
Abstract. Background/Aim: The purpose of the study was to
investigate whether non-odontogenic intraosseous translucent
lesions of mandibular body are depicted on radiographs of
patients with neurofibromatosis type 1 (NF1). Materials and
Methods: The panoramic radiographs of 179 NF1 patients
were analysed for translucent lesions of the mandibular body
that were of intraosseous, non-odontogenic origin. The results
were compared to findings obtained in panoramic
radiographs of age- and sex-matched controls. Results: Only
three patients showed intraosseous translucent lesions. These
were always unilocular findings. There were no statistically
significant differences between the groups (p=0.248).
Conclusion: Intraosseous neurofibroma of the jaw is a very
rare finding in NF1 patients compared to oral neurofibromas.
Accurate and exact diagnosis should be made in the case of
such findings because malignant tumours in the jaw area can
arise in rare cases in NF1 patients. Plain radiology findings
cannot clearly indicate the type and biology of the lesion.

Neurofibromatosis type 1 (NF1) is an autosomal dominant
hereditary disorder with almost complete penetrance and a
very variable phenotype (1-3). The hallmark of NF1 is
multiple tumours of peripheral nerve sheaths (neurofibroma).
The tumours are frequent and particularly conspicuous in the
integument (4). NF1 is also a disease of the skeletal system
(5, 6). The clinical diagnosis of the disease requires the

unequivocal identification of a defined number of
characteristic findings (7, 8) which is sufficient for assessing
affected individuals in the majority of cases (9). The
molecular-genetic identification of the constitutional mutation
on chromosome 17q11.2 (10) is principally possible in the
vast majority of patients (11). NF1 is one of the most
common tumour suppressor gene disease with a prevalence
of about 1:2,500 to 1:3,000 live births (3). NF1 is considered
the most common genetic disorder predisposing to cancer (3).
Although soft tissue sarcomas (STS) very rarely develop in
humans, they are particularly common in patients with NF1
and are a major cause of their lower life expectancy
compared to the normal population (12). STS in NF1 is
characteristically a malignant peripheral nerve tumour
(MPNST) that may arise from pre-existing plexiform
neurofibroma (PNF) or de novo (13).

The occasionally very noticeable phenotype of
neurofibromatosis patients has long attracted medical
attention (3). Disfigurements of the maxillofacial region have
also been described (14-16). Soft tissue tumours, skeletal
changes or both occur in this region (14-18). Previous reports
on oral and maxillofacial pathology in NF1 have focused
primarily on tumour biology (19-25), disfigurement (26-28),
genuine skeletal alterations of the skull and skeletal changes
in relation to peripheral nerve sheath tumours (29-45), dental
anomalies (46-49), oral health care problems (50-56),
radiological changes in the periapical area of teeth (57, 58)
and giant cell granuloma (59-65). The majority of reports on
neurofibromatosis-related osseous pathologies of the jaws
combined with peripheral nerve sheath tumour describe
experiences derived from a single or few cases (66-97). 

NF1: Oral and jaw findings with special reference to skeletal
findings and neurofibromas. The formal restriction of reports
referring to experiences derived from individual cases or
study groups of small size applies in particular to
intraosseous neurofibromas of the jaws in NF1. However,
reports on rare cases of intraosseous neurofibromas were
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usually solitary findings unrelated to NF1 (98-137). Indeed,
intraosseous neurofibromas are considered rare in this entity
(30, 80, 110, 116, 120). More often, bone deformities arise in
relation to soft tissue neurofibromas (117, 138). Some authors
have compared their own cases with the results derived from
the collection of previous case reports (30, 76, 80). These
general reports indicate that intraosseous nerve sheath
tumours are much less common in NF1 than in sporadic
cases. However, the differentiation between (intra)osseous
neurofibroma in patients with sporadic neurofibroma (98-137)
and those in patients with neurofibromatosis (66-97) is not
considered in every document concerning tumours affecting
the jaws. So far, all reports on the relationship of intraosseous
neurofibroma of the jaw and tumour suppressor gene disease
are based on individual reports and the compilation of other
case reports. Nonetheless, an intraosseous neurofibroma and
neurogenic sarcoma is considered a rare finding in the whole
skeleton in general (19) and in particular in the systematics
of oral pathology (138-140). The very rare development of
intraosseous neurofibromas may be one of the reasons why
this differential diagnosis has not been recorded, even in
recent textbooks on jaw pathology (141). However, many
reports have been published in the meantime on this subject
of oral and maxillofacial disease (66-137). 

Indeed, the neurofibroma arises mainly in soft tissues. This
preference also applies to the oral and maxillofacial regions.
In reports of neurofibromas of the oral cavity in NF1, mucous
membranes are obviously much more frequently affected than
bone (18, 45). Neurofibromas developing directly next to the
jaws are rarely invasive (138), and the differentiation to
MPNST should be sought in these cases (19, 21, 138).
However, bone invasion by adjacent neurofibromas may be
difficult to assess if the jaw adjacent to the soft tissue tumour
area is dysplastic. Blackwood and Lucas (101) have already
pointed out that a distinction should be made between
primary intraosseous nerve sheath tumours and those
developed in the oral mucosa, with the latter being in contact
with the bone over a wide area of infiltrated soft tissues and
able to penetrate from the periosteum into the bones and the
dental socket (138).

NF1: Jaw deformity and plexiform neurofibroma (PNF). In
the jaws and adjacent bones, characteristic osseous changes
occur which, as a rule, affect only one side of the body and
particularly conspicuously influence the shape of the lower
jaw (35, 39, 40, 44). These skeletal malformations are
indicators of a plexiform neurofibroma (PNF) of the
trigeminal nerve (44). PNFs occur almost exclusively in NF1
patients and can lead to significant disfigurement (45). In
contrast to cutaneous neurofibroma, PNF is considered a
congenitally manifestation of neoplasm (142) that is likely
present even in the embryonic phase and is capable of
affecting the development of adjacent bone (44). PNF-

associated jaw deformities primarily alter the external shape
of the distal parts of the jaws on the same side (35, 39, 43,
44), and are frequently associated with enlarged mandibular
foramen (35) and disturbed tooth eruption of permanent teeth
(47). On the other hand, there are also strictly intraosseous
jaw lesions in NF1, e.g. intraosseous neurofibromas, which
are not associated with teeth. It remains unknown whether
oro-facial PNF is associated with intraosseous neurofibromas. 

Non-odontogenic intraosseous osteolytic jaw lesions in NF1.
No data from larger studies are available for assessment of
the prevalence of intraosseous neurofibromas of the jaw in
NF1 according to current diagnostic standards of this entity.
The suspicion of such a finding is probably most likely based
on an overview X-ray of the jaw. However, several diagnoses
have to be considered in the case of radiologically-identified
non-odontogenic osteolysis. Furthermore, no reports exist
which address the frequency of definitely diagnosed non-
odontogenic intraosseous lesions of the jaw in NF1. This
study was intended to determine the frequency of such lesions
on radiological images, which have been provided with a
standard radiographic projection used in dental practice. The
results of this study intended to specify the skeletal phenotype
of the disease in the area of the jaws taking into account the
types of nerve sheath tumours of this region.

Materials and Methods
Patients
Total cohort. Three hundred and fifty-eight panoramic views
obtained from 358 patients were evaluated in this study (mean
age=34.63 years; range=12.57-69.13 years). The characterisation of
the patient groups has been described in detail elsewhere (44). In
brief, panoramic views of 179 patients of Caucasian origin with NF1
were investigated (NF1 patient group: mean age=34.84 years;
range=12.83-68.89 years; 44.13% male (n=79), 55.86% female
(n=100). These patients had been radiologically examined as part of
their physical examination in the neurofibromatosis outpatient clinic
at the clinic for oral and maxillofacial surgery to assess dental and
facial-skeletal pathologies. All patients fulfilled the updated
diagnostic criteria for NF1 (1, 2, 7, 8) and were citizens of Germany. 

Patient group. The patient group was differentiated with respect to
the manifestation of trigeminal PNF considering our experience in
evaluating skeletal findings in NF1 patients: alterations of the jaws
are characteristically formed when a PNF of the 2nd or 3rd branch
of the trigeminal nerve of the same side is present (44). For all cases
of trigeminal PNF in this study, the jaw deformities manifested on
the same side as the PNF and were unilateral. Panoramic views of
67 patients (37.43%) who showed histologically verified facial PNF
(facial PNF group, right side: 33 patients, left side: 34 patients) were
evaluated. The definition criterion for this group was that a patient
had to have at least one facial PNF irrespective of whether further
disseminated cutaneous neurofibroma (DNF) occurred in this region.
The extent of visible infiltration of the PNF into the cutaneous
territory of the nerve varied considerably. A further 112 patients
(62.60%) showed DNF but no facial (trigeminal) PNF, as revealed
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by physical inspection and complementary imaging [computed
tomography (CT), magnetic resonance imaging (MRI) and B-scan
ultrasound], if available, and also histology in the course of surgical
treatment for neurogenic tumours by the senior author. These patients
constituted the DNF group (44). 

Reference group. The reference group consisted of 179 panoramic
views of age- and sex-matched individuals that were selected from the
archives of the Institute of Diagnostic Radiology in Dentistry of
Hamburg University Dental Clinic. The age of these individuals was
12.57-69.13 years (mean=34 years). For this group, the same exclusion
criteria of diagnosis were applied, as previously described (44). 

Inclusion criteria. A non-odontogenic intraosseous radiolucent lesion
was defined as a radiotranslucency within the mandibular body and
limited by it, for which neither an anatomical structure of the bone
was causal nor a connection with an odontogenic anatomical or
pathological entity can be made.

Exclusion criteria
Dental status. The dental status was not further specified for a study
dealing with radiological non-odontogenic findings. Lesions, such as
apical translucency in deeply-eroded teeth (70) or periradicular
radiopacity in root canal-treated teeth that may had odontogenic
causes were left unconsidered. Similarly, intraosseous translucency
was assessed as odontogenic if this finding occurred in the toothless
area of the alveolar process and the shape of the osteolysis could be
regarded as the residuum of a dental socket. Patients with a history
of surgical skeletal procedure or trauma of the facial skeleton were
excluded from evaluation. The radiological diagnosis of odontogenic
disease on panoramic views in this group has already been described
in detail elsewhere (56).

Giant cell granuloma. Also excluded from the study was one NF1
patient with intraosseous giant cell granulomas, a report on whom
has already been published (64). Further cases of giant cell
granuloma did not occur in the study population (65). Giant cell
granuloma is a well-known and rare diagnosis in jaw lesions of NF1
patients (143).

Bone deformities. Similarly, apparent deformities of the jaws in NF1
patients that had only changed the outline of the jaw were not
considered, because these changes occurred in association with a
PNF adjacent to or surrounding the bone. Thus, it was likely that
external effects on the bone had caused – at least in part – this
change in shape (138). The bone changes were a valuable finding for
the screening of PNF of the trigeminal nerve and thus for the
subtyping of the NF1 patient group (43). Enlargement and
deformation of the mandibular foramen is frequently observed in
PNF-associated mandibular deformities and were addressed as cyst-
like lesions in a previous investigation (39). The changes may appear
as intraosseous lesions on panoramic views (39). Alterations of the
mandibular foramen and other deformities of the mandibular ramus
and their significant association with trigeminal PNF have been
described in detail elsewhere (44).

Bone destruction by external causes. Cases who were showing
radiographic findings revealing progressive mandibular destruction
that apparently resulted from external resorption of parts of the bone,
were excluded. This pathology resulted in loss of mandibular ramus

(n=2) (16, 144). In both cases, the creeping destruction of the bone
developed on the side of an extensive perimandibular PNF, which
completely covered the mandible at this site. Deformations of the
ramus and jaw angle were of the same type as previously described
(44, 45). However, no intraosseous lesions occurred during phases
of creeping destruction in these cases. 

Disorders of tooth emergence associated with neurofibromas.
External causes of mandibular malformation (resorption, growth
inhibition) were also suspected for those cases in which tooth
eruption had been prevented or was severely restricted by
surrounding oral neurofibroma. This characterisation applies to
patients with facial PNF and the typical but variable deformation of
the mandible (44). In these cases, there is a frequent continuum
between the outer tumour-infiltrated mucosa and the soft-tissue
covering of the retained teeth (87, 138). Therefore, these skeletal
findings were not considered to be primarily intraosseous lesions
(but with potential influence on tooth development and eruption).

(Periapical) cemento-osseous dysplasia. So-called cemento-osseous
dysplasia (COD) is a fibro-osseous lesion of the jaws of unknown
aetiology and pathogenesis (144). The initial phase of COD is a
translucent lesion that is conspicuous in the X-ray image (139) and
develops very frequently at the root apices of vital teeth (145). This
finding can be confused with a cystic or granulomatous bone lesion.
It has been reported that COD is very common in women with NF1
and exclusively related to females (57). This association of a dental
finding could not be confirmed in further investigations (40, 58). In
this study, COD is not considered taking into account the possible
odontogenic pathogenesis. Our results for the frequency and
characteristics of COD in this study group have been reported in
detail elsewhere (58).

Ethics. All patients gave informed consent to the scientific study of
X-ray images and the evaluation of medical findings. This study was
approved by the local University Clinic authority for one of the
authors (HTS) as a preliminary to meeting the requirements for a
thesis in dentistry.

All procedures performed in this study involving human
participants were in accordance with the ethical standards of the
institutional and national research committee and with the 1964
Declaration of Helsinki and its later amendments or comparable ethical
standards. Data were anonymised prior to analysis, and the
investigators studying the radiographs were blinded to the diagnosis,
the identity of individuals, and the assignment of the single case to a
diagnostic group. The investigations of anonymised data were
performed in accordance with Hamburgisches Gesundheitsdienstgesetz
(Hamburg Health Service Act).

Equipment. Several panoramic X-ray devices were used in this
Department during the recruitment period (48). Panoramic views
from other institutions were also evaluated. The technical principles
and the imaging characteristics were identical for all panoramic
views. However, this X-ray imaging technique is sensitive to
deviations of the object from the focal trough (146). Imaging quality
limitations should be taken into account for the assessment of bone
structures on panoramic views. However, there were no technical
limitations for the assessment of the target structures in the study
group. The parameters for the evaluation of the radiographs have
been described elsewhere in detail (44).
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Statistical analysis. All of the measurements were realised by both
examiners. Data were registered in Excel 2015™ (Microsoft
Corporation, Redmond, USA) and analysed in SPSS 24.0 (IBM,
Armonk, USA). Fisher’s exact test was used for statistical analysis.
Statistical significance level was defined at p<0.05. Parametric data
were expressed as mean and standard deviation (M [SD]).

Results

Three lesions located inside the mandible were found in the
group of patients with NF1. All three lesions occurred in
patients who were exclusively affected by cutaneous
neurofibromas in the maxillofacial region. It was each a
single entity in one patient. These or other non-odontogenic
radiotranslucent lesions inside the mandibular body were not
recorded in the control group. 

Intraosseous neurofibroma. The 41-year-old male patient had
presented to the outpatient Department for the treatment of
multiple cutaneous neurofibromas. The patient was also
examined orally. The mandibular left first molar showed
noticeable mobility and was sensitive to percussion. There
was no soft tissue tumour of the oral mucosa in this area. The
radiograph showed a considerable destruction of the tooth
roots and the alveolar process (Figure 1A). Upon extraction,
the distal root was apically destroyed and the alveolus filled
with a soft, solid tumour (Figure 1B). Wound healing
proceeded without complications. The histological findings
confirmed diagnosis of neurofibroma without malignant
changes. The patient was lost to follow-up. 

Simple bone cavity. A 24-year-old male patient was admitted
to the outpatient clinic to assess oral health. On a panoramic
view, a sharply limited osteolysis was seen in the area of the
roots of the premolar and first molar of the left side of the
mandible (Figure 2A). Teeth were firmly anchored in the bone

and were sensitive to adequate stimuli. The diagnosis could not
be made with certainty on the basis of these findings. The
diagnosis of a simple bone cavity was considered but osseous
neoplasm or cyst could not be excluded from the radiographic
findings. Surgery revealed an empty cavity during exploration.
Histological examination of the bone wall sample confirmed
diagnosis of simple bone cavity. Bone healing after bleeding
into the cavity was rapid (Figure 2B) and stable for many years
(Figure 2C). In the meantime, the NF1 patient has developed
a considerable number of internal tumours. 

Stafne’s bone cavity. A 34-year-old female patient with
Stafne’s bone cavity presented in the course of a general
examination to assess her disease. The suspicion of Stafne’s
bone cavity was made on the basis of a routinely performed
recent panoramic view (Figure 3B), which had recorded this
incidental finding. The finding had unsettled the patient
because she had initially suspected a neoplasm at this site
causing a bone defect. On further questioning, the patient
presented another panoramic view that had been taken 5 years
before. The lesion was of identical size on this X-ray image
(Figure 3A). At the time of the oral examination a whole-
body MRI had already been performed in order to record the
patient’s internal tumour load. Here, the left submandibular
gland could be identified on several cross-sectional images,
from which a small, isointense area filled the cavity (Figure
3C and D). This finding was taken as confirmation of Stafne’s
bone cavity. No treatment of the condition was necessary.

Neither in the NF1 group nor in the control group did further
radiological findings appear that were classified as non-
odontogenic intraosseous lesions according to the definition
criteria. There was no statistically significant difference between
the findings of the NF1 group and the control group (p=0.25)
and between both NF1 groups (p=0.29). The difference in the
number of findings between the two groups also did not reach
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Figure 1. Intraosseous neurofibroma in a 42-year old male with Neurofibromatosis type 1. A. Extensive bone destruction of alveolar bone in the
region of mandibular left first molar. The roots of the tooth are partially dissolved (Panoramic view, cropped image). B. Bone defect after tooth
extraction and excavation illustrating the extension of the lesion (Panoramic view, cropped image).



any statistical significance when adding the patient with
radiolucency due to giant cell granuloma of mandibular body
in NF1 (64) to the number of translucent lesions of the
mandibular body in the patient group (in total 4 cases) (p=0.13).

The characteristics of the patient findings are illustrated in
Figures 1-3.

Discussion

The present study reveals that certain osseous lesions of
mandibular body develop rarely in patients with NF1. Similar
lesions were not registered in the control group. The
individual findings of a simple bone cavity, a Stafne’s bone
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Figure 2. A series of radiographs depicting the region of a simple bone cavity of a male patient with neurofibromatosis type 1. A-C: cropped
radiographs of panoramic views, D: panoramic view. A. There is periradicular and interradicular osteolysis in the area of the first premolar and
the first molar of the left side of the mandible in a 24-year old male. The second premolar is missing (on both sides, see Figure 1D). The outlines
of the tooth roots included in the osteolysis are intact. On the radiograph, the upper border of the nerve canal is not defined and the mental foramen
can only be seen in shadow. B. Five months after the opening of the cavity, ossification of this area is evident. C. Twelve years later, the area is
completely ossified and indistinguishable from the surrounding bone. The mental foramen is skeletally defined. The upper border of the nerve canal
is clearly visible in the former area of the cavity. D. As an incidental finding, there is periapical translucency of vital right lower second incisor in
the 36-year old patient. The finding was not present on previous panoramic view 12 years ago and is compatible with the initial stage of periapical
cemento-osseous dysplasia (57).

Figure 3. Stafne’s bone cavity in a female patient with neurofibromatosis type 1. A. Panoramic view at the age of 29 years (cropped image). B.
Panoramic view (cropped image) at the age of 34 when the patient was examined. The oval translucent lesion is located below the nerve canal,
completely circumscribed by bone, and has the largest diameter in the anterior-distal direction. The two X-ray images show no change in findings.
C. Magnetic resonance image (sagittal plane) of the patient’s head showing a hyperintense, well-defined lesion in the dorsal part of the left side of
mandible (arrow). D. Coronal view of this region depicts the hyperintense intraosseous lesion (arrow) in continuity with adjacent salivary gland.



cavity, and an intraosseous neurofibroma reveal that such
osseous lesions can occasionally develop in this patient
population. There was no association between the lesions and
a facial PNF.

Classification of intraosseous findings as non-odontogenic
lesions. The distinction of simple bone cavity from
odontogenic cyst and apical intraosseous neurofibroma from
other osteolytic and root-dissolving lesions can only be made
by exploration and histological examination (141, 147). This
requirement was met by the surgical exploration of both
lesions by the senior author. Stafne’s bone cavity is
characterised by loss and remodeling of the lingual corticalis
of the lower jaw. The extent of the defect is variable. For
larger defects, the lingual defect may be associated with a
buccal protrusion of the corticalis. The cause of the loss of
bone substance is unclear. So far, it has not been refuted that
genuinely osteoclastic remodeling is at least a co-factor for
the development of Stafne’s bone cavity. Therefore, Stafne’s
bone cavity is considered an intraosseous skeletal lesion in
this study. The requirement for surgical examination of the
contents of the bone defect for a reliable (histological)
diagnosis of Stafne’s bone cavity also applies to the present
case. However, the radiological pattern of the lesion is so
characteristic that no diagnostic exploration or histological
determination of the ‘cyst’ content is usually necessary for
diagnosis (148, 149). Nevertheless, other lesions can mimic
the radiographic signs of Stafne’s bone cavity (150).

Frequency of neurofibroma in the oral cavity. Oral
neurofibromas are rare findings. For example, in an institute-
related analysis of oral and maxillofacial pathologies in
patients with a maximum age of 16 years (n=4,406),
neurofibromas were a rarity (20 cases, 0.45%). The authors
did not explicitly describe the topography of the samples, but
it can be assumed that the donor sites were soft tissue regions.
The authors expressly pointed out that at the time of
diagnosis, none of the patients had been diagnosed as
neurofibromatosis patients (151).

The cutaneous manifestations of neurofibromatosis type 1
affect the entire body surface. However, previous studies have
indicated a lower frequency of oral neurofibromas compared
to skin lesions (139). Recent research has shown that the oral
mucosa of NF1 patients develops large numbers of
neurofibromas (18). Predilection sites of tumour development
in oral soft tissues are registered (18, 32). The prevalence of
intrabony neurofibromas of the mandible is unknown. The
data in the literature can serve to describe the variable
phenotype, but cannot be used to estimate the frequency of
the diagnosis.

Intraosseous neurofibroma in NF1 and mandibular canal.
The presented radiological results suggest that the internal

structure of the jaw is rarely affected by neurofibroma in
NF1. Nerve sheath tumours can develop within the
mandibular nerve canal. This rare observation is more
frequent in schwannomas than in neurofibromas (76). There
was no intra-canalicular neurofibroma visible on radiographs
of the present study group. The observation of enlarged
mandibular nerve canal (45) in NF1 could be an anatomical
adaptation to a neurofibroma (often symmetrically visible).
However, there are no histological studies that prove this
assumption. The finding of an enlarged mandibular canal
suggests an anatomical adaptation rather than a lesion,
because the boundary of the enlarged canal is preserved and
the growth is proportional on panoramic views (45). In the
case of an intraosseous neurofibroma, the radiological
demarcation of the mandibular nerve canal can be resolved
(85). However, the foramina of the canals can also be
enlarged. It is believed that this change in shape is caused by
an adjacent nerve sheath tumour (152). The suspicion is given
especially with an asymmetric diameter of the foramen.
However, reference values for the assessment of an enlarged
nerve canal or mental foramen on panoramic views were not
mentioned (45).

Intraosseous neurofibroma in NF1 and radiological studies.
Ellis et al. presented 7 new cases and a literature review on
intraosseous benign nerve sheath neoplasms (30).
Intraosseous neurogenic tumours were predominantly
diagnosed in the dorsal section of the mandible (both in
patients and according to the reviewed literature). Ellis et al.
(30) concluded that only 3 reports showed association of
benign nerve sheath tumours with Recklinghausen’s disease
and none of their own was affected with neurofibromatosis.
However, one of the cited papers (76) focused on
schwannomas (neurilemmomas) and schwannoma-like parts
(in Recklinghausen’s disease) had also been diagnosed in the
reported case of a neurofibroma. Schwannoma-like regions
can occur in neurofibromas (153). However, the authors
admitted that the intraosseous origin could not be proven for
all tumours with certainty (76). 

However, there is a very informative case report on
multiple intraosseous neurofibromas in NF1 (82). This report
meets current diagnostic criteria of NF1 (2, 3, 7, 8).
Interestingly, the majority of histologically confirmed
neurofibromas were localised close to but not in the
mandibular canal. Destruction of tooth roots adjacent to
neurofibroma was not reported for this case and the
reproduced X-ray shows that the bone defects were clearly
far from the roots or end just before the apices. In the well-
documented report, the authors pointed out that the male
patient showed multiple cutaneous neurofibromas and that
both the father and several children had demonstrably visible
stigmata of NF1. In the examined children, intrabony
radiolucencies were ruled out. This single report supports the
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assumption that the intraosseous development of neuro-
fibromas in NF1 are among the rare manifestations of the
disease and do not necessarily affect the nerve running in the
mandibular canal.

In a radiological study, Shapiro et al. (32) identified
intraosseous lesions in four out of 22 neurofibromatosis
patients (18.2%). These lesions were all localised in the
mandible. The authors gave no information on the diagnosis
of the lesions. The representatively reproduced X-ray image
(panoramic view, cropped image) shows osteolysis that
resembles the intrabony neurofibroma of this study. However,
no histological findings of these lesions were reported. The
authors expressly pointed out that no cysts of marrow spaces
have been registered by the mandible.

D’Ambrosio et al. (34) reported on jaw and skull changes
identified on radiographs of 38 neurofibromatosis patients.
The authors mentioned intraosseous lesions of the maxilla
and mandible, illustrating this finding with a cropped image
of a lateral cephalogram. The figure illustrated a roundish
cyst-like translucency in the region of mandibular foramen.
No further details were reported on intraosseous lesions in a
study on neurofibromatosis that also reported about acoustic
neuroma.

Polak et al. (120) presented a case of solitary intraosseous
mandibular neurofibroma and a literature review on the
subject of intrabony neurofibromas. The authors explicitly
indicated that NF1 patients had no evidence of intrabony
neurofibroma of the jaw. According to the renewed literature
review, with focus on mandibular neurofibromas, only 3 out
of 29 cases (10.3%) were affected by NF1 (120). The quoted
sources were broadly in line with quotations presented by
Ellis et al. (30). 

Kaplan et al. (36) described radiological findings of the
skull of four NF1 patients. In one case, the reproduced
radiograph showed an intraosseous neurofibroma of the
mandibular body that had been histologically verified.

Lee et al. (37) reported 3 cases of cyst-like translucencies
in their radiologic study of 10 NF1 patients. This finding was
not further specified in the publication.

Sigillo et al. (154) reported on diagnostic and surgical
experiences with 6 children who had been diagnosed with
NF1. The authors reported on two of the 6 children having
intraosseous lesions. The report did not elaborate on the
topography of these lesions. An X-ray image, presumably a
cropped image of a panoramic view, probably shows an
external osteolysis in the area of the left angle of the jaw.

Che et al. (25) reported four cases of intraosseous nerve
sheath tumours and illustrated the expansive growth of these
tumours in two patients with NF1. In one case, computed
tomography allowed the visualisation of intraosseous
osteolysis far beyond the mandible into the base of the skull.
In these cases, the tumour was diagnosed histologically as a
neurofibroma. A further, sporadic case with radiological

evidence of root resorptions of adjacent teeth was a malignant
peripheral nerve sheath tumour. The radiological aspect of
this case was similar to the neurofibroma with root resorption
in the case reported in the present study (Figure 1). In another
case of an adult patient, the detection of an intrabony
neurofibroma led to the diagnosis of previously unrecognised
NF1.

Visnapuu et al. (40) reported in their study on 102 NF1
patients primarily the deformities of the jaw in the group of
six patients who had developed a facial PNF. The osteolyses
described were unilateral bone deformations that had
occurred in the vast majority of cases on the side of the
tumour. A case with a contralateral punch-shaped defect of
the posterior margin of the ramus contralateral to the side of
the PNF might indicate a small local PNF at this site. This
special case was a marginal defect of bone resembling
Stafne’s bone cavity of mandibular ramus.

Langford and Ruppin (87) reported on the incidental
findings of bilateral intraosseous neurofibroma in close
association with retained teeth. On panoramic radiograph,
crowns of retained lower wisdom teeth were depicted to be
associated with well circumscribed radiolucencies extending
into the mandibular ramus. Radiographic findings of this
young female with known neurofibromatosis were compatible
with inflamed and/or hyperplastic dental follicles and
dentigerous cysts, but the authors considered also the
possibility of neurofibromata. In this case, pericoronal
osteolysis may had been in contact with the oral mucosa, so
that in retrospect an exclusively intraosseous lesion cannot be
assumed with certainty. Similar findings were also available
in the report of Lorson et al. (80).

Earlier research suggests that the proportion of NF1-
associated intraosseous neurofibromas is about one in ten
patients (30, 120). The compilation of case reports of
sporadic and NF1-associated intraosseous neurofibromas of
jaws presented here (66-137, 154) does not claim to be
complete, not least because the diagnostic criteria have
changed over a long period of time, the topography of the
tumour and adjacent bone is not described exactly enough
to categorise the lesion properly, and even in current
publications the certainty of the diagnosis (sporadic,
inherited) cannot always be recorded from the documents.
Nevertheless, the list allows a rough calculation of the
frequency of sporadic compared to NF1-associated
mandibular neurofibromas (without applying strict
definition of intraosseous neoplasm). Although it shows that
the sporadic neurofibroma of the jaw clearly outweighs this,
the reported neurofibromatosis-associated cases are
significant, over 10% (30). It could also be important for
this change in the relationship between sporadic and NF1
identified cases that the public relations work of
neurofibromatosis lay groups has generated increasing
recognition of the disease (155).
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Frequency of mandibular pseudocysts. Frequency data on
these cysts are very variable. For example, the difficulty in
obtaining simple bone cavity data on prevalence, incidence,
or frequency is due to the fact that some authors attribute this
entity to the entire number of jaw cysts, while others omit
these lesions for definitional reasons (148). Consequently,
some authors refrain from such statements concerning simple
bone cavities (148). On the other hand, calculations are
reported on the Stafne’s bone cavity, although this entity is
also to be expected among the pseudocysts (range= 0.10%
to 3.84%) (148). Despite these limitations in reporting,
recent data on non-odontogenic, cyst-like lesions continue to
be highly variable. In recent studies, for example, both
simple bone cavities and Stafne’s bone cavities are omitted
in reviews on odontogenic and non-odontogenic cysts,
probably because they are pseudocysts (156). Simple bone
cavity represented 0.2% of all oral pathological findings
from a catamnestic analysis of single institutional group of
20,469 cases. The proportion of simple bone cavity in all jaw
bone pathologies was 11.86% (157). On the other hand, no
Stafne’s bone cavities were found in the analysis of
incidental findings on cone beam computed tomograms
(CBCT) of 999 individuals who were screened for non-
dental incidental findings of jaws (158). The authors
included Stafne’s bone cavity in the registry, but not simple
bone cavity (158). In another current study, CBCT revealed
a much higher prevalence of Stafne’s bone cavity (0.59%,
n=1,684) (159) than can be expected in the panoramic view
(149). This value corresponds to the prevalence of Stafne’s
bone cavity in this study (0.56%) but is about ten times
higher than the value obtained in a large collective of
panoramic views (0.064%) (149) and in a comparative study
also on panoramic views (159).

Cyst-like lesions on radiographs of patients with NF1. Little
has been reported on cysts or cyst-like lesions of the jaws in
NF1 patients. Particular attention has been paid to giant cell
granulomas in NF1, not least because these lesions are similar
to tumours (61), but a cyst-like appearance of bone lesions is
well known on skull radiographs for this entity (65). Lee et
al. (37) noted 3 cases with cyst-like lesions of the jaws out
of 10 reported cases (30%) with ascertained NF1 and referred
to a further 5 cases in the literature. However, the localisation
and characteristics of the findings were not further specified
in this report. At least one of the referred case-reports
identified a cyst-like lesion as an intraosseous neurofibroma
of mandibular body (66).

The cyst-like lesions of a previous study on radiographic
findings on panoramic views of NF1 patients were
osteolysis of the mandibular ramus: The lesions are believed
to be lingually localised, which are tumour-associated
depression related to mandibular foramen and extensive
ipsilateral PNF (39).

Simple bone cavity (synonymous: simple bone cyst, solitary
bone cyst, traumatic bone cyst, idiopathic bone cyst,
extravasation cyst). The simple bone cavity was described by
Lucas and Blum (160) as a separate entity. The diagnostic
criteria of the simple bone cavity are (161): uni-cameral
lesion without epithelial lining surrounded by bone; the lesion
is located above the nerve canal; inter-radicular, orally-
directed growth may result in a scalloping outline of the
lesion around the roots of vital teeth (162); the cavity is either
empty at opening or contains clear or slightly bloody fluid;
the biology of the lesion is benign, but growth of the lesions
is observed; and the diagnosis is confirmed by surgical
exploration of the lesion with biopsies of the bone wall (162). 
The tissue finding demonstrated normal bone covered by a
very thin fibrous soft tissue layer. The pathogenesis of cavity
formation is unknown. The simple bone cavity was classified
in the group of bone-associated lesions (aneurysmal bone
cyst, ossifying fibroma, fibrous dysplasia, bony dysplasia,
central granular granuloma, and cherubism). The occurrence
of a simple bone cavity with syndromes has been reported
only sporadically (163).

Simple bone cavity usually occurs in adolescents or young
adults (164). The mandible is predominantly affected and
especially the central and tooth-bearing sections. Men develop
simple bone cavity more often than women. The cavity is
most frequently incidental finding on routine radiographs of
the jaw. The teeth remain vital, even with significant growth
of the lesion. Neither displacement of the teeth nor fractures
occurred despite occasionally extensive growth (141).

Although simple bone cavities are rare findings in relation
to the total number of oral pathologies, the proportion of this
entity in the group of non-odontogenic cysts, however, was
relatively high: 28.3% (151). This information is valuable
because it is the analysis of oral histological findings from
patients under the age of 16, who were surveyed over a 30-
year interval. The case presented here was at the time of
diagnosis slightly older than the patients of the reference
group (151) and at this age was also slightly above the age at
which the vast majority of diagnoses are made (148). On
plain radiograph, an intraosseous mandibular neurofibroma
can map in exactly the same way as the simple bone cavity
shown here (101).

To the best of our knowledge, this entity has not yet been
described in NF1. The healing process in this patient did not
differ from that of other patients with the same diagnosis of
a bone defect without this genetic background. Therefore, the
coincidence of a simple bone cavity with a tumour suppressor
gene disease is presumed. It is likely that this cavitation
inside the bone is a developmental disorder that does not
underlie any genetic defect.

Stafne’s bone cavity. Stafne’s bone cavity is a notch of the
mandibular lingual cortical bone around the angle of the jaw
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(165). The structure was originally described as a radiological
incidental finding (165), which had no pathological
significance in most cases (166). The alternatively proposed
term ‘mandibular posterior-lingual bone depression’ describes
the main site of this bone disorder (167). The depression or
‘defect’ is typically monocortical, occurs between the molar
region and the mandibular foramen, and lies below the
mandibular canal. Exceptions to this definition, such as
bicortical extension, superposition of translucency on the nerve
canal or even beyond it, as well as similar skeletal defects in
other regions of the mandible have been described repeatedly
(for review: 149). The cause of the phenotype is unclear. Local
pressure on the bones by neighbouring organs was postulated
as an explanation, especially transmitted by salivary gland
tissue or arteries (148, 168-170). However, convincing reports
were also published that could not prove the presence of any
of the tissues or organs in the cavities (148, 171). For some of
the findings, some authors attributed the faulty surgical
dissection of the region, which shifted the contents out of the
cavity, creating the false impression of an empty cavity (148).
However, this assessment cannot be invoked for all findings
that contradict the unifying theory of bone reduction due to
salivary gland pressure (171). No congenital Stafne’s bone
cavities have been observed so far. The occurrence of the entity
is presumably rare (Prevalence: 0.08% (149) and 0.10% to
0.48% (169)). Anatomical studies suggested that the
radiological representation of early stages of this structure is
not possible in panoramic radiographs (149). Therefore, the
earliest radiographic detection of the cavity is not equal to the
time of origin. On the other hand, studies have shown, in
individual cases, that the cavity can arise in the intact bone of
adults, thus revealing a secondary event and not a congenital
osseous malformation. The finding was almost always
unilateral (149, 165). The preference for the development of
Stafne’s bone cavity in males has been widely confirmed (149).

In the present case, the cavity is in a typical position. The
development of the cavity in a woman is very likely to be
coincidental. However, this finding is in contrast to our own
investigation results in a large study group in which only
men were affected (149). The historical comparison of the
frequency of Stafne’s bone cavity in NF1 patients and a
numerically much larger study of unselected patients (149)
showed no statistically significant differences (p=0.12,
Fisher’s exact test). Of note is the MRI finding, as it can be
shown that there is continuity between the signal-intense
submandibular gland and the contrast-enhancing cavity. The
homogeneously hyperintense, similar to fat signal-giving,
intracavitary roundish structure in the area was equal to the
image of Stafne’s bone cavity on the plain radiograph. A
connection of the structure with other compartments is not
recognisable, so MRI supports the assumption of an isolated
soft tissue process, which has developed into the bone at the
base of the mandible. The combination of both imaging

techniques makes the diagnosis of Stafne’s bone cavity very
likely, although without exploration a different process such
a neurofibroma cannot be ruled out completely. Indeed, the
differential diagnosis of Stafne’s bone cavity includes both
soft-tissue and hard-tissue lesions and tumours (150). As far
as we know, Stafne’s bone cavity has not yet been reported
in NF1.

Clinical significance of the examination results. Although each
of the three entities is a single finding in different individuals,
there are different implications for the clinical assessment of
each intra-osseous lesion of the mandible in NF1 patients: 1)
This study confirms earlier assumptions on rarity of
intraosseous mandibular neurofibroma in NF1 (30). The often
extensive facial PNFs may cause severe bone deformities, but
are not associated with intraosseous mandibular neurofibroma
on panoramic views of the jaws. The literature review suggests
that intraosseous mandibular neurofibroma in NF1 is likely to
be more frequent than previously thought. However, the
literature is usually not precise enough in describing the
topography of the tumour and adjacent osseous lesion, neither
on sporadic nor NF1-associated neurofibromas involving the
jaws. Therefore, it frequently cannot be distinguished whether
the reports are about a true intraosseous tumour or a neoplasm
localised in a jaw cavity but in topographical relationship to an
oral diffuse plexiform neurofibroma of the trigeminal nerve.
The rare occurrence of intraosseous neurofibromas in NF1
should prompt careful examination of the histological diagnosis
in such cases because there are several reports of MPNST in
the oral and maxillofacial regions (19-24, 172). 2) Simple bone
cavity develops in NF1. Current data on the frequency of this
lesion cannot be relied upon for a statement on the prevalence
of this entity. There are several investigators who interpret local
and general bone changes in NF1 patients as a consequence of
haploinsufficiency of bone (173-175). In the present case, the
simple bone cavity developed in the typical location and was
diagnosed only some years after the expected decade where
most cases are diagnosed (148). It is probably a chance finding
that is unrelated to the underlying disease. The harmless
osseous alteration requires histological diagnosis, because the
radiograph does not allow a clear definition of the entity. 3)
Stafne’s bone cavity is a harmless anomaly of the mandible,
which also develops in NF1. In this disorder, the differential
diagnosis of the lesion should be considered (101, 125) because
other neoplasms may mimic the radiographic pattern.

The knowledge of these various benign bony pathologies
may help tailor and adapt the patient’s therapy to the
individual’s needs and avoid extensive resections (85).

Conclusion

The differential diagnosis of intrabony lesions of the
mandible in patients with NF1 needs to be extended to
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include the simple bone cavity and Stafne’s bone cavity.
These lesions are rare, as is the intraosseous development of
a neurofibroma. In view of the rare occurrence of lesions and
the significantly increased risk of the NF1 patients developing
cancer, in particular STS (19, 176), intraosseous lesions
should be carefully examined and histologically verified in
certain cases. 
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