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ABSTRACT 

 

Primary dysmenorrhoea, or painful menstruation in the absence of pelvic pathology, is a 

common, and often debilitating, gynaecological condition that affects between 45 to 95% 

of menstruating women. Despite the high prevalence, dysmenorrhoea is often poorly 

treated, and even disregarded, by health professionals, pain researchers, and the women 

themselves, who may accept it as a normal part of the menstrual cycle. The overall 

purpose of this thesis is two-fold: first, to contribute knowledge about the impact and 

consequences of recurrent severe menstrual pain on pain sensitivity, mood, quality of life 

and sleep in women with primary dysmenorrhoea, and secondly, to investigate day-time 

and night-time treatment of recurrent primary dysmenorrhoeic pain. For this thesis, I 

completed five separate studies on three different groups of young, otherwise healthy 

women with a history of severe primary dysmenorrhoea, and age-matched controls 

without dysmenorrhoea.  

 

The first two studies, presented in Chapter 2, addressed the question of whether women 

with primary dysmenorrhoea are hypersensitive to experimental pain. I used clinically-

relevant experimentally-induced muscle pain stimuli (intramuscular injection of 

hypertonic saline and ischaemia) in referred and non-referred sites of menstrual pain, at 

different phases of the menstrual cycle. Women with dysmenorrhoea, compared to 

women without dysmenorrhoea, had increased sensitivity to deep-muscle pain both 

within the area of referred menstrual pain and at a remote pain-free site. Further, the 

increased muscle pain sensitivity was evident even in phases of the menstrual cycle when 
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women did not have menstrual pain, illustrating that the changes in pain perception 

extend outside of the painful menstruation phase. These findings suggest that women 

with dysmenorrhoea show long-lasting changes in pain processing possibly because of 

the recurrent dysmenorrhoeic pain. A secondary aim of the study presented in Chapter 2a, 

was to determine the impact of menstrual cycle phase on experimentally-induced muscle 

pain sensitivity in women with and without primary dysmenorrhoea. My results suggest 

that menstrual cycle phase has no effect on pain sensitivity in either group of women.  

 

As part of my studies, I investigated the impact of dysmenorrhoeic pain on quality of life 

and mood. I found that women with dysmenorrhoea had a significantly reduced quality of 

life (Chapter 3) and poorer mood (Chapter 2a and Chapter 5), during menstruation 

compared to their pain-free follicular phase, and compared to the menstruation phase of 

the pain-free control women. These data highlight the negative impact that primary 

dysmenorrhoea has on young women, for up to a few days every month. 

 

Non-steroidal anti-inflammatory drugs (NSAIDs) are often prescribed as the first-line 

therapy for menstrual pain. Yet, severe dysmenorrhoeic pain is often poorly managed, 

especially at night, when the pain likely disrupts sleep. I conducted two studies 

investigating the effectiveness of diclofenac potassium, a readily-available NSAID with a 

low side-effect profile, compared to placebo, in alleviating severe primary 

dysmenorrhoeic pain across the day (Chapter 4), and during the night (Chapter 5). I also 

investigated the effectiveness of diclofenac potassium in improving subjective and 
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objective sleep quality (Chapter 5). I found that the daily recommended dose (150 mg) of 

diclofenac potassium, administered at three timepoints across the first 24 hours of 

menstruation, significantly reduced perceived menstrual pain, compared to placebo. I 

confirmed that dysmenorrhoeic pain reduces polysomnographic and subjective measures 

of sleep quality compared with the pain-free follicular phase. I also showed, 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 quality in women with severe primary dysmenorrhoea.  

 

My studies have addressed several gaps in the knowledge about primary dysmenorrhoea. 

I have shown that women with primary dysmenorrhoea are hypersensitive to deep muscle 

pain, supporting the hypothesis of other researchers that the recurrent menstrual pain 

experienced by these women is associated with central sensitisation, and may predispose 

women with primary dysmenorrhoea to other chronic painful conditions. Therefore, 

limiting the monthly noxious input into the central nervous systems of these women, by 

means of effective treatment of dysmenorrhoea, may improve their long-term health. The 

research presented in this thesis further highlights the efficacy of diclofenac potassium in 

relieving not only day-time and night-time dysmenorrhoeic pain, but also in restoring 

objective and subjective pain-induced sleep disturbances in women with dysmenorrhoea. 

Further, my research has shown that dysmenorrhoeic pain has an immediate negative 

impact on quality of life and mood during menstruation. The results of this thesis show 

the multi-factorial impact of dysmenorrhoea and should stimulate further research about 

the long-term benefits of effective treatment of menstrual pain. 
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CHAPTER ONE 

 

INTRODUCTION 

 

 

 

 

Primary dysmenorrhoea, or painful menstruation, is a common gynaecological complaint 

experienced by 45-95% of menstruating women (Proctor and Farquhar 2006). In this 

introduction, I will discuss the literature on the aetiology and consequences of primary 

dysmenorrhoea, with a focus on nociceptive pathways, mood, quality of life and sleep. I also 

will review currently available treatments for dysmenorrhoeic pain, focusing primarily on non-

steroidal anti-inflammatory drugs. However, given that many gynaecological symptoms vary in 

severity across the menstrual cycle, suggesting that gonadal hormones may influence pain 

sensitivity, a brief description of the normal menstrual cycle and its impact on pain perception, 

independent of dysmenorrhoea, is first merited.  



2 

 

1.1 The Ovulatory Menstrual Cycle 

 

The ovulatory menstrual cycle is characterised by regulated cyclic variations in hormone 

production, body temperature and metabolic rate, across a 25-35 day period (see Figure 1 for a 

summary of plasma hormone concentrations during the menstrual cycle). As described by 

Vander et 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 stimulates the secretion 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 secreted from the corpus luteum, and thus becomes 

the predominant steroid hormone (Vander et al. 1998). There is an increase in body 

temperature of approximately 0.4°C as well as augmented energy expenditure and sleeping 

metabolic rates, hypothesised to be driven,at least in part, by increased progesterone levels, in 

the luteal phase compared with the pre-ovulatory follicular phase (Meijer et al. 1992; Driver et 

al. 1996).  
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Figure 1.  The plasma hormone concentrations during a typical 28-day ovulatory menstrual cycle. Figure 

adapted fr om Pocock and Richards (1999) (Pocock and Richards 1999).  
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The body is widely responsive to the varying endocrine profile across the menstrual cycle. In 

addition to their reproductive functions, the cyclic variations in gonadal hormone concentrations 

affect areas of the nervous system that are involved in higher cognitive functions such as mood 

and pain processing. 

 

 

1.2 Pain and the Ovulatory Menstrual Cycle  

 

Clinical pain conditions are more common in women than men (Berkley 1997; Pogatzki-Zahn 

2013), and, importantly, such pain disorders predominantly appear to affect women of 

reproductive age (Unruh 1996; Craft 2007). In addition, epidemiological studies demonstrate 

cyclical exacerbations in several pain conditions, suggesting that gonadal hormones may 

influence pain perception. While the exact mechanisms underlying these effects remain unclear, 

it is plausible that female gonadal hormones may alter endogenous pain modulation and 

analgesia (Fillingim and Ness 2000; Craft et al. 2004; Aloisi and Bonifazi 2006).  

 

Indeed, there is evidence suggesting that the hormones oestrogen and progesterone are protective 

against painful episodes in clinical pain conditions. For instance, women with several clinical 

pain conditions including fibromyalgia, irritable bowel syndrome (IBS), temporomandibular 

joint dysfunction, migraine and rheumatoid arthritis report an increased number and severity of 

painful episodes during the late luteal/premenstrual and menstrual phases of the menstrual cycle, 

when oestrogen levels either are rapidly falling or very low (Johannes et al. 1995; LeResche 
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2000; LeResche et al. 2003; Pamuk and Cakir 2005; Martin 2009; Colangelo et al. 2011). For a 

review on clinical syndromes across the menstrual cycle, refer to Martin, 2009 (Martin 2009). 

 

1.2.1 Pain and the Gonadal Hormones 

 

The transmission of pain involves dynamic and interactive events in the peripheral and central 

nervous systems. Although the exact neuroanatomy and neurochemistry of nociceptive processing 

and modulation remain unclear, the current notion of nociceptive processing describes an 

arrangement which, under normal circumstances, involves a counterbalance between sensitisation 

and desensitisation (by inhibitory feedback systems) of the system (Fillingim and Ness 2000; Fields 

et al. 2006). Modulation of pain occurs at a variety of sites in the primary afferents, spinal cord, 

brainstem and cerebrum (Fields and Basbaum 2005). Since gonadal hormone receptors have been 

identified throughout the nervous system (Deroo and Korach 2006), it is possible that these 

hormones affect numerous sites simultaneously to modulate the pain experience. Indeed, gonadal 

hormones have been demonstrated to interact with nociceptive processes at multiple levels of the 

peripheral and central nervous system (CNS) (Fillingim and Ness 2000; Aloisi and Bonifazi 2006; 

Puri et al. 2006; Roglio et al. 2008; Martin 2009). However, the underlying mechanisms and the 

precise role of gonadal hormones in modulating nociception and pain, are not fully understood, and 

there is a lack of consistency regarding the relationship between these hormones and pain 

perception, such that oestrogen and progesterone have paradoxically been observed to generate 

both antinociceptive and pronociceptive effects on pain pathways (Craft et al. 2004; Martin 2009). 

In the text below, I will briefly summarise the pertinent literature that describes the relationship 
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between the gonadal hormones and pain perception - focusing mainly on the female gonadal 

hormones: oestrogen and progesterone. 

 

Gonadal hormones have been found to alter various neuromodulators involved in spinal nociceptive 

processing, including substance P, the amino acids glutamate and gamma-aminobutyric acid 

(GABA), as well as various other neurotransmitters, including endogenous opioids, dopamine, 

noradrenaline and serotonin (Smith 1994; Duval et al. 1996; Fields and Basbaum 2005). Oestrogen 

is believed to be associated with nociception through modulatory effects on GABA receptors, mu 

(ɛ) opioid receptors, and nerve growth factor receptors in the dorsal root ganglion (Woolf 1996; 

Eckersell et al. 1998; Aloisi 2003; Smith et al. 2006). Similarly, progesterone has been shown to 

modulate afferent sensory input through the inhibitory GABAergic system. GABA levels in the 

occipital cortex of humans have been found to decrease across the menstrual cycle, with a negative 

association between GABA and both oestrogen and progesterone levels (Epperson et al. 2002). 

Since GABA is the main inhibitory neurotransmitter in the CNS, reduced GABA concentrations 

may result in reduced pain inhibition and hence, increased pain.  

 

High or fluctuating levels of  oestrogen also are believed to enhance afferent sensory input through 

glutamatergic mechanisms (McRoberts et al. 2007) or by increased synthesis of neurotrophins 

(Pezet and McMahon 2006). Furthermore, there is evidence of pronociceptive actions of oestrogen 

via inflammatory and stress responses (Fillingim and Maixner 1995; Martin 2009). One suggested 

mechanism by which oestrogen enhances pain is via the release of peripheral cytokines, such as 

gamma-interferon, which in turn, increases cortisol secretion. Prolonged increases in cortisol 
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release may promote destruction of muscle, bone and neural tissue, thus establishing the 

foundation for various chronic pain conditions (Melzack 1999).  

 

On the other hand, oestrogen also displays antinociceptive effects. It has been proposed that 

oestrogen may reduce sensory neurotransmission via down-regulation or inhibition of transient 

receptor potential vanilloid subfamily 1 receptors (Xu et al. 2008) and glutamate reuptake (Pawlak 

et al. 2005). In addition, oestrogen affects endogenous opioidergic processes at various levels; 

including the synthesis, absorption, distribution and metabolism of opioids (Craft et al. 2004), and 

has been shown to influence all three primary receptor types (mu, kappa, and delta) mediating the 

effects of endogenous opioid peptides. Oestrogen activates spinal cord kappa- and delta-opiate 

receptors (Dawson-Basoa and Gintzler 1998) and affects mu-mediated neurotransmission, with 

decreased neurotransmission in the CNS during periods of low oestrogen concentration (Smith et al. 

2006). Negative associations also have been observed between circulating levels of oestradiol and 

CNS mu-receptor availability during the follicular, compared to the luteal phase (Smith et al. 1998). 

The analgesic effects of oestrogen via the opioid system have also been well documented in animal 

studies (Maggi et al. 1989; Fillingim and Ness 2000; Craft et al. 2004). In addition, progesterone 

and its metabolites, have been reported to exert antinociceptive effects, mainly via the GABAA  

receptor complex (Twyman and Macdonald 1992; Frye and Duncan 1994; Belelli and Lambert 

2005). Similar to oestrogen, the analgesic effects of progesterone in animals have been documented 

(Fillingim and Ness 2000; Craft et al. 2004).  
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Investigation of inflammatory models of pain in animals, have shown that oestrogen administration 

attenuates inflammatory collagen-induced arthritis (Ganesan et al. 2008). In addition, an oestrogen 

receptor-beta agonist was found to inhibit thermal-mediated hyperalgesia after the application of 

prostaglandin E2, an inflammatory agent (Leventhal et al. 2006). Taken together, these findings 

propose that oestrogen may exert anti-inflammatory effects that are likely mediated by oestrogen 

receptor-beta agonism. Furthermore, oestrogen exerts anti-inflammatory effects by reducing the 

microglia cellôs inflammatory response to lipopolysaccharides (Vegeto et al. 2001). 

 

Studies involving functional imaging techniques, including positron emission tomography (PET) 

scans (Smith et al. 2006) and functional magnetic resonance imaging (fMRI) (Choi et al. 2006; de 

Leeuw et al. 2006), may provide further evidence that the gonadal hormones are involved in the 

modulation of pain perception. Functional imaging techniques offer objective information on brain 

activity during the perception of pain, such that interpretations can be made regarding central 

processing mechanisms (Vincent and Tracey 2010). However, even across these few studies results 

are not consistent. In two studies, heat pain thresholds in healthy pain-free women were not 

different during low and high oestrogen conditions (de Leeuw et al. 2006; Vincent et al. 2011). 

However, a third study found that during the period of low oestrogen, compared with high 

oestrogen, healthy pain-free women had enhanced perception to muscle pain induced by hypertonic 

saline (Smith et al. 2006). Inconsistencies may be attributed to the small sample size (de Leeuw et 

al. 2006; Smith et al. 2006), and the use of different noxious stimuli. Furthermore, the inconsistent 

results 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 interpretation of 
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the studies results difficult, particularly with regard to each hormonesô contribution to pain (Choi et 

al. 2006; Vincent and Tracey 2010).  

 

There also is evidence that the interaction between oestrogen and progesterone may be critical in 

their impact on pain perception. One study, for example, found that the increased perceived pain 

intensity associated with high progesterone levels, was significantly reduced with increasing  

oestradiol levels (Stening et al. 2007). Furthermore, there was a tendency towards higher pain 

thresholds with increasing levels of both oestradiol and progesterone; thus, high serum 

concentrations of both oestrogen and progesterone were antinociceptive (Stening et al. 2007). Such 

antinociceptive effects also are observed in pregnant women who have increased pain thresholds 

during the third trimester, a period of high oestrogen and progesterone levels (Watanabe et al. 

2002).  

 

The results of animal studies also illustrate that the interaction between gonadal hormones and pain 

perception is complex and not entirely understood (Frye et al. 1992; Robbins et al. 1992; Gaumond 

et al. 2005; Kuba et al. 2006).  The hormonal effects on nociceptive processing likely are the result 

of actions at multiple levels, from peripheral nerves to the highest cortical response, and may exert 

pronociceptive or antinociceptive effects, depending on the hormone profile. As reviewed by Martin 

(2009), most studies suggest that the hormonal milieu during the proestrous phase of the the rats 

oestrous cycle (in which serum oestradiol concentrations peak during early proestrous and decline 

during late proestrous, and serum progesterone concentrations are low during early proestrous, and 

peak during late proestrous), may be pronociceptive. It is however, not known whether the high or 
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fluctuating serum oestradiol concentrations are accountable for the pronociceptive effects during 

this phase, or whether progesterone might also influence pain perception during the proestrous 

phase (Martin 2009).  

 

In summary, the net effect of these hormones on pain perception likely is dependant on the sum of 

their pronociceptive and antinociceptive effects (Martin 2009). Finally, it is important to note that 

although less is known about the role of other sex 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 processing by affecting descending inhibitory pathways in females 

(Vincent et al. 2013). However, the effects of testosterone 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 pain. Thus, there still is no clear picture of the 

association between reproductive hormone status and pain. 

 

 

1.2.2 Experimental Pain across the Ovulatory Menstrual Cycle 

 

 

The complexity of the relationship between gonadal hormones and pain perception in women is 

highlighted by the inconsistent, and hence inconclusive, results of investigations on experimentally-

induced pain across the menstrual cycle (see Table 1). Human experimental pain models applied to 

healthy volunteers are useful tools for investigating various aspects of the pain mechanisms, as 

they create a situation in which healthy volunteers transiently become patients with well-defined 
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pain in whom sensory manifestations and sensory-motor interactions can be assessed. Moreover, 

experimental pain models may be valuable in both pharmacological and clinical studies to 

quantify the sensitivity of the nociceptive system in pain patients, and in predicting clinical pain 

outcomes (Arendt-Nielsen and Graven-Nielsen 2008). Collectively, research on experimental 

pain compliments clinical research. 

 

There is a relatively large body of literature on experimental pain perception across the menstrual 

cycle in normal healthy women. However, studies have been unable to agree on whether a cyclical 

influence on pain exists, let alone the direction of the effect, should it exist. Some studies suggest 

that responses to painful stimuli vary across the menstrual cycle, while others argue that 

experimental pain perception does not vary according to menstrual cycle phase. The details and 

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

normal menstrual cycles are presented in Table 1. 
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Table 1. Summary of human studies, in chronological order, investigating the influence of the normal menstrual cycle on experimental pain 

responses in healthy, normally cycling women.  

 

Authors,  
Year 

Subjects 
 

Study Results & Outcome Variable Used 
 

Menstrual Phases Studied  Body Location 

 
Herren, 1933 
 

 
5  

 
Follicular  phase: ŷ sensitivity to two-point touch 
(threshold), ŷ sensitivity to pain discriminations, Ź 
tactile sensitivity. 
 

 

ω Premenstrual (5 days menses onset) 

ω Follicular  

ω Late Follicular 

 
Forearm 

 
Robinson & 
Short, 1977 
 

 
6  

 
Premenstrual & Menstrual phases: ŷ sensitivity to 
two-point discrimination thresholds, ŷ sensitivity to 
pain (Semmes-Weinstein pressure aesthesiometer- 
20 nylon mono-filaments). 

 
8 menstrual cycles 
(phases and days not specified) 
 

 
Breast 
 

 
Tedford et al., 
1977 
 

 
12  
 

 
±1 week after menses with a steady climb until 
peak at ovulation: ŷ sensitivity to electrical shock 
aversion thresholds. 
 

 

ω Menstrual (days 1-7) 

ω Postmenstrual (days 8-14) 

ω Ovulatory (days 15-21) 

ω Premenstrual (days 21-28) 

 
Middle & index fingers 
of ñnon-preferredò 
hand (cutaneous) 

 
Goolkasian, 
1980 
 

 
12  
 

 
Ovulatory Phase: ŷ sensitivity to radiant heat 
stimulation (dolorimeter). 
 
* 

 

ω Menstrual (days 1-7) 

ω Postmentrual (days 8-14) 

ω Ovulatory (days 15-21) 

ω Prementrual (days 22-28)                           

 
Right forearm 

 
Goolkasian, 
1983 
 
 

 
12  
  

 
Ovulatory & Menstrual phases: ŷ sensitivity to 
radiant heat stimulation (dolorimeter)  
 
* 

 

ω Menstrual (days 1-7) 

ω Postmenstrual (days 8-14) 

ω Ovulatory (days 15-21) 

ω Premenstrual (days 22-28) 

 
Right forearm 

 
Aberger et al., 
1983 
. 
 

 
18  
 

 
Premenstrual phase: Ź sensitivity to ischaemia 
(threshold & tolerance). 
 
 

 

ω Premenstrual 

ω Menstrual  

ω Post-menstrual   

(days not defined) 

 
Non-dominant arm & 
hand 

 
 
 

 
 
 

 
 
 

 

 
 

 
 
 



13 

 

Authors,  
Year 

Subjects 
 

Study Results & Outcome Variable Used 
 

Menstrual Phases Studied  Body Location 

 
Veith  et al., 
1984 
 

 
16  

 
No cycle effects in sensitivity to electric shock pain 
& cold pressor thresholds. 
 
* 

 
ω Menstrual (days 2-4) 

ω Follicular (days 8-10) 

ω Ovulatory  

ω Luteal (6-8 days after ovulation) 

ω Premenstrual (11-13 days after ovulation) 

 
Inside of non-dominant 
wrist (cutaneous 
electric shock) & 
dominant hand (cold 
pressor) 

 
Kuczmierczyk  
& Adams, 1986 
 

 
10  
 

 
No cycle effects on sensitivity to Forgione-Barber 
pain stimulator (pressure pain threshold & 
tolerance).  

 

ω Menstrual (days 1-4) 

ω Intermentrual phase (days 7-22) 

ω Premenstrual (days 24-28) 

 
Middle phalanx of 
index finger of 
dominant  

 
Kuczmierczyk 
et al., 1986 
 

 
10  
 

 
No cycle effects on sensitivity (Forgione-Barber) 
pressure pain (tolerance). 
Intermenstrual phase: ŷ sensitivity to pressure 
(numeric rating). 

 

ω Menstrual (days 1-4) 

ω Intermenstrual phase (days 7-22) 

ω Premenstrual (days 24-28) 

 

 
Middle phalanx of 
index finger of 
dominant 

 
Hapidou & De 
Catanzaro, 
1988 

 
19  
 

 
Follicular phase: Źsensitivity to cold pressor pain 
(threshold). 

 

ω Follicular (days 8-14) 

ω Luteal (days 15-21) 

 
Arm 

 
Amodei & 
Nelson-Grey, 
1989 
 

 
12  
 

 
No cycle effects on sensitivity to muscle ischaemia, 
& pressure (Forgione Barber pressure device) pain 
(threshold & tolerance). 
 

 

ω Menstrual (days 1-4) 

ω Intermenstrual (days 12-16) 

ω Premenstrual (days 1- 4 before menses 

onset) 

 
 Arm (ischaemia) & 
middle phalanx of 
index finger 
(pressure). 

 
Filligim et al., 
1997 
 

 
11  

 
Midfollicular: Ź sensitivity to ischemic pain 
(threshold & tolerance). 
No cycle effects on thermal sensitivity (threshold & 
tolerance). 
 
À, # 

 

ω Midfollicular (days 5-8) 

ω Ovulatory (within 24h of ovulation) 

ω Mid-to-late luteal (days 19-27) 

 

 
Arm 

 
Pfleeger et al., 
1997 
 

 
11  

 
Luteal phase: ŷsensitivity to ischaemia (submaximal 
effort tourniquet test - threshold & tolerance). 
No cycle effects on verbal descriptors of pain 
intensity (sensory) & pain unpleasantness 
(affective). 
 
À 

 

ω Follicular phase (days 4-9) 

ω Mid-to-late luteal phase (5-10 days after 

ovulation) 
 

 
Arm 
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Authors,  
Year 

Subjects 
 

Study Results & Outcome Variable Used 
 

Menstrual Phases Studied  Body Location 

 
Giamberardino 
et al., 1997 
 

 
10  
 

 
Luteal phase: Ź sensitivity to cutaneous, subcutis & 
muscle electrical stimulation (thresholds) at all sites. 
Periovulatory phase: ŷ cutaneous sensitivity, ŷ 
muscle/subcutis sensitivity.  

 
ω Menstrual (days 2-6) 

ω Periovulatory (days 12-16) 

ω Luteal (days 17-22) 

ω Premenstrual (days 25-28) 

 
Arm, leg & abdomen 

 
Hapidou & 
Rollman, 1998 
 
 

 
36  
 

 
Follicular phase: ŷ sensitivity pressure pain (tender 
point count using palpation & digital pressure- 
dolorimetry). 
 

 

ω Menstrual (days 1-7) 

ω Follicular (days 8-14) 

ω Luteal (days 15-21) 

ω Premenstrual (days 22-28) 

 
Rheumatological 
tender points 

 
Hellstrom & 
Lundberg, 
2000 

 
22  

 
Luteal phase: Ź sensitivity (ŷ pain thresholds) to 
cold pressor pain. 

 

ω Menstrual (days 2-4) 

ω Luteal (days 20-24) 

 
Dominant hand 

 
Cimino et al., 
2000 
 

 
18  

 
Menstrual, follicular & luteal phases: Ź masseter 
sensitivity (electric algometer pressure pain 
thresholds). 
Luteal phase: Ź temporalis sensitivity (pressure pain 
threshold). 
 
ƪ  

 

ω Menstrual (day 1) 

ω Follicular (7 ± 2 days after menses) 

ω Periovulatory (14 ± 2 days after menses) 

ω Luteal (21 ± 2 days after menses) 
 

 
Masseter & temporalis  

 
Granot et al., 
2001 
 

 
31  
 

 
No cycle effects on sensitivity to heat (thermode) 
pain thresholds. 
Luteal phase: ŷ latency & ŷ amplitude of pain-
evoked potentials by laser stimuli during the 
follicular phase; Ź latency & Ź amplitude of evoked 
potentials. 
 
# 

 

ω Menses (days 1-2) 

ω Midfollicular (days 5-9) 

ω Ovulatory (days 14-17) 

ω Midluteal (days 21-24) 

 

 
Thenar eminence of 
the non-dominant 
hand (heat) & 
dorsal superficial radial 
nerve of hand (laser) 

 
IsselԎe et al., 
2001 

 
10  
 

 
Perimenstrual phase: ŷ sensitivity to pressure pain 
(electronic algometer thresholds) at all sites. 
 

 

ω Mid-to-late Follicular (days 8-12) 

ω Mid-to-late Luteal (days 19-26) 

ω Perimenstrual (days 1, 27, 28) 

 
Masseter, temporalis & 
thumb muscles 

 
 
 
 

 
 
 
 

 
 
 
 

 

 
 
 

 
 
 
 



15 

 

Authors,  
Year 

Subjects 
 

Study Results & Outcome Variable Used 
 

Menstrual Phases Studied  Body Location 

 
Bajaj et al., 
2002 
 

 
15  
 

 
Menstrual phase: ŷ sensitivity to pressure, pinch & 
heat pain (thresholds) at all sites. 
 
No cycle effects on sensitivity to tactile threshold 
(Von Frey hairs) at all sites. 
 
À 

 
ω Menstrual (days 1-6) 

ω Ovulatory (days 12-16) 

ω Luteal (days 17-22) 

ω Premenstrual (days 25-28) 

 

 
Arm, thigh, abdomen,  
lower back 

 
Tassorelli et 
al., 2002 

 
14  

 
Luteal phase: ŷsensitivity to electrical noxious 
stimuli. 

 

ω Follicular (days 8-10) 

ω Luteal (days 6-8 from ovulation) 

 
Biceps femoris 

 
Oshima et al., 
2002 
 

 
9  

 
No cycle effects on sensitivity to electrical pain 
thresholds.  

 
ω Follicular (day 7) 

ω Luteal (day 21) 

 
Median nerve in index 
finger of non-dominant 
hand 

 
Drobek et al., 
2002 
 

 
10  
 

 
Perimenstrual: Ź masseter sensitivity (pressure pain 
thresholds). 
No cycle effects on sensitivity to pressure in the 
temporalis, masseter tactile thresholds (Von Frey 
filaments), & finger pain stimuli. 

 

ω Follicular (days 5-12 after menses) 

ω Luteal (days 16-27) 

ω Perimenstrual (day 28 -day 3 of next 

menses) 
 

 
Masseter, temporalis & 
middle phalanx of 3

rd
 

right-hand finger 

 
Straneva et al., 
2002 
 

 
27  
 

 
No cycle effects on sensitivity to ischaemia 
(submaximal effort tourniquet test thresholds & 
tolerance times). 
 
À, # 

 

ω Follicular (4-9 days after menses) 

ω Luteal (8-12 days after LH surge) 

 

 
Forearm 

 
Sherman et al., 
2005 
 

 
25  
 

  
No cycle effects on sensitivity to pressure pain 
tolerance, palpation pain intensity (VAS), & 
ischaemia (submaximal effort tourniquet test 
threshold & tolerance). 
 
À, ǒ  
 

 

ω Menses (days 1-3) 

ω Ovulatory (1-2 days after LH-surge) 

ω Midluteal (7-8 days after LH surge) 

ω Late-luteal (12-14 days after LH-surge) 

 

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

 
 
 

 
 
 

 
 
 

 

 
 

 
 
 



16 

 

Authors,  
Year 

Subjects 
 

Study Results & Outcome Variable Used 
 

Menstrual Phases Studied  Body Location 

 
Kowalczyk et 
al., 2006 
 

 
21  

 
No cycle effects on sensitivity to cold pressor pain 
(threshold & tolerance). 
 
À, # 

 
ω Menstrual (days 2-5) 

ω Follicular (days 6-10) 

ω Ovulatory (within 3 days after LH surge) 

ω Luteal (within 7-12 days after LH surge) 

ω Late luteal (within 13-17 days after LH surge  

 

 
Left forearm 

 
Choi et al., 
2006 
 

 
18  

 

Luteal phase: ҧ sensitivity to thermal pain (VAS) 

and unpleasantness (VAS). 

 

ω Follicular (days 2-13) 

ω Luteal (16-26) 

 

 
Non-dominant middle 
finger 

 
 
Smith et al., 
2006 
 
 

 
 
8  
 

# 
 
Follicular phase: ŷ sensitivity to muscle pain 
(hypertonic saline, VAS). 
 
# 

 

 
ω Follicular (days 2-9) (low oestrogen) 

ω 7-9 days later after treatment with oestradiol 

(high oetrogen) 
 

 
 
Masseter 

 
De Leeuw et 
al., 2006 
 

 
9  

 
No cycle effects on heat pain thresholds. 
 
# 

 
ω Menstrual (days 2-3) 

ω Follicular (days 11-12) 

 

 
Skin overlying left 
masseter muscle 

 
 
Stening et al., 
2007 
 

 
15  

 
Late luteal phase: ŷsensitivity to cold pressor pain 
(thresholds) compared the late follicular phase. 
 
# 

 

ω Early follicular 

ω Late follicular (preovulation) 

ω Early luteal 

ω Late luteal 

(exact days not defined) 

 
Left hand 

 
 
Klatzkin et al., 
2010 
 

 
 
49  
 

 
 
No cycle effects on sensitivity to cold pressor, heat 
(thermode) & ischaemic (submaximal effort 
tourniquet procedure) pain (thresholds, tolerance & 
intensity & unpleasantness (VAS)). 
 
À, # 

 

 
ω Early follicular (days 2-5) 

ω Late follicular (days 7-12) 

ω Luteal (8-12 days after LH surge) 

 

 
 
Hand (cold), 
forearm (heat), 
arm & hand 
(ischaemia) 

 
 
 
 

 
 
 
 

 
 
 
 

 

 
 
 

 
 
 
 



17 

 

Authors,  
Year 

Subjects 
 

Study Results & Outcome Variable Used 
 

Menstrual Phases Studied  Body Location 

 
Rhudy & 
Bartley, 2010 
 

 
41  

 
No cycle effects on sensitivity to suprathreshold 
electrocutaneous stimulations (nociception flexion 
reflex) & emotionally charged pictures. 
Late luteal phase: Ź pain ratings of suprathreshold 
stimuli. 
 
*, À 
 

 
ω Mid-follicular (days 5-8) 

ω Late-luteal (days 1-6 preceding menses) 

 

 
Biceps femoris muscle 
of left leg 

 
Kowalczyk et 
al., 2010 
 

 
21  

 
Menstrual & late luteal phases: Ź sensitivity to 
mechanical pressure pain (Ź ability to discriminate 
different intensities). 
 
À, # 

 

ω Menstrual (days 2-5) 

ω Follicular (days 6-10) 

ω Ovulatory (within 3 days after LH surge) 

ω Luteal (within 7-12 days after LH surge) 

ω Late luteal (within 13-17 days after LH surge  

 

 
Fingers (2

nd
 & 3

rd
 

phalanx of both hands) 

 
Ribeiro-
Dasilva et al., 
2011 

 
30  

 
Luteal phase: Ź sensitivity to ischaemic pain 
(submaximal tourniquet test). 
No cycle effects on sensitivity to heat & pressure 
thresholds. 

 

ω Follicular (days 4-10 after onset of menses) 

ω Luteal (days 4-9 preceding menses) 

 

 
Right forearm 
(ischaemia & heat),  
Right upper trapezius, 
right masseter & right 
ulna (pressure) 

 
Vincent et al., 
2011 
 

 
12  
 

 
No cycle effects on sensitivity to thermal pain. 
 
 

 

ω Days 1-2 

ω Days 10-12 

ω Days 20-22 

 

 
Lower abdomen & 
inner arm 

 
Veldhuijzen et 
al., 2013 

 
15  

 

Follicular phase: ҧ sensitivity to pressure pain 

thresholds. 
 
À, # 

 

ω Menstrual (days 2-4) 

ω Midfollicular (days 6-8) 

ω Periovulatory (day of or after positive 

ovulatory test) 

ω Midluteal (1 week after ovulation) 

 

 
Left foot dorsum 

 
* = ovulation confirmed with body temperature, À = ovulation confirmed by LH surge in urine, # = menstrual phase confirmed with hormone assays, ƪ  = pelvic 
ultrasound screening for menstrual phase determiniation, ǒ = midluteal salivary progesterone, VAS = visual analogue scale.
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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 menstruation (Tedford et al. 

1977; Hapidou and De Catanzaro 1988; Giamberardino et al. 1997; Hapidou and Rollman 

1998; Ribeiro-Dasilva et al. 2011; Veldhuijzen et al. 2013), at the time of ovulation 

(Goolkasian 1980; Goolkasian 1983; Cimino et al. 2000; Kowalczyk et al. 2010), during the 

luteal phase (Goolkasian 1980; Hapidou and De Catanzaro 1988; Tassorelli et al. 2002; Choi et 

al. 2006), during the premenstrual phase (Fillingim et al. 1997; Pfleeger et al. 1997; Isselee et 

al. 2001) and during the menstrual phases (Herren 1933; Robinson and Short 1977; Hellstrom 

and Lundberg 2000; Isselee et al. 2001).  

 

In contrast, a number of studies suggest a lack of variability in response to pain across the 

menstrual cycle (Aberger et al. 1983; Veith et al. 1984; Kuczmierczyk and Adams 1986; 

Kuczmierczyk et al. 1986; Amodei and Nelson-Gray 1989; Fillingim et al. 1997; Hapidou and 

Rollman 1998; Granot et al. 2001; Bajaj et al. 2002; Drobek et al. 2002; Oshima et al. 2002; 

Straneva et al. 2002; de Leeuw et al. 2006; Kowalczyk et al. 2006; Klatzkin et al. 2010; 

Ribeiro-Dasilva et al. 2011; Vincent et al. 2011).  

 

The inconsistent findings in the current literature regarding pain sensitivity across the menstrual 

cycle have been attributed to various experimental methodological concerns including: 

differences in the choice of experimental pain stimuli, and where these are applied (Sherman and 

LeResche 2006; Vincent and Tracey 2010), as well as different outcome measures (thresholds 

versus tolerance) used. Also, in the majority of studies, menstrual cycle phase was arbitrarily  

divided into functionally distinct phases, based either on the ovarian or endometrial cycle 
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(Sherman and LeResche 2006; Vincent and Tracey 2010; Pogatzki-Zahn 2013), and importantly, 

most studies did not measure plasma levels of gonadal hormones (see Table 1). Measurements of 

plasma gonadal hormone concentrations not only are needed to accurately determine the 

menstrual cycle phase and confirm ovulation, but also are vital to determine the relationship 

between hormone levels and pain responses. Importantly, concentrations of the gonadal hormones 

during each phase vary markedly between women and there is a large inter- and intra-variability in 

menstrual cycle lengths. Further, approximately one in three or one in four menstrual cycles may be 

anovulatory in normal women (Metcalf et al. 1983). Confirming ovulation is therefore also 

imperative because if ovulation does not occur, the hormonal milieu in the second half of the 

menstrual cycle will be distinctly different from that which occurs in a normal ovulatory 

menstrual cycle. Other factors that have not always been considered in studies to date are 

whether women have severe premenstrual mood changes, such as with premenstrual dysphoric 

disorder (Straneva et al. 2002), which may impact pain responses. 

 

The diverse range of experimental pain stimuli also contribute to the inconsistent findings across 

the studies. The choice of experimental pain stimuli used in studies is fundamental for numerous 

reasons: when assessing pain, it is essential that the pain stimulus is a) reproducible, b) strong 

enough to elicit a measurable response, c) moderate enough to display individual differences, 

and d) either meaningful enough to bear some resemblance to a natural physiological or clinical 

pain, or precise enough to elucidate the basic mechanism of a response to pain (Sherman and 

LeResche 2006). As shown in Table 1, the pain induction procedures that have been used, 

include: pressure/mechanical pain (Amodei and Nelson-Gray 1989; Bajaj et al. 2002), thermal 

(Bajaj et al. 2002), cold pressor stimulation (Hapidou and De Catanzaro 1988), electrical 
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stimulation (Giamberardino et al. 1997), ischaemia (Aberger et al. 1983), pinch (Bajaj et al. 

2002), tactile stimulation (Bajaj et al. 2002), intramuscular injection of hypertonic saline (Smith 

et al. 2006), and pain-evoked potentials by laser stimuli (Granot et al. 2001). 

 

It is likely that each painful stimulus results in differential processing of nociceptive afferents 

(Lynn and Perl 1977). Electrical stimuli, for example, activate all classes of afferent neurons, 

(i.e. both nociceptive and non-nociceptive fibres), hence producing both painful and non-painful 

sensations (Gracely 1990; Keefe et al. 1991), which may be difficult to distinguish. Electrical 

stimulation also is confounded by concurrent activated muscle twitches (Arendt-Nielsen and 

Graven-Nielsen 2008), and this modality has been shown to evoke pain sensations that are less 

natural than other pain stimuli (Gracely 1990; Fillingim and Ness 2000). On the other hand, 

thermal stimuli activate A-delta and C-fibers only (Keefe et 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 pain) (Pertovaara et al. 1982; Maixner 

et al. 1990; Kirschbaum et al. 1999). Given that studies have shown enhanced hypothalamic-

pituitary-adrenal (HPA) responses to stress during the luteal phase compared with the follicular 

phase (Kirschbaum et al. 1999), a specific hormonal milieu is likely to affect one pain stimulus 

in a different manner compared to another pain stimulus.  

 

The body site and tissue depth at which these stimuli have been applied also varies and likely 

contributes to the inconsistencies between studies. Body sites have included the thumb (Haman 

1944), index finger (Tedford et al. 1977; Kuczmierczyk and Adams 1986; Kuczmierczyk et al. 
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1986; Amodei and Nelson-Gray 1989), forearm (Goolkasian 1983; Straneva et al. 2002; 

Kowalczyk et al. 2006), arm (Fillingim et al. 1997; Giamberardino et al. 1997; Pfleeger et al. 

1997; Bajaj et al. 2002), leg (Giamberardino et al. 1997; Bajaj et al. 2002), abdomen  

(Giamberardino et al. 1997; Bajaj et al. 2002; Vincent et al. 2011), lower back (Bajaj et al. 

2002), foot (Veldhuijzen et al. 2013), and masseter and temporalis muscles (Isselee et al. 2001; 

Drobek et al. 2002). Several aspects of pain assessment have been shown to vary according to 

body location; particularly with respect to the proximity to the reporoductive organs (Robinson 

and Short 1977; Klonoff et al. 1993; Giamberardino et al. 1997). The tissue depth at which pain 

is applied is also likely to play a role in the inconsistent findings since hyperalgesia has been 

reported to differ in the skin compared to subcutaneous tissue and compared to deep muscle 

tissue (Vecchiet et al. 1990; Giamberardino et al. 1993). Furthermore, there is some evidence 

supporting that nociceptive activity arising from deep tissues, such as muscle, is under greater 

inhibitory influence than activity from cutaneous sites (Mense 1990).  

 

Another methodological concern that may be accountable for the inconsistent findings of studies 

investigating pain sensitivity across the menstrual cycle is that of the measurement of the pain 

response. Researchers have used various pain response outcomes, including: pain threshold, pain 

tolerance, and visual analogue scales (VAS) to measure pain intensity. It has been argued, for 

example, that tolerance measures may constitute a learned component of pain which is a more 

sensitive index of psychological, motivational and cultural factors affecting the experience of 

pain, while measures of pain threshold constitute an unlearned component of pain more 

reflective of pure physiological aspects of pain perception (Weisenberg et al. 1975; Wolff 1978). 

The VAS is widely used as an effective method of assessing clinical and experimental pain, as it 
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has been shown to produce consistent and reliable measures of pain intensity and pain 

unpleasantness (Revill et al. 1976; Price et al. 1983; Price et al. 1994; Coll and Ameen 2006). 

Collectively, as seen in Table 1, differences in the methodology of the studies render it difficult 

to compare outcomes and to reach agreeable compatibile conclusions about the influence of the 

menstrual cycle phase on pain perception in women with normal menstrual cycles. Even the two 

reviews that used forms of meta-analyses of several experimental studies about pain reactivity in 

healthy women across the menstrual cycle are not in agreement. Riley et al., (1999) concluded 

that there are reduced pain thresholds during the luteal compared to the follicular phase of the 

menstrual cycle, for almost every stimulus modality used, including pressure, cold pressor, 

thermal heat and ischaemic muscle pain (Riley et al. 1999). In a more recent review of 19 

studies, including studies conducted after 1999, Martin (2009) reclassified the menstrual cycle 

into early, mid-, and late follicular and luteal phases, since the hormonal milieus at the various 

stages of both the follicular and luteal phases vary vastly. Of the 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 pain sensitivity across the menstrual 

cycle (Martin 2009). This meta-analysis therefore concluded that the literature about the impact 

of menstrual cycle phase on pain sensitivity is still inconclusive (Martin 2009).  

 

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

I confirmed menstrual cycle phase with biological markers (plasma oestrogen and progesterone 
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concentrations, and ovulatory kits which detect the LH surge in urine), I used a within-subject 

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 genetics, body size, 

muscle mass, pain inhibitory pathways and CNS variation) and psychological variables (anxiety, 

depression and culture); all of which vary considerably between individuals. I also confirmed the 

absence of severe premenstrual syndrome in the participants, using the validated Penn Daily 

Symptom Rating Form (Freeman et al. 1996), and ensured normal psychological stauts, using the 

validated General Health Questionnaire (Goldberg et al. 1976). Further, given that mood alters 

pain perception (Sherman and LeResche 2006; Tu et al. 2010), I assessed mood thoroughly using 

the profile of mood states (POMS) questionnaire, a validated scale of current mood (McNair et 

al. 1992). Finally, I investigated two groups of women: those with and without severe primary 

dysmenorrhoea, and used two clinically-relevant and effective experimental pain stimuli 

(hypertonic saline and ischaemia). Pain severity was assessed using the VAS, a validated and 

effective scale which produces consistent and reliable measures of pain intensity (Revill et al. 

1976; Price et al. 1983; Price et al. 1994; Coll and Ameen 2006). 

 

Intramuscular injection of the algesic substance, hypertonic saline, is a better nociceptive and 

more clinically relevant method of inducing deep muscle pain than electrical stimulation, and has 

been found to produce no in vitro or in vivo toxicity (Kellgren 1938; Graven-Nielsen et al. 1997; 

Stohler and Kowalski 1999; Svendsen et al. 2005; Hodges et al. 2009). Injection of hypertonic 

saline has been shown to induce a mild, acute muscular pain that closely reproduces clinical 

musculoskeletal pain in both subjectively perceived quality, and in its effects on motor 

performance (Graven-Nielsen et al. 1997). Hypertonic saline is believed to excite wide dynamic 
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range neurons (Ro and Capra 1999), possibly via activation of group III (thinly myelinated A-

delta fibres) and group IV (unmyelinated C-fibres) muscle nociceptors to produce both a local 

area of transient pain and referred pain (Paintal 1960; Iggo 1961; Kumazawa and Mizumura 

1977; Graven-Nielsen et al. 1997; Graven-Nielsen et al. 2002). Currently, hypertonic saline has 

only been used in one study to induce a deep-muscle pain in normally cycling healthy women 

under different hormonal conditions (Smith et al. 2006). 

 

Another accepted method of inducing deep-muscle pain is by inducing tissue ischaemia 

(Svensson and Arendt-Nielsen 1995). By occluding blood flow to a group of muscles using a 

tourniquet, and by voluntarily contracting the muscle-group to increase the use of oxygen by the 

muscles, the muscles become ischaemic and pain is produced (Maixner et al. 1990; Svensson 

and Arendt-Nielsen 1995). The involved mechanisms of deep-muscle pain after ischaemic 

contractions are complex and not fully understood. However, it has been suggested that 

ischaemic contractions result in the accumulation of various substances such as potassium, 

adenosine and lactate, which excite muscle nociceptors or sensitise nociceptors to respond to 

muscle contractions that are normally non-painful (Newham and Mills 1999; Grace et al. 2001; 

Mense and Simons 2001). In addition, theories on tourniquet-induced ischaemic pain support the 

role of C-fibres in the transmission of pain, while A-fibre conduction is believed to be abolished 

during an ischaemic event (Chabel et al. 1990; Loram et al. 2007). Ischaemia has been 

previously used as a method for inducing experimental pain in normally cycling healthy women 

across the menstrual cycle (see Table 1) (Aberger et al. 1983; Amodei and Nelson-Gray 1989; 

Fillingim et al. 1997; Pfleeger et al. 1997; Straneva et al. 2002; Sherman et al. 2005; Klatzkin et 

al. 2010; Ribeiro-Dasilva et al. 2011). 
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In the section above I have discussed the literature pertaining to pain perception across the 

menstrual cycle in women who have normal ovulatory menstrual cycles and who do not 

experience menstrual pain. Many healthy women of reproductive age experience recurrent 

monthly menstrual pain, a common gynaecological complaint known 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 pain-free phases of their menstrual cycles. Therefore, in the 

next section of this introduction I will discuss the prevalence and aetiology of primary 

dysmenorrhoea, before discussing studies that have investigated the perception of experimental 

pain across the menstrual cycle in these women. 

 
 

 

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 age (Coco 1999). Despite its common 

occurrence, however, it is under-diagnosed and under-treated (Campbell and McGrath 1997; 

Coco 1999; Proctor and Farquhar 2006). Based on pathophysiology, dysmenorrhoea can be 

subclassified as either primary or secondary dysmenorrhoea (Proctor 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 (6-24 months) menarche (Hofmeyr 1996; Dawood 2006). The onset of 

primary dysmenorrhoeic pain usually has a clear and predictable temporal pattern, beginning 

just before or at the start of menstruation (Dawood 1987; Harel 2008). The pain typically lasts 

for 8-72 hours, is most severe during the first or second day of menstruation, and  may radiate 

to the back and thighs (Hofmeyr 1996; Proctor et al. 2002; Ruoff and Lema 2003). In addition, 

systemic symptoms such as nausea, vomiting, diarrhoea, fatigue and insomnia frequently 

accompany the pain (Hofmeyr 1996; Ruoff and Lema 2003).  

 

Secondary dysmenorrhoeic pain, in contrast, may originate from a number of identifiable 

pathological conditions, including endometriosis, adenomyosis, fibroids (myomas) and pelvic 

inflammatory disease. The onset of secondary dysmenorrhoea can occur any time, usually 

more than 2 years, after menarche, and depending on the underlying condition, may be 

accompanied by other gynaecological symptoms such as intermenstrual bleeding and 

menorrhagia. In addition, the timing and intensity of secondary dysmenorrhoeic pain during the 

menstrual cycle may be constant or diffuse, and is not necessarily associated with menses 

(Hofmeyr 1996; Proctor and Farquhar 2006). While women with secondary dysmenorrhoea 

share some of the same characteristics to those of women with primary dysmenorrhoea, the 

focus of this thesis is on primary dysmenorrhoea. 
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1.3.2 Prevalence of Primary Dysmenorrhoea 

 

The prevalence of primary dysmenorrhoea is highly underestimated, yet difficult to determine, 

because few affected women seek medical treatment, despite the substantial distress 

experienced, as many consider the pain to be a normal part of the menstrual cycle rather than a 

disorder (Wong 2010); thus, many cases remain undocumented (Gould 1998; Jones 2004; 

Chen et al. 2006; Daley 2008). Due to the different definitions of the condition, and the lack of 

standard methods for assessing severity of dysmenorrhoea, prevalence estimates vary between 

45 and 95% of menstruating women (Jamieson and Steege 1996; Proctor and Farquhar 2006; 

Unsal et al. 2010), with very severe primary dysmenorrhoea estimated to affect approximately 

10-25% of women of reproductive age (Andersch and Milsom 1982; Dawood 1987; Sundell et 

al. 1990; Hofmeyr 1996). As such, dysmenorrhoea appears to be the most common 

gynaecological disorder in women irrespective of nationality and age (Harlow and Park 1996; 

Proctor and Farquhar 2002; Patel et al. 2006). 

 

 

1.3.3 The Aetiology of Primary Dysmenorrhoea 

 

The most widely accepted explanation for the pathogenesis of primary dysmenorrhoea is the 

overproduction of uterine prostaglandins (PGs) (Dawood 1987). PGs are ubiquitously 

distributed intracellular substances which are derived from long-chain polyunsaturated fatty 

acids such as arachidonic acid, a common component of cell membrane phospholipids 

(Hayaishi and Matsumura 1995). PGs have been shown to have a range of biological effects on 
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a wide variety of physiological as well as pathological activities including pain, inflammation, 

body temperature, and sleep regulation (Hayaishi and Matsumura 1995). 

 

Prostaglandin synthesis is limited by the availability of the free fatty acid precursors for 

arachidonic acid, which is regulated by cyclic adenosine phosphate. Via cyclic adenosine 

phosphate, PG production can be stimulated by substances such as adrenaline, peptide 

hormones and steroid hormones, but also by mechanical stimuli and tissue trauma (Vander et 

al. 1998; Funk 2001). Arachidonic acid is derived from phospholipids by the lysosomal 

enzyme phospholipase A2. The stability of lysosomal activity is regulated by several factors, 

one of which is progesterone levels; high progesterone levels tend to stabilise the activity of 

lysosomes, while falling levels tend to labilise lysosome activity (Dawood 1995; Hofmeyr 

1996). Therefore, the decrease in progesterone that accompanies the regression of the corpus 

luteum in the late luteal phase of the menstrual cycle results in the removal of this stabilising 

effect on endometrial lysosomes, the release of phospholipase A2, menstrual flow and 

hydrolysis of phospholipids from the cell membrane to generate additional arachidonic acid 

(see Figure 2). Consequently, the enduring availability of arachidonic acid together with the 

intracellular destruction and tissue trauma during menstruation, favour the production of PGs 

(Dawood 1995). 

 

All women have increased levels of PGs during the luteal phase compared with the follicular 

phase of ovulatory cycles. However, there is evidence that, compared with eumenorrhoeic 

women, dysmenorrhoeic women have higher levels of PGs, as measured in luteal phase 

endometrial biopsies, endometrial jet washings and menstrual fluids (Chan and Hill 1978; 
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Dawood 2006). Higher circulating levels of PGs (PGF2Ŭ and PGE2) have been reported in 

women with dysmenorrhoea compared with asymptomatic women during menstruation, and 

these PG levels are highest during the first 48 hours of menses, when symptoms peak 

(Lundstrom and Green 1978; Dawood 1987; Hofmeyr 1996; Coco 1999). Furthermore, the 

severity of menstrual pain and associated symptoms of dysmenorrhoea are directly 

proportional to the amount of PGs released (Chan et al. 1981; Dawood 2006). In addition, 

clinical administration of exogenous PGs results in uterine contraction and often also produces 

the same systemic symptoms that frequently accompany dysmenorrhoea, including nausea, 

vomiting and diarrhoea (Dawood 1995; Coco 1999). Taken together, these findings, together 

with many clinical trials which demonstrate the effective relieve of dysmenorrhoeic pain 

through PG suppression (see Section 1.3.7), support the hypothesis that PGs are responsible for 

the painful uterine contractions and the associated systemic symptoms that accompany 

dysmenorrhoeic pain.  

 

On the basis that exposure of the endometrium to luteal phase progesterone is crucial for the 

increased production of uterine PGs, dysmenorrhoea is believed to occur only in ovulatory 

menstrual cycles (Dawood 1987); this notion has, however, more recently been challenged in a 

study in which basal body temperate was used to distinguish between ovulatory and 

spontaneous anovulatory menstrual cycles. There was no difference in the severity of 

menstrual symptoms, including pain, between ovulatory and anovulatory menstrual cycles in 

women with dysmenorrhoea (Espin Lopez et al. 2010). Nevertheless, it currently is believed 

that primary dysmenorrhoea does result from the enhanced release of PGs, allegedly from 
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disintegrating cells during endometrial sloughing, which causes myometrial hypercontractility, 

resulting in ischaemia and hypoxia of the uterine muscle, and, ultimately, pain (Dawood 1987).  

 

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 are PGF2Ŭ and PGE2; however, PGF2Ŭ appears to be of 

particular importance (Ruoff and Lema 2003). While PGE2 may result in either myometrial 

contraction or relaxation, PGF2Ŭ always causes potent vasoconstriction of uterine blood vessels, 

and myometrial contractions (Hofmeyr 1996; Ruoff and Lema 2003; Harel 2004). There also is 

evidence that PGF2Ŭ lowers the threshold for pain perception by sensitising nerve endings to 

pain (Hofmeyr 1996; Ruoff and Lema 2003; Harel 2004).  
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Figure 2. The arachidonic acid cascade displaying the cyclooxygenase (COX) pathway, the biosynthesis of 

cyclic endoperoxides (PGG2 and PGH2) and finally the synthesis of prostaglandins (PGF2Ŭ and PGE2). 

Prostaglandins F2Ŭ and E2 mediate myometrial contractions, vasoconstriction, hypersensitisation of pain 

nerve fibres and, ultimately , pain. Enzymes are 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 during menstruation compared with asymptomatic women; basal or resting uterine tone 

(> 10 mm Hg), active intrauterine pressure (> 120 mm Hg), frequency of uterine contractions, 

and uncoordinated uterine contractions all are greater in dysmenorrhoeic women (Akerlund 

1979; Dawood 1995; Hofmeyr 1996; Dawood 2006). Furthermore, studies investigating uterine 

blood flow using Doppler ultrasonography, have shown that the strong and abnormal uterine 

contractions in women with dysmenorrhoea during menstruation, are associated with reduced 

uterine blood flow and resultant myometrial ischaemia, and hence pain (Altunyurt et al. 2005). 

Thus, during menstruation, excessive release of PGs by the endometrium results in 

hypercontractility of the uterus, and subsequent uterine muscle ischaemia and hypoxia 

(Dawood 1995; Hofmeyr 1996). The contraction of the ischaemic uterus therefore is the likely 

cause of dysmenorrhoeic pain.  

 

In addition to PGs, vasopressin has been implicated in the aetiology of primary 

dysmenorrhoea, although the involvement of vasopressin remains controversial (Dawood 

2006). Limited studies have shown elevated circulating serum arginine vasopressin levels in 

women with primary dysmenorrhoea during menstruation (Ekstrom et al. 1992; Akerlund 

2004). Higher arginine vasopressin levels result in dysrhythmical uterine contractions, 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 dysmenorrhoea (Baker et al. 1999a; Valentin et al. 2000). Also, a 

vasopressin antagonist had no effect on menstrual pain, intrauterine pressure and uterine blood 

flow (Valentin et al. 2000). 
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There also is some evidence that dysmenorrhoea is not merely a disorder noticeable during the 

menstruation phase of the menstrual cycle. A recent study investigating cytokine gene expression 

profiles, showed that, throughout the menstrual cycle, women with primary dysmenorrhoea, 

compared to controls, exhibited a shift in the balance between expression patterns of pro-

inflammatory cytokines and TGF-beta family member genes related to anti-inflammatory 

responses, with up-regulation of genes coding for pro-inflammatory cytokines and down-

regulation of genes related to anti-inflammatory responses (Ma et al. 2013). In addition, some 

studies have found that dysmenorrhoeic women present with elevated levels of prolactin in the 

luteal phase  (Litschgi and Glatthaar 1978; Ylikorkala et al. 1979; Baker et al. 1999a) compared 

with other phases of the menstrual cycle. Also, women with primary dysmenorrhoea have been 

found to have higher nocturnal body temperatures, altered sleep, and increased morning 

oestrogen concentrations compared to asymptomatic women, in three different phases of the 

menstrual cycle, namely, the mid-follicular, mid-luteal, and menstruation phases (Baker et al. 

1999a). Therefore, even in the absence of pain, women with dysmenorrhoea may have distorted 

hormonal and cytokine profiles compared with women without menstrual-associated disorders. It 

remains unclear, however, whether the altered cytokine and hormonal profiles of women with 

recurrent menstrual pain translates to other physiological abnormalities outside of the 

menstruation phase, such as altered processing and perception of pain. 
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1.3.4 Pain Sensitivity in Women with Dysmenorrhoea  

 

The first study alluding to a possible increase in pain sensitivity across the menstrual cycle in 

women with dysmenorrhoea compared to women without dysmenorrhoea, was conducted in 

1944 (Haman 1944). In this study, dysmenorrhoeic women had lower pain thresholds to a 

pressure stimulus applied to the thumb, compared to non-dysmenorrhoeic women, in all 

menstrual cycle phases (Haman 1944). Since this first account of an increased sensitivity to 

pressure pain in dysmenorrhoeic women compared to women without dysmenorrhoea, several 

studies have investigated whether pain perception differs between dysmenorrhoeic and non-

dysmenorrhoeic women at different phases of the menstrual cycle. However, the results are 

inconclusive.  

 

Several studies report that no differences exist in the perception of experimental pain, including 

ischaemic pain, heat pain, and electrical stimulation of the skin, between dysmenorrhoeic and 

non-dysmenorrhoeic women (Aberger et al. 1983; Amodei and Nelson-Gray 1989; Brinkert et 

al. 2007). On the other hand, other studies report that women with dysmenorrhoea have an 

enhanced perception of laser pain-evoked potentials (Granot et al. 2001), heat pain (Goolkasian 

1983; Bajaj et al. 2002; Vincent et al. 2011), pressure pain (Bajaj et al. 2002) and electrical pain 

stimuli (Giamberardino et al. 1997) applied to the abdomen, lower back and extremities, 

compared to non-dysmenorrhoeic women (Giamberardino et al. 1997; Bajaj et al. 2002; Vincent 

et al. 2011). 

 

As is the case for studies investigating pain sensitivity in women with normal, pain-free 

menstrual cycles (see Section 1.2.2), it is important to consider menstrual cycle phase when 



35 

 

investigating pain sensitivity in women with primary dysmenorrhoea since gonadal hormones 

may impact pain perception (as discussed in Section 1.2.1). Also, menstrual cycle phase is of 

particular importance when investigating pain sensitivity in women with dysmenorrhoea, 

because it is possible that the perception of pain is altered in the presence of background 

dysmenorrhoeic pain (during menstruation) compared to pain-free phases of the menstrual cycle. 

 

1.3.4.1 Experimental Pain across the Ovulatory Menstrual Cycle in Women with Dysmenorrhoea  

 

 

Studies investigating pain sensitivity across the menstrual cycle in women with dysmenorrhoea 

are inconsistent and inconclusive. Women with dysmenorrhoea have been reported to have 

reduced cold pain thresholds during the luteal phase compared with the follicular phase (Hapidou 

and De Catanzaro 1988), reduced heat and pressure pain thresholds during the menstrual phase 

compared with all other phases of the menstrual cycle (Bajaj et al. 2002), and heighened 

electrical pain thresholds during the late luteal phase (Giamberardino et al. 1997). Other studies, 

however, report that thermal (Granot et al. 2001; Vincent et al. 2011), ischaemic, and pressure 

pain perception (Amodei and Nelson-Gray 1989) do not vary according to menstrual cycle phase 

in women with dysmenorrhoea. 

 

The methodological concerns, including stimulus site, pain modality, and range of outcome 

measures used, which influence pain sensitivity in women with pain-free menstrual cycles 

(Section 1.2.2) also apply here. Studies 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: pressure (Amodei and Nelson-Gray 1989; Bajaj et al. 2002), heat (Granot et al. 2001; 

Bajaj et al. 2002; Vincent et al. 2011), cold pressor stimulation (Hapidou and De Catanzaro 

1988), electrical stimulation (Giamberardino et al. 1997), ischaemia (Aberger et al. 1983; 

Amodei and Nelson-Gray 1989), pinch (Bajaj et al. 2002), tactile stimulation (Bajaj et al. 2002), 

and pain-evoked potentials by laser stimuli (Granot et al. 2001).  

 

As is the case with studies on women without dysmenorrhoea, a variety of sites have been used 

to induce experimental pain in women with dysmenorrhoea, including: the thumb (Haman 1944), 

index finger (Amodei and Nelson-Gray 1989), forearm (Goolkasian 1983), upper arm 

(Giamberardino et al. 1997; Bajaj et al. 2002), leg (Giamberardino et al. 1997; Bajaj et al. 2002), 

abdomen (Giamberardino et al. 1997; Bajaj et al. 2002) and lower back (Bajaj et al. 2002). 

Menstrual pain is referred to the abdomen in 70 - 90% of women (Montero et al. 1999), and to 

the lower back in 40% of women (Tissot and Messing 1995). However, to date, only three 

studies have compared pain sensitivity both within and outside areas of referred menstrual pain 

(Giamberardino et al. 1997; Bajaj et al. 2002; Vincent et al. 2011). Giamberardino et al. (1997) 

found that women with dysmenorrhoea had lower pain thresholds to electrical stimulation during 

the perimenstrual phase (but not during the luteal phase) for muscle and subcutaneous 

stimulations 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) and outside (arm and leg) 

areas of referred menstrual pain during the menstrual phase in dysmenorrhoeic women. The 

authors hypothesise that these findings are indicative of a spinal mechanism of central hyper-

excitability induced by recurrent moderate-to-severe menstrual pain (Bajaj et al. 2002). More 
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recently, a study by Vincent et al. (2011) substantiated other reports that women with 

dysmenorrhoea are more sensitive than controls to thermal pain both within (abdomen) and 

outside (arm) areas of referred menstrual pain. In contrast to the other two studies, the increased 

pain sensitivity was evident throughout the menstrual cycle: during the menstruation (days 1-2) 

phase, the follicular phase (days 10-12), and the luteal phase (days 20-22) (Vincent et al. 2011).  

 

In terms of tissue depth, dysmenorrhoeic women have shown hyperalgesia to electrical 

stimulation in the areas of referred menstrual pain for deep tissues such as muscle and 

subcutaneous tissue (Giamberardino et al. 1997), however, the hyperalgesia does not extend to 

the skin (Giamberardino et al. 1997; Brinkert et 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 and even less on 

the skin (Vecchiet et al. 1990; Giamberardino et al. 1993).  

 

Based on the diverse study designs and findings presented above, it still remains unclear whether 

or not women with primary dysmenorrhoea are hypersensitive to pain during the painful 

menstruation phase and/or during other pain-free phases of the menstrual cycle. In my studies 

decribed in Chapter 2, I address many methodological concerns to further investigate whether 

muscle pain responses differ between women with and without primary dysmenorrhoea at 

different phases of the menstrual cycle.  
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1.3.5 Classification of Primary Dysmenorrhoea as a Central Sensitisation Syndrome 

 

While studies of experimental pain have not yet confirmed that women with dysmenorrhoea are 

hypersensitive to pain, it has been suggested that the repeated monthly painful episodes may 

result in the development of central sensitivity to pain (Yunus 2007; Yunus 2008). Central 

sensitisation is defined as an abnormal augmentation of pain by mechanisms within the CNS, 

and therefore represents a state where the response to normal peripheral inputs is greatly 

enhanced (Woolf 2004; Woolf 2007). This heightened excitability of nociceptive projection 

neurons not only increases their sensitivity to inputs from afferents from damaged or inflamed 

sites, but also to other convergent inputs (Sessle 2007). Primary dysmenorrhoea has been 

classified as a member of the central sensitivity syndromes (CSS) together with several other 

clinical conditions including fibromyalgia and tension-type headaches (Yunus 2007; Yunus 

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

injury, inflammation, or a lesion to the nervous system (Woolf 2007; Yunus 2007).  

 

Indeed, compared to non-dysmenorrhoeic women, research indicates that otherwise healthy 

women with dysmenorrhoea may have a variation in the 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 the spinal cord, and ultimately, increased pain perception (Granot et al. 2001; Bajaj et 

al. 2002). Possible consequences of prolonged massive afferent visceral barrage and hence, 

increased neuronal input into the CNS, are functional and structural alterations throughout the 

CNS, including central sensitisation to pain (Giamberardino 1999; Granot et al. 2001; Bajaj et al. 
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2002). Below, I will briefly discuss the evidence suggesting that recurrent pain is associated with 

central sensitisation to pain. 

 

Recent studies have demonstrated significant differences between the brains of otherwise healthy 

women who experience moderate-to-severe dysmenorrhoeic pain and those of non-

dysmenorrhoeic women; including differences in central activity induced by noxious skin 

stimulation (Vincent et al. 2011), cerebral metabolism (Tu et al. 2009), and cerebral structure 

(Tu et al. 2010).  

 

Functional magnetic resonance imaging recently demonstrated that activity in the entorhinal 

cortex, a region that has been implicated in enhanced pain perception mediated by anxiety and 

anticipation (Ploghaus et al. 2001; Fairhurst et al. 2007), may explain the increased response to 

thermal pain that was found in women with dysmenorrhoea, even in the absence of menstrual 

pain (i.e. during non-menstrual phases) (Vincent et al. 2011). Furthermore, during menstruation, 

control women displayed deactivation of brain regions in response to experimental noxious 

thermal stimulation; a phenomenon that was not observed in the women with dysmenorrhoea 

(Vincent et al. 2011). 

 

In 2009, Tu et al. used fluoro-deoxyglucose PET in 17 women with primary dysmenorrhoea and 

16 pain-free controls to demonstrate that primary dysmenorrhoea is associated with abnormal 

metabolic changes in several areas in the brain involved in pain processing (Tu et al. 2009). 

When experiencing menstrual pain, compared to a pain-free phase of the menstrual cycle, 

women with dysmenorrhoea showed increased regional glucose metabolism in thalamic, 
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orbitofrontal and prefrontal areas, and decreased regional metabolism in lateral somatic 

sensorimotor areas (Tu et al. 2009). These presentations of hyper- and hypo-metabolic cerebral 

regions were found to be unique to menstrual pain; they were not evident in the controls, and 

they differ from those observed in acute visceral pain conditions and other kinds of persistent 

pain (Derbyshire 2003; Apkarian et al. 2005; Kupers and Kehlet 2006; Kulkarni et al. 2007). The 

authors suggest that disinhibition of thalamo-orbitofrontal-prefrontal networks may contribute to 

the generation of pain and increased pain sensitivity in women with primary dysmenorrhoea, 

possibly by maintaining spinal and thalamic sensitisation (associated with chronic visceral pain) 

and by increasing negative emotion/affect (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 group of researchers further investigated the brain 

morphology in women with and without dysmenorrhoea using an optimised voxel-based 

morphometry (VBM) approach (Tu et al. 2010). Compared to healthy controls, abnormal 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 processing, while increases were observed in regions involved in pain 

modulation and endocrine function regulation (Tu et al. 2010). Although the functional 

consequences of this central reorganisation remain to be established, the authors suggest that 

these changes support a combination of impaired pain inhibition and amplified pain facilitation 

(Tu et al. 2010). Importantly, the changes in gray matter volume were evident even when the 

women were in a pain-free phase of the menstrual cycle, highlighting that lasting central changes 
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may occur in recurring pain conditions, and not just chronic pain conditions. This hypothesis is 

further supported by the observation of similar morphological brain changes (using VBM), 

specifically decreases in gray matter volume,  in other recurrent or chronic pain states, including 

irritable bowel syndrome (IBS) (Davis et al. 2008; Blankstein et al. 2010) and chronic pelvic 

pain (CPP) (As-Sanie et al. 2012). Althought the changes in gray matter volume may vary 

between pain states, and may depend on the brain structures involved, as well as pain duration 

and pain incidence (persistent or intermittent), these changes support the theory that prolonged 

nociceptive input into the CNS can generate functional and structural modifications throughout 

the nervous system, and can alter the processing of pain within the CNS (Marcus 1995; Apkarian 

et al. 2005; Hermann et al. 2008).  

 

Although primary dysmenorrhoea is not currently classified as a CPP (Howard 2004), it is a 

frequent co-morbid symptom in women with CPP (Zondervan et al. 2001). For example, a recent 

robust 10-year follow-up  study concluded that women with IBS are more likely to experience 

dysmenorrhoea compared to women without IBS (Olafsdottir et al. 2012). This finding is not 

surprising given that in the clinical setting, a painful condition of one organ can affect the 

reactivity to painful stimuli of other visceral areas, with at least partially overlapping sensory 

projection (Giamberardino 2000; Giamberardino et al. 2001). Furthermore, other studies report 

that women who experience both dysmenorrhoea and IBS, or dysmenorrhoea and urinary 

calculosis, have more menstrual pain, IBS pain and abdominal muscle hyperalgesia 

(Giamberardino et al. 2010), or more menstrual pain, urinary pain and lumbar and abdominal 

muscle hyperalgesia (Giamberardino et al. 2010) compared to women with only one of these 

painful conditions. The mechanisms underlying this phenomenon, termed ñviscero-visceral 
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hyperalgesiaò or ñcross-organ sensitisationò are not entirely understood, however, a plausible 

explanation is that increased nociceptive input to the CNS from one visceral domain (e.g. the 

reproductive organs), sensitises or increases the excitability of viscero-visceral convergent 

neurons in the spinal cord. As a result, the central effect of the input from the second visceral 

location (e.g. the urinary tract) is amplified (Giamberardino 2000) (see review by (Brumovsky 

and Gebhart 2010). Regardless of the exact mechanisms involved in producing this visceral 

interaction, remarkably, effective treatment of one painful condition in one organ decreases pain 

and symptoms from the other organ. For example, effective treatment of dysmenorrhoea has 

been shown to significantly decrease pain reactivity from the urinary tract (Giamberardino 

2000), as well as IBS and urinary calculosis symptoms (Giamberardino et al. 2010) .  

 

Taken together, the recently described evidence of structural and functional modifications within 

the CNS suggest that women with primary dysmenorrhoea 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; Hermann et al. 2008). Recently researchers have even 

suggested that dysmenorrhoea may predispose women to a chronic pain state (As-Sanie et al. 

2012). Why some women with dysmenorrhoea undergo a transition to a chronic pain state, while 

others do not, remains unclear. However, it has been hypothesised that central pain modulation 

(amplification or inhibition) may account for this phenomenon.  It is also interesting to speculate 

whether such central changes contribute to the gender difference in chronic pain conditions 

(Berkley 1997; Pogatzki-Zahn 2013).  
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While one potential longterm 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 pain on daily functioning, quality of life and mood. 

 

 

1.3.6 Consequences of Primary Dysmenorrhoea 

 

1.3.6.1 Daytime Functioning, Quality of Life and Mood  

 

The painful menstrual cramps experienced by women with dysmenorrhoea can be considerably 

disabling, having been likened to renal colic pain (Ayan et al. 2012). The intense cyclic pain is 

associated with a restriction of physical activity (Dawood 1995; Chen et al. 2006; Patel et al. 

2006; Chantler et al. 2009a), and dysmenorrhoeic pain has been reported to be the primary 

cause of recurrent short-term school or work absenteeism among young women of child-

bearing age. Several longitudinal studies on young dysmenorrhoeic women have revealed that 

rates of absenteeism in these women range from 34-50% (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, dysmenorrhoea can 

ultimately have economic consequences (Hofmeyr 1996; Jones 2004).  

 

Chronic pain is a major contributor to a reduced quality of life (QoL) (Skevington 1998; Laursen 

et al. 2005; O'Connor 2009; Matusiak et al. 2010; Souza et al. 2011; Langley 2012). Primary 

dysmenorrhoea presents features of both chronic and acute pain syndromes; it is a recurring pain 

with a regular onset, however it is of short duration (Baker et al. 1999a). However, surprisingly 
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very little is known about the effect of primary dysmenorrhoeic pain on QoL. Although review 

articles on primary dysmenorrhoea report that dysmenorrhoeic pain is associated with a reduced 

QoL (Coco 1999; Proctor and Farquhar 2006), evidence of these claims is limited. Only recently 

have cross-sectional studies specifically investigated QoL, as a construct, in women who 

experience dysmenorrhoeic pain. Women with dysmenorrhoea have been shown to exhibit a 

reduced physical, but not mental component, of QoL (Vincent et al. 2011). Women with 

dysmenorrhoea also have been shown to score significantly lower in the domains of physical and 

social functioning, physical role functioning, bodily pain and general health perceptions, 

compared to women who did not report dysmenorrhoea (Barnard et al. 2003; Unsal et al. 2010). 

Although these studies report a decrease in health-related QoL in women with dysmenorrhoea, 

they do not distinguish between primary and secondary dysmenorrhoea (Barnard et al. 2003; 

Unsal et al. 2010; Souza et al. 2011; Vincent et al. 2011), and only one considered the intensity 

of dysmenorrhoeic pain (Unsal et al. 2010). Given that pain severity is a strong predictor of 

depression and poorer QoL (Bair et al. 2003), it is important that studies reporting on QoL 

consider the intensity of the pain experienced. 

 

Moreover, these studies do not take menstrual cycle phase into account (Barnard et al. 2003; 

Unsal et al. 2010; Souza et al. 2011; Vincent et al. 2011). It therefore remains unknown whether 

QoL in women with dysmenorrhoea is specifically linked to menstrual pain or is persistently 

lower, possibly reflecting a different psychological profile, compared to women without 

dysmenorrhoea. Women with severe premenstrual syndrome, another condition linked to a 

specific menstrual phase, report a poorer QoL not only in the premenstrual phase but also in the 

low-symptom follicular phase, compared to controls (Baker et al. 2012), and the same may be 
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true in women with dysmenorrhoea. To address the limitations of previous studies, in the study 

described in Chapter 3, I investigate, using the validated Short Form of the Quality of Life 

Enjoyment and Satisfaction Questionnaire (Endicott et al. 1993), whether severe recurrent 

primary dysmenorrhoeic pain affects QoL during menstruation, when the women are 

experiencing pain, as well as during a non-painful menstrual phase. 

 

Given that pain not only is a sensory experience, but also an emotional event (Taxonomy 1979; 

Bromm 1995), the effects of dysmenorrhoeic pain on psychological distress and affective states, 

such as mood, also need to be considered. Epidemiological studies have demonstrated that pain 

exacerbates psychological distress (Von Korff and Simon 1996; Bair et al. 2003). Importantly, 

the association between pain and anxiety/depression is bidirectional; such that psychological 

distress can also exacerbate pain (Von Korff and Simon 1996; Bair et al. 2003). Numerous 

studies on pain-free male and female participants have also shown that affective processes can 

modulate pain; arousing positive emotions and mood are able to reduce pain perception, while 

arousing negative emotions and mood induces pain facilitation (Weisenberg et al. 1984; Zelman et 

al. 1991; Zillmann et al. 1996; Weisenberg et al. 1998; Rhudy and Meagher 2000; Meagher et al. 

2001; Wunsch et al. 2003; Rainville et al. 2005; Rhudy et al. 2005; Rhudy and Bartley 2010). 

 

There are surprisingly few reports on emotional distress in women who experience cyclical 

primary dysmenorrhoeic pain. Evening assessment of mood in one study showed that women 

with primary dysmenorrhoea were significantly more agitated during menstruation compared to 

their follicular phase (Baker et al. 1999a). Similarly, depression and anxiety have been found to 
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be strongly associated with menstrual pain, although no distinction was made between women 

with primary and secondary dysmenorrhoea (Alonso and Coe 2001; Dorn et al. 2009). To 

address the lack of information about the impact of primary dysmenorrhoea on mood state, as 

part of the study reported in Chapter 2a, I investigate the mood of women with and without 

dysmenorrhoea during the painful menstruation phase as well as during the pain-free late-

follicular and luteal phases of the menstrual cycle. 

 

 

1.3.6.2 Sleep  

 

Most studies have focused on the impact of dysmenorrhoeic pain on daytime functioning, with 

little attention paid to the impact of pain on sleep. The National Sleep Foundationôs Women 

and Sleep Poll (1998) found that women reported more disturbed sleep during the first few 

days of menstruation than at other times of the menstrual cycle and that 28% of the sample 

reported that their sleep was disturbed by menstrual cramps or pain (NSF 1998). In association 

with their painful uterine cramps, women with dysmenorrhoea frequently complain of daytime 

fatigue and sleepiness; which further is suggestive of disturbed sleep (Delgado et al. 1994; 

Chen and Chen 2005; El-Gilany et al. 2005; Ohde et al. 2008). The following section provides 

an overview of how sleep is assessed and discusses the relationship between pain and sleep. 
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1.3.6.2.1   Assessment of Sleep  

 

Sleep is a distinctive form of rest. It is an essential physiological and rhythmic state that is 

regulated by autonomic, homeostatic and circadian processes (Hirshkowitz 2004). The 

regulation of sleep is complex and beyond the scope of this review. Several substances are 

involved in the regulation of sleep, including GABA, adenosine, orexin, histamine, and PGs. 

For example, adenosine and PGD2 are believed to be endogenous sleep-promoting substances 

(Roberts et al. 1980; Ueno et al. 1983; Pentreath et al. 1990; Islam et al. 1991; Pandey et al. 

1995; Hayaishi 2002; Porkka-Heiskanen et al. 2002). Orexin A and PGE2 generate arousal 

effects; by exciting the histaminergic tuberomammillary nucleus neurons, orexin A induces 

wakefulness (Eriksson et al. 2001) and PGE2 is believed to to be involved in the maintenance 

of the waking state (Matsumura et al. 1988; Onoe et al. 1992; Gerozissis et al. 1995). 

 

Based on numerous physiological parameters, several types of sleep exist, each with specific 

characteristics, functions and regulatory mechanisms (Hirshkowitz 2004; Carskadon and 

Dement 2005). Polysomnography (PSG) allows for the objective assessment of sleep by 

measuring brain activity, eye activity and muscle activity using electroencephalography (EEG), 

electro-oculography (EOG) and electromyography (EMG), respectively (Carskadon and 

Dement 2005). Commonly used terms in PSG reports, as well as their definitions, as described 

by Spriggs (2002), are listed in Table 2 (Spriggs 2002).  
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Table 2.  Common terms used in the analysis of polysomnographic recordings. Table 2 is 

generated using information from Spiggs, 2002 and Rechtschaffen and Kales, 1968. 

 

 

PSG Terms Definition  

 

Lights Out 

 

The beginning of the study, when the subject begins trying to fall 

asleep 

Lights On The end of the study - when the subject wakes up 

 

Sleep Onset Latency 

(SOL) 

The time it takes to fall asleep 

 

 

Total Recording 

Time (TRT) 

The duration from Lights Out to Lights On 

 

 

Total Sleep Time 

 (TST) 

 

The amount of actual sleep time in a Sleep Period; equal to total 

recording time minus the sum of in-bed wakefulness and Total 

Movement Time 

 

Wake after Sleep 

Onset (WASO) 

 

The total amount of time spent awake after the onset of sleep 

Movement Time 

(MT) 

Time when the subject is moving and the channels are obscured for 

more than 15 seconds because of this movement 

 

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

frequency 

 

Total Sleep Period 

 

A period of time measured from Sleep Onset to final awakening. In 

addition to Total Sleep Time, it is comprised of the time taken up by 

Arousals and Movement Time 

 

Sleep Efficiency  

(SE) 

 

The percentage of the Total Recording Time that the subject was 

asleep (SE= TST/TRT) 
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Given that 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 stages throughout a sleep 

period is referred to as sleep architecture (Spriggs 2002). Figure 3 is an example of a 

hypnogram, which 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 single night in a 

normal young adult. Figure adapted from Kales and Kales (1984). 
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According to the standard criteria proposed for sleep scoring (Rechtschaffen and Kales 1968), 

sleep can be divided broadly into two stages: non-rapid eye movement (NREM) sleep and 

rapid eye movement (REM) sleep. NREM sleep can be further divided into four sleep stages: 

Stages 1, 2, 3 and 4 (Rechtschaffen and Kales 1968). The depth of sleep progressively 

increases from Stage 1 through to Stage 4, and similarly arousal thresholds are normally lowest 

during Stage 1 sleep and gradually increase until they reach their highest levels in Stage 4 sleep 

(Roth and Roehrs 2000; Hirshkowitz 2004). Stage 1 is characterised by a low-voltage mixed-

frequency EEG and is considered a transitional stage of sleep, as it has characteristics of both 

wakefulness and sleep (Hirshkowitz 2004). Stage 1 comprises 2-5% of total sleep time (TST) 

(Hirshkowitz 2004; Carskadon and Dement 2005). Stage 2 sleep is characterised by the 

presence of sleep spindles and K-complexes on the EEG, and comprises 45-55% of TST 

(Hirshkowitz 2004; Carskadon and Dement 2005). Stage 3 and 4 often are collectively referred 

to as slow wave sleep (SWS) or delta sleep, due to the characteristic presence of high 

amplitude, low frequency delta waves during these sleep stages (Hirshkowitz 2004; Carskadon 

and Dement 2005). SWS constitutes 13-23% of TST (Carskadon and Dement 2005). REM 

sleep constitutes 20-25% of TST (Hirshkowitz 2004; Carskadon and Dement 2005) and is 

defined by the presence of muscle atonia in the EMG, episodic bursts of rapid eye movements, 

and low amplitude, mixed frequency EEG (Roth and Roehrs 2000). Saw-tooth theta waves 

may also be present during REM sleep (Hirshkowitz 2004). 

 

During a normal sleep period, NREM sleep and REM sleep alternate in 3-5 cycles, each lasting 

approximately 90 - 120 minutes (Hirshkowitz 2004). In general, SWS predominates in the first 
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third of the night, while REM sleep is the dominant sleep state during the second half of the 

sleep period (Hirshkowitz 2004).  

 

Although PSG records allow for the continuous and objective assessment of an individualôs 

sleep architecture and sleep efficiency over an entire sleep period, subjective sleep assessments 

using questionnaires and sleep diaries provide valuable information regarding an individualôs 

perception of their sleep (Perlis et al. 1997; Baker et al. 1999b; Baker and Driver 2004), which 

does not always align with objective assessments. For example, perceived sleep quality may be 

affected by psychological state, which affects sleep appraisal processes rather than sleep itself 

(Krystal and Edinger 2008). It therefore is important for studies to include both subjective and 

objective assessments when investigating sleep. 

  

 

1.3.6.2.2  Pain and Sleep 

 

When one is in an awake, aroused and conscious state, pain is a combination of sensory 

perception and emotional evaluation (Bromm 1995). However, since sleep is a state of altered 

consciousness, oneôs sensitivity to external stimuli, including pain, is reduced when sleeping as 

sensory information is processed differently (Beydoun et al. 1993; Carskadon and Dement 

2005). 

 

Nevertheless, despite the reduction in cognitive and motor reactions to pain during sleep, 

painful stimuli during sleep have been found to elicit physiological reactions and, in fact, pain 

is a major disruptor of sleep (Menefee et al. 2000; Onen et al. 2005). Studies have evaluated 
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the effects of a variety of experimental pain stimuli during sleep on cerebral responses in 

healthy subjects. Muscle-pain stimuli have been shown to provoke an arousal effect, including 

reduced delta EEG activity and increased alpha 1 and beta activity (Drewes et al. 1997). Joint-

pain stimuli have been found to provoke decreases in the lowest EEG frequency bands (delta, 

theta and alpha 1) and increases in the higher frequency EEG bands (alpha 2, sigma and beta). 

No differences were observed in the EEGs when cutaneous pain stimuli were applied (Drewes 

et al. 1997). Noxious thermal stimuli applied to healthy subjects have been shown to lead to 

awakenings from Stage 2 sleep, with higher intensities required to evoke arousal from SWS 

and REM sleep (Bentley et al. 2003). Similarly, hot stimuli have been shown to provoke a 

moderate level of cortical arousal during sleep, with more sleep arousals in the lighter Stage 2 

sleep compared with SWS and REM sleep (Lavigne et al. 2000).  

 

Epidemiological studies also suggest that a tight relationship exists between clinical pain and 

sleep disturbances (Pilowsky et al. 1985; Gislason and Almqvist 1987; Goodin et al. 2011). A 

large community health survey of 1765 participants revealed pain to be the variable that was 

most strongly correlated with sleep problems (Moffitt  et al. 1991). Between 50% and 90% of 

patients with chronic pain conditions, such as arthritis, fibromyalgia and low back pain, 

complain of poor sleep in relation to their pain conditions (Lavigne et al. 2005). In fact, pain is 

believed to be the primary cause of insomnia in patients with various medical conditions 

(Drewes and Arendt-Nielsen 2001).  

 

In addition to a high prevalence of subjective sleep disturbances,  polysomnographic evidence 

confirms sleep disruptions in patients with various pain conditions, particularly 
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musculoskeletal disorders such as rheumatoid arthritis and fibromyalgia (Gislason and 

Almqvist 1987; Moffitt et al. 1991; Jennum et al. 1993; Drewes and Arendt-Nielsen 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 REM sleep (Onen et al. 

2005). In addition, patients with chronic pain have an increase in alpha activity during sleep; 

reflecting less restorative sleep (Wittig et al. 1982; Mahowald et al. 1989; Roizenblatt et 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 pain. Indeed, numerous studies have determined a 

strong association between poor sleep and fatigue, excessive daytime sleepiness, stiffness and 

pain (Gislason and Almqvist 1987; Belza 1995; Stanton et al. 2006; Takahashi et al. 2006; 

Wolfe et al. 2006; Bennett et al. 2007). Even in healthy individuals, sleep disturbances or sleep 

deprivation have been found to accentuate pain or result in hyperalgesia (Onen et al. 2001; 

Azevedo et al. 2011; Goodin et al. 2011). A poorer sleep quality has been associated with pain 

catastrophisation of the cold pressor task (Goodin et al. 2011). Similarly, 40 hours of total 

sleep deprivation has been reported to result in hyperalgesia (Onen et al. 2001). On the other 

hand, rebound sleep, evident after sleep deprivation, generates an analgesic effect that is 

comparable to that achieved using acetaminophen or NSAIDs in healthy subjects (Onen et al. 

2001). 

 

In summary, the relationship between pain and sleep is reciprocal: painful stimuli (both clinical 

and experimental) disrupt sleep. Sleep deprivation or sleep disruption subsequently exacerbate 



55 

 

sensitivity to pain thereby intensifying the effects of the pain on daytime functioning (Onen et 

al. 2001; Ohayon 2006). The ultimate result is a vicious cycle in which sleep disturbance and 

pain ensure the maintenance and augmentation of each another.  

 

 

1.3.6.2.3   Dysmenorrhoea and Sleep 

 

Despite anecdotal reports of significantly poorer sleep quality in women with menstrual 

cramps, the only two studies that have investigated the extent to which dysmenorrhoeic pain 

disturbs subjective and objective measures of sleep, have conflicting results (Baker et al. 

1999a; Araujo et al. 2011). Baker et al, 1999, investigated the sleep architecture of ten women 

with unmedicated severe primary dysmenorrhoea and eight women free from any menstrual-

associated disorders on the first night of menstruation as well as during the mid-follicular 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 during menstruation, and 

compared with their own pain-free follicular and luteal phases (Baker et al. 1999a). Sleep 

disturbances also were evident in PSG recordings; women with dysmenorrhoea had 

significantly reduced SE during menstruation, with an extended combined time spent awake, 

moving and in light Stage 1 sleep, compared with both the pain-free phases of their menstrual 

cycle, and with controls. While experiencing pain, women with dysmenorrhoea had 

significantly less REM sleep than when they were pain-free, however dysmenorrhoeic pain had 

no significant effect on SWS.  
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The second study reported quite the opposite; overnight PSG recordings of 24 women during 

menstruation (8 women without menstrual pain, 8 women experiencing menstrual pain without 

medication, and 8 women experiencing menstrual pain with medication), showed that the 

objective sleep of women experiencing menstrual 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 assessed. The main 

difference between the two studies is the severity of dysmenorrhoeic pain experienced by the 

two cohorts of women; the women in the study conducted by Araujo et al. (2011) reported 

mild-to-moderate menstrual pain, whereas those in the study by Baker et al. (1999a) reported 

severe menstrual pain. Furthermore, the mean age of the women with dysmenorrhoea who 

participated in the Araujo et al.  (2011) study (mean ± SD of women without medication: 35 ± 

7 years  old and women with medication: 37 ± 7 years) was greater than that of those in the 

Baker et al. (1999a) study (23  ±  5 years); this difference may have been significant as only 

5% of women above 35 years of age have been shown to experience severe menstrual pain 

(Polat et al. 2009). Therefore, it is likely that the women included in the more recent study did 

not experience menstrual pain severe enough to disrupt their sleep. Indeed, no woman reported 

being awakened during the night due to the pain (Araujo et al. 2011). In addition, no 

distinction was made between primary and secondary dysmenorrhoea, and 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 cycle. Thus comparisons could not be made 

within the same women, with and without pain (Araujo et al. 2011). 
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As with other painful stimuli (discussed in Section 1.3.6.2.2), the uterine cramps, characteristic 

of dysmenorrhoea, may be the cause of a vicious cycle of negative events; menstrual pain 

reduces sleep quality and efficiency, and the consequent fatigue experienced by these women is 

likely to intensify the negative effect of the pain on daytime functioning and mood (Driver and 

Baker 1998). The finding from the study by Baker et al. (1999a) that primary dysmenorrhoea is 

associated with disturbed sleep leads to the question of whether alleviating dysmenorrhoeic 

pain will restore sleep architecture and improve sleep quality in women who suffer from this 

menstrual-associated disorder. Therefore, my study described in Chapter 5, investigates 

whether a readily available non-steroidal anti-inflammatory drug, diclofenac potassium, is 

effective in relieving night-time dysmenorrhoeic pain, and consequently restoring sleep quality 

in women with severe primary dysmenorrhoea. 

 

 

1.3.7 Treatment of Primary Dysmenorrhoea 

 

On account of the PG-based aetiology of primary dysmenorrhoea, the current most common 

pharmacological treatment for dysmenorrhoea is non-steroidal anti-inflammatory drugs 

(NSAIDs) (Harel 2004). NSAIDs are classified as prostaglandin synthetase inhibitors and are, 

on a global scale, among the most frequently prescribed group of drugs (Frolich 1997; Warner 

et al. 1999; Bianchi 2004). The various formulations of NSAIDs have comparable efficacy for 

dysmenorrhoea, and pain relief is successfully achieved in 64-100% of women (Smith 1993; 

Marjoribanks et al. 2003; Proctor and Farquhar 2006). 
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However, about 15% of women across the age range who suffer from dysmenorrhoea do not 

respond to, or are intolerant to PG-inhibitors (Rauh et al. 1985; Campbell and McGrath 1999). 

In these women, oral contraceptives often are used as second-line therapy. The synthetic 

hormones in oral contraceptives suppress ovulation and reduce the thickness of the endometrial 

lining of the uterus, thereby reducing the volume of menstrual fluid, PG synthesis and 

dysmenorrhoeic pain (Dawood 1995; Proctor et al. 2001; Ruoff and Lema 2003; Strowitzki et 

al. 2012). However, a recent meta-analysis has confirmed the long-suspected association 

between oral contraceptive use and the risk of venous thromboembolism (Manzoli et al. 2012). 

Hormonal intrauterine devices, which typically reduce bleeding, have also been shown to 

reduce the severity of menstrual pain (Suhonen et al. 2004; Lindh and Milsom 2013). 

However, the use of hormonal intrauterine devices in nulliparous women is still relatively low 

(Lindh and Milsom 2013; Ekelund et al. 2014).  

 

Other currently available therapeutic approaches for the management of dysmenorrhoeic pain 

include: transcutaneous electric nerve stimulation, which alters the bodyôs ability to receive or 

perceive pain signals; transdermal nitroglycerin patches, which inhibit uterine contractions; 

acupuncture/acupressure; and surgical interventions such as laparoscopic uterosacral  nerve 

ablation surgery (Ruoff and Lema 2003; Jones 2004; Proctor and Farquhar 2006; Cho and 

Hwang 2010; Gharloghi et al. 2012). Such therapeutical approaches, however, are not 

considered to be effective enough to be widely used in clinical practice (Khan et al. 2012), and 

randomised control trials showing efficacy of such approaches are limited (Proctor and 

Farquhar 2006). 
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Many women also resort to alternative non-pharmacologic therapies to manage their menstrual 

discomfort, although these often are ineffective. Alternative approaches include heating pads 

for cramps, extra bed rest or sleep, physical exercise, meditation, aromatic oils, ginger root tea, 

salt water, increased calcium intake, increased vitamin D intake and various food sources such 

as beans, tofu and salmon (Campbell and McGrath 1999; Ogunfowokan and Babatunde 2010; 

Lasco et al. 2012; Ou et al. 2012).  

 

While approximately 47-70% of university students use analgesics for pain releif (Cronje and 

Kritzinger 1991; Polat et al. 2009; Ortiz 2010), an estimated 30% of adolescents do not use 

over-the-counter medications to treat their menstrual pain and only approximately 18% use 

prescription medication (Wenzloff and Shimp 1984; Campbell and McGrath 1997; O'Connell 

et al. 2006), although the perceived effectiveness of pharmacological methods in the treatment 

of menstrual discomfort is superior to that of non-pharmacologic methods. In a questionnaire-

based study of 289 female adolescent subjects, 98% of these adolescents reported using no less 

than one non-pharmacologic method to control menstrual discomfort. However, the mean 

perceived effectiveness of most non-pharmacologic methods was reported to be below 40% 

(Campbell and McGrath 1999). 

 

The large variability in the perceived efficacy of the various non-pharmacologic strategies 

suggests that the efficacy of such methods is personal; one technique may provide relative pain 

relief for one adolescent, but may not provide the same perceived pain relief for others. 

However, some studies indicate that methods with a direct physiological impact, such as heat 

and exercise, are more effective than psychological-based methods, such as distraction 
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(Campbell and McGrath 1999) and may be as effective as some NSAIDs. For example, an 

abdominal heat wrap was found to be as effective as ibuprofen, and more effective than 

acetaminophen in relieving dysmenorrhoeic pain (Akin et al. 2001; Akin et al. 2004). 

 

 

1.3.7.1 Dysmenorrhoea and NSAIDs 

 

NSAIDs act by inhibiting the enzyme that catalyses the conversion of arachidonic acid to 

cyclic endoperoxides, namely cyclo-oxygenase (COX) (see Figure 2), which in turn inhibits the 

production of PGs (Warner et al. 1999; Ruoff and Lema 2003). Given 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 dysmenorrhoeic pain. Thus, NSAIDs 

alleviate primary dysmenorrhoeic pain predominantly through the suppression of endometrial 

PG synthesis (Dawood 1995). 

 

The COX enzyme exists in two isoforms, namely COX-1 and COX-2, each with different 

prevalence and effects in various tissues (Frolich 1997; Warner et al. 1999). Several studies 

have recently suggested a third isoform of COX, named COX-3 (Frolich 1997; Warner et al. 

1999; Langford and Evans 2002; Harel 2004). Cyclooxygenase-3 is believed to be a spliced 

variant of COX-1 that is highly expressed in the CNS, but little is known about its 

physiological role.  

 

COX-1 is believed to be the predominantly constitutive form of the enzyme, which is 

expressed widely throughout the body, and responsible for the production of PGs with a variety 
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of regulatory and homeostatic functions such as platelet aggregation, fluid and electrolyte 

balance, and maintenance of the gastric mucosa (Frolich 1997; Warner et al. 1999). In contrast, 

although COX-2 is also expressed constitutively in several organs such as the brain, kidney and 

female reproductive tract, it is believed to be predominantly the inducible form of the COX 

enzyme. Levels of COX-2 are low at basal conditions, but are rapidly expressed in a variety of 

tissues and in response to numerous pathophysiological states. Thus, PGs produced through the 

metabolism of arachidonic acid by COX-2 are essential, for example, in both acute and chronic 

inflammation, as well as in hyperalgesia  (Frolich 1997; Warner et al. 1999).  

 

The fact that COX exists in two isoforms, each responsible for the production of PGs with 

different functions, provides an explanation for the various effects of NSAIDs; they prevent the 

pathological over-production of PGs via COX-2 which contributes to their therapeutic (anti-

inflammatory, analgesic and anti-pyretic) effects, and they prevent the physiological formation 

of PGs via COX-1, which accounts for most of their side-effects. Consequently, the favourable 

effects of NSAIDs are associated with COX-2 inhibition, while their undesired side-effects are 

associated with inhibition of COX-1 (Warner et al. 1999).  

 

The distinction between the different COX isoforms and their physiological and pathological 

effects has led to the pharmacological production of NSAIDs with different selectivity for the 

COX enzymes. Therefore, according to their inhibitory activity on COX-1 and COX-2, there 

are four broad groups of NSAIDs, namely, selective COX-1 inhibitors, nonselective COX 

inhibitors, selective COX-2 inhibitors and specific COX-2 inhibitors (Frolich 1997; Warner et 

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, tolerability and serious side-effect 

profiles that are often of therapeutic relevance (Frolich 1997; Warner et al. 1999; Langford and 

Evans 2002). Selective COX-1 inhibitors include ketoprofen and suprofen, and are capable of 

inhibiting both COX-1 and COX-2, but have a preference towards COX-1 inhibition. 

Nonselective COX inhibitors are capable of inhibiting both COX-1 and COX-2 with poor 

selectivity for either of the isoforms. 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 COX-2 inhibitors include celecoxib and meloxicam, and are capable of inhibiting 

both COX-1 and COX-2, but preferentially inhibit COX-2. Specific COX-2 inhibitors are able 

to strongly inhibit COX-2 with only weak activity against COX-1; examples include rofecoxib 

and valdecoxib (Frolich 1997; Warner et al. 1999). 

  

Specific COX-2 inhibitors were produced mainly because of concern over the gastrointestinal 

(GI) safety of traditional nonselective NSAIDs. Specific COX-2 inhibitors (coxibs) were 

therefore developed to provide the analgesic and anti-inflammatory properties of nonselective 

NSAIDs, while avoiding the GI complications associated with the inhibition of COX-1 

(McQuay and Moore 2003; Ruoff and Lema 2003). While showing promise in the treatment of 

painful syndromes, including dysmenorrhoea, the cardiovascular safety of coxibs remains 

uncertain, and thus in many countries, these drugs have been withdrawn (McQuay and Moore 

2003; Proctor and Farquhar 2006).  
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Several placebo-controlled studies have been conducted to test the effectiveness of 

nonselective NSAIDs, in particular, in the treatment of dysmenorrhoea. A meta-analysis of 31 

studies on the efficacy of NSAIDs in primary dysmenorrhoea revealed that compared to 

placebo, naproxen, ibuprofen and mefenamic acid all provided significant pain relief (Zhang 

and Li Wan Po 1998). In addition, nonselective COX inhibitors reduced both the levels of 

PGF2Ŭ and pain in small numbers of dysmenorrhoeic women (Chan and Dawood 1980). 

Substantiating these findings, subsequent studies performed on larger sample sizes, in a 

randomised, placebo-controlled manner, have found that nonselective COX inhibitor drugs, 

including diclofenac, zomepirac sodium, mefenamic acid, naproxen sodium, ketoprofen and 

ibuprofen, all are effective in the treatment of primary dysmenorrhoea (Harel 2004). 

 

Effects of NSAIDs are generally tolerable, and GI safety issues are generally of less concern in 

acute use of NSAIDs compared to chronic use (Langford and Evans 2002). In addition, 

NSAIDs associated with the greatest GI toxicity have the highest selectivity for COX-1. The 

non-selective NSAID, diclofenac, while capable of producing full inhibition of both COX-1 

and COX-2, has relatively poor selectivity for COX-1 (more than 4-fold selective for COX-2) 

(Warner et al. 1999). Consequently, diclofenac appears to be a safe option for the treatment of 

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

 

Diclofenac is a phenylacetic acid derivative that is believed to be one of the most potent 

inhibitors of PG synthesis (Brogden et al. 1980). It has anti-inflammatory, antipyretic and 

analgesic effects (Riihiluoma et al. 1981). The pharmacological properties of diclofenac allow 

it to exert an extended duration of action, despite its rapid systemic elimination, as illustrated 

by its short half-life of approximately 2 hours. The favourable side effect profile of diclofenac 

also may be explained by these properties (Brogden et al. 1980; O'Brien W 1986).  

Indeed, diclofenac has been reported to have a low incidence of GI side-effects (Frolich 1997). 

In an extensive review of over 100 000 patients treated with diclofenac worldwide, the 

incidence of side-effects was found to be 12%. The most frequent side-effects were those 

involving the GI tract, such as nausea and vomiting, followed less frequently by CNS 

symptoms such as drowsiness (Willkens 1985). When Warner et al (1999), ranked twelve 

drugs from least to most damaging in terms of GI toxicity, ibuprofen and diclofenac were 

ranked as the least and second least harmful drugs respectively (Warner et al. 1999).  

 

Several studies have shown that diclofenac is effective at alleviating day-time dysmenorrhoeic 

pain. Diclofenac was found to be more effective than placebo in the treatment of 28 women 

with primary dysmenorrhoea (Ingemanson et al. 1981). Similarly, when low doses of 

diclofenac sodium (75 mg daily) were used to treat 35 women with dysmenorrhoea, not only 

was diclofenac effective in significantly reducing menstrual pain compared to placebo, but it 

also resulted in a significant decline in the amount of menstrual bleeding (Riihiluoma et al. 

1981). Chantler et al. (2008) found that 50 mg of diclofenac provided complete relief from 
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dysmenorrhoeic pain; described by the authors as a reduction in pain that was not significantly 

different from 100% (Chantler et al. 2008). In addition, aceclofenac, a glycolic acid ester of 

diclofenac (Hinz et al. 2003), used either alone (Letzel et al. 2006), or in combination with 

drotaverine (a smooth muscle relaxant) (Pareek et al. 2010), has been reported as a safe and 

well-tolerated analgesic for primary dysmenorrhoea. Diclofenac has additionally been shown 

to restore dysmenorrhoeic pain-induced reduction in physical activities, such as walking and 

bending (Chantler et al. 2009b).  

 

However, although diclofenac has been identified as an effective treatment for dysmenorrhoea 

in the short-term, from two to eight hours after treatment administration (Marchini et al. 1995; 

Facchinetti et al. 2002; Chantler et al. 2009b), the daily doses used in each study varied 

considerably (from one to six times daily) (Riihiluoma et al. 1981; Marchini et al. 1995; 

Facchinetti et al. 2002; Chantler et al. 2008; Chantler et al. 2009b), with most studies allowing 

participants to choose their own dosing schedule based on the need for pain relief (Riihiluoma 

et al. 1981; Marchini et al. 1995; Facchinetti et al. 2002; Chantler et al. 2008). To my 

knowledge, only one study has monitored dysmenorrhoeic pain severity over a period of more 

than 8 hours with diclofenac potassium versus placebo (Chantler et al. 2008). In this study, 

pain intensity was measured before and 2 hours after treatment (diclofenac, refecoxib, 

meloxicam or placebo) over a 2-to-3-day period. However, dosages again were not consistent 

among women, as each woman was allowed to self-medicate with up to two pills daily 

(Chantler et al. 2008). Therefore, there still is a need to monitor menstrual pain intensity over 

longer periods of time. In addition, most research on the use of diclofenac for the treatment of 

dysmenorrhea has used diclofenac sodium, and not diclofenac potassiun. Although 
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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 minutes) (Moore 2007) compared with diclofenac sodium (± 1.5 to 2 hours) (Brogden et 

al. 1980). Such properties may explain a faster onset of action with diclofenac potassium 

(Bakshi et al. 1992). My study in Chapter 4 therefore investigates the progression of menstrual 

pain in women with severe primary dysmenorrhoea over a 24-hour period, both when taking 

placebo, and when medicated with the daily recommended dose of diclofenac potassium taken 

at prescribed time-points.  

 

Furthermore, although diclofenac has been shown to be effective in treating day-time 

dysmenorrhoeic pain, to my knowledge, no studies have assessed the efficacy of diclofenac in 

alleviating night-time menstrual pain. Therefore, my study in Chapter 5 investigates whether 

diclofenac potassium, compared to placebo, effectively relieves night-time pain and restores 

sleep quality in women with severe primary dysmenorrhoea.  
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1.4  AIMS 
 

Figure 4 represents a conceptual framework showing the gaps in the literature that are addressed 

in this thesis. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. A conceptual framework summarising the topics discussed, as well as the missing links highlighted 

in the introduction of this thesis.  
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The literature is still conflicting as to whether women with primary dysmenorrhoea are 

hypersensitive to painful stimuli. The research aims presented in Chapter 2, therefore, were to 

determine whether: 

1) Women with a history of severe primary dysmenorrhoea, compared to women 

without dysmenorrhoea, have increased sensitivity to deep-muscle pain induced by 

hypertonic saline injection both within and outside the areas of referred menstrual 

pain (Chapter 2a).  

2) Menstrual cycle phase affects the perception of pain in women with a history of 

severe primary dysmenorrhoea, compared to women without dysmenorrhoea 

(Chapter 2a).  

3) Women with a history of severe primary dysmenorrhoea, compared to women 

without dysmenorrhoea, have increased sensitivity to ischaemic-muscle pain in an 

area outside of referred menstrual pain (forearm), during the painful menstruation 

phase and during the pain-free follicular phase (Chapter 2b). 

 

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 described as intense and 

debilitating and, as such, has been shown to have a detrimental effect on day-time functioning 

and physical activity. However, surprisingly, very little is known about the effect of primary 

dysmenorrhoeic pain specifically on quality of life. Therefore the aim of Chapter 3 was to:  

 

5)   Assess the quality of life in women with a history of severe primary 

dysmenorrhoea, compared to women without dysmenorrhoea, during 

menstruation and during a pain-free phase of the menstrual cycle.       

 

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

to investigate effective 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 

investigated the effectiveness of diclofenac potassium in relieving night-time pain and in 

potentially restoring sleep quality in women with severe primary dysmenorrhoea. The research 

aim of Chapter 4 was to:  

 

6)  Assess the efficacy of the daily recommended dose of diclofenac potassium, 

compared to placebo, in alleviating menstrual pain across a 24-hour time period in 

women with a history of severe primary dysmenorrhoea.  
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The aim of Chapter 5 was to determine:  

 

7)   Whether objective and subjective measures of sleep quality are impaired by 

primary dysmenorrhoeic pain. 

8) The effectiveness of diclofenac potassium, compared to placebo, in alleviating 

night-time dysmenorrhoeic pain and restoring objective sleep architecture and 

perceived sleep quality in women with severe primary dysmenorrhoea. 
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CHAPTER TWO a 
 

 

 

 

Paper 1: 
 

Women with Dysmenorrhoea are Hypersensitive to Experimental Deep 

Muscle Pain across the Menstrual Cycle 
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