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ABSTRACT

Introduction: Developmental dysplasia of the hip (DDH) is the most common pediatric musculoskeletal disorder, and its radio-
graphic diagnosis may be affected by technical and interpretive variability. Artificial intelligence (Al), particularly through automated
machine learning (AutoML) platforms, offers tools to standardize image assessment and assist in diagnostic classification. Objec-
tives: To develop and evaluate an Al model for distinguishing between normal pediatric pelvic radiographs and those showing
DDH using the Landing Lens platform. Materials and Methods: A retrospective study included 328 pelvic radiographs from
patients aged 1 month to 14 years. Four pediatric orthopedic surgeons with varying levels of experience independently labeled
the images. The final diagnosis was established by a simple majority, with consensus reached in cases of disagreement. The
radiographs were divided into training (70%), validation (20%), and test (10%) sets. Model performance was assessed using ac-
curacy, recall, specificity, F1 score, and agreement coefficients. Results: The model correctly classified 320 images (accuracy,
97.6%; recall, 92.8%; specificity, 98%; F1 score, 86.6%). Interobserver agreement was almost perfect (Fleiss’ kappa, 0.86), and
agreement between the model and specialists increased with clinical experience (Cohen’s kappa, 0.85 for the senior observer).
Conclusions: These findings support the use of Al as an adjunctive tool to standardize the radiographic diagnosis of DDH and
reduce interobserver variability. External validation and multicenter studies are required before routine clinical implementation.
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Diagndstico radiografico de displasia del desarrollo de la cadera infantil asistido por inteligencia artificial:
estudio retrospectivo

RESUMEN

Introduccidn: La displasia del desarrollo de la cadera (DDC) es la alteracion musculoesquelética pediatrica mas frecuente y su
diagndstico radiografico puede verse afectado por variaciones técnicas e interpretativas. La inteligencia artificial (IA), particular-
mente mediante plataformas AutoML, ofrece herramientas para estandarizar la evaluacién de imagenes y asistir en la clasifica-
cion diagndstica. Objetivos: Desarrollar y evaluar un modelo de |A para diferenciar radiografias panoramicas de pelvis de nifios
normales o con DDC utilizando la plataforma Landing Lens. Materiales y Métodos: Se realizé un estudio retrospectivo de 328
radiografias de pelvis de pacientes de entre 1 mes y 14 afos. Cuatro ortopedistas infantiles con distintos niveles de experiencia
realizaron el etiquetado independiente de las imagenes. El diagndstico final se definié6 mediante mayoria simple y consenso en
casos discordantes. Las radiografias se dividieron en conjuntos de entrenamiento (70%), validacion (20%) y prueba (10%). El
rendimiento del modelo se evalué mediante exactitud, sensibilidad, especificidad, F1 score y coeficientes de concordancia. Re-
sultados: El modelo clasificé correctamente 320 imagenes (exactitud 97,6%, sensibilidad 92,8%, especificidad 98%, F1 score
86,6%). La concordancia interobservador fue casi perfecta (kappa de Fleiss 0,86), y el acuerdo entre el modelo y los especialistas
aumentd con la experiencia clinica (kappa de Cohen 0,85 con el observador senior). Conclusiones: Estos resultados respaldan
el uso de la IA como herramienta complementaria para estandarizar el diagnéstico radiografico de la DDC y reducir la variabilidad
interobservador. Se requieren validaciones externas y estudios multicéntricos antes de su implementacién clinica rutinaria.
Palabras clave: Displasia del desarrollo de la cadera; inteligencia artificial; AutoML; radiografia de pelvis; nifios; aprendizaje
profundo.
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INTRODUCTION

Developmental dysplasia of the hip (DDH) results from an abnormal relationship between the femoral head
and the acetabulum in the immature hip joint. It encompasses a spectrum ranging from mild acetabular dysplasia
to subluxation or complete dislocation. DDH is the most common pediatric musculoskeletal disorder, with an
estimated incidence of 0.1-11%, and is more frequent in girls and in the left hip."'!° Pelvic radiography is the
first-line imaging modality for diagnosing DDH in children older than 4-6 months.'3¢811.12

Artificial intelligence (Al) is increasingly used in medicine, particularly for image analysis. Computer vision
and machine learning techniques allow algorithms to be trained to recognize complex patterns and assist with
diagnostic classification, helping to reduce interobserver variability.'*!*

In recent years, several studies have used deep learning models for the radiographic diagnosis of DDH, with en-
couraging results in terms of accuracy, recall, and specificity.>> 711121517 Automated machine learning (AutoML)
allows predictive models to be developed without advanced programming or data science expertise, making them
more accessible in clinical settings. Landing Lens is an AutoML-based computer vision platform that provides
intuitive interfaces for training and validating image classification models.'*®

This study aimed to develop and evaluate an AutoML model using the Landing Lens platform to classify pedi-
atric pelvic radiographs as normal or showing DDH.

MATERIALS AND METHODS

This study was conducted in accordance with the ethical principles of the Declaration of Helsinki. Informed
consent was waived because of the retrospective design and the use of radiographs previously obtained during
routine clinical care. All images were anonymized before analysis to ensure confidentiality and protect patients’
personal data.

A retrospective search was conducted for all pelvic radiographs obtained at the institution between March
1, 2023, and March 1, 2025, in pediatric patients aged 1 month to 14 years and 11 months. Radiographs were
excluded if the children had traumatic conditions (fractures or acute dislocations), infections (septic arthritis or
osteomyelitis), tumors, neurological conditions (chronic nonprogressive encephalopathy or myelomeningocele),
a diagnosis of arthrogryposis, slipped capital femoral epiphysis, or Legg-Calvé-Perthes disease, or a history of
hip surgery.

The demographic variables analyzed were age in months and sex. Radiographic images were converted from
DICOM (Digital Imaging and Communications in Medicine) to JPG format before being uploaded to the Al plat-
form. Standardized display settings (window width and level) were maintained during conversion to preserve rel-
evant anatomical information and ensure consistency across the dataset. Although DICOM format offers greater
control over image parameters, conversion to JPG was necessary for compatibility with the AutoML platform.

Four pediatric orthopedic specialists independently labeled the radiographs as DDH or normal: one had less
than 5 years of experience, two had 10-15 years, and one had more than 15 years.

The final diagnosis for each radiograph (DDH or normal) was determined by a simple majority among the four
independent observers. When their assessments differed, the final diagnosis was established through joint review
and consensus, with the most experienced specialist (more than 15 years in pediatric orthopedics) acting as the
final adjudicator. This approach served as the reference standard for training and evaluating the Al model.

The predictive model was implemented using Landing Lens, an Al platform available on the Landing.ai web-
site. The following metrics were used to evaluate the machine learning model’s performance and are detailed in

* Confusion matrix: A tool that displays an algorithm’s performance, allowing a more comprehensive assess-
ment of the model.

* Precision: The proportion of correct predictions in a test dataset. It is the ratio of the number of correct pre-
dictions to the total number of input examples (positive cases detected).
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Figure 1. Formulas for the metrics used to evaluate

the artificial intelligence model.
TP = true positive; TN = true negative; FP = false positive;
FN = false negative.

* Recall: The proportion of positive cases correctly identified by the algorithm. It represents the true positives
(radiographs showing DDH).

* F1 score: Combines precision and recall into a single metric to assess the model’s ability to minimize false
positives and false negatives. A higher F1 score indicates a good balance between these two factors.

* Accuracy: The proportion of correctly identified positive and negative cases relative to the total number of
images.

* Specificity: Measures how many normal radiographs are correctly identified as such (true negatives).

Fleiss’ kappa coefficient was also calculated to assess agreement among specialists, and Cohen’s kappa coef-
ficient was used to assess agreement between each specialist and the AI model.

RESULTS

A total of 328 pelvic radiographs were obtained: 152 from girls (46.34%) and 176 from boys (53.65%). The
mean age was 66 months (5.5 years; range 2—179 months). The largest number of radiographs came from patients
younger than 24 months (118 images).

For model development, 230 radiographs (70%) were used for training, 65 (20%) for validation, and 33 (10%)
for testing. The AI model correctly classified 320 of the 328 radiographs and misclassified eight ( ).

The model achieved an overall accuracy of 97.6%, a precision of 81.2%, and a recall of 92.8%, correctly identi-
fying most cases of DDH (high recall). The F1 score was 86.6%, indicating an adequate balance between precision
and recall. Specificity was 98%, indicating a very good ability to identify normal radiographs (high specificity)
( ).

Interobserver agreement, assessed using Fleiss’ kappa, was 0.86, corresponding to almost perfect agreement
( ). Cohen’s kappa between the least experienced specialist (less than 5 years) and the AI model was 0.75. It
was 0.81 for each of the two specialists with 10-15 years of experience and 0.85 for the most experienced special-
ist (>15 years).
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Figure 2. Heatmaps generated by the artificial intelligence model, highlighting key areas in each image to visualize its
decision-making proces.

Figure 3. Overall confusion matrix for the artificial intelligence model, including precision and recall.

Ground truth Ground truth
Normal 0 98.0%
DDC 0 92.90%
No label 0 0 -
Precision 99.3% 81.30%
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Table. Interpretation of the kappa coefficient (Landis and Koch, 1977).

Kappa coefficient Strength of Agreement
0.00 Poor
0.01-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect

DISCUSSION

Several studies have evaluated Al-assisted radiographic diagnosis of DDH in pediatric populations with broad
age ranges. This heterogeneity, also present in our sample, reflects the anatomical changes that occur during
growth and poses an additional challenge for automated classification models.>>7%10:12.15.16

Consistent with the medical literature, most publications report a higher frequency of DDH in girls. Boys
predominated in our series, however, which may reflect institutional referral patterns rather than the actual preva-
lence of the disease.?>08%11:16

Our sample size is comparable to those of several previous studies, although smaller than those of large
multicenter series. The largest studies are those by Zhang, with 10,219 radiographs, and Liu, with 10,000
images.*®

Radiographs are labeled by pediatric orthopedic specialists with varying years of experience or by radiologists
with different levels of training in pediatric radiology.” In some studies, pediatric orthopedists and pediatric radi-
ologists work together.>%!? In our study, four pediatric orthopedists performed the labeling: one with less than 5
years of experience (junior), two with 10-15 years (intermediate), and one with more than 15 years (senior). This
approach has also been used in other publications.>>7:!!

The kappa coefficient measures the degree of agreement among observers. Agreement in our study was almost
perfect (Fleiss’” kappa 0.86), similar to that reported by Xu et al.” When agreement between the Al model and
individual specialists is assessed, the highest Cohen’s kappa values are found for the senior specialist,” consistent
with the value of 0.85 in our study.

Our Al model achieved high overall accuracy, high recall, and very high specificity, in line with values reported
in systematic reviews and recent studies. The difference between accuracy and precision may be explained by
the relative class imbalance and the low number of false positives, a phenomenon previously described in models
used to diagnose DDH.*7:11:16:19:20

This study is limited by its retrospective, single-center design, sample size, lack of external validation, and
conversion of images to JPG format. Future prospective, multicenter studies should address these limitations to
validate the findings and assess their generalizability.*¢1°-2!

24,16

CONCLUSIONS

Accessible AutoML platforms such as Landing Lens offer an opportunity to expand access to diagnostic sup-
port tools in resource-limited settings, helping to standardize radiographic interpretation and reduce interobserver
variability. Although external validation is needed before routine clinical use, Al shows promise as a valuable
complement to expert clinical judgment in the radiographic diagnosis of DDH, without requiring advanced train-
ing in data science.

Use of Artificial Intelligence
ChatGPT (OpenAl) was used to generate 25% of the content of the abstract and conclusion. The authors verified the
accuracy and originality of the Al-generated content.
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