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Core Tip: This editorial summarizes and outlines the original paper “Automated decision support for Hallux valgus treatment
options using anteroposterior foot radiographs”. We summarize the scope of the deep learning process and compare it to
existing artificial intelligence studies used in clinical diagnostic studies. We additionally describe its limitations and impact
in the field of automated diagnostic tools.
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INTRODUCTION

Artificial Intelligence (AI) and deep learning have emerged as potential assets in the realm of diagnostic and radiographic
medicine, significantly impacting the quality and efficiency of healthcare[1]. Automated systems have demonstrated their
value in various medical domains, such as Al-derived pneumonia detection from chest radiographs, diabetic retinopathy
assessment, breast cancer diagnosis, skin carcinoma classification, and metastatic lymphadenopathy detection[2]. The
diagnostic reliability of some Al systems has been found to parallel that of medical experts, marking a transformative era
in medical imaging and analysis[3].

This study by Kwolek et al[4], featured in the World Journal of Orthopedics, represents a supportive contribution to the
application of Al in orthopedic diagnostics. The authors employed an automated and Al-assisted technique to determine
the hallux valgus angle (HVA), a critical parameter in assessing HV foot deformity. Leveraging the capabilities of the U-
net neural network, the authors constructed an algorithm tailored for pattern recognition of HV foot deformity from
anteroposterior high-resolution radiographs. The authors evaluated the performance of their deep learning algorithm by
comparing it to expert clinician manual assessments and also considered clinician-clinician variability. The study found
that the AI tool demonstrated sufficient accuracy in assessing the HVA when compared to clinician readings and circum-
vented the issue of clinician-clinician variability. Since the proposed system was effective, the authors suggest that it may
have an eventual role in supporting clinical efficiency or efficiency in the evaluation of HV deformities.

While acknowledging the success achieved in this study, the authors emphasize the need for further sophistication in
automated algorithms to address more intricate foot pathologies. Automated algorithms like the one presented here are
not well-adapted to perform analysis for patients outside the narrow scope of a specific pathology. In this case, exclusion
of patients with pathologies such as osteoarthritis, pes cavus, Charcot foot, or other joint deformities limits the clinical
application of the proposed algorithm. Especially considering the simple diagnostic nature of assessing HVA, clinician
discretion is still important for evaluating concomitant foot deformities or pathologies.

As a general commentary, the integration of Al in medical imaging has significant implications for patients and
physicians. The use of Al-assisted diagnostics may lead to enhanced accuracy and efficiency in medical practice,
potentially leading to quicker and more precise treatment decisions[5]. Patients may benefit from improved diagnostic
capabilities, resulting in more timely interventions and potentially more accurate diagnoses. Physicians may experience a
shift in their roles, with Al serving as a valuable supportive tool in diagnostic processes. There is a growing fear that Al
may eventually have the power to overtake the clinician’s role in diagnosing certain pathologies. Still, at this stage, Al
simply serves as a tool for augmenting efficient delivery of care[6]. The proposed Al system in this study does not replace
clinical expertise but rather complements it, offering a tool that can handle repetitive tasks efficiently and contribute to
diagnostic accuracy[3]. This study reinforces the growing evidence supporting Al as a powerful diagnostic tool in
orthopedics. As Al continues to evolve, its impact on the quality of healthcare, patient outcomes, and the workflow of
medical practitioners will transform a new era in the integration of technology with traditional medical practices.

The HV is one of the most common forefoot conditions and is defined as an angular deviation of more than 15 degrees
of the hallux with respect to the first metatarsal bone[7,8]. Risk factors for the development of HV include female sex,
increased age, body mass index, pes planus, hammertoe, and ill-fitting footwear[8,9]. Though the exact biomechanical
etiology is unclear, recent literature suggests that HV is likely due to soft tissue contracture and attenuation leading to
malalignment at the bone articulations[7]. When evaluating HVA, it is important to evaluate the bony tissue within the
foot. The first ray osseous components are composed of the first metatarsal and medial cuneiform with stability
dependent on several static and dynamic structures at the first metatarsophalangeal (MTP) and tarsometatarsal joints,
making the first ray intrinsically unstable[10]. In the early stages of HV deformity, the prevailing theory posits a
weakening of medial support structures of the first toe. This weakening manifests as a medial displacement of the first
metatarsal accompanied by a lateral deviation and pronation of the big toe. Consequently, a gradual varus deformity
takes shape at the first MTP joint. As the metatarsal head undergoes medial shift and rotation in the frontal plane, its
position relative to the sesamoid apparatus is altered. Consequently, the first metatarsal head rests on the medial
sesamoid, while the lateral sesamoid is in the first intermetatarsal (IMA) space. Concurrently, the developed deformity at
the MTP joint permits the hallux flexor and extensor tendons to bow laterally, causing further deformity. Simultaneously,
the displaced abductor hallucis flexes and pronates the phalanx, contributing to the distortion. The increased prominence
at the first MTP joint stems from the increased prominence of the first metatarsal head[9,10]. The HVA is commonly
measured by plain radiograph. The widely-accepted method to measure HVA consists of an angle constructed between
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the center longitudinal axis of the first metatarsal and the axis of the hallux. The angle has typically been determined
through use of a protractor by use of the physician but more recently has been determined with assistance from
technology[11].

In this article of World Journal of Orthopedics, Kwolek et al[4] demonstrated a novel approach to HVA and IMA
measurements by utilizing deep-learning computer automated methods. By comparing the measurements obtained by
their trained U-Net neural network to measurements performed manually by clinicians, they sought to demonstrate the
algorithm’s clinical efficacy. The study was conducted with a cohort of 133 patients, comprising 265 preoperative
radiographic images, with the sole inclusion criteria being weight-bearing symptomatic HV. The authors excluded
radiographs with other underlying pathologies that could complicate a read (i.e., severe osteoarthritis, joint deformation,
Charcot foot). The U-Net neural network was first trained using anteroposterior foot radiographs with labeled bones and
segmental separation. Rather than utilizing binary segmentation of bones with bone extraction, the authors opted for a
multi-class segmentation that only selects three bones (IMT, 2MT, and hallucial PP) to calculate HVA/IMA ultimately.
This was done to limit the difficulties with reliably training the model despite radiographic noise/artifacts and complex
bone structure in the anteroposterior view. Following training and validation of the model, the algorithm was used to
automate the measurement of the HVA/IMA in 84 radiographs. In those same radiographs, HVA/IMA was measured
manually multiple times by clinicians who were blinded to clinical outcomes. The measurements between Al clinicians
and clinician clinicians were compared.

Kwolek et al[4] found that there was a significant correlation (HVA: 0.96-0.99; IMA: 0.78-0.95) between the Al-
generated measurements and clinician measurements of HVA/IMA. They found that the ratio of operative decisions
made based on Al recommendations compared to clinician decisions was almost 0.80, which is equal, if not higher, than
the ratio among different clinicians. The authors state that these results are strongly suggestive of a successful
achievement that would ultimately save time for the radiologist and orthopedic surgeon while producing clinically
actionable results.

A limitation of this study includes the standardization of initial training of the U-Net neural network, as the dataset
largely relied on measurements of three segmented bones, which may not be reliable in patients with varying anatomy. In
addition, radiographs were selected on the basis that there was no secondary bone pathology present. These limited data
sets may not be reflective of the general patient population suffering from HV. These concerns largely coincide with the
literature regarding the implementation of Al in clinical practice. These include the dependence on high-quality training
data, which requires extensive and clinically relevant datasets[12]. In addition, there are ethical concerns with making
clinical decisions based on deep learning technology when not all of the logical bases of the system are understood.
Finally, concerns have been raised regarding the clinician’s lack of acceptance and trust in Al innovations, as well as their
lack of awareness and familiarity with the technology to be used readily in clinical practice[13].

Despite this, the study does well to demonstrate an efficient metric that has produced promising results. The study
design is strong, and the authors were able to create a standardized neural network that can reliably make clinically
meaningful decisions at the same rate, if not better, than clinicians. Despite the potential limitations of Al implications, it
is hard to ignore the potential benefits of the clinical implications that the authors posit.

CONCLUSION

The featured study by Kwolek et al[4] supports the integration of Al into orthopedic diagnostics, specifically in the
assessment of HV foot deformity. The authors utilized a U-net neural network to determine the HVA. This has implic-
ations on the diagnosis of foot pathologies, but also the use of automated tools in healthcare in general.

However, the study also acknowledges the need for further sophistication in automated algorithms to address complex
foot pathologies. Considering the rate of concomitant procedures performed during hallux alignment surgery, it is
important to note that HV does not always occur in isolation[14]. The authors of this study needed to exclude con-
comitant pathologies such as osteoarthritis, pes cavus, Charcot foot, and joint deformities, which do not yield a clinically-
accurate patient population. The proposed automated system was effective in determining the HVA, a somewhat simple
measurement, but only for foot radiographs where no other foot pathologies were noted. Further algorithm optimization
is needed for this tool to become clinically relevant.

Additionally, while we have previously discussed the potential for Al to increase clinical efficiency, the value of
reduced diagnostic time may be marginal in the case of measuring HVA. The conventional method used to acquire HVA
takes 12.3 s £ 0.6 s to measure, and even as short as 5.9 s + 0.2 s with the point-connection method[15]. While automation
of this measurement may be convenient, the marginal time saved by the algorithm may not outweigh the limitations that
currently exist with this model. The automated process may save an expertly trained clinician a number of seconds or
minutes, but that time would be needed to screen the radiographs for exclusion criteria previously mentioned.

Finally, as with any deep-learning algorithm, the outputs are subject to bias in training data and patient demographic
inputs[16]. The study would be strengthened with the use of a larger, more diverse dataset, potentially utilizing a multi-
center approach, to ensure that the automated system was able to process patient radiographs from a wide range of
demographics, including age, sex, race, and lifestyle.

In summary, while the study supports the exciting topic of Al as a powerful diagnostic tool in medicine, many
limitations need to be addressed before the algorithm presented here reaches clinical relevance. The deep-learning system
would benefit from training with a broader variety of pathologies and a larger sample size of more diverse patient
demographics. Nevertheless, this work by Kwolek et al[4] is an important reminder of the potential impacts of automated
systems in medicine.
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