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HIGHLIGHTS

* The inclusion of dentists in multidisciplinary teams for patients with neurocutaneous syndromes is essential, both on an outpatient and hospital basis.
« Interestingly, dentistry can play a relevant role in the early diagnosis and differential diagnosis of patients with neurocutaneous syndromes.

* More research in this area is needed.
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Neurocutaneous syndromes comprise a heterogeneous group of congenital or hereditary conditions that are
known to be associated with the risk of different disorders and complications. Two of the most common neurocu-
taneous syndromes are Neurofibromatosis type 1 (NF1) and Tuberous Sclerosis Complex (TSC). Although there
appears to be a general consensus on the importance of a multidisciplinary approach in managing these cases,
there is still very little emphasis in discussions addressed in the literature on the role of dentistry in accordance

with the perspective of comprehensive care. Evidence-based propositions, together with a broad discussion of
new insights in this regard, should have the ability to strongly impact related future perspectives, aiming for
greater advances and better outcomes for these patients. In this review article, the authors discuss updated gen-
eral aspects of NF1 and TSC, and the potential additional roles of dentistry, in addition to addressing suggestions
for actions in dentistry at related levels of care, as well as priorities for future research.

Background

An efficient and effective integration between medicine and other
health professions is still a major challenge to be overcome by multidis-
ciplinary teams around the world. This is true, especially for the man-
agement of less frequent conditions within a group of diseases that
require more complex care, as is the case with neurocutaneous syn-
dromes. In this sense, the literature has emphatically highlighted the
importance of involving different medical specialties in the multidisci-
plinary approach to such patients.’> However, thinking about holistic
care and better outcomes, other health fields and in particular dentistry
should also be essential to be included as part of such teams. Although
the role and difficulties faced by dentistry in the management of patients
with the most prevalent neurological disorders have already been
addressed in the literature,™” there is still very little discussion involving
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specific subgroups. In this brief review the authors discuss general
aspects of neurocutaneous syndromes, the potential additional role of
dentistry and its benefits in affected patients, with a special focus on
Neurofibromatosis type 1 (NF1 [OMIM 162200]) and Tuberous Sclerosis
Complex (TSC [OMIM 191100/613254]), in addition to proposing sug-
gestions for actions in dentistry at related levels of care and for further
research.

General aspects of Neurofibromatosis type 1 and Tuberous Sclerosis Complex

Neurocutaneous syndromes, also known as phakomatoses, comprise
a broad group of congenital or hereditary conditions that affect, among
other organs, the skin and nervous system. Among the diseases within
this classification, the two most common are Neurofibromatosis type 1
(NF1) and Tuberous Sclerosis Complex (TSC).'*
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Neurofibromatosis type 1

Neurofibromatosis type 1 (NF1) is defined from a genetic perspective
as an inherited or non-inherited disease caused in the first case by an
autosomal dominant mutation in the NF1 gene, which has a tumor-sup-
pressive function. This gene encodes the protein neurofibromin that acts
as a negative regulator of the Ras signaling pathway, responsible for con-
trolling cell proliferation.® Evidence indicates that around half of the
patients can have sporadic cases associated with a new (or de novo)
mutation in the respective gene.”

Based on its clinical presentations, NF1 usually presents as a multi-
system disorder that mainly affects the skin, nervous system, eyes, and
bones, implying a greater tendency to develop neoplasms at younger
ages. In this context, a worse outcome compared to the general popula-
tion together with an estimated decrease in life expectancy of up to
15 years may be expected.®? Among the most common clinical manifes-
tations are pigmentary abnormalities like café-au-lait macules, freckles
in the axillary and inguinal region (found in about 96.5 % and 90 % of
cases, respectively), and iris Lisch nodules (found in 41-86 % of
cases).'”'! Another important finding is the presence of neurofibromas,
which are benign Schwann cell tumors. Among their subtypes are cuta-
neous and subcutaneous neurofibromas (benign tumors), and plexiform
neurofibromas, which despite being a significant cause of complications,
are often inoperable due to their invasiveness, with the potential to
transform into malignant peripheral nerve sheath tumors.”'* Malignant
tumors, including those of the optic pathways and brainstem gliomas,
are present in 15—20 % of NF1-affected patients.’

Skeletal deformities like scoliosis (found in 10—26 % of cases), sphe-
noid wing dysplasia, congenital tibial dysplasia, and pseudoarthrosis, in
addition to osteopenia, are among other possible presentations that
should be taken into consideration in the diagnosis of NF1, as shown in
Table 1. It is also very common for these patients to present neurocogni-
tive changes demonstrated as learning difficulties, which are present in
around 50 % of patients.>”

Tuberous Sclerosis Complex

Tuberous Sclerosis Complex (TSC) is also another multisystem condi-
tion. Its etiology is related to two mutations involving the TSCI and
TSC2 genes, which are responsible for regulating the mammalian Target
of Rapamycin (mTOR) molecule, causing it to become hyperactivated.
The related mutations can either occur de novo (in two-thirds of the
cases) or be inherited.'® As a result, tumorigenesis may be observed, as
well as neurological and behavioral abnormalities, in response to the
role of mTOR in controlling cellular growth, proliferation, and transla-
tional mechanisms. In this connection, cellular hyperplasia and dyspla-
sia may be present. It is worth highlighting that such genes encode for
two proteins, hamartin (the product of the TSC1 gene) and tuberin (the
product of the TSC2 gene), both involved in the inhibition of the mTOR
signaling cascade.'*

The most important clinical manifestations resulting from this
deregulated activation mainly affect the central nervous system. Most of
patients (90 % of cases) are affected by epilepsy, cortical tubers (80
—90 % of cases), and subependymal nodules (80 % of cases). Further-
more, other cognitive impairments like autism spectrum disorders and
intellectual disability can also be present.'* Another important manifes-
tation that is also related to the high morbidity and mortality of the dis-
ease is the occurrence of renal abnormalities (found in 60—80 % of
patients). In these cases, different types of renal lesions can occur includ-
ing renal angiomyolipoma (although benign, it has a high risk of bleed-
ing), single or multiple cysts, and renal cell carcinoma.'®'> As it is a
multisystemic disease, many other less prevalent changes can be
observed in affected patients and should not be neglected by TSC health-
care teams, such as the case of gingival fibromas that can be present in
up to 20 % of patients.’* Other possible lesions are listed in Table 1 and
are part of the TSC diagnostic criteria.

Clinics 79 (2024) 100332
Public health estimates for both conditions

Although both conditions here addressed are not among the most
common neurological diseases, their burden may have significant
impacts from a public health perspective, making early diagnosis and
treatment essential. According to the literature, Neurofibromatosis type
1 (NF1) has an estimated prevalence of 1:3000 live births (it is the most
common neurocutaneous syndrome), while that of Tuberous Sclerosis
Complex (TSC) is approximately 1:6000.°

Another highlight concerns the related mortality rates. A consider-
ably higher mortality risk has been reported in evidence-based studies
involving patients affected by NF1 compared to the general population,
which has been mainly attributed to the possible malignant transforma-
tion of NF1 tumors. This in turn is corroborated by the cohort study con-
ducted by Duong et al., these authors evaluated data from the French
population and found a noticeable increase in overall mortality due to
the disease (with a standardized mortality ratio of 2.2).'°

A similar situation has been verified for TSC. The findings of an
important study conducted in Taiwan that evaluated the cumulative
mortality of TSC, obtained through analysis of Kaplan-Meier curves
from enrollment (diagnosis), found rates of approximately 4 % after
7 years. Moreover, higher rates were observed for patients diagnosed
after the age of 18 (9.94 % vs. 1.82 %), suggesting that age enrollment
may actually be a relevant prognostic factor'” while highlighting the
importance of early multidisciplinary pediatric care. On that same occa-
sion, these authors'” also evaluated the standardized mortality ratio,
comparing the cumulative mortality in patients with TSC with the gen-
eral population (during the same study period), and found a mortality
rate of 4.9, which was very similar to that obtained by a previous study
conducted in the Caucasian population (more specifically in the Nether-
lands) whose value was found to be 4.8. Such rates have been mainly
related to the presence of renal disease,'>'” including renal angiomyoli-
poma and other kidney complications like renal angiomyolipoma
abscess."”

In reaction to the above, further healthcare actions aimed at mitigat-
ing such mortality rates are equally imminent to be effectively achieved
within a global context considering the data already available and sev-
eral challenges to be overcome. In this way, multidisciplinary teams
made up of doctors, nurses, geneticists, physiotherapists, psychologists,
among other health professionals, including dentists, are essential for
this purpose. This last item involving dentistry is the subject of the pres-
ent discussion below.

Dental care and neurocutaneous syndromes

In addition to individual clinical experience, recent and robust evi-
dence and reports of institutional experience have suggested different
positive impacts of specialized dental care for neurological patients,
whether in an outpatient® or hospital setting” In the context of patients
with neurocutaneous syndromes, such benefits may be impactful as
related conditions requiring this type of specialized management can be
alternatively or concomitantly present, including and not only restricted
to craniofacial defects, dental and oral anomalies but also neurocogni-
tive alterations." Based on these perspectives, dentistry can play an
important role in improving the quality of life, contributing to the pre-
vention of further damage, while allowing a faster recovery with better
outcomes.*'&1?

Outpatient and hospital levels

At the outpatient level, the simultaneous presence of neurocognitive
disabilities in these patients should always be taken into consideration
in the management of oral healthcare. Indeed, apart from the more com-
mon expected complications like caries lesion, periodontal and end-
odontic problems,” other more specific associated disorders and
anomalies including important occlusal problems,”® and intraoral
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Table 1
Main highlights related to oral findings within the diagnostic criteria for Neurofibromatosis type 1 and Tuberous Scle-
rosis Complex.

Summary of revised diagnostic criteria for NF1, 2021

Situation A: Diagnostic criteria for NF1- cases who do not have a parent diagnosed with the
disease presenting two or more of the following findings:

» Café-au-lait macules (six or more);

» Freckling in the axillary or inguinal region;

» Presence of one plexiform neurofibroma or neurofibromas (two or more) of any type;

Including oral

» Optic pathway glioma; e

» Iris Lisch nodules (two or more) identified by slit lamp examination or choroidal
abnormalities (two or more);

» A distinctive osseous lesion such as sphenoid dysplasia, anterolateral bowing of the
tibia, or pseudarthrosis of a long bone;

» Genetic criteria: A heterozygous pathogenic NF'/ variant with a variant allele fraction of
50% in apparently normal tissue such as white blood cells.

Situation B: Diagnostic criteria for NF1 - a child of a parent who meets the diagnostic criteria
specified in A merits a diagnosis of NF1 if meet the following requirements: one or more of the
criteria in situation A are present.

Summary of revised diagnostic criteria for TSC, 2021%*

Current definitions
- For the clinical diagnosis of a definite TSC case: the findings must include two major
features or one major feature with two minor features.
- For the clinical diagnosis of a possible TSC: one major feature or two or more minor
features must be present.
- For the genetic diagnosis of TSC: a case with a pathogenic variant in 7SC/ or TSC2 is
diagnostic for TSC (however caution is needed regarding certain types of variants).

Major criteria include the presence of:
e Hypomelanotic macules (three or more; measuring at least 5 mm in diameter);
Angiofibroma (three or more) or fibrous cephalic plaque;
Ungueal fibromas (two or more);
Shagreen patch;
Multiple retinal hamartomas;
Multiple cortical tubers and/or radial migration lines;
Subependymal nodule (two or more);
Subependymal giant cell astrocytoma;
Cardiac rhabdomyoma;
Lymphangiomyomatosis;
e Angiomyolipomas (two or more).
Minor criteria include the presence of: Key oral
e “Confetti” skin lesions;
Dental enamel pits (three or more);
Intraoral fibromas (two or more);
Retinal achromic patch;
Multiple renal cysts;
Nonrenal hamartomas;
Sclerotic bone lesions.

findings

NF1: Neurofibromatosis type 1

TSC: Tuberous sclerosis complex

Source: Adapted from Legius et al** and Northrup et al.**
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fibromas and dental enamel pits"21 (which are among the criteria for
diagnosis of Neurofibromatosis type 1 and Tuberous Sclerosis Complex
(TSC) — Table 1) may increase the likelihood for patients with neurocu-
taneous syndromes to autonomously perform inadequate oral hygiene,
exposing them excessively to unnecessary and preventable risks.

The importance of more thorough oral care for these patients has
been the subject of previous discussion in the literature. Teng et al. rein-
forced in their international consensus statement the crucial role of early
intervention by dental specialists to prevent further complications for
patients with TSC, in which the impact of intellectual disabilities and
behavioral issues that can make oral hygiene extremely difficult can
reach up to 50 % of cases.>” Dentists are hence clearly an essential, but
often absent, figure in multidisciplinary teams for patients with neurocu-
taneous syndromes.

Moreover, all the oral conditions previously mentioned might repre-
sent an increased risk for the development of postoperative infections in
the case these patients undergo a surgical procedure-particularly involv-
ing the craniomaxillofacial region, as well as for the occurrence of other
related complications. Therefore, in these circumstances, it should be of
paramount importance to prevent any infectious foci in the oral cavity
before and after required surgical procedures,*'® given that the oral cav-
ity is colonized by a wide range of different species of bacteria, fungi,
and viruses, comprising almost half of the members of the human
microbiota.'®

This may have an increased impact on more severe cases requiring
surgery and hospitalization.’ At the hospital level, the dental assessment
and/or dental follow-up of hospitalized patients is essential, especially
in intensive care units.'® Based on the advances of dentistry aimed at
the specialized care for patients with special needs, which includes neu-
rological patients, the authors created a flowchart of a schematic repre-
sentation of the different levels of dental practice towards the
comprehensive care of patients with neurocutaneous syndromes
(Fig. 1), summarizing here the authors’ suggestions.

& N

Identifying etiology,
maintain records, routine
follow-up with adequate
history and evaluation help
to improve assessment.

/ OUTPATIENT
LEVEL

1. Routine dental
assessment

2. Identification of oral
infectious foci

Dental: Caries lesion,
periodontal and endodontic
problems may hamper post-
operative course.

Local infection: To prevent
surgical site infections.

- Systemic spread: To
prevent risk of
hematogenous spread of
infection, including the
infection of artificial joints
and endocardial implants.

3. Assessment of
possible neuro-
surgical approaches

Complications such as
postoperative pain, muscle
atrophy, reduced mouth
opening, and masticatory
problems may occur.

- A systematic assessment of
the postoperative oral health-
related quality of life is
important.

\ /

4. Evaluation and
preparation based on
used neuro-
pharmacological

Kagents /
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The role of dentistry in the early diagnosis

A further relevant point to be addressed within the present discus-
sion is that both at the hospital and outpatient setting, specialized den-
tists can play a crucial role not only in terms of complication prevention,
as already mentioned, but also in terms of anticipating the diagnosis of
such syndromes.

Focus on Neurofibromatosis type 1

In two interesting case reports>”-*® the importance of such contribu-
tion for cases of Neurofibromatosis type 1 (NF1) is highlighted. In these
manuscripts, different reports are presented and the common denomina-
tor between them is that the disease was specifically diagnosed during
dental consultations. In one of them®” the patient’s main complaint was
related to the presence of a slowly growing mass at the mandibular level,
subsequently identified as a neurofibroma, together with other typical
NF1 manifestations, including café au lait spots on the trunk, shin and
knees, and subcutaneous neurofibromas. Oral manifestations and lesions
can be present in up to 72 % of patients affected by NF1,?®?° and among
the most common presentations are enlargement of the fungiform papil-
lae (in 50 % of cases), presence of single or multiple neurofibromas on
hard or soft oral tissues, wide inferior alveolar canals, and enlarged man-
dibular foramina.?” 2 It is worth highlighting here that the presence of
neurofibromas, in addition to their individual implications, can also be
associated with the occurrence of different dental, buccal, and maxillofa-
cial disorders like tooth mobility, eruption dysfunction, inclusion or
infraocclusion of deciduous or permanent teeth, and hypertrophy of
underlying bone structures.>°

Another possible peculiar feature is highlighted in a descriptive anal-
ysis by Friedrich et al., who observed the occurrence of aplasia in lower
second molars in four of their 26 patients with NF1 affected by plexiform
neurofibroma. This finding was furthermore associated with a distal

> up and re-evaluation

HOSPITAL LEVELI\ / \

Reduction in the length of
hospital stay.

Secondary etiology:
1.Management of oral lesions
caused by systemic diseases,
opportunistic infections,
immunosuppression or trauma.
2.Mouthwashes prevent the
occurrence of nosocomial
pneumonia associated with
mechanical ventilation.

- 3.Traumatic oral injuries can lead
to a delay in the patient's
recovery, extending the hospital
stay.

4.Post-intervention oral trauma
also needs to be treated.

—ﬁ Intensive care unit patients ‘

1. Dental team referral
assessment

2. Dental team follow

—4 Infirmary / In-patient care Portable bedside units for rapid
evaluation and assessment.
Physical disabilities, excess
use of medications, forced oral
respiration, and malocclusion
leads to inadequate oral
hygiene. This needs immediate
attention.

Aids in inter-department
relations and team based
strategic planning.

AN N /

1. Dental personnel
appointment for review

2. Bedside dental team
evaluation

Fig. 1. Proposal for comprehensive oral care at different levels of care for patients with neurocutaneous syndromes. Source: Adapted from Rebelo M et al., Galeotti
e al. * Palone,'® Tovani-Palone et al.,' Korporowicz et al.,>! Teng et al.,** Coll et al.,® Saleh et al.”®
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position of the first molar and hypoplasia of the ipsilateral mandible. In
all these four cases were verified the presence of a plexiform neurofi-
broma at the level of the second and third trigeminal branches, adjacent
to the ipsilateral alveolar ridge.>’ More in-depth investigations on this
topic may be interesting to conduct in order to better understand the
existence of a possible relationship between the occurrence of oral plexi-
form neurofibromas and their influence on the development of orofacial
malformations, which should benefit an eventual implementation of
new parameters within the diagnostic criteria for NF1.

Focus on Tuberous Sclerosis Complex

Among the findings of dental interest in patients with Tuberous Sclero-
sis Complex (TSC), intraoral fibromas and dental enamel pits stand out,
which, as previously mentioned, are listed among the diagnostic criteria
for the disease (Table 1). According to literature estimates, the occurrence
of oral fibromas in patients with TSC has a variable incidence, affecting
approximately 36 % to 69 % of cases.>? Such variation may be associated
with the age of the population considered. Furthermore, the most com-
monly affected oral region is the gingival region.>>** This is so true that
in the 1998 consensus criteria only gingival fibroma had been included
within the minor criteria related to oral findings.**

Not least, dental enamel pits are present in a high percentage of patients
with TSC. Although such dental anomaly is also observed in the general
population, its prevalence and number of lesions are generally much lower
compared to the cases of TSC.>>**° As a result, oral neurofibromas and
dental enamel pits constitute key features to be clinically detected by den-
tists during oral assessment, with the potential to substantially contribute
and/or assist towards establishing an early diagnosis for TSC.

Related recommendations for multidisciplinary teams

First, all these additional manifestations or lesions involving cases of
NF1 and TSC should be accurately identified and/or managed. In this
connection, an interesting point to be emphasized and taken into
account is that the more specific oral findings of both conditions should
not be negligible in terms of frequency, given that they can occur
together with a series of other disorders, including neurocognitive ones,
with the possibility to predispose to a deterioration in the general condi-
tion of these patients. Second, this is one more reason why it is of para-
mount importance and essential to support the presence of competent
and specialized personnel within the multidisciplinary teams involved
in the treatment and follow-up of patients with neurocutaneous syn-
dromes. Achieving this goal would benefit the patients both in terms of
earlier diagnosis and disease management.

The role of dentistry in differential diagnosis

Dentists can also play another prominent role within this scope, con-
tributing to the establishment of differential diagnoses. In a study by
Kobayashi, Matsune, and Ohashi, the occurrence of distinctive oral man-
ifestations for cases of Neurofibromatosis type 1 (NF1) with NF1 gene
deletion compared to NF1 gene mutation was clearly demonstrated.
Among these manifestations is the presence of fused teeth, evident mac-
rodontia, and increased dental caries in patients with NF1 deletion.>®
Such authors therefore found important evidence to assist in the clinical
differential diagnosis of different subtypes of NF1, supporting in particu-
lar the work of geneticists. Furthermore, this should also be of great use
for the development of more specific treatment protocols, as well as to
lead to earlier and more assertive interventions.

Research priorities in the area of dentistry for patients with neurocutaneous
syndromes

Through a quick search in the PubMed and Scopus databases, using
the following keywords and Boolean operators’ “dentistry” AND
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Table 2
Research priorities in dentistry for patients with neurocutaneous syndromes.

=

. Determine the dental public health status related to these patients at the global,
national, and local levels

. Development and implementation of new specialized approaches to increase
the effectiveness of dental management for this target audience

. Determine the effects of neurocutaneous syndromes on craniofacial develop-
ment in different populations

. Determine the effects of neurocutaneous syndromes on dental development in

different populations

Elucidate the oral microbiota composition of affected patients

. Measuring the impact of dentistry on the treatment and quality of life of these
patients

N

w

N

o u

“tuberous sclerosis complex” or “dentistry” AND “neurofibromatosis
type 17, it is possible to highlight the existence of considerable scarcity
of studies in the international peer-reviewed literature about compre-
hensive oral treatment for patients with neurocutaneous syndromes, as
well as about the current related situation. Being aware of the impor-
tance and real impacts of more research in this area, the authors have
outlined six research priorities (Table 2).

Final consideration

Finally, much more than multidisciplinary teams, greater engage-
ment towards interdisciplinary and even transdisciplinary assessments,
aiming at deeper integration of medicine with other allied health
professions,”-*® could function as a key element for further advances
and better outcomes for these patients. Moreover, increased efforts are
imminently needed to be taken to enhance clinical training and provide
more in-depth knowledge in neurocutaneous syndromes, especially
among dentists in the areas of patients with special needs and/or hospi-
tal dentistry in order to achieve specialized training that enables more
comprehensive and sustained attention to the assessment of individual
patients, along with greater confidence in patient and/or caregiver edu-
cation and collaboration. All of these aspirations should, without a
doubt, be positively impacted by more research in the area, which is
strongly recommended and encouraged by the authors.
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