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Abstract

Background: Knee pain is highly prevalent worldwide, and this number is expected to rise in the future. The COVID-19
outbreak, in combination with the aging population, rising health care costs, and the need to make health care more accessible
worldwide, has led to an increasing demand for digital health care applications to deliver care for patients with musculoskeletal
conditions. Digital health and other forms of telemedicine can add value in optimizing health care for patients and health care
providers. This might reduce health care costs and make health care more accessible while maintaining a high level of quality.
Although expectations are high, there is currently no overview comparing digital health applications with face-to-face contact in
clinical trials to establish a primary knee diagnosis in orthopedic surgery.

Objective: This study aimed to investigate the currently available digital health and telemedicine applications to establish a
primary knee diagnosis in orthopedic surgery in the general population in comparison with imaging or face-to-face contact between
patients and physicians.

Methods: A scoping review was conducted using the PubMed and Embase databases according to the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews) statement. The inclusion criteria
were studies reporting methods to determine a primary knee diagnosis in orthopedic surgery using digital health or telemedicine.
On April 28 and 29, 2021, searches were conducted in PubMed (MEDLINE) and Embase. Data charting was conducted using a
predefined form and included details on general study information, study population, type of application, comparator, analyses,
and key findings. A risk-of-bias analysis was not deemed relevant considering the scoping review design of the study.

Results: After screening 5639 articles, 7 (0.12%) were included. In total, 2 categories to determine a primary diagnosis were
identified: screening studies (4/7, 57%) and decision support studies (3/7, 43%). There was great heterogeneity in the included
studies in algorithms used, disorders, input parameters, and outcome measurements. No more than 25 knee disorders were included
in the studies. The included studies showed a relatively high sensitivity (67%-91%). The accuracy of the different studies was
generally lower, with a specificity of 27% to 48% for decision support studies and 73% to 96% for screening studies.

Conclusions: This scoping review shows that there are a limited number of available applications to establish a remote diagnosis
of knee disorders in orthopedic surgery. To date, there is limited evidence that digital health applications can assist patients or
orthopedic surgeons in establishing the primary diagnosis of knee disorders. Future research should aim to integrate multiple
sources of information and a standardized study design with close collaboration among clinicians, data scientists, data managers,
lawyers, and service users to create reliable and secure databases.
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Introduction

Background
The World Health Organization defines digital health as “a
broad umbrella term encompassing eHealth (which includes
mobile Health (mHealth)), as well as emerging areas, such as
the use of advanced computing sciences in ‘big data’, genomics
and artificial intelligence” [1]. These include—but are not
limited to—web applications, health IT, wearable devices,
personalized medicine, telehealth, telemedicine, gait analysis,
and artificial intelligence (AI) techniques such as machine
learning and deep learning [2,3]. Over the last years, there has
been an increase in the use of digital health applications in the
field of orthopedics for gait analysis, diagnosis, imaging,
computer-assisted surgery, and telerehabilitation [4-8]. Digital
health has been shown to reduce the number of patient visits
and present a valuable tool for the continuity of health care
without decreasing patient or health care provider satisfaction
[9,10].

The years 2020 and 2021 were characterized by the outbreak
of COVID-19, with the need to minimize patient contact to
comply with social distancing measures. Owing to this
pandemic, the urge rose for hospitals to minimize face-to-face
contact between patients and health care providers [11]. This,
in combination with the increase in the prevalence of
musculoskeletal diseases, rising health care costs, and the need
for more accessible health care worldwide, increases the demand
for digital health solutions [12-14]. Remote patient monitoring
facilitated by digital health solutions, such as making a primary
diagnosis without face-to-face contact, for medical problems
with high prevalence would provide an opportunity for
continuation of care and might be able to make care more
accessible and affordable worldwide [14].

Knee pain is an example of a high-prevalence musculoskeletal
disease, with a lifetime prevalence of >50% in adults in Western
countries [15,16]. Owing to an aging population, it is expected
that the number of musculoskeletal complaints for the knee will
rise in the future [17]. Although the expectations for digital
health solutions are high, there is currently no overview

available of the literature on the use of digital health applications
to assist in establishing a primary diagnosis in orthopedic
surgery that compares existing applications with conventional
imaging techniques or face-to-face contact.

Objectives
The aim of this scoping review was to provide an overview of
the available literature on digital health applications in
comparison with a clinical gold standard such as face-to-face
contact or imaging to establish a remote diagnosis of knee
disorders in orthopedic surgery in the general population. We
wish to provide the reader with an overview of the investigated
knee disorders, input parameters used, and underlying methods.
Furthermore, accuracy measures—sensitivity and
specificity—were used to determine whether it is possible to
reliably establish a remote diagnosis of knee disorders that can
be used in clinical practice. As such, this scoping review will
provide a better understanding of what is currently possible
with digital health in clinical practice and which areas need
more research to develop adequate digital health applications
for undiagnosed patients with knee pain.

Methods

Search Methods
This scoping review was conducted in accordance with the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
guidelines (Multimedia Appendices 1 and 2 [18]). An
information specialist (EJLGD) performed a systematic literature
search in the medical databases PubMed (MEDLINE) and
Embase (Ovid) on April 28 and 29, 2021, as shown in
Multimedia Appendix 3. The applied terms, including synonyms
and closely related words, were “Telemedicine/eHealth, Knee,
Knee Joint, Diagnosis.” The complete list of Medical Subject
Heading terms can be found in Multimedia Appendix 3. A
search of the references of the full-text studies was also
performed. There were no limitations regarding the year of
publication. The inclusion and exclusion criteria for screening
identified articles for eligibility are listed in Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Studies reporting methods to establish (in part) a primary diagnosis of knee disorders using digital health for orthopedic surgery

• Application compared with face-to-face physician-patient contact (or conventional validated diagnostic tools such as goniometers and imaging)

• Digital health applications (remote or web-based care in any form including, but not limited to, mobile apps, video, telephone, and internet-based
or telemedicine tools that can be used digitally)

• Aim to develop or validate a digital health application and evaluate one or more measurement properties (ie, sensitivity, specificity, area under
the curve, or inter- or intraclass correlation coefficient) of a digital health application for diagnosis of knee disorders in orthopedic surgery

• Minimum of 1 study participant

• Studies with humans

• Full-length publication in a peer-reviewed journal

• Languages: English, German, or Dutch

• Patient population: all ages

Exclusion criteria

• Rehabilitation and nondiagnostic follow-up studies

• Primary diagnosis solely via imaging, joint puncture, or laboratory tests

• Digital health applications without input from the patient or non–health care provider to establish a primary diagnosis

• Digital sensors (including wearables) as the main focus of the study

• Cadaver and animal studies

• Editorials, conference papers, and published abstract papers

Article Screening
In total, 2 authors (SCvE and DMJ) independently performed
abstract screening for eligibility via the web-based program
Rayyan (Qatar Computing Research Institute) [19]. Full texts
of all the eligible abstracts were retrieved and reviewed
independently by both authors. If there was any discussion about
including or excluding a study, a third more senior author was
consulted (RPAJ), and it was resolved through discussion. As
the aim of this study was to compare applications with
face-to-face contact, we decided not to include conference
papers and abstracts and only include peer-reviewed published
articles to be able to look into the details of the methodology
and subsequent results of the different studies.

Data Charting
The data were independently charted via a predefined form by
2 authors (SCvE and DMJ) and verified by a third author (RJ)
using Microsoft Excel (Microsoft Corp). The extracted data
included details on general study information, study population,
type of application, comparator, analyses, and key findings. See
Multimedia Appendix 4 for a full list of the extracted
parameters.

Synthesis of Results
A narrative synthesis was conducted to organize, describe, and
interpret the results. Studies were categorized by aim of the
application, namely, screening or generating a differential
diagnosis. The extracted data were summarized in tables to
provide an overview of the examined knee disorders, input
parameters used, and algorithms underlying the different

applications. Reported statistical outcome measurements such
as sensitivity, specificity, and area under the curve (AUC) were
used to estimate whether the application was accurate enough
for potential use in clinical practice and could be used to
establish a primary diagnosis of knee disorders. A risk-of-bias
analysis was not deemed relevant considering the scoping review
design of the study.

Results

Overview
Figure 1 shows the results of the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) search
strategy. After screening abstracts and full-text articles for
inclusion and exclusion, 7 studies were included (Table 1)
[20-26]. All the relevant articles yielded by the search were
published after 2008.

The articles could be divided into applications that were
interested in 2 different phases of the diagnostic process:
screening and decision support. The number of patients,
methods, and aim of the study are summarized in Table 1. The
aim of screening studies was to detect a specific disorder in the
general population. Decision support studies generated a
differential diagnosis to aid in the process of determining a final
diagnosis. Most screening applications (3/4, 75%) focused on
the detection of osteoarthritis (OA) [23-25], and 25% (1/4)
focused on screening for meniscal tears [26]. The decision
support studies, in contrast, focused on multiple knee disorders.
The number of diagnoses considered by the separate decision
support applications ranged from 12 to 25 (Textbox 2) [20-22].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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Table 1. Characteristics and aims of the included studies (N=7).

ComparatorAimDiseaseMethodPatients, nFemale partici-
pants, n (%)

Age (years),
mean (range)

Study, year of
publication

Decision support studies

Orthopedic surgeonEstablish a differen-
tial diagnosis of
knee injuries

Multiple knee

disordersa
Web-based
symptom
checker

615; final analy-
sis: 527

255 (48)47 (18-81)Bisson et
al [20],
2014

Orthopedic surgeonEstablish a differen-
tial diagnosis of
knee injuries and let
patients determine
the right diagnosis
from a list

Multiple knee

disordersa
Web-based
symptom
checker

790; final analy-
sis: 328

165 (50)48 (18-76)Bisson et
al [21],
2016

Diagnosis by 2 ortho-
pedic surgeons
based on the same
26-item question-
naire

Establish a differen-
tial diagnosis list
comparing heuristic
versus Bayesian algo-
rithms

Multiple knee

disordersa
Web interface
with 26 ques-
tions and 10
possible diag-
noses analyzed

using AIb

469Not available
(50)

44 (1-84)Elkin et
al [22],
2018

Screening studies

Medical record or
diagnosis of os-
teoarthritis

Prediction of os-
teoarthritis in a na-
tionwide database

OsteoarthritisDeep learning
algorithm

5749Not availableNot availableLim et al
[23],
2019

Experienced orthope-
dic physiotherapist

Detecting knee and
hip osteoarthritis

Knee and hip
osteoarthritis

Web-based
questionnaire

100 (200 knees
and 200 hips)

Not available
(54)

63.3 (not
available)

Ratzlaff
et al [24],
2012

RheumatologistDetecting knee and
hip osteoarthritis in
the general popula-
tion

Knee and hip
osteoarthritis

Telephone
questionnaire

Initial screen-
ing: 1380; con-
formation analy-
sis: 109; control
group: 140

Not available
(68)

58 (not avail-
able)

Roux et
al [25],
2008

MRIcDetect meniscal
tears in a primary
care population

Meniscal tearsQuestionnaire
with 1 physical
examination
test

121; after final
analysis: 117

50 (48)47 (18-84)Snoeker
et al [26],
2015

aSee Textbox 2 for an overview of the included disorders.
bAI: artificial intelligence.
cMRI: magnetic resonance imaging.
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Textbox 2. Diseases included in the decision support studies.

Included knee disorders

• Anterior cruciate ligament tear [20-22]

• Iliotibial band friction syndrome [20,21]

• Lateral collateral ligament tear [20,21]

• Medial collateral ligament tear [20-22]

• Meniscal tear [20-22]

• Osgood-Schlatter disease [20,21]

• Osteoarthritis [20-22]

• Osteoarthritis exacerbation [20-22]

• Osteochondritis dissecans [20,21]

• Patellar arthritis [20-22]

• Patellar arthritis exacerbation [20-22]

• Patellar chondromalacia and patellofemoral syndrome [20-22]

• Patellar contusion and saphenous nerve contusion [20-22]

• Patellar instability [20-22]

• Patellar tendinitis [20-22]

• Patellar tendon rupture (partial or complete) [20,21]

• Plica syndrome [20,21]

• Popliteal cyst [20-22]

• Posterior cruciate ligament tear [20,21]

• Prepatellar bursitis [20,21]

• Quadriceps tendinitis [20,21]

• Quadriceps tendon tear (partial or complete) [20,21]

• Rheumatoid arthritis [20,21]

• Stress fracture [20,21]

• Trochlear chondromalacia [20,21]

Input and Underlying Algorithms Used for the
Applications
Questionnaires were the main source of input for both the
screening and decision support applications. The input
parameters for the different applications are presented in
Textbox 3 [20-26]. Most studies (6/7, 86%) used basic
demographic factors as input [20-25]. There was a large variety
of questions related to knee injuries among the studies. Only a
limited number of studies (3/7, 43%) included lifestyle factors
in their applications [23,24,26]. In total, 14% (1/7) of the studies
used a physical test as input [26]. The included studies used no
other input sources to establish a diagnosis. The algorithms to

establish the diagnosis varied from simple skip logic to
sophisticated AI techniques such as deep neural networks
(DNNs; see the following sections for an elaborate description).
A summary of the results of the individual studies is presented
in Table 2. This table shows that the sensitivity of most studies
was high, with low specificity for most of the decision support
studies in contrast. In addition, the decision support studies (3/7,
43%) showed a low specificity in ranking the correct diagnosis
on top in comparison with an orthopedic surgeon. To determine
whether applications can be used in clinical practice, it is
important to provide a more detailed description of the screening
and decision support studies.
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Textbox 3. Input parameters that were used in the included studies.

Demographic factors

• Age [20-23,26]

• BMI [20-24]

• Chronic diseases [23,24]

• Educational level [23]

• Gender [20-23,26]

• Household income [23]

• Marital status [23]

• Region [23]

Injury-related factors

• Deep squat test [26]

• Discoloration [26]

• Duration of pain [22]

• Location of pain [20-22]

• Pain [25]

• Pain in hand or wrist [22]

• Pain during activities or weight bearing [22,25]

• Previous diagnosis [24,25]

• Previous treatments [20-22]

• Swelling or effusion [22,25,26]

• Type of injury [20-22,24]

• Warmth [26]

Lifestyle factors

• Alcohol intake [23]

• Occupation [24]

• Physical activity [23]

• Smoking status [23]

• Self-reported health status [23]

• Sports [26]

J Med Internet Res 2023 | vol. 25 | e40504 | p. 7https://www.jmir.org/2023/1/e40504
(page number not for citation purposes)

van Eijck et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Summary of the results of the included studies (N=7).

Statistical measurement resultsAbsolute resultsStudy, year of publication

Decision support studies

Bisson et al [20], 2014 •• Sensitivity: 89%674 out of 758 diagnoses generated by the program con-
tained the diagnosis of the physician • Specificity: 27%

• 674 correct matches out of a total of 2512 differential diag-
noses

Bisson et al [21], 2016 •• Sensitivity: 91%496 out of 543 diagnoses generated by the program con-
tained the diagnosis of the physician • Specificity: 23%

• 496 correct matches out of a total of 2161 differential diag-
noses

• Sensitivity of the tool when used by patients: 58%
• Specificity of the tool when used by patients: 48%

• 315 out of 543 times the patient was able to identify the di-
agnosis from the list

• 315 out of 653 selected diagnoses by the patient were indeed
the physician’s diagnosis

Elkin et al [22], 2018 •• Number of patients who had the true diagnosis
at rank 1 in the expert model:

Mean rank of true diagnosis:
• Model 3: 2.215

• Model 1: 203 out of 469 (43.3%)• Model 4: 2.522
• Model 2: 203 out of 469 (43.3%)
• Model 3: 224 out of 469 (47.8%)
• Model 4: 191 out of 469 (40.7%)

Screening studies

Lim et al [23], 2019 •• Sensitivity: 67%270 out of 405 patients with OAa correctly labeled
• Specificity: 73%• 1137 out of 1550 patients without OA correctly labeled
• Area under the curve: 76%
• Accuracy: 71.97%

Ratzlaff et al [24],
2012

•• For knee OA:25 out of 34 patients with clinical knee OA had a positive
test • Sensitivity: 73%

• 148 out of 166 patients with a negative test did not have
knee OA

• Specificity: 96%
• Positive predictive value: 86%
• Negative predictive value: 91%

Roux et al [25], 2008 •• For knee OA:76 out of 109 positive initial and secondary screenings did
have OA • Sensitivity: 87%

• 10 out of 140 with a negative initial screening were screened
as positive by the rheumatologist; 2 of these were confirmed
to have OA

• Specificity: 93%
• Positive predictive value: 51%
• Negative predictive value: 98%

Snoeker et al [26],
2015

•• Area under the curve: 0.76 (95% CI 0.72-0.80)Probability of having meniscus tear:
• With minimum score of 15 points: 8.83% • With a score of 150:

• Sensitivity: 86.1%• With maximum score of 320 points: 81.5%
• Specificity: 45.5%
• Positive predictive value: 55%
• Negative predictive value: 81.1%
• False-negative ratio: 14.1%

aOA: osteoarthritis.

Screening Applications
Ratzlaff et al [24] used a web-based questionnaire to screen for
hip and knee OA. The authors used a skip logic method: an
affirmative answer to a question would result in a more specific
question about that topic, and a negative answer would skip
ahead to the next topic. After filling out the questionnaire, all
participants were interviewed and examined by an experienced
orthopedic physiotherapist in a hospital setting. The
physiotherapist used a standardized clinical questionnaire and

physical examination to determine the diagnosis. On the basis
of a sensitivity of 73% in combination with a specificity of 96%,
Ratzlaff et al [24] concluded that these web-based questionnaires
can be used to identify hip and knee OA in community- and
population-based studies when the purpose is to link potential
risk factors to knee and hip health.

Roux et al [25] used a real-life telephone questionnaire with 8
multiple-choice questions that was applied to a random
population sample aged between 40 and 75 years to screen for
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knee and hip OA. A total of 4 questions were aimed at knee
OA, and the other 4 questions were aimed at hip OA. The
questions focused on the number of days that a patient perceived
pain, difficulty in climbing stairs or walking on slopes, walking
range, swelling of the knee, and previously diagnosed hip or
knee OA. The questionnaire was validated in a previous study
[27]. The interview was conducted by a trained interviewer who
was a non–health care professional. If the questionnaire was
positive, the same telephone questionnaire was repeated by a
rheumatologist. The rheumatologist was blinded to the initial
outcome of the web-based questionnaire. If the second
questionnaire was positive, the diagnosis was confirmed by a
physician who knew the patient or the patient was invited for
a physical examination and radiographs. A control group with
a negative initial questionnaire underwent the same diagnostic
procedure. On the basis of 87% sensitivity and 92% specificity,
the authors concluded that the telephone questionnaire was able
to detect and screen patients with symptomatic OA in the general
population [25].

Lim et al [23] developed a screening tool to select patients
suspected to have OA. The study used data from a large South
Korean database (KNHANES) that was used to monitor the
health and nutritional status of approximately 10,000 Koreans
since 1998 [23,28]. The investigators selected persons aged >50
years. A DNN was used to look for risk patterns that increased
the chance of knee and hip OA and compare this with
self-reported previously diagnosed OA. Demographic data,
lifestyle, physical activity, and other chronic diseases were used
as the input layer for the DNN. On the basis of an AUC of
76.8%, Lim et al [23] concluded that it was possible to detect
patients at high risk of OA early in a sample from a large
database.

Snoeker et al [26] developed a digital questionnaire screening
test for meniscal tears. Possible predictors of meniscal tears
were extracted from earlier systematic reviews and used in the
initial test. Nonsignificant predictors were deleted via the Least
Absolute Shrinkage and Selection Operator procedure, after
which the AUC was calculated. The authors used the best model
from the AUC to develop the screening tool. A false-negative
ratio of 15% was accepted as the authors intended to develop a
screening tool. The final test contained a questionnaire of 8
items with 7 questions about general demographics (age and
gender) as well as more specific questions about the injured
knee (weight bearing, effusion, warmth, performance during
sport, and discoloration). The last question involved a physical
examination to be performed, the deep squat test, under the
supervision of a physiotherapist for reliability. Each question
could result in a number of points given based on the previously
calculated predictors. The higher the number of total points, the
higher the probability of having a meniscal tear, with a
probability range from 0% to 79%. Snoeker et al [26] concluded
based on a false-negative ratio of 14.1% that the test improved
the detection of meniscal tears, although further evaluation of
the application is needed to assess its usefulness in clinical
practice.

Decision Support Studies
Bisson et al [20] used a web-based questionnaire to establish a
differential diagnosis of knee complaints. Questions included
age, sex, history of injuries, location of pain, and previous
treatments. The program generated secondary questions
depending on the answers given to the primary set of questions,
a so-called skip logic. The algorithm made a differential
diagnosis out of the answered questions with the aim of not
missing the correct diagnosis in the differential diagnosis, thus
aiming for a high sensitivity. Owing to very similar patient
histories, patellar chondromalacia and patellofemoral syndrome,
patellar contusion and saphenous nerve contusion, plica
syndrome, and trochlear chondromalacia were fused as
patellofemoral pain. The same applied to OA and OA
exacerbation. After this process, the algorithm could generate
a total of 21 possible diagnoses (Textbox 2). The top 3 generated
diagnoses were patellofemoral pain, OA, and meniscal tear.
Quadriceps tendinitis and stress fracture were the least
frequently reported musculoskeletal diseases. Considering its
high sensitivity (89%), the authors concluded that the algorithm
was an accurate method for generating a differential diagnosis
of knee pain [20]. Bisson et al [21] conducted another study
using the same algorithm as that in their previous study. In this
study, patients had to select the right disorder from the
differential diagnosis list generated by the algorithm. The
authors added explanatory information to the different diagnoses
to aid the patients in selecting the right diagnosis from the list
of proposed differential diagnoses. The program generated a
mean of 6.6 diagnoses per patient, and patients were able to
determine the correct diagnosis from the list generated by the
program 58% of the time [21]. The authors concluded that,
despite the availability of credible medical resources, there is
still no guarantee that the consumer will interpret this
information appropriately when forming their own opinion
regarding their medical problem, highlighting the importance
of a medical provider performing a physical examination as
well as any necessary tests.

Elkin et al [22] developed an expert system to establish a
differential diagnosis of 12 knee disorders (Textbox 2) to refer
patients to the right orthopedic surgeon. The primary data
consisted of 26 questions regarding patient history, with 126
possible answers. In total, 2 orthopedic surgeons made a
diagnosis based on 469 patient cases. These diagnoses were
used as the gold standard in this study. Each of the 126 answers
was given a weighting that was used to calculate the probability
of having a specific knee disorder. The weighting was calculated
using 4 models based on 2 different methods. In model 1, a total
of 2 orthopedic surgeons used clinical guidelines, biomedical
research, and expert knowledge to assign the weighting to each
answer (the so-called Bayesian method). In model 2, the
weighting was based solely on the clinical knowledge and
experience of the clinician who assigned a weighting to each
answer in the question list (the so-called heuristic method). The
authors hypothesized that a combination of these 2 methods
would generate the most accurate differential diagnosis list.
Therefore, model 3 was generated, which included a formula
that contained the importance of not missing a disorder (disease
importance) and the importance of the answer to the question
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of having a specific knee disorder (term importance). The values
for disease and term importance were provided by orthopedic
surgeons based on their clinical experience and knowledge. This
algorithm was combined with model 1 to form model 3 and
with model 2 to form model 4. Model 3 was the best in including
the correct diagnosis within the first 5 diagnoses listed. The
expert system, in >95% of the cases, included the true diagnosis
in the top 5 diagnoses determined using model 3 but was not
able to correctly list the number 1 diagnosis. The authors
concluded that, as a correct referral system, model 3
outperformed the other models. However, when using the
application as a reminder system, there was no difference
between the models as they included the same diagnoses in the
top 5.

Discussion

Principal Findings
The most important finding of this scoping review is that,
although the field of digital health applications is expanding
rapidly, the number of peer-reviewed digital applications to
establish a remote orthopedic knee diagnosis is limited, with 7
studies included in this review. From the included studies, we
were able to provide a descriptive analysis of the currently
available applications that are compared with face-to-face
contact or conventional imaging. A maximum of 25 knee
disorders were included in the studies in this review, of which
OA was the most frequent. This is a small number in view of
the >1400 knee diagnoses in the International Classification of
Diseases, 11th Revision (ICD-11) [29]. None of the studies used
wearables as an input parameter for the primary diagnosis. The
focus of the studies included in this review was on screening
and decision support.

Evaluation of the Included Studies and Comparison
With Other Specialties
In total, 57% (4/7) of the studies focused on screening for a
specific knee disorder, of which 75% (3/4) presented a relatively
high sensitivity [23-26]. It must be noted that 67% (2/3) of these
studies may have been subject to bias because of the following
question: “Have you been diagnosed with OA before?” [24,25].
This might have overestimated the sensitivity as there was a
high correlation between this question and the correct prediction
of knee OA in these studies [24,25]. Thus, the questionnaire
may be less sensitive in a general population without previously
diagnosed OA. It is interesting that most of the screening studies
(4/7, 57%) selected patients from the general population instead
of a hospital population. As such, OA screening could be used
for early patient education and adequate prevention programs
that can delay or avoid referral to a hospital, which in turn might
reduce societal costs [30]. These screening tools may not directly
assist in establishing a remote diagnosis, but their widespread
use may help generate the necessary amount of relevant data to
be used as input for future digital health applications. However,
at this moment, screening questionnaires and applications are
of limited value in establishing a remote diagnosis in clinical
practice.

All decision support applications (3/7, 43%) were developed
by The State University of New York (Elkin et al [22] and
Bisson et al [20,21]). The diagnosis of knee disorders by
orthopedic surgeons was reported to be correct in 56% to 80%
of the cases [31]. Clinical decision support might be part of the
solution to assist in the shortcomings of physicians to establish
the primary knee diagnosis [32]. The decision support system
by Bisson et al [20,21] was able to include the correct diagnosis
in the differential diagnosis list with a sensitivity of 89%.
Therefore, it could establish a differential diagnosis to assist
the orthopedic surgeon in making a remote diagnosis. The
decision support system was not accurate in ranking the different
diagnoses.

Clinical decision-making is a complex process that requires
information from different sources such as patient history,
physical examination, imaging, and laboratory investigations
[33]. The studies were accurate in the inclusion of the right
diagnosis in the differential diagnosis but not in listing the
correct diagnosis first. None of the applications contained
information on physical examination, imaging, or laboratory
tests. Uploading pictures taken by the patient of swelling or a
specific wound has already been integrated in some other
medical professions [34]. In addition, imaging or laboratory
outcomes obtained from other institutions are currently available
for sharing in the digital domain. Decision support accuracy for
remote knee diagnosis may improve if these parameters are
incorporated into future digital applications.

A potential drawback in the studies by Bisson et al (2/7, 29%)
[20,21] was that they included only 21 of the most common
knee disorders. Uncommon knee disorders might be missed if
the surgeon relies merely on the decision support system [35].
Integrating different types of information may result in better
diagnoses and a more reliable ranking of the differential
diagnosis. Additional use of validated information from imaging,
wearables, gait analysis, smartphones, accelerometers,
gyroscopes, and inertial sensors could provide more insights
into the dynamic movements of the knee and the influence of
complaints in daily living [4,36-41]. Different types of data
gathering, such as speech recognition, digital scribes, and serious
gaming, could make the patient history more personalized and
specific compared with a standard set of questions [42]. AI
could be valuable in analyzing these larger data sets and might
improve prediction models and provide decision support to a
physician [8].

Several AI techniques are being increasingly studied for
diagnosis in health care [8,43-45]. In this review, only 29%
(2/7) of the studies used AI techniques for knee disorders
[22,23]. Elkin et al [22] used AI to establish a differential
diagnosis of 10 knee disorders. This was the only study that
integrated expert knowledge with statistical input from the
literature in the algorithm and compared this with solely expert
or statistical knowledge. The model that combined expert
knowledge with statistical knowledge (model 3) was the most
adequate in showing the correct diagnosis in the top 5 diagnoses.
However, it could not rank the diagnoses in the right order.
Therefore, this application cannot be used to determine a remote
diagnosis but might be able to assist the orthopedic surgeon in
making a differential diagnosis. The study by Lim et al [23]
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was the only study that used deep learning on big data with
indirect parameters (eg, lifestyle- and health status–related
variables such as smoking status, BMI, alcohol intake,
self-reported health status, and medically diagnosed chronic
disease) to screen for OA in the general population. Deep
learning is a form of machine learning and uses different layers
(so-called neurons) to recognize patterns in a data set. A DNN
can be trained partially by humans (supervised) or can train
itself (unsupervised) to perform different tasks [3,46]. A possible
bias in this study was that patients were only included in the
model if OA was previously diagnosed.

Strengths and Limitations
There are some limitations to this scoping review. First, we did
not include conference papers, white papers, or abstracts as they
were not within the scope of the databases searched. This is
because the aim of this review was to focus on the methodology
of the available applications and subsequent results, and as such,
peer review of the articles was deemed desirable. To decrease
the chance of missing relevant articles, the references of the
included studies were screened. This did not yield any new
articles. Second, a positive publication bias could have led to
an underestimation of what has been researched until the present
as this study only investigated published research. Lessons
learned from developed and tested applications that were not
successful in diagnosing knee disorders remotely would have
been very valuable in light of the aim of this scoping review.
A search of trial registries could have led to a better estimation
of positive publication bias. Third, the search strategy excluded
gait analyses that were performed in a hospital or research
laboratory. It is conceivable that the devices used in these studies
could also be applicable outside the hospital and, thus, be
valuable for this scoping review. However, we did not find any
relevant articles in this category in the references of the included
articles. Finally, cultural and geographic factors might limit the
applicability of the results. All the included studies (7/7, 100%)
were conducted in Europe, North America, and South Korea.
As such, they might have limited value in a different global
setting such as low- and middle-income countries because of,
for example, internet access and cultural differences.

Future Directions
Several factors could be considered when conducting research
in the future regarding digital health applications. To improve
future research for the development of digital health
applications, there should be a focus on the construction and
connection between reliable clinical databases to create big data
sets that can be used for machine learning [43,44]. Other medical
specialties have already made use of these big data sets and
indirect data to detect insomnia for mental disorders and
arrhythmias for cardiac diseases [45,47]. Big data sets can be
created by integrating different validated digital application
modalities such as imaging, questionnaires, wearables, and the
use of activity trackers and cameras in mobile phones into 1
model, which may improve the sensitivity and specificity of a
diagnosis in orthopedic surgery.

Standardizing the methods and reporting of studies on digital
health would be beneficial for future clinical implementation
[48]. An essential prerequisite for clinical implementation will
be data protection and legal issues regarding privacy-sensitive
information transfer and storage by the different applications
[49,50]. Encrypted messaging and blockchain may offer
opportunities regarding these data issues [50]. Legal
responsibilities concerning privacy, liability, and insurance
should all be considered when developing a new digital health
application [49]. Currently, diagnostic imaging and laboratory
studies are almost inconceivable without a digital environment.
Progress in data encryption techniques will also likely continue
to enhance the protection of the privacy of these data. Therefore,
it is logical to assume that future digital health applications will
integrate multiple sources of information into 1 application.

This scoping review shows that there are a limited number of
available applications to establish a remote diagnosis of knee
disorders in orthopedic surgery. To date, there is limited
evidence that digital health applications can actually assist a
patient or orthopedic surgeon in establishing the primary
diagnosis of knee disorders. Future research should aim to
integrate multiple sources of information and standardize study
designs with close collaboration among clinicians, data
scientists, data managers, lawyers, and service users to create
reliable and secure databases.
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