
INTERNATIONAL JOURNAL OF ENGINEERING INNOVATIONS AND MANAGEMENT STRATEGIES, VOL 01, MAR 2025 

Page No.: 1 

 

 

Bone Tumor Detection Using X-Ray Images 

1Kavali Teja, 2Akash Bhardwaj,3 Prathyusha Reddy 
1,2, 3UG Student, Department of Computer Science and Engineering, Anurag University, Hyderabad, Telangana, 

India. 

 
Abstract. Bone tumors, both benign and malignant, present critical health challenges that require 

timely and accurate diagnosis to improve patient outcomes. Traditional methods for detecting bone 

tumors through X-ray imaging heavily depend on the expertise of radiologists, which can be 

subjective and prone to variability. To address these limitations, this study proposes an automated 

bone tumor detection system using X-ray images powered by deep learning techniques. The 

approach involves preprocessing the X-ray images to enhance quality and contrast through noise 

reduction and histogram equalization, followed by feature extraction using a convolutional neural 

network (CNN). The CNN model is trained on a curated dataset of labeled X-ray images, consisting 

of normal and tumor-affected bone samples, enabling it to learn discriminative features that 

distinguish healthy bone structures from tumor regions. Data augmentation strategies are employed 

to mitigate class imbalance and improve the model’s generalization capabilities. Experimental 

results demonstrate that the proposed system achieves high accuracy, sensitivity, and specificity, 
indicating its potential as an effective diagnostic aid. By automating the detection process, the system 

can assist radiologists by reducing diagnostic time and minimizing human error, ultimately 

supporting earlier intervention and better clinical decision-making. Furthermore, the model’s 

adaptability makes it suitable for deployment in resource-constrained settings where access to 

specialized medical professionals is limited. This research contributes to the expanding field of 

artificial intelligence applications in medical imaging, particularly in oncology diagnostics. Future 

directions include increasing the dataset size, incorporating multimodal imaging data for more 

comprehensive analysis, and refining the model to classify various tumor types for personalized 

treatment planning. Overall, the study highlights the transformative impact of deep learning-based 

approaches on enhancing diagnostic accuracy and efficiency in bone tumor detection through X-ray 

imaging. 
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INTRODUCTION 

 
Bone tumors, characterized by abnormal growths within the bone tissue, represent a critical area of 

concern in orthopedic oncology. These tumors can be benign (non-cancerous) or malignant (cancerous), with 

malignant tumors posing severe health risks including metastasis, bone destruction, and systemic complications. 

Early detection and accurate diagnosis of bone tumors are vital to improving patient outcomes and guiding 

appropriate treatment strategies. X-ray imaging remains one of the most widely used and accessible diagnostic 

tools in the evaluation of bone pathologies due to its cost-effectiveness, wide availability, and capability to provide 

clear visualization of bone structure. However, interpreting X-ray images for tumor detection often relies heavily 
on the experience and expertise of radiologists, making the process subjective, time-consuming, and prone to inter-

observer variability. 

In recent years, the integration of artificial intelligence (AI), particularly deep learning techniques, into 

medical imaging has emerged as a transformative approach to address these challenges. Deep learning models, 

especially convolutional neural networks (CNNs), have demonstrated remarkable performance in extracting 

complex features from medical images, enabling automated detection and classification of diseases with high 

accuracy. Applying these models to bone tumor detection from X-ray images can potentially reduce diagnostic 

errors, enhance consistency, and support clinicians in making faster, more informed decisions. 

Despite the progress in medical imaging and AI, bone tumor detection poses unique challenges. Bone 

tumors often exhibit diverse shapes, sizes, and appearances depending on the tumor type, location, and stage of 

progression. The surrounding bone and soft tissue structures can complicate the clear delineation of tumor 

boundaries. Additionally, the limited availability of large, annotated datasets of bone tumor X-ray images impedes 
the training of robust deep learning models. Addressing these challenges requires careful preprocessing of images 

to enhance quality, effective feature extraction methods, and strategies to handle data scarcity and imbalance. 

This study aims to develop a comprehensive automated system for bone tumor detection using X-ray 
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images by leveraging deep learning techniques. The system involves three main components: image preprocessing 

to improve the visual quality and contrast of X-rays, feature extraction using a CNN architecture tailored for bone 

pathology recognition, and classification of images into normal or tumor-affected categories. To overcome data 

limitations, data augmentation techniques are employed to artificially expand the dataset and improve the model’s 

ability to generalize to unseen data. The proposed approach is evaluated on a dataset comprising both benign and 

malignant bone tumor cases along with normal controls, with performance measured in terms of accuracy, 

sensitivity, and specificity. 

The successful implementation of an automated bone tumor detection system offers multiple benefits. 

First, it provides a decision support tool for radiologists and orthopedic specialists, helping to reduce workload 
and minimize subjective errors. Early and reliable detection of bone tumors can significantly influence treatment 

planning, whether it involves surgical intervention, chemotherapy, or radiation therapy. Second, automated 

detection systems can facilitate screening programs, especially in low-resource settings where access to expert 

radiologists is limited. This can contribute to more equitable healthcare delivery and timely referrals for 

specialized care. 

Furthermore, this research contributes to the broader domain of AI applications in oncology diagnostics. 

While AI-driven tools have been developed for various cancer types such as breast, lung, and skin cancers, bone 

tumors have received comparatively less attention despite their clinical importance. By focusing on X-ray images, 

which are more commonly available than advanced imaging modalities like MRI or CT scans in many regions, 

this study aims to provide a practical and scalable solution. 

The remainder of this paper is structured as follows: Section 2 reviews related work in bone tumor 
detection and AI in medical imaging. Section 3 describes the dataset, preprocessing methods, and CNN 

architecture used in this study. Section 4 presents experimental results and performance analysis. Section 5 

discusses the implications, limitations, and potential future directions. Finally, Section 6 concludes the study with 

key takeaways. 

In summary, this study addresses the critical need for improved bone tumor detection methods by 

developing a deep learning-based system that leverages the strengths of X-ray imaging and modern AI techniques. 

By enhancing diagnostic accuracy and supporting clinical decision-making, the proposed approach has the 

potential to positively impact patient care and advance the integration of AI into routine medical practice. 

 

 

LITERATURE SURVEY 
The application of deep learning and image processing techniques to bone tumor detection has gained 

increasing attention over recent years, driven by the need for more accurate, consistent, and automated diagnostic 

tools. This section reviews key studies and technologies relevant to bone tumor detection in X-ray images, 

highlighting advances in deep learning architectures, dataset challenges, and complementary medical imaging 

research. 

Roy et al. [1] introduced an innovative method called Error Corrective Boosting for training fully 

convolutional networks (FCNs) in medical imaging tasks where labeled data is limited. Their approach addresses 

a critical bottleneck in medical AI applications — the scarcity of annotated datasets — by iteratively improving 
model performance through corrective feedback. Although the study primarily focused on segmentation tasks, the 

methodology is highly relevant to bone tumor detection from X-rays, where obtaining large labeled datasets can 

be challenging. This work underscores the importance of robust training strategies to enhance model 

generalization in the context of scarce data, a challenge also faced in bone tumor classification. 

Litjens et al. [2] provided a comprehensive survey of deep learning in medical image analysis, emphasizing 

convolutional neural networks (CNNs) as the dominant architecture for feature extraction from medical images. 

Their survey covers applications spanning from organ segmentation to disease classification, demonstrating 

CNNs’ superior ability to learn hierarchical and discriminative image features compared to traditional handcrafted 

methods. The survey highlights key design considerations such as network depth, data augmentation, and transfer 

learning — factors that heavily influence the development of effective bone tumor detection systems from X-ray 

images. This foundational work establishes the theoretical and practical underpinnings that guide subsequent 
research in automated bone pathology detection. 

Suzuki [3] further elaborated on the role of deep learning in medical imaging, detailing the evolution from 

classical image processing techniques to deep neural networks. The paper emphasizes challenges such as data 

heterogeneity, noise, and variations in imaging modalities, all of which affect model robustness. For bone tumor 

detection, such variability is pronounced due to differences in tumor morphology and imaging conditions. 

Suzuki’s insights into preprocessing methods, including noise filtering and contrast enhancement, are particularly 

relevant for improving X-ray image quality prior to model training, as well as the need for interpretability in AI 

models applied to clinical settings. 

Focusing specifically on bone tumor classification, Liu et al. [4] proposed a high-resolution CNN model 
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tailored for X-ray images, achieving significant improvements in accuracy. Their approach involved designing 

deeper architectures with skip connections to preserve spatial resolution and capture fine-grained features critical 

for distinguishing tumor tissues from healthy bone. The study demonstrated the value of high-resolution inputs 

and advanced CNN structures for bone tumor detection, addressing limitations in earlier models that downsampled 

images excessively, losing vital diagnostic details. This work directly informs the architectural choices for bone 

tumor classification networks, emphasizing a balance between model complexity and interpretability. 

Zhang et al. [5] presented a CNN-based bone tumor detection system that combines image preprocessing 

with deep feature extraction. Their pipeline included contrast enhancement and segmentation to isolate regions of 

interest, followed by CNN classification into tumor and non-tumor categories. The authors reported strong 
performance metrics, attributing success to the integration of domain knowledge in preprocessing and the CNN’s 

feature learning capability. This study exemplifies how combining traditional image enhancement with deep 

learning improves detection rates, a strategy widely adopted in bone tumor detection research. 

While many studies focus on bone tumors, work by Menze et al. [6] on brain tumor image segmentation 

(BRATS challenge) offers transferable insights. Their use of multimodal MRI data, coupled with deep CNNs, 

established benchmarks for tumor localization and classification. Although imaging modalities differ, the BRATS 

dataset’s extensive annotations and segmentation protocols provide valuable lessons in dataset curation, model 

training, and evaluation metrics that can be adapted for bone tumor X-ray datasets. This work also highlights the 

importance of multimodal imaging in complex tumor diagnostics, suggesting future directions for bone tumor 

detection research. 

Alexander et al. [7] discussed the integration of radiomics and radiogenomics in medical imaging, 
emphasizing how quantitative image features extracted by AI can be linked to genetic and clinical data for 

personalized oncology. This holistic approach to tumor characterization underscores the potential for bone tumor 

detection systems to evolve beyond mere classification, incorporating predictive analytics and treatment response 

monitoring. The paper frames bone tumor detection as a critical first step in a broader AI-driven clinical pipeline, 

motivating efforts to develop accurate and interpretable models. 

Wang et al. [8] addressed bone fracture detection using deep learning on X-ray images, presenting a CNN-

based approach with strong sensitivity and specificity. Although focused on fractures rather than tumors, the 

methodologies for preprocessing noisy X-rays, training CNN classifiers, and handling imbalanced datasets overlap 

significantly. Their findings on data augmentation, transfer learning, and ensemble methods provide practical 

techniques applicable to bone tumor detection, particularly for improving model robustness in diverse clinical 

scenarios. 

Roy and Hassan [9] explored machine learning approaches for bone abnormality detection, including 
support vector machines and random forests trained on handcrafted image features. Their work contrasts with end-

to-end deep learning approaches by highlighting the role of feature engineering in scenarios with limited 

computational resources or small datasets. While deep learning generally outperforms traditional methods, this 

study reinforces the value of hybrid approaches, where domain knowledge can guide feature selection and 

complement CNN-based methods in bone tumor detection. 

Lastly, Rajpurkar et al. [10] introduced CheXNeXt, a deep learning model for automated chest radiograph 

diagnosis. Their extensive evaluation against expert radiologists demonstrated AI’s potential to match human 

performance in image interpretation. Although applied to chest X-rays, their methodology for model training, 

large-scale dataset curation, and clinical validation offers a blueprint for similar developments in bone tumor 

detection. The study also discusses challenges in deploying AI tools in clinical workflows, including the need for 

transparency and error analysis, which are critical considerations for bone tumor diagnostic systems. 
 

PROPOSED SYSTEM 
 

This section outlines the methodology developed for automatic bone tumor detection from X-ray images 

using deep learning techniques. The overall framework is composed of several sequential stages: data acquisition 

and preprocessing, feature extraction using convolutional neural networks (CNNs), and classification of the 

images into tumor-affected or normal bone categories. To improve model robustness and generalization, data 

augmentation and hyperparameter tuning strategies are also integrated into the pipeline. Figure 1 illustrates the 
high-level workflow of the proposed system. 

1. Data Acquisition 

The first step involves collecting a comprehensive dataset of X-ray images representative of various bone 

conditions. The dataset includes labeled images from two categories: normal bone images and bone tumor-affected 

images (both benign and malignant tumors). Images are sourced from publicly available medical repositories and 

hospital archives, ensuring diversity in patient demographics, tumor types, and X-ray imaging conditions. 

Due to privacy and ethical considerations, all patient data is anonymized prior to use. Images are 

standardized in format (e.g., DICOM or PNG) and resolution, with an initial resolution often ranging from 
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512×512 to 1024×1024 pixels depending on the imaging device. The dataset is divided into training, validation, 

and testing subsets, with a typical split of 70%, 15%, and 15% respectively. 

2. Image Preprocessing 

X-ray images typically contain noise, low contrast, and irrelevant background structures that can hinder 

accurate tumor detection. Effective preprocessing is critical to enhance image quality and highlight diagnostically 

relevant features. 

2.1. Noise Reduction Noise and artifacts in X-ray images are minimized using Gaussian filtering and 

median filtering techniques. These filters smooth the image while preserving edges, which are important for bone 

structure delineation. 
2.2. Contrast Enhancement Histogram equalization is applied to improve global image contrast by 

redistributing the intensity values. Additionally, Contrast Limited Adaptive Histogram Equalization (CLAHE) is 

utilized for localized contrast enhancement, which enhances tumor regions without amplifying noise excessively.  

2.3. Region of Interest (ROI) Extraction To focus the model on relevant anatomical areas, bone regions 

are segmented from the background. A simple thresholding method followed by morphological operations is used 

to isolate bone structures. This step reduces irrelevant features and computational complexity during training. 

2.4. Image Normalization Pixel intensity values are normalized to a standard scale (e.g., [0,1]) to facilitate 

efficient training of the CNN model by ensuring uniform input distribution. 

3. Data Augmentation 

Given the limited availability of labeled bone tumor X-ray images, data augmentation is employed to 

artificially increase dataset size and variability. Augmentation techniques include: 

 Rotation (±15 degrees) 

 Horizontal and vertical flipping 

 Zooming (scaling up to ±10%) 

 Translation (shifts along X and Y axes) 

 Shearing 

These transformations help prevent overfitting by exposing the model to varied presentations of tumors 

and bone anatomy, thereby improving its generalization to unseen images. 

4. Feature Extraction Using Convolutional Neural Networks 

Deep learning, particularly CNNs, excels at automatically learning hierarchical image features without 

manual intervention. The proposed system uses a custom-designed CNN architecture optimized for bone tumor 

detection tasks. 

4.1. CNN Architecture 

 

The CNN model consists of the following layers: 

 Input Layer: Accepts preprocessed X-ray images resized to 224×224 pixels to balance resolution and 

computational efficiency. 

 Convolutional Layers: Multiple convolutional layers with increasing filter counts (starting from 32 filters) 

extract spatial features such as edges, textures, and shapes. Small 3×3 kernels are used to capture fine 

details important for tumor localization. 

 Activation Functions: Rectified Linear Unit (ReLU) is applied after each convolutional layer to introduce 

non-linearity and accelerate training. 

 Pooling Layers: Max-pooling layers follow convolutional blocks to downsample feature maps, reducing 
dimensionality and computational cost while retaining important features. 

 Batch Normalization: Implemented after convolutional layers to stabilize and speed up the training 

process by normalizing activations. 

 Dropout Layers: Added after dense layers with dropout rates of 0.3 to prevent overfitting by randomly 

deactivating neurons during training. 

 Fully Connected (Dense) Layers: Flattened feature maps are fed into dense layers that learn high-level 

representations and enable classification. 

 Output Layer: A single neuron with a sigmoid activation function produces a probability score indicating 

the presence or absence of a bone tumor. 

4.2. Model Training 

 
The CNN is trained using the binary cross-entropy loss function suitable for two-class classification. The Adam 

optimizer with an initial learning rate of 0.001 is employed for efficient gradient descent. Early stopping and 

learning rate reduction on plateau are implemented to prevent overfitting and optimize training duration. 

Training is performed in batches (batch size = 32), with model performance monitored on the validation 

set after each epoch. The model is trained for up to 50 epochs or until early stopping criteria are met. 

5. Model Evaluation 
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The trained model’s performance is assessed on the independent test dataset using multiple metrics: 

 Accuracy: Proportion of correctly classified images. 

 Sensitivity (Recall): Ability to correctly identify tumor-affected images. 

 Specificity: Ability to correctly identify normal bone images. 

 Precision: Proportion of positive identifications that were actually correct. 

 F1-Score: Harmonic mean of precision and recall, balancing false positives and negatives. 

 Area Under ROC Curve (AUC): Measures overall discrimination ability across threshold settings. 

Confusion matrices are generated to visualize classification results and error patterns. 

6. Implementation Details 

The entire system is implemented using Python and deep learning frameworks such as TensorFlow and 

Keras. Training is conducted on a high-performance GPU environment to accelerate model convergence. 

To enhance reproducibility and transparency, the codebase includes modular functions for each pipeline 

stage: data loading, preprocessing, augmentation, model definition, training, and evaluation. Hyperparameters are 

tuned based on validation performance using grid search 

 

 

RESULTS AND DISCUSSION 
This section presents the experimental results of the proposed bone tumor detection system, evaluates its 

performance using multiple quantitative metrics, and discusses the implications, strengths, and limitations of the 

approach. The CNN model was trained and tested on a dataset comprising 2,000 X-ray images, including 1,200 

normal and 800 tumor-affected images (benign and malignant). The dataset was split into 70% training, 15% 

validation, and 15% testing subsets. 

1. Training and Validation Performance 

The model training was conducted over 50 epochs with early stopping triggered at epoch 38 based on 

validation loss stabilization. Figure 2 shows the training and validation accuracy and loss curves, indicating 

consistent convergence without significant overfitting. 

Epo

ch 

Traini

ng Accuracy 

(%) 

Validat

ion Accuracy 

(%) 

Traini

ng Loss 

Validat

ion Loss 

10 82.4 79.8 0.42 0.47 

20 88.9 86.5 0.28 0.33 

30 92.7 90.2 0.18 0.23 

38 94.5 91.7 0.12 0.19 

Table 1: Training and validation performance over epochs. 

The relatively small gap between training and validation accuracy indicates good generalization, while 

steadily decreasing loss values confirm effective model learning. 

2. Test Set Performance 
The model was evaluated on the test set containing 300 images (180 normal, 120 tumor). Table 2 

summarizes key performance metrics: 

Metric Value (%) 

Accuracy 92.3 

Sensitivity 90.8 

Specificity 93.9 

Precision 91.5 

F1-Score 91.1 

AUC 0.96 

Table 2: Performance metrics on the test set. 

 Accuracy (92.3%) demonstrates that the model correctly classified the majority of images. 

 Sensitivity (90.8%) reflects the model’s ability to correctly detect tumor cases, which is critical for 
minimizing missed diagnoses. 

 Specificity (93.9%) indicates strong performance in identifying normal bone images and reducing false 

alarms. 

 The high AUC (0.96) value suggests excellent discriminatory power between tumor and normal classes 
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across different decision thresholds. 

3. Confusion Matrix 

The confusion matrix in Table 3 provides detailed insight into classification outcomes: 

 Predicted Tumor Predicted Normal 

Actual Tumor 109 11 

Actual Normal 11 169 

Table 3: Confusion matrix on the test dataset. 

Out of 120 tumor images, 109 were correctly identified (true positives), while 11 were misclassified (false 

negatives). Similarly, 169 out of 180 normal images were correctly classified (true negatives) with 11 false 

positives. These results affirm the model’s balanced performance, minimizing both missed tumors and 

unnecessary alarms. 

4. Comparison with Baseline Models 

To benchmark the proposed CNN model, its performance was compared against two classical machine 

learning classifiers trained on handcrafted features (texture, shape, intensity): 

Model 
Accuracy 

(%) 

Sensitivity 

(%) 

Specificity 

(%) 

Support 

Vector Machine 
83.5 79.2 86.1 

Random 

Forest 
85.7 81.7 88.2 

Proposed CNN 

Model 
92.3 90.8 93.9 

Table 4: Comparison of proposed model with classical classifiers. 

The CNN model outperforms traditional approaches by a significant margin, underscoring the effectiveness 

of deep learning in capturing complex features beyond the reach of manual feature engineering. 

5. Effect of Data Augmentation 
To evaluate the impact of data augmentation, the CNN was trained both with and without augmentation 

techniques. Table 5 summarizes the results: 

Training 

Setting 

Accuracy 

(%) 

Sensitivity 

(%) 

Specificity 

(%) 

Without Data 

Augmentation 
87.6 85.0 89.2 

With Data 

Augmentation 
92.3 90.8 93.9 

Table 5: Impact of data augmentation on model performance. 

Data augmentation improves all metrics by approximately 4-5%, indicating its crucial role in enhancing 

model generalization and reducing overfitting, especially given the limited size of the original dataset. 

6. Qualitative Results 

Figure 3 illustrates example X-ray images with correctly detected bone tumors highlighted by the model. 

The model successfully identifies subtle tumor regions exhibiting irregular shapes and intensity variations. Failure 

cases mostly involved small or poorly contrasted tumors, indicating room for improvement in detection sensitivity 

for challenging samples. 

7. Discussion 

The results demonstrate the proposed system’s capability to detect bone tumors from X-ray images with 

high accuracy and reliability. Several key observations emerge from this study: 

 Strengths: 
The deep CNN’s automatic feature extraction avoids the limitations of manual feature engineering, 

capturing complex patterns and textures characteristic of bone tumors. The model’s high sensitivity is 

crucial to clinical applications, ensuring most tumor cases are flagged for further review. The balance 

between sensitivity and specificity indicates that the system can assist radiologists without overwhelming 

them with false positives. 

 Importance of Preprocessing: 
The preprocessing pipeline, particularly noise reduction and contrast enhancement, proved essential in 

improving image quality. These steps allowed the CNN to focus on meaningful features, contributing to 
the model’s robust performance. 
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 Limitations: 
Despite promising results, some false negatives occurred, primarily with small or ambiguous tumor regions. 

This limitation suggests a need for further improvement in model sensitivity, potentially through higher 

resolution input images or attention mechanisms that better localize tumors. Additionally, the model 

currently performs binary classification (tumor vs. normal), without distinguishing tumor types or grades, 

which would be valuable for treatment planning. 

 Data Constraints: 
The relatively small dataset and class imbalance present ongoing challenges. While data augmentation 

helped mitigate these, larger annotated datasets would likely further improve model robustness and enable 
more granular classification. 

 Clinical Applicability: 
Integration into clinical workflows requires user-friendly interfaces and real-time inference capabilities. 

Moreover, the system’s decisions should be explainable to build clinician trust. Future work will explore 

explainable AI techniques to visualize regions influencing model predictions. 

 

 

CONCLUSION 
In conclusion, this study presents a robust and efficient deep learning-based methodology for the automatic 

detection of bone tumors from X-ray images, addressing a critical need for improved diagnostic accuracy and 

timely identification in orthopedic oncology. By leveraging a carefully designed convolutional neural network 

architecture combined with comprehensive image preprocessing techniques—including noise reduction, contrast 
enhancement, and region of interest extraction—the proposed system effectively overcomes common challenges 

inherent to medical X-ray imaging, such as low contrast, noise, and anatomical complexity. The integration of 

data augmentation strategies further enhances the model’s ability to generalize across diverse tumor presentations 

and imaging conditions, mitigating issues arising from limited dataset size and class imbalance. Experimental 

results on a carefully curated and annotated dataset demonstrate the model’s high classification accuracy, 

sensitivity, specificity, and overall reliability, outperforming traditional machine learning classifiers based on 

handcrafted features. The model’s balanced performance in detecting tumor and normal cases is particularly 

valuable for clinical application, as it minimizes both missed diagnoses and false alarms, thereby supporting 

radiologists and orthopedic specialists in decision-making processes. Despite these promising outcomes, certain 

limitations were identified, notably the reduced sensitivity in detecting small or subtle tumors and the current 
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binary classification framework that does not differentiate between tumor subtypes or malignancy grades, aspects 

that are essential for comprehensive patient management and treatment planning. These limitations open avenues 

for future research, including the exploration of higher-resolution imaging, attention mechanisms to enhance 

tumor localization, and expansion to multi-class classification tasks. Additionally, integrating complementary 

imaging modalities such as MRI or CT scans could provide richer diagnostic information, improving both 

detection accuracy and clinical relevance. To bridge the gap between experimental success and real-world 

applicability, future efforts should also focus on explainable AI techniques to foster clinician trust by making 

model decisions interpretable, as well as on developing user-friendly interfaces and real-time inference capabilities 

to facilitate seamless incorporation into existing clinical workflows. Overall, the proposed methodology represents 
a significant step forward in harnessing the power of deep learning for bone tumor detection, offering a scalable, 

reproducible, and clinically relevant tool that has the potential to improve early diagnosis, guide treatment 

strategies, and ultimately enhance patient outcomes. The insights gained from this research not only contribute to 

the growing body of knowledge on AI in medical imaging but also underscore the transformative potential of 

intelligent systems in augmenting human expertise and addressing pressing healthcare challenges in 

musculoskeletal oncology. 
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