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Abstract

Background: Low back pain (LBP) is a highly prevalent problem causing substantial personal and societal burden. Although
there are specific types of LBP, each with evidence-based treatment recommendations, most patients receive a nonspecific
diagnosis that does not facilitate evidence-based and individualized care.

Objectives: We designed, developed, and initially tested the usability of a LBP diagnosis and treatment decision support tool
based on the available evidence for use by clinicians who treat LBP, with an initial focus on chiropractic care.

Methods: Our 3-step user-centered design approach consisted of identifying clinical requirements through the analysis of
evidence reviews, iteratively identifying task-based user requirements and developing a working web-based prototype, and
evaluating usability through scenario-based interviews and the System Usability Scale.

Results: The 5 participating users had an average of 18.5 years of practicing chiropractic medicine. Clinical requirements
included 44 patient interview and examination items. Of these, 13 interview items were enabled for all patients and 13 were
enabled conditional on other input items. One examination item was enabled for all patients and 16 were enabled conditional
on other items. One item was a synthesis of interview and examination items. These items provided evidence of 12 possible
working diagnoses of which 3 were macrodiagnoses and 9 were microdiagnoses. Each diagnosis had relevant treatment
recommendations and corresponding patient educational materials. User requirements focused on tasks related to inputting
data, and reviewing and selecting working diagnoses, treatments, and patient education. User input led to key refinements in
the design, such as organizing the input questions by microdiagnosis, adding a patient summary screen that persists during data
input and when reviewing output, adding more information buttons and graphics to input questions, and providing traceability
by highlighting the input items used by the clinical logic to suggest a working diagnosis. Users believed that it would be
important to have the tool accessible from within an electronic health record for adoption within their workflows. The System
Usability Scale score for the prototype was 84.75 (range: 67.5-95), considered as the top 10th percentile. Users believed that
the tool was easy to use although it would require training and practice on the clinical content to use it effectively. With
such training and practice, users believed that it would improve care and shed light on the “black hole” of LBP diagnosis and
treatment.

Conclusions: Our systematic process of defining clinical requirements and eliciting user requirements to inform a clinician-
facing decision support tool produced a prototype application that was viewed positively and with enthusiasm by clinical users.
With further planned development, this tool has the potential to guide clinical evaluation, inform more specific diagnosis, and
encourage patient education and individualized treatment planning for patients with LBP through the application of evidence at
the point of care.
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Introduction

Low back pain (LBP) is highly prevalent globally, caus-
ing personal and societal burden, chronic disability, and
substantial health care expenditures, ranging from US $62
to US $124 billion annually in the United States [1-6].
Most LBP is caused by 1 or more benign conditions that
are not associated with dangerous pathology [7]. Instead,
LBP is influenced by injury, inflammation, and dysfunction
of myofascial tissues, joints, and nerve roots or peripheral
nerves, with symptoms also influenced by nonphysical factors
(eg, psychological, social, and environmental) and central
sensitization processes [8]. However, despite extensive
evidence in the literature informing diagnoses and treatments
for specific types of LBP, nonpathological LBP is typi-
cally referred to as nonspecific [7]. The nonspecific LBP
label lacks details to offer a working understanding of a
patient’s condition or inform personalized treatment plans.
Furthermore, some diagnoses for common “specific” and
neurologically related conditions, such as stenosis, neuro-
genic claudication, radiculopathy, and sciatica, are ill-defined,
overlapping, and often used incorrectly, contributing to the
challenge of addressing LBP with existing clinical evi-
dence [9]. The uncertainty that pervades LBP diagnosis and
management also causes patients substantial distress [10].

To help distill the evidence for LBP and make it more
widely available in clinical practice, one of the authors
(RV) conducted prior work that defines an evidence-based
examination for LBP in a chiropractic research setting
[11]; systematically reviewed the literature of LBP diag-
nostic studies, which recommends standardizing diagnostic
terminology for common conditions contributing to LBP [9];
and developed a revised office-based clinical examination
[12] and paper-based clinical decision aid that coordinates
working diagnoses with evidence-based nonpharmacological
treatments offered by doctors of chiropractic [12,13].

To further the goal of supporting clinicians in applying
the latest evidence for LBP in busy clinical settings, we
leveraged this prior work to develop an electronic clinical
decision support (CDS) tool. Our goal was to produce a
web-based application to support evidence-based in-office
examination, diagnosis, treatment decisions, and patient
education for nonpathological conditions contributing to LBP.
We used an iterative, user-centered design process to identify
clinical requirements from published evidence, elicit user
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requirements from iterative interviews, and develop and
evaluate the usability of an electronic CDS tool that facilitates
and encourages evidence-based diagnosis and treatment.

Methods

Overview

We conducted a three-step user-centered design process [14]
to develop the CDS tool for LBP informed by best prac-
tices [15] in developing such tools: (1) identify clinical
requirements based on our prior published reviews of the
evidence for LBP diagnosis and treatment; (2) iteratively
identify user requirements, create wireframes, and develop
a working prototype; and (3) test usability as part of a
preliminary assessment (Figure 1). Steps (1) and (2) occurred
in June-August 2023, and Step (3) occurred in April and May
2024. We present the results of each step. User input was
received during the second and third steps from 5 chiro-
practors serving clinical teaching faculty roles with Palmer
College of Chiropractic. Participants were recruited from
the College’s main campus in Davenport, Iowa (n=4) and
branch campus in Port Orange, Florida (n=1). Each cam-
pus maintains teaching clinics staffed by licensed chiroprac-
tic doctors who provide care and oversee senior student
clerkships. Faculty were recruited via an institutional review
board (IRB)-approved email that offered information about
the study, including participation requirements, and a request
for a reply if interested. Those interested were sent additional
information and scheduled for an interview.

Participants were targeted for recruitment as part of a
purposive sampling strategy with the intention of includ-
ing variation in terms of users by sex and experience.
We intentionally targeted clinicians with more extensive
experience in clinical practice and teaching, rather than
novice users, to gain expert insights into usability and
workflow issues in real-world settings and educational
contexts. This approach helps ensure that the tool meets the
demands and complexities of their working environments
and builds credibility and acceptance among the clinical
community. Users were recruited via email invitation; all
invited users agreed to participate. Users verbally consen-
ted before each session. All user sessions were audio- and
video-recorded.
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Figure 1. User-centered design process for low back pain decision support tool. After identifying relevant clinical findings from prior systematic
literature reviews, we followed a standard, iterative process to identify and refine user requirements and design solutions before conducting a test of

the usability using fictitious scenarios.

Identify clinical
requirements

—

Create design
solutions

Clinical Requirements Identification

As described in the introduction, in prior work, we developed
an evidence-based classification system for LBP, conduc-
ted a systematic review of LBP diagnostic studies, made
recommendations for standardizing diagnostic terminology
for common conditions contributing to LBP, and developed
recommendations for LBP evaluation and treatment that were
distilled in a series of publications including a paper-based
clinical decision aid [9,11-13]. To identify clinical require-
ments for the CDS tool in this work, we reviewed our
prior work to derive (1) clinical interview and examination
inputs with adaptive characteristics that disable or enable
items based on prior responses, (2) working diagnoses based
on selected input items, and (3) evidence-based treatment
recommendations corresponding to each working diagnosis.
Furthermore, the clinician on the research team (RV) drafted
patient education materials corresponding to each working
diagnosis for user testing.

User Requirement Elicitation and CDS
Tool Design and Development

We iteratively elicited user requirements and developed and
refined our prototype through wireframing and then software
programming. We developed a discussion guide covering
topics that included current approaches used for diagnosing
and treating LBP, workflows related to LBP, pain points,
ideas for tool design, and reactions to the wireframes showing
the input items and example diagnoses, treatment recommen-
dations, and patient educational information. Two research
team members with expertise in informatics and design (RSR)
and LBP clinical practice and research (RV) interviewed each
user. Prior to each first design session, users were sent prior
published literature related to LBP diagnosis and treatment.
Users were asked to review in advance as a reminder of
current evidence related to LBP evaluation, diagnosis, and
treatment, and to gain familiarity with key sources underlying
the CDS tool. Users were encouraged to “think aloud” during
the design sessions.

After each design session, 1 research team member (RSR)
reviewed the recording and summarized key findings using
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Identify user
requirements

Evaluate design
against user
requirements

conventional content analysis [16] and the framework method
[17]. Categories of findings were related to user requirements,
changes were needed to make the wireframes and proto-
types address the emerging requirements, and new design
ideas emerged during the sessions organized by user task.
Between design sessions, we brainstormed or ideated new
design ideas for the tool and worked with an experienced
user interface designer to create additional wireframes. We
then developed a fully functional prototype of the tool as
a web-based application. A second research team member
(RV) reviewed the recordings and confirmed or amended key
findings. Results were finalized through consensus among
research team members (RSR and RV).

Usability Test

To assess usability, 1 clinician-author (RV) developed 4
fictional clinical scenarios to help assess how the users would
use the CDS tool in realistic situations. These involved
a condition-specific history and examination findings for
conditions matching criteria for acute nociceptive pain,
chronic nociceptive pain, chronic nociceptive pain combined
with symptoms of neurogenic claudication, and radicular
pain. Each user was tested on 1 or 2 of these scenarios. At
the start of each usability testing session, the user was given
a brief overview of the tool and then asked to imagine that
he or she was treating a patient with LBP. The user was then
read a brief summary of a fictional patient’s LBP symptoms
and was instructed to ask questions, as they would during a
patient interview, to complete the input questions. The user
was encouraged the “think aloud” as they used the CDS
tool. After completing at least 1 scenario, the user was asked
to complete the System Usability Scale (SUS), a 10-item
measure that is commonly used to assess the usability [18].
SUS scores range from 0 to 100, with higher scores indicat-
ing greater usability. SUS scores >68 are considered above
average, and those above 80 are in the top 10th percentile
[19]. Users were encouraged to explain reasons for their
answers and results were summarized [16].
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Ethical Considerations

This study was reviewed and approved by the RAND Human
Subjects Protection Committee (HSPC ID: 2023-N0175).
The IRB at Palmer College of Chiropractic was the relying
IRB through a formal reliance agreement. All written and
audiovisual data (which were not anonymized) were stored on
secure servers accessible only to the research team. Because
the interviews did not address protected or sensitive topics,
but instead focused on perceptions of a potential website and
clinical workflows, no written consent was obtained. Instead,
verbal consent was obtained prior to conducting interviews.
Participants were compensated US $150 per interview, with a
maximum of 2 interviews.
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Results

User Characteristics

All users practiced chiropractic in teaching clinics at Palmer
College of Chiropractic at either an Iowa or Florida campus
location. See Table 1 for user characteristics. All encountered
LBP on a daily basis when they treated patients. Users varied
on how often they attempted to arrive at a specific diagnosis
from rarely to every visit. One user recently switched to an
administrative position and was no longer engaging in direct
patient care.

Table 1. Characteristics of chiropractors at Palmer College of Chiropractic (N=5) who participated in user design sessions to assess the low back pain

decision support tool.

Characteristic Statistical values
Sex, n (%)

Male 2 (40)

Female 3 (60)
Years practicing chiropractic, mean (range) 18.5 (7-34)
Location, n (%)

Iowa 4 (80)

Florida 1(20)
Patient visits per week, n ~100
Years using an EHR?, mean (range) 10 (7-12)

4EHR: electronic health record.

Clinical Requirements

We identified 14 possible working diagnoses divided into 3
macrocategories and 9 microcategories (Figure 2). For the
input items and logic rules to enable them, we identified
a total of 44 items: 13 interview items are enabled for all
patients, 13 interview items are enabled conditional on other
input items, 1 examination item is enabled for all patients,
16 examination items are enabled conditional on other input
items, and 1 item is a synthesis of interview and examination
findings and enabled for all patients. Items that were enabled
for all patients helped identify macrodiagnoses; items that
were conditionally enabled were related to microdiagnoses.
For example, if the user selected “Sensory changes in a
nerve root distribution,” which offers some evidence for the
macrodiagnostic category of neuropathic pain, 8 interview
items and 6 examination items are enabled to clarify 1 or
more potential microdiagnoses.

To specify the clinical logic rules for each working
diagnosis, we used Boolean logic. For example, piriformis
syndrome was included as a possible diagnosis based on
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the following logic combining the relevant input items:
“radiating pain into an ipsilateral leg” OR “tenderness of
the greater sciatic notch” OR “buttock pain” OR “positive
straight leg raise test” OR “increased pain with prolonged
sitting.” The inputs and logic represent diagnostic information
or criteria consistent with piriformis syndrome. If indicated
by the literature, we included estimates of the strength of the
evidence based on the quantity of inputs corresponding to
a working diagnosis (eg, 1-5). Anchor terms of less likely
(eg, 1) and more likely (eg, 5) are used because working
diagnoses cannot be completely definitive.

Treatment recommendations were assigned to each
working diagnosis based on published evidence. In many
cases, 1 treatment recommendation applied to multiple
diagnoses. For example, graded exposure and activity training
are recommended for both neurogenic claudication and
nociplastic pain. Some treatment recommendations apply to
all working diagnoses (eg, education about condition and
general exercise when safe and tolerated).
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Figure 2. Types of low back pain. The literature identifies 3 macrodiagnoses and 9 microdiagnoses. These categories served as outputs of the

decision support tool for low back pain.

Macrodiagnosis Neuropathic Nociplastic

Discogenic pain
Facet joint pain
Microdiagnosis Sacroiliac joint pain

Myofascial pain

User Requirements and CDS Tool Design

Example wireframes used in design sessions are shown in
Figure S1 in Multimedia Appendix 1. Users were positive
about the potential value of the CDS tool: “This tells you
exactly where to focus your attention on. I like it” (User
3). Users said that the primary use case for using the tool
would be when a new patient presents with LBP. Some might
also use it if treatment was not working for reassessing their
diagnoses and treatment plan and informing the potential for
a referral. All users suggested that it would be useful both for
practicing chiropractors and as an education tool.

User requirements and design features are shown in Table
2 organized by user task. User input led to key refinements

Neurogenic claudication

Radicular pain

Radiculopathy

Piriformis syndrome

Thoracolumbar syndrome

in the design, such as organizing the input questions by
microdiagnosis, adding a patient summary screen that persists
during data input and when reviewing the output, adding
more information buttons and graphics to input questions, and
providing traceability by highlighting the input items used by
the clinical logic to suggest a working diagnosis.

The prototype CDS tool was built as a web-based
application using the React javascript library and responsive
design. For this prototype, all of the data entered by the user
are stored within the user’s web browser—no database or
server-side storage of data were used (Figure 3). Screenshots
of the tool are shown in Figure 4 and Figures S2 and S3 in
Multimedia Appendix 1.

Table 2. User requirements and design features by task for the low back pain decision support tool.

Task User requirement

Design feature

Input interview and examination findings

Allow the user to learn more about data that

Make it easy to input the relevant data.

Order interviews items before examination items
to parallel clinical workflows; disable input
items for microdiagnoses until they are indicated
based on items for more general diagnoses; and
cluster input items based on microdiagnosis.

Information buttons and graphics.

need to be inputted if desired.

Review potential working diagnoses

Select potential working diagnoses

Show a summary of the interview/examination
findings as user enters them.

Allow the user to see all potential working
diagnoses, which reflects the multifactorial
nature of LBP?, with relative strength of
evidence based on interview/examination
findings.

For any specific working diagnosis, allow the
user to view the specific interview/examination
findings that constitute the evidence for it.

Allow the user to go back and change/alter the
interview/examination findings at any time to
alter the potential working diagnoses.

Patient summary section.

List diagnoses with likeliness scales to enable
rapid visual confirmation of the extent of
evidence supporting each condition, allowing
users to confirm data accuracy and determine
whether the interview and examination data
align with the overall clinical presentation.

When user hovers over a diagnosis, highlight the
related interview/examination findings in patient
summary.

Navigation arrow and button to return to the
input screen.

Allow the user to select/deselect from the list of Toggles for each diagnosis.

working diagnoses based on the user’s clinical
assessment.
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Task User requirement Design feature

Allow the user to document his or her selected ~ Allow copy-paste; automated input into EHRY<,
working diagnoses in his or her notes.

Save data for next visit Allow the user to save his or her selected Save data tied to visit in EHR or databaseP.
working diagnoses and interview/examination
findings for review in future.

Review treatment recommendations Allow the user to see all evidence-based List treatments based on evidence-based
treatment recommendations for selected guidelines for diagnoses.
working diagnoses.

For any specific treatment recommendation, List diagnoses below each treatment
allow the user to see which diagnoses he or she recommendation.
corresponds to.

Determine treatment recommendations Allow the user to select/deselect and Toggles for each treatment recommendation®.
customizing treatment recommendations based
on the user’s clinical assessment and
experience with the various options.

Select relevant patient educational information ~ Allow the user to easily print the patient Make educational information available in PDF
educational information. or other printable format.
Allow the user to select/deselect and adapt Select buttons to turn on/off specific contents®.
patient educational information.
Allow the user to tailor the patient educational ~ Let user edit content for each patient and
information based on patient and user configuration option for default content.
preferences.

Global Allow the user to access the tool within the Implement CDSY tool within patient chart in
EHR. EHR®.

4LBP: low back pain.

bNot yet implemented in prototype CDS tool.
“EHR: electronic health record.

dCDS: clinical decision support.

Figure 3. Technical architecture of web-based application for low back pain decision support. The sequence 1-4 shows each step that occurs as the
user interacts with the tool.

User llesatany ardl Working diagnoses and related
interface examination items treatment recommendations
and patient education
User Enabled/ Selections Tool
selections disabled items submitted by users outputs
Web browser-

based software Adaptive logic

code
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Figure 4. Complex multifactorial diagnosis with evidence for 3 macrodiagnoses of low back pain (nociceptive, neuropathic, and nociplastic pain).
Screenshots of the tool show (1) user selections based on the interview and examination, with (2) items disabled according to the adaptive logic in
the model. The greatest evidence suggests neurogenic claudication with overlying nociplastic pain. Piriformis syndrome was rejected by the model
because symptoms overlap with neurogenic claudication and because historical and examination evidence is stronger for neurogenic claudication.
The (3) summary panel to the right, shown only in the top right screenshot, shows the selections as submitted by the user. The bottom screenshots
show the tool outputs (4), with the result of the evidence-based diagnostic logic displaying the working diagnoses (left) and recommendations for
treatments and patient education (right).

Interview User selections

Age* 65 s
“Pain for at least 3 months | “Symptoms associated with inflammation
(eg., swelling, redness) Exam
. “Non-localized pain (e.g. regionally y
distributed) v Nerve or nervous system condit “Hypersensitivity to pain, pain from non-painful stimul, or painful after-sensations
inflamed nerve root, cord compre: Patient Summary
o *Symptoms are anatomical or mechanical . . - INTERVIEW
St ~ “Painin nerve root distribution  Discogenic Facet Joint e
Centralization with repeated motion testing @ Extension-rotation test reproduces symptoms +Painin an area of or dystunct
“Pain in an area of injury o dysfunction | “Sensorychanges in a nerve root +Pai consi movement or mechanical provocation
distribution +Buming, shooting, o pricking pain
*Symptoms proportional to Sl Joint Myofascial +Comorbidity such as poor sieep, depressed mood, & anxiety
Rd “Burning, shooting, or prickin: +Pain began in lumbar region
trauma/pathology . g g, oF pricking p —_— i - sl o g 9
Lef Goensien'stestreproduces symptoms Muscie tendemess (with or without referred pain Biter it
. *Pain consistent with movement or “Comorbidity such as poor sleep Right Gaensen's test reproduces symptoms Familiar symptoms reproduced with muscle use +Non-iocalized pain (e, regionaly distributed)
v or muscle palpation (informed by exam lso) o e
mechanical provocation depressed mood, & anxiety Thigh thrust [symptomatic sice] test reproduces POl S WS
symptoms +Positive shopping cart sign
*Resolving consistent with normal tissue T — ¢ excremity pain primarty jocated above knees
el e - extremity pain, weakness, and/or paresthesia - worse with standing
+Lower extrenty pain, weskness, and/or paresthesia - refieved by sitting
Enabled/ disabled items -
+ Extension-rotation test reproduces symptoms
= . T + Hypersensitivty to pain, pain from non-painful stimus, or painful afer-
Facet Joint Neurogenic Claudication e
Pain relieved when waiking Lower extremity pain, weakness, and/or Radiculopathy Piriformis Syndrome SYNTHESIS OF INTERVIEW AND EXAM
N o paresthesia - worse with standing Reducea/absent ceep tencon refex, motor Gresterscitic notch tencemess + Symptoms don't fully match pathoanatoric o neropathic conitions
@ #ain relieved when sitting seshedrin
Lower extremity pain, weakness, and/or e Positve straight leg rase test
@ ?sin began in lumbar region paresthesia - relieved by sitting K "
- Lower extremity pain primarily located abov
knees Thoracolumbar Syndrome
@ Positive shopping cart sign Trigger point over liac crest about 7 cm from

Selections submitted by users

Sensitivty to liac crest skin rolling

Tendemess of 1 or more thoracolumbar spinous
processes or facet joints

Synthesis of Interview and Exam

v | “Symptoms fully match pathoanatomic and/or neuropathic conditions

Tool outputs

Recommendations

v Treatments  Patient Education

< Interview and Exam Treatment recommendations - Recommendations

Working Diagnoses

Treatments  Pal ation

Examination suggests your pain may be related to one or more of the following:

+ Preventing fear, passiv

4. tailored seff-managem

« Promoting long term 1 + Nociceptive Pain
— . = Smalljoints in the lower spine (Facet joint pair)
Nociceptive Pain © 1f pain is chronic, educati oS pine Wacet ok pak)
+ Neuropathic Pain
This type of pan arises from actual o threstened damage to 1. the effects of pain syst « Temporary nerve compression or iritation (Neurogenic claudication)
non-neural tssue and s due to actvated nociceptors. e PPy 2. the difference betwee: + Nociplastic
Facet Joint © 3. when to seek care, anc « Nerve hypersensitivity (Nociplastic pain)

. — Nociceptive Pain
Spinal manipulation as

e | WHAT IS CAUSING MY BACK PAIN?
Neuropathic Pain © Higtevelochy Tow ameNtade (8 Your examination suggests your pain is related to irritation, injury, or strain of
Mechanisms include: joints and/or muscles in the back. There are several medical terms that it this
Dottt et un ro e o e e
‘Assocation fo the Study of Pain Lo o tissue stretching toimpre use the term: non-specific low back pain. This type of pain is not dangerous, Tests
© ‘mechanical and neuropky, like x-rays and MRI scans are not recommended unless pain lasts several weeks,

Neurogenic Claudication
orif it keeps reoccurring

Motor control exercise:

WHAT CAN | DO?

s can Dt inciod:Face e
i —— First: Learn more about your pain. A natural tendency is to interpret pain as injury
postions. or damage to your body. But this s not always true. Ask your doctor for resources
o help you leam more about your pain 50 you can better interpret your
Mere il exercise when s symptoms
cude:Fce i Neur
Second: Remaining active is important. Safe activities vary with each person's
condition. Some activities can be both safe and therapeutic even if they cause
Nociplastic © Directional preference ¢ temporary discomiort.If you don't know what activities are safe, even if they are
Painfrom nociception aered by central sensitzation 1 Slgpches AidE Fs et uncomfortable, ask your doctor.
Disgnostic crtera re cerved fom expert consensus and s Uiy Repested movements causing Thirc: Consider other factors that can delay recovery and impact symptoms, such
socpled & e lnenetion) Asocston o Mechanisms: as stress, poor sleep, high stress, and lack of movement, If these factors are
Pain. Nocilastc pan typicaly accompanies ancther .
e et ko S S — impacting you, consider asking for resources o help.
o Imen WHAT TREATMENTS ARE AVAILABLE?

General interventions:

P « Spinal manipulation: performed with a variety of methods.

o * Manual therapy: designed to stretch, relax, and improve movement.
o Heat when used properly.

« Therapeutic exercise: performed with the guidance of a trained provider.

isbury SA, Corber L, Minkalis AL, Goertz CM../ Manipulative Physiol
3.

Usability Test because they perceived that it would help them focus on
the most relevant information, especially for more complex
The mean score of the SUS was 84.75 (range 67.5-95). patients. All users thought that the tool was easy to use

Qualitative - results explau.led. these fmfhngs (Table  3). from a technical perspective but required training and practice
Overall, users were enthusiastic about using the CDS tool
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on the clinical content to use it effectively and efficiently.
While using the tool during a study session, one user quickly
transitioned from an initial impression that substantial effort
would be needed to use it to expressing enthusiasm for the
tool’s potential use for improving back pain diagnosis and
treatment: “This (tool) is like walking into a storm, but it
wouldn’t be like that the second time and certainly by the
50th time it would be fabulous” (User 4). One user said that
the training needed to use the tool effectively was a good
thing because that training would improve care for LBP—
they strongly agreed with the statement from the SUS that
said, “I needed to learn a lot of things before I could get going
with this system” (User 3), but added that they meant that “in
a positive connotation way.”

Users also reacted to the usability of specific features.
When using the input page, user reactions included the
following: enabling examination items only when indicated
could help eliminate tests that might be done routinely but
are not clinically relevant; the patient summary was useful for
guiding the input process; the wording or clinical intention
behind some items was difficult to understand (eg, “symp-
toms fully match pathoanatomic and/or neuropathic condi-
tion;” and “resolving consistent with normal tissue healing
time”); and it might be difficult to have time to go through all
items during a visit.

When using the list of working diagnoses, reactions from
users included positive views of the feature that highlighted
relevant input items when hovering over a diagnosis to show
the inputs (ie, evidence) supporting it; clarity of the scale
used to indicate strength of evidence; and helpfulness of
having a list of diagnoses to prevent anchoring on one and
also for explaining the clinical reasoning process to patients.
Reactions to the treatment recommendations were generally
positive and believed to be helpful for decision-making. Two

Rudin et al

users noted that they had preferences for some treatment
options more than others based on what they were familiar
with.

For the patient education materials, 3 users emphasized the
importance of being able to print out copies. Two believed
that the materials would be acceptable to patients while 3
found them too complex especially for those with low health
literacy levels. Two users preferred handwriting education
information to make it more personal. One preferred to print
out the materials and highlight key information.

Users also described how they would likely use this
CDS tool in their workflows. All users believed that it was
important to make the tool available within the EHR to allow
for easy access to it and to minimize the need to switch
between applications or devices. All users would use the
CDS tool while with the patients but 2 users mentioned that
they might leave the room to use the tool separately. One
suggested that a freestanding web-based version of the tool
maybe useful as well in some scenarios. Two users wanted
to modify their patient intake questions to match the CDS
tool’s input items to help the clinician prepare for the visit
and facilitate tool usage.

Users suggested several ideas to improve use and usability
including use of colors on the input screen to break up the text
more, autopopulating the CDS tool based on patient intake
questions, providing a crosswalk between generated working
diagnoses and International Classification of Diseases, Tenth
Revision (ICD-10) codes to facilitate billing, indicating in the
input screen if the combination input items selected did not
make clinical sense and should be revisited, further emphasiz-
ing which treatments should be of higher or lower priority
based on evidence (if it exists), and providing more visuals
for patient education materials.

Table 3. Summary of qualitative usability evaluation results of the low back pain decision support tool.

Category Selected finding

Ilustrative quote

Overall impact of the CDS? tool on clinical care

treatments.

Training required to use the CDS tool

Input items
information gathering.

It might be challenging for users to go through
all items during visits with a patient.

Working diagnoses
in bar format.

Users believed that the tool would help users
focus on the relevant information, improve
diagnostic accuracy, and use of evidence-based

Although the tool is simple to use technically,
clinical knowledge is needed to use it effectively
and will require training.

Enabling items adaptively can help guide

Degree of evidence is helpful and clearly shown

“I’m very likely to use this... you know why?
It makes me better. It makes me smarter...
This is an elegant way to approach the black
hole of low back pain.” (User 4)

“It helps you focus your thoughts” (User 3)
“It doesn’t seem complex; it just seems like I
need to familiarize myself with it.” (User 1)

“It is nice that it does close off those other
options that maybe get in our way... I think
this helps cater the treatment to the patient’s
diagnoses rather than allowing the provider to
cater the treatment to their own preferences.”
(User 5)

“I think it could be challenging even with
familiarity... to answer it real-time [as] I'm
having a conversation with somebody.” (User

D
“Very visually clear.” (User 4)
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Category Selected finding

Illustrative quote

Treatment recommendations

Patient education
too complex for others.

The recommendations can help inform treatment
for both clinician and student.

The content may be helpful to some patients but

“Beyond nice, this is very educational... I love
this, this is brilliant.” (User 3)

“I think this is very useful especially if
someone starts catastrophizing.” (User 4)

“I think it would be hugely beneficial at the
report of findings to explain to the patient what
the pain generator is and how that is affecting
their presentation.” (User 5)

“[For] 90% of [my patient] this would be far
too complex... it is far beyond a lot of our
patients understanding.” (User 3)

4CDS: clinical decision support.

Discussion

Principal Results

This study reports the initial development and evaluation
of a CDS tool facilitating evidence-based diagnosis, clinical
management, and patient education for LBP. The tool is
web-based and can be embedded into the EHR for use during
the clinical encounter as a support for interview, examina-
tion, care planning, and patient education. It can also be
used independent of the patient encounter. The SUS score
for the prototype was 84.75 (range: 67.5-95), which is in
the top 10th percentile. Users believed that the CDS tool
was easy to use, although training in clinical content and
practice was considered necessary for effective and efficient
use. With such training and practice, users believed that it
would improve care and shed light on the “black hole” of
LBP diagnoses and treatment.

The CDS tool inputs included 44 patient interview and
examination items that provided evidence of 12 possible
working diagnoses. Input items were ordered to begin with
interview items followed by examination items—condition-
ally displayed if relevant—so as to parallel clinical work-
flows. The output user interface allows multiple potential
working diagnoses, reflecting the multifactorial nature of
LBP. Likeliness scales enable rapid visual assessment of the
extent of evidence supporting each condition. This feature
enables clinicians to confirm data accuracy and determine
whether the interview and examination data align with the
overall clinical presentation. The ability to remove or reject
working diagnoses for which there is little evidence in
favor of others supported by stronger evidence can assist in
prioritizing care. The patient education materials written at
an eighth-grade level were designed to help further explain
LBP, offer reassurance, list possible treatment and self-care
options, describe other factors influencing pain severity (eg,
stress, poor sleep, and lack of movement), and encourage
patients to communicate with clinicians about these topics.
Some interviews suggested that these materials had potential
to be useful, although some revision may be needed. Review
by, and feedback from, patients with LBP would best inform
further development of this feature.

https://formative jmir.org/2025/1/e66666

Contribution and Comparison With Other
Work

To our knowledge, this is the first provider-facing tool
developed to assist clinicians in the diagnosis and treatment
of LBP. A prior study describes the development a CDS tool
to assist Australian pharmacists in advising patients about
watchful waiting for acute LBP and recommending medica-
tions and provider types to seek for persistent symptoms
[20]. Our work is complementary to that work in that it
focuses on offering providers a CDS tool once patients seek
care. The CDS tool offers a systematic process for a clinical
evaluation which, in turn, generates working diagnoses and
links these outputs with guideline-based nonpharmacolog-
ical treatments offered by chiropractors and other practi-
tioners providing similar treatments. Our tool also shares
some design similarities with currently available web-based
risk-screening tools, such as the Lung Cancer Screening Risk
Calculator and the Fracture Risk Assessment Tool (FRAX)
[21,22]. These calculators are clinician-facing applications
with input variables (eg, age, sex, smoking status, and bone
mineral density) for estimating the risk for future lung cancer
and osteoporotic fracture.

In addition to distilling the evidence for LBP diagnosis
and treatment and making it available to clinicians at the
point of care, this tool has the potential to help clinicians
address patient needs identified in qualitative research for
LBP. Costa et al [10] describe difficulties encountered by
people with LBP due to uncertainty stemming from diagnoses
and treatment. Our CDS tool has the potential to support
clinicians in explaining the nature of the problem, treatment
plan, and what patients can do on their own to address
the problem [10]. Cox et al [23] make specific recommen-
dations to clinicians about communicating LBP diagnoses,
including sharing thought processes and diagnostic reasoning
and providing written information about diagnosis. Our tool
addresses these recommendations [23].

The CDS tool we developed may enable clinicians
to avoid common errors in clinical reasoning leading
to misdiagnosis, such as anchoring and premature clo-
sure [24]. Anchoring is an attachment to a diagnosis
despite contradictory evidence; premature closure occurs
when a diagnosis is accepted before verification. By

JMIR Form Res 2025 | vol. 9 1e66666 | p. 9
(page number not for citation purposes)


https://formative.jmir.org/2025/1/e66666

JMIR FORMATIVE RESEARCH

offering objective, evidence-based, and repeatable provi-
sional working diagnoses based on history and examina-
tion data, with visual displays of the strength of evidence
supporting working diagnoses, this tool may help clinicians
more systematically and consciously consider each potential
working diagnosis in the context of the strength of evidence.

Limitations and Future Work

User input was gathered from 5 practicing chiropractic
clinicians who participated in both the development and
usability testing phases. This sample size is sufficient for
formative research and for identifying major usability issues
[25-27]. While there is a potential for bias due to their
involvement in the design process, the likelihood of such
bias is reduced, as the design sessions took place 7 months
prior to the usability testing, limiting recall of specific design
details. Informed by our findings and to address limitations
in our scope, we plan to build on this work in 6 areas.
First, we will implement the tool within a health system’s
EHR to enable easy access within the clinical workflow
and enhance certain features such as allowing users to save
information for each patient. Second, we will iteratively
refine the patient-facing content with patients, clinicians,
and with consideration of evidence in literature. Third, we
will expand to other clinical specialties that treat LBP. Our
initial focus was on chiropractic, a profession focused on
nonpharmacological diagnosis and treatment of neuro-muscu-
loskeletal conditions and consisting of approximately 77,000
licensed practitioners in the United States [28]. There is
potential to further develop the tool for physical therapy,
primary care, and other specialties. Fourth, the tool may
be expanded beyond the biological perspective to include
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other factors (eg, psychological, spiritual, environmental, and
social) relevant to LBP diagnosis and management [29].
Fifth, we will examine opportunities to incorporate artificial
intelligence (AI). Al-based approaches are gaining traction in
diagnosis [30,31] and other areas. However, Al models are
limited by the data quality used to create them. By standard-
izing the definition of interview and examination inputs, our
tool has the potential to improve the quality of data used
by Al. Finally, the CDS tool developed in this study does
not screen for signs or symptoms of pathology (eg, fracture,
infection, and malignancy). There is no current consensus on
such screening, and findings can be interpreted differently
with varied clinical histories and among patients in different
age groups. However, inputs for major red flags (eg, history
of cancer and pulsatile pain with abdominal bruit suggesting
aortic aneurysm) can be added to prompt and facilitate the
clinical screening process.

Conclusions

The LBP tool we have developed has potential to help
standardize the process of clinical evaluation leading
to systematically derived working diagnoses that inform
individually tailored treatment decisions. Our process of
defining clinical requirements based on rigorous evidence
reviews and applying user-centered design principles through
eliciting user requirements produced a clinician-facing
decision support tool that was viewed positively and with
enthusiasm by clinical users. If implemented, this tool may
shed light on the “black hole” of LBP care, facilitate
dissemination of LBP evidence as it is produced, and catalyze
innovation in LBP care.
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