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Abstract
Background/Aim: Neurofibromatosis type 1 (NF1) is an autosomal dominant hereditary tumor predisposition 
syndrome. The haploinsufficiency of the cells of NF1 patients is also evident in skeletal development and maintenance. 
Bone deformities of the facial skull often occur early in life and are topographically associated with a certain nerve 
sheath tumor, the plexiform neurofibroma (PNF), which is considered a precursor to malignant degeneration. The aim 
of the study was to analyze skeletal changes in the jaw and teeth over a longer period to differentiate between tumor-
associated, development-dependent, and adaptive processes. 
Case Report: The male patient, who was 2 years and 9 months old at the time of the initial examination, had developed a 
right-sided facial PNF. The patient, who underwent multiple surgical procedures, was examined clinically and 
radiologically over a period of 12.5 years. The follow-up examination revealed both the progression of the deformity in 
the ramus and jaw angle area and the influence of the local tumor on tooth development. However, radiological findings 
showed that the tumor-coated bone was capable of adaptive functions such as maintaining the condyle-fossa relationship 
despite significant dystrophy, and that the emergence of permanent teeth was an indicator of the preservation of the local 
differentiation capacity of the hard tissue, which must be ensured over many years to be successful. 
Conclusion: The analysis of jaw dysmorphia and the examination of the stages of dentition are valuable diagnostic aids 
for assessing the dysplastic component of an often-disfiguring facial tumor, which in rare cases can transform into a 
malignant peripheral nerve sheath tumor. In individual cases, dental findings can provide clues for estimating the 
timing of the interaction between PNF and hard tissues which can apparently date back to the prenatal phase. The 
skeletal findings can already be identified on plain radiographs of the skull. 
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Introduction

Neurofibromatosis type 1 (NF1), an autosomal dominant 
hereditary tumor predisposition syndrome, is a relatively 
common human disease with an incidence of 1:2500 to 
1.3000 live births (1). The characteristic nerve sheath 
tumor (neurofibroma) of NF1 occurs particularly 
frequently and often very conspicuously in the 
integument causing considerable aesthetic and functional 
disturbances (2). However, NF1 is also characterized by 
changes in the skeletal system, both systemically in bone 
maintenance (osteoporosis) (3) or smaller than average 
total body height (4), and locally through deformities of 
individual bones (e.g., tibial pseudarthrosis), as well as 
larger bone segments (e.g., elongation of an extremity) (5). 
In the skull region, in addition to sphenoid dysplasia (6), 
which is an osseous lesion listed as a diagnostic criterion 
for NF1 (7, 8), further deformities of the facial skull have 
been described (9), which usually occur on one side (10), 
and are topographically related to a nerve sheath tumor 
that is considered pathognomonic for the disease, the 
plexiform neurofibroma (PNF) (11). PNF is considered 
a congenital tumor (12) or at least a tumor manifesting 
in early childhood (4, 13). On the other hand, PNFs were 
also diagnosed late, although it was pointed out that 
craniofacial tumors had been identified in the first year 
of life and the diagnosis of the entity had been confirmed 
very early on (13, 14). PNF develops from Schwann cells 
or their precursors, probably like all neurofibromas (15, 
16). Craniofacial PNF often develops in the peripheral 
branches of the 5th cranial nerve (17). 

Facial bones. The skeletal findings associated with 
trigeminal PNF in NF1 patients have been summarized 
by Sailer et al. in a diagnostic list (18, 19) (Table I), which 
has been confirmed and further elaborated in later studies 
(20-22). While clinical findings accessible for inspection 
(e.g., facial swelling) may vary (10, 18, 19) and thus may 
escape initial diagnosis (23), the coincidence of radiological 
findings of the jaws was considered diagnostically 
relevant (18, 19), meaning that a suspected diagnosis of a 

craniofacial PNF can be made based on their simultaneous 
detection (24), even in children (25, 26, 27). However, 
the findings are subject to considerable variability in 
individual cases. Bone alterations may severely influence 
the individual phenotype thus confirming the initial 
diagnosis through conspicuous findings (25-27) but on the 
other hand may escape initial assessment in cases of less 
conspicuous tumors or bone deformities (10, 28). In terms 
of phenotype expression, time of occurrence (29) and the 
spatial characteristics (25) of tumor-associated bone 
deformation during childhood and adolescence can have 
a significant influence on the respective constellations of 
hard tissue findings, e.g., facial symmetry and dentition (23, 
30). The characteristic bone changes in the jaws are related 
not to volume but to the extent of invasive craniofacial PNF 
(30). The spatiotemporal variability of skeletal findings 
requires careful monitoring of the findings over time (4, 
25, 29, 30, 31-34). The influence of tumorous changes in 
the masticatory muscles on the shape of the affected side of 
the mandible, which appears to be predominantly effective 
during the development phase of the bone and is an 
unilateral finding in most cases, probably varies depending 
on the time of tumor development and the extent of the 
masticatory muscles affected by the lesion(s) in each case 
(34). The variable spatiotemporal tumor spread into the 
masticatory muscles and the functional impact on muscles 
and bone probably contributes to the wide variety of bone 
deformities of the lower jaw, as has been addressed in 
recent publications (18-29).

Teeth. Studies of dentition in NF1 patients have shown 
that the tooth shape, size and emergence of the permanent 
dentition of the PNF-affected jaw regions correspond to 
those of the unaffected side (35). However, an oral lesion may 
cover an already emerged tooth, especially permanent molar 
(36). The soft tissue tumors covering the teeth were often 
identified as oral neurofibromas (25, 36). Orally growing 
neurofibromas are to be expected in extensive facial PNF 
that have infiltrated the cutaneous terminal territories of 
the second and/or third trigeminal nerve branch(es) and 
are often continuous with externally visible tumors (4, 37). 



CANCER DIAGNOSIS & PROGNOSIS 6: 520-536 (2026)

522

In contrast to permanent dentition, the emergence of teeth 
of the first dentition in NF1 patients with oral neurofibroma 
appears to be not hindered by oral PNF (35). Overall, the 
shape and structure of the teeth in NF1 is inconspicuous 
and consistent with anthropological data (36). However, 
commonly known anomalies of the occlusal surfaces can be 
observed somewhat more frequently in NF1 patients (38).

Numerous reports have contributed to describing the 
NF1 craniofacial skeletal phenotype of patients affected by 
extensive facial PNF (24, 25, 39). Many practitioners have 
sought to alleviate the often severely impaired orofacial 
features through surgical interventions (40-43). However, 
little data is available on the progression of dental and 
skeletal findings from childhood to adulthood (26, 27, 
29). This report aims to contribute to the radiological 
and clinical characterization of  tumor-associated jaw 
changes and phases of dentition during the period from 
childhood to adolescence in an NF1 patient with extensive 
PNF both to distinguish between tumorous and dysplastic 
components of orofacial manifestations of the disease in 

this region and to illustrate interrelationships between 
an infiltratively growing soft tissue tumor and associated 
osseous changes over time.

Case Report

Early diagnostic features. Medical history. Since birth, 
swelling of the right upper eyelid and a protruding 
right eye had been noticed. Two months after birth, 
hydrophthalmia was diagnosed and treated repeatedly 
with surgery (angulocision, trabeculotomy) during the 
first few months, followed by gum changes on the same 
side at the age of 6 months. At the age of 2 years, swelling 
of the right lip was observed and the child was referred 
for further treatment.

General findings. The young patient was first presented 
at the outpatient clinic of the Department of Oral and 
Maxillofacial Surgery at the age of 2 years 9 months 
because facial asymmetry with soft tissue excess on 

Table I. Review of the characteristic findings for facial plexiform neurofibroma according to Sailer et al. (18, 19) for the patient between the ages of 
2.75 and 15.3 years.

Diagnostically relevant clinical and radiological 
findings as reported by Sailer et al. (1988)

Patient (Age)
2 years 9 months

Patient (Age)
5 years, 6 months

Patient (Age) 6 
years, 10 months

Patient (Age)
15 years, 4 months

1. Center of the chin is shifted toward the affected side. N.d. Yes Yes Yes
2. �Usually slight swelling of the cheek or intraoral soft 

tissue.
Yes Yes Yes Yes

3. �(Deeply) retracted incisura semilunaris (coronoid 
notch) 

(Yes) Yes Yes Yes

4. �Coronoid notch retraction results in pseudo-
elongation of the condylar and/or muscular processes.

Yes Yes Yes Yes

5. �Mandibular ramus is deformed or hypoplastic and 
often shows perforating defects (Bruns, 1891).

Yes Yes Yes Yes

6. The jaw angle is flat or absent. Yes Yes Yes Yes
7. Hypoplastic or absent mandibular corpus Yes Yes Yes Yes
8. Tooth retention on the affected side of the lower jaw No Yes (first molar) Yes (first molar) No
9. �Hypoplastic upper jaw and zygomatic area on same 

side as mandibular deformity
No: Tuber region 

Yes: Zygomatic arch
No: Tuber region

Yes: Zygomatic arch
No: Tuber region 

Yes: Zygomatic arch
Yes: Tuber region 

Yes: Zygomatic arch
10. Tooth retention on the affected side of the upper jaw No 

(deciduous teeth)
No 

(mixed dentition)
Yes 

(soft tissue mass)
No (emergence 
of first molar)

11. Restricted forward movement in the affected joint  N.d. N.d. N.d. N.d.
12. �All patients depicted in the literature and all of our 

patients have a low position of the auricle on the 
affected side.

N.d N.d. N.d. Yes

N.d.: No data.
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the right side raised suspicion of a tumor or dysplasia 
(Figure 1). During the initial examination, the enlarged 
cheek region was noticeable, as was asymmetry of the 
eyelids, i.e., tumor mass of lateral upper lid [so-called 
lying paragraph form of the lid edge (4)]. Further physical 
examination revealed café-au-lait spots on the skin and 
discrete axillary freckling. 

Oral cavity and teeth. The oral findings showed a complete 
set of deciduous teeth. Noteworthy was the wide gap 
between the first and second deciduous molars of the right 
jaws’ side and soft tissue swelling in the right retromolar 
region of the lower jaw (Figure 1A). The X-ray taken 
using the panoramic view (PV) technique confirmed the 
complete development of the first dentition on both sides 
of the body and the comparatively more distal position of 
the two right second deciduous molars [i.e., less mesial 
migration of the tooth germ and thus dystopic (distal) 
tooth development within the jaw ridge]. This revealed the 
outline of the permanent lower right first molar in the jaw 
angle with a transition to the ramus, and the permanent 
upper right first molar had a widened bone bridge to the 

second deciduous molar. Both teeth were in the stage of 
completed crown formation. Compared to the unaffected 
side with close contact between the most distal deciduous 
teeth and the first permanent molars, there was a distinct 
gap on the right side between the retained first molars and 
the second deciduous molars in both jaws (Figure 2A).

Regarding anterior teeth of the permanent dentition, 
the frontal teeth had symmetrically emerged and tooth 
buds 34-44 were present. The antimeres of permanent 
teeth of both jaws were at the same stage of development 
and position to replace the respective deciduous teeth 
(35). On the side of the facial tumor swelling, the bone 
surrounding the mandibular permanent first molar’s 
crown was radio-translucent compared to the unaffected 
side. Around the crown of the tooth, the lesion was 
assessed as a cyst-like osteolysis (23), which had dissolved 
the cortical boundary of the lower jaw to the oral cavity. 
There was no cyst-like formation like the mandibular 
situation in the right distal maxilla.

Facial bones. Jaws. Panoramic view. In the upper jaw, the 
right tuber area appeared hypoplastic on the radiograph, 

Figure 1. Development of facial plexiform neurofibroma. (A) During the initial examination, the following are noticeable on the right side of the face: 
right-sided ptosis, especially lateral (“lying paragraph shape” of eyelid), enlarged and laterally lowered nostril, enlarged lips (which appear to extend 
slightly beyond the midline to the opposite side), drooping corner of the mouth, and voluminous cheek. (B) Image of the 15-year-old boy. Soft tissue 
drooping from the brow region to the chin, enlarged right nostril and right side of the lips, deviation of the chin region toward the tumor side. The excess 
tissue in the right cheek region is no longer visible after multiple surgical procedures. (C) The view from the front-bottom clearly shows the lower 
attachment of the pinna on the tumor side. (D) The side view shows the characteristic pigment disorders of the facial skin, which partially mark the 
diffuse neurofibroma, the multitude of scars as residues of the correction of the facial disfigurement, and the tumor infiltration of the external ear, which 
is conspicuous in the lower part of it.
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i.e., rounded cranially and slightly shortened, so that the 
existing tooth buds (permanent first and second molars 
with the direction of emergence toward the oral bone 
surface) were oriented more distally than the antimeres 
on the opposite side (Figure 2A and B). In the lower jaw, 
mesial to the retained crown of tooth 46, the mandibular 
corpus was hypoplastic in the vertical dimension and 
basal shape formed an arch between the outer jaw angle 
and the canine region, so that an antegonial notch had 
developed on the tumor side, which was absent on the 
unaffected side. The dorsal aspect of the ramus appeared 
somewhat shortened, so that the transition to the jaw 
angle was slightly further cranial on the right than on the 
left. Furthermore, the distal parts of the right mandible 
showed further abnormalities, such as a smaller sagittal 
extension (narrowing) of the ramus, and an extensive 
translucency of the ramus starting above the deeper 

situated right mandibular foramen and extending to just 
below the semilunar incisura or notch (a.k.a. as ‘coronoid 
notch’). On the right side, the mandibular foramen was 
located just below the occlusal plane of the impacted first 
molar. Other notable features were a deepened coronoid 
notch with a noticeably narrow articular process and a 
capitulum that was barely distinguishable in shape from 
the collum. At this point in time, the right muscle process 
appeared normal and symmetrical in position and outline 
compared to the left. The lateral cephalogram revealed 
the difference in the basal limitation of the mandible 
with unilateral development of an antegonial notch. The 
contours of the rami largely overlapped in the frontal 
part. However, a sagittal shortening of the tumor side 
was already apparent in the comparison of the posterior 
edge and jaw angle of the rami, with a unilateral wide-
open outer jaw angle (Figure 2). A continuous basal 

Figure 2. A series of panoramic images of the jaw in a case of right-sided facial plexiform neurofibroma. (A), (C), (E), and (G) show overview images of the 
jaw, while (B), (D), (F), and (H) show the diagnostic relevant details of the right jaw regions. (A) The child’s fully erupted primary dentition. The overview 
already clearly shows the distalization of both first molars of the permanent dentition and a deeper semilunar notch on the right side. The second deciduous 
molar of the lower jaw on the right side is further distal in the tooth row than its corresponding tooth on the other side of the jaw. (B) Detail from (A): shows 
complex skeletal malformation and preservation of anatomical landmark (mental foramen). (C) The illustration shows the development of permanent 
teeth. The lower second permanent premolar on the right side is developing more distally than on the opposite side and is following the position of its 
predecessor. (D) Due to the distalization, the bone gap (“spacing”) between the lower two premolars is significantly larger on the right than on the left. The 
right outer jaw angle has interrupted continuity of cortical hyperdensity compared to the preliminary image. (E) Further development of the teeth, with 
tooth 46 emerging. (F) Above the crown of tooth 46 is extensive oral soft tissue shadowing. The right outer angle of the jaw appears to be developing a 
superficially blurred bone proliferation. (G) In the meantime, both processes have thinned and extended caudally, the coronoid notch is deep and wide, and 
the jaw angle has been replaced by two spine-like exostoses. (H) Tooth 46 has emerged with the formation of an alveolar process. Over the entire time 
interval (B, D, F, H), the compacted bone area dorsal to tooth 46 has been preserved. This bone density defines the transition to the translucency of the ramus. 
Tooth 45 has emerged into the dental arch and is located further distally than the second premolar on the other side of the jaw (G). The mental foramen is 
located between the two premolars (H). [Age: 2 years, 10 months (A,B), 5 years, 6 months (C,D), 6 years, 10 months (E,F), 15 years, 4 months (G,H)].
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cortical line of compaction had developed on both sides 
of the mandible (22). The PVs, selected projections, 
lateral and posterior-anterior cephalograms illustrated 
the development of dysmorphia over time, which was 
particularly noticeable in the lower jaw (Figure 2, Figure 
3, Figure 4, and Figure 5).

In summary, the overall appearance of the lower jaw 
showed distinct hypoplastic regions on the  right side, 
exclusively located in distal parts, i.e., in the jaw angle and 
ramus region. This combination of findings is often seen in 
NF1-patients with FPNF (24) but rarely noticed in small 
children (33, 34, 45). Taking into account the soft tissue 
and hard tissue findings of the face, the findings suggested 
that the child had NF1.

For further diagnosis, an oral biopsy was taken from 
the soft tissue tumor. The diagnosis of the tissue sample 
confirmed an oral neurofibroma and supplemented the 
findings already recorded to arrive at a final diagnosis of NF1.

Follow-up. In the following years, four facial surgeries 
were performed to reduce the cheek tumor with a facelift, 
correction of ptosis, and reduction of the nasolabial 
tumor and lip corner tightening. An ophthalmological 
examination performed at the age of 5 confirmed that 
the right eye could only perceive exposure to light.

5 Years, 6 months. On plain radiographs, the basal horizontal 
margin of the corpus merged almost imperceptibly at the 
outer angle of the jaw into the raised posterior margin of 
the ramus, i.e. there was a wide open jaw angle. The outer 
jaw angle was significantly larger on the tumor side than on 
the unaffected side. This outer frame of the ramus-corpus 
angulation correlated with a wide-open inner jaw angle. 
The upper branch of the jaw angle was formed by a mesial 
shift of the subcondylar part of the ramus, while the joint-
bearing section of the ramus maintained its relationship to 
the glenoid fossa. This caused the joint neck to shift basally 

Figure 3. Posterior-anterior cephalograms of the patient. (A) Even the first overview shows the enlarged orbital opening on the right side. The upper 
orbital rim is above the left one. The center of the lower jaw deviates slightly to the right. There is a retraction of the right corpus base (antegonial notch) 
(5 years, 6 months). (B) The right retained permanent first molar is surrounded by a cyst-like radiotranslucency that extends into the ramus. The right 
curvature of the mandibular body is flattened. There is a noticeable soft tissue shadow in the right temporal-frontal region (6 years, 10 months). (C) 
The image after Le Fort I osteotomy shows the slightly outward-facing, arcuate deformation of the ramus. After the procedure, the mandible continues 
to deviate toward the tumor side (15 years, 4 months).
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towards the mesial while the joint process maintained its 
position in the fossa. Thus, the dorsal, linear relationship 
between the muscular process and the ramus remained 
unchanged. However, bending of the condylar process to 
the fossa increased the intercondylar distance between 
the two process tips, and this sagittal difference in the 
relationship between the bone segments was noticeable 
when comparing the sides (22). Whereas enlarged 
intercondylar distance was noticeable, the narrowing of the 
articular process was constant to the previous radiograph, 
as was the line-like tapered, caudally curved contour of 
the zygomatic arch and the wide, flat glenoid fossa. At 
this point, there was no obvious difference in the root 
development of the permanent first molars of the lower 
jaw. In contrast to the left side, no permanent second molar 
anlage was recorded on the right (25). The permanent right 
lower molar bordered directly on the flat translucency of 
the ramus, which was interpreted as a concave thinning of 
this bone segment (22, 25). An indistinct radiopaque lesion 
was visible at the angle of the jaw, the basal end of which 

was confluent with the angle of the jaw below the crown of 
the right molar. In this area, the basal cortical continuous 
radiopacity of the bone margin was interrupted. This 
uneven bone margin could represent both signs of initial 
bone apposition. 

Midface and skull base. The skull overview image 
confirmed the clinical impression of a right-sided orbit 
with caudal displacement of the infraorbital rim (44) and 
sphenoid dysplasia. The contour of a very thin zygomatic 
arch, curved caudally, was visible on the right side. In line 
with the patient’s age, there had been no pneumatization 
of the sphenoid bone to date (LC, OPG) and the spheno-
occipital junction was open (39).

6 Years, 10 months. On PV, the radiological findings of 
the teeth and jaws were like those of the previous year. 
A striking finding was the now obvious slowdown in root 
growth of the first molar on the affected side, which was 
embedded in an enlarged pericoronal translucency. This 

Figure 4. Lateral cephalograms of the patient. (A) The posterior edge of the ramus on the tumor side (solid arrow) is significantly more anterior than 
that on the healthy side (dotted arrow) (5 years, 6 months). (B) The conditions remain constant in the follow-up examination (solid arrow: jaw angle 
on the affected side; dotted arrow: jaw angle on the healthy side) (6 years, 10 months). (C) As the patient has grown significantly older, a prominent 
jaw angle has developed on the healthy side (dotted arrow). In contrast, the jaw angle (lower solid arrow) and ramus (upper solid arrow) on the affected 
side remain hypoplastic. Additional finding: Pneumatization of the sphenoid sinus extends into the postsellar region (46) (15 years, 4 months).
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translucency of the angular bone segment was separated 
disto-cranially from the extensive ramus translucency 
by a bone bridge, that is, both bone findings of distinct 
radiotranslucencies still were spatially separated (Figure 
2). The soft tissue shadows of the oral tumors covering the 
retained molars were constant in extent. The posterior 
edge of the right ramus was deformed anteriorly into 
a slightly convex arch segment. The deformation was 
apparently the result of mesial translation of the right-
sided shortened ramus-corpus segment while maintaining 
the condyle-fossa relationship in the joint, i.e., an adaptive 
deformation of the shortened tumor-side, joint-bearing 
bone. Now, a spur-like bone extension defined the outer 
angle of the jaw. In retrospect, the present bone findings 
were already marked by irregular bone border of the 
dorsal jaw angle in the X-ray taken 14 months ago. The 
lateral cephalogram confirmed the unilateral dysplasia 
of the right ramus contour seen in the preliminary X-ray. 
The almost linear transition from the posterior edge of the 
ramus to the basal border of the body was clearly visible.

In summary, follow-up examinations of the child 
showed progressive dentition, deepening of the coronoid 
notch, and deformation of the posterior wall of the ramus 
with suspected exophytic bone formation at the outer 
angle of the jaw on the tumor side.

15 Years, 4 months. The PV illustrated that in the meantime, 
the patient’s right eye had been enucleated as a result of 
tumor destruction and replaced with a prosthesis. The 
current treatment was aimed at correcting the PNF-
associated facial scoliosis (25), which had caused a 
complex malposition of the jaws and was corrected by 
Le Fort I osteotomy of the upper jaw with adjustment to 
improve occlusal contact between the rows of teeth (Figure 
2G and H, Figure 3C, Figure 4C). On postoperative X-ray 
(PV) of the jaws both right processes were significantly 
lengthened and narrowed (Figure 2G and H). The coronoid 
notch was located almost in the middle of the ramus. The 
radio-translucency of the ramus on the affected side 
now affected the entire anterior to posterior plane of the 
bone segment. The bone spur previously observed on the 
flattened outer jaw angle had transformed into two spurs. 
The first molar was fully developed and covered by the 
tumor. The right mandibular foramen was located caudal 
to the dorsal root of the first molar (22). Between the tooth 
socket and the surrounding jaw sections, the bone bridge 
between the peri-molar translucency and the ramus 
concavity - already documented on previous recordings 
- continued to exist. The emergence of the tooth into 
the oral tumor had promoted periodontal osteogenesis 
and vertical dimension of alveolar process, so that the 

Figure 5. Axial (A, B) and anterior-posterior midface overview image (C) of the patient. (A) The axial image shows the transversely tapered ramus area 
on the right side. Pericoronal brightening around tooth 46 (5 years, 6 months). (B) With a slightly altered projection, the ramus, which is flattened in 
the corpus region and slightly curved laterally in the ramus region, appears virtually unchanged several years later (15 years, 4 months). (C) The orbital 
view shows that the right anterior frame of the orbital bones opening is both higher cranially and extends further down caudally. The right infraorbital 
foramen appears enlarged (6 years, 10 months).
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tilted tooth was firmly anchored in bone and its occlusal 
surface followed Spee’s curve. Thus, physiological bone 
formation of the alveolar process had been able to proceed 
completely in a tumorous soft tissue environment and 
showed radiological bone density corresponding to that of 
the unaffected side. Furthermore, radiopaque trajectories 
had developed in the thin corpus segment between the 
first molar and second premolar, replacing the previously 
obvious radiotranslucent region. The second premolar, 
which did not migrate adequately in mesial direction, had 
emerged. The mental foramen was located between the 
two premolars that were separated by “spacing” (36). In 
the upper jaw, there was spontaneous mesial migration, 
eruption, and approximal contact of tooth 16 on the tumor 
side (tooth 17 was removed prior to LeFort I osteotomy). 
Noteworthy were the positional abnormalities of teeth 
(spacing), vertical bone deficiency of the alveolar process, 
and tumorous soft tissue shadows on the right maxillary 
alveolar process side, which was also affected. Like the 
PV, the lateral cephalogram illustrated the deepened 
coronoid notch (Figure 2H, Figure 4C). The outer jaw 
angle on the tumor side became larger over time, while 
the angle on the healthy side straightened up (Table II). 
Following dysgnathic surgery, the rows of teeth were 
aligned in occlusion up to the terminal premolars. The 
ocular prosthesis used to replace the tumor-destroyed 
eyeball was displaced caudally (Figure 2G and H, Figure 
3C, Figure 4C). The pneumatization of sphenoid sinus 
reached for the post-sellar region (46) and was dorsally 
defined by the clivus’ surface (39).

Histology. Tissue examination of resected specimens at 
various stages of treatment consistently confirmed the 
diagnosis of diffuse plexiform neurofibroma.

Discussion

The report shows the rapid aggravation of the soft tissue 
tumor with early exenteratio orbitae on the tumor side and 
typical findings in the orbital and cheek area, which point to 
a tumor manifesting in early childhood. The radiologically 

detectable changes in the jaws, especially the mandible, 
were initially not very pronounced. In contrast, the child 
showed early signs of soft tissue findings on the eyelids 
and cheek on the right side, caudally including the corner 
of the mouth. The external local findings were initially non-
specific to address NF1, but the radiological course of the 
skeletal deformation of the facial skull and orbit showed the 
pathognomonic combination of enlarged orbital entrance, 
incomplete dorsal limitation of the orbit, bowl-shaped 
caudally bent zygomatic arch, and progressive dysplasia of 
the mandible in the jaw area so that the suspected diagnosis 
could be made.

However, at the time of first investigation the facial and 
jaw deformities in relationship to local nerve sheath tumor 
were hardly noticeable in early childhood. However, only 
few years later, characteristic deformities such as deep 
coronoid notch and restricted mesial movement of the 
first molars were evident in overview images of the jaw. 
The full picture of unilateral facial tumor development 
was apparent in adolescence. Follow-up examinations 
show that bone and tooth development and positional 
changes in the jaw in the area of trigeminal PNF occurred 
over time and were associated with the development of 
hard tissue and facial growth in general. The effects of the 
hemifacial diffuse PNF on jaw growth were thus visible 
during the period that is considered both, the phase 
with the highest tumor growth rate and associated bone 
deformities, and the stage of life in which the greatest 
growth dynamics are generally observed (8). During 
this growth phase, the interaction between muscles and 

Table II. Changes in the external jaw angle between the ages of 2.5 and 
15.3 years on lateral cephalograms.

Mandibular angle (°)

Age (years/months) Right side 
(R)

Left side 
(L)

Difference 
R-L

2/9 146.7 126.7 20
5/6 144.9 128.8 16.1
6/10 152.5 129.3 23.2
15/4 162 114.4 47.6
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musculature is particularly important for the development 
of the phenotype. In the case of a topographically adjacent 
neurogenic tumor, it is plausible to assume that both the 
neural and functional control of the affected bone may 
be affected, especially in the case of diffuse plexiform 
neurofibromas with invasive growth characteristics. In 
this respect, the bone changes likely can be interpreted 
in part as a local growth impediment resulting from 
insufficient or misdirected muscular effects on the bones 
to be moved, which influence skeletal homeostasis during 
the growth period (25, 33, 45). In addition, effective tumor 
infiltration into the periosseous soft tissues may result in 
alterations of the bony surface (47). With this hypotheses 
of tumor-dependent changes on the bones’ shape, the 
parallel is obvious to sphenoid dysplasia in NF1, which is 
the mainly analyzed skeletal anomaly of the skull and used 
for clinical diagnostic purposes of the entity (7). Sphenoid 
dysplasia often occurs adjacent to intraorbital PNF (44). 
However, local physical effects (pressure) and circulatory 
disturbances of the cerebrospinal fluid appear to play a 
role in bone shaping at this site (31, 48).

On the other hand, observations have been reported 
showing that typical NF1-related mandibular deformation 
can also begin only with adolescence (29). The spatial 
correlation between bone dysplasia, which primarily 
affects ramus and processes, and noticeable changes 
in signal behavior and the structure of the masticatory 
muscles medial to the ramus on MRI has been described 
in detail (28). Some authors suspect that hypoplasia 
or even destruction of the masticatory muscles in NF1, 
as seen in imaging, is not caused by a tumor but rather 
by fatty degeneration of the muscles (22). In fact, 
morphological evidence of tumor in destroyed muscle 
can require considerable diagnostic effort (28). However, 
the hypotheses of neurodegenerative or tumor-infiltrative 
muscle destruction should not be considered mutually 
exclusive explanations for the soft tissue findings. It 
cannot be ruled out that PNF has developed in the 
branches of the mandibular nerve’s motoric branches 
that are innervating the pterygoid muscles, causing neural 
dysfunction and fatty degeneration. On the other hand, 

invasive PNF can both induce the local development of 
fatty tissue and destruction of parenchyma (11). 

Surgical explorations have shown that extensive 
and invasive PNF extending to the skull base, the entire 
masticatory muscles of the region may form a diffuse 
soft mass surrounding dysplastic proximal sections 
of the mandible (47). The coincidence of nerve sheath 
tumor and osseous dysplasia has been confirmed by 
imaging, surgical exploration and histology providing 
evidence of diffuse PNF and structural abnormalities 
of the bone surfaces to which the masticatory muscles 
were attached (47). The characteristic, albeit individually 
variable pattern of mandibular deformation supports the 
hypothesis of tumor-associated skeletal dysplasia (25).

Pseudo-elongation of the condyle. Sailer et al. (18, 19) 
introduced the term “pseudo-elongation” for changes 
in the articular processes in vertical dimension in 
neurofibromatosis patients with facial PNF (Table I). 
Some authors’ X-rays  presented NF1 case collections 
showed an elongated articular process on the tumorous 
facial side and discussed this delicate osseous alteration 
as pseudo-elongation (22). The argument for assuming 
that this is only an apparent (“pseudo”) elongation could 
be that the joint process only appears elongated because 
of an imaging effect (plain radiograph), for example due 
to the frequently observed strong translucency of the 
thinned bone below the condyles and in the ramus area 
between the coronoid notch and the mandibular foramen 
(24-27). On the other hand, the deepened incisura  may 
look like a secondary osteolysis, leading to the conclusion 
that the elongation of the processes was caused by central 
substance loss in the ramus. This interpretation of the 
findings would correspond to the assumption that the 
thinned ramus, especially between the mandibular 
foramen and the coronoid notch, is dissolving in a 
defined direction due to unknown causes. However, 
follow-up examinations of individual cases suggest that 
it is more likely to be a growth restriction of the ramus 
in all three dimensions, which is partially compensated 
for by elongation of the (dysplastic) joint process. This 
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alternative interpretation is also supported by the fact 
that the articulating joint process regularly migrates 
mesially with its basal end (49). The hypothesis of 
pseudoelongation of the processes is also contradicted by 
the finding that the muscle process on the tumor side may 
be longer and extended cranially in cases of facial PNF, an 
objective finding of the extended vertical dimension of the 
bone segment (47).

However, a simple measurement of the length of 
the condyle (posterior edge) of the presented case 
shows that the process indeed is elongated, although 
this finding is only clearly noticeable in images of the 
aged individual. Hypoplasia of the ramus is highlighted 
as a common finding in NF1-associated mandibular 
dysplasia (see diagnostic criterion no. 5, Table I). In 
the case of shortened/hypoplastic ramus, lengthening 
of the articular process would further shift the ratio of 
condyle to ramus in favor of the condyle. The follow-up 
examination of the presented case suggests that this is a 
finding that manifests over a longer period and may also 
be associated with changes in the shape of the process or 
capitulum and coronoid process.

Based on this and earlier observations that have 
documented an elongated articular process in PNF-
affected individuals, it seems reasonable to assume that 
the process is genuinely elongated in these cases. The cause 
of this phenomenon has been hypothesized to be adaptive 
processes of sagittal elongation of the condyle in cases of 
shortened growth of the mandibular body on the tumor-
affected side in this direction (49). In this respect, the 
elongation of the joint process would be a compensatory 
mechanism in the known hemifacial PNF-associated facial 
scoliosis, which leads to a shortening of the corpus on the 
tumor side and causes this bone segment to deviate toward 
the tumor side (25). It is likely that residual functionality 
of the lateral pterygoid muscle (49) is necessary for this 
compensatory action of the process.

The assessment that this is a real elongation of 
the condylus articularis can be verified in numerous 
documents (25, 29, 30). After evaluating the findings, 
the term “pseudoelongation” should no longer be used 

to describe PNF-associated mandibular dysplasia 
in NF1 patients, because it does not correspond to 
the measurement of bone segment dimensions and 
obscures the adaptive nature of the growth disorder. 
There appears to be a limited growth capacity of the 
articular process, which partially compensates for the 
apparently reduced capacity of the distal corpus and 
subcondylar ramus to achieve symmetrical development 
of the affected half of the mandible (30). These adaptive 
processes, i.e., basal extension of the joint process with 
potential preservation of joint function (49), must be 
distinguished from progressive bone loss, that affects 
the ramus-mandibular angle region and potentially the 
articular process (34). Both processes, i.e., preservation 
of joint function (articulation) and dysplasia of the joint 
process, can occur together (25) or independent from 
each other (49). In order to assess the pathogenesis of 
tumor-related mandibular changes outlined here arising 
in the developmental phase of the affected children and 
adolescents, a study of a larger group in a long-term 
follow-up should be undertaken. Long-term observations 
such as those presented here are essential in order to 
detect both late tumor destruction of the bone (35) and 
to document the stability of skeletal deformation (50).

Timing of osseous lesions. In the present case, the 
development of tumor-associated jaw dysplasia could 
already be observed in the first years of life. Apparently, 
jaw dysplasia is linked to the growth phase and causes 
bizarre changes in the lower jaw, especially the distal 
lower jaw and its processes. The typical constellation 
of clinical and skeletal findings (18, 19, Table I) was 
already reached within the first 7 years of life in this 
case. This period is the lifetime in which the greatest 
growth potential is observed in many NF1 patients (8). 
The skeletal deformation pattern of the case presented 
here resembles a case in the study by Visnapuu et al. 
(29). However, in that case, the radiological findings were 
unremarkable until the onset of puberty. It can therefore 
be concluded that similar jaw malformation patterns 
can occur at different stages of physical development in 
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NF1 patients with trigeminal PNF (third branch affected) 
including congenital noticeable jaw deformities (12, 13, 
33, 45). Indeed, the time window for these characteristic 
bone shape alterations during childhood and adolescence 
may be relatively wide. The obvious conclusion from the 
sum of the reports is a presumably wide interval in which 
jaw malformations can occur predominantly restricted to 
the growth phase (12, 13, 29, 33, 45) and, in rare cases, 
may persist beyond (34). The summary of these findings 
confirms the assessment of experts that the findings of 
the disease do not necessarily follow a linear course and 
that children and adolescents with NF1 therefore require 
short-term monitoring of their findings (50).

Neuro-osteological and musculoskeletal relations in the 
development of NF1-associated jaw deformities. The 
development of the mandible begins lateral to Meckel’s 
cartilage (51). The first ossification is recorded in the 
area of the mental foramen, i.e., neural development 
(inferior alveolar nerve) precedes ossification slightly 
(52). In sync with the ossification of the early mandible, 
the dental lamina sinks into the bone and the decidual 
tooth germs are positioned in relation to the terminal 
nerve branches. This temporospatial sequence defines 
the relationship between the deciduous molars and the 
foramen at an early stage. Typically, the mental foramen 
is located between the anlagen and later the roots of the 
two deciduous molars (52). Deviations in the relationship 
between the foramen and the apices of the deciduous 
molars or their permanent successors (lower premolars) 
have been described many times as anatomical variations 
and mainly affect the relationship between these 
landmarks (including the root tips of the adjacent teeth) 
in the sagittal (mesio-distal) dimension (53).

In the present case, the relationship between the 
osseous ostium and the tooth roots has been preserved 
on both sides. Although the mesial migration of the right 
second premolar is slightly shorter than that of the left 
side, this slight difference has no influence on the position 
of the foramen as defined dorsal to the root of the first 
premolar and between the roots of the premolars. In this 

respect, the X-ray findings indicate largely undisturbed 
postnatal neuroosteological control of tooth development 
in a discreetly dysmorphic bone. However, if the positions 
of the premolars after tooth eruption are compared with 
their positions during intraosseous development, no 
difference in the vertical positional relationship of the 
teeth between the mandibular sides is visible in the early 
stage (vide supra). However, even in the 2 years 9 months 
old child, there was a slightly wider bone bridge between 
the permanent premolars’ crowns on the tumor side 
compared to the unaffected side (Figure 1A and B).

These observations on tooth development and nerve 
canal formation suggest that the facial PNF, classified as 
congenital, can only have had a formative effect after the 
mandible had developed and the tooth buds had become 
embedded in the bone. In fact, the precursor of the first 
premolar is located above the inferior alveolar nerve in 
the shell-shaped ossified mandible located basally (fetus 
47 mm long) and, at a length of 64 mm, on both sides – at a 
distance – surrounded by bone, to find a developed mental 
foramen laterally (53).

An influence of the lesion on sequential tooth formation 
is evident from the incomplete mesial migration and long 
retention phase of the first molar. Similarly, the absence of 
the second permanent molar on the tumor side probably 
indicates an influence of the nerve on tooth formation, 
which can be used to determine the timing of functionally 
effective tumor growth. The formation of the first molar is 
associated with intrauterine life, while the second molar 
develops only postnatally (54). Based on the analysis of 
the dental findings, it is likely that the influence of PNF 
only began after the formation of the first permanent 
molar [histological evidence of mineralization 7–8 months 
after ovulation (54)], potentially hindering the mesial 
migration of the developing tooth and subsequently 
preventing the formation of the second molar anlage. 
Aplasia of the second molars is considered a rare finding 
(25). However, changes in tooth number in NF1 are not 
limited to aplasia (25) but also include supernumerary 
teeth. Interestingly, the dorsal region of the dental arch 
is more frequently affected by this finding (55). With 
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reference to the known phases of tooth development 
(54) the influence of the disease on tooth development 
points to a late phase of the prenatal life and may include 
the postnatal period, like in this case, during which PNF 
could have been effective for tooth development: enamel 
organ  of the second molar is expected approx. 6 months 
after birth (55).

It is known from previous reports that the functional 
impairment of the masticatory muscles caused by PNF of 
the third trigeminal branch is highly variable (25-28, 49). 
However, the tumor infiltration of masticatory muscles, 
especially pterygoid muscles, and the tumor mass located 
at their site and interpreted as fatty degeneration of the 
masticatory muscles were located directly on the concave 
lingual ramus side (23). The lesions were ending at the 
displaced mandibular foramen (23, 25-27). However, 
the signal indicating fat close to the lingual side of the 
mandibular ramus was not identified in the nerve canal 
(23, 25-27). It is not yet clear whether the enlarged 
nerve canal described repeatedly in NF1 patients (29) 
represents the radiological equivalent of a tumorous 
inferior alveolar nerve. However, it has been pointed 
out that at no point during the early development of the 
inferior alveolar nerve  the branch completely fills the 
encircling bone canal (52). It therefore remains open to 
interpretation whether the enlarged nerve canal (as well 
as the enlarged foramina) on radiographs is sign of tumor-
related or non-tumorous mandibular differentiation 
disorder in NF1 patients (26). This interpretation would 
be consistent with findings that enlarged nerve canals and 
mental foramina have been observed in NF1 patients who 
did not develop trigeminal PNF (29).

The mandibular foramen on the tumor side typically 
differs from that on the unaffected side in terms of 
its cranial position: the foramen on the tumor side is 
frequently located deeper (23). This finding is also clearly 
evident in the present case. However, the difference in 
cranial position only develops into a clear discrepancy 
during clinical follow-up of the child. It is likely that this 
complex anomaly is related to the general dysplasia of 
the ramus and the masticatory muscles attached to it 

(34). This assumption is supported by the very narrow 
thickness of the ramus and the typical concavity of the 
bone segment (23).

The observations show that the developmental 
disorder of the dentition on the tumor side primarily 
affects the distal teeth, especially those that have no 
precursors. Although consistent with other descriptions 
of dental and skeletal conditions in congenital trigeminal 
PNF [3rd branch (25)], the individual findings allow only 
very limited generalizations. It can be assumed that facial 
PNF, in this case primarily that of the third trigeminal 
nerve with involvement of the motor branches, only 
influences the dentition and the outline of the bone, 
especially the distal parts close to the joints, towards 
the end of the prenatal period. The postnatal course of 
tumor growth is characterized by the extent of tumorous 
transformation of the nerve and the organs it supplies, 
especially the masticatory muscles, as well as unknown 
factors that determine tumor biology (56-59). However, 
tumor volume only seems to be significant if impairment 
of several functional units (especially masticatory 
muscles) corresponds to this measurement (30). The 
tumor-associated changes affect the outline and volume 
of the bone as well as the number and position of the teeth 
but show no progressive changes in the terminal section 
of the affected nerve, as far as can be deduced from the 
constancy of the nerve canals and the mental foramen’s 
image on plain radiographs.

PNF-associated mandibular alterations in NF1 and 
hemifacial microsomia. The combined occurrence of 
tumor-associated fatty degeneration of the masticatory 
muscles due to infiltration with a PNF and dysplasia of the 
jaws on the same side, especially the mandible, allows a 
comparison with current concepts of the interdependence 
of muscle degeneration and mandibular deformation in 
hemifacial microsomia (60). The deformities of the affected 
mandibular side in hemifacial microsomia correlated 
primarily with dysplasia of the pterygoid muscles and the 
temporal muscle (60). Based on their own observations, 
the authors concluded that communication between 
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neural crest cells and cephalic myogenic mesodermal 
cells begins early in physical development. In contrast 
to hemifacial microsomia, the facial PNF of NF1 patients 
has the characteristics of a neoplasm. Nevertheless, the 
similarities in the topographically and functionally related 
hard and soft tissue developments of both diseases are 
striking and indicate that in facial PNF, the characteristic, 
albeit variable, skeletal morphology of the jaw is probably 
to a significant extent a consequence of musculoskeletal 
dysplasia. This makes it all the more important in these 
cases to differentiate the transformation of PNF from 
dysplasia into malignant peripheral nerve sheath tumor 
(MPNST) (32).

Jaw changes and diagnostic criteria for NF1. The current 
recommendations for age-adapted diagnostic evaluation 
and criteria for NF1 in childhood and adolescence lack 
references to facial skeleton malformations as an indicator 
of tumor suppressor gene disease (50), which, according 
to numerous reports in the literature, can already be 
detected in childhood (25). Recommendations for the 
developmentally appropriate examination of children 
and adolescents with NF1 and craniofacial PNF should 
include, in addition to standardized neurological 
and ophthalmological examinations (8), specialist 
examinations of facial findings, which can cover a wide 
spectrum of neoplastic manifestations, dysplasias and 
functional disorders. The skeletal findings are frequently 
associated with a craniofacial PNF, a precancerous lesion 
that rarely transforms into MPNST in the craniofacial 
region (13). However, the pathogenesis is well documented 
for the syndrome and has already been diagnosed in 
childhood and adolescence. Distinguishing between 
dysplastic and neoplastic findings can be difficult in these 
individuals. The care of these patients is supported by 
regular expert follow-up examinations applying known 
diagnostic criteria in the field of interest (61-63).

PNF-associated mandibular alteration and MPNST. 
Neurofibromas occurring after the developmental phase 
of the jaw do not appear to result in mandibular dysplasia 

(64). Bone erosion should be considered an indication of an 
PNF (24, 25). Rapid bone resorption with an increase in the 
volume of the soft tissue tumor may indicate malignancy 
(65). In the latter case, the complete dissolution of the 
mandibular ramus and jaw angle, which is observed in rare 
cases with extensive facial PNF and associated complex 
skeletal deformities, can make it difficult to distinguish 
between malignant (66-68) and functional causes of organ 
destruction (34). PNF can lead to cyst-like enlargements of 
the jaw in relation to impacted teeth (22) and may thus be 
interpreted as an oral mass invading the intraosseous space 
from the oral cavity (67).

Conclusion

Skeletal findings in the jaw region can often be detected 
on plain radiographs of NF1 patients, and changes in 
the bone and dentition can be monitored over time 
using readily available examination techniques. Follow-
up examinations show that, using the example of jaw 
deformities, the interaction of neoplastic and dysplastic 
forces eventually can be traced in NF1. 

These imaging techniques provide detailed 
information about the bones and dentition of NF1 
patients with low radiation exposure. They are suitable 
for helping to differentiate between tumor-associated 
and development-specific changes in these hard tissues 
and provide valuable information for the diagnosis of the 
disease in these patients during the course of treatment.
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