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ABSTRACT

Pilomatrixoma, a benign skin neoplasm growing from hair matrix cells, also
known as calcifying epithelioma, is children's second most common benign skin
tumor. Researchers reported two peaks in the incidence of the lesion, the first
under the age of one and the second between the ages of 5 and 11. More often,
the lesion appears in the female gender. Although the lesion is most often
asymptomatic, proper diagnosis is essential. Histopathological examination
confirms the diagnosis of pilomatrixoma. It is also crucial to exclude other skin
lesions that may mimic pilomatrixoma, such as a dermoid or sebaceous cyst. The
first choice of treatment is surgery; due to possible recurrence, it is necessary to
excise the lesion with an adequate margin. The paper reviews the literature on

pilomatrixoma in the pediatric population.

Keywords: Pilomatrixoma, children, Malherbe's calcifying epithelioma, beta-
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1. INTRODUCTION

Pilomatrixoma is a benign skin neoplasm arising from hair follicle matrix cells in
the dermis or subcutaneous tissue. Otherwise, it can also be known as Malherbe's
calcifying epithelioma. It represents the second most common benign skin
neoplasm in children (Kose et al., 2014). In children and adolescents, lesions
mainly occur in the first twenty years of life. Lesions are usually described as
single nodules on the head, neck, and upper extremities. Some patients have
multiple lesions. However, this is often associated with the presence of a genetic
syndrome (Laffargue et al.,, 2019). In addition, other forms of the lesion can
present with rapid growth and lead to ulceration or perforation. Very rarely,
giant pilomatrixomas, defined as lesions over 4 cm in diameter, are described
(Tavares et al., 2022).
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Objective
The purpose of the following paper is to review the literature on the occurrence of pilomatrixomas in the pediatric population and the

diagnosis and treatment of the lesion.

2. METHODOLOGY

This work includes a review of the literature on the incidence of pilomatrixoma among children. We searched databases such as
PubMed and Google Scholar for this review paper. We used keywords such as pilomatrixoma in childhood, pilomatrixoma in
adolescence, calcifying epithelioma, diagnosis of pilomatrixoma in children, and treatment of pilomatrixoma in children. We found 47
published articles with the keyword "pilomatrixoma in childhood". This review paper included case reports of pilomatrixoma in
children, review papers, and retrospective studies. We excluded papers older than 15 years, studies on the adult population, and

papers with only abstracts available. We selected thirteen publications from January 2009 to June 2024.

3. RESULTS AND DISCUSSION

Epidemiology

Pilomatrixoma most often occurs in children and young adults. The highest percentage of diagnosed lesions occurs in the first two
decades of life. Most researchers indicate that pilomatrixoma is more common in female patients. The incidence is not clearly defined
(Jones et al., 2018). In an analysis of 171 cases of pilomatrixoma in children, Fu et al., (2024) described that the incidence had two peak
points, under one year of age and between 5 and 11 years of age. In contrast, they described the fewest cases between the ages of 2 and
4 and over 12 (Fu et al., 2024). In the pediatric population, pilomatrixoma is the second most common benign skin tumor (Pelizzari et
al., 2021).

Etiology

The etiology of pilomatrixoma is unknown. However, cases of lesions associated with genetic syndromes have been described. These
include Turner syndrome, constitutional mismatch repair deficiency (CMMR-D), myotonic dystrophy, Kabuki syndrome, Stickler
syndrome, or Rubinstein-Taybi syndrome. In such cases, several lesions are more common (Jones et al., 2018; Laffargue et al., 2019). In
addition, the researchers described the presence of mutations in the CTNNB1 gene, which encodes beta-catenin. This protein is
responsible for signaling in the Wnt pathway, which affects proliferation, cell differentiation into hair follicles, and cell adhesion.
(Wachter-Giner et al., 2009; Jones et al., 2018).

Histopathology

Histopathologically, there are four stages of pilomatrixoma described as early, fully developed, early regressive, and late regressive
(Jones et al., 2018). The histopathological picture includes circularly arranged cells. Basaloid basophilic cells are located peripherally
and enucleated; eosinophilic "shadow cells" are located centrally. Basaloid cells have a small amount of cytoplasm and mitotic figures.
Eosinophilic cells are without nuclei. In most cases, pathomorphologists observe calcification in the central areas. As the lesion

increases, the number of basophilic cells decreases, and the number of "shadow cells" increases (Jones et al., 2018; Siadati et al., 2022).

Clinical presentation

Pilomatrixoma most often manifests as an asymptomatic subcutaneous nodule with slow growth. The skin around the lesion may be
red or bluish, sometimes with accompanying inflammatory skin changes (Alkatan et al., 2021; Yang et al., 2023). Most often, nodules
typically present with sluggish growth (Kose et al., 2014). The size of lesions usually ranges from 5mm to 20mm (Yang et al., 2023).
Some papers describe lesions up to 20 cm in diameter (Jones et al., 2018).

Less commonly, some patients may develop ulceration, skin perforations, or discharge (Carcassola et al., 2022). Extremely rarely,
transformation to a malignant lesion can occur (Brannigan et al., 2017). These lesions seldom recur (Siadati et al., 2022). Most lesions
appear on the head, neck, upper extremities, and trunk (Laffargue et al., 2019). On the head skin, lesions often localize in the periorbital
area, especially on the upper eyelids and eyebrows (Alkatan et al., 2021). Lesions are less common on the lower extremities (Jones et al.,
2018).
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Diagnostics

Diagnosis includes medical history and physical examination, as well as additional tests. Diagnosis by the clinical picture is complex
(Siadati et al., 2022). During a physical exam, a "tent sign" can be helpful. It involves stretching the skin over the nodule, revealing
numerous facets. In addition, a "teeter-totter" sign may be beneficial, in which pressure on one edge of the lesion causes the opposite
edge to protrude (Alkatan et al., 2021). Researchers report the use of fine-needle aspiration biopsy for the diagnosis of pilomatrixoma.
The disadvantage of this method is that it provides a correct diagnosis in only 40% of cases.

The aspirate rarely succeeds in observing both basaloid and eosinophilic cells, especially when the sample is taken only from the
periphery of the lesion early. Therefore, fine-needle aspiration biopsy is rarely helpful for the diagnosis of pilomatrixoma (Jones et al.,
2018). Another diagnostic method is dermatoscopic examination. On dermatoscopy, pilomatrixoma presents as a well-demarcated
nodule with blue or blue-red coloration, with streaks and telangiectasias present (Wolff et al., 2014). Additional tests to expand the
diagnosis include ultrasound, computed tomography (CT), positron emission tomography (PET), and magnetic resonance imaging
(MRI) (Tavares et al., 2022).

There are five types of ultrasound images using the Solivetti classification. Type 1 describes a fully calcified lesion with a
hypoechoic peripheral areola with the least vascularization. Type 2 includes solid, hypoechoic lesions with small calcifications and a
hypoechoic halo surrounding peripheral vascularization. Type 3 are poorly demarcated lesions with anechoic areas and calcifications,
no hypoechoic halo, and the lesions can be either non-vascularized or peripherally vascularized. Type 4 lesions are pseudocystic,
without an acoustic shadow at the periphery.

In contrast, in type 5, irregular, pseudotumorous, solid lesions with the most significant internal and peripheral vascularization are
observed (Pelizzari et al., 2021). CT scans most often image pilomatrixoma as a well-demarcated lesion with calcifications (Jones et al.,
2018). This examination provides a good picture of the depth of the lesion; however, due to the high amount of radiation, it is not
commonly recommended in children (Yang et al., 2023). On MRI, pilomatrixoma shows a signal of intermediate intensity at T1 and
high intensity at T2 (Jones et al., 2018). However, MRI images of pilomatrixoma are not characteristic; therefore, this imaging has
limited value in diagnosing the lesion (Yang et al., 2023).

On PET, the lesions show metabolic activity and calcification (Jones et al., 2018). The physician gives a final diagnosis based on
histopathological examination (Kose et al., 2014). Table 1 summarizes the diagnostic methods. Differential diagnosis is essential, and
several diseases require consideration. Pilomatrixoma can be confused with a sebaceous cyst or dermoid cyst. In addition, an infantile
hemangioma, which localizes in the subcutaneous tissue and may be bluish, should be ruled out. For lesions localized on the eyelid,

one should also keep in mind chalazion, which is a painless nodule (Yang et al., 2023).

Table 1 Summary of pilomatrixoma diagnosis.

Diagnostic Method Result of the examination

Tent sign- multiple facets when the skin is
. . stretched over the nodule.

Tent sign and teeter totter sign . .
Teeter totter sign- protrusion of one edge when

the opposite edge is pressed

Concentrically arranged basophilic cells in the
Histopathological examination periphery and non-nucleated eosinophilic cells in

the center (“shadow cells”)

Lesions with various degrees of calcification, often

Ultrasound with the presence of a hypoechogenic halo at the
periphery
CT Limited lesions with the presence of calcifications

Lesions with the presence of calcification. In the
MRI T1 sequence with intermediate signal intensity, in
the T2 with high signal intensity

PET/CT Metabolically active lesions with calcifications
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Treatment

The literature does not describe spontaneous regression of pilomatrixoma, so surgical treatment is necessary. Researchers recommend
complete resection of the lesion, including margins. Failure to perform a complete resection may result in the recurrence of the lesion
(Jones et al., 2018). The authors define the recurrence rate as 0 to 3% (Kose et al., 2014). Due to its frequent location on the head and face,
the minor possible incision is essential for a pleasing aesthetic result (Brannigan et al., 2017). Possible complications following the
procedure include the occurrence of superinfection or wound dehiscence, hematoma formation, or hypertrophic scarring (Laffargue et
al., 2019). It is scarce for transformation to a malignant lesion, which can yield organ metastases. In this case, radiation and

chemotherapy are applicable in addition to surgical treatment (Kose et al., 2014).

4. CONCLUSIONS

Pilomatrixoma is a benign neoplasm from the hair matrix cells. It can occur at any age but is most often diagnosed in the first two
decades of life. In children, pilomatrixoma is the second most common benign skin neoplasm. The etiology is still not fully understood.
Researchers point to the possible involvement of mutations in the gene encoding beta-catenin. Symptoms of pilomatrixoma in children
most often include the appearance of a painless, mobile nodule, usually located in the head and neck region. The basis of diagnosis is
histopathological examination, which allows the diagnosis of pilomatrixoma. Additional tests such as ultrasound, CT, MRI, and PET
can help in the differential diagnosis of the lesion. The physician should exclude the presence of a dermoid cyst, sebaceous cyst, or

hemangioma. Treatment relies on surgical excision of the lesion with margins to prevent recurrence, so there is no recurrence.
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