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Abstract: Background: Neurofibromatosis 1 (NF1) is an autosomal dominant genetic disorder.
The expression of NF1 is extremely variable considering the broad spectrum of mutations a↵ecting
the gene(s) responsible for the pathology. Aim: To investigate the prevalence of oral manifestations
in a group of children a↵ected by neurofibromatosis type 1. Design: 100 pediatric patients,
with genetically confirmed NF1 were enrolled in this study and matched to a total of 100 healthy
children. Clinical examination was used to investigate: dental caries, dental abnormalities, periodontal
health, neurofibromas, malocclusions, and enamel defects. Results: Mann Whitney’s test concerning
prevalence of dental caries resulted in a no significant di↵erence between the two groups (p = 0.90);
a significant di↵erence was highlighted as regards the other kinds of manifestations as well: enamel
defects (p = 0.01), neurofibromas (p = 0.0043) and poor oral hygiene (p = 0.0002) with a higher
prevalence of these features in NF1 patients than healthy controls. Similar results come out, regarding
dental abnormalities in which can observe a significant di↵erence between shape anomalies (p < 0.001).
Conclusion: According to data obtained from the present study, it can be stated that NF1-related oral
manifestations can be detected during childhood and adolescence. In particular for neurofibromas,
enamel defects, shape anomalies, and poor oral hygiene.
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1. Introduction

Neurofibromatosis (NF) is a group of autosomal dominant genetic disorders [1], which can be
divided into two subtypes, i.e., NF type 1 and NF type 2 (NF1 and NF2, respectively) [2]. Both can
manifest as benign or malignant tumors of the central and peripheral nervous systems and multiple
cutaneous lesions [1], although there are few features in common between the two subtypes because
they are caused by mutations of di↵erent genes. Recent molecular genetics studies have discovered
a marked delineation between the two variants of NF [3]. Diagnosis is made based on clinical
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features according to the criteria established by the National Institutes of Health (NIH) in 1987 [4].
NF1, which was previously known as Recklinghausen’s disease [1], is the most common type, with an
estimated incidence of 1 in 2500 to 3000 individuals independent of ethnicity, race and gender [5,6].
This disease is the consequence of a spectrum of mutations a↵ecting the gene(s) located on chromosome
17q11.2 [3]; considering the broad spectrum of mutations, the expression of NF1 is extremely variable [6]
and can show mild or several phenotypes. The classic manifestations of NF1 include café-au-lait
macules (CALMs), axillary or inguinal freckling, iris Lisch nodules, neurofibroma and bone dysplasia.
NF1 patients are prone to the development of brain tumours, especially optic pathway glioma (OPG) [7].
The other major features are neurological or cognitive impairment, scoliosis and abnormalities in the
oral and maxillofacial region [8]. Oral manifestations are found in almost 72% of NF1 patients [9],
and may include dental abnormalities, in particular impacted, displaced, supernumerary or missing
teeth [8]; intrabony-neurofibromas; hypoplasia and deformity of the jaw; enlarged mandibular foramen;
flat or missing gonial angle; coronoid notch deformity; pseudo elongation of the condylar processes;
and soft tissues neurofibromas [10]. Gingival hyperplasia may also be associated with NF1 [11,12].
On the other hand, there is still some debate regarding whether caries represents a manifestation of
this disease. This study was performed to evaluate the prevalence of oral manifestations and dental
caries in children a↵ected by NF1, as there is a paucity of data in the literature regarding oral findings
in NF1 patients during childhood [10].

2. Materials and Methods

2.1. Study Design and Patient Selection

From September 2017 to December 2018 a case-control study was carried out at the University of
Campania “Luigi Vanvitelli”, Naples, Italy. The experimental group consisted of 100 patients (39 female
and 61 males) with a genetically confirmed diagnosis of NF1 in care at the hospital, while the control
group consisted of 100 healthy individuals (37 female and 63 male). The study was approved by the
ethics committee of the University of Campania “Luigi Vanvitelli” (code 311/17). For both groups,
informed consent was provided by their parents or guardians. Consecutive subjects in care at the
hospital were selected before going through the inclusion/exclusion criteria. Patients in both groups
had to comply with the inclusion criteria: to be between the ages of 2 and 18, not to be smokers, to have
at least 10 teeth. Patients with decompensated systemic diseases like cardiac, inflammatory, hepatic,
thyroid or renal alterations were excluded. Individuals with DM had to have HbA1c levels at 8% and
take oral anti-diabetic therapy. The control group were healthy volunteers individuals, without diabetes
or glucose intolerance, without decompensated systemic diseases like cardiac, inflammatory, hepatic,
thyroid or renal alterations, matched by age and sex with the study group.

2.2. Intraoral Examination

The same procedure was applied for intraoral examination by the same two clinicians (RS &
FL); they visited all the subjects to standardize the data, screening the parameters as reported in
Table 1. The conditions reported in Table 1 were investigated. Table 1 shows and itemized the adopted
protocol of the intraoral examination. Comparisons between the two groups were performed using
statistical methods.
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Table 1. Intraoral examination chart of standardized protocol.

Criteria Data Record

Dental Caries

D/d
(decayed) M/m (missing) F/f (filled)Each sharp probe’s engagement on any

surface of the tooth was considered a
carious lesion. The dmft/DMFT index

was used according to the WHO
criteria (1979)

Dental
Abnormalities

Accessory cusps, agenesis,
supernumerary, inclusion and/or
rotation were clinically evaluated

Periodontal
Status

0 (healthy) 1 (bleeding)Using a mouth mirror and periodontal
explorer, the Community Periodontal
Index (CPI) was applied to describe

the gingival health condition, scoring
as 0 (healthy) or 1 (bleeding)

Oral/perioral
Neurofibromas

Presence of nodules was evaluated by
palpation and examination of soft

tissues

Frenulum
Insertion

normal lowClinical examination and palpation
were performed to identify low

frenulum insertion

Occlusion

molar/
canine

relationship

crossbite/
scissorbite

open/
deep bite crowding diastemas

Molar relationship (according to
Angle’s classification) or canine

relationship, crossbite, scissor bite,
open and deep bite, crowding and

diastemas were examined

Enamel Defects

Using a mouth mirror with air drying
of the tooth surface, all alterations in

the enamel, presenting as MIH (molar-
incisors hypomineralization), enamel
hypoplasia or opacities were recorded

2.3. Statistical Analysis

Statistical analysis was performed using R software. Box plot show us the distribution of two
samples (NF1 and control group). It is possible to see how DMFT of control group tend towards lower
values than DMFT of NF1 patients. Outliers give us information about homogeneity of sample. Indeed,
the two samples, given the presence of the outliers, aren’t homogeneous. For this reason, Mann Whitney
test was used to compare the average of the DMFT between the two groups. CHI-SQUARETEST was
applied between the two groups for the other features.

3. Results

A total of 200 subjects were examined, consisting of 100 (39 females and 61 males, mean age of
9.18 ± 4.3 years) with NF1 and 100 (37 females and 63 males, mean age 9.12 ± 4.2 years) healthy subjects.
Correlation between systemic manifestation of two groups are analyzed in Table 2. Comparisons
between the oral conditions investigated in the two groups are reported in Table 3. In all analyses,
p < 0.05 was taken to indicate statistical significance (Table 3).

Table 2. Systemic manifestations detected in NF I and control groups.

CALMs Astigmatism Freckling Mental
Delay

Lisch
Nodule Neurofibroma Optical

Glioma Myopia Scoliosis

NF I
group 75% 5% 14% 4% 12% 15% 5% 7% 13%

Control
group - - - - - - - - -
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Table 3. Statistical comparisons between the oral conditions investigated in the two groups analyzed.

NF1 Patients Control Group p Value

DMFT/dmft 3.0 2.2 0.090

Enamel defects 36% 15% 0.010

Malocclusion 52% 46% 0.240

Frenulum with low insertion 22% 17%

Neurofibroma 4% 0 0.0043

Gingiva inflammation (CPI) 17% 15% 0.0423

Poor Oral Hygiene 41% 16% 0.0002

Table 3 shows the number and the percentages of subjects with a particular manifestation
versus control group: there were no significant di↵erences between the two groups in dmft/DMFT
(p = 0.057), malocclusion (p = 0.2), frenulum insertion (p = 0.2) or gingiva inflammation CPI (p = 0.4).
The Community Periodontal Index (CPI) was used to describe the gingival health condition, scored as
0 (healthy) or 1 (bleeding). Bleeding was present in 17 NF1 children and 15 children of the control
group, showing a no statistically significant di↵erence in the prevalence of gingiva inflammation.

Low frenulum insertion was present in 22 patients with NF1 and 17 subjects of the control group.
Frenulum insertion was classified as low following the definition of Miller: “if the frenulum was
unusually broad, and there was no apparent attached gingiva in the midline and the interdental papilla
could be moved by stretching the frenulum” [13]. There was no statistically significant di↵erence in
the prevalence of frenulum insertion between the two groups: indeed, low frenulum insertion appears
to be a frequent feature in all children, with no particular association with NF1.

There was, instead a significant di↵erence about enamel defects (p = 0.0001), neurofibromas
(p = 0.0043) and oral hygiene (p = 0.0002) with a higher prevalence of these features in NF1 patients
than healthy controls.

Similar results come out, regarding dental abnormalities (Table 4) in which can be observe
a significant di↵erence between shape anomalies (p<0.001) meanwhile for tooth rotation (p = 0.2),
inclusion (p = 0.5) and agenesis (p = 0.5) doesn’t observe a significant di↵erence between the two groups.

Table 4. Statistical comparisons between single dental abnormalities.

NF1 Patients Control Group p Value

Shape Anomalies 18% 0% <0.001

Tooth
Inclusion 2% 1% 0.5

Tooth
Agenesis 1% 2% 0.5

Tooth rotation 1% 4% 0.2

4. Discussion

There is some controversy in the literature regarding the oral manifestations of NF1. Neville et al.
reported that oral manifestations are present in 4–7% of all cases [10], while other authors have reported
much higher rates of oral findings [14,15]. D’Ambrosio concluded that 66% of NF1 patients showed
at least one oral manifestation related to the disease [14]. Moreover, a recent study indicated that
oral manifestations are present in 3.4–92% of adult patients with NF1 [8]. Although there have been
a number of reports in the literature regarding adult NF1 patients, few studies have evaluated the
presence of oral manifestations in cases of paediatric NF1 [10].
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Dental caries

The incidence of dental caries in NF1 patients (dmft = 3.0) was higher than that in healthy controls
(dmft = 2.2) but without a statistically significant di↵erence between two groups, in according with
previous study [16]. Bardellini et al. reported similar results in a study comparing 50 NF1 patients to
50 patients without NF1 [10].

Other studies showed a significant di↵erence between children with NF1 and healthy controls,
in fact, a previous report by Tucker et al. and indicating an increased rate of dental caries in Canadian
NF1 patients. However, this previous study was based on a questionnaire sent to families of children
with NF1 and indicated an increased prevalence of caries in NF1 patients compared to una↵ected
siblings [17]. Tucker et al. explained the increase by referring to Lammert’s study indicating that
individuals with NF1 have a lower mean serum 25-hydroxyvitamin D3 (vitamin D) concentration than
those without NF1 [18]. Data obtained by clinical examination in the present study build on the results
of Tucker et al. as dental caries was detected not only by a survey but through an objective intraoral
exam. However, recent studies yielded contradictory results regarding caries in NF1. For example,
Visnapuu et al. reported that increased caries is not a typical feature of NF1 [19]. Indeed, their study
showed a cumulative prevalence rate (DMFT > 0) lower than that in the control group, probably due
to increased e↵orts by parents to assist children with oral hygiene.

Enamel defects

Enamel defects represent an interesting topic for future studies. In fact, to our knowledge, only
one previous study included enamel defects among dental abnormalities in NF1 patients [10].

In the present study, enamel defects appeared to be common in children with NF1 (36%).
It is possible that the manifestations of enamel defects were more visible in these children due to
hyposalivation. However, as there is only one previous report in the literature regarding the association
of this condition with NF [20], further studies are required to confirm the correlation.

Dental abnormalities

The most prevalent dental abnormalities in the present study were structural, particularly accessory
cusps (18%) (Figure 1).
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Figure 1. Accessory cusp, depicted by white arrow, found in a child affected by NF1. 

Less common dental abnormalities included agenesis (1), inclusion (2), and/or rotation of the 
teeth (1). In a few patients, dental artefacts were found; in two cases these were associated with 
gingival hyperplasia due to the presence of neurofibroma or plexiform neurofibromas, as reported 
by Friederich et al. In two other studies, dental artefacts were accompanied by eruption difficulties 
[8]. For example, a dental artefact was found in association with a supernumerary tooth (8). In cases 
of dental abnormalities not associated with neurofibromas, a plausible explanation of these 
abnormalities could be consider as primitives, according to Bardellini et al.; however, unlike the 
present study, they found no significant difference between children affected by NF1 and healthy 
controls [10]. 

Figure 1. Accessory cusp, depicted by white arrow, found in a child a↵ected by NF1.

Less common dental abnormalities included agenesis (1), inclusion (2), and/or rotation of the
teeth (1). In a few patients, dental artefacts were found; in two cases these were associated with



Appl. Sci. 2020, 10, 4687 6 of 9

gingival hyperplasia due to the presence of neurofibroma or plexiform neurofibromas, as reported by
Friederich et al. In two other studies, dental artefacts were accompanied by eruption di�culties [8].
For example, a dental artefact was found in association with a supernumerary tooth (8). In cases of
dental abnormalities not associated with neurofibromas, a plausible explanation of these abnormalities
could be consider as primitives, according to Bardellini et al.; however, unlike the present study,
they found no significant di↵erence between children a↵ected by NF1 and healthy controls [10].

Periodontal status

In this study, both gingival health and oral hygiene were evaluated. Comparative analysis indicated
a statistically significant di↵erence between the two groups with regard to maintenance of adequate
oral hygiene (NF1 = 41%; Control Group = 16%). There was no such di↵erence in gingival health,
indicating no relation of this parameter to the pathology of NF1 (NF1 = 17%; Control Group = 15%).
These observations were in agreement with the report of Bardellini et al. [10]. Therefore, patients with
NF1 appear to have poor oral hygiene, which may favour the progression of periodontal pathologies in
adults a↵ected by this disease. Two cases of gingival hyperplasia with a fibrous appearance were also
recorded. Doufexis et al. reported that dental artefacts were associated with gingival hyperplasia [21].

Neurofibromas

Neurofibromas are benign complex tumours composed of all cell types that are found in the
peripheral nerves. Development of neurofibromas on or around peripheral nerves is a distinctive
symptom of NF1 [1]. The tongue is the most commonly involved site, and Shapiro et al. highlighted
the presence of an enlarged tongue and fungiform papillae in NF1 [15]. This symptom occurs in 50% of
cases, while gum neurofibromas occur in only 5% of cases [17]. There have been few previous reports
concerning the presence of neurofibromas in paediatric patients, but the results of the present study
indicated a significantly higher incidence of perioral neurofibromas in paediatric NF1 patients (4%)
compared to the control group (0), in contrast to Bardellini et al. [10]. Only two of the children included
in the present study showed neurofibromas located on the lips (Figure 2).
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Another case showed multiple neurofibromas in the head and neck region, impacting the oral
cavity (Figure 3). � � �
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cross-bite in NF I patient.

In fact, one child showed gingival hyperplasia and relative malocclusion on the same side in
relation to these neurofibromas.

Malocclusion

We found no significant di↵erence in the occurrence of malocclusion between the study group
(52%) and controls (46%). In clinical examinations, occlusion showed a relationship with the molars,
canines, posterior cross bite, scissor bite, crowding and diastemas. These variables were considered as
a single entity in the analyses in this study, although class III malocclusion, posterior cross bite and
dental crowding tended to be more common in the study group compared to controls. Majorana A et al.
carefully examined these orthodontic features and reported that class III malocclusion and posterior
cross bite tended to be the most frequent conditions in NF1 patients [22]. Therefore, orthodontic
screening should be performed in children with NF1 to allow early diagnosis of class III malocclusion.

Frenulum insertion

Given the frequency with which we observed frenulum insertion, we decided to report these
findings. However, there was no statistically significant di↵erence in the prevalence of frenulum
insertion between the two groups. Low frenulum insertion appears to be a frequent feature in all
children, with no particular association with NF1.
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In conclusion, according to data obtained from the present study, it can be stated that NF1-related
oral manifestations can be detected during childhood and adolescence. In particular for neurofibromas,
enamel defects, shape anomalies, and poor oral hygiene.

Dentists should be aware of the features that may be associated with this disease, particularly
the high prevalence rates of caries and poor oral hygiene, dental abnormalities, enamel defects and
a tendency towards class III malocclusion. Children with NF1 require special attention and dental
care, in addition to specific treatment. Oral hygiene and oral health can be maintained by close
collaboration between paediatricians, dentists and dental hygienists. It is important to increase the
quality of life of children with NF1 to prevent the negative impact of the disease on oral health.
Regular inspections of the oral condition in children with NF1 are necessary to prevent complications
and manage therapy. Moreover, long-term follow-up of paediatric NF1 patients by dentists is required
to prevent complications in adult life.

5. Bullet Points

1. Children with NF1 have oral manifestations such us dental abnormalities, enamel defects and a
tendency towards class III

2. Oral Neurofibromas found in this study don’t appear as frequent as could be expected.
3. Paediatric dentist should be aware to high prevalence of caries and poor oral hygiene in NF1

children in order to prevent further complications.
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