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Abstract

and assessing existing body maps.

Methods: After initial validation using a Delphi technique, we compared (1) pain location questionnaire responses of 530
participants with chronic pain with (2) their pain endorsements on the CHOIR body map (CBM) graphic. A subset of participants (n =
278) repeated the survey 1 week later to assess test-retest reliability. Finally, we interviewed a patient cohort from a tertiary pain
management clinic (n = 28) to identify reasons for endorsement discordances.

Results: The intraclass correlation coefficient between the total number of body areas endorsed on the survey and those from the
body map was 0.86 and improved to 0.93 at follow-up. The intraclass correlation coefficient of the 2 body map graphics separated
by 1 week was 0.93. Further examination demonstrated high consistency between the questionnaire and CBM graphic (<10%
discordance) in most body areas except for the back and shoulders (~15-19% discordance). Participants attributed inconsis-
tencies to misinterpretation of body regions and laterality, the latter of which was addressed by modifying the instructions.
Conclusions: Our data suggest that the CBM is a valid and reliable instrument for assessing the distribution of pain.
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Introduction: Critical for the diagnosis and treatment of chronic pain is the anatomical distribution of pain. Several body maps allo\w
patients to indicate pain areas on paper; however, each has its limitations.

Objectives: To provide a comprehensive body map that can be universally applied across pain conditions, we developed the
electronic Collaborative Health Outcomes Information Registry (CHOIR) self-report body map by performing an environmental scan

1. Introduction

Chronic pain affects 100 million Americans and costs over $600
bilion annually.22" Characterizing chronic pain is challenging
because of the heterogeneity of common chronic pain conditions
and the high degree of coprevalence?® (ie, chronic overlapping
pain conditions [COPCs]). Visual representations of self-reported
pain concisely and directly indicate the body parts affected by
chronic pain, thereby facilitating precise diagnoses of pain
conditions (eg, a standardized visual pain map would assist with

quantifying the degree of widespread pain, while delineating
COPCs).

Current pain maps, such as the McGill pain questionnaire®® Brief
Pain Inventory,” and Michigan body map (filoromyalgia-specific),*
among others,2”?° are limited by low resolution, condition-specific
features, anatomical demarcations not corresponding to clinical pain
conditions, or requirements for paper and pencil. Current body maps
also omit key characteristics, such as joint pain representation or
separate areas on the back side of the body, limiting their use for
general-purpose chronic pain applications. Most notably, the rapid

Sponsorships or competing interests that may be relevant to content are disclosed at the end of this article.

K H. Scherrer and M.S. Ziadni contributed equally to this work. S. Mackey and M.C. Kao contributed equally to this work.

2 Division of Pain Management, Stanford University School of Medlicine, Palo Alto, CA, USA,  Department of Cell Biology and Physiology, University of North Carolina at
Chapel Hill School of Medicine, Chapel Hill, NC, USA, ¢ Department of Anesthesiology and Pain Medicine, University of Washington Medical School, Seattle, WA, USA

*Corresponding author. Address: Division of Pain Medicine, Departments of Anesthesiology, Perioperative and Pain Medicine, Neurosciences, Neurology (by courtesy),
Stanford Systems Neuroscience and Pain Lab, Stanford University School of Medicine, 1070 Arastradero Rd, Suite 200, MC 5596, Palo Alto, CA 94304-1336. Tel.: (650) 498-

6477, fax: (650) 725-9642. E-mail address: smackey@stanford.edu (S. Mackey).

Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on the

journal’s Web site (www.painrpts.com).

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The International Association for the Study of Pain. This is an open access article
distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and share
the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

PR9 6 (2021) e880
http://dx.doi.org/10.1097/PR9.0000000000000880

6 (2021) 880

www.painreportsonline.com 1


mailto:smackey@stanford.edu
http://journals.lww.com/painrpts/pages/default.aspx
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1097/PR9.0000000000000880
www.painreportsonline.com

2 K.H. Scherrer et al. ® 6 (2021) e880

development of electronic medical record systems and secure
online research platforms such as Research Electronic Data Capture
(REDCap)'® has created a strong need for a standardized, digital,
general-purpose body map to efficiently collect self-reported pain
location data for integrative treatments and large-scale pain
characterization research.

As a solution, Stanford University Division of Pain Medicine
clinicians and researchers have developed a multipurpose digital
body map as part of the Collaborative Health Outcomes Information
Registry (CHOIR), an open-source learning healthcare system.®*%°
Collaborative Health Outcomes Information Registry uses item-
response theory-based measures, including general-specific and
condition-specific legacy measures and National Institutes of Health
(NIH) Patient-Reported Outcomes Measurement Information Sys-
tem'? measures. Although the CHOIR body map (CBM) was initially
developed for adult chronic pain, it has been applied more broadly
for use in pediatric chronic pain'; perioperative medicine, orthope-
dic, and trauma surgery™; interventional radiology?®; primary care'®;
gastrointestinal medicine; and psychiatry.

Currently, over 100,000 CBM assessments have been collected and
analyzed, '+56911:18-17.20-2331-37 jn o ding extensive applications within
REDCap tools'® and use of a slight variation by the NIH Multidisciplinary
Approach tothe Study of Pelvic Pain research network.2° In addition, an
NIH-supported effort has recently integrated the CBM to develop a
COPC screener. In this application, the participant can click on a
particular body map area and is then directed to answer condition-
specific pain questions. Extensive use of the CBM for clinical and
research purposes has motivated us to publish our initial validation of
this instrument. Specifically, we present our work evaluating the (1)
comprehension and face validity, (2) temporal test-retest reliability, and
(3) accuracy (compared with verbal reports) of the CBM.

2. Methods

2.1. Developing the Collaborative Health Outcomes
Information Registry body map

We first performed an environmental scan and literature search of
existing paper-and-pencil and electronic body maps.”2"~2%38 Using
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a Delphi process incorporating pain medicine clinicians, researchers,
and patients, we identified strengths and weaknesses of these
maps. For example, the von Baeyer body map for pediatric pain®
includes a representation for major joints, which was considered
important by the group, but codes the anterior and posterior
shoulder as one anatomic area. We sought to demarcate the
anterior and posterior shoulder regions, as shoulder pain conditions
often present differently depending on the pain distribution. We
iteratively conducted this process for each existing body map and
the subsequent development of the CBM segments.

After expert consensus, we divided the CBM into 36 anterior and
38 posterior segments that best aligned with typical distributions of
common chronic pain conditions on the body surface and in joints,
without prioritizing particular pain conditions (Fig. 1). Anterior
segments located in the head, neck, upper limbs, lower limbs, and
hips have a posterior counterpart. On the front, 6 additional anterior
segments are divided into the chest, abdomen, and pelvis regions; by
contrast, the back is divided into 8 additional segments, including the
upper, middle, and lower back and buttocks. The CBM has 2 body
silhouettes of identical segmentation to reflect the female and male
anatomy. Participants who selected “male” or “female” as their gender
were provided the male or female body map, respectively. Participants
who selected “other” or “decline to answer” were provided the female
body map. We initially validated the CBM through a Delphi process
that relied heavily on feedback from expert physicians, pain
researchers, and patients with a broad range of complex chronic
pain disorders. We also sought input from the Multidisciplinary
Approach to the Study of Pelvic Pain, which ultimately adopted the
CBM with slight modification. We further assessed CBM validity,
reliability, and ease of use through a formal patient-guided process.

2.2. Study settings, participants, and methods

All 3 validation studies were approved by the university
institutional review board. All online surveys were conducted
through the HIPAA-compliant REDCap.'®

Select the areas where you are experiencing pain.

o Ihave no pain

Graphic and instructions. The digital body figure contains 36 anterior segments and 38 posterior segments on which patients can endorse areas of pain.
Patients may also endorse that they “have no pain.” The CBM has 2 body silhouettes of identical segmentation to reflect the female and male anatomy. Participants
who selected “male” or “female” as their gender were provided the male or female body map, respectively. Participants who selected “other” or “decline to answer”
were provided the female body map. CBM, CHOIR body map; CHOIR, Collaborative Health Outcomes Information Registry.
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2.2.1. Study 1: comprehension and face validity of the
Collaborative Health Outcomes Information Registry body map

To validate the CBM against verbal descriptions of pain location, we
assessed the intraclass correlation coefficient (ICC) of the total body
areas indicated as having pain and the percentages of discordance
between each CBM area and the individual body part questionnaire
(BPQ). We used the Stanford Systems Neuroscience and Pain Lab
research recruitment database to distribute email invitations to
individuals who had previously self-reported chronic pain and had
given permission to be contacted for research purposes. Individuals
were prompted to review the study information sheet, give consent,
and continue to the initial online survey via REDCap. The 30-minute
study 1 online survey included the interactive CBM; the IBPQ;
demographics; pain duration, intensity, and diagnoses; a patient
experience questionnaire; and the question “may we send you a
follow-up survey in 1 week?”

2.2.2. Study 2: test-retest reliability of the Collaborative
Health Outcomes Information Registry body map

Participants who consented to be contacted again per their
initial survey (278/530) received an electronic invitation to
complete a second online survey 1 week later to assess CMB
test-retest reliability. This abbreviated version took ~20
minutes to complete and included name; gender; pain
duration, intensity, and diagnoses; the CBM; and the IBPQ.

2.2.3. Study 3: comparing the Collaborative Health
Outcomes Information Registry body map and verbal pain
location survey

Study 3 used an in-person, treatment-seeking clinical sample
to clarify pain location endorsement discordance between the
CBM and the IBPQ. After a regularly scheduled clinic visit,
providers invited patients from the Stanford Pain Management
Center to participate in this study. A research assistant then
provided the patient with the study information sheet.
Participants were provided a handheld touchscreen device to obtain
informed consent and complete the first part of the online survey in the
presence of (but without assistance from) a research assistant. This 10-
minute electronic REDCap survey included demographics; pain
duration, intensity, and diagnoses; and the CBM. The research
assistant took ~20 minutes to verbally administer the second half of the
survey, which included the IBPQ and the patient experience
questionnaire. The research assistant clarified and documented
laterality, when relevant, and clarified pain location discordance
between the CBM and the verbally administered IBPQ with each
participant. Pain experts thematically categorized qualitative explana-
tions for discordances and generated frequencies for each theme.

2.3. Measures
2.3.1. Demographics

Demographics included date of birth, gender, race/ethnicity,
marital status, and education level.

2.3.2. Self-reported pain characteristics and diagnoses

We assessed pain intensity on a numerical rating scale using a
modified Patient-Reported Outcomes Measurement Information
System Pain Intensity measure. Patients were asked to rate their
current, worst, and average pain intensity over the past 7 days on a
scale of 0 to 10."%"° We assessed pain duration with the following
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time referents: <3, 3 to 6, 6 to 12 months, 1 to 5 years, and >5
years. In addition, participants reported pain diagnoses received by a
physician by selecting one or more items from a list of common
chronic pain conditions or by selecting “other” and writing in their
condition. Finally, we counted the total number of reported
diagnoses for each participant to assess COPCs.

2.3.3. Collaborative Health Outcomes Information Registry
body map

The CBM is an electronic, visual representation of the human
body that enables participants to indicate the location(s) of their
pain (Fig. 1). Participants use a computer mouse or touchscreen
device to select each body area in which they experience pain,
with the instruction “select the areas where you are experiencing
pain” or the option to indicate “| have no pain.”

2.3.4. Individual body part questionnaire

In all 3 studies, the IBPQ assessed concordance between text
descriptions of pain location and the CBM representation. Patients
responded to yes/no questions, such as “are you experiencing pain
in...” followed by one of the 74 CBM segments. If participants
indicated pain within a specific body part, additional questions clarified
whether the pain occurred in the front or back and left-hand or right-
hand side of the body.

2.3.5. Participant experience questionnaire

We assessed CMB utility through a brief list of questions
addressing the ease of (1) the CBM instructions and (2) using
the CBM graphic on a 5-point Likert scale (very easy, easy,
neutral, difficult, and very difficult). Next, a yes/no question
assessed the ability to discriminate left vs right sides on the body
map. We assessed patient satisfaction with a yes/no question:
“On the Body Map, were you able to mark all the areas where you
have pain?” Each question was followed by a text-response field
(initial survey) or an open-ended question administered by the
trained research assistant (in-person interviews) to allow partic-
ipants to elaborate on their answers, describe any confusion, and
suggest potential changes. This questionnaire was not adminis-
tered as part of the follow-up survey.

2.3.6. Validation measures

Using 2 methods, we assessed face validity by examining the (1)
agreement between the CBM and the IBPQ and (2) test-retest
reliability of the CBM 1 week later. First, we used intraclass
correlations to assess the consistency of the total number of body
areas endorsed as having pain. Second, we quantified the
percentages of discordance between each specific body area
endorsed on the CBM and the IBPQ, as well as between CBM
results acquired at 2 time points.

2.3.7. Qualitative evaluation of discordant responses

To evaluate discordant responses in the in-person interviews
from study 3, we used a thematic analysis approach® of data
organization and transcription, item coding, theme identification,
item analysis, and reporting.

2.4. Statistics

We used descriptive statistics for demographic information.
Data were analyzed using t-tests and the R (version 3.5.0)
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Participant demographics for each study.

Initial survey
(study 1), n = 560

Follow-up survey
(study 2), n = 287

In-person interviews
(study 3), n = 30

Age, M (SD) (range)

53.7 (14.7) (18-89)

54.8 (14.3) (22-87)

58.7 (14.7) (32-81)

Gender, n (%)

Male 159 (28.4%) 85 (29.6%) 17 (56.7%)
Female 398 (71.1%) 200 (69.7%) 13 (43.3%)
Other 2 (0.4%) 2 (0.7%) 0(0.0%)
Decline to answer 1(0.2%) 0(0.0%) 0(0.0%)
Race, n (%)
African American 14 (2.5%) 4 (1.4%) 1(3.3%)
Anglo-American 446 (79.6%) 256 (86.8%) 23 (76.7%)
Asian 45 (8.0%) 16 (5.4%) 2 (6.7%)
Pacific Islander 4 (0.7%) 2 (0.7%) 0 (0.0%)
American Indian or Alaskan Native 4(0.7%) 4 (1.4%) 0 (0.0%)
Others 47 (8.4%) 13 (4.4%) 4 (13.8%)
Marital status, n (%)
Never married 99 (17.7%) 44 (15.3%) 4 (13.3%)
Married 310 (55.4%) 174 (60.6%) 16 (53.3%)
Separated 10 (1.8%) 8 (2.8%) 0(0.0%)
Divorced 71 (12.7%) 34 (11.9%) 8 (26.7%)
Widowed 22 (3.9%) 9 (3.1%) 1(3.3%)
Living Together 47 (8.4%) 17 (5.9%) 1(3.3%)
No response 1(0.2%) 1(0.4%) 0 (0.0%)
Education, n (%)
Some high school 4(0.7%) 1 (0.4%) 0 (0.0%)
High school or GED 16 (2.9%) 7 (2.4%) 3(10.0%)
Some college, no degree 106 (18.9%) 49 (17.1%) 5 (16.7%)
Associate degree or vocational certificate 76 (13.6%) 46 (16.0%) 6 (20.0%)
Bachelor’s degree 170 (30.4%) 92 (32.1%) 7 (23.3%)
Master’s degree 129 (23.0%) 58 (20.2%) 7 (23.3%)
Professional degree 29 (5.2%) 16 (5.6%) 2 (6.7%)
Doctoral degree 30 (5.4%) 18 (6.3%) 0 (0.0%)

Age is presented as the mean (SD) and range. All other variables are presented as the number of participants and percent of the study sample size.

programming language. Demographic and descriptive statis-
tics are presented in Table 1.

Data from the initial and follow-up surveys were individually
analyzed with R. We did not include surveys with missing
responses or nonsensical input in the calculations. For each
demographic variable, missing data percentages ranged
from 0.2% to 6.0% and are presented in tables where
appropriate.

For age and numerical pain ratings, we calculated mean,
standard deviation, and range. To calculate age, date of birth was
subtracted from the survey timestamp. For all other demo-
graphic, diagnostic, and CBM fields, we calculated frequencies
and percentages.

To assess the agreement in the total number of body areas
with pain between the CBM and the IBPQ, we calculated the
ICC (C, 1) 2-way mixed, single score for the initial survey,

Participant pain characteristics for each study.

Initial survey

(study 1), n = 530

Follow-up survey
(study 2), n = 278

In-person interviews
(study 3), n = 28

Pain duration, n (%)

<3 months 5 (0.9%) 0 (0.0%) 0 (0.0%)
3-6 months 6 (1.1%) 4 (1.4%) 1 (3.6%)
6—12 months 21 (4.0%) 12 (4.3%) 4 (14.3%)
1-5 years 151 (28.5%) 81 (29.1%) 8 (28.6%)
>5 years 347 (65.5%) 180 (64.8%) 15 (53.6%)
No response 0 (0.0%) 1(0.4%) 0 (0.0%)
No pain 30* 9* 2*

Pain rating over past 7 days, M (SD)
Worst pain rating 6.7 (2.0) 6.5(2.1) 8.0(1.9
Average pain rating 46(1.9 45(1.9 5.8 (2.4)
Current pain rating 4.30 (2.21) 4.25 (2.31) 5.29 (2.72)

Have you received a diagnosis from your

doctor?, n (%)
Yes 424 (75.7%) 233 (83.8%) 21 (75.0%)
No 104 (18.6%) 40 (14.4%) 6 (21.4%)
Missing 32 (5.7%) 5 (1.8%) 1 (3.6%)

Pain duration and formal diagnosis are presented as the number of participants and percent of the study sample size, and pain rating is presented as the mean (SD).

* Indicates participants who were excluded from analyses and gives sample sizes.
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Participant-reported formal pain diagnoses given by a physician for each study.

Diagnoses, n (%) Initial survey Follow-up survey In-person interviews
(study 1), n = 530 (study 2), n = 278 (study 3), n = 28

Arthritis 168 (31.7%) 91 (32.7%) 5(17.9%)
Back pain 160 (30.2%) 79 (28.5%) 0 (0.0%)
Burning mouth syndrome 1(0.2%) 1(0.4%) 0 (0.0%)
Cancer 7 (1.3%) 2(0.7%) 1(3.6%)
Endometriosis 12 (2.3%) 9 (3.2%) 0 (0.0%)
Fibromyalgia 72 (13.6%) 38 (13.7%) 1(3.6%)
Carpal tunnel 32 (6.0%) 6 (5.8%) 0 (0.0%)
Complex regional pain syndrome 41 (7.7%) 24 (8.6%) 0 (0.0%)
Degenerative disc disease 150 (28.3%) 71 (25.5%) 4 (14.3%)
Headache or migraine 133 (25.1%) 68 (24.5%) 1(3.6%)
|rritable bowel syndrome 31 (5.9%) 20 (7.2%) 0 (0.0%)
Lupus 6 (1.1%) 2(0.7%) 0 (0.0%)
Mitochondrial disorders 2 (0.4%) 0 (0.0%) 0 (0.0%)
Multiple sclerosis 3(0.6%) 1(0.4%) 0 (0.0%)
Musculoskeletal pain 76 (14.3%) 35 (12.6%) 2 (7.1%)
Myofascial pain 46 (8.9%) 15 (5.4%) 0 (0.0%)
Neuropathic pain 143 (27.0%) 76 (27.3%) 5 (17.9%)
Osteoarthritis 87 (16.4%) 50 (18.0%) 1 (3.6%)
Phantom limb pain 3(0.6%) 1 (0.4%) 0 (0.0%)
Post stroke pain 4 (0.8%) 2 (0.7%) 0 (0.0%)
Psoriatic arthritis 4 (0.8%) 8 (1.1%) 0 (0.0%)
Rheumatoid arthritis 23 (4.3%) 0 (3.6%) 0 (0.0%)
Sciatica 94 (17.7%) 37 (13.3%) 0 (0.0%)
Scoliosis 34 (6.4%) 9 (6.8%) 1(3.6%)
Spinal cord injury 25 (4.7%) 6 (5.8%) 0 (0.0%)
™J 42 (7.9%) 9 (6.8%) 0 (0.0%)
Trigeminal neuralgia 8 (3.4%) 0 (3.6%) 0 (0.0%)
Vascular pain 13 (2.5%) 5 (1.8%) 0 (0.0%)
Other 148 (27.9%) 82 (29.5%) 11 (39.3%)

Participants could select one or more items from a provided list of common chronic pain conditions and/or select and fill in “other” (for diagnoses in the “other” category, see Table, supplemental digital content 1, available at
http://links.lww.com/PR9/A90). Data are presented as the number of participants and percent of the study sample size.

follow-up survey, and in-person interviews. To assess the  According to Koo and Li, 2016,%* values of <0.5, 0.5 to 0.75,
test-retest reliability of the CBM, we calculated the ICC (C,1)  0.75 to 0.9, and >0.90 indicate poor, moderate, good, and
for CBM data collected in the initial and follow-up surveys.  excellent reliability, respectively.

Number of formal pain diagnoses self-reported by participants for each study.

No. of diagnoses, n (%) Initial survey Follow-up survey In-person interviews
(study 1), n = 530 (study 2), n = 278 (study 3), n = 28

0-1 107 (20.2%) 46 (16.6%) 7 (25.0%)

2-3 173 (32.6%) 106 (38.1%) 19 (67.9%)

4-5 120 (22.6%) 60 (21.6%) 1(3.4%)

6-7 69 (13.0%) 43 (15.5%) 1(3.6%)

8-9 33 (6.2%) 12 (4.3%) 0 (0.0%)

10-11 16 (3.0%) 5(1.8%) 0 (0.0%)

12-13 8 (1.5%) 4 (1.4%) 0 (0.0%)

14-15 2 (0.4%) 0 (0.0%) 0 (0.0%)

16-17 2 (0.4%) 1 (0.4%) 0 (0.0%)

18 0 (0.0%) 1(0.4%) 0 (0.0%)

Data are presented as the number of participants and percent of the study sample size
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We calculated the discordance percentage for each of the 74
body parts (1) for the initial survey, follow-up survey, and in-
person interviews and (2) between the initial and follow-up survey
(to assess test-retest reliability). The discordance percentage
represents the ratio of the number of discordant pairs over the
total number of pairs. We performed analyses with SAS
Enterprise Guide (SAS Institute Inc., Cary, NC).

2.5. Excluded participants

Participants indicating that they did not experience pain were excluded
from analyses beyond demographic information (initial survey n = 30;
follow-up survey n = 9; and in-person interviews n = 2).

3. Results
3.1. Participant demographics

The mean age across all studies was 55.7 years (Table 1).
Approximately 70% of the first 2 cohorts and 43% of the third
cohort were women. Most participants were Anglo-American,
and ~50% reported a married status, and had a bachelor’'s
degree, master’s degree, or some college education.

3.2. Pain characteristics and participant-reported
pain diagnoses

The modal pain duration across studies was >5 years, followed
by 1 to 5 years, reflective of those seeking treatment at a tertiary
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care clinic (Table 2). The mean average pain intensity score for
studies 1, 2, and 3 was 4.6, 4.5, and 5.8, respectively. Most
patients (75.7% of initial cohort; 83.8% of follow-up cohort; and
75.0% of in-person cohort) reported receiving at least one
diagnosis from their physician (Table 3), with the most common
being arthritis, back pain, degenerative disc disease, neuropathic
pain, and migraine (see Table, supplemental digital content 1, for
participant-reported pain conditions within the “other” category,
available at http://links.lww.com/PR9/A90). The range of
reported diagnoses in the 3 studies was 0 to 16, 0 to 18, and
0to 6 (Table 4). The most common number of pain conditions for
participants was 2 to 3 (32.6%, 38.1%, and 67.9% of
participants, respectively), followed by 4 to 5 for studies 1 and 2
(22.6% and 21.6%) and 0 to 1 for study 3 (25.0%).

3.3. Study 1: assessing participant comprehension of the
Collaborative Health Outcomes Information Registry
body map

A total of 530 participants completed the CBM and answered
questions assessing their comprehension of the CBM and its
instructions (Table 5). Half indicated that this was their first time
using the CBM, and 93% and 92% indicated that the instructions
were easy or very easy to follow, and the CBM was easy or very
easy to complete, respectively.

Only 14.2% of participants experienced difficulty in identifying
left and right sides on the CBM, whereas 83.0% indicated that
they could mark all areas in which they experienced pain. To

Participant comprehension metrics and reported themes for improvements of the CBM for studies 1 and 3.

Ease of use survey questions

Initial survey (study 1), n = 530

In-person interviews (study 3), n = 28

First time using the CHOIR body map, n (%)

Yes 280 (52.8%) 7 (25.0%)
No 250 (47.2%) 21 (75.0%)
Ease of CHOIR body map instructions, n (%)
Very easy 369 (69.6%) 21 (75.0%)
Easy 124 (23.4%) 7 (25.0%)
Neutral 31 (5.9%) 0(0.0%)
Difficult 6 (1.1%) 0 (0.0%)
Very difficult 0 (0.0%) 0 (0.0%)
Ease of filling out the CHOIR body map, n (%)
Very easy 367 (69.3%) 22 (78.6%)
Easy 121 (22.8%) 4 (14.3%)
Neutral 26 (4.9%) 2 (7.1%)
Difficult 11 (2.1%) 0 (0.0%)
Very difficult 3 (0.6%) 0 (0.0%)
No response 2 (0.4%) 0 (0.0%)
Difficulty identifying the left and right side on the
CHOIR body map, n (%)
Yes 75 (14.2%) 24 (85.7%)
No 455 (85.9%) 3(10.7%)
No response 0 (0.0%) 1(3.6%)
Able to mark all areas with pain on the CHOIR
body map?, n (%)
Yes 440 (83.0%) 18 (64.3%)
No 88 (16.6%) 10 (35.7%)
No response 2 (0.4%) 0 (0.0%)
Participant-reported themes for the CHOIR body
map needed improvements, n (%)
Left vs right indicators 48 (9.2%) 6 (21.4%)
More granularity 68 (12.8%) 12 (42.9%)
Describe pain type and quality 34 (6.4%) 8 (28.6%)
Indicate pain frequency 35 (6.6%) 1(3.6%)
Map worked well; no suggestions 92 (17.4%) 2 (7.1%)

Data are presented as the number of participants and percent of the study sample size.
CBM, CHOIR body map; CHOIR, Collaborative Health Outcomes Information Registry.
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further explore any challenges encountered by the patients, we
administered additional coded, qualitative, text-response ques-
tions (see Table 5 for common themes). Among those respond-
ing, ~13% suggested increasing the body map granularity to
indicate smaller regions of pain. Approximately 9% suggested
adding left-side and right-side indicators to the front and back of
the CBM. Finally, 6.6% suggested adding the ability to describe
the pain type, quality, and frequency for each segment endorsed.

3.4. Study 1: validating the Collaborative Health Outcomes
Information Registry body map

Overall, the ICC of the total number of endorsed painful body
areas between the CBM and the IBPQ was 0.86 for the initial
survey (n = 530) and 0.93 for the follow-up survey (n = 278),
demonstrating good and excellent reliability, respectively. In the
granular comparison, the endorsement discordance was 10.3%
or lower for the front of the CBM, except for the joints (ie, wrists,
knees, ankles, and hips, but not elbows), hands, feet, right side of
the face, and left upper arm, which ranged from 10% to 15%
(Figs. 2A, B). The highest discordance occurred on the dorsal
side, specifically the upper, mid, and low back; posterior
shoulder; hip; and neck (15.2%-18.4% discordance). The
maximum discordance was 18.4%, observed for the left posterior
shoulder.

Consistent with the ICC trends, the individual discordance
levels were lower at follow-up (Figs. 3A, B). However, these
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results mirrored those of the initial survey, wherein the highest
discordance levels occurred in the upper and lower back and
shoulder regions (11.0%-14.9%). For most remaining body
regions, the discordance levels were below 10.0%.

3.5. Study 2: evaluating test-retest reliability of the
Collaborative Health Outcomes Information Registry
body map

Of the 530 participants from the initial survey, 278 completed the
CBM and IBPQ again 1 week later. Overall, the ICC (C,1) for the
total number of areas marked as painful between the initial and
follow-up body map demonstrated excellent reliability, at 0.93.
Consistent with the ICC (C,1) results, the discordance percent-
ages were low (<10.0%) for most body areas except the lower
back, posterior shoulders, and right hip (13.1%-17.1%; Figs.
4A, B).

3.6. Study 3: evaluating discordance between Collaborative
Health Outcomes Information Registry body map and verbal
body region endorsement

For the in-person interviews (n = 28), the ICC (C,1) for the total
number of areas endorsed as painful between the CBM and the
verbally administered IBPQ was good, at 0.84. The research
assistant identified at least one discordant region in ~90% of the
sample (Figs. 5A, B). The discordance levels were 0.0% to

>15%

Initial survey discordance data from study 1. Percent discordance between areas of pain endorsed on the CBM and the individual body part
questionnaire are presented for (A) front and (B) back segments of the body map (n = 530). CBM, CHOIR body map; CHOIR, Collaborative Health Outcomes

Information Registry.
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0-4%
5-9%

Follow-up survey discordance data from study 1. Percent discordance between areas of pain endorsed on the CBM and the individual body part
questionnaire are presented for (A) front and (B) back segments of the body map (n = 278). CBM, CHOIR body map; CHOIR, Collaborative Health Outcomes

Information Registry.

26.7%, with the highest discordance observed for the mid-back
(23.3% and 26.7%), followed by the wrists, dorsal hand,
abdomen, shoulders, posterior neck, and right anterior knee
(16.7%-20.0%).

Similar to study 1, participants from study 3 were asked to
assess the usability of the CBM and to suggest improvements
(Table 5). In this cohort, 25.0% indicated having not used this
body map before. All participants reported that the instructions
were easy or very easy to understand, and ~93% indicated that
the CBM was easy or very easy to complete. Notably, 85.7%
experienced difficulty in identifying the left or right side of the body
on the CBM, whereas 64.3% indicated that they could mark all
areas in which they experienced pain. Consistent with study 1,
the most common participant-reported themes for improvements
included more granularity; left-side and right-side labels; and the
ability to indicate pain type, quality, and frequency.

3.7. Study 3: qualitatively evaluating reasons for discordance

In study 3, a trained research assistant clarified discordances in
CBM endorsement during in-person interviews. The primary
reason for discordance, as reported by most patients (75.0%),
was that patients only endorsed regions on the CBM for which
they were seeking care at the pain clinic (Table 6). When
prompted by the individual items on the body part questionnaire,

patients tended to report all regions of acute and chronic pain,
even if managed at a different clinic. A subset (25.0%) indicated
that they forgot about certain areas of pain when completing the
CBM or did not interpret the regions accurately.

4. Discussion

This work provides an initial validation of the CBM, a standard-
ized, digital, general-purpose body map for the collection of self-
reported visual body pain locations. We used a Delphi technique,
expert panel consensus, and quantitative and qualitative
methods across 3 studies and 2 distinct participant samples,
non-treatment-seeking and treatment-seeking, which both in-
cluded COPCs. Our findings demonstrate that the CBM and its
instructions (1) are intuitive and easy to use by research
participants and patients, (2) have a high degree of concordance
with textual/verbal measures of pain location, and (3) have
excellent test-retest reliability. Moreover, by capturing larger
musculoskeletal and joint-specific regions, the CBM presents
higher granularity than other body maps. This feature may be
particularly important for patients with multiple cooccurring
conditions resulting in pain, where a multifactorial etiology is likely.

We applied 2 methods to assess the validity and test-retest
reliability of the CBM: an ICC approach to demonstrate the
stability of the total number of areas endorsed between
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] 0-4%
] 5-9%
] 10-14%
] >15%

Test-retest assessment of the CBM from study 2. Percent discordance between areas of pain endorsed on the CBM graphic from the initial survey to the
follow-up survey are presented for (A) front and (B) back segments of the body map (n = 278). CBM, CHOIR body map; CHOIR, Collaborative Health Outcomes

Information Registry.

instruments and across time points and a detailed analysis of
percent discordance for each body area (Figs. 2-5) to reveal
specific patterns of inconsistency.

Two explanations may clarify the discordances observed
between the CBM and textual surveys. First, a subset of
participants encountered difficulty in delineating symptoms on
the left and right sides. We addressed this issue by clarifying the
instructional set to include “left” and “right” labels on the CBM.
Moreover, the largest discordances were observed in the
extremities, where it may be more difficult for patients to delineate
pain symptoms on the anterior—posterior axis. Second, we noted
some discordance among endorsement patterns on body map
regions and textual/verbal items assessing the same regions,
particularly in the lower back, wrists, neck, shoulders, and
abdomen, which could simply indicate a difference between how
individuals verbally describe pain vs highlight it on an interactive
body map. It is also possible that the body map may represent
both bodily and referred pain. For instance, during the qualitative
study, patients complaining of “lower back pain” pointed to their
hips or buttocks, common areas of referred pain for patients with
low back pain.2 Consequently, a graphical body map may more
effectively assess pain location than a text-based description.

The moderate variability noted in specific regions endorsed on
the test-retest assay (between weeks 1 and 2) may result from
fluctuating symptoms or practice effects. As noted qualitatively,
some participants indicated that they may differentially endorse

pain symptoms in certain areas during any given medical visit,
possibly because of an idiosyncratic understanding of the body
map’s intention or vagaries of memory. Indeed, interviewed
patients showed the greatest variability in endorsements between
the CBM and the verbal inquiry of individual body parts; these
patients sought care for a specific issue and may have had their
memories rekindled when the research assistant read the body
regions aloud. We subsequently modified the instructions to
include (1) the specific timeframe of pain and (2) all body regions
experiencing pain, not just those for which they are seeking
medical attention.

Finally, the presence of COPCs in our sample may have
introduced additional challenges for consistently endorsing the
CBM. For example, some participants reported difficulty de-
termining whether to endorse areas of acute pain or pain arising
from other chronic conditions. Although these factors might seem
self-evident, responses from study participants highlight the
complexity of symptom endorsement. This finding has implica-
tions for existing chronic pain studies, as patients may
differentially endorse painful areas based on factors not readily
apparent or easily separable, such as patient motivation,
misunderstanding of the assessment’s purpose, cognitive
factors, or fluctuations in disease activity. Thus, instructions
should explicitly define inclusion or exclusion parameters.

We note 2 limitations of the current studies. First, studies 1 and
2 included online convenience samples of previous study
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In-person interview discordance data from study 3. Percent discordance between areas of pain endorsed on the CBM and the individual body part
questionnaire are presented for (A) front and (B) back segments of the body map (n = 28). CBM, CHOIR body map; CHOIR, Collaborative Health Outcomes

Information Registry.

participants who primarily reside in or near the Bay Area, with
~65% having at least a bachelor’s degree, potentially limiting the
generalizability of our findings. Future studies will examine
subgroup variability and generalizability among differing educa-
tion levels. Second, despite the overall reliability among partic-
ipant endorsement of pain symptoms, discordances reached
20% to 25% for some regions. Such differences may arise from
participant factors such as COPCs, difficulty understanding the
map’s purpose (ie, clinical inquiry vs general pain representation),
or confusion regarding the precise meaning of a textual body part
description. For the latter possibility, the graphical body map
would more accurately represent the patient’s pain.

Finally, participants reported difficulties in endorsing certain
regions. Further investigation should explore the value of
continued refinement of the CBM and assessments of somatic
distribution. For example, increasing the granularity of certain
regions, implementing a more flexible data capture method,
assessing subsets that capture anatomically derived derma-
tomes, or characterizing the pain intensity, quality, and duration of
each region may further improve accuracy in assessing pain
distributions. However, each potential modification that adds
granularity must be balanced by the increased patient time
burden. As an external factor, the type of electronic device used
(eg, computer or touchscreen device) may influence the patients’
ability to accurately endorse the CBM. We believe this is unlikely,
as both CHOIR and REDCap use a responsive web design,
scaling the CBM with the device display. Although no participants

reported technical difficulty, further examination should assess
whether the electronic format impacts self-reports or endorse-
ment discordance between formats.

Although this study validated the CBM using a diverse and
complex sample, cross-sectional and longitudinal examinations
of specific pain conditions may further establish the validity and
reliability of this instrument as a clinical tool and support its use in
studies with narrower inclusion criteria. Future studies should also
corroborate CBM data with objective markers of disease activity,
including pain intensity scales, interference, physical and
psychosocial function, and structural or exaination-based find-
ings. Such studies are currently underway, with the goal that
CBM-generated data may provide an additional clinical marker of
chronic pain.

5. Conclusions

The current study validated the CBM in community-based,
treatment-seeking individuals with diverse chronic pain diagno-
ses. Our findings indicated ease of use, high consistency with
conventional textual pain reports, and excellent test-retest
reliability. This validation was bolstered by an iterative approach
based on quantitative and qualitative patient feedback, which
highlighted potential shortcomings and ultimately yielded a
clearer and more precise instructional assessment set. This
iterative process also revealed patient-specific and situational
factors inherent to the process of self-reported pain location
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Participant-reported explanations for CBM endorsement
discordance in study 3.

Themes for discordance
explanations, n (%)

Only endorsed regions on body map for which
patient is presenting to the clinic

In-person interviews
(study 3), n = 28

21 (75.0%)

Forgot about pain in a certain region until 7 (25.0%)
prompted

Reported only chronic (vs acute) pain on the 5 (17.9%)
body map

Interpreted the region indicated by the body map 7 (25.0%)
inaccurately

Confused between front/back and left/right on 4 (14.3%)

the body map

Data are presented as the number of participants and percent of the study sample size.
CBM, CHOIR body map; CHOIR, Collaborative Health Outcomes Information Registry.

assessment, with potential implications for the clinical and
empirical utility of patient-reported outcome assessments. This
study establishes the CBM as a valid and reliable tool for self-
reported assessments of pain location and distribution for clinical
and research purposes.
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