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Abstract

Objectives: To describe the methods for the in-person assessment of the RISE FOR HEALTH 

(RISE) study, a population-based multicenter prospective cohort study designed to identify factors 

that promote bladder health and/or prevent lower urinary tract symptoms in adult women, 

conducted by the Prevention of Lower Urinary Tract Symptoms Research Consortium (PLUS).

Methods and Results: A subset of RISE participants who express interest in the in-person 

assessment will be screened to ensure eligibility (planned n=525). Eligible consenting participants 

are asked to complete 15 physical assessments in addition to height and weight, to assess pelvic 

floor muscle function, musculoskeletal status, and pain, and to provide urogenital microbiome 

samples. Pelvic floor muscle assessments include presence of prolapse, strength, levator 

attachment integrity (tear) and myofascial pain. Musculoskeletal tests evaluate core stability, 

lumbar spine, pelvic girdle and hip pain and function. Participants are asked to complete the 

Short Physical Performance Battery to measure balance, lower extremity strength, and functional 

capacity. All participants are asked to provide a voided urine sample and a vaginal swab for 

microbiome analyses; a subset of 100 are asked to contribute additional samples for feasibility and 

validation of a home collection of urinary, vaginal and fecal biospecimens.

Results: Online and in-person training sessions were used to certify research staff at each clinical 

center prior to the start of RISE in-person assessments. Standardized protocols and data collection 

methods are employed uniformly across sites.

Conclusions: The RISE in-person assessmentis an integral portion of the overall population-

based RISE study and represents an innovative approach to assessing factors hypothesized to 

promote bladder health and/or prevent lower urinary tract symptoms. Data collected from this 

assessment will be used to prioritize future research questions and prevention strategies and 

interventions. This description of the assessment methods is intended to provide methodologic 

transparency and inform other researchers who join efforts to understand and improve bladder 

health.
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Introduction

The Prevention of Lower Urinary Tract Symptoms (PLUS) Research Consortium was 

formed with support of the National Institute of Diabetes, Digestive and Kidney 

Diseases (NIDDK) in 2015 to develop an evidence base for promotion of bladder health 

(BH) and prevention of lower urinary tract symptoms (LUTS) in adult and adolescent 

women. Consistent with the World Health Organization’s definition of health,1 the PLUS 

Consortium conceptualizes BH as “a complete state of physical, mental and social well-

being related to bladder function, and not merely the absence of LUTS”2 with function that 

“permits daily activities, adapts to short term physical or environmental stressors, and allows 

optimal well-being (e.g., travel, exercise, social, occupational, or other activities).” Healthy 

bladder function, as conceived by PLUS, encompasses storage, emptying and bio-regulatory 

functions of the bladder.3

PLUS investigators designed the RISE FOR HEALTH (RISE) study to investigate BH 

within a population-based prospective longitudinal cohort of community-dwelling adult U.S. 

women. The RISE study has two major scientific goals: 1) to investigate individual and 

multi-level factors that promote bladder health and/or prevent LUTS, focusing primarily 

on modifiable factors and 2) estimate the distribution of BH (from very healthy to very 

unhealthy) and BH knowledge, attitudes, and beliefs in women across the life course. The 

methods of the overall study are described in a companion manuscript in this issue. After 

two initial surveys, a nested sample of individuals within the cohort will be eligible to 

participate in an in-person visit. This sample is included to augment the RISE survey data 

with physical and biologic factors associated with BH that may be identified as potential 

areas of study in future intervention trials.

The RISE in-person assessment will collect data to address five specific research questions: 

1) Is optimal musculoskeletal (MSK) health (i.e., functional mobility, perceived MSK pain 

and psychological factors) associated with BH?; 2) Are women able to perform a pelvic 

floor muscle contraction properly (including contraction duration, frequency, and correct 

technique) and is this associated with BH?; 3) Is levator ani muscle tear (i.e., integrity of 

the pubovisceral/pubococcygeus muscle) associated with BH?; 4) Is pelvic floor myofascial 

pain (PFMP), assessed by a clinical evaluator, associated with BH?; and, 5) Is the urogenital 

microbiome related to BH?

Based on formative studies to inform our study design4 we elected not to include specific 

bladder measures (e.g., bladder diaries) or physiological testing, such as non-invasive 

uroflowmetry and post-void residual volumes. In our validation study of the Bladder Health 

Scales and Bladder Function Indices (BHS/BFI), we found poor associations between BH 

and bladder physiological measures or bladder diary data. Given our emphasis on BH 

(not LUTS), the RISE study focuses on pelvic floor and musculoskeletal components that 

may inform future intervention studies related to BH and the prevention of LUTS. This 

manuscript describes the methods used to develop the RISE in-person assessment protocol.
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Materials & Methods

The RISE n-person assessment is planned as a multicenter observational study of a subset 

of women in the RISE population-based cohort study (n=525). Eligible participants who 

have expressed interest in participating in the in-person assessment are contacted following 

completion of the initial baseline bladder health scale (BHS) and bladder function indices 

(BFI)4 to measure BH along with other baseline demographics and medical history. 

The PLUS Scientific and Data Coordinating Center (SDCC) notifies clinical research 

sites (CRC) if a RISE participant indicates interest in being screened for the in-person 

assessment, which, consistent with BHS/BFI validation parameters, occurs within 8 weeks 

of BHS/BFI completion.

Screening: A PLUS research coordinator (RC) screens each RISE participant who 

volunteers for the in-person assessment by telephone (Table 1) prior to the in-person 

assessment. During the screening call, the RC will establish eligibility, review specifics of 

the evaluation, and obtain verbal consent for continuation with research contact. Screening 

information is used to implement a distress protocol for RISE participants with a history of 

sexual violence/trauma, based on responses to preliminary screening queries, as the study 

protocol includes four pelvic examination components. Written informed research consent 

is obtained prior to conducting any research tasks within the in-person assessment. Figure 1 

displays the flow of potential participants through this phase of the RISE study.

The estimated time to for the participant to complete the in-person assessment is 

approximately 60 minutes. At the time of the assessment, participants will be asked to 

complete a short medical history, including current pain medication use, to determine any 

changes since completion of the baseline surveys. Physical assessments will provide data 

on factors related to MSK status and pelvic floor function. The planned clinical measures 

include 15 components. Table 2 highlights the measures and types of data collected along 

with the specific mapping to key research questions related to BH. Height and weight are 

recorded. The Short Physical Performance Battery5 (SPPB), an objective assessment tool 

developed by the National Institute on Aging, is administered to evaluate balance, gait 

speed, lower extremity strength, and mobility.

The RISE MSK examination includes six separate tests which are performed on all 

participants regardless of age: 1) four core stability assessments (single leg squat, supine 

bridge, prone bridge and side-lying bridge); 2) lumbar spine seated slump test; 3) external 

pelvic girdle palpation tests involving pain assessments of the sacroiliac joint, anterior 

superior iliac spine and pubic symphysis); 4) hip pain provocation tests (hip flexion, 

adduction and internal rotation and hip flexion, abduction and external rotation); 5) pelvic 

posterior girdle pain provocation test; and 6) pelvic girdle functional stability test: active 

straight leg raise. The data collection record will note whether a participant was unable 

to complete any component of the SPPB or MSK tests and document the reason; further 

analysis of those unable to complete tasks will be considered as data become available.

Following the MSK assessment, women will undergo a focused pelvic floor examination 

including four specific components: 1) pelvic organ prolapse (POP) assessment; 2) 
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pubovisceral (PV) muscle integrity; 3) PFM strength and endurance; and 4) pelvic floor 

myofascial pain (PFMP). POP are assessed using a visual assessment for the presence of 

prolapse protruding beyond the introitus at rest and with Valsalva. PV muscle (also known 

as pubococcygeus) assessment are performed using a transvaginal palpation technique to 

assess muscle body integrity where it passes along the vaginal sidewall; both right and 

left sides are separately assessed and pain documented as: PV present (the muscle body is 

definitely felt), PV equivocal (the examiner cannot clearly and confidently feel the PV is 

present or absent ) or PV absent (the muscle body is not felt).6 PFM strength and endurance 

are assessed using a modified Oxford scale described by Newman, et al.7–10 Pelvic floor 

myofascial pain (PFMP) are assessed using the method described by Meister et al.11 The 

PFMP assessment evaluates the obturator internus (OI) and levator ani (LA) muscles for 

tenderness to palpation. Additional details are provided in companion manuscripts in this 

issue.

During the in-person assessment at the clinical center, all participants are asked to provide a 

voided urine sample using the Peezy™ clean catch collection device and a vaginal swab for 

microbiome analyses. A subset of 100 RISE participants is invited to contribute additional 

pre-assessment samples in order to assess the feasibility and validation of a home collection 

of urinary, vaginal, and stool biospecimens. These 100 participants are mailed specimen 

collection kits to perform clean catch collection voided urine and vaginal swab collections 

with instructions for shipping to a central biorepository on the day prior to and the day of the 

In-Person Assessment. An additional stool sample collection is included to be returned with 

one of the home kits, in order to allow subsequent testing of relationships between pelvic 

niche microbiomes. Urine samples are shipped in prefilled vials containing Assay Assure 

DNA protectant and vaginal and stool samples are shipped in ethanol.

Statistical Analysis

Analyses of factors hypothesized to promote bladder health and/or prevent LUTS measured 

during the in-person assessment will be analyzed as outlined for other self-reported factors 

with the BHS/BFI serving as the primary outcome. With a sample size of 525 participants, 

in-person assessment measurements, and a factor prevalence of 10% (e.g., levator tear in 

vaginally parous women), we will have 90% power to detect differences of 0.47 SD of 

a BHI score. We will have higher power for factors with higher prevalence. Exploratory 

analyses of the urogenital microbiome will be conducted and will include alpha and beta 

diversity of samples collected at the in-person assessment.

For the pilot participants, feasibility of home specimen collection will be assessed 

using rates of successful sample return and integrity. In addition, we will evaluate the 

comparability of the measured biome across the three different time frames and methods 

of collection: first, at home on the day prior to in-person assessment, second, at home 

on the day of in-person assessment, and third, in research setting at the CRC. The focus 

will be on the reproducibility of taxa counts and taxa representation across samples that 

ideally should be identical. Paired differences in proportions across all identified operational 

taxonomic units (OTUs) will be evaluated. In addition to the paired analysis, we will also 

use non-metric multidimensional scaling (NMDS) and principal component analysis (PC-
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A) to provide visual representation, calculate Bray-Curtis distances between the specimen 

types, and compare with permutational multivariate analysis of variance (PERMANOVA).

Results

Description of the In-Person Assessment Training

Assessment of clinical measures and tests are conducted by trained and certified PLUS 

research staff (e.g., RCs, clinical evaluators [MD, NP, or CNM] who have experience in 

performing pelvic examinations) at each clinical center (Table 3). Prior to the start of 

RISE in-person assessment, participating PLUS research staff completed training on all 

clinical assessments. Table 4 summarizes the PLUS RISE certification electronic learning 

(e-Learning) modules and hands-on training. Training included on-line modules, videos and 

a 2-day in-person, hands-on training; the detailed training and certification approaches are 

provided in a companion manuscript in this issue. Briefly, in-person training was conducted 

at a university-based training facility using a “train-the-trainer” model. Compensated patient 

educators (aka, simulated patients, standardized patients) and other trained professionals 

were utilized to optimize the training (see agenda/supplement). A certification checklist 

for each in-person assessment task was used to verify competency. Each clinical center 

identified the certified trainer(s) who could train and certify additional team members at 

their own institutions. Consistent with compliance for local licensure, most clinical centers 

plan to have RCs complete the musculoskeletal assessments, including the SPPB while 

trained clinical providers will complete the modified pelvic examination components and 

assessments.

Research Appreciation for Participation in In-Person Assessment

Research participant appreciation is shown through payment of $100, based on an estimated 

1.5 hours to complete the full assessment on each participant, regardless of any participants 

inability or unwillingness to complete a specific assessment. Participants who provide 

additional home-collected biospecimens are eligible to receive an additional $50 ($25 for 

collection of each home biospecimen kit).

Discussion

The development of the RISE in-person assessment protocol challenged the investigators 

to utilize validated assessments where they existed, and, where they did not, develop novel 

techniques for the evaluation of the pelvic floor and overall musculoskeletal and BH of 

participants. The wholistic approach to assessing the biologic and physical contributors to 

overall BH is novel and will provide a wealth of data from which to establish preliminary 

hypotheses to test in subsequent prevention trials. While there have been efforts to identify 

specific factors associated with LUTS, the concept of BH and individual and multi-level 

factors that promote bladder health are not well established. Thus, the RISE in-person 

assessment is designed to better understand the factors associated with a healthy bladder 

as opposed to conventional reports identifying such factors for specific LUTS. We present 

here the methods for identifying potential physical and biologic factors hypothesized to 

promote bladder health and/or prevent LUTS. This innovative approach aims to identify 
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novel associations of BH with musculoskeletal function and pain, PFM integrity and 

function, and urogenital microbial characteristics. Using a transdisciplinary approach, the 

protocol development group capitalized on expertise in physical medicine and rehabilitation, 

urogynecology, urology, geriatrics, and microbiome research to establish a protocol that 

would best capture these elements. Together with other aspects of the study, RISE will 

evaluate factors associated with BH and/or prevent of LUTS across the biopsychosocial 

model.12

The RISE in-person assessment is designed to address several knowledge gaps: it 

systematically assess pelvic floor muscle integrity, strength, and pain with palpation using a 

standardized examination approach in a multicenter study; it incorporates focused, validated 

musculoskeletal assessments of overall lower extremity and musculoskeletal function and 

pain in a diverse population of women recruited from nine US centers; it collects urine, 

vaginal and stool samples for assessments of the microbiome of these pelvic niches; and 

it informs the feasibility of home biologic specimen collections in a diverse longitudinal 

cohort of women for long term follow up of modifiable factors hypothesized to be associated 

with BH.

Unique to the RISE study, investigators will assess MSK health status, as both low back pain 

and urinary symptoms have high prevalence throughout the female lifecourse.13,14 Globally, 

female individuals, ages 40–80, have the highest prevalence of low back pain.15 Seventy-

eight percent of childbearing women with low back pain report urinary incontinence (UI) 

and demonstrate signs of dysfunctional pelvic floor muscles (PFM).16 Patients with chronic 

MSK conditions (including spine, peripheral joint, muscle, and tendon) are more likely 

to have decreased physical activity and quality of life, and number of body regions with 

pain (<3 vs >3) determines this risk; these relationships are more pronounced in women.16 

The SPPB is an objective assessment of physical function which decreases with age. The 

relationship of LUTS, specifically UI, with declining physical function is thought to be 

bidirectional and may be amenable to physical activity interventions although there are few 

prospective data on these relationships.17

PV muscle tear has been identified as a risk factor for two important pelvic floor 

disorders: POP and possibly stress UI.18–21 Pelvic floor myofascial pain (PFMP) may 

occur in conjunction with, or as sequelae of, diseases of the urinary, genital, colorectal, or 

musculoskeletal systems, or it may arise independently and has been observed in patients 

with LUTS and pelvic floor dysfunction.9,22,23

Establishment of this cohort and decisions for inclusion of important in-person assessment 

tasks followed an iterative process; challenges related to what elements to include were 

apparent. Where possible, we selected validated measures. However, some musculoskeletal 

and pelvic floor constructs lacked validated, standardized assessments. We arrived at the 

included assessments through rigorous review of existing literature and consensus of 

expert opinion. Selection of assessments also considered standardization across centers, 

necessitating development of a rigorous training and certification program. Microbiome 

collection required establishing collection, preservation, shipping and storage procedures to 

ensure stability of specimens for sufficient duration to allow for home collection.24 Testing 
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in our pilot study will ensure feasibility of home shipping procedures prior to establishment 

of a repository for use in future correlation of the urogenital microbiome with BH.

Conclusions

The PLUS investigators contribute this methods description for the RISE in-person 

assessment to facilitate understanding of the study protocol. The methodological rigor 

of this protocol is enhanced by standardized training, assessment of training efficacy 

leading to certification for RISE research tasks, multi-site implementation, and a detailed 

protocol, which incorporates key assessments relevant to the RISE research questions. 

The methodology is designed to achieve high standards for complete data collection. 

The novel use of an embedded biospecimen collection pilot will inform the feasibility 

of home collection for urobiome specimens in future population-based studies, as well 

as the short-term variability of the bladder, vaginal and colonic microbiome. Given the 

growing awareness of the relationship between BH and musculoskeletal health, the detailed 

assessment of musculoskeletal findings with both questionnaire and physical examination 

is novel. This work will help inform future investigators as to the need for a MSK 

questionnaire alone, a physical examination MSK assessment alone, or whether both 

questionnaire and examination MSK assessments are needed in studying BH.

This in-person assessment is an integral portion of the overall RISE study, an innovative 

approach to assessing BH utilizing prioritized research questions. This description of the 

in-person assessment methods is intended to provide methodologic transparency and inform 

other research teams who join our efforts to improve BH.
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Figure 1. 
Flow of potential participants in the RISE in-person assessment.
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Table 1:

List of eligibility criteria for RISE in person assessment.

Inclusion criteria:

 • Community-dwelling

 • Age ≥18 years Identify or born as female

 • Stand independently without human assistance (e.g., can use cane/walker) for 3 minutes

 • Able to access bathroom and use toilet independently, without assistance from another person

 • Able to read and understand English or Spanish

 • Able to provide informed consent

 • Able to attend an in-person assessment at one of the clinical research centers within 8 weeks of BHI completion

 • Able and willing to provide the following during in-person assessment:

  ○ Biospecimen Pilot (initial n=100): Able and willing to provide urine (2), vaginal (2) and stool (1) sample collection at home and ship 
specimens on day of collection (see Appendix B for instructions). If unable or unwilling to do home specimen, may be included in the in-person 
only cohort (n=425). This will constitute a protocol deviation and participants will be continued to be asked to participate in the home specimen 
group until the quota for the site is met.

 • Willing and able to undergo clinical measures including MSK and pelvic examination (no contraindications to examination – e.g., post 
operative pelvic surgery, etc).

Exclusion criteria

 • Men

 • Unable to schedule in-person assessment within 8 weeks of BHI completion

 • Recent (6 weeks) pelvic, bladder, abdominal, lower extremity, low back surgery, hip replacement or vaginal birth preventing ability to 
perform MSK or pelvic examination.

 • Self-catheterizing or has an indwelling catheter by self-report

 • Unable to stand for 3 minutes

 • Not able to toilet independently.

 • Physical or mental condition that would prohibit self-collection of vaginal, urine, or stool specimens or prevent the participant from 
participating in the study.

 • Former or current participation in a bladder-related research study or LUTS or has participated in a PLUS study (e.g. VIEW, CLEAR, KAB, 
LatinX, Where-I-Go, SHARE)

 • Currently pregnant

Participants who have recently used, or are currently using, systemic antibiotics will not be excluded but their use will be recorded, recognizing the 
known effects on the human microbiome.
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Table 2:

Measures and the types of data that will be collected along with the specific mapping to key research questions 

related to bladder health.

Measures RISE Research Question

Urine and vaginal 
specimens (self-collected)

What is the relationship of the urogenital microbiome to bladder health and lower urinary tract symptoms?

Medical History & 
medications

Do women with multiple chronic conditions (specifically higher risk conditions) have lower bladder health 
status at study baseline and a decreased ability to maintain bladder health over time?

Do women who take multiple medications (polypharmacy), especially medications with higher anticholinergic 
drug burden, have poorer bladder health status at baseline and a decreased ability to maintain bladder health 
over time?

Musculoskeletal (MSK) 
Measures

Is optimal MSK associated with bladder health and lower urinary tract symptoms? a) Is functional mobility 
related to MSK conditions associated with bladder health and lower urinary tract symptoms?
b) Is perceived MSK pain (location, duration, intensity) associated with bladder health and lower urinary tract 
symptoms? MSK -Core stability

 MSK -Lumbar spine

 MSK - External Pelvic 
Girdle

 MSK -Hip Provocation

 MSK -Pelvic Girdle 
Provocation

 MSK -Pelvic Girdle 
Functional Stability

 Short Physical 
Performance Battery

Pelvic Examination

 Pelvic Floor Muscle 
Evaluation

Are women performing pelvic floor muscle exercises (including duration, frequency, and correct performance) 
and is this associated with bladder health and lower urinary tract symptoms?

 Palpatory Assessment 
Pubovisceral Muscle Body 
Integrity

Is levator ani tear (and the integrity of the levator ani muscles supporting the bladder) associated with bladder 
health and lower urinary tract symptoms?

 Myofascial Pain 
Screening

Is pelvic floor myofascial pain with palpation associated with bladder health, lower urinary tract symptoms, and 
symptom severity?
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Table 3:

PLUS RISE In Person Training Trainee Credentials

Research Task MD Nurse Practitioner Certified Nurse Midwife RN
Research Coordinator (not listed in 

other category) Total

SPPB 11 3 1 0 13 27

MSK 11 3 1 0 10 25

PFM 11 4 1 0 0 16

Study Coordination 0 0 0 0 9 9
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Table 4:

PLUS RISE certification electronic learning (e-Learning) modules, hands-on training and completion rates.

e-Learning Modules Content Completion Rate n=40

Overview of RISE 
Clinical Assessments 
PowerPoint recording

• Pelvic floor anatomy
• Description of clinical test/measure

N = 39 (97.5%)

SPPB PowerPoint 
recording and videos of 
test

• Complete SPPB Assessment: Part 1- Balance Test and Part 2 - Gait Speed Test, 
Chair Stand Test
• Demonstration of Balance Test
• Demonstration of Gait Speed Test
• Demonstration of Chair Stand Test

N = 38 (95%)

MSK PowerPoint 
recording and videos of 
test

• Complete MSK Assessmenta
○ Demonstration of 4 core stability tests: Single Leg Squat, Supine Bridge, Side 
Bridge and Prone Bridge
○ Lumbar Spine Seated Slump Test
○ External Pelvic Girdle Palpation Test - Sacroiliac joint (SIJ)
○ External Pelvic Girdle Palpation Test - Anterior Superior Iliac Spine
○ Pubic Symphysis Palpation Test
○ FADIR Supine Test
○ FABER Supine Test
○ Pelvic Girdle Pain Provocation Test
○ Pelvic Girdle Functional Stability Test - Active Straight Leg Raise

N = 37 (92.5%)

Pelvic examination 
PowerPoint recording

• POP assessment with pictures of prolapse beyond the introitus
• Pubovisceral muscle integrity (tear)
• Pelvic Floor Myofascial Pain (PFMP) Screening
• PFMP Examination Videob,c

N = 36 (90%)

Average completion rate 93.8%

Hands-on Training Content Average Competency 
Score

SPPB • Assembles equipment
• Demonstration with instructions for each test
• Recording of score on CRF
• SPPB Competency Checklist

N = 29
Average score = 79.8/80 
(99.8%)

MSK Exam • Room and table set-up
• Orients “patient educator” to MSK exam
• Instructs “patient educator” on components of each test
• Recording of score for each individual test on CRF
• MSK Competency Checklist

N = 26
Average score= 
292.6/300 (97.5%)

Pelvic examination • Orients “patient educator” to external observation for POP and internal pelvic 
exam
• Instructs “patient educator” on components of each test
• Recording of score for each individual test on CRF
• Pelvic Exam Competency Checklist

N = 17
Average score = 
115.5/124 (93.1%)

Research Coordinator 
Training

Study Coordination 
Overview
- PowerPoint

• Screening
• Informed Consent
• Site preparation for visit
• Review of checklists
• Handling a Participant’s Emotional Distress
• Handling unusual situations

N =11
Average score = 
131.7/136 (96.8%)

Biospecimens Collection
- PowerPoint

• Biospecimens Pilot study
• In-Person study biospecimens collection

NA

Redcap overview
- PowerPoint

• Screening
• CRFs

NA

Questions and Discussion • All Research Coordinator Training Content NA

a
Friedrich J, Brakke R, Akuthota V, Sullivan W. Reliability and Practicality of the Core Score: Four Dynamic Core Stability Tests Performed in a 

Physician Office Setting. Clin J Sport Med. 2017 Jul;27(4):409–414. doi: 10.1097/JSM.0000000000000366
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b
 https://professionals.barnesjewish.org/videos/development-of-a-standardized-reproducible-screening-examination-for-assessment-of-pelvic-floor-

myofascial-pain?
utm_source=web%2Blink&utm_medium=american%2Bjournal%2Bgynecology&utm_campaign=women%2Band%2Binfants&utm_term=mpec&
utm_content=urogynecology-exam 

c
Meister MR, Sutcliffe S, Ghetti C, Chu CM, Spitznagle T, Warren DK, Lowder JL. Development of a standardized, reproducible 

screening examination for assessment of pelvic floor myofascial pain. Am J Obstet Gynecol. 2019 Mar;220(3):255.e1–255.e9. doi: 10.1016/
j.ajog.2018.11.1106.
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