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bstract

Oral health status is jeopardized in patients with neurofibromatosis (NF) type-1 (NF-1). The aim of the present study was to comprehensively
eview the oral manifestations in NF-1 patients. PubMed/Medline and Google-Scholar databases were explored using different keywords.
eviews, commentaries, letters to Editor and articles published in languages other than English were excluded.
esults:  Neurofibromas of oral and perioral soft tissues with subsequent periodontitis, impacted and supernumerary teeth, enlarged alveolar
rocess with dental spacing, morphological changes in teeth and class III molar relationship have been reported in NF-1 patients. Plexiform
eurofibromas were reported both in oral soft tissue, maxilla and mandible with evidence of malignant transformation in some cases. Facial
keletal abnormalities, including enlargement of mandibular foramen, increased dimensions of the coronoid and sigmoid notches and notching
f the posterior border of the mandible have also been reported. Association between dental caries and NF-1 remains unclear.
rown Copyright © 2014 Published by Elsevier Ireland Ltd. All rights reserved.
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.  Introduction

.1.  Association  between  oral  health  status  and  systemic
onditions

Studies [1–8] have reported that the oral health status is
eopardized among patients with systemic conditions (such
s obesity, poorly-controlled diabetes, hematologic disor-
ers and renal disorders) as compared to their systemically
ealthy counterparts. This has been associated with various
actors including immunosuppression, increased formation
nd accumulation of advanced glycation end-products in the
issues (including oral tissues) and alterations in salivary flow
nd buffering capacity [9–11]. In addition, genetic disorders,
uch as neurofibromatosis (NF) have also been reported to
xhibit oral manifestations in nearly 72% of the affected
ndividuals [12–16].

.2.  Neurofibromatosis  – etiology,  epidemiology,  types
nd clinical  features

Neurofibromatosis (NF) is a group of autosomal domi-
ant genetic disorders characterized by multiple cutaneous
esions and tumors of the central and peripheral nervous
ystem [17]. NF is categorized into two genetically distinct
ubtypes namely, NF type-1 (NF-1) and NF type-2 (NF-2)
18]. NF-1, previously called von Recklinghausen disease is
he most common type of NF which affects approximately
/3500 individuals worldwide [17]. NF-1 occurs due to alter-
tions of the NF-I gene (a tumor suppressor gene located in
he long arm of chromosome-17 [17q11.2]) [15,19]. Nearly
0% of patients affected by NF-1 have a positive family
istory of the disease and the remaining patients represent
pontaneous mutations of the NF-1 gene [15,20]. Cuta-
eous light brown macules of about 10–40 mm in diameter
ith an ovoid shape are the classical symptoms observed

n patients with NF-1. The presence of at least 6 macules

s defined as strong diagnostic criterion for NF-1. Nearly
0% patients with NF-1 present with a characteristic axil-
ary and/or inguinal freckling that commonly develops after
ppearance of cutaneous macules [21,22]. Development of

w
L
c

eurofibromas around or on peripheral nerves and Lisch nod-
les (pigmented hamartomas of the iris) are also classical
eatures of NF-1 [23–25].

NF-2 (referred to as central NF) occurs less frequently
han NF-1 with an incidence of 1/25,000 individuals [26].
udden loss of hearing due to the development of unilat-
ral or bilateral vestibular schwannomas is often an early
anifestation in patients with NF-2 [27]. In contrast to
F-1 patients, tumors in NF-2 patients are smaller in size.
owever, these tumors may compress associated nerves

nd can cause considerable pain, nerve dysfunction and
ntracranial pressure. Furthermore, patients with NF-2 may
evelop nervous tissue tumors including meningiomas or
liomas.

.  Rationale  and  objective

Since NF-1 is a genetic disorder that may present oral
ymptoms in up to 72% of the affected patients [28,29]; the
bjective of the present study was to comprehensively review
he oral health status in patients with NF-1.

.  Materials  and  methods

.1.  Focused  question

The addressed focused question was “What are the oral
anifestations in patients with NF-1?”

.2.  Inclusion  and  exclusion  criteria

The following eligibility criteria were entailed: (a) clinical
tudies; (b) case-reports, since most of the studies identified
uring the literature search were based on individual case
resentations; (c) intervention: oral manifestations in patients

ith NF-1; (d) studies published only in English language.
etters to the Editor, historic reviews, unpublished data and
ommentaries were not sought.



Oncolo

3

(
G
a
o
(
(
t
t
j
p
c
o
i
a
(

w
o
i
s
i

4
p

a
a
d
g
s
m

u
fi
p
t
i
e
p
p

p
m
o
a
t
g
V
t
p

5

p
t
o
(
r
p
h
s
u

F. Javed et al. / Critical Reviews in 

.3.  Search  protocol

To address the focused question, PubMed/MedLine
National Library of Medicine, Washington, DC) and
oogle-Scholar databases were searched from 1965 up to

nd including January 2014 using different combinations
f the following key words: (a) oral; (b) caries; (c) dental;
d) health status; (e) neurofibromatosis; (f) periodontal; and
g) tooth morphology. Titles and abstracts of studies iden-
ified using the above-described protocol were screened by
he authors and checked for agreement. Full-texts of studies
udged by title and abstract to be relevant were read and inde-
endently evaluated for the stated inclusion and exclusion
riteria. As a next step, reference lists of potentially relevant
riginal and review studies (that were found to be relevant
n the previous step) were searched and once again any dis-
greement among the authors was resolved via discussion
Fig. 1).

Most of the studies that addressed our focused question
ere case-reports [15,30–36] and only a limited number
f original retrospective studies [12,37] were available on
ndexed databases; therefore, the pattern of the present
tudy was customized to primarily summarize the pertinent
nformation.

.  Gingival  enlargement  and  pigmentation  in
atients with  neurofibromatosis  type-1

Gingival enlargement refers to the overgrowth of the
ttached gingiva due to an increase in the number of cells
nd is a common manifestation in patients (particularly chil-
ren) with NF-1. These swellings present as diffuse unilateral

ingival enlargement of attached gingivae [13,38,39]. In
ome cases, interproximal gingivae may also display enlarge-
ent [13,38]. The patient usually presents with non-tender

Fig. 1. Study selection protocol.
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nilateral swelling of the gums [38]. These swellings are
brous and do not exhibit signs of inflammation [38]. The
atients may present with absent, impacted and/or malposi-
ioned teeth [40]. High scores of plaque and gingival bleeding
ndices and clinical attachment loss (most likely due to
xcessive plaque accumulation and irregular oral hygiene
ractices) are among the periodontal manifestations in these
atients [40–43].

In rare cases, patients with NF-1 may present with melanin
igmentation of the gingivae [44]. The pigmentation is sym-
etric and persistent and can occur at any age in all races. To

ur knowledge from available evidence, there is no significant
ssociation of age, race and gender with gingival pigmenta-
ion [44]. However, such patients usually consider their “dark
ums” as a source of discomfiture within their peer groups.
arious surgical and non-surgical treatments (such as laser

herapy) have been proposed for the management of melanin
igmentation in affected individuals [44–46].

. Dental  abnormalities

Commonly reported dental abnormalities among adult
atients with NF-1 include impacted teeth, supernumerary
eeth, missing or displaced teeth and overgrowth of the alve-
lar process [29,16,47,48]. Periapical cemental dysplasia
PCD) in vital mandibular teeth of patients with NF-1 was
eported by Visnapuu et al. [49]. Interestingly out of the 55
atients with NF-1 in their series, only eight female patients
ad PCD and none of the male patients or children showed
imilar findings. This probably was the first reported sex-
al dimorphism among manifestations associated with NF-1
49]. Longitudinal long-term follow-up studies by Friedrich
t al. [47,50] reported plexiform neurofibromas to be asso-
iated with aplasia of mandibular second molars, increased
pacing between teeth and jaw asymmetries on the affected
ide in NF-1 patients. In a case–control study involving 50
hildren with NF-1 and 50 normal children, tooth malforma-
ions such as taurodontism, agenesis and enamel hypoplasia
ere reported among children with NF-1; however, the preva-

ence of these dental anomalies did not demonstrate a signifi-
ant difference between children with and without NF-1 [12].
ardellini et al. [12] reported a significantly increased preva-

ence of class III molar relationship in children with NF-1
ompared to normal children. A retrospective questionnaire
ased study [51] has reported early eruption of primary teeth
n patients affected with NF-1; however, this association has
ot been reported in other studies. In their case-report, Curtin
nd McCarthy [34] reported perineural fibrous thickening of
ulpal tissues in a patient with oral manifestations of NF-1.
ased on the present review, dental abnormalities of the min-
ralized structures are frequently seen among patients with

F-1 who have concomitant oral manifestations. However,

hey were not found to significantly compromise the oral
ealth status neither in adults, nor in children.
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.  Dental  caries  in  patients  with  neurofibromatosis
ype-1

Association between dental caries and NF-1 is debatable.
n a retrospective study by Tucker et al. [52], questionnaires
egarding dental caries status were sent to families having
t least one member with NF-1. According to the results,
ental caries was more often reported by siblings with NF-

 as compared to siblings without NF-1 in these families
P < 0.05) [52]. Tsang et al. [14] investigated the dental health
tatus among Canadian children with and without NF-1.
he results showed no significant difference in the mean
ges and prevalence of dental caries among children with
13.9 ±  3.3 years and 44.4% respectively) and without NF-1
14.9 ±  3.9 years and 27.8% respectively) [14]. On the other
and, Visnapuu et al. [37] assessed the dental health status
n 110 Finnish patients with NF-1. The results demonstrated
hat among individuals <35 years of age, NF1 patients pre-
ented lower rate of caries than individuals without NF-1
37]. The difference in results between the Canada-based
14] and Finland-based [37] studies could be attributed to
he well-organized special attention to preventive dental care
n Finland. Although dental caries has been associated with
arious systemic diseases including NF-1 [1,52,53]; it is per-
inent to mention that chronic plaque accumulation on teeth
urfaces and irregular oral hygiene maintenance plays a pri-
ary role in the occurrence of dental caries regardless of the

ystemic health of the patient.

.  Neoplastic  lesions  (oral  and  perioral
eurofibromas)

Neurofibromas are benign complex tumors that are com-
osed of all cell types found in the peripheral nerves [17].
evelopment of neurofibromas on or around peripheral
erves is a distinctive symptom of NF-1 [26]; however, they
re observed to a lesser extent in patients with NF-2 [26].

Neurofibromas of the oral cavity mostly involve the tongue
nd are usually nodular. Other oral regions where neurofi-
romas have been manifested include the palate, vestibule,
uccal mucosa, lip, gingiva and floor of the mouth [54].
mong the soft tissue lesions, the tongue is the most com-
only affected site and the neurofibromas [12]. In addition

o the presence of neurofibromas within the tongue mus-
ulature [19,55], macroglossia as a result of plexiform
eurofibroma and enlargement of fungiform papillae have
lso been reported [29,56,57]. While, gingival neurofibromas
ave been reported in only 5% of patients with NF1, solitary
lexiform neurofibromas of the gingiva have been reported
n patients with no relation to NF1 [25,58,59]. Although

ostly benign, malignant transformation of neurofibromas

ssociated with NF-1, especially the plexiform variant, can-
ot be ruled out. Based on a longitudinal population study,
vans et al. [60] reported malignant transformation in 21
atients with NF-1 and deduced an 8–13% life-time risk of

a
z
t
m
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alignant transformation of neurofibromas in such patients.
hough malignant transformation has rarely been reported in

he intraoral or perioral neurofibromas associated with NF-1;
he present review identified at least two reported cases of
ntraosseous malignant peripheral nerve sheath tumors (one
ach in the maxilla and the mandible) [61,62] and two cases of
eurofibrosarcoma [63]. Neurofibrosarcomas are estimated
o occur in 5% of the NF cases with poor prognosis [63].

.  Osseous  lesions  of  the  maxilla,  mandible  and  the
emporomandibular  joint

Skeletal lesions are not only considered pathognomonic
f NF-1, but also comprise one of the important diagnostic
riteria [18,64,65]. In addition to long bone lesions, osseous
anifestations of NF-1 are seen in the facial skeleton, which

nclude sphenoid wing and orbital dysplasia, maxillary and
andibular deformities and rarely temporomandibular joint

TMJ) deformities [65]. Since involvement of long bones in
F-1 could be explained by the mesodermal dysplastic man-

festations of NF-1, resulting in frequent lesions of the tibia,
bula and vertebrae [66,67]; the greater frequency of lesions

n the mandible associated with NF-1 could be attributed to
ts similarities with long bones [12]. However, it is pertinent
o mention that osseous lesions are not reported in all patients
ith NF-1, suggesting a common pathogenetic mechanism
hich is unique for the affected individuals [67]. This is fur-

her supported by the fact that there is a generalized increase
n osteoclast activity due to NF-1 gene haploinsufficiency
68]. In addition to genetic factors, skeletal malformations
ould be due to local factors aided by the presence of tumors.
n a clinical study on 48 NF-1 patients, Friedrich et al. [47]
eported 26 patients with jaw malformations associated with
lexiform neurofibromas originating from the branches of the
rigeminal nerve.

Nearly 4 decades ago, Koblin and Reil [69], who reported
 combined maxilla-zygomatico-temporo-mandibular
ypoplasia, based on radiographic findings, in pronounced
ases of NF-1. Later, Shapiro et al. [29] reported a high
revalence of oral and radiographic findings among NF-1
atients, with the commonest jaw malformations being
ntrabony lesions, wide inferior alveolar canals and enlarged

andibular foramina. These findings were further affirmed
n studies by Kaplan et al. [70] and Lee et al. [66], both
f which were based on radiographic findings of the jaws
n patients with NF-1. Other jaw-related malformations
ssociated with NF-1 encompass increased size of coronoid
otch, lateral bowing of mandibular ramus, inferior border
otching in the mandible and a decrease in the mandibular
ngle. Furthermore, notching of the posterior border of the
andibular ramus [71], elongated coronoid process with
 deep sigmoid notch [32], hypoplasia of the condyle and
ygomatic processes [72] and a neurofibroma involving
he articular disc of the TMJ [73] have been reported. Jaw

anifestations have also been reported in children with
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F-1. Increased size of coronoid notch, condylar deformity,
ncreased bone density and enlarged mandibular foramen
ere among the jaw malformations reported in children with
F1 [12]. In a recent study reported by Visnapuu et al. [48],

adiologic abnormalities of the jaws were found in more
han 25% of the NF-1 patients, with enlargement of the

andibular foramen being the commonest finding. Lorson
t al. [65] suggested to include mandibular deformities of the
oronoid notch as a pathognomonic sign of NF-1. However,
ided by the recent advances in radiographic technology,
here are a plethora of osseous deformities ranging from a
ypical radiolucent lesion up to hypoplastic and dysplastic
one malformations involving the jaws in patients with NF1.

 long term radiographic assessment of the facial skeleton
particularly TMJ) is recommended in patients with NF-1
nd amongst those with solitary neurofibromas.

.  Clinical  relevance  and  recommendations

Since oral manifestations may be encountered in at least
0% of NF-1 patients [29]; it is imperative for oral healthcare
roviders to be aware of the clinical oral manifestations of
F. Despite no direct correlations between the severity of
ral manifestations and oral health status, the psychological
ffects of a multisystem disorder like NF-1, combined with
ral and dental abnormalities results in significant oral health
ompromise in majority of the patients. Thus, the importance
f patient education toward oral hygiene maintenance and
egular dental check-ups must be emphasized to improve the
ral health status in patients with NF-1.
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