnlate

follicular and lueal phases dhe menstrual cycle.

1.36.2 Sleep

Most studies have focused tire impact of dysmenorrhoeic pain on dagifunctioning with

little attention paidto the impact of pain on sleep.h e Nat i onal Sl eep Founo
and Sleep Poll (199 found that women reported more disturbed sleep duriaditst few

days of menstruatiothan at other times othe menstrual cycle and that%®8of the sample

reported that their sleep was disturbed by menstrual cramps aiN&#n1998) In association

with their painful uterine cramps, women with dysmenorrhoea frequently compldayine

fatigue and sleepineswhich further is suggestive of disturbedleep(Delgadoet al. 1994;

Chen and Chen 2005;-Hilany et al. 2005; Ohdeet al. 2008) The following section provides

an overview of how sleep is assessed and discusses the relationship between peep.and s
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1.3.62.1 Assessment oSleep

Sleep is adistinctive form of rest. It is an essential physiological and rhythmic state that is
regulated by autonomic, homeostatic and circadian procg$sieshkowitz 2004) The
regulation of sleep is compleand beyond the scope tfis review Several substancesre
involved in the regulation of sleemcluding GABA, adenosingorexin, histamine,and PGs

For exampleadenosineand PGD are believed to bendogenous sleggromoting substanse
(Robertset al. 1980; Uencet al. 1983; Pentreatlet al. 1990; Islamet al. 1991; Pandet al.
1995; Hayashi 2002; Porkkadeiskanenet al. 2002) Orexin A and PGE generate arousal
effects; by exciting the histaminergic tuberomammillary nucleus neurorexin A induces
wakefulnesqErikssonet al. 2001)and PGE is believed to to be involved in the maintenance

of the waking staté@Matsumuraet al. 1988; Onoeet al. 1992; Gerozissist al. 1995)

Based on numerous physiological parameters, several types of sleep exist, each ¥iith spec
characteristics, functionand regulatory mechanism@irshkowitz 2004; Carskadon and
Dement 2005) Polysomnography (PSG) allows for the objective assessnieskeep by
measuring brain activity, eye activity and muscle activity using electroencephalography (EEG),
electreoculography (EO® and electromyography (EMG), respective{Zarskadon and
Dement 2005)Commonly used terms in PSG reports, as well as their definitions, as described

by Spriggs (R02), are listed iTable2 (Spriggs2002)
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Table 2. Commonterms used in the analysis of polysomnographic recordifigsle 2is

generated using information from Spiggs, 2602 Rechtschaffen and Kales, 1968

PSG Terms Definition

Lights Out The beginning of the study, when thégmgct begins trying to fall
asleep

Lights On The end of the studywhen the subject wakes up

Sleep Onset Latency
(SOL)

Total Recording
Time (TRT)

Total Sleep Time
(TST)

Wake after Sleep
Onset (WASO)

Movement Time
(MT)

Arousal

Total Sleep Period

Sleep Efficiency
(SE)

The time it takes to fall asleep

The duration from Lights Out to Lights On

The amount of actual sleep time in a Sleep Period; equal to total
recording timeminus the sum ah-bed wakefulnesand Total
Movement Time

The total amount of time spent awake after the onset of sleep
Time when the subject is moving and the channels are obscured
more than 15 seconds because of this movement

An interruption of sleep continuity in which there is a shift in EEG
frequency

A period of time measured frome&p Onset to final awakening. In
addition to Total Sleep Time, it is comprised of the time taken up
Arousals and Movement Time

The percentage of the Total Recording Time that the subject was
asleep (SE= TST/TRT)
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Given thd sleep stages are intervals of sleep with distinct EEG, EOG and EMG characteristics,
polysomnographic records provide a means for the identification and differentiation between
the various stages of sleep. The pattern or progression of the sleep staggisotlt a sleep
period is referred to as sleep architect(&priggs 2002) Figure 3 is an example of a

hypnogramwhich shows the distribution of sleep stages during the night.
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Figure 3. A hypnogram showing the progression of sleep stages across a singlénnig a

normal young adult. Figure adapted from Kales and Kales (1984).
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According to the standard critenqmoposed for sleep scorirfechtschat#n and Kales 1968)
sleep can belivided broadly into two stagesionrapid eye movement (NREM)eep and
rapid eye movement (REM) sleep. NREM sleep can be furikieted into four sleep stages:
Stages 1, 2, 3 and {4Rechtschaffen and Kales 1968)he depth of sleep progressively
increases fron$tagel through toStage 4, and similarlgrousal thresholds are normally lowest
during Stagel sleep andjradually increase until they reach their highesgelsin Stage4 sleep
(Roth and Roehrs 2000; Hirshkowitz 2008jage 1 is charactegd by alow-voltage mixed
frequency EEGnd is considered a transitional stage of slaspt has characteristics of both
wakdulness and sleegHirshkowitz 2004) Stage 1 comprises5o of total sleep time (TST)
(Hirshkowitz 2004; Carskadon and Dement 20D0Stage 2 sleep is charactedsby the
presence of sleep spindles anecé#mplexes on the EE and comprises 455% of TST
(Hirshkowitz 2004; Carskadon and Dement 20@age 3 and dftenarecollectivelyreferred

to as slow wave sleep (SWS) or delta sleep, due to the characteristic presence of high
amplitude, low frequency delta waves during thelsep stage@Hirshkowitz 2004; Carskadon
and Dement 2005 SWS constitutes 133% of TST(Carskadon and Dement 200REM
sleep constittes 2025% of TST (Hirshkowitz 2004; Carskadon and Dement 20858¥ is
defined by the presence wiuscle atonia in the EMG, episodic burstsayid eye movements
and low amplitude, mixed frequency EHBoth and Roehrs 2000fpawtooth theta waves

may also be present during REM sl€ejrshkowitz 2004)

During a normal sleep ped, NREM sleep and REM sleep alternate 46 8ycles,each lasting

approximately 90 120 minutegHirshkowitz 2004) In general, SWS predominates in the first
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third of the night, while REM sleep is the dominant sleep state duringettendhalf of the

sleep perioqHirshkowitz 2004)

Although PSGecords all ow for the continuous and o6&
sleep architecture and sleep efficiency over an entire sleep period, subjective sleep assessments
using gestionnaires and sleep diarigovide valuable information regardingand i vi dual 0 s
perception of their sleefPerliset al. 1997; Bakeret al. 1999b; Baker and Driver 20Q4)hich

does not always align with objective assessméimisexample, perceived sleep quality may be

affected by psychological statehigh affectssleep appraisal processes rather than sleep itself

(Krystal and Edinger 2008}t therefore is important for studies to include both subjecink a

objective assessments when investigating sleep.

1.3.62.2 Pain and Sleep

When one is in an awake, aroused and conscious state, pain is a combination of sensory
perception and emotional evaluatiBromm 1995) However, since sleep is a state of altered
consciousnessnaé sensitivity to external stimuli, including paiis, reducedvhen sleepings

sensory inbrmation is processed different(Beydounet al. 1993; Carskadon and Dement

2005)

Nevertheless, despite the reduction in cognitive and motor reactions to pain during sleep,
painful gimuli during sleep have been founddlicit physiological reactionand in fact, pain

is a major disruptor of slegplenefeeet al. 2000; Oneret al. 2005) Studies have evaluated
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the effects of a variety of experimental pain stimuli during sleep on cémssporses in
healthy subjects. Msclepain stimulihave been shown to provoke arousal effect, including
reduced delt&EG activity and increased alphl and beta activitfDreweset al. 1997) Joint-

pain stimulihave been found to provokkecreases ithe lowestEEG frequency bandslelta,

theta and alpha 1) and increases in the higher frequeGbands (alpa 2, sigma and beta)

No differences we observed in the EEGs wheuataneous pain stimuli were appli@drewes

et al. 1997) Noxious thermal stimli appliedto healthysubjects have been shown to lead to
awakenings from Stage 2 sleep, with higher intensities required to evoke arousal from SWS
and REMsleep(Bentley et al. 2003) Similarly, hot stimulihave been shown to provoke
moderate level of atical arousal during sleep, withore sleep arousais the lighter Stage 2

sleep compared with SWS and REM slélegvigneet al. 2000)

Epidemiological studieglsosuggest that a tight relationship exists betweencal pain and

sleep disturbancg®ilowskyet al. 1985; Gislason and AlmqvisO87; Goodinet al. 2011) A

large community health survey of 1765 participants revealed pain to be the variable that was
most strongly correlated with sleep problefioffitt et al. 1991) Between 50% and 90% of
patientswith chronic pain conditions, such as atibr fioromyalgia and low back pain,
complain of poor sleep in relation to their pain conditifiressigneet al. 2005) In fact, pain is
believed to be the primary cause of insomnia in patients with various medical conditions

(Drewes and Areneilielsen 2001)

In additionto a high prevalencef subjective sleep disturban¢epolysomnographic evidence

confirms sleep disruptions in patients ittv various pain conditions, particularly
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musculoskeletal disorders such as rheumatoid arthritis and fibromy@ksdason and
Almqvist 1987; Moffitt et al. 1991; Jennunet al. 1993; Drewes and Arenditielsen 2001;
Wolfe et al. 2006) Typically, pain reduces sleep efficiency and alters sleep architecture by
increasing wakefulness and Stage 1 sleep, and by reducing SWS and REKOsleeet al.
2005) In addition, patients with chronic pain haveiaarease in alpha activity during sleep
reflecting less restorative sle€Wittig et al. 1982; Mahowaldet al. 1989; Roizenblatet al.

2001)

The relationship between sleep and pain is bidirectional. Just as pain impacts sleep, so too can
a disturbed sleep impact on the sensation of paiteed, numerous studies have determined a
strong association betwegoor sleep and fatigue, excessive daytime sleepiness, stiffness and
pain (Gislason and Almgvist 1987; Belza 1995; Stanébral. 2006; Takahashet al. 2006;

Wolfe et al. 2006; Bennetet al.2007) Evenin healthy individués, sleep disturbances sleep
deprivationhave been found to accentuate painresult in hyperalgesiéOnenet al. 2001,
Azevedoet al.2011; Goodiret al.2011) A poorer slep quality has been associated with pain
catastrophisation of the cold pressor té&loodin et al. 2011) Similarly, 40 hours of total
sleep deprivation has been reported to result in hyperal@senet al. 2001) On the other
hand, rebound sleep, evideritea sleep deprivation, generates an analgesic effect that is
comparable to that achieved using acetaminophen or NSAIDs in healthy s@Ojeetet al.

2001)

In summary, the relationship tweeen pain and sleep reciprocal painful stimuli (both clinical

and experimental) disrupt sleep. Sleep deprivation or sleep disruption subsequently exacerbate
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sensitivity to pain thereby intensifying the effects of the pain on daytime functi¢@menet
al. 2001; Ohayon 2006)rhe ultimate result is a vicious cycle in which sleep disturbance and

pain ensure the matenance and augmentation of eaalther.

1.3.62.3 Dysmenorrhoea and Sleep

Despite anecdotalreports of significantlypoorer sleep quality in women witimenstrual
cramps,the only two studieghat haveinvestigated the extent to which dysmenorrhoeic pain
disturbs subjective andobjective measures of sleebpave conflicting results (Baker et al.
1999a; Araujcet al.2011) Bakeret al, 1999,investigated the sleep architecture of ten women
with unmedicatedsevereprimary dysmenorrhoea and eight women free from any menstrual
associated disoalson the first night of menstruation as well as during the-foliccular and
mid-luteal phases of their menstrual cycles. In association with their pain, the dysmenorrhoeic
women rated their sleep quality as significantly worse than controls durindgroaits, and
compared with their own paifnee follicular and luteal phasd8aker et al. 1999a) Sleep
disturbancesalso were evident in PSG recordingsyomen with dysmenorrhoea had
significantly reduced SEluring menstruation, with an extended combitiete spent awake,
movingand in lightStagel sleep, comparedith both the pairfree phases of their menstrual
cycle, and with controls. While experiencing painwomen with dysmenorrhoea had
significanty less REM sleep thawhen they wer@ainfree, however gsmenorrhoeic pain had

no significant effect orSWS
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The seond study reported quite the opposdeernight PSG recordingsf 24 women during
menstruatior(8 women without menstrual pain, 8 women experiencing menstrual pain without
medication, and 8 women experiencing menstrual pain with medicasbajyedthat the
objectivesleep of women experiencimgenstrual pain was not significantly different to that of
women without menstrual pain, or to that of women taking medication to relieve their
menstrual pain(Araujo et al. 2011) Subjective sleep quality was not assessdte main
difference between the two studisstheseverity of dysmenorrhoeicam experienced bthe

two cohorts of womenthe women inthe study conducted by Araugt al. (2011) reported
mild-to-moderate menstruglain, whereas those the study by Bakeet al. (1999a)reported
severe menstrual painufhermore,the mean age of the womevith dysmenorrhoeavho
participated irthe Araujoet al. (2011)study(mean £ SD of women without medication: 35 +

7 years old and women with medication: 37 £ 7 yeavgasgreater than that dhose inthe
Bakeret d. (1999a)study (23 + 5 years; this difference may have been significantoasy

5% of women above 35 years of dgagve been shown texperience severe menstrual pain
(Polatet al.2009) Therefore, it is likely that the womeincludedin the more recent study did

not experience menstrual paavere enough to disrughteir sleep.Indeed, no woman reported
being awakened during the night due to the p@raujo et al. 2011) In addition, no
distinction was made between primary and secondary dysmeaarrand women were only
assessed once in a random menstrual cycle phase, with approximately 6% of women being
assessed during the ovulatory phase, 38% during the follicular phase, 21% during the luteal
phase, and 35% in an anovulatory menstrual cyChas comparisons could not beade

within the same women, with and without péwaujo et al.2011)
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Aswith other painful stimul{discussedn Section1.3.62.2), the uterine cramps, characgtic

of dysmenorrhoea, malye the cause of a vicious cycle of negative events; menstrual pain
reduces sleep quality andieféncy, and the consequent fatigue experienced by these women is
likely to intensify the negative effect of the pain on daytime functioning and itiarocer and
Baker 1998)The finding from the study bBakeret al (199%) that primary dysmenorrhoea is
associated with disturbed sleep leads to the question of whether alleviating dysneoaorrho
pain will restore sleep architecture and improve sleep quality in women who suffer from this
menstrualassociated disordeiTherefore, my study described inChapter 5 investigats
whethera readily availablenonsteroidal antinflammatory drug diclofenac potassium, is
effectivein relieving nighttime dysmenorrhoeic pain, and consequently restoring sleep quality

in women with severe primary dysmenorrhoea

1.3.7Treatment of Primary Dysmenorrhoea

On account othe PGbasedaetiology of primary dysmnorrhoea, the current mostmmon
pharmacologicaltreatment ér dysmenorrhoea is nesteroidal antinflammatory drugs
(NSAIDs) (Harel 2004) NSAIDs are classified as ptaglandin synthetase inhibitoasd are,
on a global scale, among the most frequently prescribed group of @ftaieh 1997; Warner
et al. 1999; Bianchi 2004)The various formulations of NSAIDs have comparable efficacy for
dysmenorrhoea,na pain relief is successfully achieved inB30% of womenSmith 1993;

Marjoribankset al.2003; Proctor and Farquhar 2006)
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However, dout 15% ofwomen across the age rangho suffer fromdysmenorrhoea do not
respond to, orra intolerant to P@nhibitors (Rauhet al. 1985; Campbell and McGrath 1999)
In these women, oral contrad¢iees often are used as secordde therapy. The synthetic
hormones in olecontraceptivesuppress ovulation and reduce the thickness ofrtiersetrial
lining of the uterus, thereby reducirthe volume of menstrual fluid, PG synthesis and
dysmenorrhoeigain (Dawood 1995; Proctoet al. 2001; Ruoff and Lema 2003; Strowitzki

al. 2012) However, arecent metanalysis has commed the longsuspected association
between oral contraceptive use and the risk of venous thromboemigglesioli et al. 2012)
Hormonal intrauterine devices, which typically reduce bleeding, have also been shown to
reduce the severity of menstrual pgi8uhonenet al. 2004; Lindh and Milsom2013)
However, the use dformonal intrauterine devices imulliparous womeitis still relatively low

(Lindh and Milsom 2013; Ekelunek al.2014)

Othercurrently availablegherapeutic approaches for the rmgement of dysmenorrhoeic pain

include: transcutaneous electric nerve stimulatroh i ch al ters the bodyds :
perceive pain signals; transdermal nitroglycerin patches, which inhibit uterine contractions;
acupuncturacupressurteand surgal interventions such as laparoscopic uterosacral nerve

ablation surgeryRuoff and Lema 2003; Jones 2004; Proctor and Farquhar 2006; Cho and
Hwang 2010; Ghaolghi et al. 2012) Such therapeutical approaches, however, are not
considered to be effective enough to be widely used in clinical prg&i@net al.2012) and

randomised control trials showing efficacy of such approaches are lirffiexdttor and

Farquhar 206).
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Many womeralsoresort to alternative nepharmacologic therapies to mege their menstrual
discomfort, although thesaften are ineffective. Aternative approaches include heating pads
for cramps, extra bed rest sleep physicalexercise, meditain, aromatic oilsginger root tea,

salt waterjncreased calcium intakecreased vitamin D intakand various food sources such
as beans, tofu and salm@ampbell and McGrath 1999; Ogunfowokan and Babatunde 2010;

Lascoet al.2012; Ouet al.2012)

While approxmately 4770% of university students use analgesics for pain r@lednje and
Kritzinger 1991; Polaet al. 2009; Ortiz 201Q) an estimated 30% of adolescents do not use
overthe-counter medications to treat their menstrual pain @mg approximately 18%use
prescription medicatio(Wenzloff and Shimp 1984; Campbell and McGrath 1997; O'Connell

et al. 2006) althoughthe perceived effectiveness of pharmacological methods in the treatment
of menstrual discomfort is superior to thatnain-pharmacologic method# a questionnaire

baed studyof 289 female adolescent subjects, 98% of these adolescents reported using no less
than one noipharmacologic method to control menstrual discomfort. However, the mean
perceived effectiveness of most Rpimarmacologic methods was reported to blevbel0%

(Campbell and McGrath 1999)

The large variability in the perceived efficacy dfetvarious noipharmacologic strategies
suggests that the efficacy ssich methods ipersonal; one technique may provide relative pain
relief for one adolescent, but may not provithe tsame perceived pain relief fothers.
However, some studies indicateat methods with a direct physiological impact, such as heat

and exercise, are more effective than psychologiaakd methods, such as distraction
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(Campbell and McGrath 199@)nd may be as effective as some NSAIBsr example, an
abdominal heat wrap was found to be as effective as ibuprofen, and more effective than

acetaminophen in relievindysmenorrhoeic paifkin et al.2001; Akinet al.2004)

1.3.7.1 Dysmenorrhoea and NSAIDs

NSAIDs act by inhibitingthe enzyme that catalyses the conversion of arachidonic acid to
cyclic endoperoxides, namely cyatxygenase (COX(see Figure), which in turn inhibitghe
production of PG¢Warneret al. 1999; Ruoff and Lema 2003%iven that suppression of PG
formation results in a reduction in uterine PG secretion and thus less vigorous uterine
contractions, many NSAIDs provide effective relief from dysmeraeic pain.Thus, NSAIDs
alleviate primary dysmenorrhoeic pain predominantly through the suppression of enalometri

PG synthesigDawood 1995)

The COXenzymeexists in two isoforms, namely COK and COX2, each with different
prevalence and effects in various tiss@ielich 1997; Warneet al. 1999) Seeral studies
have recently suggested a third isoform of COX, named -G@Xolich 1997; Warneet al.
1999; Langford and Evans 2002; Harel 200@yclooxygenase3 is believed to be a spliced
variant of COX1 that is highly expressed in the CNBut little is known about its

physiological role.

COX-1 is believed to be the predominantly constitutive form of the enzywmech is

expressed widely throughotnet body, and responsible for the production of PGs with a variety
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of regulatory and homeostatic functiosach as platelet aggregation, fluid and electrolyte
balance, and maintenance of the gastric mu@@sdich 1997; Warneet al. 1999) In contrast,
although COX2 is also expressed constitutively in several organs such as thekimagy and
female reproductive tract, it is believed to be predominantly the inducible form of the COX
enzyme. Levels of COX arelow at basal conditions, but are rapidly expressed in a variety of
tissues and in response to numerous pathophysiologitessThus, PGs produced through the
metabolism of arachidonic acid by C&Xare essential, for example, in both acute and chronic

inflammation, as well as in hyperalgedigrolich 1997; Warneet al. 1999)

The fact that COX exists in two isoforms, each responsible for the production of PGs with
different functions, provides an gtanation for the various effects of NSAIDs; they prevent the
pathological oveproduction of PGs via CO2 which contributes to their therapeutic (anti
inflammatory, analgesic and apyretic) effects, and they prevent the physiological formation
of PGsvia COX-1, whichaccounts for most of their sigddfects. Consequently, the fayable
effects of NSAIDs are associated with C@Xnhibition, while their undesired sieffects are

associated with inhibition of COX (Warneret al. 1999)

The distinction between ¢hdifferent COX isoforms and their physiological and pathological
effects has led to the pharmacological production 8ANDs with differentselectivityfor the
COX enzymes. Therefore, according to their inhibitory activity on €0ahd COX2, there
are faur broad groups of NSAIDs, namelgglective COX1 inhibitors, nonselective COX
inhibitors, selective CO>2 inhibitors and specific COR inhibitors(Frolich 1997; Warneet

al. 1999) Although the clinical profiles of the various NSAIDs are generally similar, there are
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distinct differences in the pharmacokinetics, efficacy, &digity and serious sideffect
profiles that are often of therapeutic releva(femlich 1997; Warneet al. 1999; Langford and
Evans 2002)Selective COX1 inhibitors include ketoprofen and suprofen, and are capable of
inhibiting both COX1 and COX2, but have a preference towards GOXnhibition.
Nonselective COX inhibitors are capable of inhibiting both CDXnd COX2 with poor
selectivity for either of thespforms. Therefore, nonselective COX inhibitors have the potential
to simultaneously inhibit fever, pain and inflammation, as well as the physiological PG
dependent functions; examples include diclofenac, naproxen, mefenamic acid and ibuprofen.
Selective ©X-2 inhibitors include celecoxib and meloxicam, and are capable of inhibiting
both COX1 and COX2, but preferentially inhibit CO2. Specific COX2 inhibitors are able

to strongly inhibit COX2 with only weak activity against COX; examples include rotexib

and valdecoxil§Frolich 1997; Warneet al. 1999)

Specific COX2 inhibitors were produced mainly because of concern over the gastrointestinal
(Gl) safety of traditional nonselective NSAIDs. Specific G@Xnhibitors (coxibs) were
therefore developed to provide the analgesic andirfammatory properties of nonselective
NSAIDs, whie avoiding the Glcomplications associated with the inhibition of CQX
(McQuay and Moore 2003; Ruoff and Lema 200&hile showing promise in the treatment of
painful syndromes, including dysmenorrhoea, the cardiovascular safety of coxibs remains
uncertain, and thus many countries, these drugs have been withdi@haQuay and Moore

2003; Proctor and Farquhar 2006)
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Several placeboontrolled studies have been conducted to test the effectiveness of
nonglective NSAIDs in particular,in the treatment of dysmenorrhoea. A matelysis of 31
studies on the efficacy of NSAIDs in primary dysmenorrhoea revealed that compared to
placebo, naproxen, ibuprofen and mefenamic acid all provided significant pai(Zélang

and Li Wan Po 1998)in addition, nonselective COX inhibitors reduced both the levels of
PGF, yand pain in small numbers of dysmenorrhoeic worf@han and Dawood 1980)
Substantiating these findings, subsequent studies performedrger kample sizes, in a
randomigd, placebaontroled manner, have found that nonselective COX inhibitor drugs
including diclofenac, zomepirac sodium, mefenamim,anaproxen sodium, ketoprofeand

ibuprofen,all areeffective in the treatment of primary dysmenorrh(idarel 2004)

Effects of NSAIDs are generally tolerable, and Gl safety issues are generally of less concern in
acute use of NSAIDs compared to chronic @sangford and Evans 2002)n addition,
NSAIDs associated with the greatest Gl toxicity have the highest selectivity forlCDixe
nonselective NSAID, ttlofenac, while capable of producing full inhibition of both CQX

and COX2, has relatively poor selectivity for COX(more than 4old sdective for COX2)
(Warneret al. 1999) Consequently, diclofenac appears to be a safe option forettengnt of

the acute pain experienced monthly by women with dysmenorrhoea.
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1.3.7.1.1Dysmenorrhoea and Diclofenac

Diclofenac is a phenylacetic acid derivative that is believed to be one of the ntest po
inhibitors of PGsynthesis(Brogdenet al. 1980) It has antinflammatory, antipyretic and
analgesic effectfRiihiluomaet al. 1981) The pharmacologicadroperties of diclofeac allow

it to exertan extended duration of action, despite its rapid systemic elimination, as illustrated
by its short haHife of approximately 2 durs. Thefavourablesideeffect profile of diclofenac
alsomay be explainetly these propertig®rogdenet al. 1980; O'Brien W 1986)

Indeed, diclofenac has been repdrto have a low incidence of Gideeffects(Frolich 1997)

In an extensive review of over 100 000 patients treated with diclofemaicdwide, the
incidence of sidesffects was found tie 12%. The most frequent sid#ects were thas
involving the Gl tract, such as nausea and vomiting, followed less frequently by CNS
symptoms such as drowsine@&/illkens 1985) When Warneret d (1999), ranked twelve
drugs from least to most damaging in terms of Gl toxicity, ibuprofen and diclofenac were

ranked as the least and second least harmful drugs respe@fitzetyeret al. 1999)

Several studies have showhat diclofenac is effective afleviaing day-time dysmenorrhoeic
pain. Diclofenac was found to be more effective than placebo in the treatment an#&hw
with primary dysmenorrhoedlngemansonet al. 1981) Similarly, when low doses of
diclofenac sodium (7Bng daily) were used to treat 35 women with dysmenorrhoea, not only
was diclofenac effective isignificantly reducing menstrual pain compared to placebo, but it
also resulted in a significant decline in the amount of menstrual ble@giifgluoma et al.

1981) Chantleret al (2008 found that 50mg of diclofenacprovided completeelief from
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dysmenorrhoeic pajrdescribedoy theauthorsasa reduction in paithat wasnot significantly
different from100% (Chantleret al. 2008) In addition aceclofenaca glycolic acid ester of
diclofenac(Hinz et al. 2003) usedeither alone(Letzel et d. 2006) or in combination with
drotaverine(a smooth muscle relaxanfPareeket al. 2010) has beemeported as a safe and
well-tolerated analgesic for primary dysmenorrhd@ilofenac hasadditionallybeen shown
to restoredysmenorrhoeic paimduced reduction in physical activitiesuch a walking and

bending(Chantleret al.2009b)

However, although diclofenac has been identifiedragffective treatment for dysmenorrhoea
in the shorterm, from two to eight hours after treatment administraMarchini et al. 1995;
Facchinettiet al. 2002; Chantleret al. 2009b) the daily dosesused in each study varied
considerably(from one to six times dailyjRiihiluoma et al. 1981; Marchiniet al. 1995;
Facchinettiet al.2002; Chantleet al. 2008; Chantleet al. 2009b) with most studies allowing
participants to choose their own dossahedule based on the need for pain r¢Rehiluoma

et al. 1981; Marchiniet al. 1995; Facchinettiet al. 2002; Chantleret al. 2008) To my
knowledge, only one studyas monitored dysmenomwhic pain severity over a period of more
than 8 hours with diclofenac potassium versus pla¢ébantleret al. 2008) In this study,
pain intesity was measured before andh@urs after treatment (diclofenac, refecoxib,
meloxicam or placebo) over at@-3-day period. However, dosagagainwere not constent
among women, as each woman was allowed tonsetficate with up to two pills daily
(Chantleret al. 2008) Therefore therestill is a need to monitor menstrual pain intensigio
longer periods of timen addition, most research on the use of diclofenac for the treatment of

dysmenorrhea has used diclofenac sodiuamd not diclofenac potassiunAlthough
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pharmacokinetic studies show similar bioavailability between diclofenac sodium and
potassium, the mean time to reach maximal plasma levels is shorter with diclofenac potassium
(= 30 minutesMoore 2007)ompared with diclofenac daum (x 1.5 to 2 hourg)Brogdenet

al. 1980) Such properties magxplain a faster onset of action with diclofenac potassium
(Bakshiet al. 1992) My studyin Chapter 4hereforeinvestigates the progression of menstrual
pain in women withsevereprimary dysmenorrhoea over a-Bdur period, both wheraking
placebo, and when medicated with the daily recommended dose of diclofenac potaksium

at prescribed tim@oints

Furthermore, although diclofenac has been shown to be effective in dreddigtime
dysmenorrhoeic pairip my knowledgeno studeshave assessed the efficacydatlofenacin
alleviating nighitime menstrual pain. Therefore, my égyuin Chapter 5 investigateshether
diclofenac potassium, compared to placedifectively relieves nightime pain and restores

sleep quality in womewith severe primary dysmenorrhoea.
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1.4 AIMS
Figure4 represents a conceptual framework showing the gaps in the literature that are addressed

in this thesis.

Ovulatory Menstrual Cycle

?
Quality of Life l \

Chapter 2
? “— | Dysmenorrhoea \
Chapter 3 \
Asticlogy Ch;':ter 3 Pain/ Pain Perception
? ?

Chapter 4
Chapter 5

Prostaglandins Reguilation
\ Sleep

Treatment

Daytime Pain
?

2 > [NsADs S s

Chapter 4

Figure 4. A conceptual framework summarising the topicsdiscussedas well as the missing links highlighted
in the introduction of this thesis.

67



The literature is still conflicting as to whether women with primary dysmenorrhoea are
hypersensitive to painful stimulllhe researchaims presented in Cher 2 thereforewere to

determine whether:

1) Women with a history ofsevereprimary dysmenorrhoea, compared to women
without dysmenorrhoea, have increased sensitiatdeepmuscle painnduced by
hypertonic saline injectioboth within and outside thereas of referred menstrual
pain(Chapter 2).

2) Menstrual cyclephase affects the perception mdin in woma& with a history of
severe primary dysmenorrhoea, compared to women without dysmenorrhoea

(Chapter 2).

3) Women with a history ofsevereprimary dysmaorrhoea, compared to women
without dysmenorrhoea, have increased sensitivity to ischaaoscle pain in an
area outside of referred menstrual péiorearm) during the painful menstruation

phase and during the pdiree follicular phas€Chapter B).

A secondary aim of Chapter 2a was to investigate:
4) Mood in women with and without primary dysmenorrhoea at different phases of the

menstrual cycle.
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The pain experienced by women with primary dysmenorrhoea has been descnittedsasand
debilitatingand as suchhas been shown to have a detrimental effect ortidasy functioning
and physical activity. However, wsprisingly, very littleis known about the effect of primary

dysmenorrhoeic paispecificallyon quality of life Thereforethe aim ofChapter3 wasto:

5) Assess the quality of lifein women with a history ofsevere primary
dysmenorrhoea, compared to women without dysmenorrhoea, during

menstruation and during a pdnmee phasef the menstrual cycle

Beyond understanding the aetiologiyd impact of primary dysmenorrhoea, it is also imperative

to investigateeffective treatment of the pain. Little is known about the efficacy of diclofenac
potassium in alleviating menstrual pain beyond 8 hours. Also, no study, to my knowledge, has
invesigated the effectiveness of diclofenac potassium in relieving tiiglet pain and in
potentially restoring sleep quality in women with severe primary dysmenorrhbeaedearch

aim of Chapte# wasto:

6) Assess the efficacy of the daily recommendededof diclofenac potassium,

compared to placebo, in alletig menstrual pain across a-Bdur time period in

women with a history osevere primary dysmenorrhoea.
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The aimof Chapter5 wasto determine:

7) Whether objective and subjective measud sleep qualityare impairedby

primary dysmenorrhoeic pain

8) The effectiveness of diclofenac potassjuwompared to placebon alleviating
nighttime dysmenorrhoeic paimnd restoring objective sleep architecture and

perceived sleep quality in womernth severegprimary dysmenorrhoea
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CHAPTER TWO a

Paper 1

Women vith Dysmenorrhoea ae Hypersensitive to Experiment&leep
Muscle Pain &ross the Menstrual Cycle
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Women With Dysmenorrhea Are Hypersensitive to Experimental
Deep Muscle Pain Across the Menstrual Cycle
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rimary dysmenorrhea, defined as painful menstrual
cramps of uterine origin in the absence of pelvic pa-
thology, is the most common gynecologic condition

Abstract: Primary dysmenorrhea is a common painful condition in women that recurs every month
across the reproductive years. The recurrent nociceptive input into the central nervous system that
occurs during menstruation each month in women with dysmenorrhea is hypothesized to lead to
increased sensitivity to painful stimuli. We investigated whether women with primary dysmenorrhea
are hyperalgesic to deep muscle pain induced by a cleanly nociceptive method of hypertonic saline
injection. Pain stimulation was applied both within an area of referred menstrual pain (lower
back) and at a remote site outside of referred menstrual pain (forearm) in 12 healthy women with
severe dysmenorrhea and 9 healthy women without dysmenorrhea, at 3 phases of the menstrual
cycle: menstruation and follicular and luteal phases. Women rated their pain severity on a 100-mm
visual analog scale every 30 seconds after injection until the pain subsided. In both groups of women,
menstrual cycle phase had no effect on the reported intensity and duration of muscle pain. However,
women with dysmenorrhea had increased sensitivity to experimental muscle pain both at the site of
referred pain and at a remote nonpainful site, as assessed by peak pain severity visual analog scale
rating, area under the visual analog scale curve, and pain duration, compared to women without
dysmenorrhea. These data show that women with severe primary dysmenorrhea, who experience
monthly menstrual pain, are hyperalgesic to deep muscle pain compared to women without
dysmenorrhea.

Perspective: Our findings that dysmenorrheic women are hyperalgesic to a clinically relevant, deep
muscle pain in areas within and outside of referred menstrual pain indicates lasting changes in pain
sensitivity outside of the painful period during menstruation.

© 2013 by the American Pain Society
Key words: Dysmenorrhea, pain sensitivity, muscle hyperalgesia, menstrual cycle.
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system. Thus, repeated

and structural

alter the processing of pain within the central nervous
exposure to painful
menstrual cramps is hypothesized to cause functional

among women of reproductive age.''?>°> Recurrent
nociceptor inputs are known, in some circumstances, to
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alterations throughout the central
nervous system, resulting in central sensitization and,
hence, increased sensitivity to pain.®10.2228.46,68,69,74,76
Indeed, recent studies have demonstrated significant
differences in the central nervous system between other-
wise healthy women who experience moderate-to-
severe dysmenorrheic pain and healthy women without
dysmenorrhea. Such differences are evident in cerebral
activity induced by noxious skin stimulation,”® cerebral
metabolism,®® and cerebral structure.’® Although
the functional consequences of these central changes
are unclear, volume changes in the gray matter of
regions involved in pain modulation in women with
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dysmenorrhea may underlie a combination of impaired
pain inhibition and amplified pain facilitation,®® possibly
making them more sensitive to painful stimuli compared
to women without dysmenorrhea.

Several studies have investigated pain perception be-
tween women with and without dysmenorrhea, but
the results are inconsistent. Some studies report that
women with dysmenorrhea have enhanced responses
to experimental noxious stimuli, such as heat pain, pres-
sure pain, laser pain-evoked potentials, and electrical
pain stimuli applied to the abdomen, lower back, and
extremities.#2%26:283274 Gthers report no differences
in the perception of experimental pain (including
ischemic pain, cold pressor pain, heat pain, electrical
stimulation of the skin) between dysmenorrheic and
nondysmenorrheic women." >3 The inconclusive results
have been attributed to variations in experimental
protocols; noxious stimuli, depth and site of pain
stimulation, pain assessment procedures, and definition
of menstrual cycle phase vary markedly across
experiments.?%%°

In particular, depth of noxious stimulation is critical
because muscles are more likely to become hyperalgesic
under recurrent visceral pain conditions like dysmenor-
rhea than are subcutaneous tissues and skin.?>”'
Indeed, the only study that compared superficial and
deep pain sensations in muscle found that women with
dysmenorrhea were hyperalgesic in muscle but not skin
compared to controls, particularly perimenstrually.”
However, this study used electrical stimulation, which
has been criticized as a method of experimental pain
induction as it activates both nociceptive and nonnoci-
ceptive fibers, hence producing both painful and
nonpainful sensations.?” Electrical stimulation is also
confounded by concurrent activated muscle twitches,”
and it evokes pain sensations that are less natural than
other pain stimuli."®?” Intramuscular injection of
hypertonic saline provides a better nociceptive and
more clinically relevant method of inducing deep
muscle pain,??84%63 causing a mild, acute muscular
pain that closely mimics clinical musculoskeletal pain
both in subjectively perceived quality and in its effects
on motor performance.®

In this study, we investigated whether women with se-
vere dysmenorrhea are hyperalgesic to deep muscle
pain, induced by hypertonic saline, compared to women
without dysmenorrhea. Because there is controversy in
the literature as to whether or not pain sensitivity

differs in women with*®2226.283374 and  without
dysmenorrhea®®15.17.18,22.25.26.28,33,34,36,39,41-45,53,54,56.57,

59.61.62,64.66.72.74 55 3 function of menstrual cycle phase,

we investigated responses at 3 hormonally distinct
phases of the menstrual cycle. Finally, to assess whether
sensitization of muscle is specific to the area of referred
menstrual pain, we induced deep muscle pain stimula-
tion in 2 different muscle groups: the lower back, within
the area of menstrual pain referral, and the forearm,
outside the area of menstrual pain referral. We hypoth-
esized that women with dysmenorrhea would be hyper-
algesic to deep muscle pain compared to women
without dysmenorrhea in areas inside and outside the
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area of menstrual pain referral in the menstruation,
follicular, and luteal phases of the menstrual cycle.

The Journal of Pain

Methods

Subject Recruitment

Healthy women aged between 18 and 30 years were
asked to volunteer for the study. Initially, all volunteers
were interviewed and screened with questionnaires to
ensure that they were generally healthy and met all of
the inclusion criteria of the study. The women were
required to be nulliparous, have regular menstrual cycles
between 22 and 35 days in length, and not have
been taking any form of hormonal contraception for at
least 6 months before the study. Volunteers were
required to score less than 6 on the 30-item version of
the General Health Questionnaire, indicating normal
psychological status.?* In addition, volunteers were
excluded from the study if they had severe premenstrual
syndrome (PMS)2%; if they had any chronicillness, such as
diabetes; and if they were taking any long-term
medication, including pain medication (analgesic or
anti-inflammatory), more than once a week. Further-
more, the women were required to not have any clinical
musculoskeletal disorders or any palpable trigger points
in their lower back and arms.

Women were then allocated to either the primary
“dysmenorrheic” or “non-dysmenorrheic/control” group,
based on the intensity of their monthly menstrual pain.
To be included in the dysmenorrheic group, women
had to have a history of dysmenorrhea starting shortly
after menarche'' and were required to have “severe”
menstrual pain every month for the past 6 months that
necessitated use of pain-relieving medications. Women
were asked to assess the intensity of their menstrual
pain over the last 6 months on a 100-mm visual analog
scale (VAS) anchored from “no pain at all” to “the worst
pain | have ever felt.” VAS scores were obtained by
measuring the distance, in millimeters, from the
beginning anchor point (“no pain at all”) to the mark
filled in by the subjects. Women who rated their men-
strual pain higher than 60 mm on the VAS were consid-
ered to have severe dysmenorrheic pain.'? In contrast,
women were included in the control group if they rated
their menstrual pain as less than 30 mm on the VAS.

Fourteen healthy women with a history of primary
dysmenorrhea and 10 healthy women without a history
of dysmenorrhea agreed to participate in the study and
gave written informed consent before participation.
Ethical clearance was obtained from the University of
the Witwatersrand’s Committee for Research on Human
Subjects, which adheres to the principles of the Declara-
tion of Helsinki (Clearance no. M080627). Both groups of
women completed identical procedures.

Screening Phase

All women underwent a 1-month screening phase to
confirm whether or not they had severe primary dysmen-
orrhea, had ovulatory menstrual cycles, and did not have
PMS. Every evening during the month-long screening
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period, the women completed the Penn Daily Symptom
Report,?° a validated daily symptom rating to evaluate
symptoms of PMS. A score of 80 or greater in the
late-luteal phase, with an increase of more than 50%
from the postmenstrual score, reflects severe PMS.%°
None of the women in the study met these criteria.

Every evening during the menstruation phase of the
screening month, the women evaluated the intensity
of their dysmenorrheic pain experienced during the
course of the day by completing a VAS for pain. To
qualify for the experimental phase of the study, the
women needed to rate their menstrual pain either above
60 mm for at least 1 day during the screening phase
(forming the “dysmenorrheic” group), or less than
30 mm on the VAS for all the days of menstruation
(forming the “control” group). In addition, during this
1-month screening period, all the women used a
commercially available self-test ovulatory kit that detects
the presence of luteinizing hormone in urine (Clearplan
Easy, Unipath Diagnostics, Bedford, United Kingdom) to
confirm that they had ovulatory menstrual cycles.

Following screening, 2 women with dysmenorrhea
and 1 control were excluded from further participation.
One woman with dysmenorrhea commenced hormonal
contraception and another was suspected to have pain
secondary to pelvic pathology, and a woman in the
control group developed an irregular menstrual cycle.
Twelve women with severe primary dysmenorrhea and
9 controls therefore completed the study.

The Journal of Pain

Experimental Phase

Participants were tested at 3 hormonally distinct
phases of the menstrual cycle: menstruation phase
(days 1-2), follicular phase (days 11-13), and luteal phase
(days 17-22), where day 1 refers to the first day of
menstruation. Women completed each experimental
session between 1200 and 1400 hours on a single day
during each of these 3 phases. The order of the experi-
mental sessions was randomized in both groups of
women, and all 3 sessions were completed within 1
menstrual cycle.

The women were asked to refrain from taking any
medication, including pain-relieving medication for
menstrual pain, on the day of the experiments. One
dysmenorrheic woman chose to take rescue medication
(ibuprofen 200 mg) for her menstrual pain 6 hours
before her experimental session. Given the relatively
short half-life of ibuprofen (approximately 2 hours),
and the fact that when the woman came in to do the
experiment she was experiencing severe dysmenorrheic
pain (61 mm),'? her data were included in the analysis.

Subjective Assessments of Mood and Dysmen-
orrheic Pain

To assess mood, at the beginning of each experimental
session, the women completed the validated Profile of
Mood States (POMS) questionnaire. The POMS is a
validated questionnaire consisting of 65 questions
that measure 6 identifiable mood or affective states:
Tension-Anxiety; Depression-Dejection; Anger-Hostility;
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Vigor-Activity; Fatigue-Inertia; and Confusion-Bewilder-
ment.*® A total mood score for each subject was calculated
from the POMS by summing the negative mood scores,
subtracting the vigor score, and adding a constant of
100 to avoid negative scores.”® In addition, at the start of
the experimental session during the menstruation phase,
the women rated the intensity of their current menstrual
pain on the 100-mm VAS anchored from “no pain” to
“the worst pain | have ever experienced.”

Hormone Assessment

To ensure that the women were in the correct men-
strual cycle phase, 5 mL of venous blood was drawn by
venous puncture from the brachial vein of each woman
during each of the 3 menstrual phases. Serum was imme-
diately separated from cells by centrifugation for 10 mi-
nutes at 1,300 rpm and stored at —70°C until assayed
according to the manufacturer’s instructions. Levels of
progesterone and estradiol were determined using the
Bayer ADVIA Centaur assay (Bayer Corp, Tarrytown,
NY), a competitive immunoassay using direct chemilumi-
nescent technology. The minimum detectable levels
were 25.7 pmol/L and .48 nmol/L, respectively, for estra-
diol and progesterone. The maximum concentrations for
the assay ranges were 3,670 pmol/L of estradiol and
190.8 nmol/L of progesterone. The intra- and interassay
coefficients of variation were as follows: estradiol,
8.3 and 5.6%; progesterone, 5.3 and 3.6%, respectively.

Experimental Deep-Tissue Muscle Pain

On each visit, experimental muscle pain was induced in
2 distinct muscle groups: the erector spinae muscle and
the extensor muscles of the forearm. The erector spinae
muscle, at the lumbar level (L4/L5) of the lower back,
was chosen as the muscle within the area of referred
menstrual pain, and the forearm extensor muscle group
was chosen as the muscle group outside the area of
referred menstrual pain. In order to locate the extensor
muscles of the forearm, the woman was seated resting
her arm, in a pronated position, on an examination table
next to the seat. Two thirds of the distance from the
styloid process of the ulna to the lateral condyle of the
radius was measured, and the belly of the muscle was
located after asking the woman to extend her wrist.
The erector spinae muscle was located by having the
woman lie prone on an examination table and the left
and right iliac crests were located by palpation. The
spinous process of L4 was then located at the level of
the iliac crests. The woman was then asked to hyperex-
tend her back, and the belly of the erector spinae muscle
was located on either side of the spinal column.

The side of the body (left or right) and the site (fore-
arm or back) used to induce pain were randomized for
each experimental session, and the second injection
commenced only once the pain from the first injection
had completely subsided. In order to remove any super-
ficial pain due to the injection itself, a topical anesthetic
cream (lignocaine 2.5%, prilocaine 2.5%) was applied at
least 45 minutes before the experimental session to the
overlying skin of the site at which the noxious stimulus
was to be applied.
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Deep muscle painwasinduced by a.5 mLintramuscular
injection of 5% sterile hypertonic saline.®® A sterile
23-gauge, 25-mm needle was used to insert .5 mL of 5%
sterile hypertonic saline at a depth of 1.5 ¢cm into the
erector spinae muscle, and a sterile 25-gauge, 16-mm
needle was used to insert .5 mL of 5% sterile hypertonic
saline at a depth of .5 cm into the extensor muscle of
the forearm. All injections were administered by a medi-
cal doctor as a bolus over a maximum of 10 seconds
and the needle was removed at the completion of the
injection.

Immediately before each injection, and then every
30 seconds after the injection, until the pain had
completely subsided, the women were asked to rate
the intensity of their muscle pain on a 100-mm VAS
anchored at “no pain” and “worst pain ever felt.”

Statistical Analyses

All data were analyzed using STATISTICA (version 5;
StatSoft, Tulsa, OK). A 2-tailed probability of P =.05 was
considered to be statistically significant. All parametric
values are expressed as mean =+ standard deviation (SD),
whereas all nonparametric values are expressed as
medians (lower, upper 95% confidence limits).

All VAS measurements (in mm) used to describe
dysmenorrheic and experimental muscle pain were
normalized before statistical analyses using the arcsine
transformation, as advised when a large number of values
fall within the extremes of the scale.'® However, all text
and graphs report the VAS data as back-transformed
values (in mm). Three measures of pain intensity were
derived from the VAS ratings following the injection of
hypertonic saline: peak VAS, pain duration, and area
under the VAS-time curve (AUC, mm-s~'). Peak VAS was
the maximum VAS rating, in millimeters, used to describe
the peak muscle pain. Pain duration was calculated as the
total time, in seconds, from the time of injection until the
pain had completely subsided. Lastly, to calculate AUC, an
indicator of overall pain intensity,*® the transformed VAS
scores for each subject from the time of injection (time 0)
until the pain had completely subsided were plotted on
separate graphs, and best-fit curves were fitted (Table
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curve 2D, version 3 for Win 32; Jandel Scientific Software,
AISN Software Inc, San Rafael, CA). As is done consistently
in the literature, we report all 3 of these measures: peak
VAS (mm), pain duration (seconds), and AUC (mm-s~").
As expected, AUC correlated significantly with peak
pain and duration of pain (r > .6, P < .05), and these
variable are thus not independent.

Student unpaired t-tests were used to compare the de-
mographic variables (age, anthropometric variables, and
menstrual history), as well as menstrual pain intensity
(VAS, mm) and hormone concentrations (progesterone
and estradiol), between the 2 groups of women.

Mood (POMS scores) and VAS measurements (peak
pain, duration of pain, and AUC) were analyzed accord-
ing to group (dysmenorrheics and controls) and men-
strual cycle phase (menstruation, follicular, and luteal)
using 2-way repeated-measures analyses of variance (AN-
OVAs). Where appropriate, the Student-Newman-Keuls
(SNK) post hoc test was used to assess the origin of any
significant differences detected by the ANOVA models.

Results

Subject Characteristics

Characteristics of the 12 women with dysmenorrhea
and the 9 control women without dysmenorrhea who
participated in the experiment are shown in Table 1.
Unpaired t-tests confirmed that the 2 groups of women
were well matched for age, anthropometric variables,
and menstrual history and that the women with dysmen-
orrhea had significantly more menstrual pain than the
control group. Hormonal assays confirmed that each
woman had ovulated and was in the correct menstrual
cycle phase during the time of experimentation
(Table 2). There were no differences between the
dysmenorrheics and controls for either hormone level
at any phase of the menstrual cycle.

Menstrual Pain Severity
During the menstruation phase, women with dysmen-
orrhea experienced significantly more menstrual pain at

Table 1. Characteristics of the Women Who Participated in the Study

Women With ConrroL P vaLue
DyYsSMENORRHEA (N = 12) Women (v = 9) (UNPAIRED 2-TAlL, T-TEST)

Age (years) 21:%2 22 =2 .33
Weight (kg) 59.2 £ 13.0 60.7 = 12.7 .81
Height (m) 1.61 =.07 1.61 = .04 .94
Body mass index (kg/m?) 22.7 =38 232 x40 T
General Health Questionnaire score 2:x1 12 .20
Age of onset of menses (years) 13%:2 14 2
Age of onset of dysmenorrhea (years) 142 - N/A
Number of years of menstruation 9*3 9*2 .94
Usual menstrual cycle length (days) 28+0 28 =1 18
Usual menstruation phase length (days) 5% 4] 23
Average menstrual pain intensity (for previous 6 months; VAS, mm) 82+ 12 4+7 <.0001*

Abbreviation: N/A, not applicable.
NOTE. Data are expressed as mean *+ SD.
*Significant difference between the dysmenorrheic and control groups.
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Table 2. Progesterone and Estradiol Concentrations in the Women With Dysmenorrhea and the

Control Women in the 3 Menstrual Cycle Phases

NormAL RANGES*

Women WitH DYSMENORRHEA (N = 12)

ControL Women (N =9) P vatue (Unparep 2-Tal, TTEsT)

MENSTRUAL

CycLe PHAsE PRGE (nmot/L) E5 (mo/L)  PRGE (nmot/L) E> (pmot/L) PRGE (nmot/L)  E; (pmol/L) PRGE E,
Menstruation 5-45 69.4-905.4 24+ 4 121.2 £ 349 27 &2 1159+ 449 .29 .76
Follicular .54.5 130.3-2094.8 23 %5 4358 + 2783 22:4: 3 5243 + 372.4 61 .54
Luteal 10.6-89.1  82.2-939.5 388 +19.6 419.8 + 2146 328+ 16.6 5750+ 217.4 47 12

Abbreviations: PRGE, progesterone; E,, estradiol.

NOTE. Data are expressed as mean + SD. P values are for comparisons between dysmenorrheics and controls” hormone values in each menstrual cycle phase.

*Bayer Diagnostics ADVIA Centaur Progesterone and Estradiol-6 Il Assay Manuals.

the time of the experiment compared to controls: VAS
scores (mean = SD): 55 = 19 mm versus 1 = 2 mm;
unpaired 2-tailed t-test: t(19) = 8.29, P < .0001. Seven of
the 12 dysmenorrheic women experienced severe
menstrual pain (>60 mm) at the start of the experimental
session (1200 hours). The remaining 5 women reported
severe pain in the morning of the experimental day but
had moderate pain (>30 mm) at the start of the experi-
ment. We ran exploratory analyses with unpaired t-tests
to determine whether ratings of experimental pain
differed between dysmenorrheic women with severe
menstrual pain compared to dysmenorrheic women
with moderate menstrual pain at the time of the experi-
ment. There were no significant differences in any
variables and the data were therefore pooled for all
subsequent analyses.

Mood

The main effects of group (F[1, 19] = 1.32, P = .3)
and phase (F[2, 38] = .79, P =.5) for total POMS scores
were not significant. However, there was a significant
group-phase interaction effect (F[2, 38] = 4.53,
P = .02) (Fig 1). Women with dysmenorrhea had a
significantly higher POMS total mood score, reflecting
a poorer mood during the menstruation phase of

Poorer

Dysmenorrheics
3 Controls

mood

POMS score

Better

mood

Figure 1. Changes in mood across the menstrual cycle in
women with dysmenorrhea (n = 12) compared to women
without dysmenorrhea (n = 9), as measured by the POMS
questionnaire.®® Data are expressed as mean *+ SD. A 2-way
repeated-measures analysis of variance was used to assess for
a main effect of group and phase, and Neuman-Keuls post hoc
tests determined the origin of significant differences. *P < .05,
**P.<.01.

their cycle compared to controls (P = .01) and
compared to their own pain-free follicular phase
(P =.05).

Hypertonic Saline Injections

VAS profiles every 30 seconds from the time of
injection (t = 0) until the pain subsided, for each of
the 12 dysmenorrheic women, as well as the mean
plot for the control group (n = 9) are illustrated in
Fig 2. For both sites (lower back and arm) and across
all menstrual phases, the control group generally rated
the same painful stimulus as consistently lower in inten-
sity and for a shorter duration than that reported in the
dysmenorrheic women, as confirmed with statistical
analyses described below.

Lower Back

Intramuscular injection of hypertonic saline into the
lower back (Fig 3) produced significantly higher pain
scores (measured by VAS scores) in the dysmenorrheic
women compared to controls for peak pain (group ef-
fect: F[1, 19] = 8.4, P = .009); total duration of muscle
pain (group effect: F[1, 19] = 9.4, P = .006); and AUC
(group effect: F[1, 19] = 6.3, P = .02). There were no dif-
ferences across the menstrual cycle in either group of
women (phase effect for peak VAS: F[2, 38] = .4,
P = .7, phase effect for total pain duration: F[2,
38] = .2, P = .8; phase effect for AUC: F[2, 38] = .6,
P = .5). There were also no significant group-phase
interaction effects for peak VAS (F[2, 38] = .9, P = .4),
pain duration (F[2, 38] = .04, P = 1.0), and AUC (F[2,
38] = 1.2, P = .3) for muscle pain in the lower back. As
shown in Fig 3, post hoc comparisons revealed that
dysmenorrheic women had significantly more severe
pain based on peak VAS, pain duration, and AUC than
controls in the menstruation and luteal phases (SNK:
P < .05). In the follicular phase, dysmenorrheic women
had significantly greater pain duration (SNK: P < .05)
and tended to have a greater peak VAS and AUC
(SNK: P < .1) than controls.

Forearm

The intramuscular injection of hypertonic saline into
the forearm produced significantly higher pain scores in
the dysmenorrheic women compared to the controls as
assessed by peak VAS (group effect: F[1, 19] = 8.0,

76



lacovides et al

The Journal of Pain 1071

Back B Arm
100. 100.
L 80
=00 -
E 3
- E
g 40 g
S :
3 I
A;
N o Tl
[ e I S — N traayan,
) 200 400 600 800 1000 5o b1y o = o
Time (s) Time (s)
Menstruation Phase Menstruation Phase
100-, 100
80 80
£ g
E E
2
2 40 2w
20 20
0 e - 04 e
200 400 600 800 1000 o 200 %06 50 1050
Time (s) Time (s)
Follicular Phase Folicular Phase
100+ 100
80 80
1 E®
@ @
£ 40 s a0
20 20
04 Sali 0 x$ta 2T
0 200 400 600 800 1000 200 400 600 800 1000
Time (s) Time (s)
Luteal Phase Luteal Phase

Figure 2. VAS ratings of pain intensity every 30 seconds from the time of an intramuscular injection of hypertonic saline (t = 0) into
the lumbar erector spinae muscle (lower back, A, C, E) or into the extensor muscles of the forearm (B, D, F) during the menstruation
(A, B), follicular (C, D), and luteal (E, F) phases of the menstrual cycle. The gray lines represent the individual data for each of the
12 women with primary dysmenorrhea, and the bold black line represents the mean VAS rating for the control group (n = 9);

SD bars are omitted for clarity.

P =.01), total duration of muscle pain (group effect: F[1,
19] =8.0, P=.01), and AUC (group effect: F[1, 19] = 7.1,
P=.02) (Fig4).There were no significant menstrual phase
effects on peak VAS (phase effect: F[2, 38] = .6, P=.6), pain
duration (phase effect: F[2,38]=2.2, P=.1), or AUC (phase
effect: F[2, 38] = .4, P=.7). There were also no significant
group-phase interaction effects for pain duration (F[2,
38] =2.2, P=.1) or AUC (F[2, 38] = 1.2, P =.3). However,
there was a borderline significant group—phase interac-
tion effect for peak VAS (F[2, 38] = 6.1, P = .05). The
dysmenorrheic women had a significantly higher peak
VAS rating than controls in the menstruation and luteal
phases but not the follicular phase (Fig 4). As shown in
Fig 4, post hoc comparisons revealed that dysmenorrheic
women had significantly more severe pain based on mea-
sures of peak VAS and pain duration (SNK: P<.05), with a
nonsignificant trend for a greater AUC (SNK: P < .1) than
controls in the menstruation phase. In the follicular
phase, post hoc comparisons showed that dysmenorrheic
women had significantly more severe pain based on mea-
sures of pain duration and AUC (SNK: P<.05) and tended
to have a higher peak VAS (SNK: P < .1) than controls. In
the luteal phase, dysmenorrheic women had significantly
greater peak VAS and AUC measures (SNK: P < .05) with a
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nonsignificant trend for a greater pain duration (SNK:
P<.1)

Discussion

In the present study, experimental deep muscle pain
was induced in otherwise healthy women with severe
primary dysmenorrhea and in healthy matched women
without dysmenorrhea. In both groups of women,
menstrual cycle phase had no effect on their reports of
pain intensity and duration. However, women with
dysmenorrhea, compared to women without dysmenor-
rhea, had increased sensitivity to experimental muscle
pain when they were experiencing menstrual pain as
well as in the pain-free phases of the menstrual cycle.
Muscles both within and outside the area of referred
menstrual pain were hypersensitive to pain in women
with dysmenorrhea. These data suggest that deep
muscle tissue is hypersensitive to pain across the
menstrual cycle in women with dysmenorrhea, possibly
because of long-lasting changes in the central nervous
system leading to central sensitization.

The present study demonstrates that women with
primary dysmenorrhea have increased sensitivity to a
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Figure 3. Pain response measurements from the VAS following
an intramuscular injection of hypertonic saline into the lumbar
erector spinae muscle (lower back). Peak VAS (mm) (A); total
muscle pain duration (s) (B);, and area under the curve
(AUC, mm-s~") (C), are shown for 12 dysmenorrheic women
and 9 control women in the menstruation, follicular, and luteal
menstrual cycle phases. A 2-way repeated-measures ANOVA was
used to assess for a main effect of group and phase, and SNK
post hoc tests determined the origin of significant differences.
*k&p2 001, **P<.01,*P'<.05.

clinically relevant,®%° cleanly nociceptive deep muscle tissue
pain induced by hypertonic saline injection. Studies that
have investigated sensitivity to pain in women with
dysmenorrhea using other nociceptive stimuli have
produced conflicting results, with some studies reporting
no differences in the perception of pain between
dysmenorrheic and nondysmenorrheic women'3#2226.28
and others reporting either increased®?%?® or decreased™
sensitivity to experimental pain stimuli in women with
dysmenorrhea compared to controls. Discrepancies be-
tween studies may exist, in part, because experimental
pain modalities that target the skin and subcutaneous
tissues rather than those that target deep muscle were
used. Muscles are the tissues most likely to become hyperal-
gesic under recurrent pain conditions.?>?*”" In line with
previous studies,®>’* we have shown that an increased

Dysmenorrheic Women Are Hyperalgesic to Muscle Pain

aoex

—

>

Dysmenorrheics
[ Controls

Arm Peak VAS (mm)
o 8 8 8 8 8

(s
%,
%
66/

w
"
H
H

Arm Pain Duration (s)
8 &8 8 8
=] o o =] o

%
%
2
<,
%
v o

Arm AUC (mm.s™)

g B 8 &
- 8 8 8 8
=
g
M
Ny [E
[

Figure 4. Pain response measurements from the VAS following
an intramuscular injection of hypertonic saline into the extensor
muscles of the forearm. Peak VAS (mm) (A), total muscle pain
duration (s) (B), and area under the curve (AUC, mm-s ')
(C) are shown for 12 dysmenorrheic women and 9 control
women in the menstruation, follicular, and luteal menstrual
cycle phases. A 2-way repeated-measures ANOVA was used to
assess for a main effect of group and phase, and SNK post
hoc tests determined the origin of significant differences.
*XEP <001, **P<..01,*P'<:05:

pain response to deep muscle pain in women with
dysmenorrhea is apparent both within and outside the
area of referred menstrual pain. This finding suggests
that women with dysmenorrhea may have altered pain
processing throughout the central nervous system, which
is more widespread than just those parts serving areas
exposed to referred pain.

As part of our study, we investigated whether pain
sensitivity varied as a function of menstrual cycle phase
in women with dysmenorrhea compared to controls. We
found no main effect of menstrual cycle phase or group-
menstrual phase interaction effect despite the substantial
measured differences in progesterone and/or estradiol
concentrations between phases, suggesting that variation
in reproductive hormones does not impact pain sensitivity
in women with and without dysmenorrhea. Although our
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sample size was small, these findings are in agreement
with several other studies in both women with®2:2874
and WithOUts'B'15‘17'18'28'41'42'44'45'53'56'57'61'64'72’74 dysme
norrhea. Others, however, have reported that pain
responses vary according to menstrual cycle phase
in  women with®?%33 and  without dysmenorr
hea -8, 17,22,25,26,28,33,34,36,39,43,54,56,57,59,62,66 H owever, as
described in several reviews,'®*#¢% most studies were
confounded because they did not confirm menstrual
cycle phase and/or the presence of ovulatory cycles based
on hormone measurements. The precise roles of gonadal
hormones in pain perception are not fully understood
and the underlying mechanisms have yet to be
elucidated.’® However, data from the current literature
show that estrogen and progesterone can generate both
antinociceptive and pronociceptive effects.!>47:51:6270
The interaction, therefore, between gonadal hormones
and pain perception is complex, and the net effect of
ovarian hormones on pain perception may depend on
the sum of their pronociceptive and antinociceptive
effects.*

In this study, the women with dysmenorrhea were
screened to ensure that they experienced pain only
during menstruation. To determine whether pain
intensity and duration following induction of experi-
mental pain was influenced by the existing background
menstrual pain, we included the menstruation phase as
one of the menstrual cycle phases during which we
assessed experimental pain. Similar to other reports,®"7*
we found that enhanced pain intensity and duration in
women with dysmenorrhea was not limited only to the
phase of menstruation itself but was present in the
follicular and luteal phases of the menstrual cycle. The
enhanced response to a painful stimulus both 1) at a
site different from that of the referred clinical pain
(arm) and 2) in the absence of background (menstrual)
pain suggests long-lasting changes in pain processing
possibly because of recurrent dysmenorrheic pain. Our
results support the hypothesis that dysmenorrhea is a
pain disorder that can persist throughout the entire
menstrual cycle, and not merely during menstrua-
tion.21'74

Our findings of hyperalgesia in women with dysmenor-
rhea support a growing body of literature suggesting the
presence of central sensitization in dysmenorrheic
women,®®%74 particularly affecting muscle. Progressively
more data are verifying the notion that structural and
functional modifications within the central nervous
system can be induced by the recurrent painful episodes
experienced by women with dysmenorrhea®®6%74
and not only in chronic pain conditions characterized
by persistent pain.”>' It has been hypothesized
previously that central reorganization in women with
dysmenorrhea induces a combination of impaired pain
inhibition and amplified pain facilitation.®® Importantly,
these morphologic brain changes and behavioral changes
to noxious stimulation found in other studies are evident
in pain-free phases of the menstrual cycle#2%7% Our
results confirm that behavioral changes to noxious
stimulation are apparent in pain-free phases of the
menstrual cycle in women with dysmenorrhea.
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Although primary dysmenorrhea is not typically
regarded as a chronic pelvic pain condition,? it is a
frequent comorbid symptom in women with chronic pel-
vic pain.”” For example, a robust 10-year follow-up-study
concluded that women with irritable bowel syndrome
are more likely to experience dysmenorrhea compared
to women without irritable bowel syndrome.®? In
addition, dysmenorrheic women have been found to
display many of the features associated with chronic
pelvic pain, including suppression of the hypothalamic—
pituitary-adrenal axis, a reduction in quality of life,
and altered central processing of nociceptive inputs.*’*
The above findings raise the question of whether
dysmenorrhea underlies or predisposes women to
other chronic painful conditions.

Also of importance is that the observed abnormal
volume changes in the gray matter of women with pri-
mary dysmenorrhea® are similar to those found in other
chronic pain states.”? Longitudinal studies suggest that
the central changes in chronic pain states are dynamic
and reversible after removal of the nociceptive
source.>"®” Extending the significance of these data to
women with dysmenorrhea, effective treatment of
repetitive dysmenorrheic pain, and thereby decreasing
the input of repeated noxious stimuli to the central
nervous system, may reverse or prevent the central
changes. Future studies should investigate whether
central and behavioral changes are still present after
effective treatment of dysmenorrhea.

Our results should be interpreted in context of the
limitations of the study. The sample was small
such that there was low statistical power for some of
the post hoc analyses. However, findings were
robust for the ANOVA models and the study has
numerous methodologic strengths that reinforce
confidence in the results. Unlike many previous
studies, we confirmed menstrual cycle phase with the
use of ovulation kits and hormonal assays of progester-
one and estrogen. Our within-subject design also
helps to control for the biological differences (and
any other variables) that would influence pain
perception, thereby making our results of pain
assessment across the menstrual cycle meaningful.
Importantly, we also evaluated mood in our subjects,
given that mood alters pain perception.®>”? As the
women with dysmenorrhea had significantly poorer
moods than the women without dysmenorrhea
during the menstruation phase experimental session,
it is possible that mood played a role in the
enhanced perception to the noxious stimuli during
that session. However, a poor mood cannot account
for the difference in pain perception of the
dysmenorrheic women compared to controls in the
remaining phases of the menstrual cycle.

In conclusion, we have confirmed that primary
dysmenorrhea is associated with increased pain sensiti-
zation across the menstrual cycle in areas of referred
pain and remote sites compared to women without
dysmenorrhea. Without a longitudinal study, it is not
possible to identify whether the increased sensitivity to
muscle pain in women with dysmenorrhea is the cause,
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or the effect, of the recurrent menstrual pain. Either way,
limiting the cyclic noxious input to the central nervous
system in women with severe dysmenorrhea, by effective
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