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Abstract

Background: The ICD-11 classification of chronic pain comprises seven catego-
ries, each further subdivided. In total, it contains over 100 diagnoses each based
on 5-7 criteria. To increase diagnostic reliability, the Classification Algorithm for
Chronic Pain in the ICD-11 (CAL-CP) was developed. The current study aimed
to evaluate the CAL-CP regarding the correctness of assigned diagnoses, utility
and ease of use.

Methods: In an international online study, n=195 clinicians each diagnosed 4
out of 8 fictitious patients. The clinicians interacted via chat with the virtual pa-
tients to collect information and view medical histories and examination find-
ings. The patient cases differed in complexity: simple patients had one chronic
pain diagnosis; complex cases had two. In a 2x 2 repeated-measures design with
the factors tool (algorithm/standard browser) and diagnostic complexity (simple/
complex), clinicians used either the algorithm or the ICD-11 browser for their
diagnoses. After each case, clinicians indicated the pain diagnoses and rated the
diagnostic process. The correctness of the assigned diagnoses and the ratings of
the algorithm's utility and ease of use were analysed.

Results: The use of the algorithm resulted in more correct diagnoses. This was
true for chronic primary and secondary pain diagnoses. The clinicians preferred
the algorithm over the ICD-11 browser, rating it easier to work with and more
useful. Especially novice users benefited from the algorithm.

Conclusions: The use of the algorithm increases the correctness of the diagnoses
for chronic pain and is well accepted by clinicians. The CAL-CP's use should be
considered in routine care and research contexts.

Significance Statement: The ICD-11 has come into effect in January 2022.
Clinicians and researchers will soon begin using the new classification of chronic
pain. To facilitate clinicians training and diagnostic accuracy, a classification
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algorithm was developed. The paper investigates whether clinicians using the

algorithm—as opposed to the generic tools provided by the WHO—reach more

correct diagnoses when they diagnose standardized patients and how they rate

the comparative utility of the diagnostic instruments available.

1 | INTRODUCTION

In January 2022, the 11th revision of the International
Classification of Diseases and Related Health Problems
(ICD-11) came into effect (World Health Assembly, 2019).
Itincludes a new classification of chronic pain, which was
developed by a task force of the International Association
for the Study of Pain (IASP) (Treede et al., 2015, 2019). The
classification divides chronic pain into seven main cate-
gories: chronic primary pain, and six categories of chronic
secondary pain. In chronic primary pain, chronic pain is
considered a health condition in its own right (Nicholas
et al., 2019), whereas chronic secondary pain is associ-
ated with other underlying conditions: chronic cancer-
related pain (Bennett et al., 2019), chronic postsurgical
or post traumatic pain (Schug et al., 2019), chronic sec-
ondary musculoskeletal pain (Perrot et al., 2019), chronic
secondary visceral pain (Aziz et al., 2019), chronic neuro-
pathic pain (Scholz et al., 2019), and chronic secondary
headache or orofacial pain (Benoliel et al., 2019). Each
of these main categories contains several subdiagnoses,
penetrating to three or four diagnostic levels (World
Health Organization, n.d.) to allow for increasing levels
of diagnostic specificity. For secondary and tertiary care,
diagnoses on levels 2-4 will usually be most appropriate.
It has been suggested that the 7 main categories (level 1
diagnoses) may be most relevant to primary care contexts
(Smith et al., 2019).

The classification of chronic pain contains about 100
different diagnoses with 5-7 diagnostic criteria each. In
medicine, the use of algorithms has been shown to lead
to more reliable diagnoses (Rinaldi et al., 2000), increase
adherence to diagnostic criteria (Bollestad et al., 2015)
and enhance diagnostic accuracy (Morgan et al., 2000).
Therefore, the Classification Algorithm for Chronic
Pain in the ICD-11 (CAL-CP) was developed (Korwisi
et al., 2021). The CAL-CP is a linear decision tree guid-
ing users through the diagnostic criteria of the ICD-11
chronic pain classification. In a pilot evaluation, clini-
cians rated the CAL-CP as useful (Korwisi et al., 2022).
The present study aims to evaluate the CAL-CP with
regard to diagnostic correctness and subjective utility.
It will be examined whether using the CAL-CP leads
to more correct and complete diagnoses than using the
standard ICD-11 Browser supplied online by the World

Health Organization (WHO). In addition, users will rate
the CAL-CP's usefulness and ease-of-use.

The use of standardized clinical vignettes is a valid
and comprehensive method of measuring the quality of
health care (Peabody et al., 2000) and investigating cli-
nicians' decision-making (Evans et al., 2015) as it allows
controlling the patient variables (Keeley et al., 2016).
However, text based-vignettes present all information at
once and thereby do not permit to evaluate the process of
information gathering. Since providing a systematic way
of collecting information is seen as a profound advantage
of a classification algorithm, we used computer-assisted
vignettes where the clinician takes the patient's medical
history by entering questions into a chat program. This
allows real-time responses that better simulate patient-—
physician interaction and are more realistic than tradi-
tional pen-and-paper vignettes (Peabody et al., 2004).

2 | METHOD

2.1 | Ethics

The study was approved by the Ethics Committee of the
Catholic University of Eichstitt-Ingolstadt (Approval No.
020-2020) and complied with the Declaration of Helsinki
(World Medical Association, 2013). Before participating
in the study, all participants gave their informed consent.
The data were collected anonymously.

2.2 | Participants

Recruitment took place internationally through invita-
tions to pain associations, universities, pain clinics and
practising pain physicians, as well as via Prolific (www.
prolific.com). The eligibility criteria for clinicians to par-
ticipate were as follows: professional experience with
chronic pain patients or advanced medical studies (i.e.,
at least in the 3rd year) and sufficient self-rated English
language skills (i.e., at least 4 on a numerical rating
scale (NRS) from 0 to 10). All participants were eligi-
ble for a certificate of participation. In addition, medi-
cal students received a reimbursement of 20€ for their
participation. A total of 558 participants gave informed
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consent, of which 74 did not provide enough informa-
tion to assess eligibility and 10 did not meet the eligi-
bility criteria. Further 279 participants terminated the
study before being directed to the virtual patient plat-
form, resulting in 195 participants interacting with the
virtual patients. The final sample consisted of 195 par-
ticipants from 30 countries (Figure S1 in the supple-
mentary material shows a world map of the participants’
countries). The average age was 32.0years (+13.3 years).
63.1% of the participants were female (see Table 1 for
demographic information and Figure 1 for a chart of the
participant flow). A dropout analysis showed that partic-
ipants who dropped out early were older [38.6+15.1 vs.
32.0+13.3; 1(443.7)=4.97, p<0.001; d=0.46] and had a
lower level of English proficiency [8.1+1.4 vs. 7.7+ 1.7;
#(455.8)=—-3.11, p=0.002; d =—0.28].

TABLE 1 Description of participants.

Final sample

Number of participants 195
Sex n (%)

Female 123 (63.1)

Male 68 (34.9)

Diverse 2(1.0)

Prefer not to answer 2(1.0)
Age

Mean +SD 32.0+13.3
English proficiency

Mean +SD 8.1+14
Professional experience n (%)

Novice 125 (64.1)

Expert 70 (35.9)
Specialty

Anesthesiology 9(12.9)

General practice 10 (14.3)

Internal medicine 2(2.9)

Neurology/Neurosurgery 9(12.9)

Orthopaedics 2(2.9)

Pain medicine 17 (24.3)

Psychiatry/Psychology 16 (22.9)

Rehabilitation 4(5.7)

Other 10 (14.3)
Years of clinical experience (Experts)

Median (IQR) 19.5(16.0)
Years of experience with chronic pain (Experts)

Median (IQR) 13.0 (15.0)

Note: English proficiency rated from 0 to 10. The novices are medical
students who have not yet graduated; therefore, their professional
experience is zero.
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N=558 gave informed consent

N=74 not enough info to assess
eligibility

N=484 assed for eligibility

Excluded:

N=10 level of English proficiency < 4

N=474 eligible

N=279 ended participation before
being forwarded to the virtual patient
platform

N=195 participated in the repeated
measurement design

FIGURE 1 Documentation of absolute numbers of study
participants.

2.3 | Procedure

The study consisted of two parts: a brief section where
participant-related information was collected followed by
the consultations with the virtual patients. See Figure 2
for an overview of the study procedure.

In the first part, participants completed a brief survey
in which the inclusion criteria were assessed and addi-
tional information about demographic data, educational
background and professional experience (e.g., area of
specialty, years of clinical experience, years of experience
with chronic pain) was collected. Participants rated their
level of English proficiency on a NRS from 0 to 10.

The participants then received video instructions re-
garding the platform where they would hold the consulta-
tions with the virtual patients. In the video, the interaction
with the virtual patients was explained and the functions
of the consultation platform demonstrated. The instruc-
tion material was also available in written form as a down-
load file for further reference. After answering a few test
questions covering central facts about the interaction with
the virtual patients, the participants were directed to the
consultation platform.

In the second part, each participant carried out con-
sultations with four of the eight virtual patients (two
complex and two simple cases). In half of the cases, the
diagnosis was made with the help of the algorithm; in
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P

Informed consent

) Demographic information
/ Professional experience

A

Explanation (downloadable text) and
demonstration (video)
of the consultation interface

Patient 1 (SC-A)

Consultations

/ D1, C1, Ul

Patient 2 (CC-B) / D2, C2, U2

Patient 3 (CC-A) / D3, C3, U3

Patient 4 (SC-B) /’ D4, C4, U4

/’ Ratings:
* Overall usefulness of the algorithm

* Quality of the interactions with the virtual
patients

FIGURE 2 Study procedure. Four patients were randomly
assigned so that each participant diagnosed two complex cases (CC)
and two simple cases (SC). One complex and one simple case were
diagnosed with the algorithm (A). One simple and one complex
case were diagnosed with the standard WHO browser (B). (Italics
show one possible sequence for demonstration purposes). For each
consultation, the participant recorded the patient's diagnoses (D)
and rated the subjective diagnostic certainty (C) and the utility of
the diagnostic tool that was used in this instance (U). The (s)he
proceeded to the next consultation.

the other half of the cases, the participants had the offi-
cial ICD-11 browser at their disposal (see Figure 3). The
assignment of the patients to the clinician, the order of
the consultations and of the conditions (browser or al-
gorithm) were randomized. The participants' task was
to allocate the correct diagnoses to the patients. In order
to do this, they had to collect the necessary information.

HAY ET AL.
Official ICD-11 Algorithm
browser
Simple cases 1 1
(1 diagnosis)
Complex cases 1 1

(2 comorbid diagnoses)

FIGURE 3 Experimental design of the consultations.

During each consultation, the participants could do any,
or all, of the following:

1. Communicate with the patient by entering questions
via the keyboard into the chat dialogue and receive
the patient's answers in real time.

2. Access the stored medical file of the patient to complete
their knowledge of the patient's health conditions.

3. Take notes on a virtual notepad.

The consultations lasted as long as the clinician felt
necessary to reach a conclusion regarding the diagnoses.
Each consultation ended with the clinician assigning one
or more diagnoses to the patient. Then the clinician rated
the subjective diagnostic certainty on an NRS ranging from
0 (not confident at all) to 10 (very confident). In addition,
participants were asked to rate the ease of use and the util-
ity of the diagnostic tool (algorithm or browser) they had
just used in the consultation on two NRS ranging from 0
(very difficult/not useful at all) to 10 (very easy/very use-
ful). After the last consultation, the participants rated the
overall usefulness of the algorithm (e.g., perceived ease of
use, personal utility, utility for novices, utility for experts
and likelihood of future use) on an NRS ranging from 0
to 10. Finally, participants answered questions about the
interaction with the virtual patients (e.g., how well did the
virtual patients understand the clinician's questions and
how well did the answers fit). Before the clinicians closed
the window, they had the opportunity to give comments
and suggestions for improvement.

2.4 | Material

2.4.1 | Fictitious patients

Eight fictitious patient cases, four simple and four com-
plex ones, were created as a basis for the virtual patients
and checked for plausibility by members of the IASP task
force who were experts with regard to the respective pain
type. In a simple case, the patient only had one pain di-
agnosis; in a complex case, he or she had two comorbid
chronic pain diagnoses. Patient diagnoses covered all
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categories included in the CAL-CP. The patient cases were
balanced according to gender, pain type and complexity.
For an overview of the patient cases, see Table 2.

To render the consultation with the virtual patients as
realistic as possible, clinicians had the patients’ medical
files at their disposal during the consultations. The files
included the following:

1. A brief medical history, current medication and sur-
gical history if applicable.

2. A completed pain chart as provided by the CAL-CP
(Korwisi et al., 2021) that contained information about
the time of onset of the chronic pain, its temporal pat-
tern, pain severity ratings (Treede et al., 2019) and a
pain manikin showing all pain locations.

3. Additional documents.

Documents (1) and (2) were available for each partic-
ipant from the outset. If necessary, further results, such
as findings from MRI examinations or laboratory tests,
became available once the clinician inquired about such
results. Whether or not additional documents were pro-
vided depended upon the necessity for the individual
case. In lieu of clinical examinations, the clinicians were
instructed to ask the patient what the result would be if
they conducted the clinical exam.

2.4.2 | The diagnostic tools

Algorithm

The CAL-CP is a classification algorithm for the ICD-11
chronic pain classification in which each diagnostic cri-
terion is displayed in a decision box. The CAL-CP has
been fully described elsewhere (Korwisi et al., 2021); the
supplementary material of the original article also con-
tains the full algorithm as supplementary digital material,
available at http://links.lww.com/PAIN/B277. Following
a linear decision tree, the user has to ascertain for each
criterion whether it is fulfilled and follow the correspond-
ing “yes” or “no” arrows to arrive at the appropriate diag-
nosis. In the present study, in the consultations in which
the algorithm should be used, a digital version of the
CAL-CP was available to participants as part of the con-
sultation platform.

The ICD-11 browser

As a control condition, in the other half of the cases the
clinicians used the ICD-11 browser and its coding tool
as it is provided as the standard diagnostic tool by the
WHO (https://icd.who.int/browse11/l-m/en). The ICD-11
browser was also implemented as a tab in the consultation
platform.

E)P__ RN
2.5 | The consultation platform

The consultation platform (see Figure 4 for a screenshot)
was custom programmed and consisted of a user interface
with a stationary side panel (left) that displayed a picture
of the current patient, showed the progress through the
four consultations, and (in the condition in which the al-
gorithm should be used) a section in which the current
criterion of the algorithm was shown.

In the screen area to the right of the panel, the partic-
ipant could choose one of four tabs: Chat, Documents,
Notes, ICD-11. When the Chat Tab (shown in Figure 4) was
chosen, the clinician could interact with the patient; in the
Documents Tab, the clinician could look at the medical file
and additional documents such as results of blood tests. In
the Notes Tab, the clinician could write down notes to be at
hand at the end of the consultation. In the ICD-11 Tab, the
standard WHO-browser was available without leaving the
consultation platform. The browser remained available for
reference even in the algorithm condition. The reason for
this was that the algorithm is an additional tool and every-
one using it may also refer to the browser.

With regard to the chat-based interaction, each virtual
patient was modelled as a set of answers to predefined ques-
tions. To enable a natural interaction with the consulting
platform, natural language understanding techniques were
employed. Specifically, an ensemble of Universal Sentence
Encoder (Cer et al., 2018) and Sentence-Bidirectional
Encoder Representations from Transformers (BERT)
(Reimers & Gurevych, 2019) was used to calculate the se-
mantic similarity of the entered question to each of the pre-
defined questions based on the Manhattan distance. The
predefined question with the highest similarity was used to
look up the respective answer to present to the user.

The following information was collected for each con-
sultation: condition (algorithm or browser), patient seen,
number of questions asked, opened documents, textual
diagnoses entered, ICD-11 numerical code entered, rating
of the subjective diagnostic certainty, ratings of the utility
and ease of use of the diagnostic tool used. In the algo-
rithm condition, the number of clicks on the algorithm
was also recorded to check whether the clinicians had fol-
lowed the instruction and used it.

2.6 | Data analysis

For the evaluation of the algorithm, it was required to in-
clude only those consultations in the analysis in which the
algorithm was used at least to a certain extent. Therefore,
consultations in which the participants used fewer clicks
in the algorithm (each click equals one step decision step
in the algorithm) than one standard deviation below the
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The patient

>

Thomas Johnson
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Documents Notes ICD-11

Send a question to communicate with the patient.

How are you?

Not so good — | couldn't really sleep in the last week and I'm really stressed out because of that pain.

Your progress

Current consultation:
1/4

M Restart current consultation

Algorithm

Pain > 3 months

-1~

End consultation

Type your question here.

FIGURE 4 Screenshot of the consultation platform.

mean value of all participants in the condition were ex-
cluded. Similarly, we excluded consultations in both
conditions (algorithm and no algorithm), in which the
number of questions put to the patient was less than one
standard deviation below the mean number of questions
or in which the participants did not access the medical
history and pain chart documents at all.

Two independent raters assessed the correctness and
completeness of the diagnoses entered. They coded the
diagnoses as “correct,” “incorrect” or “not assigned.”
Cases were considered “correct” if the correct diagno-
sis was assigned on level 1. To count as correct, either
the correct numerical code or the correct textual name
of the diagnosis, or both had to be quoted. All diagno-
ses that had been assigned but were not correct were
deemed “incorrect.” If on any given level no diagnosis
was attempted, it was counted as “not assigned.” In com-
plex cases there were three possible outcomes: “correct”
(two correct diagnoses), “partially correct” (one cor-
rect diagnosis) and “incorrect” (no correct diagnosis).
Complex cases were considered “complete” if two dif-
ferent pain diagnoses (not necessarily the correct ones)
were assigned. The raters showed very good interrater
reliability (k=0.98) in assigning the labels of “correct,”
“incorrect,” “not assigned” and “complete” to the en-
tries. While assigning these labels, they were blind to the
condition (algorithm or browser). Consensus for the few
cases of disagreement was formed through discussion.

To examine whether the use of the algorithm leads to bet-
ter diagnostic results than the use of the browser, chi-square
tests for the frequencies of correctness and completeness
were calculated overall as well as separately for the complex
and the simple cases and for primary and secondary pain
diagnoses. Cramér's ¢ is reported as a measure of effect size.

When did the pain start?

| have had pain in my chest for about ten months and my back pain started two years ago.

v

According to Cohen, ¢ between 0.10 and 0.30 is regarded
as small, 0.30-0.50 as medium and >0.50 as a large effect
(Cohen, 1992). T-tests for paired samples were calculated to
examine whether the algorithm was estimated to be more
useful than the browser and Cohen's d reported as measure
of effect size. For Cohen's d, an effect of 0.20 is considered
small, 0.50 medium and 0.80 large (Cohen, 1992).

Independent t-tests were calculated to compare the
novices' and the experts' overall ratings of the algorithm.

Three repeated measures ANOVAs with the within-
subject factors Tool (algorithm, browser) and Complexity
(complex cases, simple cases) were calculated to compare
the utility ratings (tool utility, ease of use, subjective diag-
nostic certainty) regarding tool and complexity.

To compare novices' (third year medical students
prior to graduation) and experts' (graduated clinicians)
ratings of the algorithm's and browser's utility, a mixed
ANOVA was calculated with the within-subject factor
Tool (algorithm, browser) and the between-subject factor
Professional Experience (novice, expert).

The Eta-square is given as a measure of the effect size
for ANOVAs. According to Cohen (1988), 7°=0.01 is a
small, »*=0.06 a medium and 7*=0.14 a large effect.

The quality of the interaction with the virtual patients
was examined by analysing the corresponding ratings.

3 | RESULTS

3.1 | Participants’ engagement with the
consultation interface

In the algorithm condition, participants clicked on the al-
gorithm an average of 22.7 +13.8 times per consultation.
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All users referred to the standard supporting documents,
on average 2.1+ 1.1 times for simple cases, 2.4 +1.6 times
for the complex cases. In cases in which additional docu-
ments were available on request, these were requested
and consulted in 28.2% of the cases (132 cases of 457). An
average of 14.1 +9.1 questions per consultation was asked
in the browser condition and 13.9+9.1 in the algorithm
condition. For details see Table S1 in the supplemental
material.

3.2 | Correctness and
completeness of the diagnoses

Overall, 67.9% of diagnoses were assigned correctly, 32.1%
incorrectly. For the percentages according to pain type
(chronic primary or chronic secondary) and clinician sta-
tus (novice or expert) see Table 3.

In the algorithm condition more correct diagnoses
at level 1 were assigned than in the browser condition
(y*(1)=9.12, p=0.001, ¢ =0.13). Differentiating into
simple and complex cases, this was also true for the sim-
ple cases (;(2(1) =8.94, p=0.001, ¢ =0.18); no significant
difference was found for the complex cases (y*(1)=2.54,
p=0.055, ¢=0.10). Figure 5 shows the percentages of
correct diagnoses for the browser and the algorithm.
The sub-analysis for complex cases showed a significant
difference between incorrect and partially correct diag-
noses in favour of the algorithm (*(1)=8.23, p=0.004,
»=0.27).

The number of complete diagnoses in the complex
cases was n=103 (78.03%) for the browser and n=88
(77.19%) for the algorithm. No significant difference was
found (4%(1)=0.03, p=0.44, p=0.01).

Differentiating according to the nature of pain
(chronic primary or chronic secondary pain), showed

TABLE 3 Correctness of the assigned diagnoses according to
pain type (chronic primary or chronic secondary) and clinician
status (expert or novice).

Correct Incorrect
diagnoses n (%) diagnoses n (%)
Overall 353(67.9) 167 (32.1)
Pain type®
Primary pain 195 (75.3) 64 (24.7)
Secondary pain 379 (74.8) 128 (25.2)
Experience level”
Experts 110 (65.9) 57 (34.1)
Novices 243 (68.8) 110 (31.2)

*The values refer to the diagnosis level. As some patient cases have two
diagnoses, there are higher values compared to overall.

"The values refer to patient case levels.
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FIGURE 5 Percentage of correct diagnoses given for the
browser and algorithm condition. **p <0.01.
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FIGURE 6 Percentage of correct diagnoses separately for
primary and secondary pain diagnoses. *p <0.05; **p <0.01.

more correct diagnoses in the algorithm condition than
in the browser condition for both, chronic primary pain
(#’(1)=4.26, p=0.02, ¢=0.13) and chronic secondary
pain (4*(1)=11.21, p<0.001, ¢=0.15). See Figure 6 for
the percentage of correct diagnoses separately for primary
and secondary pain.

In addition, chi-square tests were calculated separately
for experts and novices. For the experts, there was no sig-
nificant difference in correctness of diagnoses between the
browser and the algorithm (*(1)=1.39, p=0.12, ¢ =0.09).
The novices reached more correct diagnoses when they
used the algorithm (*(1)=8.08, p=0.002, ¢ =0.15). The
results are shown in Figure 7.

We also performed an exploratory analysis for the diag-
noses at level 3. The total number of correct diagnoses was
higher in the algorithm condition (n=115; 47.33%) than
in the browser condition (n=110; 39.86%) (y*(1)=2.94,
p=0.043, p=0.08).
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3.3 | Utility ratings For tool utility, the ANOVA with repeated measures
showed a significant interaction of the factors Tool and

3.3.1 | Overall ratings of usefulness Complexity (F (1, 65)=6.51, p=0.013, °=0.091). There

After completing all consultations, the participants rated
the overall ease of use of the algorithm on the 11-point
rating scale at 7.3+2.1, the overall personal utility as
6.7 +2.3; the use for novices as 7.3+2.3, the use for ex-
perts as 5.6 +£2.3 and the overall likelihood of future use
as 7.0x2.5.

Novices estimated the utility of the CAL-CP for experts
lower than the experts themselves (#(173)=3.35, p=0.001,
d=0.55). In the other usefulness measures, novices and
experts did not differ (Table 4).

3.3.2 | Ratings of usefulness per
consultation

The participants also rated the tool's utility, the ease of use

and the subjective diagnostic certainty for each patient
they had diagnosed directly after each consultation.

100% -

*k
80% - 76,2%
70,7%
62,0% 62,2%

60% -
OBrowser
M Algorithm

40% -

20%

0%

Experts Novices

FIGURE 7 Percentage of correct diagnoses separately for
experts and novices. **p <0.01.

was no significant main effect for Complexity (F (1,
65)=3.97, p=0.05, n”=0.058).

For ease of use, the ANOVA with repeated measures
showed no significant effects.

The ANOVA with repeated measures for subjective di-
agnostic certainty also showed no significant effects. For
details see Table 5. However, as Figure 8 shows, the al-
gorithm tended to be preferred compared to the browser.

The mixed ANOVAs with the factors tool and profes-
sional experience revealed a main effect for Tool, favouring
the algorithm [utility (F(1,142)=4.70, p=0.03, ;72 =0.032);
ease of use (F (1, 142)=9.30, p=0.003, °=0.061)] over
the browser. The other effects did not reach significance.
For details, see Table 6 and Figure 9.

34 | Quality of the interaction with the
virtual patients

On average, the participants rated the ease of interaction
with 6.5+2.2 on a scale from 0 to 10. The fit of the answers
to the questions asked was 6.1+2.0. The rating for ease of
getting the relevant information in the interaction was
5.9+2.4. The participants rated the naturalness of the inter-
action with 5.5+2.4. The rating of the suitability of the vir-
tual patients as training partners for learning about the new
classification was 7.1+2.2. Overall, 79 participants added
free text comments, mostly about problems regarding ques-
tion recognition or the request for voice or facial reactions.

4 | DISCUSSION

This study provides evidence that using the CAL-CP leads
to more correct diagnoses than using the native ICD-11
web browser when assigning chronic pain diagnoses. In

TABLE 4 Overall ratings of usefulness of the CAL-CP separately for novices and experts, and results of significance tests.

Experts Novices
Mean SD Mean
Ease of use 7.6 2.3 7.2
Personal utility 7.1 2.2 6.6
Use for novices 7.3 2.5 7.2
Use for experts 6.5 2.3 5.2
Likelihood of future use 7.3 2.6 7.0

SD t df P Cohen's d
1.9 1.24 81.94 0.18 0.22
2.2 1.32 173 0.19 0.22
2.1 0.07 173 0.95 0.01
2.2 3.35 173 0.001 0.55
2.3 0.94 173 0.35 0.16

Note: Ease of use, Personal utility, Use for novices, Use for experts and Likelihood of future use rated from 0 to 10. CAL-CP, Classification Algorithm for
Chronic Pain in the ICD-11; in case of unequal variances the Welch test was used and degrees of freedom adjusted accordingly.
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TABLE 5 Results of three repeated-measures ANOVAs with the factors Tool (algorithm, browser) and Complexity (complex cases,
simple cases) for the ratings of Tool utility, ease of use and subjective diagnostic certainty (assessed after each consultation).

Algorithm Browser Complexity Tool Tool X complexity
M SD M SD F(1,65) 1 F(,65) 1 F(1,65) U
Tool utility 0.04 0.00 3.97 0.06 6.51* 0.09
Complex cases 6.98 2.26 6.77 2.47
Simple cases 7.44 2.46 6.21 2.66
Ease of use 0.06 0.00 3.56 0.05 0.00 0.00
Complex cases 7.02 2.12 6.36 2.61
Simple cases 7.08 2.24 6.43 2.54
Subjective diagnostic certainty 0.63 0.01 1.00 0.02 0.4 0.01
Complex cases 6.60 2.02 6.55 2.25
Simple cases 6.95 1.87 6.60 2.09

Note: Tool utility, ease of use and subjective diagnostic certainty were rated from 0 to 10.

*p <0.05.
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FIGURE 8 Usefulness ratings per consultation separately for complex and simple cases. This figure shows the mean values and

standard errors of the usefulness ratings for the browser and the algorithm. Participants rated tool utility, ease of use and subjective

diagnostic certainty from 0 to 10 after each consultation. The grey box shows a significant interaction between the factors tool and

complexity.

particular, this applied to the simple cases (one diagno-
sis). For the complex cases, the use of the algorithm led to
more partially correct diagnoses compared to the browser.
The algorithm's superior performance was also sustained
when cases were analysed separately for chronic primary
and chronic secondary pain. Novices benefitted more
from the algorithm than experts. Both experts and nov-
ices rated the algorithm as more useful and easier to use
than the browser.

The absolute level of correct diagnoses was 67.7%.
Given that the participants had received no training re-
garding the new diagnoses, except for a brief document

explaining the classification's basics, and also consider-
ing the artificial consultation situation, the absolute level
of correct diagnoses is noteworthy and a point in favour
of the clarity of the diagnoses. The positive results are
in line with earlier findings (Barke et al., 2022; Korwisi
et al., 2021, 2022). Using the CAL-CP improved the rate
of correct diagnoses when compared to the native browser
and integrates well with a wealth of research pointing to
the benefits of decision trees in diagnostic and classifica-
tion contexts (Bollestad et al., 2015; Morgan et al., 2000;
Rinaldi et al., 2000). Especially novices profited from the
use of the CAL-CP. This accords well with other research
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TABLE 6 Results of two mixed ANOVA with the within-subject factor Tool (algorithm, browser) and the between-subject factor
Professional Experience (novice, expert) for the ratings of Tool utility and Ease of use (assessed after each consultation).

E)P_ B

Professional Tool X rofessional
Algorithm Browser experience Tool experience
M SD M SD F(1,142) 7 F(1,142) F(1,142) 7
Tool utility 3.37 0.02 4.70* 0.03 0.53 0.00
Novice 6.93 2.13 6.09 2.40
Expert 7.31 2.68 6.89 2.43
Ease of use 3.44 0.02 9.29%* 0.06 0.10 0.00
Novice 6.91 2.07 5.96 2.39
Expert 7.39 2.56 6.63 2.22
Note: Tool utility and Ease of use rated from 0 to 10.
*p <0.05; **p <0.01.
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FIGURE 9 Usefulness ratings per consultation separately for novices and experts. This figure shows the mean values and standard

errors of the usefulness ratings for the browser and the algorithm. Participants rated tool utility and ease of use from 0 to 10 after each

consultation. A significant main effect for tool was found for both, tool utility and ease of use.

showing that novices generally benefit from the use of
linear decision trees and achieve a higher number of cor-
rect diagnoses through their use than otherwise (Morgan
et al., 2000). When decision trees are used to navigate
through new diagnostic criteria, even minimal training is
sufficient for reliable diagnoses (Malt, 1986). Thus, one of
CAL-CP's uses may be in medical education and to train
existing health personnel in the use of the new diagnoses.

The algorithm improves diagnostic correctness for
both chronic primary and chronic secondary pain. This is
a particularly important result because chronic primary
pain was introduced as a new category of pain diagnoses

in ICD-11 (Nicholas et al., 2019; Treede et al., 2019). For
the first time, this category overcomes dualistic aetiologies
defined by purely somatic or psychological causes and
represents conditions in which the chronic pain, charac-
terized by emotional distress or functional interference, is
a disease in itself (Treede et al., 2019).

When testing the CAL-CP, we included complex cases.
We reasoned that diagnostic decision trees, which guide
and structure the collection of information, may be par-
ticularly helpful in cases in which many aspects may be
relevant by ensuring that no relevant facts are missed. In
the complex cases, CAL-CP tended to be superior to the
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browser in terms of correctness. However, we found no
advantage of the algorithm over the browser for the com-
pleteness of the diagnoses, that is, whether the clinician
picked up on the fact that two diagnoses were present.
One possible reason for this could be that for each patient
the clinicians had at their disposal—standardly and re-
gardless of condition—a pain chart with a pain manikin.
This may have guided the clinicians' attention to all pain
locations so that they did not miss the second pain diagno-
sis even in the browser condition.

The number of dropouts was substantial, which
is a well-known problem with online studies (O'Neil
et al., 2003). Almost 75% of the drop-outs took place at the
point of the platform change to the virtual patients, which
may have been a source of technical error and presented an
additional barrier. Older participants whose English pro-
ficiency was lower dropped out more frequently. Possibly
the process of having to register on a new platform with a
previously self-generated code was particularly challeng-
ing for them. However, none of these participants had in-
teracted with the material of the main study, the virtual
patients. The dropout rate is therefore unlikely to exert a
systematic influence on the study results.

The use of virtual patients offered many advantages for
the validation study, but also incurred some limitations.
Studies have shown that virtual patients can be a valid
and reliable representation of real patients and that their
application is more time flexible as well as more standard-
ized compared to standardized simulation patients with
equally good diagnostic results (Hubal et al., 2000; Parsons
et al., 2008; Triola et al., 2006). However, the situation was
artificial and unaccustomed for the clinicians: they could
not conduct physical examinations but instead had to rely
on documentation and written chat messages matched
to the questions by a computer program. Due to the lim-
itations of the natural language processing technologies
available at the time the chat program was developed,
summarizing questions such as “Have we covered every-
thing you feel is relevant?” could not be answered by the
virtual patients. To learn how the clinicians experienced
the interaction with the virtual patients, we included
questions about the perceived quality of the interaction.
The clinicians agreed that it is a useful technology espe-
cially for training purposes. Still, the question recognition
and the interaction with the virtual patients was overall
in the middle range, indicating that it was possible to
conduct the diagnostic interview, but not without some
difficulty. This could have led to less information being
collected than in a natural diagnostic situation, especially
for the specific information needed for the detailed diag-
noses on level 3. In addition, the virtual patients in our
study did not have a voice output or non-verbal behaviour
such as emotional face expressions, which are important

sources of information in a diagnostic situation (Parsons
et al., 2008). Considering these aspects, we would venture
to suggest that in a real setting, the diagnostic success
would be even higher.

We conducted the analysis at the level 1 of the classi-
fication since here we had the most extensive data source
given that not all participants attempted the fine-grained
diagnoses at the sub-levels. This situation reflects the sit-
uation in reality, given that most patients with chronic
pain are seen by primary care physicians: About 40% of
consultations with General Practitioners (GPs) are related
to pain (Friessem et al., 2009; Méntyselkd et al., 2001) and
for the majority of patients with chronic pain treatment
takes place in a primary care setting (Breivik et al., 2006).
The GP may also refer patients further to other special-
ties, such as neurologists (c. 10%), orthopaedics (27%)
and about 2% to a pain management specialist (Breivik
et al., 2006). To determine treatment pathways in this con-
text, the level 1 diagnoses are crucial (Treede et al., 2019).
Due to limited resources and time, the assessment of
chronic pain in general practice is challenging (Smith &
Torrance, 2011) and the use of screening tools to identify
chronic pain can be helpful (Mills et al., 2016). To date,
some screening tools have proven effective in primary
care. However, they were confined to specific subtypes
of chronic pain, such as neuropathic pain (Haanpaa
et al., 2009) or low back pain (Beneciuk et al., 2013). The
CAL-CP, on the other hand, maps the entire classification
of chronic pain in the ICD-11 and may therefore be a par-
ticularly useful tool for primary care.

However, exploratory analyses of the level 3 diagnoses
for those participants who had attempted them, showed
the same superiority of the CAL-CP for these diagnoses.
At this level, the pain syndromes are described in more
detail and the criteria usually require detailed exam-
ination and, in many instances, further diagnostic tests.
We strove to implement these aspects with the medical
records provided, but naturally there is a limit to what
could be represented with the help of the virtual patients.

4.1 | Limitations

The results of the present study should be interpreted in
the context of its limitations. Although great care was
taken to render the diagnostic situation as natural as pos-
sible, some artificiality remained, due to the chat-medium
and the particularities of the virtual patients. This meant
that at the same time as using the new diagnoses the cli-
nicians had to cope with an unaccustomed setting. The
limited number of participating physicians made fur-
ther subgroup analysis according to medical speciality
impossible.
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4.2 | Conclusion

Overall, the clinicians arrived at a high percentage of cor-
rect diagnoses. CAL-CP emerged as a useful tool for the
diagnosis of chronic pain, leading to more correct diag-
noses than the native browser. This applied to all diagno-
ses on level 1 and on level 3, and to diagnoses of chronic
primary pain and chronic secondary pain analysed sepa-
rately. Especially novice users benefitted from the use of
CAL-CP. All users judged the CAL-CP as more useful and
easier to use than the browser and preferred it over the lat-
ter. Because it leads to equally good or better results for all
users, we recommend its use for clinical diagnosis, educa-
tion and identification of study populations.
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