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Abstract
Background: Oral manifestations are common in neurofibromatosis 1 (NF1), and include jaws and teeth alter-
ations. Our aim was to investigate the craniomaxillofacial morphology of Brazilian children, adolescents and 
adults with NF1 using cone beam computed tomography. 
Material and Methods: This study was conducted with 36 Brazilian individuals with NF1 with ages ranging from 
4 to 75. The participants were submitted to anamnesis, extra and intraoral exam and cephalometric analysis using 
cone beam computed tomography. Height of the NF1 individuals was compared to the length of jaws and skull 
base. The results of the cephalometric measurements of the NF1 group were compared with a control group paired 
by age, gender and skin color. 
Results: Individuals with NF1 had lower maxillary length (p<0.0001), lower mandibular length (p<0.0001), lower 
skull base length (p<0.0001). In children and adolescents, the mandible was more posteriorly positioned (p=0.01), 
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Introduction
Neurofibromatosis 1 (NF1, OMIM 162200) is one of 
the most common genetic disorders, and presents full 
penetrance and variable phenotypic expression. It is 
caused by mutations in the NF1 gene, located on chro-
mosome 17q11.2. Neurofibromin, the product of this 
gene, is a RasGTPase activating protein that activates 
the intrinsic GTPase-activity of Ras and thus negative-
ly regulates its role in signal transduction. Therefore, 
NF1 is considered a Rasopathy, which is a term used 
for a group of neurodevelopment syndromes caused 
by germline mutations in genes encoding proteins in-
volved in RAS/MAPK signaling pathway (1). The main 
clinical features of NF1 include multiple neurofibromas, 
Lisch nodules, café-au-lait spots, and skin-fold freckle-
like lesions (2). Bone alterations are other important 
manifestations of NF1 and include macrocephaly, scoli-
osis, osteoporosis, bowing of long bones, sphenoid wing 
dysplasia, and short stature (3).
Oral manifestations in individuals with NF1 occur in 
around 70% of all cases, and may affect the soft tissues, 
teeth and jaws.(4–10) The most common oral manifesta-
tions in NF1 are the enlargement of fungiform papillae 
of the tongue, intraoral neurofibromas, alveolar ridge 
deformities, enlargement of the mandibular canal and 
mandibular foramen, and hyposalivation (4-10). Some 
of these jaws alterations are associated with the pres-
ence of plexiform neurofibroma of the second and third 
branches of the trigeminal nerve (6,8).
Short stature and facial dysmorphology are some of the 
clinical features that are common to all Rasopathy syn-
dromes (1,11). Nevertheless, little is known about the 
specific craniomaxillofacial alterations in NF1. There 
are three previous studies that evaluated the facial pat-
tern of individuals with NF1: one was performed with 
Finnish patients, the other with an American and the 
third with a German sample (12–14). The first two stud-
ies reported the presence of short mandible, maxilla 
and skull base in adults when compared with a control 
group, but these alterations were not statistically sig-
nificant in children and adolescents with NF1 (12,13). 
The only alteration found in the non-adult sample with 
NF1 in these studies was the presence of facial horizon-
tal growth (13). Recently, Friedrich et al. (14) did not 
find significant alteration of the facial skeleton in their 
sample with NF1. 

Since craniomaxillofacial morphology differs between 
ethnic groups, it becomes important to study the ab-
normalities in different populations to understand the 
impact of NF1 in this context. The aim of this study 
was to investigate the craniomaxillofacial morphology 
of Brazilian children, adolescents and adults with NF1 
using cone beam computed tomography (CBCT). 

Material and Methods
This is a case control and prospective study conducted 
from 2011 to 2015, at Universidade Federal Fluminense 
(Oral Diagnostic Service of Hospital Universitário An-
tônio and Department of Orthodontics, School of Den-
tistry), and Universidade Federal do Rio de Janeiro 
(UFRJ; Oral Diagnosis Service and Oral Radiology Ser-
vice), Brazil. The study was approved by the local Ethics 
Committee (#31640/2012) and all the participants’ legal 
sponsors gave their written informed consent to partici-
pate. The procedures followed were also in accordance 
with the Helsinki Declaration of 1975, as revised in 1983.
- Sample size calculation
OpenEpi online software version 3.03 (Open Source 
Epidemiologic Statistics for Public Health, Atlanta, 
USA) was used to calculate the sample size, consider-
ing a power test of 80% and p<0.05. For this, we used 
the means and standard deviations of the cranial base 
(SN), maxilla (ANS-PNS; SNA) and mandible (Go-
Me; GoGn.SN; SNB) from an initial sample of seven 
Brazilian children and adolescents with NF1 as well as 
seven Brazilian adults with NF1, using CBCT. These 
measures were compared with a control group matched 
by gender, age and skin color, through CBCT images 
obtained from the Department of Orthodontics. As a re-
sult, it was possible to establish a sample of 36 individu-
als for each group.
- Sample
The study group was composed of 36 individuals with 
the diagnosis of NF1 according to the criteria of the 
National Institutes of Health (NIH).(2) All participants 
with NF1 were submitted to anamnesis, extra and in-
traoral exam and cephalometric analysis using CBCT. 
Participants who were not able to cooperate during clin-
ical and/or radiological examination were not included 
in this study, as well as pregnant women and patients 
with facial plexiform neurofibroma. The height of the 
participants with NF1 was also obtained and compared 

when compared with the control group. There was no association between jaws and skull base length with the height 
of the individuals with NF1. 
Conclusions: Brazilian children, adolescents and adults with NF1 have short mandible, maxilla and skull base. More-
over, children and adolescents present mandibular retrusion.

Key words: Neurofibromatosis 1, oral manifestations, craniofacial abnormalities, cone beam computed tomography.
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to the length of jaws and skull base.
In order to compare the results of the cephalometric mea-
surements of the individuals with NF1, we included a con-
trol group composed of 36 CBCT images from non-NF1 
individuals that were digitally stored at the Department 
of Orthodontics and Oral Radiology Service. The control 
group was paired by gender, age and skin color with the 
study group. The skin color was included because of the 
variation of ethnic characteristics in the craniomaxillo-
facial pattern, and was classified by the researchers. For 
both groups, individuals with history of facial trauma, 
orthodontic intervention and orthognathic surgery prior 
to obtaining the CBCT images were excluded.
- Cone beam computed tomography acquisition
CBCT images of the study group were obtained with the 
volumetric scanner Kodak 9500 3D System Cone Beam 
(FOV: 18 cm x 21 cm; image acquisition time: 10.8 sec-
onds; voltage: 90 kV; tube current: 10 mA; voxel size: 
0.3 mm, focal spot: 0.7 mm; focus-to-detector distance: 
73 cm; absorbed dose: 1,467 mGy/cm2; effective dose: 
14.6 µSv/cm2). Image processing was performed with 
Kodak Dental Imaging System Image Capture Soft-
ware (Carestream Health, Atlanta, USA), and stored in 
DICOM format.
The CBCT images from the control group were previ-
ously obtained with iCat-3D scanner and processed by 
its own software (2.0.21 Xoran Tecnologies, USA) to 
create a DICOM file. For both groups, patient’s head was 
positioned with Frankfurt’s horizontal plane parallel to 
the ground and the mandible was closed in maximum 
intercuspation. DICOM files from both groups were im-
ported to InVivo software 5.0 (Anatomage, USA) and a 
single calibrated researcher performed all analyses us-
ing the 3D Analysis tool. This tool guides the operator 
during the identification of cephalometric landmarks, 
showing anatomical regions in 2D multiplanar slices or 
in three-dimensional reconstruction surfaces, allowing 
precise point marking to build a customized cephalo-
metric analysis. 
- Facial bone symmetry analysis
As usual the cephalometric analysis was performed on 
the left size. Therefore, significant facial bone asymme-
try was used as an exclusion criterion since major bone 
asymmetries could have influence on the anteroposte-
rior and vertical analysis. To investigate the bone facial 
symmetry, cephalometric points were selected accord-
ing to a previous study (15). The points located in the 
midline were initially defined:  point A, Nasion (N), 
Gnathion (Gn), Menton (Me) and Sella (S). Then, the 
bilateral points were selected: right Gonion (Gor), left 
Gonion (Gol), right condylar (Cdr), left condylar (Cdl), 
right condyle (Cor) and left condyle (Col). 
Bilateral measurements were obtained through plans 
traced from the points of the right and left sides, using 
the central plan as a reference. This plan was generated 

by connecting the central points A, N, Gn, Me and S. 
The generated values were compared in a paired man-
ner, differentiating the right side and the left side.
- Cephalometric analysis
Cephalometric analysis was planned using points, 
planes and angles from the analysis of Ricketts, Tweed, 
Steiner and McNamara, using the software tools in 2D 
and 3D images. These measures were selected to define, 
mainly, the size of skull base and jaws. The selected 
cephalometric measurements are shown in Table 1.
Jarabak ś index, which measures the direction of facial 
growth, was determined through the relationship be-
tween anterior facial height (AFH) and posterior facial 
height (PFH).
- Statistical analysis
Excel (Microsoft Corporation, Microsoft Excel® 2010, 
USA) and SPSS 20.0 (IBM® SPSS®, USA) softwares 
were used for analysis. For the analysis of facial bone 
symmetry, the values of the right and left side of the 
individuals were compared by Student’s paired T test, 
to identify the presence of significant asymmetry. The 
cephalometric measurements were analyzed using the 
Student’s paired T test, comparing the study group with 
the control group. The linear measurements for the 
length of the mandible (Go-Me), maxilla (ANS-PNS) 
and skull base (SN) were compared with the height of 
the individuals with NF1, using Pearson ś regression co-
efficient. P-values ≤ 0.05 were considered significant. 

Results
According to the bilateral results, there was no facial 
bone asymmetry in any group; so all the individuals 
were included in the cephalometric analysis. The results 
of the evaluation of the facial bone symmetry are shown 
in Table 2. 
The facial clinical aspects of the individuals with NF1 
are shown in supplemental Figure 1 and 2. Of the 36 
individuals included in each group (study and control 
group), 22 (61%) were female and 14 (39%) were male, 
with ages ranging from four to 75 years (mean 28 years). 
According to the classification by age, there were nine 
(25%) children (12 years of age and younger), 11 (30%) 
adolescents (13-18 years of age) and 16 (45%) adults (19 
years of age and older). 
- Comparison of the cephalometric analysis between 
individuals with neurofibromatosis 1 and references 
values
Initially, cephalometric values of individuals with NF1 
were compared with the reference values (Ricketts, 
Tweed, Steiner and McNamara analyses). Sixteen (44%) 
individuals with NF1 had lower values of the SNA an-
gle compared with the reference values, characterizing 
a maxillary retrusion. Reduced SNB was present in 20 
(55%) participants with NF1. In the evaluation of the 
ANB angle, 17 (47%) individuals with NF1 had values 
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Points, lines 
and angles Definition

Point A The most posterior point of the concavity of the anterior border of the maxilla, and the deepest point in the 
anterior maxillary alveolar profile.

Pog The most anterior point of the mandible, at the level of the median sagittal plane.

Por Right porion: upper point of the external auditory meatus, is the Frankfurt plane reference.

S Sella: located in the center of the turcic sell, in the sphenoid bone, occupied by the pituitary gland.

Point B The most posterior point of the concavity on the anterior border of the mandible, the deepest point into the 
mandibular alveolar profile.

Gor The most posterior point below the mandibular angle, located in the bisectrix of the angle formed by the 
tangent to the lower border of the mandibular body and the posterior border of the right mandible branch.

Gn The most lower and anterior point at midline of the mandible, formed by the intersection of the line 
connecting Me - Go with the line joining Na – Pog (Pogonion). Important to obtain the facial axis.

Me The lowest point of the outer contour of the mandibular symphysis.

N The anterior point of the fronto-nasal suture, in the median sagittal plane. Anterior border of the skull base.

Orr Right orbital: lowest point of the orbit outline on the right side.

PNS  Posterior nasal spine: apex of the posterior nasal spine, located at the posterior limit of the bony palate.

ANS Anterior nasal spine; apex of the anterior nasal spine, located at the junction of the left and right maxilla, in 
the anterior side.

ANS-PNS Sagittal maxillary length.

ANS-Me Lower facial height, distance between ANS and menton.

SN Sella-Nasion, sagittal length of the anterior cranial base.

Go-Me Mandibular body length.

N-Me Nasion-menton, it characterizes the anterior facial height (AFH).

S-Go Sella-gonion, represents the posterior facial height (PFH).

GoGn.SN Mandibular plane angle (GoGn) with SN line. Represents the degree of mandibular opening, indicating the 
horizontal growth pattern and vertical growth amount.

SNA Sagittal relationship between the maxilla and the skull base (sella-nasion A).

SNB Relationship between the mandible and skull base (sella-nasion-B).

ANB Sagittal relationship between the mandible and maxilla, angle between point A-Nasion-point B.

Table 1: Cephalometric points, lines and angles used in the study.
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between 0 and 4o, which is considered normal (Class 
I skeletal pattern). The remaining 18 individuals with 
NF1 (50%) showed higher values than 4o (Class II ske-
letal pattern). In the linear measurement (ANS-PNS), 
30 (83%) individuals with NF1 presented lower value, 
which characterizes short maxilla.
There were 19 (53%) individuals with NF1 with reduc-
tion of the Go-Me value, and 23 (64%) with GoGn.SN 
values lower than the reference, showing shorter man-
dibular body length and a horizontal growth pattern, 
respectively. The length of the skull base (SN) was re-
duced in 31 (86%) of the individuals with NF1. In Figure 
3, we show the measures that had significant differences 
between the NF1 and control groups.

- Cephalometric analysis comparing individuals with 
neurofibromatosis 1 and control group
The results are shown in Table 3. There was no statisti-
cally significant difference of the SNA values between 
individuals with NF1 and controls (paired Student ś 
T-test; p=0.26). The NF1 group had lower SNB values 
compared with the control group (paired Student ś T-
test, p=0.01), showing that individuals with NF1 had 
mandibular retrusion. The NF1 group had normal va-
lues for ANB angle, which indicate a normal horizon-
tal relationship of the maxilla and mandible, and there 
was no difference comparing with the controls (paired 
Student ś T-test; p=0.09). Respecting the maxillary 
length (ANS-PNS), individuals with NF1 had lower 

Measures Means Deviation (σ) Student ś paired 
T-test P- value

Individuals with neurofibromatosis 1

Go-Me (r) 79.31 84.58
0.85 0.40

Go-Me (l) 80.06 80.25

Go-Cd (r) 49.67 33.55
0.48 0.65

Go-Cd (l) 49.13 26.74

Co-Gn (r) 113.10 120.48
1.10 0.28

Co-Gn (l) 111.7 117.63

Co-A (r) 91.91 79.91
0.85 0.40

Co-A (l) 90.78 57.79

S-Cd (r) 47.06 16.58
1.96 0.66

S-Cd (l) 45.23 23.24

Control group

Go-Me (r) 78.04 5.88
2.17 0.44

Go-Me (l) 78.65 6.42

Go-Cd (r) 52.17 2.75
0.18 0.85

Go-Cd (l) 52.13 3.18

Co-Gn (r) 116.17 2.88
0.34 0.73

Co-Gn (l) 116.08 2.84

Co-A (r) 95.43 1.44
0.96 0.34

Co-A (l) 95.65 1.69

S-Cd (r) 54.7 1.42
1.47 0.15

S-Cd (l) 54.3 1.49

Table 2: Results of the facial bone symmetry analysis.

Go-Me (r): right gonion-menton; Go-Me (l): left gonion-menton; Go-Cd (r): right gonion-condylar; Go-Cd (l): left gonion-condylar; 
Co-Gn (r): right condyle-gnathion; Co-Gn (l): left condyle- gnathion; Co-A (r): right condylar- point A; Co-A (l): left condylar point 
A; S-Cd (r): right sella condylar; S-Cd (l): left sella condylar.
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Fig. 1: Facial clinical aspects of the individuals with neurofibromatosis 1 (patient 1-24)
Front (A) and lateral (B) views.
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measures than the controls (paired Student ś T-test; 
p<0.0001).
Individuals with NF1 had lower mandibular length val-
ues (Go-Me) than the control group (paired Student’s 

Fig. 2: Facial clinical aspects of the individuals with neurofibromatosis 1 (patient 25-36).
Front (A) and lateral (B) views.

Fig. 3: Measures that had significant differences between the NF1 
and control groups.
SN: sella-nasion line (skull base length); NB: nasion-B line; SNB: 
Relationship between the mandible and skull base (sella-nasion-B). 
ANS-PNS: anterior nasal spine-posterior nasal spine line (maxilla 
length); Go-Me: gonion-menton line (mandible length). 

T-test; p<0.0001), which means that they had shorter 
mandible (Table 3). There was no statistically signifi-
cant difference between both groups for GoGn.SN va-
lues (paired Student’s T-test; p=0.11).
Individuals with NF1 had lower values of skull base length 
(SN) than controls (paired Student ś T-test; p<0.0001). 
Jarabak ś analysis showed horizontal facial growth pat-
tern (brachyfacial type) in both NF1 group (68%) and the 
control group (69%). There was no diffe-rence between 
the group with NF1 (mean 0.68; p=1.09) and the controls 
regarding the facial type (paired Student ś T-test; p=0.19).
When evaluating the cephalometric measures stratified 
by age (children/adolescents, and adults), the results 
were similar, except for the SNB angle, that had statisti-
cal significant differences between the group with NF1 
and the control group only in children and adolescents, 
not in adults (Student ś T-test, p=0.01). The results are 
presented in Table 3.
- Cephalometric analysis in individuals with neurofi-
bromatosis 1 comparing to height
Table 4 summarizes the results. There was no asso-
ciation between mandibular length (Pearson ś correla-
tion; p=0.478), maxillary length (Pearson ś correlation; 
p=0.700) and skull base length (Pearson ś correlation; 
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Correlations Gender/Total number Pearsons ś Correlation 
coeficient P-value

Correlation between maxilla, mandible and skull base length and the height of the individuals (children, adolescents 
and adults) with neurofibromatosis 1

Height - maxilla Male (n =14)
Female (n=22)
Total (n=36)

-0.119
-0.117
-0.059

0.202
0.539
0.700

Height - mandible Male (n =14)
Female (n=22)
Total (n=36)

 0.111
-0.475
-0.298

0.672
0.087
0.478

Height - skull base Male (n =14)
Female (n=22)
Total (n=36)

-0.020
0.595
0.458

0.944
0.563
0.570

Correlation  between maxilla, mandible and skull base length and the height of the children and adolescents with 
neurofibromatosis type 1

Height - maxilla
Male (n =5)

Female (n=15)
Total (n=20)

-0.557
-0.454
-0.169

0.251
0.067
0.440

Height - mandible
Male (n =5)

Female (n=15)
Total (n=20)

0.515
-0.302
-0.480

0.296
0.239
0.827

Height - skull base
Male (n =5)

Female (n=15)
Total (n=20)

-0.648
0.473
0.277

0.164
0.055
0.201

Correlation  between maxilla, mandible and skull base length and the height of the adults with neurofibromatosis 
type 1 

Height - maxilla
Male (n =9)

Female (n=7)
Total (n=16)

0,033
0.733
-0.059

0.994
0.812
0.794

Height - mandible
Male (n =9)

Female (n=7)
Total (n=16)

-0.167
0.413
0.114

0.668
0.161
0.613

Height - skull base
Male (n =9)

Female (n=7)
Total (n=16)

-0.142
-0.615
-0.701

0.715
0.844
0.756

Table 4: Correlation between maxilla, mandible and skull base length and the height of the individuals with neurofibromatosis type 1

p=0.570) with the height of the individuals with NF1. 
Analyzing the correlation by sex, there was also no 
association between the individual’s height with man-
dibular length (Pearson ś correlation; male: p=0.672 / 
female: p=0.087), maxillary length (Pearson ś correla-
tion; male: p=0.202 / female: p=0.539) and skull base 
length (Pearson ś correlation; male: p=0.944/ female: 
p=0.570).

Discussion
The use of CBCT images for cephalometric analyses in 
this study was based on their benefits over conventional 

radiographies (16-19). It was possible to obtain images 
with actual size, avoiding superposition of structures, 
thus presenting better accuracy in marking the anthro-
pometric points, and ensuring greater reliability of the 
identification of anatomic structures (16-19). CBCT 
also permits 3D reconstructions and emulation of 2D 
conventional projections (16-19). Although computed 
tomographies (CT) require higher doses than conven-
tional radiographies, CBCT exposes patients to lower 
doses of radiation comparing with conventional CT 
(20). For example, head CT requires doses between 
995 and 1.160 µSv, whereas the large FOV CBCT re-
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quires 93 to 260 µSv for the Kodak 9500 3D, which 
was the equipment used in this study (19). Even using 
the large FOV, it was possible to obtain lower radiation 
doses with CBCT comparing with a complete oral ra-
diographic exam (periapical, bite-wing, panoramic and 
lateral radiographies).(19) Moreover, the radiation dose 
of CBCT or complete oral radiographic exam is much 
lower than other conventional radiographies, i.e. spine, 
abdomen or pelvis (1.5-8 mSv) (20).
Although CBCT presents important advantages over 
conventional radiographies, there are no previous stud-
ies that investigated the craniofacial alterations in NF1 
using this technique. The use of CBCT images in the 
present study allowed a previous accurate facial sym-
metry analysis as an exclusion criterion, avoiding the 
influence of bone asymmetry on anteroposterior and 
vertical measurements, thus resulting in a more ho-
mogeneous sample. Based on CBTC images, we show 
in this study that Brazilian individuals with NF1 have 
short jaws and skull base, as well as mandibular retru-
sion. 
Short jaws and skull base were first shown in individuals 
with NF1 in a study with a Finnish sample, performed 
by Heervä et al. (12), based on conventional radiogra-
phies. Nevertheless, statistical differences comparing 
with a control group were present only in adults (n=51) 
and not in children/adolescents (n=30). According to 
the authors, it probably happened because of the small 
number of participants in the latter group. Similarly, 
also using conventional radiographies, the study of 
Cung et al. (13) conducted with an American sample, 
found short mandible, maxilla and skull base only in the 
adult sample (n=78), but not in children and adolescents 
with NF1 (n=23), compared with controls. 
Although our total sample was smaller than other two 
previous studies (12,13), our sample size of children 
and adolescents was similar to the study of Cung et al. 
(13), and we found a significant statistical difference in 
the values of mandibular, maxilla and skull base length 
comparing the NF1 group with the controls not only in 
adults but also in children and adolescents. In the facial 
growth analysis, Heervä et al. (12) showed significant 
difference between adolescents with NF1 and controls, 
demonstrating a short growth pattern. It is important 
to emphasize that the study of Heervä et al. (12) was 
conducted with Finnish individuals, which is an ethnic 
group with Caucasian features, and the study of Cung et 
al. (13) was performed with American whites with NF1. 
Our sample is different because it was composed pre-
dominantly of individuals with a shorter face, which is 
the result of miscegenation of the Brazilian population. 
Although the general Brazilian population has shorter 
face comparing with other ethnic groups, we show in 
our study that Brazilian individuals with NF1 have even 
shorter jaws and skull base comparing with the controls. 

Different from our results where we found significant 
mandibular retrusion (reduced SNB) in children and 
adolescents, Heervä et al. (12) and Cung et al. (13) did 
not find statistically difference comparing with the 
controls. Significant maxillary retrognathism (reduced 
SNA) was reported in the study of Heervä et al. (12), 
but not in the one performed by Cung et al. (13). In our 
sample, although SNA reduction was present in 44% of 
the individuals with NF1, it was not statistically signifi-
cant comparing with the controls. Maybe with a larger 
sample, we could find statistical differences of the SNA 
values between the individuals with NF1 and the con-
trol group.
Friedrich et al. (14) recently performed a cephalome-
tric study with a larger sample of individuals with NF1 
(n=172), with ages between 4 and 78 years. In their 
study, although there was some shortening in the mea-
surements of the skull and jaws in patients with NF1 
without facial plexiform neurofibromas (n=96), when 
the results were compared with the control group, there 
were no statistical significance differences (14). Never-
theless, the control group of their study was composed 
of only 29 individuals with NF1, from ages between 16 
to 35 years (14). It is important to emphasize that cepha-
lometric values vary between individuals with different 
gender and age, as well as between ethnic groups. In the 
other two previous studies on cephalometric analysis of 
NF1 individuals (12,13), as well as in ours, short jaws 
and skull base were present in the NF1 population and 
there were significant statistical differences when com-
pared with the controls that were matched by age and 
sex. In our study, since Brazilian population is miscege-
nated, the control group was also matched by skin color. 
The previous study with Finnish individuals with NF1 
found correlation between stature and short jaws in 
children and adolescents, as well as with short skull 
base, demonstrating that short children with NF1 have 
short craniomaxilofacial bones (12). These results were 
not present in adulthood, and the authors suggested that 
there might be some alterations in growth during puber-
ty (12). Interestingly, Cung et al. (13) found, in the adult 
population, but not in children, correlation between sta-
ture and some cephalometric changes (facial height, and 
length of maxilla), but other the alterations (e.g. ANB) 
were independent of height. In our sample, there was 
no statistically significant correlation between cephalo-
metric measures and height of children and adolescents 
with NF1, demonstrating that the presence of short jaws 
and skull base in our sample were independent of the 
individuals’ stature. 
Neurofibromin is expressed in osteoblasts, osteocytes, 
osteoclasts, and chondrocytes (21), and previous in vitro 
and in vivo studies have shown that neurofibromin is 
necessary for proper endochondral ossification and os-
teoblast differentiation (22,23). Mandible, maxilla and 
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some bones of the skull base (sphenoid body, occipital 
base) develop from endochondral ossification. More-
over, intramembranous ossification also occurs in the 
maxilla and mandible, as well as in sphenoid wings and 
occipital squama. The results of our study together with 
the two previous ones that showed similar craniomaxil-
lofacial morphology alterations in individuals with NF1 
(12,13) suggest that neurofibromin is important for the 
correct anterior-posterior growth of skull base, maxilla 
and mandible. Interestingly, mice lacking neurofibro-
min in osteochondroprogenitor cells exhibited altera-
tions in bones derived from endochondral ossification, 
including shortening of skull base, and maxilla (23), as 
seen in our sample and in the other two studies with hu-
mans (12,13). Moreover, mice also presented shortening 
of the zygomatic and squamosal bones, associated with 
teeth malocclusion, whereas craniofacial bones derived 
from intramembranous ossification appeared normal 
(23). 
Future studies for a better understanding of the conse-
quences of the craniomaxillofacial morphology altera-
tions in NF1 are important since it is known from the 
general population that facial bone alterations can influ-
ence the masticatory and facial muscle activity, and can 
affect physiological functions, such as speech, chewing 
and swallowing (24-26). Interestingly, Class III maloc-
clusion and posterior unilateral cross bite are highly 
prevalent in children with NF1 compared with controls 
(10,27). The correlation between these occlusal abnor-
malities and the craniofacial malformations in individu-
als with NF1 should be further investigated. 
In conclusion, we show in this study with a Brazilian 
sample that children, adolescents and adults with NF1 
have short mandible, maxilla and skull base. Moreover, 
children and adolescents present mandibular retrusion. 
Our results suggest that NF1 affects the craniofacial 
morphology.
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