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ABSTRACT 
Introduction:
Burn injuries are a significant challenge in clinical and military settings, requiring accurate and timely assessment to 
guide treatment. Traditional methods for determining burn depth, a key factor in severity, rely heavily on subjective 
evaluation, leading to variability and delays in decision-making. Advances in Artificial Intelligence (AI) offer solutions 
to improve diagnostic accuracy and standardization. This study aims to evaluate the diagnostic performance of an AI 
model for burn depth assessment by comparing its outputs against a gold standard—focusing on image-based diagnosis 
of burn type and depth.

Materials and Methods:
This study analyzed 29 burn patients, under an Institutional Review Board-approved protocol (IRB# 12,689) at the 
Eskenazi Burn Center, Indianapolis. Digital images of burns were collected and classified into 3 burn depth categories: 
first-degree, second-degree, and third-degree. The AI model was fine-tuned on 131 annotated digital images, augmented 
to 1,200 using techniques such as rotation, flipping, and brightness adjustment. Style transfer using a machine learning 
models (called GAN) was used to further enhance the dataset by simulating burn variations. Zero-shot (meaning no 
previous training) segmentation, employing pretrained foundation models, was used to localize burn regions without 
task-specific training.

Results:
The proposed AI prediction model achieved 79% accuracy in classifying 3 burn depth categories. Data augmenta-
tion improved performance, while segmentation demonstrated strong utility, particularly in identifying burn regions 
effectively in diverse scenarios. Style transfer augmented the dataset by simulating realistic burn appearances, further 
enhancing model robustness. Zero-shot segmentation, meaning it identified burn areas without any prior training on 
similar images, successfully localized burn regions, aligning with clinical expectations.

Conclusions:
This study highlights the potential of AI in improving burn depth classification and segmentation. The results demonstrate 
that integrating AI-driven models into clinical care can enhance diagnostic accuracy, efficiency, and scalability, offering 
transformative tools for clinical and military applications in burn care. These methods provide a foundation for automated 
and standardized burn assessment, improving outcomes across diverse settings.
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INTRODUCTION
Burn injuries are a significant cause of morbidity and mortal-
ity, particularly in military and disaster settings where timely 
and accurate assessment is critical for effective clinical man-
agement.1 Early identification of burn depth is essential for 
guiding surgical planning, and long-term care.2 For instance, 
patients with third-degree burns usually need surgery, such as 
grafting. Second-degree burns tend to heal without surgery 
but still involve costs, time, and resources. In resource-
limited settings, these factors are critical. Misclassifying a 
third-degree burn as a second-degree burn can worsen the con-
dition and may be life-threatening, specifically when a large 
area is affected. However, conventional assessment methods 
relying on clinical expertise are prone to variability, which 
can delay critical decision-making. Recent advances in arti-
ficial intelligence (AI) and computer vision offer promising 
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tools to enhance diagnostic precision and efficiency in burn 
management.

In this study, we propose a comprehensive framework for 
burn assessment that integrates machine learning techniques, 
including burn depth classification using Vision Transformer 
(ViT)3 (a machine learning method) style transfer-based data 
augmentation, and zero-shot segmentation with pretrained 
foundation models. The ViT is a pretrained deep learning 
model developed using large-scale image datasets. Data aug-
mentation is a method to amplify the number of data points 
artificially. It enables increased diversity in the training data 
by introducing variability in the burn wound images. The seg-
mentation task involves separating the burn areas from the 
nonburn parts of the patient’s body. Zero-shot refers to set-
tings where the model is applied to burn wounds for segmenta-
tion without having seen them during training. By leveraging 
these innovative approaches, we address key challenges in 
burn diagnosis, including limited dataset availability, and the 
need for scalable, efficient solutions in resource-constrained 
environments.

Our methods were rigorously tested on a dataset of 
131 annotated digital (RGB) images from 29 burn patients, 
encompassing 3 clinically relevant burn depth classes. To 
enhance dataset diversity and overcome sample size limi-
tations, we employed data augmentation techniques. Fur-
thermore, we implemented a 2-step zero-shot segmentation 
approach utilizing GroundingDINO4 and Segment Anything 
Model (SAM)5 to enable precise localization and segmenta-
tion of burn regions.

The results demonstrate the potential of these methodolo-
gies to significantly advance the field of burn assessment. The 
ViT model achieved a classification accuracy of 79% in distin-
guishing 3 burn depth categories, comparable to or exceeding 
expert-level diagnostic accuracy. The zero-shot segmentation 
approach effectively identified and delineated burn regions, 
aligning with clinical expectations and providing a potential 
and scalable solution for Total Body Surface Area (TBSA) 
calculation. Style transfer-based data augmentation further 
enriched the dataset, which has potential to enhance model 
performance and address the variability inherent in burn 
injuries.

Overall, this paper highlights the potential of integrating 
AI-driven approaches into burn care, offering scalable and 
efficient solutions. Our findings underscore the importance 
of leveraging machine learning to support medical decision-
making, specifically in military and austere environments 
where rapid and accurate assessments are critical.

BACKGROUND
Burn injuries are among the most complex and challenging 
conditions encountered in clinical and military settings, often 
requiring immediate and precise evaluation to guide medical 
intervention. The severity of burns is determined by depth, 
which is a critical factor for predicting outcomes and planning 

treatment. Traditionally, burn depth assessment relies heav-
ily on clinical expertise, which can vary significantly among 
providers and is influenced by subjective interpretation. This 
variability can lead to delays in critical decision-making, par-
ticularly in high-stress environments such as military or mass 
casualty settings.

Advanced imaging modalities such as ultrasound and dig-
ital imaging have shown promise in enhancing burn assess-
ment, but their implementation is limited by the need for 
specialized training and equipment.6–8 Additionally, our study 
used digital images captured via mobile devices or tablets 
rather than advanced imaging modalities like ultrasound. 
Ultrasound requires specialized equipment and expert inter-
pretation, making it less accessible for routine burn assess-
ments. Artificial intelligence and machine learning (ML) offer 
a transformative opportunity to address these limitations, pro-
viding automated, reliable, and scalable solutions to improve 
burn care.

Burn depth is classified into three main categories based on 
the extent of damage to the skin layers.9,10 First-degree burns 
affect only the epidermis, causing redness without blisters. 
Second-degree burns extend into the dermis and are further 
divided into superficial, with blisters and intact dermis, and 
deep, where the dermis is significantly damaged, but the exact 
depth is uncertain. Third-degree burns penetrate through the 
dermis into the hypodermis, often accompanied by eschar, 
which appears as white, yellow, or black tissue.

Traditional ML and deep learning models have been 
explored for burn depth diagnosis, but they often require 
extensive training data to achieve high accuracy.8 These mod-
els typically need millions of samples to learn meaningful 
features from images, limiting their application in clinical 
settings, especially in health care areas like burn diagnosis, 
where obtaining sufficient data is challenging.11,12 In particu-
lar, acquiring high-quality ultrasound data for burns presents 
significant barriers because of its specialized nature.

A foundation model is a powerful AI system trained on vast 
amounts of data, allowing it to perform different tasks without 
needing specialized training for each one. Recent advances 
in AI-powered image analysis (computer vision) have made 
it possible to use powerful pretrained AI models for medical 
imaging. Foundation models are AI systems trained on large 
amounts of data, allowing them to perform different tasks 
without extra training. One example is the ViT,3 which was 
designed for analyzing text and images and is very good at 
detecting small details in medical scans, making it useful for 
assessing burn severity.

Despite these advances, the integration of AI into burn 
assessment remains underexplored, particularly in high-
stakes environments like military medicine. Conventional 
burn centers rely on subjective human observation and the 
scarcity of large-scale burn data limits reliable AI model 
development. Thus, our paper introduces a method that lever-
ages a model pretrained on general image data and fine-tunes 
it on real burn images to achieve rapid and objective burn 
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Figure 1. Overview of the proposed Vision transformer-based burn depth prediction model. 

diagnosis. This study builds upon existing methodologies to 
develop a comprehensive framework for burn depth classifi-
cation and segmentation, leveraging the latest advancements 
in AI and data augmentation. By addressing the limitations of 
traditional methods and current AI approaches, this work aims 
to contribute to the development of scalable, efficient, and 
clinically relevant tools for burn management in both civilian 
and military contexts.

MATERIALS AND METHODS

Data Acquisition

We enrolled 30 patients, with one excluded from analysis 
because of withdrawal, and screened them at the Eskenazi 
Burn Center, Indianapolis, for eligibility based on inclusion 
criteria: age 18 years or older, thermal injury within 7 days of 
the burn, no prior surgical debridement, and burns covering 
≤75% of TBSA. Exclusion criteria included inability to pro-
vide informed consent, age below 18 years, burns ≥75% of 
TBSA, or burns resulting from chemical, electrical, or radi-
ation injuries. To maintain consistency and focus on thermal 
burns, we excluded burns from chemical, electrical, or radi-
ation injuries because they may require different evaluation 
protocols; all digital images were acquired using a standard-
ized high-resolution camera system at the burn center. After 
consent, we captured digital images of the burns using cam-
era which was used in this study.13 We also imaged unaffected 

skin from comparable anatomical sites as controls to reduce 
individual physiological variability in outcome interpretation. 
This study focuses on analyzing patient’s first visit data to 
enable early prediction of burn depth and enhance clinical 
decision-making.

To prepare the data for training and evaluating machine 
learning models, we generated digital annotations and prepro-
cessed the selected dataset.

Burn Depth Prediction with AI (ViT)

We developed a burn depth classification method using a pre-
trained AI, a ViT model (Figure 1). The ViT processes input 
images by dividing them into smaller sub-image patches, 
akin to how transformers handle sequential data in natural 
language processing, leveraging large-scale pretraining. The 
model was fine-tuned on a dataset consisting of 131 RGB 
images obtained from 29 burn patients. These images were 
annotated with three burn depth classes: First Degree, Second 
Degree, and Third Degree. Second-degree burns are further 
categorized into superficial and deep.

To enhance the dataset and mitigate the challenges posed 
by limited sample size, we applied data augmentation tech-
niques, expanding the dataset from 116 to 1,200 images. Aug-
mented images included variations such as rotations, flips, and 
brightness adjustments.

Accuracy was used as the primary performance metric. 
To assess the impact of burn classification granularity, we 
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Table 1. Results of Burn Depth Prediction

Cross-validation accuracy (%) Per 
fold (80% train, 20% test)

 Settings 1 2 3 4 5 Overall accuracy (%) Burn specialist

Three-way burn depth classification 80 80 76 84 76 79 Burn surgeon 76%, nonexpert 50%
Four-way burn depth classification 65 65 77 80 69 71

The proposed method performs on par with or exceeds the accuracy of evaluations by burn experts.

conducted experiments with 4-class classification and 3-class 
classification setup, where the 2 types of second-degree burns 
were merged into a single category. We generated ground 
truth by having 2 burn experts independently assess each 
image. In cases of disagreement, the experts reviewed the case 
together to reach a consensus. The final validation results were 
then compared against this consensus assessment to ensure 
accuracy and reliability in our evaluation.

Style Transfer-Based Data Augmentation

To increase the dataset size and diversity, we utilized style 
transfer techniques. This approach enables the model to learn 
the visual characteristics of burn injuries and apply them to 
images of different body parts. For our method, we devel-
oped a Cycle Generative Adversarial Network (CycleGAN)14 
that trains a generator model capable of translating images 
between different burn classes. The training process requires 
2 clusters of data, and once trained, the model can perform 
bidirectional translation between these clusters. Our human 
data, annotated by experts and categorized into 4 burn classes, 
was used to define the clusters. For this data augmentation 
experiment, we focused on two clusters: deep second-degree 
burns and third-degree burns. The model does not require 
paired images (e.g., corresponding images of second- and 
third-degree burns from the same patient), allowing us to 
use images from different patients within each cluster. This 
approach eliminates the need for labor-intensive paired image 
annotation, reducing time and cost.

In our experiment, we utilized 52 images of deep second-
degree burns (Class 1) and 31 images of third-degree burns 
(Class 2) from our dataset. The CycleGAN model was trained 
on this setup for 200 iterations, with training completed in 
approximately one hour using a single GPU. During infer-
ence, the generator model takes an input image of 1 burn class 
(e.g., second-degree) and outputs a translated image repre-
senting the other burn class (e.g., third-degree) on the same 
patient and vice versa. This assumes the generator model 
effectively learns the visual styles associated with different 
burn types.

Recognition of Burn Areas in New Images after 
Training (Zero-Shot Segmentation)

Our method uses a 2-step process with pretrained AI models to 
identify and segment burn regions in images. In the first step, 
a model called GroundingDINO4 examines an image together 

with a text prompt (e.g., “burn region”) and identifies a rect-
angular area that likely contains the burn. In the second step, 
another model known as Segment Anything Model (SAM)5 
refines this by accurately outlining the burn area within the 
identified rectangle.

To analyze the total burn area, we also use a query-based 
approach: the model is prompted with terms like “hand” or 
“limb” to locate specific body parts, and then with “burn” to 
segment the affected area. This two-step querying allows us to 
estimate the TBSA affected by burns. Our evaluation on real 
human burn data confirms that the integration of these pre-
trained models offers an efficient and accurate way to segment 
burn injuries without any additional task-specific training.

Trial Registration: NCT05167461, https://clinicaltrials.
gov/study/NCT05167461

RESULTS

Burn Depth Prediction Results

The AI model achieved an average accuracy of 79% for 3-class 
burn depth classification in the 5-fold cross-validation. Five-
fold cross-validation is a method where the dataset is split into 
5 folds; in each iteration, 1-fold is used for validation while 
the remaining 4 folds are used for training. The training was 
completed on a held-out set, and the model was subsequently 
tested on a separate held-out validation set.

Data augmentation significantly increased the dataset size, 
allowing the model to generalize better, but segmentation of 
burn images (removing backgrounds) did not enhance classi-
fication performance. The classifier achieves an overall accu-
racy of 71% for 4-way burn depth classification. The main 
challenge in this setting is distinguishing between superficial 
and deep second-degree burns. Although both are categorized 
as second-degree burns, the distinction is difficult to discern 
from digital photographs. This is because deep burns dam-
age the lower layers of the skin, which are not visible in such 
images. Detailed results are provided in Table 1.

Additionally, we explored segmentation to remove back-
ground influences and focus solely on burn areas (Figure 1); 
however, this preprocessing step did not improve model per-
formance in this task. Notably, segmentation showed potential 
utility in specific cases where skin color variation or back-
ground artifacts influenced the model’s predictions. However, 
hallucination occurs when an AI model generates incorrect 
or misleading outputs that are not based on real data. In 
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principle, this method should reduce hallucinations by remov-
ing confounding features like the background. Nonetheless, 
because our dataset consisted mainly of close-up images with 
the wound centered, we did not observe any significant dif-
ference in performance. We believe that in scenarios where a 
larger portion of the patient’s body is captured—especially in 
austere settings where obtaining high-quality close-up images 
is challenging—this method could potentially enhance perfor-
mance.

In comparison to the computation time, the AI model 
required only a few seconds to generate a diagnosis once 
training was completed and deployed on a GPU. Meanwhile, 
burn experts took approximately 2 minutes per case, as they 
reviewed images from multiple angles to reach a decision. In 
cases of initial disagreement, the consensus process took up to 
3 minutes. Overall, the use of an AI (ViT) for burn depth clas-
sification demonstrated promising results, with the potential 
for further improvement through larger datasets and refined 
preprocessing techniques.

Style Translation Results

The model successfully captured some features of burn types, 
such as black marks for third-degree burns and reddish tones 
for second-degree burns, as shown in Figure 2. However, the 
complexity of burn injuries makes it challenging to fully cap-
ture all stylistic aspects. For instance, the placement and shape 
of burns on the body in some generated images appeared unre-
alistic. While this proof-of-concept experiment demonstrates 
the model’s potential to learn and translate burn features, it 
also highlights areas for improvement.

Results Analysis of Recognition of Burn Areas in 
New Images

The method demonstrated accurate segmentation of burn 
regions, as shown in Figure 3, where qualitative results from 
several examples are provided. A qualitative assessment was 
performed by two experienced burn surgeons, who confirmed 
the quality and clinical relevance of the segmentation outputs. 
The segmentation was evaluated for its ability to accurately 
delineate burn areas from healthy skin and background, and 
the surgeons verified that the model’s performance aligns with 
clinical expectations.

The approach successfully localized and segmented burn 
regions with minimal effort, leveraging natural language 
prompts to adapt to various scenarios. For instance, initial 
prompts like “hand” or “limb” allowed the model to focus 
on specific body parts, followed by the “burn” prompt to 
identify affected areas within those regions. This hierarchi-
cal approach facilitates the precise measurement of TBSA by 
systematically segmenting burn areas across different body 
parts.

DISCUSSION
In our burn depth prediction experiments, we leveraged a pre-
trained AI model (ViT3) for burn depth classification. The 

Figure 2. [Top] Left: Real second-degree deep burn. Right: Corresponding 
generated burn image for third-degree burn. [Bottom] Left: Real third-degree 
deep burn. Right: Corresponding generated burn image for second-degree 
burn. 

AI-based model achieved an average accuracy of 79% for 
the 3-way classification task. This accuracy was computed 
against the validation set, where the ground truth was ver-
ified by burn experts using a consensus mechanism. These 
results align with the diagnostic accuracy of burn experts,15 
with 70-80% accuracy for experts and 60% for nonspecialists 
in assessing depth, highlighting the potential of an automated 
burn assessment system. The nonexperts generally included 
health care providers, such as Emergency Department (ED) 
providers, who are often the first to assess burn patients but 
lack specialized training in burn care. The expert in this con-
text is the burn surgeon. Compared with the burn experts, 
the AI model generated a diagnosis much faster. In situations 
where a burn specialist is unavailable, this AI model could 
provide expert determination of burn depth that would other-
wise be unavailable, potentially improving clinical care and 
treatment outcomes. This underscores the capability of the AI 
model to capture burn depth-related features, even with a rel-
atively small dataset, and highlights its potential for further 
improvement with larger, more diverse datasets.

The proposed zero-shot segmentation method, utilizing 
pretrained foundation models, demonstrates significant poten-
tial for clinical and research applications in burn assess-
ment. By combining GroundingDINO and SAM models, 
the method enables precise identification and segmentation 
of burn regions with minimal manual intervention, offer-
ing a scalable and efficient solution for burn analysis. One 
of the primary use cases of this approach is in the assess-
ment of burn extent through the automated calculation of 
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Figure 3. Overview of zero-shot burn segmentation using foundation model. 

TBSA. Accurately estimating TBSA is crucial for determin-
ing the severity of burn injuries, guiding fluid resuscitation, 
and planning further medical interventions. The use of natural 
language prompts to systematically query body parts and burn 
regions allows for a detailed and consistent analysis, reducing 
variability introduced by manual estimations.

In addition to segmentation, style transfer-based data aug-
mentation offers potential in burn assessment and machine 
learning model development. By simulating realistic vari-
ations in burn appearance, such as different burn types, 
depths, or anatomical locations, style transfer can signifi-
cantly enhance the diversity and representativeness of training 
datasets. This is particularly valuable in burn assessment, 
where the availability of comprehensive and diverse datasets 
is often limited.16 Style transfer allows the generation of syn-
thetic data that mimics complex burn features, reducing the 
dependence on large-scale data collection and manual anno-
tation while preserving clinical relevance. These augmented 
datasets can improve the generalizability and robustness of 
machine learning models for tasks such as burn depth clas-
sification, segmentation, and outcome prediction.

Despite these promising applications, there are limitations 
to consider. The accuracy of segmentation and burn depth 
classification may vary depending on the quality of input 
images and the diversity of the training data for the foundation 
models. While qualitative validation by burn surgeons con-
firmed the reliability of segmentation, quantitative validation 
on larger datasets is necessary to fully assess the method’s 
robustness and generalizability. Similarly, while style transfer 

demonstrates strong potential for augmenting datasets, ensur-
ing the clinical fidelity of synthetic data and addressingpoten-
tial biases in generated images remain challenges for future 
research.

In summary, the proposed method uses advanced AI mod-
els, called Vision Transformers, to predict how deep a burn 
is, showing promising results. It also improves the accuracy 
of these predictions by using a technique called style transfer 
to create more varied training images for the AI. By tackling 
major challenges in burn assessment, this approach provides 
a faster, more reliable, and adaptable way to analyze burns, 
making it a valuable tool for medical professionals.

Future work will focus on increasing the quantity and 
diversity of training data to better represent various burn types 
and refine the style transfer model. We aim to investigate 
enhancements that generate more realistic and clinically use-
ful burn images. For instance, incorporating photos of burn 
patients taken under different lighting conditions could pro-
vide a more robust evaluation of the system’s ability to grade 
burn severity. Additionally, we will further explore the impact 
of lighting variations. In summary, augmenting RGB image 
data for burn injuries is a critical step in building a more robust 
and comprehensive dataset to support ongoing efforts in burn 
segmentation and multimodal diagnostic systems for human 
burn assessment.

CONCLUSION
This study demonstrates the potential of integrating advanced 
machine learning methods and data augmentation techniques 
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into burn depth assessment. By leveraging an AI model, 
we achieved promising accuracy in burn depth classification. 
The model’s ability to classify burns into clinically relevant 
categories highlights its potential for enhancing diagnostic 
precision and supporting clinical decision-making.

The incorporation of style transfer-based data augmen-
tation successfully enriched the dataset, simulating realistic 
variations in burn appearances. Meanwhile, the use of zero-
shot segmentation method with foundation models demon-
strated the capability of AI systems to localize and segment 
burn regions effectively. These approaches minimize the need 
for extensive manual intervention, making them scalable and 
practical for deployment in diverse clinical environments. In 
conclusion, our findings highlight the transformative poten-
tial of AI-driven approaches in burn care. By addressing the 
limitations of traditional methods and current AI implemen-
tations, this study contributes to the development of reliable, 
scalable, and efficient tools for improving outcomes in burn 
management, particularly in high-stakes environments such 
as military and disaster medicine.
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