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Abstract. Background/Aim: The aim of this study was to
present the long-term course of a patient with nevus sebaceous
syndrome (NSS). Recent genetic studies place the syndrome in
the emerging group of so-called RASopathies. The focus of the
report is on surgical treatment and morphological and genetic
findings of the face and oral cavity. Case Report: A female
patient was treated for congenital alterations of facial skin
and oral mucosa. The oral lesions were removed repeatedly.
Eruption of teeth on the lesion sites was made easier by the
measures taken. However, after repeated ablation of the
affected gingiva, the periodontal papillomatous epithelium redifferentiated into the same reddish, conspicuous, hyperplastic
epithelium. The teeth in the affected region showed noticeable
changes in position, surface, and shape. A HRAS mutation
was detected only in the regions of altered oral epithelia and

not in adjacent soft tissues. Conclusion: Reports on NSS rarely
address oral manifestations. The recorded alterations of oral
soft and hard tissues in NSS indicate a topographical
relationship between the development of oral mucosa and
teeth as well as the long-lasting impact of a sporadic mutation
on organ development at this site.

Epidermal nevi (EN) are mosaic cutaneous developmental
disorders (1-6). EN are differentiated according to the
predominant epithelial cell types (7). The terminology of nevi
refers to the histological components of the lesion (8). If
extracutaneous findings are noted in addition to EN in an
individual, this constellation is referred to as epidermal nevus
syndrome (ENS) (1-6, 9-12). Some authors have used the term
‘ENS’ to describe a distinct entity, in particular (linear) nevus
sebaceous syndrome (NSS) (synonymous: SchimmelpenningFeuerstein-Mims (SFM) syndrome, Naevus sebaceous
Jadassohn (syndrome), Solomon syndrome, and further terms)
(1-6, 8, 10). Other authors subsumed a group of cutaneous
diseases characterized by nevi and extracutaneous findings
under the term ‘ENS’ (1, 10). Currently, the term ‘ENS’ is
mostly used as an umbrella designation for several syndromes
describing diseases with a potentially large variety of physical
findings that frequently first attract attention through
noticeable alterations in superficial skin layers, in particular
nevi (3-5, 8). With this broad sense, ENS also includes nevi
that have adnexal differentiation (10).

This article is freely accessible online.

Correspondence to: Professor R.E. Friedrich, MD, DMD, Ph.D.,
FEBOMFS, Department of Oral and Craniomaxillofacial Surgery,
Eppendorf University Hospital, University of Hamburg, Martinist.
52, D-2046 Hamburg, Germany. Tel: +49 40741053259, e-mail:
rfriedrich@uke.de

Key Words: Nevus sebaceous syndrome, RAS mutation, oral
papillomatosis, dysmorphic teeth, neural crest, polydactyly, optical
coherence tomography, micro-CT.

274

in vivo 36: 274-293 (2022)

Figure 1. Treatment of patient with nevus sebaceous syndrome in early childhood. (A) CO2 laser ablation of palatal lesion at the age of one year.
The lesion that has not yet been treated is visible on the right intermaxillary. (B) Disarticulation of the excess left thumb with preparation (C) and
closure with a Z-plasty (D). (E) The amputate is approx. 2 cm long. (F) Treatment of the patient for the reduction of oral papillomatous hyperplastic
mucosa at the age of six years. The illustration shows the linear, slightly raised and hyperpigmented skin changes. The lips are also focally affected
by the hyperplasia but have no pigment changes compared to the normal lip skin. The left upper incisor, which is focally discolored on the labial
surface, is surrounded by an erythematous mucous membrane in a semicircle from the midline. The two right upper incisors are not emerged.
Instead, this gap in the row of teeth covers a confluent papillomatous mucous membrane. (Insert: situs after excision of the chin lesion and removal
of the lip papilloma). (G) The maxillary mucosal alteration involves the entire right part of the upper jaw, respects the median sagittal plane as the
limit of spread and has prevented the development of palatal rugae. The crowns of deciduous teeth are partially overgrown by papillomatous mucous
membrane and have structural anomalies. Note the abnormal spacing of the teeth shown. (H-I) Recurrent mucosal hyperplasia eight months
following previous surgery. Photographs depict affected region limited to the mandibular alveolar process and retromolar area before (H) and after
(I) ablation. Note spontaneous emergence of right central incisor after mucosa ablation five years before (I).

EN accounts for about half of all nevi (5). The distinction
between keratinocytic and organoid nevi is an essential
diagnostic tool in recognizing the very variable phenotypes
both in cases with sporadic nevi and nevi associated with
syndromes (1, 8, 13). However, recent genetic investigations
show the same mutations of rat sarcoma homolog (RAS)
genes in EN both in keratinocytic and organoid lesions and in
sporadic and syndrome-associated lesions (14-22). Obviously,
the phenotype of many lesions can be traced back to the
timing of somatic mutations in certain cells and genes during
ontogenesis (8, 17, 19, 23). The diseases are not considered to
be inheritable because it is believed that germline mutations
in the causative genes lead to non-viable organisms (24). In
summary, accumulating molecular genetic research results
support current concepts of a common genetic basis
concerning different phenotypes of sporadic and syndromic
skin disorders characterized by nevi (6, 10, 14, 15, 19).

NSS is a frequent ENS (3-5) and rated among the
phacomatoses not classified elsewhere (International
Classification of Diseases, Version 10 (ICD-10): Q85.8).
Craniofacial findings are a characteristic of NSS (18, 25).
However, oral findings in NSS are rarely reported (19, 26,
27). This report describes some unusual features in a NSS
patient noted during a long observation period with special
consideration of orofacial findings.

Case Report

Infancy. Face and neck. According to the mother’s statement,
the child was born with facial skin alterations not further
specified. On the first presentation of the 11-month-old patient
in the Oral and Craniomaxillofacial Surgery Outpatient Clinic,
Eppendorf University Hospital, multiple skin-colored, lineshaped, slightly raised efflorescences were documented in
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Figure 2. Treatment of the patient with epidermal nevus sebaceous syndrome in adolescence. Erythematous mucosal hyperplasia of the right alveolar
process of the mandible (A) and the maxilla (B) of the 15-year-old patient. In the maxilla, residues of the hyperplasia extend partially to the midline
of the palate. There is a noticeable, narrow tip on the occlusal contact surface of the palatal emerged right upper canine (B). (C) Mandible situs
one week after the hyperplastic mucosa has been removed. (D-F) Recurrence of the hyperplasia six weeks after the operation (E: mirror image
photo). (G-H) Regenerated mucous membrane after renewed ablation at the age of 19 years. Seven months later, the recurrence is evident (I-K).
The palatal rugae have remained unilaterally developed. (L) Sebacic nevi in the extension of the right oral cavity and on the neck. M) A nevus of
the neck in detail. (N) Detailed view of the lower face and neck shortly after removing the nevi.

perioral areas, lips, chin, and anterior neck, all confined to the
right side of the body. A linear efflorescence was very
noticeable running vertically in the midline from the lower lip
to the tip of the chin. The course of the lines of the facial skin
corresponded to the lines described by Blaschko (28). The
patient family history has no evidence of genetic diseases.

surgical setting, the surplus, hypoplastic, radial digit of the
left hand was disarticulated and removed without
complications (Figure 1B-E).
At the age of 6 years, the oral hyperplasia of the mucous
membrane was removed again because the child frequently
had bled from recurrent mucosal injuries while eating
(Figure 1F-I). Furthermore, the eruption of teeth on the
affected side of the body was delayed, deciduous lower right
second molar tooth in the crossbite position and lower right
first molar in non-occlusion. Therefore, the removal of the
tissue was intended also to facilitate tooth eruption. Wound
healing took place through secondary intention. Since the
oral mucosal hyperplasia rapidly re-established, the
procedure was repeated three months later. After permanent
removal of the occlusal mucosal proliferation, eruption of
retained teeth soon gained height of the occlusal plane.

Oral cavity soft tissue lesions, facial skin lesions, and
polydactyly treatment. Oral inspection revealed erythematouspapillomatous alterations of the mucosa and gingiva of the
following anatomical units: hard palate (with transition to soft
palate) and alveolar ridge of the maxilla and mandible. All
integumental findings were right-sided. Only 2 lower central
deciduous incisors of normal shape and colour had emerged,
so no further findings could be made on the dental status.
Hexadactyly of the left hand with a complete second thumb
was noticeable. The additional digit had fully developed two
terminal bone segments.
At the age of 18 months, the altered oral mucosa was
removed with the CO2 laser (Figure 1A). In the same

Adolescence and early adulthood. The child was examined
again on an outpatient basis at the age of 13 years to assess
and treat the recurrent oral mucosal lesions. Histological and
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Figure 3. Figures A to J show the course of histological findings over an interval of almost 20 years. The explanations to the figures are given in
the text. Hematoxylin-eosin stain. Figure K: Immunohistochemical identification of neurofilament in the oral lesion. A total of 38 neurofilamentpositive nerve fibers, some arranged in small groups, were found in the sample, which has an area of 2 square centimeters (scale bar=200 μm,
arrows point to the nerve fibers).

virological examinations initially gave rise to the suspicion of
an HPV-associated venereal disease. Further examination of
the patient excluded condyloma acuminata and venereal
disease, so a coincidental contamination of the oral tissue with
HPV was assumed. At the age of 15 and 19 years, slightly
vulnerable, deep periodontal pocket-forming lesions were
again removed (Figure 2A-K). The lateral incisor, canine, and
premolars of the right side of maxilla were already palpably
loosened by the loss of alveolar bone. Only the teeth affected
by the soft tissue lesions were significantly covered by
calculus indicating severely hampered oral hygiene in the
affected oral fields. At the same time of oral mucosa reduction
were excised a small drop-like protrusion of the columella, a
linear, slightly, and irregularly raised tumor-like skin
alterations in the right corner of the mouth and very
noticeable, darkly pigmented, raised nevi on the right side of
the neck and the jugulum (Figure 2L-N). The anterior neck
scars were excised 10 months later and reduced in size.
During the ablation of the papillomatous mucous membrane
of the lower jaw, the retained right wisdom tooth was removed
at the age of 19 years. The wound healing of the osteotomized
bone region was uncomplicated. During the observation period
of currently 20 years, the patient has not developed
pathological neurological or ophthalmological findings.

Histology. The oral specimens obtained during the first
surgical procedure of the infant, show in histological
examination of fragmentary oral specimen, a papillomatousexophytic proliferating squamous epithelium with
koilocytosis and slight inflammatory infiltrates (Figure 3A,
B). The histological examination of the accessory thumb,
which was 2.6 cm long and 1 cm in diameter, revealed the
characteristic features of a supernumerary digit with a
normal architecture of the skin, soft tissue, and bone with
proper ossification. Also, hyaline cartilage tissue with a
transition to bone tissue was seen. The specimen’s skin
showed regularly differentiated squamous epithelium. The
histological findings of both oral interventions at the age of
6 years (Figure 3C, D) corresponded to those of the initial
examination at the age of 11 months. The histological
findings of the simultaneously excised chin scar described a
hypertrophic, fibrotic connective tissue without any remnants
of skin appendages. The oral specimen of the 13-year-old
female was nodular hyperplastic gingiva with hyper- and
parakeratosis as well as acanthosis associated with tumorlike proliferations arising from rests of the dental lamina
(Figure 3E). The specimen showed squamous metaplasia
(Figure 3F) without inflammation, but no mucosal
papilloma. In contrast, when the 16-year-old patient again
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Figure 4. Radiological representation of the dental and jaw findings of the patient with nevus sebaceous syndrome. (A) Occlusal record of the upper
jaw. Complete deciduous teeth on the affected side of the jaw. The X-ray records deep vertical furrows in the enamel region of the deciduous molars.
The permanent incisors are bilateral and at the same stage of crown development. (B) Panoramic view (PV) of the five-and-a-half-year-old child.
Except for the wisdom teeth, all permanent teeth are present. The right upper incisors are retained, their predecessors are missing. The deciduous
molars and canines on the right side appear somewhat smaller than those on the opposite side on the not quite symmetrically aligned skull
radiograph. The formation of an anatomical equator, especially the first deciduous molars, seems to be reduced. Deep indentation of the occlusal
enamel surface of the lower right first molar. (C) is detail of (A). (D) PV of the 13-year-old patient. Complete rows of teeth in both jaws with ageappropriate root development. The wisdom teeth are in place (crown stage). On the left side, both wisdom teeth show a clear, occlusal side increased
radiopacity indicating enamel formation. In contrast, the wisdom teeth on the right side appear radio-translucent and hardly distinguishable from
the surrounding bone in terms of density. The oval shaped right lower wisdom tooth has a tapered crown region. (E) is detail from (D) to illustrate
the radiological morphology of the right wisdom teeth.

had a reduction for mucosa hyperplasia, verrucous acanthosis
and papillomatosis of the mucous membrane were noticeable
(Figure 3G, H). For this purpose, the specimen was further
processed to clarify the potential association of the lesion
with human papilloma virus (HPV). HPV6 DNA was
detected in oral lesions utilizing the polymerase chain
reaction (PCR). At the age of 19 years, the oral lesions
showed similar histological characteristics like three years
before: Verrucous acanthosis, papillomatosis, and strong
chronic inflammation (Figure 3I, J). Despite the koilocytic
aspect, the lesions were now HPV-negative (consensus
primer MY09/MY11). A remarkable feature is the increasing
dominance of the inflammatory changes that reached their
maximum in the most recent specimens. Additional excisions
revealed trichilemmoma of the columella and verruca
filiformis with epidermal nevus in the right corner of the
mouth, matching a nevus sebaceous. The tumors of the
anterior neck were also sebaceous nevi. Apart from fibrosed

scar tissue, there were no organoid structures in the excised
scars from the neck in the histological examination of the
specimen. The peripheral nerve fibers within the oral lesions
are inconspicuously structured and express neurofilament
(Figure 3K).

Radiology of jaws and teeth. A bite image of the upper jaw
of the two year and seven months aged child shows the fully
developed crowns of the permanent central incisors at the
same level within the bone. This X-ray also shows the
patient’s complete maxillary anterior deciduous dentition
(Figure 4A). The OPG, made at the age of five and a half,
shows symmetrical tooth development in the lower jaw
(Figure 4B). In the upper jaw, the developmental stages of
the permanent teeth were also symmetrical. However, both
incisors on the right side have eroded the covering bone but
are completely retained (Figure 4C). The X-ray findings
correlate with the oral mucosal findings at the same time,
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Figure 5. Panoramic view (PV) of the 18-year-old patient. (A) Complete, occasionally preserved permanent dentition. The wisdom teeth are further
developed in the root area. The left upper wisdom tooth has emerged, and the converging roots have canal walls aligned parallel to one another in
the apical area on the pulp side. The lower left wisdom tooth has open apices, and the root growth is not yet complete. The roots of the lower left
wisdom tooth are developed shorter than the roots of the right one. In contrast to the unaffected side, the right upper molar is hardly developed
beyond the crown stage. The radiopacity of the retained tooth has increased significantly in the crown area. The wisdom tooth has developed a
relatively long root in the lower jaw. However, the tooth crown is rudimentary. In a side comparison of the emerged teeth, the lower radiopacity of
the crowns of the lower right molars in the occlusal area is noticeable (deep caries on tooth 47). (B) Detail of PV shown in (A) to illustrate the
dysmorphic right wisdom teeth.

Figure 6. Cone beam computed tomography (CBCT) of jaws in a patient with nevus sebaceous syndrome (cropped images). (A) A series of six cross
sectional images depicting anterior maxilla in axial (upper row) and coronal plane (lower row). The nasopalatine canal is lateralized to the affected
side. The canal runs distal to the central incisors and close to the root of the right central incisor. The lower row shows the straight course of the
canal to the right of the median sagittal plane. (B) The shape of the canal is inconspicuous in the sagittal section. (C) The coronal sectional image
of the skull in the plane of the wisdom teeth shows a higher position of the right side of the palate. In this area, the mucosal alteration on the right
side was already evident in early childhood. In contrast to the panoramic views, CBCT shows a - albeit interrupted - radiopaque crown layer
(enamel) of the lower right wisdom tooth. (D) The section in the sagittal plane of the right side of the jaw shows the dysmorphic right upper third
molar, (deep occlusal caries on tooth 47).

which show a dense, hypertrophic mucosa that completely
covers the alveolar process of the retained right maxillary
incisors (Figure 1F, G).
Another OPG is not carried out until seven years later
(Figure 4D, E). The X-ray shows a complete dentition. After
surgical reduction of the oral papilloma in the maxillary
anterior region, both anterior teeth have erupted and have

developed a complete root. Crowns of all 4 wisdom teeth are
present in the expected regions. None of the wisdom teeth
has reached the initial root stage. On the right side, the lower
wisdom tooth looks hypoplastic and could be a small
odontoma (Figure 4E). The right upper wisdom tooth
appears significantly hypomineralized compared to the left
(Figure 4D).
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Figure 7. Dysmorphic teeth from a patient with nevus sebaceous syndrome. (A) A series of three photographs depicting the lower right wisdom
tooth from different sides: very small crown with deep, vertical furrows within the enamel region, relative long root, wide open apex. (B) The
reflected light microscopy of the tooth surface shows the only partially confluent enamel in the upper half of the image. In the lower half of the
picture, the enamel cones, which run out like strands in apical direction, are interrupted by regions of irregular and thinner enamel coating. This
spotty enamel coating on the root is so transparent that the dentine shimmers through. (C) Dental casts of the patient (maxilla: above; mandible:
below). What is noticeable is the irregularity of the tooth position visible in both jaws on the right side, which is clearly differentiated from the
harmonious contour of the dental arches on the left side. The central maxillary incisors have moved to the right (by approx. incisal width). The
resulting narrowing of the maxillary teeth on the right side has resulted in the second incisor being far vestibular and the canine emerging palatal.
There is also crowding of the teeth in the lower jaw. The occlusal surfaces of the molars on the right side are deeply furrowed.

In the 18-year-old patient, the wisdom teeth have emerged
on the unaffected side (Figure 5). On the affected right side,
the root development of the impacted upper wisdom tooth
has hardly changed since the previous picture 7 years ago
and is significantly behind the development of the left upper
molar. In contrast, the lower, micro-morphic, also retained
wisdom tooth has developed a very narrow radiopaque
enamel layer on the occlusal side, which is flatty contoured.
The root is relatively long and narrow compared to the root
of the lower left wisdom tooth. However, the maximum
diameter of the right lower wisdom tooth’ root is larger than

that of the crown (Figure 5B). Both OPGs do not show any
asymmetries in the jaws.
However, cone beam computed tomography (CBCT) of the
jaws shows a nasopalatine canal displaced to the affected side
(Figure 6A, B). Both the nasal and the oral foramen are on
the right. The nasopalatine canal does not show an unusual
course (Figure 6B). The topographical relationship of the
canal with the position of the anterior teeth shifted towards
the affected side is interesting. The lack of space in the right
upper canine and premolar region of the dental arch is also
due to the lateralization of the anterior teeth to the right
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Figure 8. Cross-section of the lower right wisdom tooth of a patient with oral manifestations of the nevus sebaceous syndrome, undecalcified
specimen, sawing and grinding (Säge-Dünnschliff) technique (composite image). In the micro-morphic tooth crown, below the occlusal surface,
some strip-shaped densifications run parallel to the surface, others point perpendicular to the surface and approximately to the respective center
of the cusps. In the center of the crown, near the dentine border, there are strands-like densities running at an angle to the center line of the tooth.
The figure is somewhat reminiscent of a fir tree. The boundary between enamel and dentine is sharp. In the upper part of the picture there are
focally transparent, uneven extensions of the enamel. The dentine forms two cusps resembling rudimentary protrusions under a tooth crown. In the
dentine, radial stripes converge from all sides to the broad pulp. The pulp ends approximately at the level of the thin enamel protrusions, which
end on the occlusal part of the root. In the root, there is a denticle in the apical third. The apex is wide open.

because the topographical relationship between the roots of
the (central) incisor and the incisive foramen is preserved and
therefore, both teeth with the deformed incisive bone are
lateralized to the right. CBCT offers further discrete
differences in bone development: the arch of the hard palate
is positioned a little further cranially on the right side and the
right side of the maxillary alveolar process is vertically
shortened compared to the other side (Figure 6C). The
mandibular canal is developed symmetrically in this crosssectional image. The patient treatment documentation proves
the retention of the right maxillary anterior teeth by the
papillomatous mucosa, which could only emerge after the
surgical ablation. The constellation of the findings on CBCT
suggests that the mucosal malformation is associated with a
discrete deformation of os incisivum and thus has contributed
to the anterior tooth misalignment described above.

both tooth crowns run in a coronal-apical direction, identical
in pattern compared to the extracted lower wisdom tooth and
other affected teeth on the right body side. Permanent
preservation of the lateral incisor is unlikely.
The brownish discoloration of several teeth on the right
side is noticeable (Figure 1 and Figure 2). However, the upper
left first incisor is also affected by this discoloration.
Therefore, lateralization of dental findings to the right side is
obvious, but incompletely realized. The discoloration of tooth
crowns indicates mineralization defects. This finding is
limited to the teeth of the region affected by the hyperplastic
mucosa that shows slight midline crossing like the tooth
malformation. These mineralization defects on individual
teeth increased in visibility during the observation interval.
The crowns of the premolars and molars (Figure 7) appear
slightly smaller both in the anterior-posterior and in the
vestibular-lingual direction on the right side (Figure 7A, C).
Several of the crowns lack a pronounced anatomical equator
and appear columnar (Figure 7C). The teeth show an
irregular profile of the occlusal surface clearly different from
the physiological occlusal relief of normal permanent teeth
(Figure 7C). Very striking findings of the dental crowns on
the affected sites are groove-like fissures and ridges, some
of them running in parallels to the long axis of the tooth,
others forming wedge-shaped defects (Figure 7A-C). The
structural anomalies start in continuity from the lateral
border of the occlusal surface. The tip of wedge-shaped

Teeth. The eruption of several permanent teeth was hampered
by the thick, papillomatous mucosa. The surgical exposure
of the teeth facilitated rapid tooth eruption. In the lower jaw,
the permanent teeth were aligned with the row of teeth. In
contrast, both upper right lateral incisor and canine have
erupted outside the row of teeth (Figure 6A). The significant
misalignment of the emergent, periodontally damaged,
dysmorphic, and severely loosened right upper lateral incisor
to the dental arch is presumably influenced by the local bony
alteration. The numerous indentations and corrugations of
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Figure 9. Detail of the microphotography of the previous figure. (A) The furrow between two small cusps is filled with transparent, pearl-like, dense
structures that also lie above the surface of the cusps. However, this transparent layer of the cusps seems to be more confluent than in the furrow.
The stripes running perpendicular to the surface are interpreted as Hunter-Schreger stripes. (B) Detail of the pearl-like, multilayered layer of
enamel on the lateral root surface (dentine: bottom left). (C) Sharp delimitation between enamel and dentine. (E) Denticle of the pulp.

defects is directed caudally. This ribbed pattern of the
vertical surfaces of the crown was also assumed for the
retained and micro-morph right lower wisdom tooth depicted
on the orthopantomogram of jaws (Figure 7A). The
osteotomized micro-morph tooth shows hypomineralization
of the crown. Detailed micro-imaging and morphological
analysis disclosed substantial alterations of tooth
compartments (Figure 7B).
While the right lower wisdom tooth is micro-morph in the
crown area, the root of this tooth is narrow according to the
crown diameter, but of considerable length. The root of the
lower left wisdom tooth appears to be shorter than the
dysplastic counterpart on the right side in orthopantomography
at the age of 18 years. Two years after the osteotomy of the
right lower wisdom tooth, the two-rooted left lower wisdom
tooth has emerged into the oral cavity, increased in root
lengths, and still has open dental apices. In contrast, the right
upper wisdom tooth remained retained under the dysplastic
mucosa, further opacified in the crown area and showed no
further root growth during the last two years.

narrow root emerges with almost no transition from the
crown margin. The root is roughly three times as long as the
crown. However, the apex is wide open (Figure 7A).

Analysis of wisdom tooth: Microscopy of undecalcified
specimen. The longitudinal section of the tooth shows the
hypoplastic shape of the tooth crown (Figure 8). Small
cusps are developed in the occlusal surface. The lateral
walls of the small crown have only a slightly protruding
enamel surface. Enamel extends caudally with a thin layer
on the upper part of the root (Figure 9). The crown is
covered in an irregular pattern by spherical, partially
transparent, solid structures that are interpreted as enamel
pearls (Figure 9A). These agglomerates are particularly
common on the neck of the tooth (Figure 8 and Figure 9B).
Within the enamel, Hunter-Schreger bands can be seen
arranged radially to the indicated crown (Figure 8 and
Figure 9A). The transition between dentine and enamel is
distinct and planar (Figure 8 and Figure 9C). The pulp is
developed to the level of the thin, pearl-like extensions of
the enamel that cover the upper part of the root (Figure 8).
No pulp is developed within the level of the crown (Figure
8). A denticle is exposed in the pulp (Figure 8 and Figure
9). The apex is wide open with channel walls diverging
towards the opening (Figure 8).

Analysis of wisdom tooth: Macroscopy. The lower right
wisdom tooth has a very small crown forming several small
cusps but without an anatomical equator [maximum length:
14 mm, maximum width (root): 4.5 mm] (Figure 7A). The
occlusal surface is fissured, there are no approximal ridges.
Tooth enamel appears to be irregularly developed and
therefore spotty. There are notches on the lateral surfaces of
the tooth crown that extend into the occlusal surface. The

Analysis of wisdom tooth: Optical coherence tomography
(OCT). The tooth surface was examined by means of
spectral-domain OCT (OQ Labscope 2.0, Lumedica,
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Figure 10. Optical coherence tomography (OCT) of dysmorphic lower right wisdom tooth. (A) Angled view of the occlusal surface of the tooth.
Four rounded occlusal cusps are shown. Grooves are indicated between the cusps. On the right side there appears to be a border that connects
two cusps. (B) Compared to (A) somewhat more vertical and more distant, lateral view of the crown region of the tooth. Now it becomes apparent
that the indicated cusp-like elevations of the tooth crown extend like strands down to the cranial root region. The cusps formed by enamel surround
a central defect in the middle of the occlusal surface, which is apparently not completely covered by enamel. Figures C-E show the strand-like
extensions of the enamel on the root. (F) The composite image shows the surface of the tooth’s relatively large root.

Durham, NC, USA). The system operates at 840 nm central
wavelength and offers a resolution of 15 μm in lateral and 7
μm (air) in axial direction, covering a volume of about
5.88×5.88×1.85 mm3 (air) with 512×512×512 voxels. OCT
forms true to detail tooth surface, for example the
miniaturized cusps of the occlusal surface, the steep slope
from the cusps to the lateral crown surface, the deep furrows
between the crown cusps that continue into the lateral
surface of the crown, and the shallow extensions of the
enamel layer on the root (Figure 10). The micro-pores of the
root are homogeneously and densely distributed.

with a spatial resolution of 7.5 μm (Figure 11). Imaging was
performed with a 0.5 mm Al filter, 60 kV acceleration
voltage, 166 μA tube current, and 1,800 ms exposure time.
The volume of the tooth compartments impressively
demonstrates arrested development of enamel underlining
the findings determined with surface microscopy and
advanced development of the root (enamel: 17.569 mm3,
dentine: 125.545 mm3, pulp: 9.593 mm3). The tissue
mineral density distribution of dental tissues was determined
by qBEI at a scanning electron microscope (LEO 435 VP;
LEO Electron Microscopy Ltd., Cambridge, England)
performed at 20 kV, 680 pA, and with a constant working
distance of 20 mm. The mean calcium content of the hard
substances corresponded to normal values, although enamel
mineralization presented with a high heterogeneity
(Ca/Width) which was based on low mineralized areas (*)
within the enamel matrix (Figure 12).

Analysis of wisdom tooth: Surface microscopy. The surface of
the untreated tooth was examined microscopically (Olympus
DSX 500, Hamburg, Germany) (Figure 7B). The surface of
the tooth is covered by a thin layer of enamel. In many places,
the enamel only spotty covers the dentine underneath.

Genetics. The patient’s DNA was extracted from the tissue
samples, amplified using PCR and sequenced according to
Sanger on an automatic sequence analyzer (ABI3500XL,
Thermo Fisher, Waltham, MA, USA). The determined

Analysis of wisdom tooth: Micro-computed tomography
(μCT) & quantitative backscattered electron imaging
(qBEI). The whole tooth was further examined using a
Skyscan μCT 1272 (Bruker, Kontich, Belgium) operated
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Figure 11. Micro-computed tomography of dysmorphic lower right wisdom tooth. (A) Side view. Irregularly configured, small, cusp-like occlusal
surfaces that taper apically like strands without developing an anatomical equator. The strand-like migrations of the odontogenic epithelium
manifested in the enamel are of considerably different diameters. Likewise, the outer extensions of the enamel on the tooth root are of different
distances. (B) Cross-section of the tooth. The disproportion between crown size and root size is evident. Furrows wipe the cusp-like crown rake up
to the enamel-dentin border. The boundary between dentine and enamel is sharp. (C) The cross section of the tooth shows the different sizes. pearllike enamel formations in the crown area and in the transition to the root. The pulp approximately reaches the level of the fusion line and forms
initial protuberances, probably analogous to the development of a coronary pulp. The almost horizontal canal between the pulp and the tooth
surface at the transition from the middle to the apical root third is noticeable. (D) Another lateral view of the crown area to visualize the strands
of enamel that appear to have coagulated when the ameloblasts migrate apically. (E) Occlusal view of the tooth. Several small cusps with craterlike occlusal defects and deep furrows in the occlusal surface. The top view shows the speckled covering of the upper root with enamel.
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Figure 12. Elemental analysis (calcium) of the dysmorphic wisdom tooth developing in the mandible covered with papilloma-like mucosa in a patient
with nevus sebaceous syndrome. The left figure shows the entire tooth (composite image) and the three regions of the measurement displayed in
detail (above: enamel/dentine border of the crown, middle: enamel/dentine border of the root, below: apex). The graph shows the calcium content
of enamel, dentine, and cement.

sequences were compared against the reference sequence.
The following genes/exons were examined: KRAS
(NM_004985) exon 2 and 3; HRAS (NM_005343) exons 2
and 3; NRAS (NM_002524) exons 2-3. A somatic mutation
in HRAS was detected in several samples of the mucosal
changes. The proportion of the pathogenic sequence
variant c.37G>C p.Gly13Arg was around 33% in the
palatal gingiva, around 14% in the buccal gingiva of the
upper jaw, and around 13% in the buccal gingiva of the
lower jaw. The mosaic mutation was not recorded in
adjacent unaffected mucosa.

Nomenclature. Nevus sebaceous syndrome (NSS) or
Schimmelpenning-Feuerstein-Mims (SFM) syndrome
[Online Mendelian Inheritance in Man: 163200 (phenotype
number)] is a rare neurocutaneous syndrome classified in the
group of organoid ENS (29, 30). The number of synonyms
for the syndrome is very large (31). Schimmelpenning
described the diagnostic triad of nevus sebaceous, cerebral,
and ocular findings and introduced diagnostic criteria for a
new syndrome (29). However, many researchers have
contributed to the characterization of the syndrome revealing
substantial variability of phenotype and characteristic skin
lesions (30-42). Pathological findings in NSS go beyond the
spectrum of organs that constitute skin, eyes, and nervous
system (31, 42). On the other hand, it became apparent soon
after delineation of the syndrome that neither cerebral nor
ophthalmological findings are mandatory for diagnosing
NSS (32). In other words, the concept of the later so-called
mosaicism of genodermatoses (6, 8, 19, 24) was anticipated
at an early stage of applied (molecular) genetics in NSS
diagnostics because well-circumscribed solitary lesions and
oligosymptomatic cases with skin lesions were assessed as
findings potentially related to the syndrome’s spectrum.
Diagnosing the syndrome is independent of the lesion’s size

Discussion

This investigation describes the long-term course of
treatment of orofacial skin alterations in a patient with NSS.
Detailed morphological analysis is presented of a
dysmorphic, retained wisdom tooth of the affected oral
region. The upper extremity malformation arising
contralaterally to the orofacial findings likely is related to
the syndrome. The proven HRAS mutation in the affected
oral mucosa is considered a characteristic genetic alteration
in skin findings of NSS patients (14).
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and this statement also applies to NSS patients with oral
manifestations (33, 44). However, the wide variation in the
phenotype has led to uncertainty as to which constellation of
clinical findings justifies the diagnosis of NSS. For example,
authors have detailed a case of ENS with multiple cranial
linear epidermal sebaceous nevi and several oral lesions of
epithelial origin but explicitly excluded NSS diagnosis,
presumably because neither ophthalmological nor
neurological findings were recorded (45). Craniofacial NS is
a common feature of NSS (31).
Scientific communication on the syndrome is difficult due
to the contributions of a large number of authors, the many
(eponymous) designations of the syndrome, the very variable
and unavoidably subjective evaluation by later reviewers
concerning the respective researchers‘ achievements in the
characterization of the sporadic nevus as well as the
syndrome, and - based on the variable verification of sources
- different historizing prioritization of individual authors
reporting on the subject (3, 46), which can hardly be
overlooked by any reader. Another difficulty in the nosology
of the phenotypes lies in the fact that certain combinations
of findings can be decisive for the selection of patients for a
study group (47), which represent only part of the syndrome
features for other examiners (8). These terminological
inconsistencies (48) also make it difficult to assess the few
reports on oral manifestations of ENS, especially in
previously published work (46).
Dissemination and exchange of scientific data has
increased precision by omitting eponymous designations of
the syndrome and consistent use of the term ‘nevus
sebaceous syndrome’ (NSS) as an umbrella term (12). In
addition, the understanding of the disease has been
significantly improved by molecular genetics detecting
frequent, identical mutations in genes performing control
functions for cellular proliferation. These insights allow the
merging of differently termed nevus syndromes characterized
by different skin lesions as phenotypical differences of a
single entity arising from a common genetic cause, i.e.,
mutations in RAS genes (14, 15). The standardization of
terminology based on genetic characteristics can also form
the basis for further information on oral manifestations of the
syndromes and on factors influencing regular dentition.

variable number and differences of cells constituting skin
appendages, some nevi appear like simple accumulations of
altered cells and others show ‘organoid’ differentiation and
are addressed as hamartomata. Malignant tumors rarely arise
from EN (34, 49-53). The distribution pattern of the facial
nevi follows the Blaschko lines (53). Usually, the lesions are
limited to defined areas of the body. However, in rarely
reported cases, even one half of the body can be affected. In
these cases, oral soft tissue can show typical alterations (50).

Oral cavity. Oral findings are well known in ENS, but have
rarely been reported (5,46). Evaluation of previous reviews
of oral manifestations is severely limited by the timedependent inclusion criteria for defining a nevus and rating a
case of sporadic or syndromic nevi (46). The very differently
applied diagnostic criteria impair the evaluation of syndromeassociated oral lesions (54). For example, precisely reported
findings on linear oral nevi have been classified as nonsyndromic because the investigators claim that the patients
did not present CNS, skeletal and ophthalmological changes.
However, the authors were not referring diagnostic imaging
results that can reasonably substantiate exclusion of diagnoses
relevant for this statement (54). On the other hand, strictly
unilateral (linear) oral papilloma with no further signs of
syndromic disease is rare (55,56). The discussion focuses on
orofacial manifestations in NSS.

Oral manifestations of NSS.
Types of lesions. Oral manifestations of NSS include mucosal
hyperpigmentation (47), papillomatosis, eventually causing
soft tissue overgrowth on teeth (54, 56-64), and enamel
defects (26), furthermore, hemihypertrophy and fibrous lesions
(27, 50, 59-62) and enlarged papillae fungiformes of the
tongue (33), uvula bifida (60), retention of teeth (26) and tooth
position anomalies (33), numerical aberrations and
dysmorphia of teeth (54, 59, 63-66), bone cyst of jaw (59),
giant cell granuloma of the jaw (27,60) or ‘osteoclastoma’
(39), odontoma (67), and further odontogenic neoplasms such
as ameloblastoma (35, 45, 68), ameloblastic fibro-odontoma
(69), and adenomatoid odontogenic tumor (44, 63, 64). Basal
cell carcinoma (BCC) is a feature of NSS, e.g., of lips (50).
However, BCC is rarely diagnosed in EN (34, 51).

Skin. Epidermis of the face, oral cavity and neck have
different histological components that reflect the origin of
the integument from different germ layers and respective
specialization, e.g., epithelial cells and vessels. The pattern
of certain congenital skin lesions is assessed as a trace of
migrating, epithelial cells from the embryonic period, which
have become visibly through mutation-induced incorrect
differentiation. The different composition of the nevi is
considered by some authors an indicator of both time and
place of embryonic differentiation of the cells. Due to the

Infrequent reporting of oral lesions. While the cutaneous
differentiation disorders in patients with ENS are usually
registered at birth or in early childhood, time of visible
occurrence of oral findings is hardly documented (18, 20,
40). Few authors explicitly point out that they have excluded
local findings in an ENS/NSS patient by oral examination
(41) or that oral examination could not or only inadequately
be carried out (37).
Rogers et al. (11) examined 131 patients with epidermal
nevi (head and neck affected: 42%). In 33% of the cases
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anomalies of other organ systems were registered. In one
case, an oral finding (tongue-tie) was reported which, due to
its frequency in the general population, was rated as likely
coincidental. A systematic oral examination of the patient is
not mentioned in the report, but it can be assumed that EN
and syndrome-related oral findings rarely develop combined
both in sporadic and syndrome-related cases.
A report by Baliga et al. (67) described symptomatic oral
erythematous mucosal hyperplasia (‘redness of gums’) in a
17-year-old patient who had observed these oral findings
about 5-6 months prior to medical consultation. In contrast,
the extensive linear craniofacial nevi were known since birth.
It is open to discussion whether topographically associated
lesions in the oral and craniofacial regions arise at the same
time or metachronous. Interestingly, the tumorous swellings
in both jaws caused by ameloblastoma in one case of ENS
were without oral mucosal manifestations of the syndromic
disease. However, the patient had developed characteristic
facial skin lesions (68).
In the present case, the initial examination of the newborn
infant is without documents providing information about a
thoroughly performed oral inspection. The considerable oral
involvement in a syndromic patient is only registered several
months later.

individual cases with unilateral papillary hyperplasia of the
oral mucosa - analogous to the striate nevi of the skin represent minimal variants of the NSS (33).
The oral papillomatous lesions are in most cases unilateral
and in the case of muco-cutaneous (orofacial) manifestations
on the side of the cutaneous lesions, but the lesions can arise
also in the midline of oral cavity and extend bilaterally (45),
in the same way as cutaneous manifestations.

Histology of oral soft tissue lesions. The histological
examination of the papillary, partially pedunculated masses
showed broad, connective tissue papillae with ortho- and
parakeratinizing squamous epithelium. None of the lesions
showed signs of dysplasia. Differences in the histological
findings between the initial manifestation of oral papillomas
and recurrences were explained with reference to local,
inflammatory factors [plaque and calculus accumulation (57)].

Late onset of mutation effects on certain oral tissues.
Molecular genetic diagnostics provided data to assign the
temporo-spatial variable clinical findings to mutations
arising during different phases of prenatal development (36). Some oral findings are recognized around birth and
others develop and change with age, potentially related to
the individual’s physical maturity (vide supra). The pattern
of the dysmorphic crowns is uniform on both permanent
teeth with precursors (replacement teeth: premolars, canine)
and without deciduous ancestors (molars). Some findings are
an example of the fact that certain manifestations of the
disease cannot develop until the postnatal period (73), e.g.,
structurally altered second or third molars like in the present
case. Radiologic evidence of initial wisdom tooth
development is limited to postnatal life (75). As shown by
histological examination of wisdom tooth specimen and
clinical investigation of permanent dentition, one genetic
alteration has had similar effects on at least part of several
organs (dental crown) that may appear on radiographs
prenatally (canines, premolars, first molar) and postnatally
(second and third molar). The identical tooth changes of the
affected jaws’ side document a long-lasting impact of the
disorder on enamel-forming and dentin-forming cells during
embryogenesis and postnatal life. In the presented case, the
dysplasia of the enamel appears with vertically aligned
corrugations both in the erupted premolars, first and second
molars as well as in the retained, wisdom tooth with micromorph crown. The uniform pattern of dental developmental
disorder with particularly noticeable dysmorphic crown
formation comprises several, individually developing organs
and a development phase lasting many years. The groovelike indentations formed in the same way on the micromorph wisdom tooth testify to the long-acting prenatal
migration and association errors of certain neuroectodermal
cells in the oral developmental field resulting in anomalous

Impact of physical development on skin lesion’s
characteristic. The evaluation of literature concerning oral
findings in patients with ENS is made difficult on the one
hand by the inconsistent terminology (46). Many reports
describing anomalies of the skeleton, eyes, or oral cavity in
NSS do not reveal a clear definition of the associated EN and
vice versa (5). On the other hand, it must be considered that
sebaceous nevi of the skin may be absent in young NSS
patients (11, 26, 70) and only appear with further physical
maturity (71). Therefore, reports of oral findings in young
patients with an ENS may contain cases who had not yet
developed any sebaceous differentiation of the nevus at the
time of the investigation (71) and were erroneously excluded
from considering NSS.

Impact of topography on oral lesion characteristics. The
papillomatous mucosa in NSS has no sebaceous components.
This finding corresponds to the normal development of oral
mucosa (57). Histological examinations have shown that
lesions with continuous transition from skin to oral mucosa
have no sebaceous differentiation in the oral parts (60). The
report of a sporadic nevus sebaceou of the oral mucous
membrane is a rarity that points to the common origin of
skin and oral mucous membrane (71).
The verrucous palatal lesions of this case are consistent
with the findings of previous reports (26, 45, 57, 72). The
oral hyperplasia of the mucosa is known as the papillary
intraoral epithelial nevi (72). It has been suggested that
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Figure 13. Blaschko lines of the head and neck (adapted from (53)). Interestingly, in this scheme, the upper lips are omitted from Blaschko lines
in frontal view. However, nasolabial, string-like and slightly curved nevi can touch the upper lip laterally (middle diagram). The skin of the lip
appears spared from the lesions. However, in the presented case there were occasional slightly raised lesions within the skin of the lip, which
were similar in structure to the rest of the nevi in the region (Figure 1A, 1F, 1G). The course of the patient’s perioral nevi approx. follows the
lines shown in the scheme.

crown surface and tooth shape. Enamel dysplasia and other
disorders of regular tooth morphology are well known for
patients with ENS. Some authors suspect the wedge-shaped
enamel defects that are conspicuous in some patients are the
dental equivalent of the embryonic migration traces of
epithelial cell clusters described by Blaschko for the
developing skin (76, 77). The dental morphology in orally
manifest malformations of the ENS has been described only
cursorily. To our knowledge, there is no information about
changes in the deciduous teeth in ENS. It is desirable to
obtain reports on the dental morphology of deciduous teeth
in ENS patients with oral findings to compare whether the
structural changes of the teeth demonstrated in the present
study are already detectable in the predecessors. The dental
status of deciduous dentition can be assessed retrospectively
from the documentation of the child’s oral findings. The
teeth were fully developed and emerged. Focal defects in
enamel formation are documented.
The uniform findings on the tooth crowns of permanent
teeth prove the structure-changing competence of the enamelforming cells of the affected region, only some of which were
already established in the fetal period. The findings in the
lower right wisdom tooth are identical to other teeth of the
affected regions and is interpreted as phenotypic evidence of
the effects of a postzygotic mutation in a wide oral
developmental field of cells derived from neural crest (65).
Indeed, some authors suspect that the visible line-shaped
courses but also the plaque-like expansions of the epithelial

lesions depict the embryonic migrations of cells that originate
from the neural crest (3). In an analogous way, the notches or
teardrop-like arrangements of the enamel are assessed as
residues of embryonic dysfunctional cell migrations. The
impact the presumably causative RAS mutation on the
dentition and on oral tissue development is effective even in
an organ that develops many years after birth. Current
pathogenesis models of EN assume that postzygotic
pluripotent cells are affected by pathogenic mutations and
therefore, depending on the individual’s developmental stage,
epidermal nevi can arise with and without extracutaneous
involvement (5, 48, 74).

Oral Blaschko lines. The transition of the facial nevi to the
lip and oral mucous membrane, which has been reported in
individual cases, gave rise to the assumption that the
distribution lines of the nevi reported by Blaschko could also
be transferred to oral territories (60). However, to the best of
our knowledge, Blaschko lines are not defined for the oral
cavity (53) (Figure 13). The reports of oral lesions in
connection with epidermal nevus syndromes illustrate
unilateral, bilateral, midline-associated and - in this case unilateral locations with a discrete midline crossing (54).

Teeth. Vertical grooves of dental crowns were recorded in
other genodermatoses as well (76). For example, clinical
diagnosis of X-chromosome linked focal dermal hypoplasia
(FDH, synonym: Goltz-Gorlin syndrome) was supported by
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the record of visible structure anomalies of frontal teeth (78).
In the published FDH case, the shape of affected upper
incisors was not altered and findings were bilateral. The
wedge-shaped enamel defects are like the finding of the
current NSS case. The authors` conclusion the dental
anomalies are possibly unique to FDH are not supported by
the findings presented. However, bilaterality of dental
findings may be a distinguishing factor between enamel
dysmorphology of FDH and NSS.

HPV. HPV apparently has no role in the pathogenesis of NS
(55, 85). HPV 6, 11, 16 and 18 were excluded in all
cutaneous lesions in a recent study on children with sporadic
NS (85). The authors refer to RAS mutations identified in NS
with the suspected consequence of increased cell proliferation
of affected (epithelial) cells (14). The findings were
interpreted as a sufficient cause for the development of the
nevi (85). However, later colonization of the lesions by HPV
in adolescence or adulthood is assumed to be a plausible
mechanism to explain HPV in NS as already described in
earlier studies (86). The acquisition of HPV in already
established cutaneous lesions is very likely (85, 86). So far,
oral papillomatous lesions in NSS have not been screened for
HPV. The detection of HPV 6, which is unique in this study,
does not seem to have any pathogenetic significance for the
oral lesions because contamination with the virus is equally
common in normal and papillomatous oral mucosa (87).

Bone (extragnathic). Bone findings are extremely variable in
ENS. Bony changes frequently were noted ipsilateral to the
skin lesions (79). However, contralateral or bilateral skeletal
findings were reported in NSS relative to skin findings (79).
Some authors deduce from literature analysis that skeletal
changes can be diagnosed in around 50% of cases in NSS (31).
The spectrum of bone changes in NSS includes local defects,
irregularities in the bone contour and surface (20), altered size
of individual bones, in particular bony enlargement (79), and
more generalized findings such as osteopenia and
hypophosphatemia vitamin D resistant rickets (79).
Duplication of phalanges and syndactyly has been described
for ENS (11, 42, 80, 81). Combinations of oral findings and
malformations of the phalanges are known for ENS (1, 36,
82). However, syndromic polydactyly is very numerous (83)
and in the present case it cannot be ruled out that there was a
coincidence of a predominantly right-sided NSS combined
with a sporadic contralateral duplication of a finger that must
be related to a pathogenesis different from NSS.

Therapy. The course after surgical treatment shows that
localized lesions of the skin can potentially be completely
removed without causing local recurrences. This
assessment also applies to the gingiva (54). In contrast, the
reductions in the papillomatous mucous membrane in other
oral areas, especially on the hard and soft palate, are
substantial and permanent (71). In contrast, the frequent
and usually rapid reorganization of the oral papillomatous
mucosa after extensive ablative surgery confirms the wellknown high recurrence potential of lesions (57).
Apparently, complete removal of the lesions in the
periodontal area has been not achieved and the residual
changed tissue was able to regenerate the altered mucosa
almost completely in the original area of expansion in
dentate regions. The course of treatment also shows that
unaffected mucous membrane mobilized from the
vestibulum and the cheek to cover the exposed bone and
circumferentially fixed around the teeth has been replaced
by the recurrent erythematous lesion. The repeated
observation of the replacement of transplanted normal
mucosa by papillomatous epithelium is unusual, especially
when considering the relatively large area that was removed
and covered by normal epithelium by surgical assistance.
Since the adjacent connective tissue has a considerable
influence on epithelial differentiation, it can be speculated
that at least some connective tissue cells of the alveolar
process covered by the papillomatous mucosa are also
affected by the genetic change. However, the distribution
pattern of the RAS mutation speaks against the assumption
of connective tissue genetic changes in the lesions because
the mutation has only been detected in the epithelium.
Surgical treatment of cutaneous nevi is determined by
topography and size of the lesions. If the excision of the
nevus is complete, no local recurrence is to be expected. Our
follow-up of patient showed that the correction of cervical

Genetics. ENS are sporadic diseases (3) arising due to
postzygotic mutations (38). Recent studies provide evidence
for postzygotic KRAS, HRAS, NRAS, and FGFR1 hot-spot
mutations being involved in the development of lesions that
arise in ENS (14-18, 20, 22, 84). The common activation
pathway of the HRAS/KRAS mutations causes constitutive
activation of rapidly accelerated fibrosarcoma kinase (RAF)
-mitogen-activated protein kinase (MEK) -extracellular
receptor kinase (ERK) and phosphoinositide 3-kinase
signaling pathways (52). The result of these activations is
accelerated cell growth. HRAS mutation c.37G>C is
characteristic of patients with NSS (19). It was pointed out
(52) that this HRAS mutation was detected in more than 95%
of the known cases of sporadic or syndrome associated
sebaceous nevi (19) and in further tumors arising with in
NSS, for example in syringocystadenoma papilliferum,
trichoblastoma and trichilemmoma (15).
The mosaic status of the RAS mutations in EN was
proven by analyzing the distribution pattern of the mutations:
The mutations were detectable in the keratinocytes of the
affected skin regions, but not in the fibroblasts underlying
the altered epithelia (14, 15). This mutation distribution
pattern was confirmed in oral lesions of this study.
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scars, which had arisen after excision from NS, showed no
evidence of skin appendages in the examination of the tissue
samples. On the other hand, the sebaceous lesions of the
nose recurred within months or years after partial excision
for esthetic reasons.
In principle, the ablation of the affected mucosa should
create conditions for re-epithelialization of the defect with
normal mucosa. In fact, to cover the defects after ablation of
the papillomatous mucosa, a large-area transposition mucosa
plastic from the vestibulum and the floor of the mouth was
chosen. However, experiences have been reported on ablative
surgery and early recurrence of papillomatous lesions.
Recurrence remained stable for 15 years after initial
presentation and therapy (72). Other authors have reported
long-term success after ablation of oral lesions (54). The high
recurrence rate of oral lesions (45, 57) was confirmed during
treatment of the presented patient. Nevertheless, the surgical
measure made sense because the patient’s strong bleeding
predisposition of the lesions and the tumor-like growth of the
mucous membrane visible when the mouth is opened was
found to be very uncomfortable. Furthermore, the high
vulnerability of the mucosa means that oral hygiene of the
affected teeth is neglected. The unusually rapid development
of teeth affected by heavy dental plaque and calculus, which
is noticeable in this case and in earlier reports (57), is probably
due to the mechanical predisposition of impaired oral hygiene
which favors rapid accumulation of plaque. Other authors
suspect that the constitutive inflammatory factors of the
changed epithelia contribute to the proliferation of the lesions
(45) with the consequence of overgrowing mucosa, formation
of pockets and degradation of adjacent bone. Advanced
regression of the alveolar limbus in this case was conspicuous
in the right upper premolar and canine region (Figure 5A).

authors), histological examinations (AML, CH), morphometry (JH,
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