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Abstract: Excessive epidermal hyperkeratosis in acral areas is a common occurrence in dermatology
practice, with a notable prevalence of approximately 65% in the elderly, especially in plantar lesions.
Hyperkeratosis, characterized by thickening of the stratum corneum, can have various causes,
including chronic physical or chemical factors, genetic predispositions, immunological disorders, and
pharmaceutical compounds. This condition can significantly impact mobility, increase the risk of falls,
and reduce the overall quality of life, particularly in older individuals. Management often involves
creams containing urea to soften hyperkeratotic areas. Currently, subjective visual evaluation is the
gold standard for assessing hyperkeratosis severity, lacking precision and consistency. Therefore,
our research group proposes a novel 6-point keratinization scale based on dermatoscopy with
cross-polarization and parallel-polarization techniques. This scale provides a structured framework
for objective assessment, aiding in treatment selection, duration determination, and monitoring
disease progression. Its clinical utility extends to various dermatological conditions involving
hyperkeratosis, making it a valuable tool in dermatology practice. This standardized approach
enhances communication among healthcare professionals, ultimately improving patient care and
research comparability in dermatology.
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1. Introduction

Excessive epidermal hyperkeratosis in acral areas represents a frequently encountered
phenomenon within the realm of routine clinical practice in dermatology. Notably, it
exhibits a heightened prevalence, approaching approximately 65%, among the geriatric
demographic, particularly in the context of plantar lesions [1]. It is associated with fe-
male gender, hallux valgus, toe deformity, increased ankle flexibility, and time spent on
feet during the day, but is not associated with obesity, limb dominance, forefoot pain, or
foot posture. Although there is a wide range of lesion distribution patterns, most can be
classified into medial, central, or lateral groups [2]. Hyperkeratosis, characterized by the
thickening of the stratum corneum, is classified as either orthokeratotic, where keratinocyte
maturation is preserved, or parakeratotic, where nuclei retention indicates delayed matura-
tion [3]. It can be linked to dyskeratosis, representing premature or abnormal keratinization
of individual keratinocytes, often aiding in histological diagnosis alongside other skin
biopsy abnormalities. Epidermal hypertrophy, a benign skin alteration, manifests with
acanthosis and hyperkeratosis, indicating increased thickness of the keratinocyte layers.
Hyperkeratosis, characterized by an abundance of keratinized tissue, is predominantly an
adaptive defensive response of the epidermis to chronic cutaneous trauma [3,4]. Exces-
sive epidermal hyperkeratosis can be precipitated by various factors, including chronic
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physical or chemical insults (such as prolonged friction or the application of aggressive
soaps), genetic predispositions, or underlying immunological disorders [5,6]. Furthermore,
hyperkeratosis can develop due to various pharmaceutical compounds primarily adminis-
tered in oncology treatments [7]. A hyperkeratotic drug reaction is frequently observed
with medications like tyrosine kinase inhibitors, cytotoxic chemotherapy drugs, as well as
immunomodulators or immune checkpoint inhibitors [8-12].

In the geriatric population, where plantar hyperkeratotic lesions are common, they are
associated with pain, mobility impairment, and functional limitations. Plantar lesions often
induce discomfort, reduced gait velocity, compromised postural stability, and challenges in
negotiating stairs, consequently leading to functional impairment and decreased autonomy
among elderly individuals [13,14]. An indicator of the prevalence and ramifications of
hyperkeratotic lesions within the community for the podiatric workforce is that the de-
bridement of such lesions constitutes a substantial portion, up to 75%, of the podiatrist’s
caseload [14]. Remarkably, 84% of individuals seeking intervention for hyperkeratotic
lesions opt to consult with a podiatrist [2]. Hyperkeratosis is a consequence of aberrant
mechanical forces exerted on the skin, thereby inciting an augmented keratinization pro-
cess. This, in turn, triggers an accelerated proliferation of epidermal cells and a reduced
rate of desquamation, culminating in the hypertrophy of the stratum corneum [15]. The
augmented stratum corneum thickness amplifies the area over which mechanical forces
can be dissipated. This inherent process of asymptomatic hyperkeratosis (physiological
hyperkeratosis) plays a pivotal role in shielding the skin and underlying soft tissues from
mechanical trauma. Nonetheless, hyperkeratosis assumes a pathological character when
the buildup of keratinized material reaches a point where it precipitates tissue injury and
discomfort, possibly via the release of inflammatory mediators or as a consequence of the
central keratin plug’s pressure on subjacent nerves [16,17].

This condition can pose challenges to ambulation and elevate the susceptibility to
falls, particularly in the geriatric population, thereby contributing to a reduction in their
overall quality of life [18-21]. Hyperkeratosis may be managed through the application of
creams containing urea, which facilitate the dissolution of the intercellular matrix within
the stratum corneum’s cellular structure [22,23]. Empirical data suggests that optimal
effectiveness, approximately 90%, is achieved when urea concentrations reach 10% [24].
Furthermore, the most pronounced and potentially expedited outcomes are observed at
concentrations up to 40% [25]. In addition, magisterial prescriptions with silver nitrate and
balsam of Peru can be effective in treating cracks in pressure areas, erosions caused by the
removal of scales, and hyperkeratotic areas [26]. This process promotes the shedding of
scaly skin, ultimately leading to the softening of hyperkeratotic areas. The mitigation of the
lesion(s), utilization of suitable padding, protective measures, orthotic devices designed for
accommodating deformities, insole applications, moisturizing agents, and gentle keratolytic
agents administered at routine treatment intervals prove to be efficacious in preserving the
well-being and facilitating the functionality of the foot [27].

Currently, the gold standard for assessing the severity of keratosis relies on visual
evaluation, a subjective approach that employs descriptive terms like mild, moderate,
severe, or very severe [28-34]. Regrettably, these terms often fail to convey a precise
clinical picture to the recipient. Furthermore, when hyperkeratosis accompanies various
dermatological conditions, these descriptions can significantly vary from each other, posing
a challenge in providing accurate literature reviews of clinical cases. Consequently, this
study aims to demonstrate the utility of dermatoscopy in meticulously evaluating the
extent of hyperkeratosis in acral areas. This innovative approach facilitates a quantitative
classification of hyperkeratosis severity, ensuring an objective assessment of treatment
outcomes. A comprehensive evaluation of keratosis severity is instrumental in delineating
a patient’s therapeutic requirements. It aids in the precise selection of topical preparations,
treatment duration determination, and keratolytic agent application frequency. This study
endeavors to establish a practical and expeditious assessment scale for excessive skin
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keratosis in acral regions. The scale is devised based on manual dermatoscopic evaluations
employing both cross-polarized and parallel-polarized illumination techniques.

2. Materials and Methods
2.1. Patients Group

Observations conducted from September 2018 to June 2023 with the aim of establishing
a scale for keratinization were executed on patients who had undergone dermoscopic exam-
inations at the Old Town Clinic in Wroctaw, Poland. These examinations were conducted
using FotoFinder devices equipped with Medicam 800, Medicam 1000, and Medicam
1000S cameras (FotoFinder Systems GmbH, Bad Birnbach, Germany). Participants in this
study were selected and qualified by dermatologists and oncologists. Study participants
were exclusively recruited from healthy individuals who had not previously undergone
localized therapeutic interventions within the regions under investigation. Patients with
psoriasis, keratoderma, tinea pedis, and similar conditions were not included in the study.
In total, 5434 individuals, spanning from 2 weeks to 98 years of age, were subjected to
scrutiny, with females constituting 61% of the cohort. The study focused on the assessment
of keratinization in the acral regions, particularly the hands and feet. Furthermore, it was
discerned that, within the same patient, variances in the degree of keratinization were
evident across distinct acral regions.

2.2. Dermoscopic Evaluation of Keratinization

Non-immersion dermatoscopy with cross-polarized and parallel-polarized light sources
was employed to assess excessive keratinization. Cross-polarization was achieved through
the utilization of the Foto Finder device equipped with the Medicam 1000 camera (FotoFinder
Systems GmbH, Bad Birnbach, Germany), as well as the handheld Derm Lite DL-5 dermato-
scope (DermLite LLC, San Juan Capistrano, CA, USA). The introduction of any immersion
fluid in dermatoscopy would disrupt the quantitative evaluation of epidermal keratin,
which is perceptible as white structures, including white lines and white areas.

Dermoscopy employing cross-polarized light, wherein the polarizing plates are ori-
ented at a 90° angle, presently stands as the gold standard in dermatoscopic diagnostics for
the majority of cutaneous lesions. The presence of polarized light enables the comprehen-
sive assessment of both superficial and deep structures, all without necessitating the use of
an immersion medium. Figure 1 schematically depicts cross-polarization dermatoscopy.

Parallel-polarized dermatoscopy (where the polarizing plates in the device are aligned
parallel) potentially offers superior imaging capabilities for lesions located exclusively
within the epidermis. Examination using parallel polarization is depicted in Figure 2.

Recently, a new DermlLite dermatoscope with the added functionality of assessing
skin lesions using both cross-polarization and parallel-polarization has entered the mar-
ket. In this study, the authors employed these dermatoscopic evaluation techniques to
identify characteristic features, which were then utilized to construct a 6-point scale for
keratinization in acral areas.

Cross-polarization and parallel-polarization techniques are fundamental concepts in
the manipulation of polarized light [28]. These techniques are rooted in the properties of
light waves and their interaction with polarizing elements.

In the case of polarized light, light, which is an electromagnetic wave, can vibrate in
multiple directions. Nonpolarized light consists of waves vibrating in various planes, while
polarized light vibrates in a single plane. This property is known as polarization. Cross-
polarization involves using two polarizers with perpendicular orientations concerning the
incident and reflected light. This arrangement effectively eliminates glare and specular
highlights. It is particularly valuable for examining birefringent structures that might
otherwise remain invisible. In contrast, parallel-polarization occurs when both polarizers
are aligned in the same orientation. This technique is instrumental for visualizing surface
and subsurface elements, allowing for enhanced detail in certain applications. These
polarization techniques find applications in various fields, including dermatology. In
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dermatoscopy, cross-polarization enhances the visualization of deeper skin structures,
while parallel-polarization aids in the examination of surface features.

S~ Observer

Light source

\ Polarized light

Polarized light

Polarized light
reflected by skin

Scattered light
(depolarized)

Light absorbed and
scattered by skin

Figure 1. Passage of reflected light waves from deeper layers of the skin through a polarizing plate to
the observer (human eye) in cross-polarized dermatoscopy.
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Figure 2. Passage of reflected light waves from deeper layers of the skin through a polarizing plate to
the observer (human eye) in parallel-polarized dermatoscopy.
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3. Results

A 6-point scale for keratinization in acral areas.

In the context of quantifying keratinization within the acral regions, an intricate 6-
point grading system has been devised to meticulously categorize and evaluate the diverse
manifestations of hyperkeratosis (Table 1). This scale is delineated as follows:

Gradel

Lack of hyperkeratosis: The absence of white structures is noted in both furrows and
ridges. Small foci of white scale unrelated to furrows may be encountered.

Grade I

Minimal hyperkeratosis: Interrupted white lines are observed within furrows, corre-
sponding to focal keratinization in the furrows. Ridges are devoid of white structures.

Grade III

Moderate hyperkeratosis: Delicate, thin white lines are observed within furrows.
These white lines correspond to keratin masses located within the furrows.

Grade IV

Severe hyperkeratosis: Thick white lines are observed within furrows. These white
lines correspond to keratin masses filling nearly the entire furrow and occasionally extend-
ing beyond their boundaries, giving the impression of jagged edges.

Grade V

Intensely severe hyperkeratosis: Thick white lines are interconnected by white bridges.
Epidermal fissures, typically oriented perpendicular to furrows and ridges, may manifest
as two thick, parallel white lines.

Grade VI

In addition to the very thick interconnected white lines, formless yellow areas are
observed, corresponding to non-structured keratin masses that have lost the typical fur-
rowing seen in acral areas. Clinically, these changes appear cohesive, and in the vicinity of
the yellow keratinized areas, epidermal fissures occur.

Table 1. Dermoscopic views corresponding to the grades of keratosis.

Grade

Dermoscopic View

Foto Finder dermatoscopy, cross-polarization

Grade I
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Table 1. Cont.

Grade Dermoscopic View

DL-5 dermatoscopy, cross-polarization

Grade I
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Table 1. Cont.

Grade Dermoscopic View

Foto Finder dermatoscopy, cross-polarization

Grade II
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Table 1. Cont.

Grade Dermoscopic View

DL-5 dermatoscopy, parallel polarization

Grade II

Foto Finder dermatoscopy, cross-polarization

Grade III
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Table 1. Cont.

Grade Dermoscopic View

DL-5 dermatoscopy, cross-polarization

Grade IIT DL-5 dermatoscopy, parallel polarization
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Table 1. Cont.

Grade Dermoscopic View

Foto Finder dermatoscopy, cross-polarization

DL-5 dermatoscopy, cross-polarization

r = -

Grade IV
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Table 1. Cont.

Grade Dermoscopic View

DL-5 dermatoscopy, parallel polarization

Grade IV

Foto Finder dermatoscopy, cross-polarization

Grade V
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Table 1. Cont.

Grade Dermoscopic View

DL-5 dermatoscopy, cross-polarization
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Grade V
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Table 1. Cont.

Grade Dermoscopic View

Foto Finder dermatoscopy, cross-polarization

Grade VI
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Table 1. Cont.

Grade Dermoscopic View

DL-5 dermatoscopy, parallel polarization

Grade VI

After conducting a rigorous and comprehensive analysis of the dermatoscopic depic-
tions that illustrate the intricacies of the six-point keratinization scale, we are now prepared
to delve into a more concise and visually informative representation of these criteria. This
graphical exposition, presented in Figure 3, serves as a schematic rendering that facilitates
a deeper comprehension of the dermatological assessment at hand. Figure 3 offers a con-
densed yet highly illustrative visual guide that delineates the key dermatoscopic criteria
associated with each grade of keratosis. This schematic representation allows for a more
accessible and systematic understanding of the varying characteristics and features that
underpin the assessment of keratinization in dermatology.
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Grade Dermoscopic criteria Schematic illustration

| Absence of keratinization
features -

Minimal keratinization

m Moderate keratinization

v Marked keratinization

Severe keratinization with

v epidermal fissuring
Complete epidermal keratin
Vi coverage obscuring fissures

and ridges

Figure 3. Schematic representation of dermatoscopic 6-point keratosis scales. Grade I: A lack of
hyperkeratosis, with no white structures observed in the furrows and ridges. Small foci of white scale
may be found independently of furrows.; Grade II: Interrupted white lines within furrows represent
minimal hyperkeratosis, corresponding to focal keratinization. Ridges remain devoid of white
structures.; Grade III: Thick white lines within furrows signify moderate hyperkeratosis, indicating
keratin masses situated within the furrows.; Grade IV: Thick white lines within furrows denote severe
hyperkeratosis, with keratin masses filling almost the entire furrow and occasionally extending
beyond, creating jagged edges.; Grade V: Thick white lines interconnected by white bridges depict
intensely severe hyperkeratosis, often accompanied by epidermal fissures oriented perpendicular to
furrows and ridges.; Grade VI: Besides thick interconnected white lines, the presence of homogeneous
yellow areas signifies non-structured keratin masses that have lost typical furrowing seen in acral
areas. Clinically, these changes appear cohesive, with epidermal fissures occurring near the yellow

keratinized areas.
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4. Discussion

Epithelial tissues serve to safeguard the underlying structures from external factors,
including physical harm, infections, drying out, UV radiation, and heat loss and also play a
role in preserving the body’s internal balance (homeostasis) [35]. Keratinization, also known
as cornification, is a process of cellular differentiation that keratinocytes experience as they
transition from their initial, actively dividing state in the stratum basale to ultimately
become fully differentiated, toughened cells filled with protein. These cells make up
a structurally and functionally unique surface layer characterized by the presence of
keratin, such as the stratum corneum [36]. Keratin proteins exhibit a consistent distribution
pattern throughout the diverse layers of epithelial tissues, providing valuable insights into
pathological processes [35]. This uniform distribution is indicative of underlying disease
processes. Additionally, numerous disorders have been linked to abnormalities in keratins
and their associated proteins, which can manifest in the skin, oral mucosa, or both. These
conditions often result in a wide range of clinical manifestations, making the study of
keratin-related disorders a significant area of research in dermatology and oral medicine.

The assessment of excessive keratinization in acral areas is of clinical importance,
as it can aid in the diagnosis and management of various dermatological conditions [35].
Dermatoscopy, which involves the use of polarized light sources, has become a valuable
tool in evaluating skin lesions and conditions. Systematizing the severity of hyperkeratosis
in acral areas appears to hold practical utility in daily clinical practice [37].

This study introduces a novel approach to assess keratinization in acral areas through
dermatoscopy with both cross-polarization and parallel-polarization techniques, resulting
in the development of a 6-point keratinization scale. The scale proposed by the authors,
ranging from Grade I to Grade VI, provides a clear and structured framework for assessing
keratinization. Each grade is characterized by specific dermatoscopic features, including
the presence or absence of white structures, the thickness of white lines, and the presence of
yellow keratinized areas. The use of dermatoscopic images for each grade further enhances
the understanding of these features, making it easier for clinicians to apply the scale in their
practice. Similar scales, such as the Psoriasis Area and Severity Index (PASI) for assessing
psoriasis severity and the Scoring Atopic Dermatitis (SCORAD) scale for evaluating the
extent and severity of atopic dermatitis, have already demonstrated their effectiveness in
clinical practice. These scales have significantly enhanced the quality of clinical assessment,
making them commonplace tools in medical practice [38,39].

This classification can be employed to determine the duration and intensity of therapy
while also enabling precise assessment of treatment response. The dermatoscopic image un-
der cross-polarization appears sharper and more readily interpretable, although it may not
fully capture the issue when examining photographs taken in parallel polarization. Parallel
polarization reveals more surface details, allowing for a more precise evaluation of keratosis
severity. The use of cross-polarization facilitates easier classification of changes into specific
grades according to the scale presented above. However, we suggest that employing the
more commonly used cross-polarization in the routine assessment of acral keratinization
would be a better and more straightforward approach to facilitate communication among
medical professionals.

The ability to assess keratinization in the acral areas using this scale has several
clinical implications. Firstly, it can aid in the early detection and differentiation of various
dermatological conditions that involve hyperkeratosis, such as palmoplantar keratoderma
or psoriasis [40,41]. Its importance will be particularly pronounced in the evaluation
of plantar hyperkeratotic patterns in older patients, as hyperkeratotic alterations in this
demographic can result in gait disturbances, reduced quality of life, and pose potential
risks, particularly among individuals with diabetes [15,42,43].

In addition, it is important to note that keratinization plays a fundamental role in
maintaining the structural integrity of various epithelial tissues, and mutations in keratin
genes have been associated with specific tissue fragility disorders [44]. In our study, the
scale was developed based on extensive observations of thousands of patients, demonstrat-
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ing the physiological characteristics of keratinization in the acral regions. Therefore, this
study is valuable for assessing whether specific changes in keratinization are perceived
as normal or deviate from the norm. By identifying specific features and degrees of ker-
atinization, it becomes possible to provide more precise descriptions of clinical cases in
research publications. Therefore, understanding the process of keratinization and hav-
ing a reliable assessment scale is pivotal in identifying and managing a wide range of
dermatological disorders.

Furthermore, the scale can serve as a valuable tool for monitoring disease progression
and treatment response and evaluating the effectiveness of the medications employed. Thus,
changes in the grade of keratinization over time can provide insights into the effectiveness of
therapeutic interventions. Furthermore, the scale can contribute to a standardized approach
to dermatoscopic evaluation in clinical and research settings. By using a consistent grading
system, clinicians can communicate more effectively about the severity of keratinization,
leading to better patient care and improved research comparability. The introduction of a
new scale for keratinization assessment in acral areas represents a significant advancement
in the field of dermatology.

However, beyond the scale itself, there are several aspects regarding its impact and
significance that are worth considering. First and foremost, it is crucial to understand how
the new scale can influence patients. Effective communication of diagnoses and prognoses
is pivotal for patients, subsequently affecting their comprehension and trust in healthcare
professionals. The scale can aid in conveying health information in a more lucid manner,
potentially leading to an increased level of trust in medical practitioners. Furthermore,
the new scale can influence how patients perceive their condition, aiding in their under-
standing and acceptance of their health status and motivating them to adhere to medical
recommendations. Another significant aspect is the global context. The scale should be
in line with international standards and practices in dermatology. Adapting it to various
cultures and countries can enhance its utility and dissemination, which is paramount in
the global realm of medicine. Lastly, there is potential for collaboration with other medical
fields, such as pathology and immunology. Integrating knowledge and tools from various
disciplines can contribute to a more comprehensive assessment of keratinization changes.
Collaborating with pathologists can assist in identifying pathological tissue changes af-
fecting keratinization while working with immunologists can provide insights into the
connections between immunological reactions and skin alterations.

5. Conclusions

In conclusion, the 6-point keratinization scale for acral areas is of paramount impor-
tance in the field of dermatology due to its multifaceted significance. This novel approach
to assessing keratinization, developed through dermatoscopy with cross-polarization and
parallel-polarization techniques, has far-reaching implications. It provides a structured
and objective framework for evaluating hyperkeratosis severity, enabling precise disease
monitoring, tailored treatment interventions, and assessment of treatment response. This
scale transcends the limitations of subjective, descriptive terms, offering a standardized ap-
proach that greatly enhances communication among healthcare professionals. Facilitating
consistent and accurate assessments significantly elevates the quality of clinical care and
enhances research comparability in the field of dermatology. However, the current gold
standard for assessing hyperkeratosis severity relies on subjective visual evaluation, which
lacks precision and consistency. This limitation necessitated the development of a more
objective and precise assessment tool, leading to the creation of the 6-point keratinization
scale. This scale addresses the specific dermatoscopic features associated with each grade
of keratinization, offering a detailed and comprehensive evaluation. It aids in precise
treatment selection, determination of treatment duration, and application frequency of ker-
atolytic agents. Furthermore, this standardized approach enhances communication among
healthcare professionals, ultimately improving patient care and research comparability in
dermatology. Beyond its clinical application, the scale has broader implications. It can
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enhance patient-physician communication, leading to better patient understanding and
trust. Its adaptability to various cultural contexts can make it a global standard in derma-
tology, facilitating international collaboration and research. Additionally, collaboration
with other medical fields, such as pathology and immunology, can provide a more holistic
understanding of keratinization changes, advancing our knowledge of skin disorders.
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