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Abstract
Background  Precise area measurement of body surfaces is essential in clinical trials and clinical practice, particularly for the 
clinician, to monitor lesion size, assess skin condition severity and determine precise treatment dosage. The inherent diffi-
culty of this task lies in the analysis of irregular surfaces or lesions with complex outlines. Consequently, existing solutions 
often lack accuracy or rely on expensive and complex technology, limiting their practicality.

Objectives  To introduce a cost-effective and accessible artificial intelligence (AI)-driven methodology that accurately meas-
ures body surface areas by effectively accounting for surface relief, outline and orientation.

Methods  The proposed approach is based on the analysis of monocular smartphone images. By using a set of specific mark-
ers, a state-of-the-art depth estimation model and surface triangulation, the area of delimited body surfaces can be measured 
with high precision.

Results  We tested this area measurement technology in controlled and simulated dermatological scenarios where a precise 
gold standard can be established. The proposed methodology achieves high precision and robustness across different camera 
configurations and body surfaces of different anatomical complexity. Notably, the proposed approach significantly outper-
forms traditional methods with a mean absolute error of 20 mm2 vs. 47 mm2.

Conclusions  The results consistently demonstrate high accuracy while being an accessible and time-efficient solution. When 
integrated into an AI-based medical device, this framework improves its usability and broadens its applications to tasks such 
as lesion severity assessment and clinical trial standardization, making it a valuable tool for clinicians and patients.
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The increasing complexity of dermatology-related clinical trials 
and clinical practice, paired with an ever-growing demand for pre-
cision, presents challenges and opportunities for technological 
innovation. To enhance clinical efficiency, specialized software, 
such as the CE-certified medical device Legit.Health (Bilbao, 
Spain), is often used in clinical workflows. A critical component 
for clinical practice and clinical research is the precise measure-
ment of skin surfaces. This precision allows clinicians to track the 
size and dimensions over time of skin conditions such as actinic 
keratosis or pressure wounds; determine appropriate treatment 
dosing; calculate severity scores, such as Psoriasis Area and 
Severity Index (PASI) for psoriasis or SCORing Atopic Dermatitis 

(SCORAD) for atopic dermatitis;1,2 or measure the body surface 
area (BSA).3,4 However, the inherent difficulty of analysing irregu-
lar anatomical surfaces underscores the necessity of more effec-
tive and automated area measurement solutions.

Traditionally, investigators measure skin surface areas manu-
ally, approximating lesions as geometric shapes (e.g. rectangles, 
circles and ovals) or using wound-tracing semitransparent films to 
outline and measure them.5 Both methods are invasive, as they 
involve contact with the lesions, which can cause contamination. 
Additionally, they fail to account for three-dimensionality, per-
spective and complex lesion contours, limiting their precision and 
applicability, particularly on anatomically irregular surfaces.

What does this study add?
•	 A new, inexpensive and time-efficient artificial intelligence-based methodology based on the analysis of a single smartphone 

image.
•	 The proposed method leverages depth information to accurately measure surfaces with complex relief and outlines.
•	 We integrate the proposed approach into the Legit.Health medical device to extend its usability to different clinical use cases.

Graphical abstract

What is already known about this topic?
•	 Lesion area measurement is essential for many clinical procedures.
•	 Manual methodologies for area measurement are time-consuming and lack accuracy.
•	 Computer-assisted methodologies involve oversimplified solutions with low precision or complex and expensive 

methodologies.

D
ow

nloaded from
 https://academ

ic.oup.com
/skinhd/advance-article/doi/10.1093/skinhd/vzag064/8666948 by guest on 28 M

ay 2026



Skin Health and Disease, 2026, Volume 00, Issue 00 3

More recently, investigators have adopted computer-assisted 
methods that measure areas by using a marker of known dimen-
sions as reference.6,7 While common, this approach fails to 
account for surface relief and perspective, limiting its accuracy 
and applicability. More advanced techniques tackle these chal-
lenges with photogrammetry, structure from motion algorithms 
or complex recording devices such as stereo cameras.8–12 Although 
they have improved precision, these technologies demand spe-
cialized knowledge, take longer to capture manual images and 
require costly equipment.

This study overcomes the challenges of accurate BSA measure-
ment by introducing a novel, high-performance methodology. The 
proposed framework combines state-of-the-art deep learning–
based depth estimation with a set of markers to calculate precise 
metric three-dimensional (3D) data from a simple two-dimensional 
(2D) smartphone image. By triangulating the target surface, the 
method enables highly accurate area measurement. When inte-
grated into a certified medical device such as Legit.Health, this 
approach can be used in a wide range of medical scenarios without 
the need for specialized hardware or technical skills from the 
investigator.

By design, this method is well suited to calculating the surface 
area of the whole body or body regions with variable anatomical 
complexities, such as the face, head, armpits or feet. Given the 
inherent imprecision of visual evaluation and other existing meas-
urement methods, we validated our proposed framework in simu-
lated clinical scenarios where the gold standard can be precisely 
defined. The experimental results validate the robustness of this 
area measurement technology across different body parts, cam-
era configurations and surface sizes. Beyond surface area meas-
urement, this solution opens up additional possibilities such as 
precise lesion dimensionalization and distance calculation 
between the camera and the patient, which is crucial in standard-
izing clinical procedures. Furthermore, the use of markers can aid 
the clinician in lesion delineation, minimizing the need for man-
ual intervention. By embedding this solution into a certified med-
ical device like Legit.Health we aim to demonstrate its potential in 
reducing costs and achieving high accuracy standards in medical 
research.

Materials and methods
Experimental setup
Evaluating an area measurement method is inherently challeng-
ing due to the difficulty in obtaining a precise gold standard since, 
as discussed above, clinicians and existing measurement meth-
odologies are subject to various sources of imprecision. To rigor-
ously assess the precision of our proposed method and similar to 
prior work,10,13 we conducted a controlled experiment simulating 
clinical use cases. In these scenarios, the gold standard consisted 
of squares with known dimensions (15 mm per side; 225 mm2 
area) drawn directly on the skin.

Each compiled sample consisted of an image of the face, neck 
or foot (Figure 1). We chose these body parts due to their hetero-
geneous surfaces, which pose measurement challenges, and their 
susceptibility to common dermatological conditions such as 
acne, actinic keratosis, rosacea, atopic dermatitis, psoriasis and 
wounds, where accurate area computation is essential for severity 
assessment and monitoring. To strengthen the findings of this 

study and ensure the method was tested against realistic condi-
tions, the captured images deliberately included common skin 
variations and artefacts. These included surfaces with both high 
and shallow hair density, makeup, jewellery and freckles. 
Captured body surfaces include a set of five ArUco markers 
(named derived from ‘Augmented Reality University of Cordoba’) 
placed over the skin to serve as a reference for the metric coordi-
nates calculation. We then assessed the performance of the pro-
posed solution by measuring the areas of the known surfaces and 
comparing them with the real ones (∼225 mm2).

We took the images used in this study with a commercially 
available smartphone (Apple iPhone 15 Pro Max). This device fea-
tures multiple cameras with different focal lengths and apertures. 
To evaluate more diverse scenarios and include more heterogene-
ous use cases, we conducted image acquisition using the 24-mm, 
and 3–5-mm lenses and their ultrawide variations.

As a result of this data collection, we compiled a set of 58 images 
from 10 different White volunteers that encompassed a total of 
410 reference shapes. We captured each body part between 18 
and 20 times with a mean (SD) of 7.1 (1.9) reference drawn shapes. 
Each image contains 5 ArUco markers with a 5 × 5 binary grid pat-
tern, and a physical marker size of 10 × 10 mm (see Figure 1).

Evaluation metrics
Evaluating the similarity between the measured area of a surface 
and its actual area is not straightforward, as variations in the 
measurement make the mean absolute error (MAE) grow expo-
nentially and asymmetrically. To provide a more representative 
error metric, we designed the symmetric root percentage error 
(SRPE) metric:
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where y and y′ refer to the real and measured surface areas, 
respectively. SRPE quantifies the percentage variation between 
these values, with 0 being the optimal error. To assess precision, 
we calculated the percentage of reference shapes with SRPE val-
ues <7%, 13% and 20%. These thresholds corresponded to square 
side variations of up to 1 mm (very accurate), 2 mm (accurate) and 
3 mm (fair). This multithreshold approach provided a nuanced 
evaluation, accounting for inevitable labelling uncertainties. 
Additionally, we report MAE values, which, while not fully captur-
ing performance, provide error estimates in metric units (mm2).

Area measurement framework
The proposed method measures surface area by analysing regular 
2D smartphone images. To this end, (i) we placed a set of markers 
anywhere near the area of interest and captured a photograph 
including the markers; (ii) we delineated the area of interest with 
a set of pixel coordinates; and (iii) the proposed framework calcu-
lated the surface area. As illustrated in Figure 2, the area measure-
ment method breaks down the delineated surface into smaller 
triangles and converts their pixel coordinates into a relative 3D 
space using a state-of-the-art relative depth-estimation model. In 
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parallel, we detected the known-size markers and used them to 
transform relative depth values into metric measurements (meas-
ured in mm), reflecting real-world distances. Finally, we calcu-
lated the surface area by summing the areas of these elementary 
3D triangular segments, the calculation of which is straightfor-
ward. This triangulation and 3D conversion provided high granu-
larity for the analysis of complex curvatures, perspectives and 
outlines of segmented lesions.

Depth estimation and metric coordinates calculation
The use of depth information is pivotal in our approach to accu-
rately compute metric measurements of target surfaces from 2D 
images. Depth estimation creates an essential link between the 
image plane and the metric 3D coordinate system, enabling the 
conversion of pixel-based measurements into actual metric units.

To this end, we first generated a relative depth map using the 
state-of-the-art Depth Anything v2 relative depth estimation 
model (ViT-B version).14,15 This model relies on vision transform-
ers thoroughly trained with 42 million images to achieve finer rel-
ative depth estimations.16 As these depth measurements do not 
directly correspond to real metrics (e.g. mm), we added an extra 
step to transform relative depth values into metric ones. 
Specifically, this transformation involved a scale (a) and a transla-
tion (b) transformation, as defined by the linear model:

	 ( )f x xa b= +

where a and b are specifically optimized for each image, and x is 
the relative depth value obtained from the depth estimation 
model at a certain image pixel. This learning process uses metric 
measurements from different points in the scene, which we 
obtained using a set of markers placed around the target body 
surface.17 Knowing the actual dimensions of the markers and hav-
ing a precise camera calibration model allowed us to determine 
their positions and orientations in the scene. Lastly, using their 
distance from the camera, we fitted the linear transformation 
equation above with the Levenberg–Marquardt algorithm,18 and 
transformed the relative depth into metric depth.

Finally, having a new pixel coordinate (u,v), its metric depth (D) 
and the intrinsic camera parameters (K), we calculated its metric 
coordinates Pw (X,Y,Z) as:
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Surface area measurement
Measuring the area of a target surface solely through the pixel 
coordinates that define its contour is insufficient, as this process 
overlooks the surface’s curvature and orientation. These elements 
are essential to an accurate area measurement. Consequently, we 
broke down this problem into calculation of the areas of the target 
surface’s subparts. To this end, we divided the target surface into 

Figure 1  Samples compiled for the evaluation of the proposed area estimation framework. (a) Neck and (b) foot samples. Five markers serve as a 
reference to convert relative depth measurements to metric ones. Drawn squares of known area (225 mm2) serve as ground truth for their area 
measurement evaluation. (c) Neck and (d) foot samples with qualitative results overlayed. Green, yellow and orange refer to the shapes assessed with a 
symmetric root percentage error (SRPE) under the thresholds of 7%, 13% and 20%, respectively. SRPE grows in surfaces that are less aligned with the 
camera plane.
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smaller triangles (as illustrated in Figure 2), using the Delaunay 
triangulation algorithm.19 This algorithm also allowed us to set 
the maximum triangle area, thereby providing fine control over 
the system’s granularity.

The next step involved transforming the resulting pixel coordi-
nates of the set of triangles into 3D coordinates as described 
above. This transformation enabled us to calculate each 3D pla-
nar triangle’s area easily. We then calculated the total surface area 
by summing together the areas of all these subpart triangles.

Legit.Health medical device
To demonstrate a practical use case, we integrated the proposed 
area measurement framework into Legit.Health, a CE-certified 
medical device. The Legit.Health software uses advanced com-
puter vision algorithms to analyse images of the skin, including 
the epidermis, dermis and associated structures. The software 
provides healthcare professionals with comprehensive clinical 
data to support their evaluations and enables healthcare organi-
zations to optimize their workflows.

The medical device eases the accessibility and usability of the 
proposed area measurement solution and extends its range of 
applications when combined with other Legit.Health functionali-
ties. This is the case for lesion size monitoring and area-based 
severity assessment (Figure 3). The latter is the case for calculat-
ing the PASI score for psoriasis or SCORAD for atopic dermatitis. In 
both cases, users upload an image for analysis, with the option to 
outline the target area either manually or automatically using 
lesion-specific deep learning segmentation models. Figure 3(a) 
shows the basic use of the area measurement functionality, 

focusing on tracking the lesion size over time. Figure 3(b) inte-
grates the area measurement solution into the automatic SCORAD 
severity calculation, also displaying the severity of the condition 
over time. This visualization of data enables clinicians to better 
monitor the progression of patient lesions and more accurately 
assess treatment efficacy during follow-up consultations.

Results
We carried out different analyses to evaluate the performance of 
the area measurement solution. We performed the tests measur-
ing the area of the 410 compiled reference shapes, derived from 
the collection of 58 heterogeneous images.

Performance by body part
Table 1 shows the performance of the area measurement solution 
for different body parts. We chose these body parts due to their 
importance in clinical research and anatomical complexity. In all 
cases, the presented area measurement method assessed above 
73% of the reference shapes with <1 mm of square side length 
difference (SRPE <7%), and almost every time (above 94%) with 
<2 mm of square side length difference (SRPE <13%). Similarly, 
the MAE values were minimal (<22 mm2). Note that the shapes we 
used as ground truth are squares of 15-mm side length and 
225 mm2 of area. These experimental results confirm the effec-
tiveness of the method across different body parts typically 
encountered in clinical trials.

By closely analysing the results, we found that errors mostly occur 
on surfaces with challenging relief. This is the case for irregular 

Figure 2  Proposed area measurement methodology. We take an image of the target surface and a set of markers and delineate the surface boundaries. 
We split the target surface into smaller triangles and calculate their three-dimensional metric coordinates using relative depth estimations and metric 
information from the markers. We calculate the final area measurement (in metric units) by summing the areas of the individual triangles. The name 
ArUco is derived from ‘Augmented Reality University of Cordoba’.
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surfaces, such as the nose or cheeks, and surfaces not aligned with 
the image plane. These limitations can be visualized in Figure 1.

Performance comparison with baseline
Table 2 compares our method against the well-established pixel-
to-area approach.6,7 This baseline method measures the metric 
area captured in a pixel belonging to a reference surface of known 
dimensions. Then it counts the number of pixels within the target 
area and, assuming that every pixel covers the same metric area 

as previously calculated, determines the area of the target sur-
face. Consequently, this methodology does not account for sur-
face relief or orientation. Therefore, the results indicate that our 
proposed method performs significantly better than the well-
established pixel-to-area method.

Performance by number of markers
Our method relies on placing small markers in the vicinity of the 
region of interest. As such, a key consideration of this method is 

Figure 3  Performance varies by the number of markers. (a) Performance measured with symmetric root percentage error under different cutoff 
thresholds. (b) Performance measured with mean absolute error and SD.
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how many markers must be placed to achieve the best perfor-
mance with the least inconvenience.

To assess the impact of the marker quantity, we evaluated the 
performance of the method with varying amounts of markers 
using the same set of images from previous experiments. To that 
effect, we used all possible combinations in the range of 2–5. As 
illustrated in Figure 4, the performance improved as the number 
of markers increased. Notably, SRPE <13% and SRPE <20% met-
rics plateau at four markers, emphasizing that using at least four 
markers provides significant advantages. However, SRPE <7% 
and MAE metrics indicate potential for further improvement when 
using more than five markers.

Performance in large areas
Our method may be used to analyse surfaces of different magni-
tudes, ranging from a small lesion on the hand to a whole trunk. 
To assess the impact of the size of the surface area, we carried out 
an additional experiment. Instead of evaluating shape-wise per-
formance among the set of 410 reference shapes of 15 × 15 mm2 
as in the other experiments, we evaluated image-wise perfor-
mance among the set of 58 images. This means that we treated all 
the reference shapes within each image as a unique and larger 
surface. The true area of these composed surfaces increased an 
average area of 1583 mm2 (min–max 1125–3150 mm2).

The proposed area measurement framework achieved a mean 
(SD) SRPE of 3% (2%). This error was significantly lower than the 
minimal 7% threshold used in previous experiments, showcasing 
the framework’s robust performance irrespective of surface size. 
In addition, we obtained an MAE (SD) of 85 (58) mm2 which, as an 
absolute metric, is expected to scale with the surface area size.

Discussion
Accurate area measurement is a crucial task, especially when inte-
grated into a medical device like Legit.Health, extending its appli-
cability. Such tools not only monitor lesion dimensions and meas-
ure BSA, but also aid the clinician in making more informed 
decisions in treatment dosage determination and disease severity 
assessment. While modern techniques supersede traditional 
manual and invasive measurement methods, they often require 
costly equipment or overlook the anatomical surface relief and 
complex lesion contours. These limitations hinder precise area 
calculation, leading to unrealistic and unreliable measurements.

This study presents a novel method to effectively measure sur-
face areas in clinical practice. Notably, the proposed method 
excels in precision and robustness by involving deep learning to 
compute 3D information from monocular images and by using 
effective triangulation algorithms. Its exceptional robustness 
allows its use across any part of the body, regardless of its relief 
complexity, lesion outline, lesion size and visible skin artefacts. A 
key advantage of this methodology is its noninvasive, accessible 

Table 2  Performance comparison with pixel-to-area baseline

View SRPE <7% SRPE <13% SRPE <20%
MAE (mm2), 
mean (SD)

Baseline 57% 78% 88% 47 (73)
This study 80% 95% 100% 20 (17)

These results show the performance of our proposed area measurement 
methodology in comparison with a standard methodology for area measure-
ment. MAE, mean absolute error (lower is better); SRPE, symmetric root 
percentage error (higher is better).

Figure 4  Legit.Health software. (a) Image analysis yields the area of the manually segmented surface, which is displayed along with the ones calculated 
over time for the same lesion. (b) Image analysis yields the dermatitis segmentation, its area and severity, which is displayed along with severity 
information from previous consultations. The name ArUco is derived from ‘Augmented Reality University of Cordoba’. MAE, mean absolute error; SRPE, 
symmetric root percentage error.

Table 1  Evaluation results

View SRPE <7% SRPE <13% SRPE <20%
MAE (mm2), 
mean (SD)

Face 73% 94% 100% 22 (18)
Neck 84% 94% 98% 18 (17)
Foot 85% 98% 100% 18 (13)
Total 80% 95% 100% 20 (17)

These results show the performance of our proposed area measurement 
methodology when applied to different body parts. MAE, mean absolute error 
(lower is better); SRPE, symmetric root percentage error (higher is better).
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nature, enabling rapid area measurement using just a smart-
phone photo. Moreover, while this framework is device-agnostic 
and compatible with any system, we demonstrated its integration 
with Legit.Health medical device. This implementation increases 
usability for healthcare professionals and patients, while further 
enriching clinical practice through its synergy with other 
Legit.Health tools, such as image quality and diagnostic support 
modules.

The performance results of our proposed area measurement 
solution demonstrate high effectiveness. Notably, it surpasses the 
most commonly used semiautomatic baseline for skin surface 
area measurement, presenting consistent results across different 
body parts, different camera configurations (Appendix S1; see 
Supporting Information) and surface dimensions. This robust per-
formance in diverse scenarios ensures precise area measure-
ments, even for irregular surfaces and lesions with complex 
outlines.

Interestingly, the methodology we propose offers innovative 
applications beyond the scope of bare area measurement. The 
calculated 3D data enable precise measurements of the lesion 
dimensions and the distance between the camera and the sub-
ject (or any other point within the scene), which is particularly 
beneficial in standardizing clinical procedures. Additionally, the 
markers can also be used to delineate the surface of analysis 
(Appendix S1, Figure S1; see Supporting Information), thereby 
reducing the need for manual intervention and time 
requirements.

Owing to the inherent difficulty of establishing a definitive clin-
ical gold standard for evaluation, we conducted a controlled 
experiment that simulates clinical use cases using a precisely 
defined ground truth and a heterogeneous set of body parts. As 
the study was conducted at a single location with a relatively 
homogeneous local population, the participant pool had limited 
ethnic and racial diversity. Nevertheless, we expect our solution’s 
performance to generalize across patient demographics as the 
only component of the pipeline that might be sensitive to such 
variability is the depth estimation model, Depth Anything v2. This 
is a robust foundational model, trained on >42 million images to 
translate image data to colourless depth information. Although 
the authors do not explicitly report demographic information of 
the training data, the scale of the dataset suggests a broad rep-
resentation of skin tones and artefacts, genders, age groups, 
pathologies and depth complexities. We provide qualitative evi-
dence of its generalization capabilities in Figure S2 (see 
Supporting Information), demonstrating that Depth Anything v2 
reliably generates detailed depth maps across a range of skin 
tones, anatomical regions and medical conditions. In order to 
further ensure the area measurement performance in clinical 
practice, future work will include the monitoring of clinicians 
using this tool in clinical practice with diverse participants and 
medical conditions.

Despite evaluating our solution in a controlled environment, 
there are certain limitations. Firstly, although we drew reference 
shapes of known dimensions, they were susceptible to minor 
uncertainty caused by uneven angles, line thickness or sides of var-
iable length. Additionally, as the skin is deformable, the dimen-
sions of these reference shapes can change during the experiment. 
To address this variability, we designed the SRPE error metric and 
calculated it at different cutoff thresholds, providing a more 

comprehensive assessment of our method’s performance. 
Additionally, we conducted an experiment where we analysed all 
reference shapes within an image as a unified surface. This 
approach minimizes the evaluation uncertainty and provides a 
more comprehensive assessment of performance across surfaces 
with diverse dimensions and irregular contours.

The use of the proposed area measurement methodology 
encompasses several crucial factors. Proper marker placement is 
essential for precision. While the system can function with just 
two markers, using at least four markers across the scene is key to 
mitigating depth estimation inaccuracies. Markers must also be 
large enough for precise detection, especially when capturing 
images from longer distances. When it comes to image acquisition 
and quality, images should be taken with the region of interest 
centred and aligned to the camera plane, avoiding extremely 
tilted surfaces such as the body edges. Additionally, similar to any 
computer vision model, to ensure optimal precision, images 
should be captured under good lighting conditions, free from 
motion blur, and with enough resolution to sharply detect the 
ArUco markers.
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Data availability
The data compiled for the technical evaluation of this study are not 
publicly available because it contains identifiable human images. 
Public distribution of the full dataset is restricted to ensure compli-
ance with the General Data Protection Regulation (GDPR) and the 
specific terms of the written informed consent provided by the 
volunteers.

Ethics statement
This research constitutes a technical validation study conducted 
using images of healthy skin from volunteer participants. In 
accordance with ethical standards for research involving human 
participants, the study protocol was reviewed and approved by the 
Ethics Committee of La Princesa University Hospital (registry num-
ber 6124; report code: 9-02-26). All volunteers provided written 
informed consent for the acquisition and use of their images for 
research purposes. The consent also permitted the publication of 
selected nonidentifiable images within the scientific manuscript. 
The full dataset, which includes identifiable images, is not publicly 
shared in order to comply with the General Data Protection 
Regulation (GDPR) and the terms of the informed consent.

Patient consent
All volunteer participants provided written informed consent for the 
acquisition and use of their images for research purposes and for the 
publication of selected nonidentifiable images within the manu-
script. Participants did not consent to the public release or open dis-
tribution of the complete dataset containing identifiable images.

Supporting Information
Additional Supporting Information may be found in the online 
version of this article at the publisher’s website.
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