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Abstract: Patch testing, a key diagnostic tool for allergic contact dermatitis, relies heavily on visual assessment of
erythema, which is not as prominent or presents differently in skin of color. To address this challenge, we used a 3D
camera and image processing software to analyze patch test reaction grades in skin of color patients. Here, we
present topographic photographs and videos for doubtful, 1+, 2+, 3+, and irritant reactions to highlight the
infiltration and edema through measurements of relative height and texture changes. By leveraging this technology,
we hope to aid dermatologists in better differentiating between patch test reaction grades and further refine
diagnostic criteria to include more objective measurements, minimizing reliance on erythema.

People of color comprised 42.2% of the United States in
2020, increased from 11.4% in 1967 when the original

Fisher’s Contact Dermatitis textbook was first published.1,2

As diversity amongst physicians has also increased, derma-
tologists in particular have been challenged by and interested
in understanding skin disease across a broad spectrum of
skin types. Historically, medical textbooks featured almost
exclusively photos of disease in patients of European herit-
age, with only 4.5% of pictures featuring skin of color
(SOC).3 This has led to various initiatives focusing on identi-
fying SOC-specific risk factors, improving diagnosis of skin
diseases in SOC, and ensuring inclusion of SOC in dermatol-
ogy education through tools, such as VisualDx, Skin of Color
Society, and SkinDeep.4

Patch testing is the gold standard for diagnosis of allergic
contact dermatitis. The most common standardized patch test

reaction scoring system is the International Contact Dermatitis
Research Group.5 These guidelines include negative, doubtful
(?+), weak positive (1+), strong positive (2+), extreme positive
(3+), and irritant reactions, each with their own defined mor-
phology. Strong and extreme positive reactions are characterized
by palpable findings such as infiltration, vesicles, and papules.
For doubtful and positive reactions, the strength and distribu-
tion of erythema key indicators for assessing an allergen in a
patch test site. This is particularly challenging to evaluate in
SOC, where erythema may present as red, red–brown, or even
shades of violet or gray, compared with red/pink in patients
of European heritage.6 Additionally, the lack of clinical
images and subjective interpretation of patch test results con-
tribute to the underdiagnosis of allergic contact dermatitis in
patients with SOC, exacerbating health disparities.7 It has been
suggested that using angled light sources, known as side lighting,
and physical palpation to assess papules may aid in better vis-
ualization and diagnosis of allergic contact dermatitis in SOC
patients.8

To encourage discussion surrounding possible over-reliance
on erythema of patch test reactions in patients of color, we
present an educational tool using 3D photography and topog-
raphy to highlight infiltration/edema (Fig. 1; LifeViz Micro,
Quantificare, Sophia Antipolis, France). Photos were taken of
patch test reactions in SOC patients 96 hours after patch test
application and loaded into the DermaPix software (Quantifi-
care, Cedex, France), an image processing software that allows
for quantification of various features and creation of a topo-
graphic map indicating relative height and textural changes
seen in patch test reactions. Images of patch tests were visually
graded, and we have included an image and its corresponding

From the *University of Arizona College of Medicine, Phoenix, AZ, US;
†Contact Dermatitis Institute, Phoenix, AZ, US; and ‡HonorHealth Dermatology
Residency, Scottsdale, AZ, US.

Address reprint requests to: Tara Ghalambor, BS, 475 N 5th St, Phoenix, AZ
85004, E-mail: ghalambor@arizona.edu

T.G.: Formal analysis (lead), writing—original draft (lead), software
(lead). D.H.: Conceptualization (equal), data curation (equal), supervision,
writing—review and editing (lead). C.H.: Conceptualization (equal), data
curation (equal), supervision, writing—review and editing (supporting).

D.H. and C.H. are related to an owner of SmartPractice Allergen Bank, and
owners of SmartPractice, which manufactures and sells patch testing
materials, including TRUE Test. T.G. does not have any conflicts of interest.

The authors did not receive support from any organization for the submitted
work.

DOI: 10.1089/derm.2024.0381

ª 2025 American Contact Dermatitis Society. All Rights Reserved.

488 DERMATITIS, Vol 36 � No 5 � September/October 2025

STUDIES

Copyright ª 2025 American Contact Dermatitis Society. Unauthorized reproduction of this article is prohibited.

mailto:ghalambor@arizona.edu
http://dx.doi.org/10.1089/derm.2024.0381
http://crossmark.crossref.org/dialog/?doi=10.1089%2Fderm.2024.0381&domain=pdf&date_stamp=2025-09-15


3D topography map reconstruction for each of the following
reactions: ?/doubtful, 1+/weak positive, 2+/strong positive, 3+/
extreme positive, and IR/irritant. Video representations of each
reaction are provided as supplementary material. Through the
use of this software and its 3D analysis capabilities, we hope to
aid budding and established dermatologists in their ability to dif-
ferentiate between patch test reaction grades. Furthermore, this
work represents an early step toward developing objective meas-
ures for patch test reactions to minimize reliance on erythema,
with the ultimate goal of reducing subjectivity and improving
diagnostic accuracy. While our current data are preliminary and
primarily demonstrate the capabilities of 3D imaging, we hope
this initial exploration highlights its potential and encourages
further research to validate its utility and optimize its application.
This proof-of-concept exhibits the potential to bridge diagnostic
gaps and underscores the need for continued efforts to better
serve diverse populations.

SUPPLEMENTARY MATERIAL

Supplementary Video S1
Supplementary Video S2
Supplementary Video S3

Supplementary Video S4
Supplementary Video S5
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Figure 1. ?/Doubtful, 1+/weak positive, 2+/strong positive, 3+/extreme positive, and IR/irritant patch test reactions in skin of color
patients with a corresponding 3D topography map showing relative heights of each reaction.
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