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Abstract: Primary dysmenorrhea (PD) has been the focus of a number of experimental pain
studies. Although a number of reviews exist, few have critically evaluated the existing body of
research on PD and experimental and procedural pain. Data from 19 published research articles
that include women with PD and responses to an experimental or procedural pain stimulus
(or stimuli) suggest that women with PD may have elevated pain reactivity, as compared to
women without PD. This pattern appears to be true across different phases of the menstrual
cycle. However, there is an abundance of conflicting findings, which may be due to significant
methodological issues such as inconsistent definitions of PD, wide variation in experimental
pain methodologies, and inaccurate assessment of the menstrual cycle. Future research should
focus on identifying specific symptoms (i.e., pain threshold ratings) to more clearly define what
constitutes PD, establish reliable and valid laboratory testing protocols, and assess the menstrual
cycle with greater precision.

Keywords: primary dysmenorrhea, menstrual pain, acute pain, menstrual cycle, central pain
mechanisms

Introduction

Dysmenorrhea, or menstrual pain, is a recurrent and disabling condition. Primary dys-
menorrhea (PD) refers to menstrual-related pain without identified organic pathology,
whereas “secondary” dysmenorrhea is menstrual pain due to an identified medical
condition such as endometriosis, uterine fibroids, or pelvic inflammatory disease.

Severe PD leading to medication use and absenteeism affects up to 25% of the
female population! and can have a significant impact on quality of life.>* Recent
research has suggested that PD may contribute to the development of subsequent
chronic pain disorders;*¢ therefore a more complete understanding of this condition
will facilitate improved management of PD and ultimately the prevention of future
chronic pain syndromes. However, despite its high prevalence and notable impact, little
is known about how and why PD occurs in some girls and women.’

For decades, research on human pain has relied on the systematic administration
of acute pain stimuli in a laboratory or clinical setting. This approach is advantageous,
primarily because stimuli used to induce pain can be controlled by the experimenter
and responses may be evaluated through self-report, and by psychophysiological or
biophysical measures. Experimental pain research also allows for standardization
of procedures across time points, settings, and populations.® Various standardized
pain induction procedures have been utilized among many different chronic pain
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syndromes, such as fibromyalgia®'' or headache.'>'* However, a major drawback of
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these procedures is whether the findings can be generalized
to naturally occurring pain, where context and other factors
are influential."®

When assessing pain reactivity, it is common to determine
pain sensitivity and tolerance in areas of referred pain —in PD,
this constitutes primarily the abdomen, low back, or thighs,
as it may be traumatic or risky to instrument the cervix and
uterus in girls and young women. Localized hyperalgesia
in these areas has been demonstrated in a number of pelvic
pain conditions such as chronic pelvic pain (CPP), endome-
triosis, and bladder pain.'*'"* However, assessment of pain
reactivity in other anatomic locations outside the areas of
referred pain can reveal alterations in pain processing in
the spinal cord and brain, potentially providing evidence of
central sensitization. “Central sensitization” manifests as
hypersensitivity to pain occurring outside of the referred area
of pain?*?? and has been implicated in various pelvic pain
conditions, including CPP? bladder pain,? irritable bowel
syndrome,? and endometriosis.?>* Central sensitization is
usually accompanied by allodynia and hyperalgesia, and
may be localized to one specific region or be widespread.
Determining whether or not women with PD show markers
of central sensitization may help guide the development of
novel treatments, reduce suffering, and, ideally, help prevent
future chronic pain problems.

Research over the past several decades suggests height-
ened pain reactivity and deficits in central pain process-
ing in PD. Although a number of reviews address current
knowledge about the etiology or management of PD,?”-! no
review has focused solely on experimental pain studies in this
population. The purpose of this article is to review existing
experimental pain findings from studies that include at least
a subgroup of participants with PD.

Methods

We conducted literature searches using the PubMed and Web
of Science electronic databases from the beginning of each
database through May 24, 2017. Based on the procedures of
a recent review,?’ search terms combined “dysmenorrhea”
with each of the following additional terms: experimental
pain, laboratory pain, hyperalgesia, pain threshold, pain
tolerance, pain sensitivity, pain reactivity, pain perception,
central sensitization, and conditioned pain modulation.
These searches yielded a total of 806 records, of which 444
remained after duplicates were removed. Three records were
immediately excluded due to a lack of an English language
abstract, and 392 were excluded after abstract review for the
following reasons: study based on an animal model, study did

not include an experimental pain stimulus, or study did not
include a population with PD. The full text of the remaining
49 studies was examined, and an additional 28 studies were
excluded for the reasons identified earlier, leaving 21 studies
that met inclusion criteria. Cross-checking the reference lists
of identified articles yielded one additional study that met
inclusion criteria and was added. Of note, two studies did
not include a comparison group,*>** and one additional study
did not report group comparisons,** so these three studies are
not described further in the review. The PRISMA diagram
depicting the study selection process is shown in Figure 1.
Therefore, a total of 19 studies were included in this system-
atic review (Table 1). An overview of study methodological
characteristics is presented in Table 2. Results presented in the
following section have been categorized by findings of studies
that stimulated 1) areas of referred pain and 2) areas remote
to referred pain. In addition, within each of these categories,
results are described separately for when participants were
tested during menstrual and non-menstrual phases.

Results

Studies stimulating areas of referred pain
The experience of menses triggers referred pain in women
with PD (including the low back, abdomen, and possibly the
thighs), and given the risks of direct uterine stimulation, it
is reasonable to examine pain reactivity to an experimental
stimulus applied to these areas of referred pain or the cervix,
that are accessible and share some innervations with the
uterine body. The studies described in the following para-
graphs focus on results from experimental acute pain testing
in areas of referred pain during menstruation and across the
menstrual cycle.

Menstrual phase testing

Extant data using common, standardized pain induction
methods such as heat, cold, pinch, and pressure pain have
examined the hypothesis that women with PD experience
greater pain sensitivity and lower pain tolerance and pain
threshold in areas of referred menstrual pain during men-
struation (Table 1). Lower pain thresholds for electrical
stimuli to the muscle and subcutis layers occurred around
the time of menstruation (for women with “and” without
PD), but only women with PD also demonstrated this
effect on the skin.’ Women with PD also evidenced greater
hyperalgesia in the abdominal muscle layer compared to the
subcutaneous tissue or skin, and the degree of abdominal
hyperalgesia during menstruation was significantly cor-
related with self-reported levels of menstrual pain.** Heat,

submit your manuscript

2234

Dove

Journal of Pain Research 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Experimental pain and primary dysmenorrhea

Records identified through
PubMed and Web of Science
database searching
N = 806

Additional records identified through
other sources (i.e., checking
reference lists of identified articles)
N=1

Records after duplicates removed
N =445

l

Records excluded (n = 3)
Foreign language article, no English
abstract available: 3

Records screened on the basis of
abstract
N =442

Records excluded (n = 392)
Animal model: 40
No experimental pain stimulus: 343
Not PD: 9

Full-text articles assessed for eligibility
N =50

Full-text articles excluded (n = 31)
Not experimental pain stimulus: 12
Not PD: 13

Re-reporting data reported elsewhere: 2
Foreign language article, only abstract

available in English: 1

group not reported:3

Studies included
N =19

No comparison group or comparison

Figure | PRISMA flowchart of study selection process.

Abbreviations: PD, primary dysmenorrhea; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses..

Table | Summary of findings from laboratory pain studies involving PD

Study Menstrual cycle phase Results* (type of pain stimulus and outcome) Location of pain
stimulation
Wei et al®® Menstrual Heat: PD > HC Abdomen, forearm
Periovulatory Heat: PD > HC

Payne et al* Did not measure

Slater et al** Did not measure

Lee et al’® Menstrual

Periovulatory

lacovides et al**#* Menstrual

Late follicular

Arendt-Nielsen et al**  Mid-follicular

Kaislasuo et al*** Postmenstrual

Molins-Cubero et al*? Menstrual

Tu et al*®* Menstrual
Follicular
Luteal

lacovides et al’ Menstrual
Follicular
Luteal

Ye et al® Within | week following end of

menstruation

Cold: no comparison group

Cold: severe and moderate D > no pain or mild D
Pressure: severe and moderate D > no pain or mild D
Heat: PD = HC

Cold: PD =HC
Heat: PD = HC
Cold: PD = HC

Ischemic: PD > HC

Ischemic: PD > HC

Distension: PD > HC

Insertion: severe D > disturbing or none/mild D
Pressure: no comparison group

Distension: highest quartile D > lower three quartiles
Distension: highest quartile D > lower three quartiles
Distension: highest quartile D > lower three quartiles
Injection: PD > HC

Injection: PD > HC

Injection: PD > HC

Orthodontic: severe PD > moderate PD > mild PD
CPT: severe PD = moderate PD = mild PD

Right hand
Dorsal wrist, lumbar spine, leg,
upper trapezius, wrist

Abdomen, forearm

Forearm
Uterine cervix
Uterine cavity

Sacroiliac joints
Bladder

Lower back, forearm

Mouth, hand

(Continued)
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Table | (Continued)

Study

Menstrual cycle phase

Results* (type of pain stimulus and outcome)

Location of pain
stimulation

Vincent et al*

combined) Brain activation: PD > HC
Brain deactivation: PD = HC
Brinkert et al*! “Mid-cycle” Electrical: PD = HC
Distension: PD > HC
Bajaj et al* Menstrual® Heat: PD > HC
Pressure: PD > HC
Pinch: PD = HC
Tactile: PD = HC
Granot et al* Menstrual Heat: PD = HC
Laser: PD > HC
Mid-follicular Heat: PD = HC
Laser: PD > HC
Ovulatory Heat: PD = HC
Laser: PD > HC
Mid-luteal Heat: PD = HC
Laser: PD > HC
Giamberardino et al*® Menstrual Electrical: PD > HC

Menstrual

Ovulatory/luteal (data

Periovulatory

Heat: PD > HC
Brain activation: PD = HC

Brain deactivation: PD > HC

Heat: PD > HC

Electrical: PD > HC

Luteal Electrical: PD > HC
Premenstrual Electrical: PD > HC
Amodei and Nelson- Menstrual Pressure: PD = HC
Gray®' Ischemic: PD = HC
Intermenstrual Pressure: PD = HC
Ischemic: PD = HC
Premenstrual Pressure: PD = HC
Ischemic: PD = HC
Hapidou and De Follicular CPT: PD < HC
Catanzaro® Luteal CPT: PD=HC
Goolkasian* Menstrual Heat: PD = HC
Postmenstrual Heat: PD = HC
Ovulatory Heat: PD = HC
Premenstrual Heat: PD = HC

Aberger et al*

Cox and Meyer*
Haman**

Menstrual/Premenstrual/
Postmenstrual®

Not stated

Not stated

Ischemic: PD = HC

Ischemic: not reported
Pressure: D > HC

Lower abdomen, forearm

Back of neck, mid-back, low
back, sigmoid colon, rectum

Abdomen, low back, arm, thigh

Hand

Abdomen, leg, arm

Finger, arm

Arm

Forearm

Arm

Upper arm
Finger

Notes: *Symbols (2, >, =, <) indicate direction of effect, e.g., PD > HC indicates that the PD group had “equivalent or greater” pain responses than the HC group. *These
samples included participants with primary and secondary dysmenorrhea. **These were the same participants as in lacovides et al.*’ *Testing on PD only was also conducted
during ovulatory, luteal, and premenstrual phases. “Participants in this study completed one laboratory session, and there was an equal distribution of participants in each

phase of the menstrual cycle.

Abbreviations: CPT, cold pressor test; D, dysmenorrhea (including primary and possibly secondary dysmenorrhea); HC, healthy control; PD, primary dysmenorrhea.

pain, and pressure pain thresholds on the abdomen and
low back have also been shown to be significantly lower in
women with PD during the menstrual phase as compared to
menstruating women without PD.*3*¢ Analogously, following
a saline injection into muscle of the low back, women with
PD reported higher peak pain and longer duration of pain
responses to the injection during menstruation compared
to those women without PD.*’

Only two published studies have not shown differences
between women with and without PD in response to pain
stimulation in areas of referred pain during menstruation.
The first, which compared 99 Asian women with PD to
101 Asian healthy controls, found no group differences in
heat pain thresholds on the abdomen during menstruation.
Similarly, one recent study found lower heat pain thresholds
in women with PD compared to women without PD when

2236 submit your manuscript

Dove

Journal of Pain Research 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Experimental pain and primary dysmenorrhea

Dove

(panunuop)
(TT-11
skep) [eaan| ‘(g]—1 | (Kesse
SVA Ww Q| /ww O >:DH  sAep) Jendijjo4 (7—| [euowLioy) Sunsal Jo Aep  sypuow g Jolud 3se9) (sAep TFTCDH uswom DH
SYA Ww oo|/ww 09 <:Qd  sAep) uonen.isualy SIA UO POMO|[E SUON| 3B IO} PIMO|[e SUON| SE—TT) SPA ¥ lz:ad 6 ‘Ad YIm uswom | ,¢]B 39 SOpIAODE|
sa|inJenb ol uopied|paw
padnoug uayl ‘YA wd 0|—0 Je[noijjo4 ured 3upjel pazsodau
e uo pajeJ ured [BNJISUSL|  [9IN| ‘UONENIISUDLY pajes 10N sauedpnaed oN pamo||y pajels 10N T8FTHT USWOM g xgpl39 N
uonen.isusw paJnsesw (sAep I8 3
SVA WW o0 |/ww 0§ <:ad Jo Aep 1s.14 pa1e3Is J0N 10U ING pamo||y pamoy|y GE—17) SOA 01’9 ¥ 0€ :ad ad Yam uswom (o oJagnD-suljo}y
Jewnujwysuou, | aunpadoud
se ured [enasusw pariodad :DH aJojaq Jnoy |
.2J3A3s, 4o  Suigamsip,, Alrenssusunsod,, uonedipaw ured uon.Jasul uswom DH
se ured [enasusw patiodal g Ajuewig pajeis 1o el 01 padednoduy M) JO dwn 1 10N pareis 10N ¢ 9|dwes [e10] €8 ! YIM USWOM 8/ 4|8 39 ONse|sie)|
eayJJouawsAp 8unsal jo sinoy pamoje
Jo Auoasiy oN :DOH (o1-9 $T sholasud uiyum uondeadea3uod [edo (sAep L Fv¥€ DH uswom DH ovlB 3
SVAOI/F <:ad sAep) Je|nol||oy-piN pajeis 10N Pamolj|e auoN| JO 9sn ua.INd ON| $€-87) SIA 9 F9¢:ad 01 ‘ad Ysm uswom (| USS|DIN-IPUSIY
(€1-11 skep)
SVA WW Q0 |/ww o€ > DH  Jgndyjoy a1 ((z—| (3| uonenao 3unsa1 jo Aep  sypuow 9 Jolid Ises)| (shep TFTICDOH 1 USWOM DH 6 ‘45Ad
SYA WW Q0| /Ww 09 Z:Ad  SAep) UONENJISUSL|  1S91-J|3S) SIA UO PIMO|[E SUON|  IE IO} PIMO|[e SUON| GE—TT) SPA £FIz:ad 9J9A3S UIIM USWIOM | | ,»[€ 39 SOpIAODE|
(9171 sAep) Sunsal jo sunoy
ured [ensasusw oN :DH Aaorejnaoraad ‘(g—| 7 snolasud ulyyum - sypuow g Jolad Ises| (skep (8670 6 €T DH uswom HH
SVAOI/F<:dd  sAep) uonenaisusly pajeis 10N POMOJ|E SUON| 1B 1Oj PIMO|[E SUON| 1€—17) SOA (v ver:ad 18 ‘Ad Yam uswom g/ gcl€ 39 997
ured 249A3s G/
ured a1e49pOoW /4|
saAndade.nuod [elo ured pjiw/ou 09|
3upyer suam (%6°€S) JUdWISSIsSE
€€T . JIUDWISSISSE a3e ueak-77 WY,
o3e Jeak-77 IV, ured a4aAss |/
saAndede.aUOd [RIO ured syeI9pOW /0T
Buppes a4om (%95) ured pjiw/ou G|
01/01-8 SVA :ured 24aA3g THT . IUBWISSISSE . JUDWISSISSE
01//—F SVA :ured a1e1apoly a3e ueak-Q7 WY, a3e Jeak-Q7 Iv,,
01/6-0 SVA :ured pjiw/oN aJnsesw 30U piIg pa3es 10N ps1e1s 10N pamo||y pa3eis 10N pa1e1s 10N 4|BI01 USWOM £} w8 39 J92T|S
SUN O1-0® ured [enJisusW Jo S|9A3|
uo paied ured [enaasusw — /N |e2an| ‘Jejndijjo4 palels JoN palels 10N pamojy pa3els 0N 68l + 871 SuikaeA yum sjai3 gf ¢c[® 39 Sukey
(sAep 140dsu 20U
pIp) A1orejnAoliad
‘(sAep 140dau J0u 9€TF8ETL DH uswom HH
pajeis 10N PIp) uonenJIsualy pajes 10N pajeas 10N pajels 10N oA  LTTFTEL:Ad G9 ‘Ad YUM USWOM |9 I8 39 IOAA
sauow.ioy STRY 6] uoijelAap
pa3s9) (s)aseyd uoize|nro uoiedipaw snoua3oxa  [enJasuswi piepuejs
eayJiouawsip jo uoniuyag 924> [ena3susy pawuyuod ured 3upje) Supnje) Jein3ay uesw o8y, sjdweg Apmys

sapnue ured Aiojeaogqe| jo ssiSojopoyis)y T dqeL

2237

submit your manuscript

Journal of Pain Research 2017:10

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Payne et al

(panunuoy)

(87—ST skep)

[ennasuswaud (gz—/ | 6'€ F $'87 U3y
skep) [ea1n] (91| pamoje Jusuneasy  (sAep 0£-S7) 6'S T L'8C DH
SYA Ww 00 | /ww 0> :DH skep) AiorejnaoLiad Jeuowsioy syauow ¢ 9§ F67:ad usw (| ‘uswom DH e 19
SVA WwW o0 |/ww 09<:Ad  “(9—¢ sAep) [enaasud|y oN pajels 10N 3ulo8uo, oN  1sed Joj sa) 9§—¢| 28uey 01 ‘ad Ysm uswom (| oulpJeJaquieln)
pa1e1s J0u :DH
Juonen.isusw jo sAep
3S.1) 9Y2 UO SIOM WO} 9dUasqe
Jo Aujiqesip pasned yaiym (PT-1T skep)
‘QusawIea.) JIsaS|eue Jo asn pue [eaan|-piws ‘(£ ||
‘edlLIeIp JO ‘OydepESY ‘BIsSNEU sAep) uoneinao  auouaisagoud
‘an3ney se yons swoldwAds Yyum  ‘(g—§ sAep) Jenoijjo4 pUE [oIpe.IIS 8unsan jo sunoy
paileosse ured [eulwopqe -piw ‘(z—| sAep) ewse|d yum $T snolaaud uiyum syauow 9 snoiaaud (sAep I'€ F 1'vT DH uswom HH
Suidwead aJanss,, :qd UOIIBNJISUS paw.uod PaMmo|[e suoN| J10} paMo||e SUON £€-87) SOA 8TFL€CAd | € ‘Ad Y3Im uswom g s|B 39 Jouel)
(aseyd
[enaasusw 3ulinp
pasedidnJed Ajuo
s|013u03) (87-5T
sAep) [ensasuawaud
(TT-L| skep)
[esan| ‘(91— | sAep)  31s31 uopeinao  poluad [eauswiiadxs
SVA W2 Q| /w2 7 > :DH Aiore|nAo (9—| auln Ajiep ay3 3ulnp Sunsal jo awn sy (shep 6’1 F8T DH uswom DH
SYA W 0 /wd 4 < :Ad sAep) [en.aasualy Suisn ‘sa g Pamojje auoN 1 PaMO|[e BUON| $€-87) SPA 1"l +92:ad S| ‘Ad Yum uswom Qg ol 39 [efeg
syurejdwod
[eunsajuloalsed
saAndsde.nuod INOYIIM USWOM
[edo Supjel sdem DH 0] ‘saureidwod
ps1els Jou :DH *3|qeoijdde dnou3 yoes ul 6F 1€ DH |eunSaIUI04ISES INOYIIM
SVA Ww Q| /ww 09 <:Ad 3[2K>-pIl,, 10N paiels JoN sjuedpnJed 9 palels JoN 6 F87:Ad add Y3Im uswom | | »[B 39 31djuLIg
(zz-0T skep) () uonejnao
[eoIn| {(z1-0| sAep) pue Aesse
SUN 01/€ 5 DH uonenAo ‘(7—| [euow.ioy) syauow g Jorid Ises| 0l F2€ DH uswom DH
SUN 0I/F2:Ad  sAep) uonen.asus|y SOA PS1e1S I0N 1B JOj PIMO|[E SUON SOA £ F0€:ad 71 ‘Ad Yum uswom | ,IE 39 JUdUIA
VETF EYEVEY
SYUN 01/01—L :ured 319435 8'TT RIASS g ‘@redopow |G ‘piw £}
SUN 01/9— :ured a1e49pOl uopen.susw 6TF SYN wouy ured [ennsusw
SYUN 01/6—1 :ured pjip Jo pua uimoj|o} potsad Apmas 3urnp G| T :@3eI9poly Uo paseq payIsse)d —
SYN 01/0 :ured oN M99M | UIYIAA pa3els 10N PaMO|[e BUON pa3els 10N SOA €€ F T PIN syuapnas 939|103 0| NIZEEETY
sauowioy EIRY 6] uoneIAlp
pa3s9) (s)oseyd uoize|nro uopedIpaw snousa3oxs  [enJasusw pJepuels 1
eayaJouawsip jo uoniuyag 91245 renaysuay pawIuod ured Supje Suppe) Jen3ay ueaw  ‘98yy,, s|dwreg Apmg

(ponunuod) g sjqe L

Journal of Pain Research 2017:10

submit your manuscript

2238

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Experimental pain and primary dysmenorrhea

Dove

'9|eds SO|BUE [BNSIA ‘S\YA ‘BayJJouswsAp dpowseds ‘qs ‘eayJddouswsAp Aewiid ‘qd oeds Suned dawnu ‘SYN ‘9|qedlidde 1ou ‘y/N ‘9]eds AlIaAsg

woldwAg [enaasus)y ‘SSSIA 241euuonsand) woidwiAg [enaasus)y ‘OSIW 921A8p suliIne.ul ‘| o43uod Ayajesy ‘OH ‘(esyJdouswsAp Arepuodss pue Atewrid Suipnjoul) BayalouswsAp ‘( feayJJouswsAp 9Asa3u0d ‘gD SUORIARIGQY
*dno.3 eay.uouswisAp aARsa3uod pue dipowseds pauIquIod ‘D 48 39 SOPIA0JE| Ul e sjuedidnJed swes syl dU9m 953U | . "BIYLIOUSWSAP Auepuodas pue Asewtid yim siuedidnded papnpoul sajdwes asay |, :S9JON

uaw
00| ‘@snedousunsoy
USWOM ()| ‘USWOM DH

pajels 10N paie1s 10N oN paiels 10N paiels 10N pajels 10N paIRIsION 00| ‘Q Y3m uswom Q| sy UBWEH
ssaasip
[ensisusw ou paiiodau :HH 97 :DH uswom DH
ssaa3sIp [enaisusw paltodau :qd pa1els 10N oN pamoly pa1e1s 10N paiels 10N 1'7T:ad ¥l ‘Ad Yam uswom 9| ,u3fs| pue xo0D
sa[eds S|l 2Ansa3uod pue
sipowseds uo %07 Jamo| :DH
so[e2s OSIA 2AnRsa3u0d pue aseyd (%5¢-67)
s1powseds uo %0z 4addn :qQD |lenaasuswnsod
3[eds OSW dlpowseds 40 “(%81-51)
JO %0/ 1omo| pue 3jeas DS [enaasusw ‘(%€5
9Ansaduod jo %0¢ J4oddn :q> —06) [ensasuswa.d a3e u; uswom HH
9eds OSIA 2Ansaduod 01 3ulpJodde A|jenba JayIp j0u pip 81 ‘AWD Yam uswom
1O %0/ J19MoO| pue 3[eds DS sdnoJg sanquiasip syauow ¢ snolaaud sdnoug paiodau L1 ‘dD YIm uswom
sipowseds jo %0¢ Jaddn :qs o1 pardwany oN paiels 10N 10} PaMO||e SUON| pajels 10N ng pajes 10N 07 ‘dS Y2IM USWOM 4 | I8 39 J9319qy
SSIA uo swoldwids
[enJisusaw Jo IdUdpIdUL (87—TT sAep)
2y3yjs Ajuo paruodaa :HH jennasuswaud (| g
SSSIW =S| sAep) AuorejnAo sumesadwsn
uo JapJosip diA[Rd djuedio ou ‘(/1-8 sAep) Apoq [eseq
pue swoadwAs jensisusw jo  |ensasusaunsod ‘(z—| UM Wyuod (sAep uswom DH
asuappul y3iy pariodad :qd sAep) [ensasualy 01 paLl — ON Pamojje auoN Pamojje auoN 7€-97) SIA pa3e1s 10N Z1 ‘Ad Y3Im uswom | 5, UBISY|00D)
(1751 3unsel jo sunoy
ured pjiw Jo ou pariodaa :DH sAep) [eaan| ‘(41-8 01 snoiasad uiyum (shep V¥ T SL0T (anoyam %z ‘ad osORZUBIRD)
ured aJaAss pariodad :qd sAep) Jejnoijjo4 oN PaMoO|[e SUON| PaMoO|[e SUON T6-97) SPA :9)dwres [e10) M %8G) uswom 94 3 pue nopideH
sa[eas DS [enJasuswaud pue
[enJasusw uo Q€ Jomo| :DH
sa[eds OSIAl [enJasuswa.d pue
[ensasusw uo ¥%0¢ J4addn :qQD
9eds OSIAl [enJasusw (91-21 sAep)
JO %0/ 19MO| puE 3[eds DS [BNJIsusWIIUL ‘(H—|
jensasuswaud jo 9%o¢ 4oddn :q> sAep) [enJasuaw w8l D uswom DH
3[eas OSIA [ensasuswaud ‘(uonen.asusw o3 $S'61 :AWD Tl ‘AWD Yaim uswom
1O %0/ J19MoO| pue 3[eds DS Jolud skep $—1) syauow g snoiaaud (sAep 661 :ad €1 ‘dD Yam uswom |ABdD-uos|N|
[enaasuaw jo %0¢ Jaddn :qs [enJasuswa.g oN pa3e1s 10N 10} PaMO||e SUON| 07—07) SPA S7'8l :as 01 ‘dS Yaim uswom 7| pue 1apowy
sauow.ioy CTRY ) uopeIAep
pa3s9) (s)aseyd uoiye|nAo uoied|paw snoua3oxa  [enJasuswi pJepuejs F
eayJiouswsip jo uoniuyaqg 924> [enaysusy pawuJyuod ured Supje) Supnje) Jen3ay uesw o8y, sjdweg Apmig

(panunuop) T ajqe L

2239

submit your manuscript

Journal of Pain Research 2017:10

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Payne et al

Dove

tested on the abdomen, although these differences did not
reach statistical significance.®

Non-menstrual phase testing
In a pain testing paradigm that involved distension of the
uterine cervix during the mid-follicular phase, women with
PD showed increased overall pain ratings and larger body
areas experiencing pain from the distension,* compared to
women without PD. Pain intensity ratings were significantly
higher, and bag volumes required to reach a pain rating of
7 out of 10 were significantly lower in the PD group. Fur-
thermore, prolonged bag distension was associated with an
increase in pain ratings for the PD group, whereas a decrease
in pain ratings was observed in the control group. Lower pain
thresholds for sigmoid colon and rectal distension have also
been reported in women with PD (when tested only in “mid-
cycle”),*! and women with PD also have shown elevated pain
reactivity to a saline injection in the low back during follicular
and luteal phases.’” Women with severe dysmenorrhea also
report higher pain during the postmenstrual insertion of an
intrauterine device, as compared to women who categorized
their dysmenorrhea symptoms as “disturbing” or “none/
mild.”* Similarly, Vincent et al* found that women with
menstrual pain had significantly lower pain thresholds on the
abdomen during ovulatory/luteal phases (data combined). A
recent study with a large sample of women found a significant
relationship between menstrual pain severity and pressure
pain thresholds on the lumbar spine in 432 women with vary-
ing levels of PD (menstrual cycle phase was not assessed).*
As with the results described in menstrual phase test-
ing earlier, only a small group of studies has failed to find
significant group differences in non-menstrual phases of
the menstrual cycle. One study found that pain threshold
and tolerance to electrical stimulation in the low back were
“highest” during mid-cycle (typically the periovulatory phase
—days 12—-16; testing was not conducted during menstruation
in this study), and this pattern was true for both women with
“and” without PD.* Women with and without PD have also
shown similar heat and cold pain thresholds when tested on
the abdomen during the periovulatory period.**

Conclusion

Overall, results suggest enhanced pain sensitivity in areas of
referred pain (as measured by decreased threshold and toler-
ance) in women with PD compared to women without PD,
“across the menstrual cycle.” However, this was not entirely
consistent. Brinkert et al,*! for example, found significant
group differences when testing distension of the sigmoid

colon and rectum but not when testing electrical stimulation
to the skin. The authors suggest that dysmenorrhea may be
associated with somatic hyperalgesia in deep tissue only, as
central sensitization is not evident in the skin. This idea has
been supported by two other studies in women with PD.3>33
However, a number of other studies described earlier have
found significant group differences when pain stimuli are
applied to the skin. Variations in type and intensity of stimuli
used may account for some of these seemingly contradictory
findings. For example, Lee et al*® and Wei et al* restricted the
temperature range on the heat thermode from 0°C to 50°C,
which may have unintentionally created a ceiling effect due
to a low maximum temperature. However, generally, results
suggest that women with PD do experience hypersensitivity
to areas of referred pain.

Studies stimulating body locations

separate from areas of referred pain

The earliest study of laboratory pain reactivity in women with
PD sought to answer the question as to “whether dysmenor-
rheic patients actually receive more intense pain stimuli than
do non-dysmenorrheics, or whether they are merely more
sensitive to pain than their more fortunate sisters.”** Deter-
mining the nature of pain responsivity in areas of the body
unrelated to uterine/abdominal pain may help clarify whether
differences in overall pain processing exist in women with PD.

Menstrual phase testing

A number of research investigations involving electrical
stimulation, heat pain, laser pain, pressure pain, and pinch
pain have demonstrated significant differences in pain thresh-
old between women with and without PD in body regions
outside the abdomen/low back during menstruation,3>3645:4¢
In the very first published study of pain responses in PD,
differences in pain threshold in response to the pressure of a
weight placed on the thumb were compared in women with
and without PD (as well as a group of postmenopausal women
and a group of men). The author reported that during menses,
women with PD had lower pain thresholds than any of the
other groups.** Women with PD have also reported higher
peak pain during the menstrual phase than women without
PD following a saline injection into the forearm,*” and in a
subsequent study testing muscle ischemia, the authors found
that women with PD reported higher pain ratings compared to
controls during menstruation.’ Women with PD have higher
heat pain thresholds when tested on the forearm during men-
struation,* and report more pain from a bladder distension
during menstruation,*® when compared to women without PD.
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We were able to identify only one study that did not find
significant differences between women with and without PD
in areas outside of referred pain during menstruation. That
study included 56 women with menstrual pain and 18 women
without menstrual pain and subjected them to ischemic pain
by using a blood pressure cuff on the nondominant arm. No
significant differences in somatic pain threshold or tolerance
were found.®

Non-menstrual phase testing

One study reported significantly lower thresholds to cold
pain on the arm in women with PD in the luteal phase
only.® Significant negative associations between menstrual
pain ratings and cold pain thresholds tested on the wrist and
hand have also been reported (cycle phase was not assessed),
although no associations were found between menstrual pain
and leg, upper trapezius, and wrist pressure pain.* Goolka-
sian* tested 12 women with PD and 12 women without PD
across the menstrual cycle using a radiant heat stimulus to
the right forearm. For high-intensity stimuli, women with
PD consistently rated the stimuli more painful than controls
across all phases of the menstrual cycle, while women without
PD were able to better discriminate painful stimuli during
the ovulation phase. The author suggests that the findings
provide conclusive evidence of group sensory differences
in pain responses across the menstrual cycle.*

Granot et al** assessed women with and without PD dur-
ing mid-follicular, ovulation, and mid-luteal phases in their
responses to heat pain applied to the nondominant hand from
quantitative sensory testing (QST), and laser pain applied
to the hand. Women in the PD group reported higher pain
ratings to supra-threshold (above threshold) heat and laser
pain and showed significantly longer time from the admin-
istration of the laser pain stimulus to the perception of pain.
For both groups, the longest latency was recorded during the
follicular phase, whereas the shortest latency was observed
in the luteal phase. In a separate study, the top quartile of
women with menstrual pain also reported higher pain dur-
ing a bladder distension paradigm that included participants
across follicular and luteal phases.*® Heat pain thresholds on
the forearm are also higher in women with PD compared to
women without PD in the periovulatory period.*

Finally, although not a laboratory pain paradigm, a study
of an acute pain stimulus in a clinical setting attempted to
provide a “naturalistic” perspective regarding how PD influ-
ences pain reactivity. A total of 120 college students who
were scheduled to undergo a dental procedure involving an
archwire placement were initially classified as having either

mild, moderate, or severe PD based on their self-report
responses. The severity of menstrual pain significantly cor-
related with pain ratings and duration of pain following the
archwire placement, again supporting the notion that PD
may be an indicator or result of overall pain sensitization.

Several studies that included other cycle phase testings
have not found differences in thermal pain, focal pressure,
and ischemic pain stimuli.®®45! Aberger et al* compared
women with PD with unaffected women in an ischemic pain
test (inflated blood pressure cuff) measuring pain threshold
and tolerance and reported no statistically significant differ-
ences between the groups of participants. The only effect of
menstrual cycle phase was increased pain threshold during
the premenstrual phase for the entire sample of women (col-
lapsing the PD and non-PD groups together). Subsequent
studies using ischemic pain and electrical stimulation also
found no differences in pain threshold or tolerance in any
menstrual cycle phase.’>>! Interestingly, women with PD
have also been found to rate cold pressor pain intensity
significantly “lower” than ratings of women without PD
during the follicular phase only.*® The authors attribute this
counterintuitive finding to the possibility that women with
PD are comparing cold pressor pain to menstrual pain and
therefore rating it as less severe.

Conclusion

The data present in this article suggest increased pain reac-
tivity in areas outside of referred pain in women with PD,
as compared to women without, and this pattern appears to
extend beyond the menstrual phase. During menstruation,
only one study failed to find group differences in response
to ischemic pain,* and this provides strong support for the
notion of the association of dysmenorrhea with central sen-
sitization, where heightened pain reactivity is experienced in
areas of the body not related to the location of referred pain.
However, in non-menstrual cycle phases, the findings are less
clear. Significant variations in anatomic locations for pain
testing may contribute to inconsistent findings. Contradic-
tory findings using similar pain stimuli (heat and cold pain)
are evident and suggest that methodological issues do not
solely account for the differences. However, it is notable that
studies examining ischemic pain and electrical pain did not
find group differences during non-menstrual cycle phases.
It is possible that these methods of pain stimulation are not
sufficient to access the central pain pathways that lead to
central sensitization. In addition, compared to the relatively
consistent findings in the menstrual phase described earlier, it
is possible that the “background” pain that participants with
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PD experience when tested during menstruation is sufficient
to activate central pain networks and result in widespread
pain sensitivity.

Discussion
The first part of this systematic review focused on pain
reactivity in regions of referred uterine pain, including the
abdomen, low back, and uterine cavity and cervix during
both menses and non-menstrual phases of the cycle. Results
varied across type and location of pain stimulus, but generally
during menses, women with PD demonstrated increased pain
reactivity compared to unaffected women in both the uterine
cervix and areas of referred pain. Women with PD also tended
to show increased pain reactivity across the menstrual cycle,
However, several studies failed to find increased reactivity
in areas of referred pain in women with PD, either during
menses or during other cycle phases.*36-3841

The second half of the review examined pain reactivity
in other regions, outside of the area of referred pain both
during menses and across the menstrual cycle. These body
areas included the arms, wrists, legs (although assessment
of pain responses on the legs may be considered an area of
referred pain due to overlapping dermatomes, this would
vary across individuals), upper back, and mouth across a
variety of pain stimuli. The evidence suggests that women
with PD may show heightened pain reactivity in other body
regions across the menstrual cycle, although there was more
variability in these outcomes. Differences in findings could
be attributable to the wide range of pain stimuli, variation in
anatomic locations in areas of non-referred pain, and absence
of “background” pain when tested outside of menstruation.
These study differences make it difficult to draw significant
linear conclusions.

Methodological issues and advancing an
ideal methodology

The studies described in this review use a wide range of
methodological approaches to pain assessment. In addition,
a number of studies failed to include important information
about the study participants, including how they were identi-
fied. These issues may be a significant source of inconsistent
findings. We highlight these specific methodological concerns
that may affect research on pain reactivity in women with
PD by addressing 1) inconsistent definitions of PD; 2) varia-
tions in methodological procedures, such as differences in
pain stimuli, methods of assessing pain responses, and lack
of demographic information to characterize participants; 3)
nonscientific or lack of assessment of cycle phase; and 4)
inconsistent reporting of medication use. Each of these is
reviewed in detail (Table 3), and possible solutions to each
specific issue are suggested.

Inconsistent classification of PD

A critical problem is the lack of consensus regarding the
threshold of pain severity allowing classification as PD.
Most studies have not reported the level of pain using either
a visual analog scale (VAS) or numeric rating scale (NRS)
required to be classified as having PD.* For studies where
menstrual pain was rated using a VAS or NRS, no consistent
scales (e.g., 0—10 versus 0—100) nor criteria (e.g., 4/10 versus
6/10) were used to categorize women with PD,635-374041.47
Others have used responses on the Menstrual Symptom
Questionnaire,*****! indicating “mild/no menstrual pain” or
“moderate/severe menstrual pain.”* This ambiguity suggests
the possibility that some participants would be classified as
having PD in some studies, while being classified as non-PD in
other studies, thus making it very difficult to compare results.

Table 3 Primary methodological issues in laboratory pain studies involving PD and recommendations

Issue Details Recommendation

Inconsistent classification e Menstrual pain ratings using either 0—10 or 0—100 scale e Treat pain as a dimensional construct

of PD * No consistent use of a cutoff for grouping PD e Do not create “PD” and “no PD” groups

Pain stimuli ® Wide variety of pain stimuli used makes it difficult to identify o |dentify established pain testing protocols using
consistent patterns standardized machines

Participant o Lack of information on age or cycle length of participants e Gather information consistently and report in

characteristics publications

Cycle phase o |dentification of cycle phase based on “calendar method” o Assess during painful menstruation and non-

e Ovulation not clearly identified using hormonal measures or

ovulation predictor kits

painful phase
o Include hormonal measures as covariates

Medication use e Lack of reporting on participants using oral contraceptives or e Exclude use of exogenous hormones in the past
exogenous hormones 3 months

e Use of pain medication not specifically excluded during o Exclude use of pain medication in 24 hours prior
participation to testing

Abbreviation: PD, primary dysmenorrhea.
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One potential way to address this issue is to treat men-
strual pain as a dimensional construct rather than categorical.
Using predetermined cutoff scores not based on empirical
research may obscure differences in women who have moder-
ate menstrual pain, or who do not have consistently severe
menstrual pain. This subgroup may provide additional insight
into the nature of pain responding in PD. In fact, evidence in
this review suggests that pain responding may be related to
the “degree” of menstrual pain, rather than just the presence
or absence of menstrual pain,®35424348

Study methodology and exclusion of demographic
information

Studies have used a wide variety of pain stimuli, ranging
from thermal pain*3¢454650 to ischemic pain*’#>°! at different
parts of the body. This variability in pain induction stimuli
and degree of pain provoked makes it difficult to draw
conclusions about the nature of pain responsivity in women
with PD. Furthermore, in one study, no statistical analyses
were actually conducted, so it is not entirely clear whether
pain thresholds actually differed between the groups.* Other
studies have not included a comparison group, so it is unclear
if pain responding would be different in a non-PD popula-
tion.?>33 In addition, lack of reporting basic demographic
data such as age*****4° and cycle length*'**#44° further limits
generalizability.

Relatively reliable pain induction protocols and methods
currently exist, including the cold pressor and Medoc neu-
rosensory analyzer, which can be used to deliver consistent
pain stimuli. Research in women with PD would benefit from
using these methodological approaches, which would allow
for 1) comparison of responses in women with PD across
studies and 2) comparison of responses in women with PD
to individuals with other cyclical or chronic pain conditions.
Although more recent studies have included more informa-
tion about study participants, assessing many facets of the
menstrual cycle, including average cycle length, number of
days of bleeding, and pain during other parts of the men-
strual cycle, should be consistent information gathered in
the future studies.

Potentially inaccurate assessment of cycle phase

A very concerning issue with previously published studies
is the lack of accurate assessment of cycle phase. There is
a large body of literature examining the extent of the influ-
ence of gonadal hormones on pain perception,®*® and the
consensus is that gonadal hormones, including the use of
oral contraceptives or exogenous hormones, impacts pain

perception or modulation.>” ' The failure of many studies to
clearly assess menstrual cycle phase may contribute to dif-
ficulty assessing pain responses in women with and without
PD. For example, the earliest study by Haman,* Cox and
Meyer,* and Slater et al* did not account for menstrual
cycle phase at all during the testing period. However, the
vast majority of other studies relied on a relatively inaccurate
“calendar method,” whereby day 1 of the cycle is the first
day of menstruation, day 14 is the day when ovulation is
assumed to occur, and day 28 is assumed to be the final day
before menstruation begins (end of cycle).63540:41:464951 The
variability in the length of the follicular phase, particularly in
adolescents, is well known. Some studies have attempted to
use additional indices to confirm menstrual cycle phase such
as basal body temperature,* plasma sampling for estradiol
and progesterone,*¥’# or self-test ovulation kits.***4” How-
ever, these tests were performed during a single-day labora-
tory session (as opposed to across multiple days that may
better capture the precise timing of ovulation, etc.), and it is
curious why no reported subjects were excluded due to lack
of ovulation or hormonal measures indicating the incorrect
cycle phase. Incorrect assessment of ovulation may obscure
important variations in pain reactivity across the menstrual
cycle, thereby preventing a more clear understanding of
hormonal influences on pain in PD.

One possible option for future studies is to continue to
assess participants during a painful phase (menstruation) and
non-painful phase (any part of the cycle the participant identi-
fies as non-painful), and gather hormonal measurements to
include as covariates in analyses. Estradiol and progesterone
can be easily gathered through salivary collection methods.
The influence of gonadal hormones can then be considered,
without having to rely on self-report of cycle phase, or the
assumption that all participants experience 28-day cycles.

Medication use

Many studies did report that participants were not taking
oral contraceptives, although this definition ranged from
not taking oral contraceptives at the time of the laboratory
session3336:40414650 o not allowing the use of oral contracep-
tives for the previous 2—6 months. 3743474951 Several studies
did not report whether or not oral contraceptives were used
by participants.®* If the use of hormonal contraceptives (or
any exogenous hormone) is not carefully assessed, it becomes
impossible to evaluate the impact of gonadal hormones on
pain reactivity. In addition, only a number of studies specifi-
cally excluded the use of pain medication (e.g., nonsteroidal
anti-inflammatory drugs [NSAIDs]) within 24 hours of the
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pain testing,536-38404547.50 or reported that no participants were
taking pain medication at the time of testing.*® The lack of
restriction or assessment of this variable makes it difficult to
draw conclusions about the findings.

Because medication use can significantly affect results of
the pain testing, it would be important to exclude participants
who have used exogenous hormones within the previous
3 months. This time frame reflects the half-life of the sex
steroids and allows for at least one and depending on cycle
length, two natural menstrual cycles before testing, such that
pain scores and cycle regularity can be assessed. Based on
the half-life, NSAIDs and other analgesics should not have
been used in the previous 24 hours.

Limitations

The aim of this review was to focus on laboratory and experi-
mental pain responses in women with PD. However, it should
be noted that, for a number of studies, the participants did not
receive a pelvic examination or receive an ultrasound or other
test that could help to determine the presence of an underlying
organic pathology. The determination of PD was largely based
on self-report menstrual cycle regularity and occurrence of pain
only during menstruation. This leaves the possibility that some
of these participants may have been experiencing dysmenorrhea
secondary to an organic pathology. We also limited our search
to two databases: PubMed and Web of Science. It is possible
that additional studies would have been identified using other
databases such as Google Scholar. In addition, four studies
were excluded because the manuscripts were not published
in the English language. It is possible that these studies may
have provided additional data that we are not able to report on.

Conclusion and future directions

This review examined all published studies of experimental
pain responses in women with PD. Evidence from these data
support the idea that women with PD demonstrate elevated
pain reactivity, in areas of both referred and non-referred
pain, during menstruation and at other points in the menstrual
cycle. However, a substantial portion of studies did not find
any group differences between women with and without
PD either during menstruation or in other cycle phases.
Methodological differences and variation may account for a
significant part of these inconsistencies.

Understanding the factors that may be associated with
underlying pain responses in women with PD may help
clarify the relationship of menstrual pain to the development
of future pain problems. If women with PD share common
behavioral and neurobiological markers with individuals who

have other chronic pain problems, this may suggest a vulner-
ability to develop these problems in the future.”” Laboratory
assessment of acute pain responses to acute pain stimuli in
a variety of pain conditions has provided many clues to the
impact of social, behavioral, and biological differences in
pain reactivity. These data are critical for determining the
pathogenesis of PD and its relation to noncyclical pain.
Future work should focus on identifying consistent meth-
odologies and laboratory protocols that assess the full range of
pain reactivity including both excitatory and inhibitory pain
processes.®>® In addition, it is crucial to determine appropri-
ate inclusion criteria and markers for PD, perhaps using a
combination of a dimensional NRS and biomarkers. Objective
assessment of ovulation (including ovulation predictor kits or
possible ultrasound) may provide additional clues regarding
the nature of the menstrual cycle and guide the timing of
experimental pain assessment. Future work should also focus
on inclusion of younger populations in experimental pain
research, which may provide greater insight into the nature
of pain responding in PD.?’ Refining our research practices
will provide a better understanding of the specific mechanisms
contributing to menstrual pain. This knowledge will then allow
for the development of targeted, appropriate interventions for
girls and women with this chronic and disabling condition.
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