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ABSTRACT

        This study evaluates the effectiveness of a deep learning model in detecting skull fractures from brain CT images. The model was developed using a dataset from Maharaj Nakorn Chiang Mai
Hospital and tested on an independent dataset comprising 147 randomly selected patients with traumatic brain injuries admitted to Lampang Hospital between 2022 and 2024. The evaluation aimed
to assess the model's performance on previously unseen data.
       The model's diagnostic performance was measured using accuracy, precision, sensitivity, and specificity. Results showed a high sensitivity of 0.952, indicating its effectiveness in detecting skull
fractures, while the specificity was 0.744. With an accuracy of 0.850, the model demonstrated strong predictive capability for both positive and negative cases. However, its precision of 0.759
suggests some misclassification in detecting depressed skull fractures. 
       Given these findings, the deep learning model shows promise as a screening tool for identifying skull fractures that require urgent surgical intervention. However, for optimal diagnosis and
treatment planning, its use should be complemented by expert radiological assessment.

INTRODUCTION

        Head injuries result from external force impacting the head or body, causing trauma to the
scalp, skull, brain, or nerves. Road accidents are a major cause of head injuries, with the skull
being one of the most frequently affected structures.
         Patients with brain injuries are diagnosed using brain computed tomography (CT) images,
which are interpreted by radiologists. Referral for consultation and treatment by a surgeon is
considered if any of the following CT abnormalities are detected: midline shift, hematomas, or
depressed skull fractures. Artificial intelligence (AI) is increasingly being used to detect
abnormalities in CT images of patients with traumatic brain injuries. However, studies evaluating
AI models using test datasets from different hospitals remain scarce due to variations in CT
imaging processes among medical institutions.
       In this study, an independent dataset from Lampang Hospital was used to evaluate the
performance of a skull fracture detection model originally developed with data from Maharaj
Nakorn Chiang Mai Hospital. Assessing the model’s performance on this dataset will help
determine its effectiveness and reliability for practical applications in detecting skull fractures
on brain CT images. This study is part of the research project "Development and Transfer of
Technology: Artificial Intelligence Techniques in the Diagnosis of Patients with Brain Injury."
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Fig 2. The bone window CT scans 
from Lampang Hospital

OBJECTIVE 

         To evaluate the effectiveness of a deep learning model in detecting skull fractures from
brain CT images using a test dataset from  Lampang Hospital.  

RESULTS
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         Among the 147 patients, the majority were male, with a mean age of 42.82 years. Based on
radiologists' classifications of skull fractures from brain CT scans, most patients had depressed
skull fractures (42.85%), and the majority of these cases required surgical intervention (42.86%).

Table 2. Diagnostic Performance of the Deep Learning Model

       The results in Table 2 indicate that the model achieved an accuracy of 0.850,  a precision of
0.759, a sensitivity of 0.952, and a specificity of 0.744 when tested with 147 cases from Lampang
Hospital.

 Table 3. Confusion Matrix for Skull Fracture Detection (Lampang Hospital Dataset)

       The results in Table 3 show the model’s performance values using the Lampang Hospital
dataset, calculated by comparing radiologists' diagnoses with the AI model’s predictions.

CONCLUSION

        The deep learning model exhibited high sensitivity (0.952), indicating its effectiveness in
detecting skull fractures. However, its specificity was 0.744, and its precision of 0.759 suggests
some misclassification, particularly in detecting depressed skull fractures. When comparing
performance on test datasets from Maharaj Nakorn Chiang Mai Hospital and Lampang Hospital,
the model's effectiveness was notably lower on the Lampang dataset, with only sensitivity
remaining similar. This difference is likely due to the higher image sharpness of the bone window
CT scans from Lampang Hospital compared to the bone window images adapted from brain
window scans in the Maharaj Nakorn Chiang Mai dataset. Consequently, this affected the
model’s performance, leading to detections of other skull regions instead of focusing solely on
fractures. Despite these variations, the deep learning model demonstrates potential as      
a screening tool for identifying skull fractures requiring urgent surgical intervention. However,
expert radiological assessment remains essential for optimal diagnosis and treatment planning.

METHODS

Study design: Prospective Study

Study population: Patients with traumatic brain injuries admitted to Lampang Hospital

Data collection: Data was obtained from Lampang Hospital under the research project

"Development and transfer of technology, artificial intelligence techniques in the diagnosis of

patients with brain injury".The artificial intelligence model was developed using a dataset from

Maharaj Nakorn Chiang Mai Hospital.

Data Cleansing : Checking for duplicates and ensuring data completeness

Statistical analysis: 
Table 1. confusion matrix.
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Fig 1. The bone window CT images adapted from
brain window scans in the Maharaj Nakorn Chiang Mai dataset


