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Comparing Artificial Intelligence Guided Image Assessment 
to Current Methods of Burn Assessment
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Tara Freeman, BSc1, ; Hannah Chan, MD, MPH2, ; Collin Hong, MD, FRCSC2, ; Rakesh Joshi, PhD2, ;  
Joshua N. Wong, MD, MSc, FRCSC1,*,

Appropriate identification of burn depth and size is paramount. Despite the development of burn depth assessment 
aids [eg, laser Doppler imaging (LDI)], clinical assessment, which assesses partial-thickness burn depth with 67% 
accuracy, currently remains the most consistent standard of practice. We sought to develop an image-based artificial 
intelligence system that predicts burn severity and wound margins for use as a triaging tool in thermal injury 
management. Modified EfficientNet architecture trained by 1684 mobile-device-captured images of different burn 
depths was previously used to create a convoluted neural network (CNN). The CNN was modified to a novel 
boundary attention mapping (BAM) algorithm using elements of saliency mapping, which was used to recognize the 
boundaries of burns. For validation, 144 patient charts that included clinical assessment, burn location, total body 
surface area, and LDI assessment were retrieved for a retrospective study. The clinical images underwent CNN-BAM 
assessment and were directly compared with the LDI assessment. CNN using a 4-level burn severity classification 
achieved an accuracy of 85% (micro/macro-averaged receiver operating characteristic scores). The CNN-BAM system 
can successfully highlight burns from surrounding tissue with high confidence. CNN-BAM burn area segmentations 
attained a 91.6% accuracy, 78.2% sensitivity, and 93.4% specificity, when compared to LDI methodology. Results 
comparing the CNN-BAM outputs to clinical and LDI assessments have shown a high degree of correlation between 
the CNN-BAM burn severity predictions to those extrapolated from LDI healing potential (66% agreement).

CNN-BAM algorithm gives equivalent burn-depth detection accuracy as LDI with a more 
economical and accessible application when embedded in a mobile device.
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INTRODUCTION

Burn injuries are one of the leading causes of long-term mor-
bidity worldwide associated with prolonged hospitalization, 
disfigurement, and disability. This is due to the complex path-
ophysiology of burn injuries, predisposing these patients to 
infection, hypothermia, hypovolemic shock, end-organ is-
chemia, and death. Advancements in the effective preven-
tion, management, and treatment of burns carry significant 
implications for public health.

Burn severity is assessed based on the mechanism, total 
body surface area affected (TBSA%), and depth. This guides 
resuscitation and treatment decisions.1 Burn depth relates 
to healing potential and the projected risk of hypertrophic 
scar formation and functional contractures guides surgical 
decision-making.1,2 This is categorized into first-degree or su-
perficial burns, involving only the epidermis; second-degree, 
which is subdivided into superficial partial thickness (SPT) 
and deep partial thickness (DPT) burns involving the dermis; 
third-degree or full-thickness burns, involving the epidermis 
and dermis; and fourth degree, which penetrates beyond 
the dermis into underlying tissues, including hypodermis, 
muscle fascia, and bone or other internal organs.3 As burn 
injury penetrates the dermis and beyond, the larger surface 
area injuries require clinical intervention to prevent acute and 
chronic complications such as shock, infection, hypertrophic 
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and dFCN, as well as a voting ensemble approach using these 
architectures. The performance of these algorithms was rig-
orously evaluated using Leave-One-Out Cross-Validation, a 
method that ensures thorough testing by training the model 
on all data points except one that is used for testing. The most 
effective algorithm in their study was the ensemble, which 
demonstrated an impressive 81% sensitivity and an excep-
tional 100% specificity, coupled with a 97% positive predic-
tive value. This high level of accuracy showcases the potential 
of multispectral imaging in conjunction with advanced neural 
architectures in the accurate assessment of burn injuries.

Our approach to AI-assisted burn assessment differs 
from the previously described methods in the neural archi-
tecture, training, and testing phases of our model. The ma-
chine learning approach used EfficientNet-B7 architecture of 
CNNs. Compared to other CNNs, EfficientNet has been re-
ported to perform exceptionally well with skin images, even 
when the dataset is small to medium sized, while processing 
mobile-captured images with potential noise (such as images 
with background in the field and low-resolution images).20,21 
Utilization of EfficientNet makes this tool appropriate to be 
embedded in an application form that can interpret images 

Figure 3. A Visual Representation of Boundary Attention Mapping Analysis and Statistical Analysis. A Clinical Photo (600 × 600 Pixels) Was 
Tested With our AI/ML Burn Assessment Tool. The Total Surface Area of the Burn Our AI/ML Tool Recognized (ML Visualization) Was 
Represented Through a Mask Image Composed of Pixels. A Pixel-Wise Comparison Was Completed With LDI Image by Directly Overlaying Both 
Images. The AI/ML Tool Was Able to Pick Up on 91.6% of Pixels That LDI Assessed to be a Burn Injury, Which Showed 78.17% Sensitivity and 
93.7% Specificity

Figure 4. Agreement Analysis Between Clinical, LDI, and AI Burn Assessment. Cohen’s Kappa Analysis (Linear Weights) Was Completed to 
Assess Inter-Rater Reliability Between 3 Assessment Methods (Table 3). Clinical Vs LDI Assessment Had the Same Depth Assessment on 32.4% of 
Burn Images Tested With a Kappa Value of 0.037 (P = .3), Which Indicated Poor Agreement (A). Clinical Vs AI Assessment Had the Same Depth 
Assessment on 28.6% of Burn Images Tested With a Kappa Value of −0.095 (P = .21), Which Also Showed Poor Agreement (B). However, AI Vs 
LDI Assessment Had the Same Depth Assessment on 66% of Burn Images Tested With a Kappa Value of 0.39 (P < .001), Which Represents Fair 
Agreement (C)
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