
Accepted Manuscript

CINE MRI During Spontaneous Cramps in Women with Menstrual Pain

Kevin M. Hellman, PhD, Caroline S. Kuhn, MD, Frank F. Tu, MD MPH, Ms. Katlyn E.
Dillane, BS, Mr. Nathan A. Shlobin, MS2, Sangeeta Senapati, MD MPH, Xiaojie Zhou,
MD, Wei Li, MD, Pottumarthi V. Prasad, PhD

PII: S0002-9378(18)30084-X

DOI: 10.1016/j.ajog.2018.01.035

Reference: YMOB 12061

To appear in: American Journal of Obstetrics and Gynecology

Received Date: 19 October 2017

Revised Date: 16 January 2018

Accepted Date: 23 January 2018

Please cite this article as: Hellman KM, Kuhn CS, Tu FF, Dillane KE, Shlobin NA, Senapati S, Zhou X,
Li W, Prasad PV, CINE MRI During Spontaneous Cramps in Women with Menstrual Pain, American
Journal of Obstetrics and Gynecology (2018), doi: 10.1016/j.ajog.2018.01.035.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.ajog.2018.01.035


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
1 

 

1 

 

CINE MRI During Spontaneous Cramps in Women with Menstrual Pain 1 

 2 

Kevin M. HELLMAN
1,

 
2*

 PhD, Caroline S. KUHN
2* 

MD, Frank F. TU
1,2

MD MPH, Ms. Katlyn E. 3 

DILLANE
1
 BS, Mr. Nathan A. SHLOBIN

1,2  
MS2, Sangeeta SENAPATI

1,2
MD MPH, Xiaojie ZHOU

1,2 
4 

MD, Wei LI
3 

MD, Pottumarthi V. PRASAD 
3,4  

PhD 5 

 
1
Dept. of Ob/Gyn, Northshore University HealthSystem, Evanston, IL 60201 USA 6 

2
Dept. of Ob/Gyn, Pritzker School of Medicine, University of Chicago, Chicago, IL 60637 USA  7 

3
Dept. of Radiology, Northshore University HealthSystem, Evanston, IL 60201 USA 8 

4
Dept. of Radiology, Pritzker School of Medicine, University of Chicago, Chicago, IL 60637 USA  9 

* The authors request that the first two authors should be regarded as joint first authors 10 

  11 

Conflicts of interest: The authors report no conflict of interest 12 

Funding: This research was supported by NICHD 081709 and a pilot award from the Northshore 13 

University HealthSystem Research Institute  14 

Preliminary results were presented at the 64
th

 Annual Meeting of the Society for Reproductive 15 

Investigation in Orlando, Florida March 15-18,2017  16 

Corresponding Author Contact Information: Dr. Kevin M. Hellman 17 

Walgreens Suite 1507, 2650 Ridge Ave. Evanston, IL 60201  18 

telephone: 872-226-7124, fax: 847-570-1846  19 

email: khellman@northshore.org 20 

 21 

Abstract Word count: 300  22 

Main Text Word count: 2640 23 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
2 

 

2 

 

 24 

Condensation:  MRI of uterine contractions during spontaneous cramps demonstrates a 25 

method to evaluate myometrial dysfunction and its role in menstrual pain. 26 

Short version of title: MRI During Spontaneous Cramps 27 

Implications and Contributions 28 

A. Cine MRI of women with dysmenorrhea was performed to evaluate whether MRI can 29 

detect real-time changes in uterine physiology while women experience menstrual 30 

cramping pain.  31 

B. Spontaneous progressive decreases in myometrial signal intensity were associated with 32 

cramping pain onset before or 32-70s afterwards.    33 

C. These results show the temporal relationship between myometrial physiology and pain, 34 

providing a new paradigm to further characterize the mechanisms underlying 35 

dysmenorrhea.  36 

  37 
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Abstract  38 

Background:   39 

The lack of non-invasive methods to study dysmenorrhea has resulted in poor understanding of 40 

the mechanisms underlying pain, insufficient diagnostic tests, and limited treatment options. To 41 

address this knowledge gap, we have developed an MRI-based strategy for continuously 42 

monitoring the uterus in relation to participants’ spontaneous pain perception. 43 

Objective:  44 

The study objective was to evaluate whether MRI can detect real-time changes in myometrial 45 

activity during cramping episodes in women with dysmenorrhea, with a hand-held squeeze 46 

bulb for pain reporting.  47 

Study design:  48 

Sixteen women with dysmenorrhea and ten healthy control women both on and off their 49 

menses were evaluated with MRI while not taking analgesic medication. Continuous MRI was 50 

acquired using single-shot HASTE sequence along with simultaneous reporting of pain severity 51 

with a squeeze bulb. Pearson’s coefficient was used to compare results between reviewers.  52 

Proportional differences between women with dysmenorrhea and controls on/off menses were 53 

evaluated with Fisher’s exact test. The temporal relationships between signal changes were 54 

evaluated with Monte Carlo simulations.  55 

Results: 56 
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Spontaneous progressive decreases in myometrial signal intensity were more frequently 57 

observed in women on their menses than in the absence of pain in the same women off their 58 

menses or participants without dysmenorrhea (p’s < 0.01). Women without reductions in 59 

myometrial signal intensity on their menses either had a history of endometriosis or were not 60 

in pain. Observations of myometrial events were consistently reported between two raters 61 

blinded to menstrual pain or day status (r=0.97, p<0.001). Episodes of cramping occurred either 62 

immediately before or 32-70s after myometrial signal change onset (p’s <0.05).  63 

Conclusions: 64 

Transient decreases in myometrial uterine T2-weighted signal intensity can be reliably 65 

measured in women with menstrual pain. The directionality of signal change and temporal 66 

relationship to pain onset suggest that cramping pain may be caused by a combination of 67 

uterine pressure and hemodynamic dysfunction.  68 

Keywords 69 

dysmenorrhea, endometriosis, MRI, pain, uterus  70 

  71 
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Introduction 72 

Dysmenorrhea, or menstrual “cramps”, is a leading reason for missed school or work 73 

among women.
1,2

 Some women with severe dysmenorrhea, refractory to nonsteroidal anti-74 

inflammatory drugs (NSAIDs), undergo repeated surgeries in search of secondary causes such as 75 

endometriosis or ovarian cysts, yet many still do not achieve pain relief.
3,4

 While refractory 76 

menstrual pain is commonly attributed to uterine contractions and ischemia, non-invasive 77 

methods have not been developed to confirm these or other factors to further direct treatment 78 

strategies.
2
  79 

Cine MRI, which involves obtaining a continuous series of MR images and is a common 80 

feature available on clinical MRI scanners, may be a useful non-invasive method to establish the 81 

role of uterine contractions in pain.  Cine MRI has been useful for evaluating time-dependent 82 

restricted anatomical contributions to pathophysiology in cardiac dysfunction,
5
 airway 83 

obstruction,
6
 and infertility.

7
 Studies utilizing cine MR on days in which women experience 84 

menstrual pain have observed increased uterine distortion artifact suggestive of myometrial 85 

movement.
8,9

  Previous reports of combined hormonal contraceptive pills relieving primary 86 

dysmenorrhea also found a decrease in distortion artifact, supporting the hypothesis that 87 

dysfunctional myometrial activity may be responsible for pain.
10

 Studies using ultrasound 
11

 or 88 

intrauterine pressure probes
12,13

 have also suggested differences in myometrial activity across 89 

the menstrual cycle in women with and without primary dysmenorrhea. However, a primary 90 

limitation of all prior research was that the temporal relationship between myometrial activity 91 

and pain was not characterized.  Overcoming this limitation in study design could expand our 92 
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mechanistic understanding of uterine pain, as spontaneous cramps are the primary complaint 93 

of women who experience dysmenorrhea. The evaluation of the temporal relationship between 94 

the perception of pain and uterine physiological changes is essential for establishing causality. 95 

Thus, the current study uses MRI to evaluate the relationship between uterine pain perception 96 

and changes in myometrial signal in real time. 97 

Materials and Methods 98 

Patients 99 

Written informed consent was obtained prior to participation in this IRB-approved 100 

study. Participants with dysmenorrhea and healthy controls (ages 18-45) were prospectively 101 

recruited from physician referral or from participation in a separate study between January 102 

2015 and February 2017. Participants were asked to report their typical menstrual pain using 103 

the numeric rating scale (NRS, 0: “no pain at all”; 10: “worst pain imaginable”)
14

 during 104 

telephone screening. For this study, eligible dysmenorrhea participants were required to report 105 

having menstrual pain greater than 5 on an NRS when not taking pain relievers.  Menstrual pain 106 

was confirmed with an online version of menstrual diaries.
15

 Participants reported in their diary 107 

their daily pain level, analgesic use and heaviness of their menstrual flow (0-None, 1-Spotting - 108 

vaginal blood loss that is not sufficient to require protection, 2-Light bleeding, 3-Normal 109 

bleeding, 4-Heavy bleeding).  110 

 The study group of participants included women with either primary or secondary 111 

dysmenorrhea (adenomyosis, endometriosis, cysts, leiomyomata). Healthy controls were 112 

required to report an average pain of less than 3 on an NRS without medication on menses.  113 
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Exclusion criteria for the study included history of pelvic or abdominal malignancies, 114 

irregular menses (>45 days between periods), pregnancy within prior 6 months, breastfeeding, 115 

active genitourinary infection in the previous 4 weeks, body mass index > 40, unwillingness to 116 

stop taking NSAIDs on the day of the study visit, unwillingness to have a withdrawal bleed on 117 

continuous oral contraceptives, inability to read/comprehend a consent form in English, or 118 

standard MRI contraindications.     119 

Study Visits 120 

Participants were scheduled for MRI evaluation during the first 48 hours of menstrual 121 

bleeding onset.  Although participants were also scheduled to participate during the peri-122 

ovulatory phase of their menstrual cycle, some participants were not able to complete their 123 

non-menses visit before study completion (Table 1).  124 

 Participants filled out questionnaires to obtain complete medical, surgical, 125 

psychological, gynecological, and obstetrical history. Participants were instructed to abstain 126 

from taking short-acting analgesic medications at least 8 hours before the visit, or 12 hours for 127 

longer acting analgesics.  128 

 Upon arrival, participants were asked to rate their baseline pain on an NRS scale. Before 129 

entering the scanner, participants practiced using a hand-held squeeze-bulb at 50% and 100% 130 

maximal levels to reflect pain intensity graphically presented to them on a computer screen. 131 

Since 50% corresponded to 50% compression of the 6 cm diameter squeeze-bulb and 100% 132 

corresponded to complete displacement of the squeeze-bulb, usage of this system was intuitive 133 

for participants.  The squeeze bulb measurements were recorded using a pressure transducer 134 

with a data acquisition system with a 100 sample per second rate allowing for rapid scoring of 135 
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pain-state in relationship to the obtained images. Bulb squeeze data was synchronized to the 136 

MRI timestamp in order to measure the association between self-reported menstrual pain and 137 

myometrial signal intensity.   138 

 Dysmenorrhea participants were instructed to proportionally squeeze the bulb to 139 

indicate their increased pain during a menstrual cramp. Participants were instructed to squeeze 140 

the bulb only when they experienced pain above their baseline. During scanning, participants 141 

were periodically reminded to squeeze the bulb to match their perceived menstrual pain to 142 

provide “real time” self-reported pain intensity.  Healthy control participants did not have pain 143 

and were instructed to randomly squeeze the bulb every 2-5 minutes to control for potential 144 

movement artifact.    145 

MRI data were acquired on a 3.0 T whole-body scanner (Magnetom Verio, Siemens 146 

Healthcare, Erlangen, Germany) using a high-performance body coil. Before scanning, 147 

preliminary HASTE (Half-fourier Acquisition Single-shot Turbo spin Echo imaging) sequences 148 

were performed to identify a pelvic cross-section adjacent to the midline that included the 149 

endometrial stripe. CINE MRI data was acquired in the sagittal plane with a HASTE acquisition 150 

every 2 seconds for 10 minutes with the following parameters: FOV = 206 x 300 mm, No. of 151 

Slice = 1, Slice thickness = 5.0mm, Matrix = 256 x 139, Echo time= 80 ms, Train length= 96 ms.  152 

Image Analyses 153 

Image processing was performed using Image J (http://imagej.nih.gov/ij). Assessment of 154 

uterine activity was performed by drawing a region of interest over the uterine corpus in a 155 

direction perpendicular to the axis of the cervix. The contrast was adjusted to visualize the 156 

minimum and maximum uterine signal. In the time-mode graphs, myometrial event frequency 157 
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was identified by counting the episodes of changes in myometrial signal intensity over time. 158 

These episodes resembled “sustained uterine contractions” as reported by other investigators. 159 

8
 As they may not represent actual contractions, these episodes were defined as myometrial 160 

“events.” Two reviewers with experience interpreting uterine MRI performed the same image 161 

processing methods independently blinded to participant and group identity. A third reviewer 162 

was consulted whenever there was a discrepancy between the two reviewers.  The number of 163 

uterine events for each participant was compared with inter-rater agreement analysis. During 164 

scanning and image analysis, MRI images were reviewed for adenomyosis, cysts and 165 

leiomyomata by fellowship trained gynecologists (>10 years experience). Radiologists (>10 166 

years MR experience) confirmed cases of adenomyosis, cysts and leiomyomata. Leiomyomata 167 

were observed in two participants and cysts were observed in two other participants.       168 

Pain Analyses 169 

All dysmenorrhea participants, except one experiencing temporary remission, squeezed 170 

the bulb for periods of 10-20 seconds throughout MRI scans. Episodes from participants were 171 

visually identified, and the average squeeze pressure was calculated relative to cramp onset in 172 

2-second bins. Cramp onset was defined as the first time point in which the squeeze pressure 173 

was elevated, suggesting the very beginning of a self-reported cramp. There was considerable 174 

variability in baseline and maximal menstrual pain across participants (Fig 1a). Since a prior 175 

study used a histogram to establish criteria for pain levels with a visual analog scale
16

, we 176 

performed a similar analysis to discriminate a threshold for cramping pain. Scaled bulb pressure 177 

was analyzed across quartiles (Fig 1b). Approximately 75% of identified cramping symptom 178 

events exceeded 40% of the maximal squeeze pressure (Fig 1b). Therefore, we employed an 179 
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algorithm to detect periods of 40% maximal squeeze pressure capable of detecting 75% of all 180 

cramping activity.  181 

Statistics 182 

Fisher’s exact test was used to determine differences in proportions of subjects with or 183 

with myometrial events between the groups.   184 

The significance of temporal relationship was evaluated with Monte Carlo simulations. 185 

For computing the time-locked average signal during myometrial events, signal intensity for 186 

each image series was obtained over the region of interest in ImageJ. The number of ≥40% 187 

squeeze threshold events was computed for each time point relative to the nearest myometrial 188 

event. Since the threshold for cramping was arbitrary, we also calculated the median squeeze 189 

pressure across all myometrial events. The threshold for significance at each time point was 190 

determined by the predicted probability using 1000 permutations of the data set with random 191 

time shifts. 192 

Since this was a feasibility study, we aimed for the minimally recommended sample size 193 

of n=10 per group for estimating variance.
17

 Additional participants were added to the 194 

dysmenorrhea group to provide a minimum of 15 participants on their menses accounting for 1 195 

drop-out to provide a sufficient number of participants (n>10) that have signal changes for 196 

time-locked analyses.  197 

Results 198 

Imaging features of dysmenorrhea 199 
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Women with dysmenorrhea (n = 16) and healthy controls (n = 10) participated in MRI 200 

scanning experiments (Table 1).  201 

We first analyzed the reliability of two reviewers, blinded to participant status, at 202 

identifying dynamic changes in myometrial signal. We readily observed episodes of focal 203 

reduction of myometrial signal progressing from the fundus to cervix (See Video, Supplemental 204 

Digital Content 1). An example of a series of 3 myometrial events is shown in Figure 2. Changes 205 

in signal intensity were specific to the myometrial layer within the uterus, but not observed in 206 

other tissue locations including leiomyomata (Figure 2). One other participant had a 207 

leiomyoma, but signal changes were also only observed in the myometrium, not the 208 

leiomyoma.  Only one participant had adenomyosis, and she also had signal changes within the 209 

myometrium.  210 

Myometrial events were distinct from rapid (<5 s) peristalsis because they involved a 211 

prolonged (>20 s) 14 ± 3% reduction in signal intensity. There was a high agreement between 212 

reviewers for identifying myometrial events in each participant on each menses scan (Kappa 213 

agreement = 97% , p < 0.001). There was also a high correlation between the number of 214 

myometrial events identified between the two reviewers (r=0.97, p < 0.001).  215 

Next, we investigated the relationship between myometrial events and menstrual 216 

status. Women with dysmenorrhea were more likely to have myometrial events during their 217 

menses (11/15) than women with dysmenorrhea off their menses (1/11, p = 0.0017) or healthy 218 

participants on their menses (1/10, p = 0.003; Figure 3). The single dysmenorrhea participant 219 

experiencing spontaneous and temporary remission from menstrual pain when lying down in 220 
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the scanner (no bulb squeezes) did not have any myometrial events during her menses scan. 221 

Three dysmenorrhea participants did not have myometrial events during their menses despite 222 

having severe menstrual pain. Review of medical histories found that these three women had a 223 

prior history of surgically confirmed endometriosis; albeit, three additional participants with a 224 

prior history of surgically confirmed endometriosis also had myometrial events.  On the non-225 

menses visit for this cohort (Table 2), only one participant with dysmenorrhea had myometrial 226 

events during a non-menses scan. Intriguingly, she reported significant “bowel” pain during her 227 

non-menses scan suggesting that the pain may have been of uterine origin. 228 

Two healthy participants and one dysmenorrhea participant had been taking birth 229 

control pills during this study. However, among the participants taking birth control pills, only 230 

the dysmenorrhea participant had myometrial events. 231 

Temporal relationship between myometrial events and pain  232 

To examine the relationship between myometrial events and participant pain report, we 233 

generated a histogram time-locked to myometrial events across all participants experiencing 234 

menstrual pain (Figure 4). A similar relationship between signal changes and pain report was 235 

obtained by either analyzing the median squeeze-bulb pressure or a pre-defined threshold for 236 

cramping pain. Participants reported significantly more cramping pain at time points proximal 237 

to the start of the myometrial events and 32-70 seconds afterward (Monte Carlo p’s <0.05).  238 

Comment 239 
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We demonstrate an original paradigm for assessing visceral pain mechanisms, utilizing 240 

an indicator for spontaneous cramping that is time-locked with continuous MRI acquisition. The 241 

spontaneous, prolonged, progressive decreases in myometrial signal intensity observed in 242 

participants with dysmenorrhea have characteristics resembling the “sustained uterine 243 

contractions” previously identified with cine MRI.
9
 Our quantitative analysis demonstrates that 244 

these myometrial signal changes are temporally related to spontaneous pain report in women 245 

with dysmenorrhea.  246 

This paradigm detected a high proportion of subjects with menstrual pain exhibiting 247 

myometrial events, comparable to the proportion of participants with endometrial distortion 248 

and severe pain (7/9) in a prior study.
9
 Conversely, since our study included 10 participants 249 

without a history of any menstrual pain, we were able to additionally confirm that myometrial 250 

events rarely occur in women without dysmenorrhea, even on their menses. The decrease in 251 

signal change during myometrial events is consistent with either blood volume or water 252 

content changes, rather than the muscle contracting.  Further characterization of these signal 253 

changes in women with dysmenorrhea could be used to identify vascular contributions to 254 

menstrual cramping pain by experimentally manipulating perfusion or contractility.  255 

  These myometrial events, also known as sustained uterine contractions, were 256 

originally found in pregnant women.
18

 Notably, these events are distinct from uterine peristalsis 257 

that involve rapid, subtle rhythmic movement in the sub-endometrial myometrium.
8
 Although 258 

it remains to be demonstrated how smooth muscle contractions affect MRI, computer models 259 

show that with a skeletal muscle contraction, there is a decrease in signal intensity attributed to 260 

increases in oxygen extraction. 
19

 Indeed, uterine contractions have high metabolic demand 261 
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potentially creating transient hypoxia.
20

 The consistent report of pain immediately prior to 262 

these signal changes, and subsequent pain 32-70 seconds afterward, is consistent with the early 263 

response of uterine afferents to mechanical pain and delayed response to hypoxemic pain.
21

 264 

Recent work in a mouse model demonstrates that molecules associated with dysmenorrhea 265 

trigger uterine hypercontractility leading to episodes of transient hypoxemia.
22

 Thus, MRI 266 

during spontaneous pain is a promising approach to confirm a causative role of vascular or 267 

metabolic dysfunction in menstrual pain. 268 

Key strengths of our research design include utilization of the real-time monitoring 269 

during menses and control for analgesic use.  The inclusion of participants with primary 270 

dysmenorrhea, adenomyosis, endometriosis, cysts and leiomyoma was also useful for 271 

demonstrating the generalizability of these results. Although all of the participants with primary 272 

dysmenorrhea, leiomyoma or adenomyosis had myometrial events, three of the participants 273 

with endometriosis did not.  274 

A key limitation of all pain research including this study is that pain is a subjective 275 

experience.
23

 Despite this limitation, we are able to provide evidence that subjective 276 

experience of pain in women is temporally related to episodes of myometrial activity. This is of 277 

particular importance given that dysmenorrhea has been historically considered a 278 

psychosomatic disorder.
24–27

  Given that the usage of an arbitrary pain threshold could have 279 

affected results, data was analyzed using a second method to reduce potential bias. 280 

Nevertheless, potential bias could have occurred with imaging data, since the menstrual status 281 

of participants on MRI was obvious. However, it was not possible to identify differences 282 

between dysmenorrhea and healthy participants—except by the presence of myometrial 283 
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events as reported here. To address the limitation of our sample size and use of a 3T scanner, 284 

larger studies should be performed on more commonly available 1.5T scanners to ensure 285 

generalizability.  286 

Future application of our methods to evaluate other poorly responsive visceral pain 287 

conditions, including irritable bowel syndrome and pancreatitis, could expand the identification 288 

of more general mechanical, vascular, and metabolic visceral pain mechanisms. Although, 289 

abdominal pain is one of the most frequent reasons for visits to the emergency room, the true 290 

cause remains unknown greater than 25% of the time.
28

 Refinement of our methods and 291 

validation for other organs hopefully will spur further study and novel treatments for chronic 292 

pelvic pain conditions. 293 
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Tables: 377 

Variable Dysmenorrhea (n=16) Control (n=10) 

Age 31 [21-37] 31 [20-40] 

Body mass index 24 [22-26]  22 [21-25] 

Prior pregnancy 6 (38%) 2 (20%) 

Parous  3 (19%) 1 (10%) 

   

Race   

African American 5 (31%) 1 (10%) 

Caucasian / Other 11 (69%) 9 (90%) 

   
Age of menstrual pain onset  11 [11-14] N/A 

Menstrual pain without NSAIDS [0-100] VAS 78 [70-87] 5[4-9] 

Menstrual pain with NSAIDS [0-100] VAS 50 [25-60] 3 [2-5] 

# of day of school or work missed in last 3 

months due to pain 

3 [1-5]  0 [0-0] 

Number of bleeding days per cycle 6 [5-6] 6 [5-6] 

Bleeding heaviness (0 -4)  2.5 [1.9-2.5] 2.3 [2.1-2.5] 

   

Diary Data (0-10 NRS)   

Average menstrual pain while bleeding 4 [4-5] 0 [0-1] 

Maximum menstrual pain while bleeding 7 [5-9] 0 [0-0] 

   

McGill Revised Pain Inventory   

  Continuous 

  Intermittent 

  Affective 

4 [5-7] 

3 [2-5] 

3 [0-4] 

0 [0 – 0] 

0 [0 – 0] 

0 [0 – 0] 

  Neuropathic 1 [0-1] 0 [0 – 0] 

    

Scans Performed   

Menses  15 10 

Non-menses 12 6 

 378 

Table 1: Demographic characteristics of the recruited population. Counts (percentage) or 379 

medians [with 25 to 75% quartiles] are shown for participants with and without dysmenorrhea.  380 

Participants were asked to enter the severity of their menstrual pain on a visual analog scale 381 

(VAS, 0 – No pain, 100 –  worst pain imaginable) with and without taking NSAIDS. Participants 382 

completed menstrual pain diaries to verify eligibility. The average and maximum menstrual pain 383 
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during menses were calculated for participants. Participants also filled out the McGill Revised 384 

Pain Inventory questionnaire to inform the level of menstrual pain on a 0-10 scale for the 385 

McGill subscales on continuous, intermittent, affective and neuropathic pain.  The number of 386 

participants scanned on either their menses or non-menses visit are shown.  Some participants 387 

were not able to participate in both scans due to scheduling challenges.  388 

 389 

  390 
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 391 

 Menses 

scan 

Non-menses 

scan 

Dysmenorrhea participants: cramping episodes during scanning   

Number of participants 14 1 

Number of participants with myometrial events  11 1 

   

Dysmenorrhea participants: no cramping episodes during scanning   

Number of participants 1 11 

Number of participants with myometrial events  0 0 

   

Healthy controls: no cramping episodes during scanning   

Number of participants 10 6 

Number of participants with myometrial events 1 0 

 392 

Table 2: Characterization of myometrial events in participants across conditions. Women 393 

during their menses in pain were more likely to have myometrial events than during their non-394 

menses or than healthy controls.  395 

  396 
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Figure Legends: 397 

Figure 1: Temporal profile of spontaneous cramps. The 25th, 50th, and 75th percentile pain 398 

scores are shown for visually identified cramps (a). The reported level of pain (0-10) was 399 

determined by self-report of baseline pain and the scaled level of squeeze-bulb pressure. 400 

Consecutive cramps were profiled relative to visually identified onset (gray dashed line). The 401 

profiles of squeeze-bulb pressure were generated similarly (b) suggesting a threshold of 40% 402 

could detect 75% of all spontaneous cramps.  403 

Figure 2: Example measurements of myometrial signal. Shown is a representative image from 404 

a continuous series of HASTE scans (a). The red line indicates the cross section defined for the 405 

continuous assessment. An enlarged cross section (b) is shown over 10 minutes to demonstrate 406 

the stability and specificity of change to the myometrial layer (black arrow). Dynamic changes in 407 

myometrial signal were charted (beneath in blue) by the change in average signal intensity in 408 

the myometrial layer of the uterus. Bulb-squeezing indicative of cramping pain is indicated by a 409 

red line beneath the cross section.  410 

Figure 3: Example images of a healthy participant without menstrual pain on her menses. The 411 

red line indicates the position of the cross section defined for the continuous assessment (a). 412 

Unlike the participant with dysmenorrhea (Figure 2), the cross-sectional signal was stable over a 413 

ten-minute period (b).  414 

Figure 4: Menstrual cramps occurred more frequently immediately before, and up to 40 415 

seconds after, a myometrial event. The average HASTE signal intensity in the myometrial layer 416 

over time was determined across all dysmenorrhea participants with myometrial events (a). 417 
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The blue line indicates the median signal intensity across all images in all women with 418 

myometrial events. Error bars indicate the standard error of the mean. The median bulb-419 

squeeze pressure (b) is highest immediately before and 32-70 seconds after the myometrial 420 

event onset. The dotted line indicates the upper 95% confidence interval for above average 421 

pressure. Thus, pressure levels above the dotted line indicate levels of pain more than 422 

anticipated by chance (p < 0.05). The frequency of cramping (# of episodes with >40% pressure) 423 

for each time point relative to a myometrial event was calculated (c). Whereas pressure levels 424 

indicate pain severity (b), frequency of cramping indicates likelihood of cramping at each time 425 

point (c). The dotted line indicates the upper 95% confidence interval for the number of 426 

spontaneous cramping episodes expected by chance. 427 

Supplemental Digital Content 1: Continuous HASTE sequence of a participant with 428 

dysmenorrhea on her menses at 4 x speed. The video shows a period of stable signal within the 429 

myometrial layer followed by an episode of myometrial signal change. After a decrease in 430 

myometrial signal, the participant reported pain.  431 

 432 
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