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ABSTRACT 

Background: Congenital melanocytic nevi (CMN) appear at birth and are caused by a proliferation of 

benign melanocytes in the dermis, epidermis, or both. Melanocytes are pigment-producing cells with a 

strongly polarized dendritic morphology that reaches the skin by the migration of neural crest cells from 

the neuroectoderm. They protect the skin against ultraviolet radiation by providing melanin from their 

cellular cytoplasm to neighbouring keratinocytes. Melanocytes may have a mutation resulting in a lack 

of dendrites, leading to melanin existing in the cytoplasm, which causes these nevi. Some areas of the 

skin rely on specific spinal nerves for their sensory distribution, called dermatomes. This study aimed 

to investigate the correlation between CMN distribution and a pre-existent dermatomal pattern. Due to 

the dermatomes on the body being different from that of the face, two subsets were conducted. The first 

subset investigated the correlation between the CMN on the overall body and its association with body 

dermatomes. Hence, this study also analyses the distribution of CMN and its association with facial 

dermatomes. 

Methods: Clinical photographs of CMN (> 1.5 cm) obtained from the database of Inkosi Albert Luthuli 

Central Hospital were analysed. A total of 31 patients with CMN were collected. 

Results:  

Subset 1: The results for CMN distribution over the body revealed a higher preference for T10 (58.1 

%), T11 (54.8 %), and T12 (51.6 %) dermatomes. Furthermore, facial dermatomes V1 and V2 (54.8 

%), C5 in the cervical region (32.3 %), and L1 in the lumbar (41.9 %) were notably affected. Varied 

CMN patterns were observed in the head and neck region, emphasizing the complexity of the nevi 

distribution. Subset 2: Only 19 patients met the inclusion criteria in this subset. The zygomaticofacial, 

zygomaticotemporal, and supraorbital nerve areas of distribution emerged as the most affected, while 

the transverse cervical and mental nerve areas of distribution were the least affected.   

Conclusion: This study provides evidence of a correlation between CMN distribution and dermatomes 

of the body/face and enhances our understanding of CMN presentation, shedding light on the potential 

for CMN to follow a dermatomal distribution, with CMN often mostly found in the trunk region around 

T10, T11, and T12. In the face, V1 and V2 dermatomes were found to be mostly affected, with sub-

branches of V2 (zygomaticofacial and zygomaticotemporal) as the most affected branches. The findings 

contribute to broader knowledge and invite future investigations into the complex nature of CMN 

distribution across body regions.  

Key words: congenital melanocytic nevi; dermatomes maps; South African 
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1.1. INTRODUCTION 

Congenital melanocytic nevi (CMN) are benign (non-cancerous) pigmented skin lesions that are present 

at birth or appear shortly after birth. These lesions are caused by a defect in the development of 

melanocyte progenitors during embryology (Viana et al.,  2013). Melanocytes are specialized pigment-

producing cells that transfer melanin from their cellular cytoplasm to keratinocytes located in the 

epidermis, dermis, eyes, ears, heart, and leptomeninges (Van Raamsdonk and Deo, 2013). These nevi 

cells contain N-Ras or B-Raf hotspot mutations that result in a lack of dendrites, leading to melanin 

existing in the cytoplasm and not being disseminated to the cells, which then results in the brown-to-

black colour of the cells called CMN. Congenital melanocytic nevi can vary in size, shape, and 

appearance, and they can occur anywhere on the body (Price, 2016). There are different patterns of 

presentation for CMN, which are typically categorized based on their size and distribution: The 

classification of CMN has historically been defined by size alone (Price, 2016). Recent publications 

have reported on predicted adult size (PAS), number of accompanying CMN (satellites nevi), and 

anatomic location- these parameters contribute to the classification of CMN (Krengel et al., 2013). 

These nevi may be small in infants but grow in proportion to the body and can eventually grow up to 

≥20 cm in some cases (Price and Schaffer, 2010; Yeh, 2020). For the classification according to the 

projected adult size (PAS), any CMN  ≤1.5 cm is considered as small, medium is described as being 

1.5 to 20 cm, large being 20 to 40 cm, and giant ≥40 cm in diameter (Scard et al., 2023). They can also 

vary in morphological traits such as colour, surface, and hairiness. As previously stated, the CMN may 

be solitary or accompanied by several widely dispersed satellite nevi (Viana et al.,  2013). The incidence 

of small to medium-sized CMN ranges from 1% to 6% and roughly 1:20 000 for large or giant 

congenital melanocytic nevi (GCMN) (Masnari et al., 2019).  

Giant congenital melanocytic nevi are frequently surrounded by a ring of smaller satellite nevi, these 

congenital nevi are usually not treated surgically due to their size (Moustafa et al., 2020). The CMN 

(single or multiple) also extends vertically into the deeper dermis and, more rarely, into the hypodermis 

or even subcutaneous tissues (Kinsler et al., 2014). No ethnicity group preference has been identified 

for CMN (Kinsler et al., 2014). They can occur in both sexes (Kinsler et al., 2014). People with this 

condition may experience psychological and low self-esteem because of the nevus's impact on their 

appearance. Due to its peculiar appearance and complicated treatment, CMN may have an impact on 

health-related quality of life and psychosocial adjustment in affected people, especially in paediatric 

patients (Masnari et al., 2019). Children with  CMN may experience emotional or behavioural issues 

as a result of its appearance. To date, there is no literature that correlates the distribution of CMN on 

the skin with dermatomes.  

Dermatomes are unique areas of the skin's surface that are derived from somite cells, which are cells 

that develop into three types viz.: (1) dermatomes, which produce connective tissue, including the 
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dermis; (2) myotomes, which produce some skeletal muscle and (3) sclerotomes, which produce 

vertebrae (Stecco et al., 2019). These dermatomes are said to be the skin regions supplied by a sensory 

nerve branch from a single cranial and spinal nerve root and are an important concept in clinical practice 

and a fundamental concept in human anatomy (Whitman et al., 2023). The spinal cord is divided into 

thirty-one segments, each containing a pair of ventral and dorsal nerve roots that carry motor and 

sensory information, respectively (Whitman et al., 2023). These spinal nerves are formed when the 

anterior and posterior nerve roots unite on each side as they exit the vertebral canal via the intervertebral 

foramina or neuroforamina, giving rise to ventral and dorsal rami (Gkasdaris and Kapetanakis, 2015).  

In these thirty-one spinal segments, there are eight cervical, twelve thoracic, five lumbar, five sacral, 

and one coccygeal spinal nerve. Except for the first cervical spinal nerve, dermatomes exist for each of 

these spinal nerves (Lee et al., 2008). Sensory information from a given dermatome is conveyed to the 

spinal nerve of a specific section of the spinal cord via sensory nerve fibres (Whitman et al., 2023). The 

face, in comparison to the body, does not have a similar dermatomal pattern as the body; rather, it 

receives cutaneous innervation from the trigeminal nerve (CN V) responsible for innervation of the 

entire skin of the face. The dermatome is a simple concept. However, there are a lot of variations across 

dermatome maps in mainstream anatomy and medical guideline textbooks (Lee et al., 2008). An 

analysis of fourteen distinct dermatome maps by Keegan and Garrett (1948) revealed variations in each 

map. Historically, this map was based on Foerster’s (1933) dermatomal illustration.  

Dermatological or cosmetic issues are extremely sensitive and majorly impact social interaction in 

individuals having these issues (Masnari et al., 2019). Children with a CMN may experience emotional 

or behavioural issues as a result of its appearance. Currently, no existing literature has investigated a 

correlation between the distribution of CMN on the skin and dermatomes. Understanding whether there 

is a correlation between CMN distribution and dermatome mapping can provide valuable insights into 

the developmental processes and may have clinical implications. 

1.1.1 Resaerch question 

➢ Does the distribution of congenital melanocytic nevi follow the dermatomal pattern?  

1.1.2 Aim 

To investigate the distribution of CMN (any size greater than 1.5 cm in diameter) and its correlation to 

the distribution of dermatomes of the human body and face.  

1.1.3 Objectives 

➢ To assess the location and extent of correlation of CMN to dermatomes with spinal root values C2 

to S5 and the face. 

➢ To assess the location and extent of correlation of CMN to dermatomes related to branches of the 

trigeminal nerve as mapped on the face.  
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1.2 LITERATURE REVIEW 

Congenital melanocytic nevi appear at birth and are caused by a proliferation of benign melanocytes in 

the dermis, epidermis, or both layers of the skin (Farabi et al., 2021). Nevi that are not present at birth 

but are histologically identical to congenital nevi might develop gradually within the first two years of 

life. These are known as congenital nevus tardive (Moustafa et al., 2020). Congenital melanocytic nevi 

have been found to be one of the established risk factors for the development of malignant melanoma, 

particularly giant congenital melanocytic nevi (GCMN) (Prescher et al., 2023). The CMN are classified 

into two forms - the most frequent of which is a solitary plaque that grows in accordance with the child's 

size, and a second type composed of many lesions, at least one being large and surrounded by many 

others (satellites) and sometimes involving bone as well as the central nervous system (CNS) (Moustafa 

et al., 2020).  

The classification for CMN first consisted of PAS, number of accompanying CMN (satellites nevi), and 

anatomic location. As time progressed, more classifications for this disease were implemented. 

According to the study by Price and Schaffer (2010) and Scard et al. (2023), the size-based classification 

of CMN was standardized and updated in 2012. Based on the highest projected adult diameter in 

centimetres, this approach categorized CMN into four groups: (1) small, < 1.5; (2) medium (M1: 1.5-

10, M2: > 10-20); (3) large (L1: > 20-30, L2: > 30-40); (4) giant (G1: > 40-60, G2: > 60) (Krengel et 

al., 2013). Category 3 refers to sizes greater than 9 cm on the scalp and greater than 6 cm on the body 

of a neonate. Congenital melanocytic nevi develop between the fifth and twenty-fourth weeks of 

pregnancy (Ibrahimi et al., 2012).  

The literature states that during embryogenesis, a developmental complication occurs in the 

neuroectoderm, resulting in uncontrolled proliferation of melanoblasts, which are progenitor cells of 

melanocytes (Farabi et al., 2021). The histogenesis of melanocytic nevi, on the other hand, is still 

controversial (Viana et al.,  2013). However, a study by Saida (2019) stated that CMN develops at the 

embryonic stage as a result of transiently increased proliferation of mutant melanoblasts as they 

move from the neural crest to the tissue that will become the epidermis. It has been postulated that the 

N-ras gene mutation could be responsible for the proliferation of larger congenital nevi (Saida, 2019). 

Saida (2019) also stated that most cutaneous malignant melanomas result from pre-existing melanocytic 

nevi. Many clinical and histological research appears to confirm this theory (Saida, 2019; Prescher et 

al., 2023), which supports or shows that the CMN, specifically the large/giant type, has a lifetime risk 

of becoming malignant melanoma. 

1.2.1 Embryology of Melanocytes and Peripheral Nervous System  

During embryology, the ectodermal cells form the notochord, which then secretes growth factors that 

stimulate ectodermal cells, causing the formation of the neural plate, which then forms the neural folds 
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with neurological diseases or injuries (Congreve et al., 2006). Understanding dermatomes is critical in 

identifying and controlling illnesses such as herniated discs, nerve compression, and spinal cord injuries 

because they assist in identifying which spinal nerve is afflicted and where the symptoms are originating 

from (Whitman et al., 2023).  

Healthcare practitioners often clinically use dermatomes to evaluate sensory function in patients. They 

can identify whether there are any abnormalities or deficits in nerve function by assessing sensation in 

certain dermatomal locations (Lee et al., 2008). Dermatome maps are essential tools in neurology, 

orthopaedics, and rehabilitation medicine, assisting in the localization of neurological abnormalities and 

directing therapy options for patients with nervous system sensory or motor impairments (Foerster, 

1933). They are analysed in anaesthesia to determine the sensory limits of regional anaesthesia, such as 

pain localization. Given the clinical significance of dermatomes, it is remarkable that there is so much 

variation in dermatome maps in typical anatomical models. 

a. Foerster’s map  

Foerster's map is a dermatome map that was developed by Otfrid Foerster in 1933 (Whitman et al., 

2023). This map is based on clinical observations of anaesthesia after rhizotomy (Fig. 2). The Foerster 

map is the most commonly used dermatome map in healthcare and is used in the American Spinal Cord 

Injury Association Impairment Scale (ASIA Scale) (Downs and Laporte, 2011; Whitman et al., 2023). 

The dermatomes on the Foerster map are arranged in a way that correlates with the distribution of pain 

from angina or myocardial infarction (Downs and Laporte, 2011). The Foerster map depicts the medial 

area of the upper limb as being innervated by T1-T3, and the dermatome immediately below the C4 is 

the T2 dermatome (Lee et al., 2008). The dermatomes of the upper limb on the Keegan and Garrett map 

show that the C5 dermatome covers the skin below the clavicle, and C6 runs longitudinally from the 

shoulders, down the lateral aspect of the entire upper limb to the hand and thumb (Downs and Laporte, 

2011). The dermatomes of the lower limbs on the Foerster map show a segmental arrangement, whereas 

the Keegan and Garrett map shows a spiral arrangement (Häggström, 2014). The exact area a 

dermatome may cover can vary by individual, and some overlaps are possible (Häggström, 2014). 

Multiple definitions of dermatomes exist, and several maps are commonly employed. At the same time, 

each map may have its own unique features or characteristics (Downs and Laporte, 2011; Häggström, 

2014; Whitman et al., 2023).  
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and chin) (Von-Arx et al., 2017). Fig. 5 illustrates the cutaneous nerve distribution of the face and is 

utilized in this study. 

The neck region also has its own unique distribution with respect to the anterior and posterior regions. 

The cutaneous innervation of the dorsal neck is primarily supplied by the dorsal rami of spinal nerves 

C2, C3, and C4, which include the lesser occipital (C2) and third occipital (C3) nerves (Kaiser and 

Lugo-Pico, 2023). While the anterior neck receives its cutaneous innervation from the ventral rami of 

spinal nerves C2 to C4 through branches of the cervical plexus. The cervical plexus gives raise to the 

great auricular nerve (C2 and C3) which innervates the upper-lateral region and the lower margin of the 

mandible; the transverse cervical nerve (C2 and C3) which innervates the anterior cervical region; and 

the supraclavicular nerves (C3 and C4) which innervate the skin over the upper chest and shoulders 

(Ginsberg and Eicher, 2000).  

 

 

Figure 5: Illustration of the cutaneous, sensory nerves of the face                                                     

(Adapted from Von-Arx et al., 2017) 

Key: Description of cutaneous nerves of the face 
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To date, there is no literature that correlates the distribution of CMN on the skin with dermatomes 

(specific areas of skin innervated by individual spinal nerves) and non has explored a direct relationship 

between the distribution of CMN and dermatomes, leaving a notable gap in the understanding of CMN. 

Most of the studies focus mostly on dermoscopic patterns and the line of Blaschko, which are patterns 

that represent pathways of epidermal cell migration and proliferation during foetal development 

(Hanayama et al. 2007). These lines are invisible under normal conditions but become apparent when 

certain skin diseases manifest along these patterns. See Table 1 below.  

 

 

 

1. Supraorbital nerve = (1 a = medial branch, 1 b = lateral branch, 1 c = horizontal branch, 1 d = palpebral branches).  

2. Supratrochlear nerve = (2 a = forehead branches, 2 b = palpebral branch). 

3. Infra-trochlear nerve = (3 a = nasal branches, 3 b = palpebral branch). 

4. Palpebral branches of lacrimal nerve. 

5. External nasal branch of anterior ethmoidal nerve.  

6. Infraorbital nerve = (6 a = inferior palpebral branches, 6 b = external nasal branch, 6 c = internal nasal branch, 6 d = medial branch 

of superior labial branch, 6 e = lateral branch of superior labial branch).  

7. Zygomaticofacial nerve = (7 a = zygomatic branches, 7 b = palpebral branch).  

8. Zygomaticotemporal nerve = (8 a = temporal branches, 8 b = palpebral branch)  

9. Auriculotemporal nerve = (9 a = zygomatic branches, 9 b = auricular branches, 9 c = temporal branches).  

10. Long buccal nerve.  

11. Mental nerve = (11 a = angular branch, 11 b = lateral labial branch, 11 c = medial labial branch, 11 d = mental branch).  

12. Mental branch of mylohyoid nerve.  

13.  Great auricular nerve.  

14.  Transverse cervical nerve. 

 

Author Study Title Key Findings 

Effendy and Happle (1992) 
Linear arrangement of multiple congenital 

melanocytic nevi 

This study highlighted that the distribution of multiple 

congenital melanocytic nevi was reminiscent of the lines of 

Blaschko, indicating a patterned arrangement that aligns with 

these developmental lines 

Hanayama et al. (2007) 

Congenital melanocytic nevi and nevi spilus 

have a tendency to follow the lines of 

Blaschko: An examination of 200 cases. 
 

A study examined 200 cases of congenital melanocytic nevi 

(CMN) and nevus spilus (NS) to investigate their relationship 

with Blaschko's lines. 

Results showed that 42.4% of CMN cases and 62.0% of NS 

cases followed the lines of Blaschko. 

The lines of Blaschko are believed to reflect the proliferation of 

epidermal cells during embryonic skin growth, possibly due to 

mosaicism and pigmentary gene anomalies 

Martins da Silva et al. (2017) 
Patterns of distribution of giant congenital 

melanocytic nevi (GCMN): The 6B rule. 

A study highlighted that giant congenital melanocytic nevi 

(GCMN) follow reproducible distribution patterns represented 

by the 6Bs 

Table 1: Summary of previous research and their findings 
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1.3 MATERIALS AND METHODS 

 

1.3.1 Data Collection 

Clinical photographic images were obtained from the database of the Department of Plastic and 

Reconstructive Surgery at the Inkosi Albert Luthuli Central Hospital (IALCH) in Durban, South Africa. 

This database contains a collection of clinical images of patients with CMN on the head and neck, trunk, 

back, and limbs. 

All data obtained from the database were anonymized to remove any personally identifiable 

information. Each image was carefully de-identified, ensuring confidentiality and ethical standards. 

1.3.2 Inclusion Criteria 

Photographic images of CMN with the following characteristics were included in the study: 

• Projected size of 1.5cm in diameter or above. 

• Presence of a visible site of the lesion(s). 

1.3.3 Exclusion Criteria 

Photographic images of CMN were excluded based on the following criteria: 

• Size less than 1.5cm in diameter. 

• Absence of a Visible site of lesions. 

1.3.4 Ethical Considerations 

Ethical approval for this study was obtained from the Biomedical Research Ethics Committee (BREC) 

of the University of KwaZulu-Natal (Reference number: BREC/00004680/2022). Gatekeeper 

permission was also secured from Inkosi Albert Luthuli Central Hospital. The study's ethical approval 

was contingent on the review by the medical institution and the Department of Health of KwaZulu-

Natal to ensure patient privacy and safety.  

Throughout the data collection and analysis stages, patient anonymity was emphasized, and the 

approach used was found to comply with high ethical standards. Respect for patient confidentiality and 

the honesty of scientific findings were maintained by dedication to ethical concerns, which guarantees 

the safekeeping of sensitive medical data. 

1.3 Sample Size 

Patients (both adult and paediatric) diagnosed with congenital melanocytic nevi (CMN) and who 

underwent nevi removal surgery between 2000 and 2023 were obtained from the database of the 

Department of Plastic and Reconstructive Surgery at IALCH. Clinical photographs of CMN with a 

projected size of 1.5cm in diameter or larger and having conspicuous site(s) were selected for analysis. 





 

14 | P a g e  
 

1.4 Structure of the thesis 

This thesis was prepared according to the guidelines outlined by the College of Health Sciences, 

University of KwaZulu-Natal, South Africa. The manuscript has been structured and formatted 

according to the guidelines of the respective scientific journal. The structural outline of the thesis is as 

follows: 

1.4.1 Chapter 1: Introduction 

This chapter supplies insight into congenital melanocytic nevi (CMN) and dermatomes as well as 

a comprehensive literature review and an overview of the study. The aims, objectives, research 

question, and detailed methodology are included in this chapter. 

1.4.2 Chapter 2: Scientific manuscript  

This chapter comprises an original scientific manuscript entitled Dermatomal Patterns and 

Congenital Melanocytic Nevi Distribution in the Head, Neck, Trunk, Back, and Limbs. This 

manuscript investigated the correlation of dermatomal patterns and CMN (with a size greater than 

1.5 cm in diameter) distribution on the head, neck, trunk, back, and limbs. 

1.4.3 Chapter 3: Synthesis, limitations, recommendations, and conclusion 

This chapter discusses the findings of Chapter 2 and provides a synthesis of the findings of the 

potential correlation between the dermatomes and the distribution of CMN in this study. Limitations 

encountered and recommendations for future research have been outlined and highlighted. 

Following chapter 3 are the Appendices. 
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CHAPTER 2 

SCIENTIFIC MANUSCRIPT 1 

Interface 

Chapter 1 provided an overview of the congenital melanocytic nevi as well as its patterns of presentation 

in the head, neck, trunk, back and limbs regions. This chapter describes the clinical relevance and 

overview of the methodology. 

Contributions of this chapter 

This chapter comprises one scientific manuscript that investigates the correlation of dermatomal 

patterns and CMN (with a size greater than 1.5 cm in diameter) distribution on the head, neck, trunk, 

back and limbs. This scientific manuscript was accepted for publication (In press) by a European 

Journal of Anatomy (EJA) and has been formatted according to the guidelines outlined by the journal, 

with references set using the Harvard reference style.   
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ABSTRACT 

Congenital melanocytic nevi (CMN) are benign melanocyte nevi that appear at birth and can 

be found in the dermis, epidermis, or both layers of the skin. These CMN are caused by 

mutation in the melanocyte’s cells. This mutation leads to them lacking dendrites and causes 

CMN. This study aimed to investigate the correlation between CMN distribution and 

dermatomes.  

Clinical photographs of CMN (>1.5cm) from a quaternary hospital in Durban, South Africa, 

were analysed. Two investigators examined the clinical photographs to evaluate the size and 

dermatomes covered by the nevi (n=31). The observed CMN distribution was transposed onto 

a dermatome template, and the prevalence among dermatomes was compared. 

The results showed a higher preference for T10 (58.1%) and similar patterns in T11 (54.8%) 

and T12 (51.6%). Facial dermatomes V1 and V2 (54.8%) were mostly affected with the areas 

of zygomaticofacial, zygomaticotemporal, and supraorbital nerves in the cervical region C5 

(32.3%) and lumbar L1 (41.9%) were notably affected. Varied CMN patterns were observed 

in the head and neck region, emphasizing the complexity of CMN distribution.  

The study enhances our understanding of CMN presentation, shedding light on the potential 

for CMN to follow a dermatomal distribution, with CMN often mostly found in the trunk region 

around T10, T11, and T12. V1 and V2 dermatomes in the face with zygomaticotemporal, 

zygomaticofacial, and supraorbital branches were mostly affected, suggesting embryological 

influences during the maxillary process fusion. 
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TEXT 

INTRODUCTION 

One of the most common skin lesions seen at birth is congenital melanocytic nevi (CMN), a 

skin disorder that appears as a pigmented patch on the skin (Macneal and Patel, 2023; Navarro-

Fernandez and Mahabal, 2023). The size is the primary criterion for categorizing these lesions 

as small, medium, big, or giant (Macneal and Patel, 2023). Adult size is predicted using a 

scaling factor based on anatomical location. These CMN are expected to expand by a factor of 

1.7 on the head, 3.3 on the lower limbs, and 2.8 on the upper limbs and trunk. The reason for 

classifying lesions by size is that larger lesions are more likely to develop into melanoma, have 

cosmetic implications, and have more challenging surgeries (Macneal and Patel, 2023). 

Although most CMNs are completely harmless, a tiny number, particularly the bigger ones, 

can potentially develop into lifetime malignant melanoma (Hale et al., 2005; Saida, 2019; 

Prescher et al., 2023). Small and medium CMN do not indicate a greater risk of melanoma, 

and in the absence of additional surgical rationale, observation is the preferred management 

(Price and Schaffer, 2010). According to the literature search, CMN can be inherited in rare 

cases, but the pattern of inheritance is not Mendelian (de Wijn et al., 2010). While CMN may 

manifest anywhere on the body, the most prevalent sites are the posterior trunk, the limbs, and 

the head and neck (Vourc’h-Jourdain et al., 2013; Nikfarjam and Chambers, 2016). 

Embryologically, both the melanocytes and the neurons of the PNS that innervate the skin areas 
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(dermatomes) are derived from the same primitive cells, which can be a potential explanation 

for CMN distribution on the skin (Goldstein, 2001).  

To date, no existing body of literature has explored any potential connection between the 

distribution of CMN on the skin and dermatomes. Dermatomes are areas of the skin that rely 

on specific spinal nerves for their sensory distribution. Each dermatome corresponds to a 

distinct nerve root and is distributed in a segmented pattern throughout the body (Whitman, 

Launico and Adigun, 2023). There are several regularly used maps; Foerster's and Keegan & 

Garrett's maps are commonly used dermatome maps that differ in their arrangement of 

dermatomes (Whitman, Launico and Adigun, 2023). While dermatomes are helpful, there is a 

lot of variation in them from one map to another and even from person to person (Challoumas 

et al., 2018; Whitman, Launico and Adigun, 2023). Overlaps on dermatomes vary among 

people, making studies on dermatomes quite complex (Lee et al., 2008).  

It is important to note that the face does not have dermatomes; rather, it receives cutaneous 

innervation from CN V due to the relationship in their embryological origin- the first 

pharyngeal arch (Von-Arx et al., 2017). CN V has three main branches viz the ophthalmic 

nerve (V1), which innervates the forehead, scalp, eyelids, and nose; the maxillary nerve (V2), 

which innervates the upper lip, cheek, nose, and anterior temporal regions; and the mandibular 

nerve (V3) which innervates the tragus, auricle, and posterior part of the temple (Von-Arx et 

al., 2017). For the neck region, the cutaneous innervation arises from dorsal and ventral rami 

of cervical nerves, with the anterior part innervated by ventral rami via the cervical plexus 
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nerve branches and the posterior part via dorsal rami of C2 to C4 (Kaiser and Lugo-Pico, 2023). 

The branchial arches are another essential structure during embryology in the neck region and 

contribute to the formation of the jaw, hyoid bone, and ear components (Ginsberg and Eicher, 

2000). This is why the lower portion of the face has innervation from the cervical plexus via 

the greater auricular nerve (Ginsberg and Eicher, 2000).  

When it comes to dermatomes, the Keegan and Garrett map is more in line with a 

developmental interpretation, but the Foerster map is more in line with clinical practice 

(Whitman, Launico and Adigun, 2023). A more recent dermatomal map by Patton et al. (1976), 

which was an updated version of Keegan and Garrett's map, was utilized in this study. The 

presentation of CMN on the skin remains enigmatic. Finding this ideological investigation of 

whether a correlation exists between the distribution of CMN and dermatome mapping could 

yield valuable insights into the processes of development and potentially hold clinical 

significance. 

METHODS AND MATERIALS 

Clinical photographs from the Plastic and Reconstructive Surgical Unit database at a 

quaternary hospital in Durban, South Africa, were used in this investigation. To determine 

whether there was a CMN correlation with the dermatomal pattern in the peripheral body, we 

anonymized the data and ran statistical analyses. All data analysed was treated with strict 
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confidentiality. No photographic material with identification markers was retained, recorded, 

or published. 

Sample size. 

The medical records of 31 patients (adult and paediatric) diagnosed with GCMN and those 

eligible for surgical removal of the nevi between 2000 and 2023 were obtained from the 

database of the hospital.  

Inclusion criteria 

Photographic images of CMN with the following characteristics were included in the study: 

• Projected size of 1.5cm in diameter or above. 

• Presence of a visible site of the lesion(s). 

Exclusion criteria 

Any photographic images of CMN that are less than 1.5cm in diameter and did not have a 

visible site of lesions were excluded from the study. 

Data Collection and Analysis 

Clinical photographs of CMN with projected size ≥ 1.5 cm in diameter and having visible site 

of the lesion(s) were analysed. These analyses were done in two (2) subsets. The first subset 

(subset I; n= 31) looked at the correlation between the CMN on the overall body and the body 

dermatomes adopting the dermatomal map of Patton et al., (1976) (Fig. 1). The second subset 
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(subset II; n= 19) looked at patients with CMN on the head and neck, and investigated the 

correlation of CMN and facial dermatomes (Trigeminal nerve) distribution using Figure 2. 

 

Figure 1: Dermatomal map by Harry D. Patton et al., (1976) (Adapted from Harry D. Patton et 

al., 1976). 
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Figure 2: Illustration of the cutaneous, sensory nerves of the face  

(Adapted from Von-Arx et al., 2017)                                              

 

Two investigators examined the lesion(s) to evaluate the size and dermatomes that the nevi 

cover in the head, cervical, thoracic, lumbar, and sacral regions of the body. The extent of CMN 

was analysed on the photographs and transposed onto the dermatome templates and affected 

dermatome areas were tabulated. In cases where there was disagreement between the 

investigators regarding the classification, the result was thoroughly evaluated, and at each level 

of the classification process, any discrepancies between the reviewers were settled through 

discussion or with the assistance of a third reviewer. The aforementioned methodology of 
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Figure 3: Incidence of CMN correlated with dermatomal pattern. 

This investigation also sought to report on each dermatome, how many patients were found 

with CMN, and which dermatomes were the most/ least affected in each body region. T10 

dermatome was found to be the most affected dermatome with (58.1%), followed by the T11 

dermatome (54.8%) and T12 (51.6%). In the face region, V1 and V2 dermatomes were the 

most affected and had 54.8% of patients with CMN on them (Fig.3; Fig.4). In the cervical 

region, C5 was the most affected (32.3%) and the least affected was C6 (6.5%). The L1 
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V1 on its own was present in only one patient, representing 3.2% of cases, as was V2. Other 

combinations were each noted in 3.2% of cases. 

To demonstrate how many patients had CMN affecting various dermatomes, the respective 

percentages were used see figure 5, two patients exhibited CMN affecting a single dermatome 

(6.4%). In contrast, 12 patients had CMN affecting three dermatomes, accounting for a total 

percentage of 38.6%. Patients with two dermatomes affected constituted 9.7%, while the 

remaining cases represented 3.2% each. 

 

Figure 3: Incidence of dermatomal combinations affected by CMN.  
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The final comparison focused on the distribution of dermatomes across various locations. In 

terms of the number of affected dermatomes, the most prevalent location was the head and 

neck, accounting for 43.2%, followed by the back region at 27.3%, then the trunk region at 

15.9%, and lastly, the upper and lower limbs with each accounting 6.8% (Fig. 6). 

Among the patients with CMN in the head and neck region highlighted in blue, 10.5% had 

CMN localized on a single dermatome, 21.1% had CMN affecting two dermatomes, and the 

majority (68.4%) had it on three dermatomes. In contrast, among patients with CMN in the 

back region highlighted in pink, 8.3% had it affecting three or more dermatomes. The trunk 

area highlighted in red was affected by CMN in four and above dermatomes but not exceeding 

12 dermatomes. The upper limbs highlighted in green exhibited CMN on 3 and 4 dermatomes, 

while the lower limbs highlighted in brown were observed with CMN affecting 2, 3, and 5 

dermatomes, as shown below in (Fig. 6 ). 
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Figure 6: Dermatomes affected by CMN in comparison to their location. 

 

For the second subset (subset II), we had patients (n = 19) presenting with CMN above 1.5 cm 

on the face (IOA here was 89%). Regarding gender analysis, 57.9% were found to be males, 
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of them had it running on the great auricular nerve and transverse cervical nerve, which are 

branches of the cervical plexus (Fig. 7). 

 

Figure 7: Number of patients in each nerve-supplying area affected by CMN. 

 

The final comparison focused on the distribution of CMN in each CN V branch. Of the 34 % 

of patients affected by V1, 76.5% affected supraorbital, followed by supratrochlear (70.6%), 

palpebral branches of lacrimal (70.6%), infra-trochlear (64.7%) and external nasal branch of 

anterior ethmoidal (17.6%) dermatomes (Fig. 8). Out of the 36% patients affected on V2 

region, zygomaticotemporal and zygomaticofacial dermatomes were the predominant with 

77.8%, followed by infraorbital dermatome with 66.7%. Of the 26% patients affected on V3, 
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92.3% affected the auriculotemporal dermatome, 46.2% were on long buccal, while 7.7% were 

on mental dermatome. 

 

Figure 8: Incidence of trigeminal nerve and cervical plexus branches. 

 

DISCUSSION 

CMN is one of the most frequent skin lesions encountered at birth. The majority of CMN cases 

do not need treatment, but those that are highly visible, such as those on the face, neck, or 

hands, may be treated if patients are significantly bothered by them. Some need treatment due 

to it risks being malignant. Most importantly, the increased size of the nevi will cause the risk. 



 

40 | P a g e  
 

There has been no literature investigating the correlation between the distribution of CMN and 

the skin dermatomes. The results of this study indicate that there is a perceptible correlation 

between CMN and selected dermatomal areas. This investigation reports that even if a CMN 

is absent throughout an entire dermatomal region, it shows pattern distribution.  

Our investigation reports on interesting distribution patterns, one of which is in a small sample 

of patients (6.5%), where they presented with CMN on the face, which also ran down the 

ventral surface of the neck. We believe that CN V may have an association with the ventral 

rami of the cervical nerve, which could be the explanation for us having 2 of our patients 

affected by CMN from the face running selectively down the ventral part of the neck, 

showcased some association/overlaps of CN V with the ventral rami of the neck (cervical 

nerves). Otherwise, the CN V was affected independently, which probably has much to do with 

brachial arch formation and mesenchymal penetration (Ginsberg and Eicher, 2000).  

In the head and neck region, the most common dermatomal combinations affected by CMN 

were V1, V2, and V3, accounting for 29.0% of cases. Sub-branch observations were also 

reported in these cases. The V1 and V2 dermatomes were the second most affected 

combinations, indicating that these two dermatomes are frequently affected together. These 

findings support the study by Vourc’h-Jourdain et al. (2013) that CMN are also mostly found 

in the head and neck region. We also found 10.5% of patients having CMN localized on a 

single dermatome. We then found that the zygomaticofacial, zygomaticotemporal, and 

supraorbital regions are the most common locations of CMN on the face. The fact that the 
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zygomatic nerve has two branches, which include the zygomaticofacial and 

zygomaticotemporal, might be the reason for this (Von-Arx et al., 2017). This means that CMN 

might impact both locations it innervates if this nerve is compromised.  

Another association that was noted was with the dorsal of the neck and back region. Three of 

our patients demonstrated discernible distribution of CMN on the dorsal part of the neck 

running down the back region. Here, the cranial-caudal folding and tubularization of the plate 

at the fourth and seventh week of gestation may also be investigated, examining the association 

of the dorsal rami of the neck and back. This study revealed that the T10 dermatome is the most 

affected, with 58.1% of patients presenting CMN in this area. 

This high prevalence of CMN in the T10 dermatome is a significant finding and may indicate 

a predilection for the trunk region around T10. Similarly, the T11 dermatome (54.8%) and T12 

dermatome (51.6%) exhibited notable levels of CMN involvement. Understanding this 

preference could lead to further research into the factors influencing CMN distribution in the 

trunk region and its potential clinical implications. These findings supported the study by 

Vourc’h-Jourdain et al. (2013) and Nikfarjam and Chambers (2016) that CMN are also often 

mostly found in the trunk region, which can be the reason most of our patients have CMN on 

T10, T11, and T12. The back and trunk have a tendency to develop CMN; however, an 

understanding of this type of etiology is unknown and could be due to embryological 

development (Kroon et al.,1987). 
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The lumbar region showed that the L1 dermatome was the most affected (41.9%), whereas the 

L5 dermatome had the lowest prevalence (3.2%). This distribution in the lumbar region could 

be associated with the anatomy of the lower back, as there are other lesions like congenital 

dermal melanocytosis, which are commonly found in the lumbosacral area (Gupta and Thappa, 

2013). In the sacral region, S3 was the most affected dermatome (22.6%), while S2 had the 

lowest prevalence (6.5%).  

In contrast, among patients with CMN in the back region, all of the patients had it affecting 

three and above dermatomes. This suggests that in the back region, there is a lower prevalence 

of CMN localized on a single dermatome in the back region. The Trunk area was observed to 

have CMN affecting four and above but not exceeding 12 dermatomes. The Upper limbs 

exhibited CMN on 3 and 4 dermatomes, indicating a moderate level of distribution in this 

region. Similarly, the lower limbs were observed with CMN affecting 2, 3, and 5 dermatomes. 

CONCLUSION 

In conclusion, this study contributes valuable insights into the distribution patterns of CMN 

across dermatomes in various body regions. Furthermore, it also illustrates how selective CMN 

is, showcasing the possible explanation for CMN to be selective on the head and neck region 

through CN V association with ventral rami of cervical nerves with face (CN V) and dorsal 

rami of cervical nerves associated with the back region. CMN are also mostly found in the head 

and neck region, frequently in the region of V1 and V2 dermatomes, precisely 

zygomaticofacial, zygomaticotemporal, and supraorbital regions and at T10, T11, and T12 
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dermatomal regions on the trunk of the body. This study illustrates a discernible correlation 

between CMN and selected dermatomes. This insight, although not covering the entire 

dermatome, suggests that these CMNs do (in certain cases) run/follow a dermatomal pattern, 

requiring further investigation. 

LIMITATIONS 

The small sample size limited our ability to reach a comprehensive conclusion to determine 

whether these CMN ran in one dermatomal region.  
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CHAPTER 3 

SYNTHESIS, CONCLUSION AND 

RECOMMENDATION 

Interface 

Chapter 3 analysed the facial distribution of CMN and assessed its potential correlation with 

dermatomal patterns. It analyses the CMN distribution distributions on the head and neck to assess 

whether this CMN has any relation to the dermatomal distribution of CN V.   

Contributions of this chapter 

The following chapter critically analyses and discusses the findings of Chapters 2 and concluded the 

findings on the potential correlation between the dermatomes and the distribution of CMN. Limitations 

encountered during the study as well as possible areas for future research, are outlined. 
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3.1 SYNTHESIS 

Congenital melanocytic nevi (CMN) are pigmented lesions usually present at birth or develop within 

the first few months after birth. These lesions have a distinct patterned distribution on the skin. This 

study explored some of the potential dermatomes that CMN could be following. 

This observational descriptive study analysed the correlation of CMN distribution on the head, neck, 

trunk, back, and limbs with the dermatomes of these areas. Analyses were conducted in two (2) subsets. 

Clinical photographs of patients diagnosed with CMN (>1.5cm) obtained from the database of the 

Department of Plastic and Reconstructive Surgery at Inkosi Albert Luthuli Central Hospital (IALCH) 

between 2000 and 2023 were analysed. The first subset (subset I; n= 31) investigated the correlation 

between the CMN on the overall body and the body dermatomes adopting the dermatomal map of Patton 

et al. (1976) (Fig. 1). The second subset (subset II; n= 19) documented patients with CMN on the head 

and neck, and investigated the correlation of CMN and facial dermatomes (Trigeminal nerve) 

distribution using Figure 2. 

Subset 1 

This study was based on the hypothesis that the CMN follows the distribution pattern of the 

dermatomes, and the results indicated a perceptible distribution, as it was found present in selected 

certain dermatomes. This study revealed that the thorax (T10) dermatome is most affected by CMN 

(58.1 %) and may indicate a predilection of CMN for the trunk region. Similarly, the T11 dermatome 

(54.8 %) and T12 dermatome (51.6 %) exhibited notable levels of CMN presence. Understanding this 

preference of the T10 dermatome may lead to further research into the factors influencing CMN 

distribution in this specific trunk region, such as its embryology and the spinal roots (dermatome) 

around the trunk region. These findings support the studies by Arneja and Gosain (2005) and Vourc’h-

Jourdain et al. (2013) that CMN are often found in the trunk region, which corroborates the findings in 

our study where most of our patients presented with CMN in T10, T11, and T12 dermatomal regions. 

This study illustrates that CMN tend to present on the back and trunk; however, an understanding of 

this type of etiology is unknown, and it could be due to embryological development (Kroon et al.,1987). 

According to Martins da Silva et al. (2017), CMN can be recognized in 6 repeated patterns (6B rule) 

(Patterns of distribution for CMN), one of which was the Bolero pattern (upper back and neck), which 

was recognized in this study (3 patients showed a trend of CMN presenting on the upper aspect of back 

including neck). This study hypothesizes that the pattern occurs due to the embryological development 

during cranial-caudal folding and tubularization of the plate at the fourth and seventh week of gestation 

and the overlapping of dorsal rami of the neck with dorsal spinal rami. This investigation paves the way 

for exploring the association of the dorsal rami of cervical nerves with the dermatomes of the back 

region, as the CMN was noted to be selective on those cutaneous innervation areas. 
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Furthermore, another pattern observed in this study was where the CMN were found running from the 

face down to the anterior part of the neck. This could be explained by an association between the ventral 

rami of the cervical nerve (cervical plexus) and CN V. The CMN could have followed the nerve branch 

from the cervical plexus, the greater auricular nerve which innervates the lower margin of the mandible 

and the skin over the parotid gland, and ran down to the neck via dermatomes (Rinkoff and Adlard, 

2023). Another possible explanation is embryonic development and neural crest cells. Melanocytes are 

derived from neural crest cells that migrate from the neural tube. These neural crest cells migrate along 

specific pathways and spread across the skin. Dermatomes, which are areas of skin innervated by a 

single spinal nerve root, represent the segments of the body that these neural crest cells influence. If 

melanocyte migration is disrupted or abnormal in certain regions, it could lead to the formation of CMN 

in patterns that correspond to dermatomes (Jin et al., 2023).  

Subset 2  

The second part of this study investigated the distribution of CMN with the cutaneous branches of CN 

V (dermatomes of the face).  

Dermatological or cosmetic issues are extremely sensitive topics, having a major impact on the 

perception and treatment in society (Macneal and Patel, 2023). CMN-specific individuals, especially 

children, may endure neurological issues, skin-related discomfort, or high levels of perceived 

stigmatization and psychological adjustment and, therefore, may require special monitoring and 

psychological support (Masnari et al., 2019). The dermatomes or the skin distribution of CN V on the 

face and its association with the CMN have not been previously published.  

The main hypothesis of this study was that CMN follows the distribution pattern of the CN V branches. 

It does not provide a definitive solution, but the CMN did present itself in several dermatome branches 

of CN V with a discernible distribution. According to this study, the most common locations for CMN 

on the face were the zygomaticofacial, zygomaticotemporal, and supraorbital areas of distribution. In 

the present study, the fact that the zygomaticofacial and zygomaticotemporal are branches of the 

zygomatic nerve may be the reason for CMN to affect both these areas as they come from the same 

main nerve (Shafique and Das, 2023).  

3.2 CONCLUSION 

The correlation of the dermatomes and CMN distribution is a unique notion that has not been studied 

previously. The aim of this study was to investigate whether CMN distribution correlates with 

dermatomes of the body and face. The findings revealed that specific dermatomes, including the T10 

dermatome, were more susceptible to CMN. This means CMN are more commonly located in the lower 

thorax. This aligned with previous studies emphasizing the predominance of CMN in the lower back 

and trunk region (Kroon et al.,1987). For the facial region, different dermatomes showed different 
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patterns of CMN prevalence; the areas most impacted were the zygomaticotemporal and 

zygomaticofacial regions. This pattern of distribution indicates that there may have been an 

embryological relation that influenced the preferred development of CMN in certain parts of the face 

during the maxillary processes of fusing, which is another hypothesis that could be applied to this study. 

The study paves the way for exploring the association of ventral rami of cervical nerves and the CN V 

distribution through the selective distribution behaviour of CMN that was noted on the face and neck. 

This shows that the overlaps of these nerves (ventral rami of cervical plexus and CN V) can be an 

explanation for the selective distribution of CMN in these connecting regions. This study presented a 

perceptible distribution of CMN, which supports the idea that CMN correlates with the dermatomes.  

3.3 Recommendations and suggestions for future studies 

Further studies with a larger sample sizes are recommended to investigate the correlation of CMN 

distribution on the face or the body with dermatomal patterns. The type of dermatomal map utilized 

should be taken into consideration when conducting this type of study.  

3.4 LIMITATIONS 

The current study had a limited sample size, which limited our abilty to draw conclusions about the 

direct relationship between dermatome patterns in the human body and the distribution of the CMN. 

Only patients from a single plastic surgery clinic were utilized. 
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Appendix E: Data sheet 1 sample 

 

 

 

 

  

Patient number  Race  Age group Gender Dermatomes Laterality Location 

1b Black Pediatric group F T10;  T11;  T12;  L1;  L2;  L3;  S3;  S4; S5 Both Back; Lower limbs 

2b Indian Pediatric group F     Head  and neck 

3b Indian Pediatric group F C4;  C5;  T1;  T2;  T3; T4;  T5;  T6;  T7;  T8;  T9; T10 Both Back; Head  and neck 

4b Indian Pediatric group F     Head  and neck 

5b Black Pediatric group F     Head  and neck 

6b 
Indian 

Middle age 
group 

F 
    Head  and neck 

7b Black Pediatric group M T6;  T7; T8;  T9;  T10;  T11;  T12;  L1;  L2;  L3;  L4;  S1;  S2;  S3;  S4;  S5 Both Back;Trunk 

8b Indian Pediatric group M     Head  and neck 

9b Black Pediatric group M     Head  and neck 

10b 
Black Young group F 

T10; T11; T12 Right 
Back; Head  and neck; Trunk; Upper 
limbs 

11b Black Pediatric group F T8; T9; T10; T11; T12; L1; L2; L3; L4; S1; S3; S4; S5 Both Back; Trunk 

12b Black Pediatric group M     Head  and neck 

13b Black Pediatric group M     Upper limbs 

14b Black Pediatric group M     Head  and neck 

15b Black Pediatric group M     Head  and neck 

16b Black Pediatric group M     Head  and neck 

17b 
White 

Middle age 
group 

F 
C3; C4; C5; T2; T3; T4; T5; T6; T7; T8; T9; T10; T11; T12  Both Back 

18b Black Young group F     Head  and neck 

19b Indian Pediatric group M     Head  and neck 

20b Black Pediatric group M C3; C4; C5; T2; T3; T; 4; T5; T6; T7; T8; T9; T10; T11; T12; L1; L2; L3; L4; S1; S3 Both Back; Trunk; Upper limbs 

21b Black Pediatric group M     Head  and neck 

22b Black Pediatric group F T8; T9; T10; T11; T12; L1; L2; L3; L4; S3; S4; S5 Both Back 

23b Indian Pediatric group F T6; T7; T8; T9; T10; T11; T12; L1; L2; L3; L4; S1; S2; S3; S4; S5 Both Back; Trunk 

24b Indian Pediatric group M C3; C4; C5; T2; T3; T4; T5; T6; T7; T8; T9; T10; T11 Both Back 







 

60 | P a g e  
 

Appendix H: Turnitin report 

 

 




