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Summary: Measuring skin color for medical research in an objective and nonbi-
ased manner usually requires expensive equipment such as spectrophotometry 
and requires the subject to be present in person. We present a novel method to 
measure skin color from photographs using the Skin Analyzer application as a 
more effective, accessible, and efficient alternative. A desktop application, the 
Skin Analyzer, was developed to convert skin samples collected from digital images 
to the L*a*b color space and uses those values to calculate an individual typol-
ogy angle that correlates to a Fitzpatrick skin type. To assess accuracy in variable 
lighting, six known colors representing the six Fitzpatrick skin types were printed 
and photographed in 15 separate locations within the hospital. To account for 
user variability in sample selection, interrater reliability was calculated with data 
generated by 13 untrained users testing the app on six subjects. The accuracy of 
measuring known values, which is the classification accuracy, was calculated to 
be 80%. Krippendorff alpha test was used to evaluate interrater reliability. The 
obtained alpha of 0.84 indicates a high interrater reliability. The high accuracy and 
reliability make the Skin Analyzer a suitable method of objectively determining 
Fitzpatrick skin type from images. The app may be used to investigate the effects 
of skin tone in various areas of interest, especially in retrospective studies where 
skin colorimeters cannot be used. (Plast Reconstr Surg Glob Open 2023; 11:e5341; doi: 
10.1097/GOX.0000000000005341; Published online 11 October 2023.)
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THE APP: THE SKIN ANALYZER
Current medical research and education lacks a robust 

understanding of skin color as an objective variable, mak-
ing it difficult to quantify its impact as both a social and 
physical determinant of health.1–4 Physical colorimeters 
or spectrophotometers are the current gold standard to 
objectively quantify skin color independently from race 
or ethnicity.5–7 These tools, however, must be used in per-
son with the patient present. Data collection is limited by 
expensive equipment, timing, transportation, and pro-
spective planning.8 Medical records contain an entire 
database of patient images that can be used in retrospec-
tive studies, but current available methods do not allow 

for the utilization of these images to quantify skin color. 
At best, these photographs may be subjectively analyzed 
by professionals with experience in skin color identifica-
tion. This method is subject to bias and can vary between 
providers.6,9,10 We have created a pilot digital app, Skin 
Analyzer, to harness objective data on skin color from the 
digital images in medical records, which may ultimately 
aid research on diverse skin tones.

A desktop app, the Skin Analyzer, was created based 
on the 1976 CIELAB colorspace11 and the skin type clas-
sification presented by Chardon et al.12 RGB values in a 
digital image are first transformed to the CIELAB color 
space, a device independent color space designed to more 
closely resemble human color perception. Rather than 
describing the red, green, and blue content of a color, 
CIELAB describes color in three axes based on light/dark 
(the L* axis), red/green (the a* axis), and blue/yellow 
(the b* axis), which correlate with skin pigmentation, ery-
thema, and pigmentation/tanning, respectively.6 An indi-
vidual typology angle can be calculated based on the L* 
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and b* values, which may be classified into one of the six 
Fitzpatrick skin types.12,13

The app allows for flexible assistance in data collec-
tion and skin type categorization from digital images. (See 
Video [online], which displays a detailed walkthrough of 
how to use the app.) Briefly, on startup, the user may adjust 
the aperture to dictate how large an area should be sam-
pled. In the multipoint collection mode, the user may also 
select how many samples (between 1 and 20) should be 
collected from each image (Fig. 1). With two-point collec-
tion, two color samples will be collected from each image, 
and an additional parameter, ΔE, is reported as a measure 
of how different the two locations may be to human per-
ception. After selecting the folder containing the desired 
images, the app will present each image, and the user will 
be prompted to select points on the image to populate the 
samples field on the right (Fig. 1). Care should be taken 
to avoid areas with glare, shadows, or moles/rashes. The 
process will repeat until all images have been analyzed. All 
variables reported by Skin Analyzer and their significance 
are described in Tables 1 and 2.

To assess the effect of lighting variability on accuracy of 
Fitzpatrick type calculation, six known colors that correlate 
to the six Fitzpatrick skin types, as represented in Figure 2 
adapted from Ly et al,6 were printed and photographed 
in 15 different locations with varying lighting around the 
hospital. The fifteen photographs were sampled by the 
app and compared with the original Fitzpatrick score. 
Although variable lighting led to some classification one 
category above or below known Fitzpatrick type of each 
color strip, an overall classification accuracy of 80% was 
maintained (Fig. 3).

To account for user variability in sample selection, 
interrater reliability was calculated. The data generated 
by 13 untrained users testing the app on photographs 
from six human patients was used to calculate a previ-
ously reported coefficient,14 Krippendorff alpha, which 
is a reliability coefficient quantifying the agreement 
between independent raters or judges.15 We obtained 
an alpha value of 0.84, indicating a high interrater 
reliability.

DISCUSSION
Existing research on skin color in the field of plastic 

surgery has shown that it can be an important factor 
not only in health equity but also in the prevalence of 
disease, patient risk for certain conditions, and patient 
outcomes,2,16–18 but such investigations are hindered 
by difficulty collecting objective and consistent data 
on skin color. It has been reported that plastic surgery 
journals use significantly more images of white-skinned 
than dark-skinned individuals.3 Medical texts and edu-
cation have also historically lacked diversity in patient 
examples, which can lead to bias and, ultimately, worse 
patient outcomes.1 As medicine and the field of plastic 
surgery work to increase the diversity of research study 
patient samples, an accessible way to objectively mea-
sure patient skin color is needed. Although race or eth-
nicity information is commonly used as a measure of 

diversity in research studies, it does not accurately pro-
vide specific information on the skin color of patients. 
Patient skin color may be particularly important to plas-
tic surgery in fields such as burns and aesthetics, as it is 
important to understand the skin-related risk factors, 
treatment, and outcomes as they relate to objective skin 
color. Currently, a physical colorimeter can be used in 
prospective studies to assess skin color, although this 
method is not without flaws.8 In retrospective studies, 
the only option to precisely identify skin color is to use 
experts with experience in skin color identification.6,9,10 
The biggest limitation of the Skin Analyzer is the small 
effect of variable lighting on accurate estimates; how-
ever, this limitation is shared by experts identifying 
skin type from digital images. We have developed the 
Skin Analyzer to provide researchers with a more cost-
efficient and time-efficient method of collecting objec-
tive skin color information in retrospective studies. The 
Skin Analyzer is open source and available for use at 
theskinanalyzer.com. The code can be downloaded, 
and we invite others to improve the app. Despite the 
current limitations, the Skin Analyzer is a new tool 
that researchers can use to explore the effects of skin 
color in plastic surgery treatments and outcomes. We 
hope this tool will promote research into furthering the 
understanding of skin color as a variable in medicine 
and that researchers will find it useful.
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Fig. 2. The Fitzpatrick scale classifies skin types on a scale from 1 to 6, with 1 as the lightest shade and 
6 as the darkest shade.

Fig. 3. The Skin Analyzer accuracy.
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