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The Fitzpatrick Skin Classification (FST) system, despite its widespread use, fails to adequately represent the diversity of
skin tones, particularly among individuals with darker complexions. This limitation can lead to misdiagnoses and suboptimal
treatment recommendations. To address this issue, the CIELAB color space values (L*: lightness, a*: red/green, and b*:
blue/yellow) were employed as a more objective method for skin color classification. Using a comprehensive database of skin
images from males and females across four ethnic/racial groups (White, Asian, Latino, Black), we analyzed variations in L*,
a*, and b* values. Results indicated significant variations in skin tones, especially within Latino and Black participants, with
a variance of 353.35 for Black participants and 53.70 for Latino participants compared to just 11.37 for White participants.
Asian participants were found to have a variance of 31.08. These findings highlight that FST may inadequately represent
the real-world diversity of skin tones within Black and Latino groups. The observed discrepancies underscore the need
for a more precise, data-driven approach. Integrating CIELAB values into skin classification could enhance diagnostic
accuracy and treatment efficacy, ultimately improving healthcare equity. This shift towards a more nuanced classification sys-
tem promises to advance dermatological care by addressing existing disparities and accommodating the diverse needs of all patients.
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Introduction

”Historically, Black skin, brown skin, is not represented in our
literature appropriately,”1 points out Dr. Ginette Okoye, the
Chair of Dermatology at Howard University. The issue is par-
ticularly evident in the Fitzpatrick Skin Classification System
(FST), where individuals are classified into one of only six skin
types—ranging from light color (Type I) to dark color (Type
VI)—based on skin color, response to ultraviolet light, and
phenotypes (hair and eye color). People of color are often un-
derrepresented in this scale and face limitations when using this
classification. Experts and health care practitioners have found
that olive and darker tones when limited to only two types (III
and IV), can be problematic in clinical settings2. The limita-
tions of FST approach to assessing skin phototypes III to VI
were addressed by referencing CIELAB color space values ac-
cording to more diverse population. This paper explores the
current limitations of FST for individuals with skin of color and
aims to argue for changes to make it more representative and
scientifically robust.

Background

FST, devised by Thomas B. Fitzpatrick in 1975, is a funda-
mental dermatologic classification system that predicts skin
responses to ultraviolet light3. Initially encompassing types I
to IV, its significance improved with subsequent modifications

to include types V and VI, broadening its applicability to di-
verse ethnicities such as Asian, Indian, and African4. Despite
its widespread adoption in clinical settings and recognition as
the ”golden classification” in medicine, the scale’s portrayal
of skin tones, particularly within types III to VI, poses limita-
tions5. The scale’s utility extends beyond mere classification it
serves as a highly referenced tool in dermatology, used in many
settings, including determining appropriate UVA exposure in
PUVA treatment for conditions like psoriasis and guiding the de-
velopment and assessment of dermatological devices. However,
the scale’s limitations become more apparent when it fails to
accurately differentiate among various skin tones and responses
to ultraviolet light, particularly within types III to VI. This lack
of precision can lead to inappropriate treatment decisions and
hinder the effectiveness of dermatological interventions, par-
ticularly for individuals with skin of color. In this context, the
CIELAB color space was utilized to test the variation in skin
tone of among racial and ethnic groups. Scientists believe that
FST may not accurately assess response to UV light since skin
color and tanning questions may not properly reflect real-world
skin tone variation.

CIELAB values emerged as an important framework for quan-
tifying color. The distance from the central axis represents the
chroma (Cab*), or saturation of the color. While this colorspace
is not exclusive to skin, originally used across various other
settings including painting and design, its application to human
skin is notable. The CIELAB color space was chosen for this

© The National High School Journal of Science 2024 NHSJS Reports | 1



Fig. 1 The CIELAB color space diagram depicting L* on the vertical
axis with a* and b* on the horizontal axis, indicating their relationship
in reference to the central plane6. L* denotes lightness/darkness, a*
corresponds to redness-greenness, and b* represents
yellowness-blueness.

paper as it can be applied to human skin and has been used
to describe injuries of the skin such as redness (increased a*
value), or changes in the skin due to sun exposure (increased
L* value in particular in the case of “tanning”)7. The L*, a*,
and b* values can be transcribed to dermatological parameters
where the L* value may correlate to skin pigmentation, a* with
erythema, and b* with pigmentation and tanning5.

Current Limitations of FST

As the current FST is widely used in dermatology to predict
burn and tanning risk in the skin, it faces challenges in prop-
erly representing all skin types of ethnic/racial groups. Studies
show that although FST is meant to predict the skin’s response
to UV light, many participants have reported that their skin
type did not tan or burn, contrary to what FST stated. This
resulted from mixed races, different L*a*b* values, and a lack
of consideration for sunburn history8. Dr. Susan Taylor, Vice
Chair for Diversity, Equity, and Inclusion for the Department of
Dermatology, Perelman School of Medicine at the University
of Pennsylvania, concurs that the current scale is outdated and
inaccurate for people of non-European descent. Specifically,
the scale states that there are just two skin types (III and IV)
for people of olive and darker skin tones, without accounting
for their many different shades and skin responses to UV2. In
dermatology, such incorrect assessment of a person’s skin tone
could lead to miscalculated risk factors including cancer as well
as inconsistencies for various skin risks and aesthetic proce-
dures. With such a diverse range of skin tones falling under only
a few categories, it is difficult to give precise and personalized

treatments based on skin typing2. This means that FST may
not be a fully accurate representation of the world’s diverse skin
tones. This could potentially lead to a bad diagnosis in a clini-
cal setting, leading to possible harm to a patient. Additionally,
the scale has been used by the Food and Drug Administration
(FDA) as guidelines for products and over-the-counter treat-
ments. Based on PDF summaries of 510k clearance results from
the FDA database, it was found that 3596 devices use FST as a
guideline, specifying which FST skin types the device should
be used on. With many devices relying on FST classifications,
it poses serious dangers to patients if the scale is too broad and
unable to identify the diverse range of skin tones under FST
types III and IV9. By establishing the limitations, it is clear
that the scale does not adequately capture the range of melanin
levels and genetics used to assess groups of various racial and
ethnic backgrounds.

Recent Trends in Publications

This issue of FST is not unique; there has been a significant
increase in submissions to journals addressing a broad spectrum
of medical and surgical conditions in subjects grouped under the
classification of “Skin of Color”10. To address these concerns,
efforts have been made to update the FST to make it more ac-
curate in stratifying various shades of skin color. For example,
Santiago et al. (2023) proposed a modification of FST to address
the growing interest in developing a skin classification system
that captures a more diverse population11. Their study aimed
to improve the utility of the scale by incorporating additional
factors such as skin sensitivity and a history of hypertrophic
scarring or keloids. Revised scales and an increase in journal
submissions reflect a broader recognition within the dermato-
logical community of the need for more accurate and inclusive
skin color classification systems; however, a fully revised FST
has yet to be developed and implemented in clinical settings.

False Sense of Security

The false sense of security led by FST poses significant risks
for individuals with skin of color. The scale assumes that type
V and VI skin always tans and rarely burns; however, recent
studies have shown that sunburn in darker skin is more common
than FST predicts. Although fair and delicate skin is normally
associated with sensitive skin, darker skin with higher melanin
levels may also be sensitive, contrary to the belief that FST has
led people to assume. The current misconceptions expressed
by most black individuals prevent sun-safe behaviors and may
lead to more harm to the skin12. For example, a majority of the
population in Ecuador are of Mestizo descent, who normally
have darker skin but are still at great risk for skin cancer due to
high UVRs in their country13. Even for groups living in milder
climates within the US that experience reduced sun exposure
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intensity, intermittent sun exposure, especially in childhood, is
a strong factor leading to melanoma. However, people of color,
who feel a false sense of security due to this misconception, are
less likely to use sunscreen, get skin examinations, or report
skin concerns, sometimes leading to an even higher mortality
rate compared to white populations because of a delayed di-
agnosis14. With immigration, intermarriage, and population
migration, FST’s limitations become apparent and its approach
to capture groups with just one ethnic descriptor is no longer a
viable predictor in dermatological practices.

While several modifications have been proposed, including
the modification to include skin phototypes V and VI to bet-
ter represent individuals of Asian, Indian, and African descent,
there continues to be inaccurate assessment and poor considera-
tion of the various shades of skin in the FST skin phototypes14.

Building on this pressing need for a more inclusive and pre-
cise approach to skin classification, the CIELAB color space
presents a framework that could enhance the accuracy and in-
clusivity of FST. By quantifying skin color variables through
high-level instrumentation, such as a spectrophotometer, the
CIELAB system allows for a more nuanced understanding of
skin tone variations across different racial and ethnic groups.
This method could address the current limitations of FST by
providing a more detailed and accurate representation of the
diverse spectrum of skin tones, particularly among individuals
historically underrepresented in dermatology.

For example, CIELAB values measure lightness, red/green,
and yellow/blue in skin, offering a more precise classification
method than the categories currently used in FST. This approach
has the potential to improve the scale’s ability to differentiate
between the various skin tones and responses to UV exposure
within phototypes III to VI. By refining FST through the integra-
tion of CIELAB values, dermatologists could better assess skin
cancer risk, tailor treatments for skin conditions, and ensure that
all patients receive equitable care, regardless of their racial or
ethnic background.

The CIELAB Color Space

Using CIELAB values by quantifying skin color variables with
high-level instrumentation, such as a spectrophotometer, may
reveal improvements in FST’s ability to discriminate skin tones
in racial and ethnic groups. In a study by Everett et al. (2012),
Spectrophotometry is employed to analyze a diverse female
sample, highlighting common trends in African American par-
ticipants, such as lower L* values but wider ranges of L* a* and
b* values when compared to other groups15.

In a related study, Ly et al. (2020) visually depict skin pig-
mentation trends using Adobe Photoshop, showcasing the re-
lationship between the L* and b* values, as seen in Figure 15.
The patterns of six groups: – very light, light, intermediate, tan,
brown, and dark, –were quantified and graphed. “They used

Fig. 2 Skin Color Volume - L*b* plane. Relationship between L*
(vertical axis) and b* (horizontal axis) observing six different skin
pigmentation groups6.

L* to measure luminescence/melanin, with the b* value plotted
against the L* value, creating a “banana shape. Lighter and
darker skin tones had a lower b* value (more blueness), while
intermediate skin tones had a higher b* value (more yellowness).
The color swatches from the data were representative of skin
colors from the L’Oreal Skin Color Chart. The data revealed
consistent patterns across ethnic and racial groups, suggesting
a promising application of these trends to refine FST. Notably,
the a* value, associated with redness/greenness, exhibits a cor-
relation with sun exposure, being more prevalent in Caucasian
participants than in African American participants. Moreover,
the skin L* and b* values, sunburn history, and race/ethnicity
significantly account for 72% of the variance in FST scores in
a diverse sample of 466 women16. These findings underscore
the potential of CIELAB values to contribute to the accuracy
of the classification system. The studies collectively suggest
that CIELAB values may help address existing limitations and
allow FST to better represent populations historically underrep-
resented in dermatology.

The reference of CIELAB values to refine FST may enhance
the accuracy of skin typing but also addresses the broader impli-
cations of underrepresentation in dermatological practice13. The
existing limitations of FST have widely contributed to inequal-
ities in healthcare, particularly for individuals with skin types
III-VI. By referencing values derived from CIELAB, the revised
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classification system holds the potential to better represent the
diverse range of skin pigmentation observed across different
racial and ethnic groups. This inclusivity is crucial for ensuring
equitable access to dermatological care and reducing disparities
in skin cancer diagnosis and treatment among underrepresented
populations.

Advanced clinical treatment

A refinement of FST with CIELAB color space values further
reflects a larger trend toward personalized medicine in dermatol-
ogy. By shifting away from one-size-fits-all approaches in skin
classification, dermatologists can tailor interventions and treat-
ment plans to meet the unique needs of all individual patients.
FST is widely used in clinical settings for various purposes, in-
cluding assessing an individual’s risk of developing skin cancer,
determining the most appropriate cosmetic procedures (such as
chemical peels and laser treatments), cautioning certain groups
regarding medication prescriptions related to photosensitivity
reactions8, categorizing study participants in clinical trials and
epidemiological studies, and issuing cautions related to der-
matological devices under the Food and Drug Administration,
etc17. A revised and personalized approach holds the potential
to improve the accuracy of risk assessment and diagnosis while
also possibly enhancing patient outcomes and results. With the
increasing diversity of the US population, dermatological prac-
tice must evolve to accommodate the unique characteristics and
needs of all patients, regardless of their racial or ethnic back-
ground. The imperative shift towards personalized medicine not
only enhances patient outcomes but also promotes equity and
inclusivity in dermatological practice, ultimately advancing the
field towards more effective and patient-centered care.

Changing phenotypes in the US

As the demographic landscape of the United States undergoes
profound changes in diversity, the proportion of individuals
of non-European descent increases. The US Census Bureau
projects that the population of non-European descent is expected
to surpass 50% by 2050. This demographic transformation ren-
ders the current classification system inadequate for accurately
representing the diverse spectrum of skin tones3.

This trend, coupled with the projected growth of mixed pop-
ulations, Hispanics, and Asians, underscores the growth of the
country’s racial and ethnic composition. By 2020, it was esti-
mated that fewer than 50% of children would be of non-Hispanic
White descent, highlighting the impact of immigration on the
nation’s demographic makeup18.

Furthermore, the diversity index was around 54.9%; however,
in the recent 2020 Census Bureau report, the chance was raised
to 61.1%. Specifically, the population aged over 18 had a score
of 58.3% while the under 18 age had a score of 68.5%. The

under-18 demographic, in particular, exhibits a substantially
higher diversity index compared to adults, underscoring the
increased pace of demographic change within younger genera-
tions19.

Despite the shortcomings of FST, its widespread usage per-
sists within clinical settings. In a study, by Ware et al. (2020),
140 respondents were included in the final analysis. Of these
respondents, 41% of respondents agreed that FST should be
included in clinical documentation. About 31% said they used
FST to describe patients’ race or ethnicity while 47% used it to
describe their skin color. 22% used it in both scenarios. The
results of the survey showed that almost 1/3 to 1/2 of dermatolo-
gists use FST in correlation with race/ethnicity or constitutive
skin color3. A significant proportion of dermatologists continue
to employ the scale with varying degrees of awareness and re-
liance on the scale knowing its limitations. The reluctance to
adopt a revised classification system results in the need for more
initiatives aimed at awareness among healthcare practitioners
regarding the adoption of more inclusive approaches.

The revision of FST represents a crucial step toward achieving
equity in dermatological care. By acknowledging the limitations
of existing classification systems and embracing more inclusive
approaches, healthcare practitioners can ensure that patients
receive tailored and effective treatments regardless of their racial
or ethnic background. As the demographic composition of the
United States continues to evolve, dermatology must equally
become more inclusive to fit the needs of an increasingly diverse
population.

Counterclaim

The lack of representation within dermatology for those with
skin color stands as a limiting factor14. Considering the trends
in the United States, where phenotypes are becoming increas-
ingly diverse, the imperative to address the limitations of FST
becomes further pronounced. By referencing CIELAB values as
skin color metrics, a proposed revision may hold a more accurate
skin classification for populations historically underrepresented
in dermatology in an increasingly diverse society. Undoubtedly,
FST and the lack of research on dark skin as compared to light
skin is an important issue that requires further action.

Methods

Hypothesis

An experiment was conducted to test the hypothesis that FST
requires refinement due to A quantitative methodology was used
to analyze skin color with CIELAB values using Adobe Pho-
toshop. The independent variable was the ethnic/racial group,
and the dependent variable was the Lab* value. Pre-existing
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digital images from a database were used. The Adobe Photo-
shop eye-dropper color sampler tool was set to a ‘5 x 5 Average’
pixel sample size (total of 25 pixels) for consistencyTo ensure
accuracy, the image was viewed as a clock. The sampling area
was assessed starting at 12 o’clock and moved clockwise until a
representative area was found and recorded for L*, a*, and b*
values. This process was repeated nine times in multiple areas
within the sampling area of the 5x5 pixel sample to ensure accu-
racy, with the L*a*b* values recorded from the color sampler
tool in the properties tab20. A total of 360 trials were recorded,
with nine trials per image, as this was found to provide a rep-
resentative color analysis. Excel spreadsheets were employed
to calculate the chroma of the skin using the CIELAB values
(Chroma or Ca*b

This approach quantified skin color using CIELAB values to
assess variation across multiple racial and ethnic groups. This
experimental research included controlled sampling and quanti-
tative measurement procedures, involving numerical data analy-
sis. The research focused on quantitatively characterizing and
understanding the distribution of skin tones, particularly among
individuals of color. The ultimate objective is to support a refine-
ment of FST, which may exhibit variability in skin tones among
populations, particularly for Black and Latino communities.

Sampling

This study used a comprehensive database of skin images from
the Skin Tone Identity and Inequalities Project (STiiP) at the
University of Illinois-Chicago. The database was published in
ICPSR and is publicly accessible. The STiiP research team, led
by Principal Investigators Rachel A. Gordon and Amelia Brani-
gan, focused on developing and validating techniques for gath-
ering skin color data in social science research. The database
included images gathered from two samples: ”In-person/College
Sample” and ”Online Sample.” For the ”In-Person/College Sam-
ple,” 230 screeners were collected from college students, with
a cooperation rate of 62% where 141 students were contacted
and 87 responses were received. This resulted in 82 sched-
uled visits to achieve the 50 participants selected for the study.
Data collection from this sample involved assessing skin color
using Massey-Martin and PERLA, two widely used skin tone
rating scales, and devices to analyze L*a*b* values from the Nix
colorimeter and Labby spectrophotometer. For the ”Online Sam-
ple,” participants were recruited via the online platform Prolific,
with stringent pre-screening criteria to ensure eligibility and
data quality. Sixty participants were selected in each of eight
categories based on sex and racial-ethnic categories. The groups
consisted of females and males in the following ethnic groups:
Black, Latino, Asian, and White. In total, 40 digital images
were selected to fit categories defined by the 2 x 4 x 5 cross-
classification of binary gender (male or female), four-category
race-ethnicity (Asian, Black, Latino, White), and five levels of

skin tone (L1-L5 - darkest to lightest). They collectively provide
a diverse representation of skin tones across different racial and
ethnic groups, enhancing the reliability of the findings. Trust
in the database is established through rigorous recruitment pro-
cedures, adherence to IRB-approved protocols, and transparent
methodology21.

Results

Data collection, including nine trials per photograph, included a
diverse group of participants (Appendix A) representing a wide
range of skin tones, grouped into distinct categories for analysis:
white (Figure 3), Asian (Figure 4), Latino (Figure 5), and black
(Figure 6).

Each category included both male and female participants.
For White participants in (Figure 3), the distribution of L* (lu-
minosity) and Cab* (chroma) values was the most constrained,
indicating a relatively consistently uniform range of skin tones
within this group. For Asian participants, (Figure 4) a broader
distribution of L* and Cab* values compared to the white group.
Although there was greater diversity in this category, the spread
was still considerably moderate. Next, for Latino participants in
Figure 5, the distribution of L* and Cab* expands, showing a
greater variation in skin tones among Latino participants. Lastly,
for Black participants, Figure 6 reveals the widest distribution
of L* and Cab*, indicating the most diverse range of skin tones
among black participants.

Calculated standard deviations and variances, seen in Table
1, confirm the trends observed in the visual dispersion of L*
and Cab* values. Black participants possess the most diverse
range of skin tones. Their L* standard deviation, a measure of
spread around the average L* value, reached 18.80, signifying
a much wider distribution compared to White participants with
a L* standard deviation of 3.37. This translates to a variance
of 353.35 for Black participants compared to just 11.37 for
White participants. A similar pattern emerges with Cab* values
where Black participants hold the highest standard deviation at
9.65 with a variance of 93.13, highlighting a broader spread in
chroma compared to other groups.

White participants exhibit the most homogenous distribution.
Their low standard deviations (3.37 for L* and 3.32 for Cab*)
and variances (11.37 and 11.00, respectively) indicate a tightly
clustered range of skin tones, as seen in Figure 3. The Latino and
Asian groups fall between these two as their standard deviations
and variances for both L* and Cab* are noticeably higher than
White participants, reflecting a greater degree of diversity in
skin tones. However, they still fall below the values observed in
Black participants, suggesting a less extensive range.

These quantitative measures support the conclusions drawn
from the visual distribution analysis. The considerable disper-
sion of L* and Cab* values among Latino and Black partic-
ipants signifies the multifaceted nature of skin pigmentation
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Fig. 3 White Racial Group: Chroma (Cab*) on the horizontal axis graphed against L* (lightness/darkness) on the vertical axis, depicting the
distribution of quantified data from skin samples

Fig. 4 Asian Racial Group: Chroma (Cab*) on the horizontal axis graphed against L* (lightness/darkness) on the vertical axis, depicting the
distribution of quantified data from skin samples

Fig. 5 Latino Racial Group: Chroma (Cab*) on the horizontal axis graphed against L* (lightness/darkness) on the vertical axis, depicting the
distribution of quantified data from skin samples

within these groups. This variability, reflecting various genetic,
physiological, and environmental factors, contributes to great
differences in melanin production and distribution, which was
observed in the experiment. The wide range of L* and Cab*
values, specifically in the Latino and Black ethnic groups, un-
derscores the limitations of classifying diverse skin tones in just
six skin types under FST. By testing the variation in skin tone
of racial and ethnic groups, it was observed that there is a much

greater variation in certain groups, meaning the FST scale may
not be an accurate way to assess response to UVL as its skin
color and tanning questions may not be representative of the
skin tones around the world.

The analysis demonstrates that the great variability, observed
in Black and Latino groups, may show to be underrepresented
with FST. They underscore the limitations of the existing classi-
fication system and advocate for a more nuanced approach that
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Fig. 6 Black Racial Group: Chroma (Cab*) on the horizontal axis graphed against L* (lightness/darkness) on the vertical axis, depicting the
distribution of quantified data from skin samples

Table 1: Standard Deviations and Variances for L* and Cab* values observed under four racial groups: White, Asian, Latino, and
Black.

acknowledges the remarkable variability in skin tones, partic-
ularly among individuals with darker skin complexions. The
significant variance found in the L* and Cab* values among
Latino and Black participants suggest that these groups encom-
pass a broader spectrum of skin tones, requiring a change to
clinical classification and treatment recommendations.

Statistical Analysis

Assessment of agreement of skin color metrics was conducted
through intra-rater agreement. To evaluate the agreement of
measurements for skin color metrics within individual raters, a
series of intra-class correlational coefficients (ICC) were com-
puted using nine trials for each photograph (nine observations
from the color sampler technique). Data was recorded to an xsls
and exported to .csv22 sorted by trial and L*, a*, and b* values.
Following this, ICC values were computed pairwise for all trials
(Appendix B). Specifically, based on the methodology used,
involving two-way mixed effects and single rater/measurement

(fixed set of raters judging a fixed set of targets), was used for
assessing intra-rater reliability23. Additionally, single values
were specified as the unit of analysis as opposed to averaged
values. For these ICCs, agreement was computed in terms of
consistency, rather than absolute agreement. Following this,
values were computed and observed for each of the L*, a*, and
b* variables from the color sampling technique.

Results of intra-rater agreement, determined by ICCs, showed
an extremely high level of internal consistency and reliability
within each rater. Rates were consistent for skin areas [ICC =
0.99596 for L* (light/dark), ICC = 0.96301 for a* (red/green),
and ICC=0.98780 for b* (yellow/blue)]. Notably, the most pro-
nounced intra-rater reliability occurred within the L* values
of the skin, which play an important role in skin color analy-
sis. This suggests that the data for the lightness/darkness mea-
surement may confidently be considered reproducible with the
color-sampler method used. Analysis of the ICCs for intra-rater
reliability concerning the a* and b* values revealed similar out-
comes, revealing a high level of agreement for the color-sampler
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method.
P-values associated with the ICCs were further calculated,

underscoring the significance of the observed agreement. Specif-
ically, the p-values for L*, a*, and b* were 3.28426e-86,
6.73936e-49, and 1.47620e-67, respectively. The small p-values
(¡0.05), indicate strong evidence against the null hypothesis of
no agreement or reliability between measurements. Therefore,
the observed levels of intra-rater reliability were highly unlikely
to occur by random chance alone, supporting the reliability of
the findings.

This high level of intra-rater agreement, determined by ICCs
and coupled with statistically significant p-values, supports that
data collected from the nine trials per photograph resulted in
reliable results. The consistency observed across raters and tri-
als suggests the color-sampler technique facilitated precise and
reproducible measurements of skin color metrics across multi-
ple trials. Consequently, results obtained from this statistical
analysis serve to support the conclusions drawn regarding skin
tone variations among the study’s sampling images.

Fitzpatrick Skin Types III and IV: Falling Short of Diverse
Populations

Moreover, these implications extend beyond methodological
validation, providing insights into the skin color variation within
populations. FST traditionally associates types III and IV with
individuals of Latino and Black descent, categorizing them pri-
marily based on their phenotypes, including their olive and
darker skin tones, respectively. However, the observed high vari-
ances in L* and Cab* values for these categories, particularly
among Latino and Black participants, expose the limitations of
a broader classification with such skin variation in individual
groups. This indicates that FST may be inaccurate in represent-
ing the diverse skin tones among individuals with skin of color.
As a result, medical practitioners relying solely on FST may
struggle to provide optimal treatment and recommendations in
response to UVL due to the lack of precise differentiation within
these types, with FST failing to represent real-world skin tones
with just skin color and tanning questions. For example, two
individuals with skin type III may receive the same treatment
because of their skin type, though their skin tones and reaction
to the treatment may be entirely different. By integrating objec-
tive measures, such as the CIELAB color space, clinicians may
better characterize and classify the wide range of skin tones. Re-
sultantly, more accurate diagnoses, treatments, and monitoring
may be observed.

Discussion

FST has been the gold standard for assessing skin types in
clinical and research settings. However, the findings presented
from this study highlight significant limitations, particularly in

its inability to accurately categorize individuals with skin of
color. The hypothesis—that FST should be revised by utilizing
the CIELAB color space values could be applied to improve the
representation of certain groups—appears to be supported by
the findings. The significant variability in the L* (luminosity)
and Cab* (chroma) values across ethnic groups indicates that
the traditional classification system’s broad categorizations do
not effectively capture this diversity, particularly in groups with
a wider range of skin tones.

This study demonstrates the advantages of employing objec-
tive measurements, such as the CIELAB color space. Unlike the
subjective phenotypic descriptors utilized in FST, CIELAB con-
tains values that offer a data-driven approach. This objectivity
plays a crucial role in ensuring consistency and reducing risks
of misclassification.

However, there are limitations to this research that must be
acknowledged. The trials, consisting of a database of images,
while inclusive of various ethnic groups, may not fully repre-
sent the entire spectrum of skin tones within each group due to
the sample size. It consisted of four ethnic and racial groups,
consisting of both female and male; however, it included only
40 images, resulting in a maximum of 360 trials with 9 trials
per image. The sample size could further be expanded to en-
hance generalizability. Additionally, further research is needed
to determine the most efficient and practical method for incor-
porating CIELAB measurements into clinical practice. While
conducting 9 trials per image served to be representative of
this study, a more efficient and reliable method could further
be researched. Further studies may also explore the feasibility
of a more clinician-friendly tool to apply this in a real clinical
setting.

Additionally, while the CIELAB color space offers an ob-
jective measurement of skin color, its practical implementation
in clinical dermatological practice requires further validation.
The transition from digital image analysis to real-world ap-
plication necessitates rigorous testing to ensure that CIELAB
values obtained through tools like Adobe Photoshop accurately
reflect real-world skin tones. This includes validating these
values against physical measurements and standardized color
references to account for potential discrepancies introduced by
lighting conditions and camera settings. Further validation stud-
ies may focus on ensuring the reliability of digital measurements
and addressing any limitations associated with digital imaging
techniques.

While CIELAB provides a robust framework for color mea-
surement, it is important to explore alternative approaches and
their potential drawbacks. For instance, other color spaces or
measurement techniques might offer different advantages or
limitations. A future review of various methods and their com-
parative effectiveness will be essential in determining the most
suitable approach for clinical use. Exploring a range of options
and conducting validation studies will help in selecting a method
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that provides accurate, reliable, and clinically applicable results.
CIELAB’s integration into clinical practice demands careful

consideration and validation. Addressing these practical imple-
mentation challenges and exploring alternative approaches will
be crucial in developing a more effective and inclusive dermato-
logical classification system. Ongoing research and validation
process will contribute to more accurate assessments and better
patient outcomes across a diverse population.

Next, the potential refinement of FST using the CIELAB color
space could significantly impact not only the assessment of skin
response to ultraviolet light (UVL) but also the management of
other dermatological conditions. For example, conditions such
as melasma, hyperpigmentation, and vitiligo could benefit from
a more nuanced classification system that accounts for the wide
variability in skin tones. A more precise classification could
lead to better-targeted treatments and more effective manage-
ment strategies, as it would allow for customization based on
individual skin color metrics rather than broad categories.

Integration of genetic markers for pigmentation could further
enhance the accuracy of skin tone classification. Genetic fac-
tors play a crucial role in determining skin pigmentation and
incorporating genetic data could provide a more comprehensive
understanding of an individual’s skin characteristics. This inte-
gration might involve correlating genetic markers with CIELAB
values to develop a multifactorial model that combines both
objective color measurements and genetic information. Such an
approach could potentially improve the precision of dermatolog-
ical assessments and contribute to more personalized treatment
plans.

The path forward should involve a collaborative effort be-
tween dermatologists and researchers. These approaches hold
the potential to yield a more comprehensive classification sys-
tem that accounts for a wider range of skin tones. The possibility
of a more updated approach to keep pace with the increasingly
diverse population of the United States can lead to improved
clinical skin classifications and treatments.

By improving skin color classification, healthcare profession-
als are able to tailor treatment plans with improved precision,
leading to improved patient outcomes. The current limitations of
the FST system raise important concerns regarding the treatment
of individuals with darker skin complexions. With a nuanced
classification system, a step towards equitable and effective der-
matological care that better represents the real-world population
may be made. This aligns to promote inclusive healthcare prac-
tices that cater to the needs of the diversifying population. By
acknowledging the shortcomings of the current FST and em-
bracing a data-driven approach, fosters a future of personalized
dermatology, and ensures every patient receives precise care,
regardless of the color of their skin. This shift signifies not just
a scientific advancement, but a crucial step towards dismantling
inequities within healthcare while fostering a more inclusive
medical landscape for all.

Conclusion

Based on these findings, it is apparent that revising FST to in-
clude a stronger representation of individuals with skin of color
by referencing values derived from the CIELAB color space
would increase treatment and recommendations for individuals
with skin of color in dermatology. The broader distribution of
L* and Cab* in Latino and Black participants highlights the
need for a more refined classification system that may account
for the wider variety of skin tones in the real world. Assigning
broad categories like the “olive” or “darker” skin tones under
FST fails to capture the diverse range of skin tones within these
populations. A revision would lead to improved accuracy in
diagnosis, treatment, and research involving FST skin types,
better serving a more diverse population.
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Appendix - A

Data Collection Notebook: Quantitative Data Collected via
Adobe Photoshop consisting of a total of 9 trials per

Image/Sample Size

Appendix - B
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Calculated ICC3s (intraclass correlation coefficient 3) and P-values: Using pandas & python, parsed to a data frame and
stripped for whitespace, with data sorted by trial and L*(lightness), a*(red/green), and b*(yellow/blue) values.
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