
Abstract. Background/Aim: Neurofibromatosis type 1 (NF)
is an autosomal dominant hereditary disease. The cardinal
clinical findings include characteristic skeletal alterations.
Difficulties in diagnosis and therapy can arise if an
individual has further illnesses. Case Report: This is a case
report of a 16-year-old patient affected by NF1. She also
suffered from Alagille syndrome and the consequences of
fetal alcohol exposure. The patient’s facial phenotype showed
findings that could be assigned to one or more of the known
diseases. The patient was referred for treating a cherubism-
like recurrent central giant cell granuloma (CGCG) of the
jaw. The patient developed bilateral, multilocular non-
ossifying fibromas (NOF) of the long bones of the lower
extremity. Treatment of the skeletal lesions consisted of local
curettage. While NOF regressed after surgery, the CGCG of
the jaw remained largely unchanged. Extensive genetic tests
confirmed a previously unknown germline mutation in the
JAG1 gene, the germline mutation of the NF1 gene, and the

somatic mutation in the NF1 gene in the diffuse plexiform
neurofibroma, but not in the CGCG. Conclusion: Assigning
facial findings to a defined syndrome is ambiguous in many
cases and especially difficult in patients who have multiple
diseases that can affect the facial phenotype. Surgical
therapy should be adapted to the individual findings.

Neurofibromatosis type 1 (NF1) is an autosomal dominant
inherited disorder (1). The disease has a high penetrance
(about 100%). However, the phenotype is extremely variable
(2). The NF1 gene is located on chromosome 17q11.2 (3, 4).
NF1 is a tumor suppressor gene syndrome (5) and the most
common monogenetic disease predisposing to cancer (1).
NF1 is primarily characterized by multiple skin tumors. The
tumors are of neurogenic origin termed neurofibroma.
Somatic mutations of NF1 gene in neurofibroma arise in
Schwann cells or precursors of Schwann cells. Since
Schwann cells originate from the neural crest, NF1 is rated
among the diseases that are characterized by mutations in
neural crest cells (6). The frequent and numerous neoplasms
of NF1 patients arise primarily from the connective soft
tissues. Genetic studies show that many of the different
neoplasms arising in NF1 patients meet the criteria of
somatic allelic loss of NF1 gene according to Knudson’s
two-hit hypothesis of tumor development (7). However, the
unusual variety of symptoms and findings in NF1 patients
go far beyond the spectrum of neoplastic lesions (1). Most
cases are diagnosed by clinical examination (Table I).
Diagnosis and treatment of NF1 patients can be made more
difficult if other diseases develop in the same individual and
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the diseases’ phenotypes have some similarities. This report
summarizes diagnosis and therapy in an NF1 patient who
suffered from several diseases. The patient has developed
several symptoms and their assignment to individual disease
entities was difficult; it was supported by molecular genetic
analyzes. The various diseases had a significant impact on
the phenotype and choice of treatment.

Case Report

The female patient, who was 16 years of age at the initial
examination, was referred to the Oral and
Craniomaxillofacial Surgery Clinic, Eppendorf University
Hospital, for treatment of extensive jaw tumors, known to be
central giant cell granuloma (CGCG) of jaws. On admission,
the small-sized patient had a prominent, broad face with a
clear asymmetry in favor of the right side regarding the
median-sagittal plane (Figure 1).

Medical history. The medical reports describe a newborn small
for gestational age who had to compensate for physical
underdevelopment caused by alcohol embryopathy. Furthermore,
the medical reports show that the newborn developed
hepatobiliary symptoms soon after birth suspicious of Alagille
syndrome (underdeveloped hepatobiliary duct system and
pulmonary artery stenosis). The medical reports detail that the
suspected diagnosis of Alagille syndrome (ALGS) was already
documented for the biological father (findings: pulmonary artery
stenosis and discolored feces). Both the father’s parents also had
pulmonary artery stenosis. The toddler was diagnosed with a
mild pulmonary artery stenosis that did not require treatment.
When examining the patient at the age of 13 years, no
pulmonary artery stenosis was found, and the patient was
classified as healthy regarding pulmonary artery function.

NF1 was known in the birth mother who suffered from
internal hydrocephalus. The patient developed numerous café-
au-lait (CAL) spots and axillary and inguinal freckling within

the first year, so the diagnosis of NF1 was made. Neither in the
only other child of the parents (sister) nor in other half-siblings
were one of the two syndromes diagnosed. A few weeks after
birth, the patient was admitted to a nursing home and since
then has grown up there. Vitamin deficiencies were diagnosed
in the postnatal period, including a conspicuous vitamin D
deficiency. Metabolic deficiencies related to vitamin uptake
and impaired function of hepatobiliary system were treated
with adapted dietary supplements. In the further development
of the child, a moderate learning disability was diagnosed, and
the child has attended a special school. Numerous examinations
were carried out during treatment, which revealed several
findings (Figures 2, 3, 4, 5, 6, 7 and 8).

Eyes and orbit. No Lisch nodules were found during the
initial examination. Lisch nodules were diagnosed at the age
of 19 years. Reports of magnetic resonance imaging (MRI)
and computed tomography (CT) detail exclusion of orbital
plexiform neurofibroma and limitation of osseous lesions to
the maxillary process of the orbital floor (Figures 2 and 3).
Repeated ophthalmological checks have revealed normal
findings, which only required a correction of the refractive
power of the eye lenses by glasses.

Face, head and neck. The patient has frontal bossing (head
circumference 54 cm) and a saddle nose with the tip pointing
upwards. The eyes are deep in the orbit and the
hyperpigmented skin looks a little darker around the lids than
in the periorbital region (Figure 1). There is slight facial
asymmetry in favor of the right side due to lateral expansion
of the mandible and a more prominent right zygomatico-
maxillary complex. The patient uses glasses that cannot be
brought into the correct position due to tumorous bone
expansion of the right zygomatico-maxillary complex
involving the orbital rim (Figure 1). The patient has a
prominent chin. No enlarged cervical lymph nodes were noted
on palpation of the neck and using B-scan ultrasound imaging.
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Table I. Clinical diagnostic criteria of Neurofibromatosis type 1.

Finding Typical age at which the finding is to be proven Examination tool

≥6 Cafe au lait spots of integument Congenital or in early childhood Inspection
(maximum diameter >5 mm 
prior to puberty, >15 mm post puberty)

Axillary and inguinal freckling Congenital or in early childhood Inspection
1. Two or more neurofibroma or 1. Post puberty Inspection, magnetic resonance 
2. One plexiform neurofibroma 2. Usually congenital imaging, ultrasound
Two or more Lisch nodules (iris hamartoma) More than 95% of cases after the age of 15 years Inspection, slit lamp
Certain bone lesions Congenital, aggravation over time possible Inspection, X-rays
(sphenoid bone dysplasia; bowing 
and pseudarthrosis of long bones)

First grade relative with diagnosis of NF1 – Medical history



Jaws. At the age of 16, the patient was operated on the jaw
for the first time in another hospital. Soft tissue tumors had
developed within the bone and caused both cortical defects
and deformation of the bone. Several tumors of the lower

jaw were removed. Right mandibular nerve neurolysis had
been performed during the procedure. Since the intervention,
there is permanent hypoesthesia of the lower lip on the right
side. Tissue examination of the lesions revealed CGCG (vide
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Figure 1. Clinical findings in a patient with NF1 and cherubism-like phenotype. (A) View en face from below. The bilateral cheek swelling is
noticeable. The photograph reveals tumorous protrusions on the right margin of the lower jaw next to the chin, broad glabella, hyperpigmentation
of the eye lids and multiple small lentigines with perioral accumulation. (B) View from the side shows prominent glabella, flat nose and lips, flattened
philtrum, and mandibular tumorous protrusion. (C) Dorsal view of the patient shows further pigmentation disorders and the crooked position of
the hips. (D) A diffuse plexiform neurofibroma of the right forearm is depicted prior (D) and after (E) surgical intervention. (F) The oral mucosa
has scarred after several surgical interventions and is otherwise normal. The dark discolored upper right central incisor is non-vital after dental
trauma. (G) Oral aspect after detachment of the vestibular mucosa and excavation of the soft tissue tumor. Note the significantly thinned cortical
bones. Figure (H) shows a representative specimen of the bone tumors.



infra). Magnetic resonance imaging (MRI) performed before
the surgical procedure revealed dysplastic changes in the
facial skull. Bilateral and multilocular sharply defined
lesions within the bone are hyperintense to the adjacent soft
tissues. However, the osseous signaling was in continuity to
adjacent soft tissues of the oral cavity and cheek, possibly

indicating diffuse involvement of facial soft tissues (Figure
2). A computed tomography (CT) made 9 months after the
first jaw surgery revealed bilateral bubble-like lesions of the
mandibular branches and destruction of the bone below the
alveolar process. On both sides, the mandibular capitulum’s
articular surface remains spared from the lesion. Bubble-like
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Figure 2. Magnetic resonance images of patient with NF1 and
cherubism-like phenotype. (A) Coronal view shows bilateral nodular
neurofibroma of the neck arranged in string-like pattern. (B) Axial view
shows bilateral inhomogeneous enhancement of mandibular cancellous
bone. Expansion of the lesion is noticeable on the right side. Signal
hyperintensities are obvious in adjacent buccal soft tissues. (C) Coronal
view shows basal nodular lesions. (D) Coronal view shows expansion
of lesions in both mandibular angles and rami. (E) Adjacent skull base
is not affected by lesions.

Figure 3. Cone beam computed tomography of midfacial region in a
patient with NF1 and cherubism-like phenotype. (A) The coronal
projection shows the deformation of the orbital floor on the right side,
intact orbital floor and soft tissue tumor present directly adjacent to the
bone at this site. (B) The superior, medial, and lateral borders of the
orbits have developed symmetrically. The lesion infiltrates the lateral
maxillary sinus wall on the right side. A small, circumscribed soft
tissue-equivalent radio-translucent lesion complementary to the bone
lesion bulges in the right maxillary sinus. However, the entire sinus
system is ventilated. (C) In the surface reconstruction of the midface
bones, the extensive osteolysis on both sides becomes evident. The figure
illustrates the asymmetry of the orbit at the entrance, which is
characterized by a narrower vertical dimension and an approximately
horizontally oriented oval compared to the unaffected left side.



lesions of the entire maxilla are just affecting the orbital
floor without invading into the orbital cavity. The paranasal
sinuses have no swelling of the mucous membrane and are
filled with air. Radiological findings of the skull are
compatible with a case of cherubism (Figure 3). The
panoramic views of the jaws taken during the treatment
showed the bone remodeling of the jaws affected by the
CGCG, especially in the lower jaw (Figure 4).

Teeth. The patient has a fully developed permanent dentition
(Figures 1F and 4). The right upper wisdom tooth is
micromorphic; the left upper and lower wisdom teeth are
retained. Except for retained wisdom teeth, all permanent
teeth are completely erupted and in occlusal contact with

antagonists. Except for retained wisdom teeth, all teeth have
approximal contact to neighbors, an important clinical
difference to many cases with trigeminal nerve plexiform
neurofibroma. The lower left wisdom tooth is considerably
distalized compared to the second molar. The space between
the two teeth is filled with a cyst-like radiotranslucent lesion.
MRI taken at the age of 16 showed cyst-like changes of the
roots of teeth 11 and 12.

In the further course of the outpatient treatment, the
patient reported to have had a head accident, hitting on the
upper front teeth at the age of 18. Since then, the right
central incisor has been slightly loosened. However, during
the next three years, the left central incisor responded to
adequate cold stimuli. Lateral root resorption of the upper
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Figure 4. A series of panoramic views illustrates bone remodeling in a patient with NF1 and cherubism-like phenotype during a period of six and
a half years. (A) Extensive, inhomogeneous osteolysis of the jaws with intact radiological morphology of the teeth. When comparing Figure (A) to
(C), the bubble-like osteolysis of the mandibular angle and apical region of the inferior right wisdom tooth 48 was conspicuous at the initial
examination (A). However, the bone re-ossifies in the further course following surgical reduction of CGCG (B, C). On the other hand, the osteolysis
around the lower left second molar increased in size within three years (D-G), without any effect on tooth position and integrity. However, within
a further two years, the bone ossified, especially in the interradicular area of teeth 36 and 37 and further caudal to these molars. The tilting of the
retained tooth 38 and the wisdom tooth’ approximation to the second molar took place at the end of the osteolytic phase and continued during the
consolidation phase of the bone in the left jaw angle (G, H). The sequence of the X-ray images (A-H) shows that repeated curettage of the tumor
from the right-sided basal expansion of the lower jaw had no long-lasting effect on bone shape.



central incisors could be demonstrated on X-rays (Figure 5).
Later, the teeth were anchored somewhat more firmly in the
bone and no longer sensitive to chewing and biting forces,
thus posttraumatic ankylosis is assumed.

Skin. The skin is covered with densely spread punctiform
brownish hyperpigmented maculae of few millimeters in
diameter. Multiple CAL spots have developed,
predominantly on the trunk (Figure 1A and C). Freckling of
the skin is noted in the axillary and inguinal regions. Since
puberty, some scattered cutaneous neurofibromas have
developed in the skin, especially of the trunk and
extremities, and in the chin and frontal region. The patient

has developed a hyperpigmented, flat skin tumor of the right
forearm (Figure 1D and E). The tumor has been known
since early childhood. This tumor was assessed as a diffuse
neurofibroma. The patient reports that generalized itching is
difficult to control.

Therapy of cutaneous neurofibroma. Several cutaneous
neurofibromas were removed over the course of 8 years.
Wound healing always proceeded in regular phases with
complete restoration of the integument. The scars are at the
level of the skin: no keloids have occurred. There are no local
tumor recurrences. The histological picture of the lesions is
uniform. The tumor cells are S100 positive. Antibodies against
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Figure 5. Cone beam computed tomograms of maxilla in a patient with NF1 and cherubism-like phenotype. Figure (A) shows the traumatized tooth
11, which developed resorptions of the root after repositioning and integration in the dental arch. Bone-isointense radiopacity is almost completely
absent in the anterior dentoalveolar area and only shown in continuity in narrow traces on the floor of the nose. (B) Extensive osteolysis of the
maxilla extends to the floor of the nose on both sides, and a thin line of alveolar bone is evident around the molars, without the internal framework
of the skeleton being destroyed (C). (D) The histological image shows the invasive growth of the lesion with prominent osteoclasts at the interface
between the lesion and bone (Goldner staining).



epithelial membrane antigen (EMA) and neurofilament
identify several small nerve fascicles, some of which are also
located in the tumor and were possibly invaded by tumor
[Ki67 index 3.5% (8/227 counted cells/mm2)].

Therapy of diffuse neurofibroma. At the age of 14, the tumor
of the right arm increased in volume and was resected.
Healing was uneventful. However, the tumor rapidly
recurred and a further tumor reduction was carried out at the
age of 16. The surgical measure achieved normal contouring
of the hyperpigmented body region. The treatment result
remained stable in the following years until, at the age of 22
recurrent lobular tumor formation was found to be disturbing
in daily physical activity. Therefore, a further tumor
reduction was performed. This tumor was predominantly a
diffuse neurofibroma with circumscribed regions of
plexiform differentiation (Figure 8).

Brain. Cranial MRI disclosed focal areas of signal intensity
(FASI) in different regions of the brain, e.g. callosal
commissure, mesencephalon, in the basal ganglia and the
cerebellar core areas. However, the comparison of findings
recorded over several years indicated that the regions
demarcate with varying degrees of intensity and are not
constant in extent and localization over time. The patient did
not develop optic pathway glioma.

Endocrine and exocrine functions. In the early postnatal
period, hypothyroidism was diagnosed and treated with
levothyroxine up to the age of 13. On admission, the basal
value of thyroid stimulating hormone (TSH) was in the
normal range in the hormone-substituted patient (3.00
mIU/l). Repeated determination of parathyroid hormone
showed normal values. The patient has been taking several
vitamins for substitution since her early youth. However, the
regular intake of the substitute was repeatedly interrupted for
some time due to the patient’s lack of compliance, as the
mother reported. Various metabolites of vitamin D3 were
determined, and values were in the normal range. Serum
calcium, sodium and phosphorus levels were in the normal
range. However, repeatedly measured serum value of
alkaline phosphatase was increased.

Liver enzyme values are increased since birth, but there
are no synthesis disorders (GOT 73 μ/l; GPT 75 μ/l, γGT
116 μ/l). Current B-scan ultrasound of the adult patient’s
liver (diameter 10.9 cm) showed slightly enlarged bile ducts
of the left lobe and atypical course of lienal vein. Serum
creatinine value was normal, but GFR increased according
to chronic kidney disease epidemiology collaboration
(CKDEPI) calculation (130.7).

Long bone lesions: Imaging and therapy. On admission, the
patient is short (148 cm body height) and body weight is low

(42.5 kg) [Deviation from the developmental norm
(percentile (perc.)): height=1. perc. (=–2.75 standard
deviation (SD)); weight=1. perc (=–2.22 SD)]. Previous 
X-ray findings of the spine describe pronounced lumbosacral
hyperlordosis (90˚), without evidence of scoliosis. During the
first examination of the patient, the inclined pelvis was
noticed (Figure 1D). The patient has no butterfly-like
vertebrae on spine radiographs. At the age of 11, the patient
fell from a height of about 2 meters and the right ala ossis
ilii fractured. There was also an infracture of the left
acetabulum. The non-displaced fractures were treated
conservatively. X-ray findings of the long bones from the
time of pelvic fracture diagnosis are unknown. There are no
post-traumatic complaints in this region related to the bones.
There is a leg length difference in favor of the right side of
1.6 centimeters. At about 14 years of age, the patient
developed non-specific complaints of the knees and right
elbow. X-rays of the knee joints showed multiple fibrous
cortical defects of the distal femoral metaphysis and
proximal tibial metaphysis on both sides, possibly including
the proximal fibula on the left side. The radiological findings
were assessed as NF1-associated bone defects, which are to
be stabilized surgically (Figure 6). A whole-body MRI was
performed to determine the number of bony lesions and the
general tumor load. Whole body MRI showed patient’s low
internal tumor burden. A few cutaneous neurofibromas and
the well-known neurogenic tumor of the right forearm were
visible on MRI. Multiple nodular tumors of the
parapharyngeal space of both sides were arranged like a
string of pearls (Figure 2A).

Additional findings were extensive bone lesions of the
metaphysis of distal femora and proximal tibiae (only
vaguely visible on the left tibia). Additional CT scans of the
region showed that the lesions had not caused a cortical
defect. The diagnosis of the bone lesions was initially not
obvious. Because of the local pain, exploration, curettage
and elastic stable intramedullary nailing of the right distal
femur and curettage of right proximal tibia were carried out.
Alloplastic bone replacement (ceramics) was inserted in the
right femur. Healing was uneventful. There have been
complaints of the spine since the age of 17, for which no
cause has yet been identified.

Long bones lesions: Histology. The first assessment of the
bone samples gave the following findings: Right Femur:
Fibrous metaphyseal defect with proliferating mesenchymal
cells, multinucleated giant cells, and residues from older
hemorrhages in the bones. Tibia: Bone specimen with
partially fibrosed connective tissue without inflammation,
initially suspected of a solitary bone cyst.

The finding was re-evaluated now considering the
syndromic background and rated as membranous-cystic
tissue, partially monomorphic, mononuclear stroma with
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numerous residues of hemorrhages. A loose, myxoid foreign
material was focally disseminated. In further sections of the
specimen, multinucleated osteoclast-like giant cells could be
seen in the fibrous stroma and distinct small areas with bone
necrosis. The initially favored diagnosis of an aneurysmatic
bone cyst, based on a giant cell tumor, was corrected. The
bone findings of the extremities resembled  jaw lesions in
patients with cherubism. The final histological and
radiological assessment of long bone lesions favored a case
of Jaffe-Campanacci syndrome (JCS) as a rare NF1
phenotype due to NOF of the long bones in combination
with multiple osteolysis of the jaws.

Genetics. The patient’s genetic basis of NF1 was first revealed
at the age of 10. The deletion of an adenine residue in the
cDNA sequence at position 97 (97delA) of exon 2 of the NF1
gene was detected in the patient’s blood. The mutation is a

frameshift mutation that causes an early stop codon at amino
acid position 43. The termination of protein was predicted to
result in a very shortened, non-functional neurofibromin
polypeptide. The mutation of the NF1 gene is causative of the
disease NF1.

In the current genetic investigation, the already known
germline mutation was determined according to HGV
sequence nomenclature as c.99delA; p.Val34Serf*10 in the
blood DNA (18M0623), in a neurofibroma (18M0629) and
in central giant cell granuloma of the jaw (18M0627). A
second hit was detected in the neurofibroma’s DNA
(18M0629). There was a deletion of the entire NF1 gene in
the second allele of the nerve sheath tumor of the right
upper extremity. However, the DNA of the giant cell
granuloma (18M0627) showed no NF1 deletion or any
other mutation of the allelic NF1 gene. Similarly, despite
deep sequencing (×500), no mutations in other RAS
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Figure 6. Radiological findings of bilateral non-ossifying fibroma of lower extremities. (A) and (B) Plain radiographs of the distal femur, upper
tibia and fibula region depict an oval subcortical radio-translucent lesion in both the femora and right tibia adjacent to epiphyses. Lesions present
with a sclerotic margin. In the region of maximum horizontal diameter of both femoral lesions, the contour of the bone appears somewhat bulging
outwards. On magnetic resonance imaging (C and D), hyperintense lesions of the femora are prominent on T2-weighted images (C). T1 weighted
images show intact cortical layer of the bones.



pathway genes were detected (multigene panel). The
detection threshold of the examination procedure was 1-2%
in the mosaic part of a lesion. The RNA analysis of the
giant cell granuloma showed no evidence of an aberrant
transcript. In a further investigation, it was examined
whether a loss of heterozygosity (LOH) of the NF1 gene
could be detected in formalin-fixed, paraffin-embedded
samples of the CGCG. No LOH of the NF1 gene was
detected. Comparative exome sequencing showed no
interesting somatic variant in a plausible candidate gene for
the development of a giant cell granuloma, especially not
in SH3BP2 (comparison of the blood DNA as a surrogate
of the germline mutation vs. extract of the giant cell
granuloma).

Analysis of JAG1 and NOTCH1 genes revealed no
mutations known for ALGS. However, a hitherto not described
heterozygous JAG1 variant (c.575A>G) (p.Tyr192Cys) was
identified in the blood and tumor tissue (CGCG).

Therapy and follow-up of CGCG. Under general anesthesia,
the extensive CGCG of the upper and lower jaw were
excised (REF). At the infraorbital margin, the tumor had
expanded far anteriorly. With the removal, the infraorbital
rim could be permanently reshaped. The treatment result of
the orbital region has remained stable for 5 years. In contrast,
the excised extensive CGCG on the right side of the
mandible recurred soon after surgery to the former size. The
administration of bisphosphonates or other inhibitors of bone
metabolism, that have been recently propagated for the
treatment of CGCG, was not applied due to the patient’s
many illnesses. The extraction of a partially retained tooth
healed without complications.

Histology of jaw lesions. The spindle cell component of the
bone lesion expressed actin. The giant cells (osteoclasts)
were CD68 positive. The lesion showed no reaction to
antibodies against S-100 protein, epithelial membrane
antigen (EMA), desmin, CD34 and neurofilament. The
antibody against Ki67 did not react in the giant cells. In
contrast, Ki67 index was 5.8% (10/171 counted cells/mm2)
in the proliferating spindle cell component of the lesions.
The vessels of the granular lesions showed no perivascular
cuffing. Oral biopsy of soft tissues covering the partially
retained teeth adjacent to the bone lesions showed
unremarkable mucosa without evidence of infiltrates of a
neurofibroma. Neither progesterone nor estrogen receptor
expression was identified in samples of the jaw lesions
(Figure 7).

Discussion

This case report describes the diagnosis and treatment of
various skeletal and soft tissue manifestations in a patient
with NF1 who is also affected by other diseases that can
influence the facial phenotype and bone metabolism.
Knowledge about the diseases has influenced the choice of
therapeutic measures. The course of treatment documents the
successful alleviation of some symptoms through
individually adapted medical and surgical measures and the
importance of pathological and genetic diagnostics for the
patient’s care.

NF1 and bone. NF1 is known for the characteristic
peripheral nerve sheath tumors, but is also a disease of the
skeleton (8, 9). Certain local skeletal malformations are
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Figure 7. Histology of CGCG. Giant cell granuloma in neurofibromatosis 1: (A) hematoxylin and eosin (H&E) stain reveals a proliferation of
spindle cells intermingled with small histiocytic elements and giant cells; (B) immunohistochemically demonstration of smooth muscle actin (SMA,
brown stain) in spindle cells (not shown: expression of vimentin, no expression of S100 protein, EMA, CD34 and desmin); (C) demonstration of
CD68 in small histiocytic elements and giant cells; (D) demonstration of a proliferation index of 5.8% in fibrohistiocytes using Ki67-antibodies,
no labelling of giant cells; scale in (A)=100 μm also applies for pictures (B-D).



among the pioneering findings in the clinical diagnosis of
NF1 (1). Skeletal manifestations of NF1 can affect the entire
system (osteoporosis, short stature) but also can cause local
disorders concerning the shape and function of bones
(pseudarthrosis, scoliosis, dysplasia of the skull) (2). While
general disorders of the skeletal system affect many NF1
patients (2), local bone malformations and defects such as
sphenoid bone dysplasia or mandibular lesions are less
frequently recorded (1, 10-12). The rare finding of local
bone enlargement in NF1 patients is usually observed in
association with congenital plexiform neurofibroma.
Preferentially long bones are affected (2, 13), but local
hypertrophy can affect almost any bone. Unilateral facial
enlargements are typical findings of NF1 patients associated
with trigeminal plexiform neurofibroma (PNF). Contrary to
the external impression of a one-sided facial hyperplasia, the
mandible adjacent to the tumor is usually hypoplastic and
distortion of maxilla is forced by tumor-associated scoliosis
(14). For most patients, the unilateral increase in facial
volume is the result of nerve sheath tumor growth. True
local hypertrophies of the jaw, especially the mandible, have
rarely been reported in NF1 (15) and the topographical
relation with a PNF needs to be examined in the individual
case (16). So far, the causes of bone dysplasia in NF1 are
unknown and are very likely multifactorial (8, 9).
Haploinsufficiency and LOH of the NF1 gene are important
factors in local skeletal disorders of NF1 patients (17, 18).
In the present case, osteogenic hyperplasia of both jaws is
evidently associated with extension of multilocular, ‘bubbly’
lesions of osseous origin. There is no adjacent facial PNF.
Nerve sheath tumors can develop in the jaws (19-21).

However, neurofibromas rarely develop in the jaws of NF1
patients (12). In rare cases, malignant peripheral nerve
sheath tumor (MPNST) arises in the bone (22). Genuinely
osseous lesions other than CGCG can also develop in NF1
(12). Therefore, providing histological diagnosis is indicated
for osseous lesions in NF1.

Central giant cell granuloma of jaws (CGCG). CGCG is a
tumor-like lesion in the jawbone of unknown etiology and
pathogenesis (23, 24).

Differential diagnosis and terminology. CGCG has been
classified as a non-neoplastic lesion almost exclusively
arising in the jaws (25). The histological features of CGCG
do not correspond to those of a granuloma as such (25). It
was therefore proposed to use the term giant cell lesion of
the jaw (GCLJ) or central giant cell lesion (CGCL) (of jaw)
as an alternative term (26-28). However, both old and new
terms are currently used to address this entity (29, 30).

CGCG as a jaw lesion (31) must be differentiated from
other bone lesions with prominent giant cells, e.g. the giant
cell tumor (GCT) of the extragnathic skeleton, arising
particularly in long bones (32-34). Both entities show similar
morphology (25, 35-37). For a long time, it was discussed that
gnathic (CGCG) and extragnathic lesions (GCT) with a
granuloma-like morphology constitute locally modified
variants of a common entity (25). The distinction between the
two bone lesions was suggested by morphological and clinical
studies (31) and finally achieved in modern genetic tests (38,
39). Another important differential diagnosis of the CGCG is
the fibrous metaphyseal cortical defect [synonym: NOF (of
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Figure 8. Dermal neurofibroma with predominantly diffuse growth and scattered intraneural plexiform tumor parts: (A) over-view depicting a
diffusely growing tumor composed of cells expressing S100 protein (brown stain) with occasional circumscribed tumor areas indicating intraneural
growth (upper right); (B) S100 protein immunohistochemistry as in A, demonstrating the plexiform tumor portion at a higher magnification; (C)
demonstration of an intact perineurium surrounding the intraneural tumor parts with antibodies against epithelial membrane antigen (ring shaped
brown stain); (D) detection of scattered residual axons within the plexiform tumor areas with antibodies against neurofilament (brown dots); scale
bars in A and B=100 μm, scale in B also applies for C and D.



long bones)]. CGCG [outdated synonym: ‘reparative’ giant
cell granuloma of the jaw (31)] and NOF are histologically
identical. Tissue sections from GCT can have individual areas
giving the impression of a NOF, thus differential diagnosis of
lesions can be difficult (25). However, the jaw lesion can be
clearly distinguished from the giant cell granuloma-like lesion
of the extremities by localization and X-ray findings (25).
Problems in correctly diagnosing bone lesions in NF1 can
arise if an individual develops osteolytic lesions both in the
jaw and in the long bones, the former one indicative of CGCG
and the latter of GCT, NOF or other types of non-ossifying
bone lesions (40, 41).

Incidence and clinical findings of CGCG. Knowledge of the
incidence of CGCG refers to an epidemiological study by de
Lange et al. (2004) in the Netherlands (29). Incidence is
about 1.05/1 million in males and 1.35/1 million in females
(29). CGCG may arise in every age group, however,
preferentially arise in younger individuals (<30 years), more
often in women, and twice as often in the lower jaw
compared to the upper jaw. Treatment is surgical (curettage).
Clinical findings in CGCG are variable. Usually, there is a
solitary, painless, slowly growing lesion of the jawbone (29).
However, radiological findings vary from small, unilocular
to large, multilocular lesions with tooth displacement or root
resorption. Lesion-associated paresthesia is rarely recorded
(25). Recurrence rate is variable (11% to 49%) and relatively
high concerning a benign lesion.

Cells of origin in CGCG. The typical multinuclear giant
cells of the lesion are part of the body’s response to the
causative pathogen(s) and have been identified as
osteoclasts (42). The CGCG’s proliferating and tissue-
degrading cells are small, isomorphic cells with a
prominent, compact nucleus surrounded by a narrow
perinuclear cytoplasm (43). The discussion about the
biological characteristics of the constituent cells of the
lesion goes back to the time of the nosological demarcation
of the lesion (25), when the unifying concept for these jaw
lesions was established: the term ‘CGCG’ apparently
includes a wide range of entities, with reactive lesions [e.g.
in cases with hyperparathyroidism (44)] on the one side and
tumor-like aggressive osteolytic findings of jaws (45) on the
other side of spectrum. It is well known that bone lesions in
hyperparathyroidism can lead to metaphyseal defects of the
long bones as well as CGCG (46, 47).

CGCG and syndromes. Most CGCG arise without known
systemic disease and are considered a sporadic lesion (25, 29).
However, CGCG is an optional finding of various syndromes,
such as Noonan syndrome (48, 49), cardio-facio-cutaneous
syndrome (50), oculoectodermal syndrome (51, 52), NF1 [53-
63, including peripheral giant cell granuloma (56)], and

Schimmelpenning syndrome (64). CGCG was noted in a case
with Turner syndrome (65). Multiple CGCG of the jaws are
rare and give rise to suspicion of a generalized disease (43,
44, 63, 61). However, the finding of a solitary CGCG does not
exclude a syndromic background of the lesion (60).

CGCG of jaws in NF1. CGCG is an unusual, well-known
lesion of the jaws in NF1 (31, 55, 57). However, the number
of NF1 patients is low in studies regarding this jaw lesion
(29, 30). In a group of 83 patients with CGCG, there were 2
patients with proven NF1 (2.41%) (29). The total case
number of extensive NF1-associated CGCG was slightly
more than 10 in a recent review of reports published in
English (41). Indeed, the association between CGCG and
some cases of NF1 is apparently largely unknown (66).
Recently, LOH of the NF1 gene was identified in the
recurrent mandibular CGCG of an NF1 patient (60). An
extensive study revealed the second (somatic) hit of the NF1
gene in the tumorous cells of NF1-associated CGCG in two
cases (67). This finding was confirmed in a further NF1-
associated multilocular mandibular CGCG (63). Genetic test
results on constitutive mutations and on CGCG (67) have
made a significant contribution to clarifying the interpretation
of clinical-radiological findings [unilocular vs. multilocular,
synchronous vs. metachronous (68)] for the definition of
entities arising in the jaws being rich in giant cells (69).

However, no somatic NF1 mutation in the CGCG was
detected in the present study. This result is in contrast to
previous studies on CGCG and NF1. Other known mutations
of the RAS pathway were not detected in this CGCG either.

However, second hit mutations of NF1 gene were not
identified in NF1-associated NOF of long bones despite
using very sensitive detection methods (67). This result
indicates that either (genetic) factors independent of a second
hit of the NF1 allele can initiate the osteolytic bone lesion,
or the proportion of tumor cells with a somatic mutation of
NF1 gene in a lesion can be very low but very effective and
thus, have a ‘large-volume’ effect inducing dedifferentiation
of neighboring cells. The term ’landscaping effect’ was
introduced for this hypothetical impact of cells or cell groups
on surrounding non-tumorous cells (69).

Non-ossifying fibroma (NOF) of the bone. NOFs are a
common finding in long bones (31). The lesions develop
preferentially in childhood and adolescence, are usually non-
symptomatic, and diagnosed as incidental findings on X-
rays. It is believed that approximately 30% of children and
adolescents have NOFs of long bones (70). The lesion is
frequently localized around the metaphysis (31, 71). Lesions
of the distal femur are characteristic among the NOF-
affected bones (31). Growth potential of NOF usually is self-
limiting, giving the impression of a small, sharply
demarcated cortical defect of cortico-cancellous lesion
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restricted to the metaphyseal regions, or a scalloping
osteolytic lesion covered with a thin cortical layer. Many
lesions heal with complete bone recontouring of the
trabecular and cortical bone. Small, local contour changes or
hyperdense areas of a former NOF region can indicate
residues of the lesions on plain radiographs. However, in
some cases the lesions can be symptomatic requiring surgical
intervention (71, 72). A clinical study identified 12.6% of
cases that had been symptomatic and 6 of 87 cases (6.9%)
even had developed a lower extremity fracture (73). Some
authors differentiate between the fibrous metaphyseal defect
and NOF of long bones (74). Generally, both non-ossifying
lesions of the metaphyseal long bones are considered
variations of a uniform pathogenesis (70). Since NOF is
typically a self-limiting lesion with a high spontaneous
healing rate, there has been controversy over a long time
whether these lesions are malformations or neoplasms of the
skeleton. Somatic KRAS mutations were identified in 64% of
59 evaluated cases of NOFs of the bone (75). NOF is
regarded a RAS-MAPK driven benign bone neoplasm (76).
Other mutations have been identified in NOFs in the FGFR1
gene (69). 

No tissue sample from the NOF of the patient was
available for examinations, so reference is made to the
literature review for the interpretation of the findings (69).

NOF of the bone in NF1. NOF of the long bones develop in
some NF1 patients (40, 77-81). The frequency of the lesions
in NF1 is unknown and clinical studies on NOFs usually do
not present information about the genetic status of the
patients (73, 74). Pathological fractures in NF1-associated
NOF have been reported that had to be treated with
osteosynthesis (78, 82). Combinations of NF1 with NOF and
another syndrome are known (83). NOF also occurs in
syndromes not related to NF1 (84-86). The differential
diagnosis of NF1-associated NOF to other osseous lesions
can be difficult (87-89), even when using very sophisticated
methods detecting differences in the metabolism of the lesion
indicative for a malignant neoplasm (90, 91). Complete
radiological examination of the skeletons of NF1 patients is
not part of the diagnostic routine for this patient group (2).
It is assumed that the proportion of undiagnosed metaphyseal
lesions of the long bones in NF1 patients can be relatively
high and the diagnosis of NF1 should be considered in the
case of multiple multi-cystic lesions localized around the
knee (92). Diagnostic biopsies were considered unnecessary
in these cases (92). However, surgical exploration may be
necessary if the differential diagnosis of imaging findings is
inconclusive (84, 90) or the patient develops local symptoms
(22, 89, 91, 93). On the other hand, it is known from whole-
body (WB) MRI of 247 patients with neurofibromatosis that
NOF is detected in around 1.2% of cases (94). However, the
information relates to the entire group of patients who either

had NF1 (n=141), NF2 or schwannomatosis. In addition, the
study focused on patients >18 years old and thus, not on
children and adolescents, in whom the prevalence of the
lesions could be higher. The resolution quality of WB MRI
for small bone lesions is also unknown. Nonetheless, the
study suggests that long bone lesions are likely to be rare in
adult NF1 patients and do not differ from the general
population (95).

Current recommendations for imaging NF1 focus on
internal tumor detection, especially soft tumors, when using
WB MRI. The differentiation between benign, potential
malignant, and malignant tumors is in the foreground of the
application. Skeletal lesions are not the focus of the
application of non-radiogenic overview examinations of the
NF1 patient. Localized imaging strategy adapted to the
situation is recommended for symptomatic findings (96).

Association of CGCG and NOF. Both sporadic NOF of the
long bones and sporadic CGCG of the jaws share mutations
in the KRAS and FGFR1 genes (69). However, mutations in
TRPV4 were identified in CGCG but not in NOF. The
mutation pattern of sporadic CGCG so far has not been
confirmed for syndrome-associated osteoclast-rich lesions of
the craniofacial bones. In NF1-associated osteoclast-rich
lesions of the craniofacial bones, only mutations of the NF1
gene can be regarded as the presently known cause for the
lesion(s) (69).

Jaffe-Campanacci syndrome. In some cases, patients develop
NOF in the long bones and show extra-skeletal findings, in
particular hyperpigmentation disorders of the skin, such as
CAL spots and inguinal/axillary freckling (97-99). However,
these patients do not develop neurofibromas (97-99). The
first description of the combination of the skeletal and
cutaneous findings goes back to Jaffe. He had already
discussed the phenotype as a forme fruste of
neurofibromatosis (99). Twenty years later, Campanacci gave
a lecture presenting detailed case reports and literature
review of the combination of long bone lesions and
pigmentation disorders (97). Following this oral presentation,
the coincidence of non-ossifying fibrous lesions of long
bones and pigmentation disorders of skin (and further ‘extra
skeletal’ findings, with mandatory exclusion of
neurofibroma) was interpreted as a distinct syndrome (97,
98). Referring to the mentioned Campanacci lecture
reporting 4 cases of NOF and CAL spots, Mirra et al. added
another case with this combination of findings (97). This
report mentions for the first time in writing that three of the
four Campanacci’s cases had also developed jaw lesions.
Neither in this nor in later reports the jaw lesions’ diagnosis
is clarified, thus assessment of the jaw lesions of
Campanacci’s original report cannot be made from available
documents. A tissue sample of jaw lesions was not taken in
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any of the cases (97). Thus, the case report by Mirra et al.
(97) is the first, in which all three findings were adequately
documented (skin finding, metaphyseal bone defect,
mandible defect) and a tissue sample of the mandibular
lesion was examined in detail. The histological finding was
CGCG of the jaws. The almost complete identity of the
lesions’ histological findings in the long bones and the jaws
was explicitly mentioned. The designation ‘Jaffe-
Campanacci syndrome’ (JCS) was introduced to describe
patients with both skeletal and cutaneous findings giving
reference to authors contributing to the delineation of the
syndrome as a clinical entity (97). In the clinical research
following this first description, the skin findings and the
metaphyseal osteolysis were used as the essentially defining
features of the syndrome (‘classical’ JCS) but not the jaw
findings (67). Indeed, osteolytic jaw findings have only been
reported in a few cases of JCS (for review: 67). A possible
cause for this selection of pathfinding diagnostics in JCS
may be that in the case where NOFs on X-rays of the long
bones are identified, simultaneous cranial X-ray diagnosis is
not mandatory. On the other hand, if a CGCG of the jaw is
detected in an individual, X-ray diagnosis of the extremities
is not a routine standard. The definition of constitutive
features of JCS, in particular the importance of the jaw
lesions, is also made more difficult by the fact that
Campanacci does not mention any case with lesions of the
jaw in a later presentation of the syndrome of multiple NOFs
of the long bones and pigmentation disorders of the skin
(n=10) (99). However, the report appreciates several other
findings associated with the syndrome (98). None of the
patients had neurofibromatosis or had family members with
this diagnosis as revealed in long-term follow-up (100). Of
note, current NF1 diagnostic criteria (Table I) do not cover
all potentially affected individuals under 8 years of age
(101). If the patients who were supervised by Campanacci
for a long time did not develop NF1 (100), genetic mosaic
of NF1 must also be considered for the assessment (67).

Extra-skeletal findings in JCS remain very variable. The
skin findings are inaccurately described and classified as part
of the syndrome with very variable appearance and different
morphology. CAL spots were recorded in only 6 out of 10
patients (98). In a later analysis of a large series of NOF
including 20 cases with JCS, no indication of skull findings
is given either (100).

In the time between the two reports by Campanacci (98,
100), Mirra published a review on the syndrome, which he
himself has named (102). In fact, the application of
diagnostic standards was made even more difficult by this
overview. First, the data reported to date (1989) on JCS were
summarized, based on the referred 10 cases by Campanacci
(98) and one by Mirra et al. (97). Then, a new case was
added, which was presented as atypical, but was claimed to
meet JCS diagnostic criteria. In this case, the maxilla and

mandible were affected by CGCG. The long bones were
explicitly described as not affected. Multiple nevi were
registered as skin findings, which were histologically found
to be incontinentia pigmenti (no CAL spots). However, there
were also pits in the skin folds (axilla). The differential
diagnosis (103) of the presented findings of a mentally
handicapped 9-year-old patient was not discussed, neither
concerning skin findings nor multiple CGCG in the jaws,
presumably because the analysis was devoted to reviewing
skeletal findings, in particular the morphological identity of
NOF and CGCG. Subsequent studies on multiple CGCG
without evidence of NOF in the long bones usually have
refrained from evaluating skin and jaw findings as sufficient
for diagnosing JCS, with few exceptions (67).

JCS is a rare diagnosis in collective statistics on fibrous
cortical defects/NOF of long bones [e.g. 2/401 cases, 0.5%
(74)] and is not regularly considered a differential diagnosis
in the standardized treatment evaluation of metaphyseal NOF
(73). The description of JCS predominantly from X-ray and
morphological findings of the axis skeleton and the
inspection of the skin have consequences for the further
application of JCS diagnosis in medical literature. In many
reports on metaphyseal defects of the long bones diagnosed
as JCS, investigation of the jaws is not reported and CGCG
is not a constitutive finding to distinguish sporadic and
syndromic lesions (67). As a rule, jaw findings are not
considered in recent case reports on JCS (104-109).

In other words, CGCG of the jaw is not a defining feature
in diagnosing JCS in recent radiological, orthopedic, and
genetic literature (67, 79). In individual cases, pigmentation
disorders like those of NF1 patients and NOF can also
develop in patients affected with other syndromes (109).
Among other diagnoses of bone lesions (see above),
differential diagnosis of NOF is fibrous dysplasia and
osteofibrous dysplasia Campanacci (110, 111), the latter one
with preference for the tibial cortex (31). Differentiating the
entities can be difficult, especially for small tissue samples
and for samples taken from patients in whom the bone
findings have already been treated surgically. The genetic
basis of the syndrome is unknown. However, most cases
with features of JCS of the recent past are diagnosed as
having NF1 (67).

Jaffe-Campanacci syndrome and NF1. It was pointed out
early on that some cases of what is now called JCS develop
typical skin pigmentations (CAL spots and freckling) (99),
which are now defining features of NF1 (2). Later, patients
were diagnosed with metaphyseal bone lesions
(defects/NOF) who also had developed neurofibromas (104)
and fulfilled the current diagnostic criteria of NF1 (40, 106).
The clinical diagnosis of the skeletal findings as lesions
associated with NF1 requires the exclusion of endocrine
disorders (52, 46, 47, 112). Meanwhile, the simultaneous
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occurrence of CGCG of the jaw and NOF of the long bones
in cases with NF1 has been described in detail [40, 53 (in
the latter case, jaw lesion was initially diagnosed as GCT)].
Recent genetic studies have shown that some patients with
symptoms of JCS have constitutive NF1 gene mutations
(67). In one JCS case, LOH of NF1 gene was identified in
NOFs of long bones (113). Furthermore, somatic NF1
mutations were identified in cell cultures of jaw lesions -
originally diagnosed as CGCG - in two individuals who were
diagnosed with JCS (67). However, the report does not
provide data on long bone findings in these two individuals.
From these findings and a detailed evaluation of the
literature, it was convincingly demonstrated that NF1 can be
diagnosed in most patients with pigmentation disorders of
the skin and NOF or CGCG (67). However, the isolated
occurrence of CGCG in an NF1 patient without long bone
NOF (64) should not be called JCS, because the original
definition of the syndrome excluded neurofibroma from the
differential diagnosis (31), required the manifestation of long
bone NOF and CAL spots (99), and referred to CGCG as an
anecdotal finding (102). The frequent detection of
constitutive NF1 mutations in most cases with JCS has
established the conclusion that JCS is probably a
manifestation of NF1 and not a distinct entity (67). So far,
documentation of individual coincidences of CGCG, NOF,
skin lesions and established diagnosis of NF1 is very limited
(113-115). The case presented here supplements the rare
reports on features related to JCS and NF1 providing further
details on the genotype and phenotype of NF1.

Importance of CGCG in the diagnosis of JCS in NF1. A
review has indicated that JCS is an entity not clearly defined
(67). It seems plausible to assume that in the cases with
radiological evidence of metaphyseal bone defects and
characteristic skin findings, the Χ-ray examinations were
carried out first, and only in some cases unusual skin
findings were registered afterwards (99).

The skin findings will primarily have required differential
diagnosis of NF1 (31), or another syndrome (102), with a
combination of bone and skin findings. The importance of
CGCG for diagnosing JCS is not clear either. Confusion
about the diagnostic value of the jaw findings (CGCG) for
JCS could also be due to an early review, which, based on
an incorrect evaluation of current publications on this topic
at that time, led to the assumption that the proportion of
CGCG arising in the jaws was around 62% among patients
with JCS (104). Mirra’s assessment of diagnosing JCS in a
case with CGCG but without long bone NOF fits into the
argument, the exclusion of characteristic osteolysis of the
long bones in individual cases is not an exclusion criterion
for the diagnosis of the syndrome (102).

Later reports on JCS generally do not list any more jaw
findings, but the exclusion of neurofibromas or

neurofibromatosis is still mandatory for the definition of the
entity (100). Based on the unexplained diagnostic criteria of
JCS, it was only logical to rely on the examination of the
potential etiological connection between NF1 and JCS
predominantly in cases that had developed histologically
confirmed NOF of long bones only (67). However, most
patients in this international study group had clinical stigmata
already confirming a diagnosis of NF1 (total number of cases:
n=23; neurofibroma: n=14). Stewart et al. (67) have studied
patients suspected of being affected by NF1 who were
investigated by genetic testing for NF1 germline mutations.
The selection criterion for the individuals of the study was
the evidence of skeletal findings derived from different
database sources, which are to be verified when JCS is
suspected. This study included patients of earlier publications
with known NF1 and a few borderline cases of JCS and NF1
to test the diagnostic accuracy of identifying JCS phenotypes
as variants of NF1. This is not a study of sporadic cases with
an incidental diagnosis of NOF/CGCG and an investigation
of a potential NF1 background of affected individuals.

Three cases with CGCG were examined (67).
Significantly, the detection of a NF1 mutation was negative
in only one of the three cases with CGCG. This case is the
only patient of the whole series who had developed both
CGCG and NOF. The clinical diagnostic criteria of NF1 and
JCS were not met in this case (diagnostically inconclusive
pigmentation disorders of skin). The other two cases with
CGCG who were classified as non-classical JCS, obviously
had no NOF of the long bones (at least no radiographs of
long bones) and germline and somatic NF1 mutations (67).
The two individuals had certain characteristics of the jaw
lesion, well documented for NF1 (46, 47), and clinical
findings allowing an NF1 diagnosis. The authors explicitly
state that it cannot be concluded from the previous studies
that no JCS can develop without evidence for NF1 (67). The
frequency of NOF in NF1 cannot be derived from this study.
However, NOF is obviously a frequent diagnosis in
adolescence (73). With a frequency of up to 30% in children
and adolescents in the normal population, NOF should be
found in NF1 patients much more frequently than previously
assumed (94). The study supports the estimation that the
originally described diagnostic triad of findings (97) is
exceptionally rare both in relation to NF1 and in sporadic
cases. The only case in the series published by Stewart et al.
(67) who had developed the diagnostic triad of skin
pigmentation disorders (‘nevi’), CGCG and NOF (JCS), had
no NF1.

From this review of reports on JCS, CGCG and NF1 it
can be concluded:

The frequency of CGCG and NOF in NF1 is unknown.
The coincidence of CGCG and NOF has been described very
rarely in individuals not affected by NF1 (67) and in NF1
(40, 113, 115). Apparently, only years of collecting bone
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findings can provide a substantial number of individual cases
that meet the required diagnostic pattern (100). This is the
largest series on the syndrome published so far and the only
one that, based on long-term follow-up examinations, claims
that in these cases, NF1 has been safely ruled out (100).

The very few reports on the coincidence of findings
following the first description of the diagnostic triad (91)
argue for a sporadic association (67).

Synchronous development of the jaw and long bone
findings and NF1 can be demonstrated in individual cases
(40, 113, 115). At present, the coincidence of diagnostic
criteria is not obligatorily used to define the case of JCS in
NF1 (67).

The often-arbitrary subsumption of certain bone and skin
findings under the sign “JCS” is detrimental to the use of the
term as a diagnostic aid. Most cases are combinations of
findings as partial aspects of an inheritable syndrome.

Diagnosis of CGCG combined with obvious pigmentation
disorders of the skin should prompt the examination for
stigmata of a syndromic disease.

The case presented here is a rarity, the phenotype of which
must be differentiated from other diseases.

Cherubism. Cherubism is a disease of the jaws characterized
by extensive transformation, remodeling, and cyst-like bone
expansion, which can lead to extensive cheek swelling (116,
117). Facial findings can become very noticeable and
disfiguring. The bone lesions develop as early as in
childhood and show maximum extension usually during the
first two decades of life (116, 117). The patient’s chubby-
cheek appearance can progress to a facial phenotype that is
remotely like angles (cherubim) depicted on Renaissance
paintings. The bone lesions can extend into the orbit and
even further than the maxillary part of the cavity (118).
Although rare cases of bone lesions rich in giant cells arising
outside the jaw have been reported in individuals with
cherubism, lesions in the metaphyseal regions are not
included in these reports (119).

The bone disease was defined as an autosomal-dominant
heritable entity and metaphorically termed cherubism (117).
Cherubism is a non-neoplastic, usually self-limiting jaw
disease, from which an involution is expected during the
third decade of life (119). The histological findings of the
osseous lesion in cases of cherubism correspond to those of
CGCG (120). Indeed, the formal pathogenesis of the skeletal
lesions in a cherubism phenotype is described as the
development of multiple, potentially confluent CGCG of the
jaws (25). 

The pathogenic mutation is on the SH3BP2 gene of
chromosome 4p16.3 (121, 122). Several studies have
determined the differentiation between sporadic CGCG and
osteolysis of the jaw in cherubism by determining
constitutional and sporadic SH3BP2 mutations (123-125).

Identification of SH3BP2 mutation is a valid proof for the
inheritable disease (119). In some cases, SH3BP2 mutations
have also been detected in CGCG. Since cherubism tends to
occur during childhood, residual skeletal lesions in adulthood
can look like a sporadic CGCG. From the size and extent of
the lesion it cannot be inferred immediately to indicate or
exclude the disease. Because of the frequently spontaneous
regression of the lesions, a wait-and-see attitude is
advocated. However, surgical treatment of cherubism is
unavoidable in certain cases (126).

There are distinct hereditary diseases that can develop a
cherubism-like phenotype in individual cases, e.g. triple X
syndrome (127), Noonan syndrome and the so-called
Noonan-like/multiple giant cell lesion syndrome (128-137),
Ramon syndrome (138-140), and NF1 (29, 40, 54, 141-144).
In all cases of cherubism defined as an inherited trait and in
such syndromic diseases in which individual cases have a
cherubism-like phenotype, CGCG is the morphological
correlate of the lesion. No definite distinction can be made
between a focally limited CGCG of the jaw and a case of
extensive, disfiguring cherubism exclusively based on the
microscopic image. The distinction between sporadic CGCG
and a case of cherubism can be difficult, for example if a
SH3BP2 mutation is detected in CGCG (exon 11) and the
mutation is not detected in the germline DNA (123).
However, in studies on sporadic CGCG – without a
cherubism phenotype - no mutations of the SH3BP2 gene
were detected (24, 125). Phenocopies of cherubism without
evidence of SH3BP2 mutation should be called cherubism-
like only in a descriptive sense (119). Indeed, the
clinical/radiological phenotypes of large or multilocular
CGCGs (62) can show gradual shifting to a case of
cherubism, especially if the multilobulated osseous jaw
lesion has expanded bilaterally and symmetrically in relation
to the median sagittal plane of the body (41). Symmetry of
bone lesions is a characteristic but not obligatory finding in
cherubism (144, 145). Indeed, the assumption of complete
involution of the bone lesion in patients with cherubism was
not confirmed by radiological follow-up in adult patients
(144). Residuals of the bone lesions were relatively common
in adults and may have developed asymmetrically (144),
which in individual cases - and without knowing the course
of the lesion - may lead to diagnostic problems (123-125).
Therefore, histological evidence of CGCG in adulthood does
not exclude the diagnosis of cherubism, even with small or
only circumscribed lesions. This knowledge of the variable
phenotype of cherubism and cherubism-like entities
underscores the importance of identifying the monogenetic
basis of cherubism in the differential diagnosis of multiple
osteolytic lesions of the jaw with prominent giant cells.
Likewise, the presentation of a phenotype of bilateral
mandibular CGCG that is almost identical over three
generations does not provide evidence of an independent
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syndrome if a genetic test to rule out known syndromes is
not carried out (146).

The exclusion of SH3BP2 mutations in the present case
excludes cherubism as the cause of the facial phenotype.

Cherubism and NF1. The few reports of NF1 patients with a
cherubism-like phenotype and those of some with solitary or
multiple CGCG of the jaws support the concept that both
findings are phenotypic variants within the spectrum of NF1-
associated jaw lesions characterized by prominent giant cells.
To our knowledge, there is no published case providing
evidence of both SH3BP2 and NF1 mutations in an individual.
Synchronous examinations of the skull and the entire skeleton
in cases of NF1-associated cherubism are rare. However, there
is at least one report that has ruled out limb lesions in a very
extensive form of cherubism in an NF1 patient (143).

A striking finding in the present case is the complete
emergence of the permanent teeth and the alignment of the
teeth in a closed row of teeth (except for a few wisdom
teeth). On the other hand, in cases of cherubism and the
expansion of lesions in the alveolar process, tooth retention
and aplasia of teeth are very often recorded (46, 119). The
case of Vannelli et al. (113) describes a unilateral NF1-
associated cherubism with localization in the ramus
mandibulae. This region is the typical starting point of
osteolysis in cherubism. Influence of the lesion is restricted
to mandibular ramus. Dentition is not expected in a section
of the jaw that usually no longer contains teeth in the
adolescent. Subsequent findings on the potential for further
expansion of the lesion are not reported. In contrast,
Martinez-Tello et al. (115) described a case of cherubism in
NF1, in which the jaw lesions had a significant influence on
the eruption and position of molars. From these reports on
the cherubism phenotype in NF1, no pattern of the influence
of the syndrome-associated lesions on the dentition can be
derived. However, in many patients with unilateral plexiform
neurofibromas of the second or third branch of the trigeminal
nerve, the patient’s (unilateral) dental findings are noticeably
different from the anomalies of the tooth position and the
number of teeth of the permanent dentition recorded in cases
of NF1-associated cherubism.

In a current study, genotype-phenotype correlations for
defined NF1 missense mutations were analyzed in 162
individuals with NF1 (147). The proportion of pulmonary
stenosis was relatively low [2/113 (1.77%)], the proportion
of patients with a Noonan syndrome-phenotype was 7.5%
(10/134). Overall, the proportion of adult patients with a
severe phenotype was very high (75%). The inclusion
criteria defining a severe phenotype in this study had to
present at least one of the following features in an individual:
plexiform and/or symptomatic spinal neurofibromas,
symptomatic optic pathway glioma, malignant neoplasm, or
osseous lesions. Many of the patients in the study group

were >19 years old (56/75 individuals). The term ‘osseous
lesion’ included many entities. However, among the
individuals with a diagnosis of ‘osseous lesion’ (48/144,
33.3%), only 2 cases had no further specified bone cysts. The
diagnosis ‘cherubism’ is listed as an inclusion criterion of
skeletal lesions but is not mentioned as a definite finding in
the presentation of results (147). Both cherubism and
findings diagnostic for ‘JCS’ are probably very rarely related
to NF1 missense mutations, at least in adult patients. On the
other hand, NF1 patients with a large NF1 deletion
developed bone cysts in about 50% of cases (148). Children
and adolescents were also examined in this study. However,
this publication took no account of jaw lesions or topography
of the cysts and did not apply diagnostic criteria of JCS to
the cohort (148).

The average age of the patient with cherubism is less than
10 years (149). A recently presented overview of reports on
extensive and bilateral CGCG in 10 NF1 patients shows that
the average age of the patients is 30.2 years (41). Only one
patient was younger than 10 years at the time of diagnosis
of the jaw lesions and two were aged 11 years (41). It was
emphasized that these patients had not developed a typical
cherubism phenotype. However, extensive jaw lesions and
multilocular formation have been described, including cases
with lesions in both jaws (41). There appears to be a
distinction between the early onset of jaw lesions in
cherubism (usually noticeably below 10 years of age) and
the (extensive) CGCG associated with NF1 (usually older
than 10 years) concerning the age of diagnosis. Age of onset
of CGCG in the presented report complies with data of
syndromic cherubism-like jaw lesions.

The features of the presented case concerning the findings
essential for JCS and a cherubism-like phenotype in NF1 are
like those of the cases presented by Vannelli et al. (113) and
Martinez-Tello et al. (115).

Alagille syndrome. The genetic disorder Alagille Syndrome
(ALGS), also known as Alagille-Watson syndrome or
arterio-hepatic dysplasia, is characterized by the combination
of chronic bile drainage disorders (cholestasis) becoming
symptomatic with congenital jaundice, dysmorphic findings
of the face and eyes (embryotoxon; drusen of the optic
nerve), diseases of the heart and malformation of proximal
vessels (in particular: pulmonary artery stenosis), as well as
anomalies of the vertebral arches (150). It is one of the most
common causes of intrahepatic bile congestion in childhood
(151). The anomaly of the bile ducts is diagnosed in about
90% of the cases (range: rarefaction of the biliary tract to
complete biliary atresia). Abnormalities of the face are a
pronounced forehead (balcony forehead, frontal bossing)
associated with deep-set and widely spaced eyes
(hypertelorism), a saddle nose, and a shortened chin region
(152). The findings are different in number and form but add
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up to a characteristic of over 90% in this patient group (152-
154). The facial dysmorphism can turn out very subtle and
escape observation (152-154). However, the evaluation
criteria for facial dysmorphism were not published in every
original paper (143-145). A high level of professional
competence seems to be necessary to recognize the facial
dysmorphism of the ALGS patient (155). 

A further study on the diagnostic contribution of facial
characteristics of ALGS patients has shown that these
criteria can vary depending on the patient’s ethnicity and
must therefore be used in a relative way (155). Oral findings
are rarely considered in ALGS and are non-specific, while
the report of discolored teeth in an ALGS case is likely to
be coincident (156, 157). So-called butterfly vertebral
arches are frequent findings (158). The rate of bone
fractures in patients is high (up to 21%) (141, 144). Itching
is a feature of ALGS (150).

ALGS is a very rare, autosomal dominant inheritable
disease. The incidence of the disease is estimated at 1:30,000
to 1:50,000 live births (151). So far, two sub-types have been
described. A mutation in the JAG1 gene (location:
chromosome 20p12.2) causes ALGS1. A mutation of the
NOTCH2 gene (location: chromosome 1p13-p11) causes
ALGS2. There are no genotype-phenotype correlations in
ALGS (150, 158-160). Several findings of the patient apply
to ALGS: itching, congenital hepatobiliary disorders,
peripheral pulmonary artery stenosis, pale coloring of skin
and facial hair, freckles, frontal bossing, and deep-set eyes.
Pulmonary hypertension and itching are features of both
ALGS (150) and NF1 [rare prevalence in large cohorts (160)
and more frequent in genetically defined NF1 subgroups
(161), especially in NF1 with Noonan-syndrome (162)].
Prominent frontal bone bossing was noticed in numerous
syndromes, including NF1 patients with large deletions (143)
and patients with Noonan syndrome (162, 163). Facial
dysmorphism was attributed to the spectrum of NF1 (143,
147). However, the definition of facial dysmorphism usually
remains vague (2) or is used as an undefined category in the
evaluation (164, 165). Nevertheless, NF1 patients with large
deletions tend to have a prominent forehead and eye
positions somewhat more separated from each other in
transversal plane (148). However, deep-set hyperteloric eyes
are a feature of ALGS, too (150). Experimental studies
suggest an impact of Jagged1 on midfacial development
(166). The triangular shaped face is a feature of ALGS not
present in the present case. However, the facial skeletal
deformity due to the extensive CGCG can dissolve a
skeletal contour characteristic in patients with ALGS.
Indeed, the patient’s chin region is quite prominent. The
presented case is a mild form of ALGS. The identified JAG1
mutation has not been reported. The mutation is rated a
germline mutation and could be diagnostic (‘likely
pathogenic’) for the patient’s ALGS.

Craniofacial findings in patients with a history of fetal
exposure to alcohol intoxication. Evidence shows that the
patient is the child of a mother suffering from alcoholism.
As noted, the newborn was dystrophic and small for her
gestational age. Consequences of prenatal alcohol exposure
for the organism are summarized under the term Fetal
Alcohol Syndrome (167) or Fetal Alcohol Spectrum
Disorders (FASD) (168). It is believed, that the multiple
changes in the affected organism also have a genetic cause,
as the alcohol intake during pregnancy affects the regulation
of different genes during embryogenesis and in the fetal
period (168). The features of FASD also include craniofacial
changes, which must be considered in connection with the
present patient’s skeletal phenotype. However, the
craniofacial manifestations of FASD are non-specific (169)
and there is a great variation in the clinical features of FASD
(167). A common FASD finding is a sagittally shortened
nose with upturning the nose tip, occasionally associated
with a short distance between the nose and lip (170, 171). A
study on three-dimensional photographs of FASD children
revealed that the morphological differences corresponded to
the impression of general midface depression (170).
Furthermore, significant differences were identified
concerning the distance between the right and left sulcus nasi
at the transition point to the philtrum (172). The soft tissue
analyzes must be assessed in connection with cephalometric
findings. In one study, frontal bossing, the lengthening of the
mandibular body and deep nasolabial folds were diagnosed
in fifteen American black children, which in the sum of
findings generate the impression of midfacial hypoplasia.
However, in the cases examined, neither the position nor the
size of the midface deviated from the expected norm values,
as determined on cephalograms (172). In contrast, another
study in 90 children with a medical history of a FASD
showed maxillary underdevelopment in horizontal and
vertical direction. The vertical dimension of the mandibular
ramus was shortened in relation to the total length of the
face. The gonial angle was enlarged and the FASD patients
developed a long face compared to age, sex and social class
matched controls (173).

When comparing known FASD-associated craniofacial
changes with the patient’s facial findings, frontal bossing is
shared between NF1 and ALGS phenotypes, while the
midfacial hypoplasia and upturning nose pit may be a
manifestation of FASD and ALGS. A comparison with the
facial phenotype of the birth parents is not possible because
there is no contact with them. There is an increased risk of
fractures for children with FASD up to about eight years of age
(174). The patient’s pelvic fracture occurred a few years later
than the calculated risk age (173). However, NF1-associated
bone regeneration disorder can be another factor why a bone
fracture occurred from a fall from relatively low height. Further
pathogenic effects of the mother’s alcoholic intake on the child
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during embryonal stages cannot be excluded in the patient.
However, the alcohol-toxic effects on the embryo’s developing
hepatobiliary and pulmonary system are individually variable
and cannot be assigned to a certain phenotype (175).

Sex hormone receptors in CGCG. The report of estrogen
receptor expression in NOF has opened the discussion that the
typically self-limiting growth of the lesions during puberty,
which are now classified as neoplasms, is controlled by sex
hormones (76). The similarity of the morphology of NOF and
CGCG suggests a similar expression pattern of the tumor cells.
However, spontaneous regressions of the lesions are much less
likely with NOF than CGCG (76). No estrogen receptor was
detected in CGCG of the jaws (176). On the other hand, the
results on the sex hormone receptor status of peripheral GCG
of the jaws are inconsistent (177, 178). In the presented case,
jawbone lesions were negative for estrogen receptor
expression. Two further NF1-associated CGCG cases of jaws
(female, age <20 years) were also estrogen receptor negative

(unpublished results). It seems reasonable to speculate that the
frequently different course of the two osseous lesions is at
least partially regulated by the expression of sexual hormone
receptors. Regression of the CGCG is typical only for
cherubism (in the post-pubertal period) (119), largely
unexplored for syndromic cherubism-like lesions and not to
be expected in sporadic lesions (46, 47).

Conclusion

The coincidence of various diseases requires careful
examination of individual findings to determine their
potential pathological significance. In the individual
phenotype, very different (epi)genetic factors can converge to
a finding or association of various findings, e.g. in the
craniofacial region (Table II). The genetic examination
contributes significantly to diagnosis in individual cases
(179). Careful clinical description of cases is the prerequisite
of genetic studies (67, 100, 180, 181). Histological evaluation
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Table II. Compilationofcharacteristicfindingsofthepatientandvarioussyndromes.

Finding diagnostic for/associated with a disease Patient NF1 JCS Cherubism ALGS FASD

Short stature and low body weight + + – – + +
CAL spots + + + – – –
Inguinal and axillary freckling + + + – – –
Neurofibroma, multiple cutaneous + + –1 – – –
Neurofibroma, diffuse + + –1 – – –
NF1 germline mutation + + –1 – – –
Giant cell granuloma of jaw2 + + + + – –
Facial dysmorphology (not further specified) + +3 – +3 + +
Facial asymmetry + +4 – (+) – –
Frontal bossing + + – – + +
Deep-set eyes (bilateral)5 + – – – + (+)
Saddle nose + (+)5 – –6 +
Upturning nose tip + – – – + +
Small philtrum and lips, hardly any projection of the lips + – – – + +
Metaphyseal defects/NOF of long bones + + + – – –
Bone fracture (extragnathic)7 + + (+) – + (+)
Elevated liver enzymes + – – – + (+)
Mental retardation + (+)8 (+)8 – (+) (+)
Cardiovascular malformation + +9 + – + (+)
Itching + + – – + –

+: Evidence of finding; –: No evidence of finding/no data; (+): Finding associated with subgroups of the disease or recorded in individual cases.
1Stewart etal.(67) provide evidence for NF1 in most cases with JCS. 2Characteristically, but not obligatory bilaterally symmetrical/confluent lesions
in cherubism and one-sided in NF1; not specified in JCS. However, bilateral and multifocal manifestations of CGCG have been described for both
NF1 (113) and JCS (102). 3Beyond adolescence, facial dysmorphism can reduce to such an extent that a normal facial appearance is established
(cherubism). An externally visible dysmorphism by CGCG is not mandatory (NF1, cherubism and JCS). Facial asymmetry in NF1 is more likely due
to facial PNF than CGCG. 4Facial asymmetries in NF1 were observed in 28% of cases with type 1 large deletions (148). On the contrary, this finding
was registered in only 8% of a general NF1 population (170). 5A wider nose has been described for subgroups of NF1 patients, e.g. large deletions
of NF1 gene (148). 6In principle, expansion of the nasal skeleton is possible with cherubism. 7The assessment of bone fractures includes either the
entire skeleton (NF1, ALGS, FASD) or only the extremity bones (JCS). NF1: frequently associated with vitamin D-deficiency. FASD: One study
shows an increased fracture risk for the patient group up to the age of 8 years (174). 8Clinical studies on NF1 patients have revealed learning
disabilities in a substantial number of patients (181). In review articles on JCS, mental retardation is a feature of some patients (100, 102).
9Cardiovascular malformations in some NF1 patients show geno- pheno-type relations (179). NF1: Neurofibromatosis type 1; JCS: Jaffe-Campanacci
syndrome; ALGS: Alagille syndrome: FASD: Fetal alcohol syndrome disorder(s); CAL: Café-au-lait spots.



of skeletal lesions requires precise knowledge of radiological
and clinical findings. The derivation of a characteristic facial
expression from certain genetic traits and their relation to a
syndrome seems problematic - at least in NF1 - considering
the still very superficial general knowledge of genetic and
epigenetic factors contributing to the facial appearance. 

JCS is a poorly defined entity. Recent genetic results on
NOF and CGCG suggest that there are sporadic and syndrome-
associated bone lesions. The association of the characteristic
bone and jaw lesions in NF1 patients has been proven,
however the coincidence of both skeletal lesions has also been
registered in other syndromic diseases with skin differentiation
disorders (182). The assignment of the findings to a poorly
defined syndrome does not result in any diagnostic value, thus
this term should not be used as a diagnostic feature. Surgical
treatment of the patient with cherubism-like phenotype must
consider individual findings and in rare cases other diseases,
be measured according to the individual needs of the patient
and prevent foreseeable complications.
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