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Structured Abstract

Objectives – Literature is poor of data about the occlusion in children

affected by neurofibromatosis type 1 (NF1). This case–control study

investigated the occlusal traits in a group of children with NF1.

Setting and sample population – A hundred and fifteen children with

NF1 were enrolled; non-NF1 controls were sequentially selected among

subjects referred to the Pediatric Dentistry Department.

Material and methods – All patients underwent a clinical dental examina-

tion and a panoramic radiography. The following orthodontic variables

were considered: molar relationship, overjet, overbite, cross-bite, scissor

bite, and crowding/spacing.

Results – Class III molar relationship resulted significantly (p = 0.01)

more common in children with NF1 than in the control group as well as

the unilateral posterior cross-bite (p = 0.0017). Forty-three children with

NF1 (37.3%) showed radiographic abnormalities; in one case, a plexiform

neurofibroma was detected.

Conclusions – An early orthodontic evaluation might be planned in the

management of children with NF1 to prevent or decrease the need for

extensive orthodontic interventions.
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Introduction

Neurofibromatosis type 1 (NF1) is a common

multisystemic Mendelian disorder, seen in

1:3000 individuals (phenotype MIM number

162200, gene number 613113). NF1 is an autoso-

mal-dominant disease and the gene located on

chromosome 17q11.2 also has a high sponta-

neous mutation rate (1). NF1 was well described

as a clinical entity by von Recklinghausen in

1882, but diagnostic criteria were not established

until 1988 (2). Oral manifestations can be found

in almost 72% of NF1 patients. The oral manifes-

tations of NF1 include dental abnormalities such

as impacted, displaced, supernumerary, or miss-

ing teeth; bone abnormalities such as intrabony

neurofibromas, hypoplasia and deformity of the

jaw, enlarged mandibular foramen, flat gonial

angle, coronoid notch deformity, pseudo elonga-

tion of condylar process; and soft tissue abnor-

malities such as oral neurofibromas. The typical

clinical features of NF1 are usually apparent in

childhood or early adolescence (3–6).
Literature is poor of data regarding the occlu-

sal pattern in children with NF1. The aim of this

study was to investigate the occlusal traits in a

group of children with NF1 compared with a

group of healthy children.

Material and methods
Sample selection

This study was designed as a case–control study.
Cases were identified as patients affected by NF1

diagnosed at the Neuropsychiatric Department

of the Pediatric Clinic and consecutively visited

in the period from October 2011 to December

2012. NF1 was diagnosed according to the crite-

ria outlined by the National Institutes of Health

Consensus Development Conference (1988) by

the neuropediatrician of the NF1 Centre and

confirmed by the clinical geneticist (2).

One hundred and twenty-one children affected

by NF1 (65 male and 56 female, age range

6–14 years, mean age 9.4, and SD 2.3 years,)

were enrolled in the study. The control group

was composed of healthy children sequentially

selected among patients referred to the Pediatric

Dentistry Department and seeking dental treat-

ment. Subjects with craniofacial anomalies (i.e.,

clefts lip and palate, syndromes) were excluded.

All children’s parents gave informed consent

according to the recommendations of the Decla-

ration of Helsinki. Ethical approval for the

research was granted by the Dental School

Research Ethics Committee (DSREC).

Considered variables

All evaluations were carried out by the same two

orthodontists who had previously undergone cal-

ibration to standardize their procedures. The

assessment of dental occlusion was carried out

in a clinical evaluation using dental mouth mir-

rors and millimetric rulers. Bone anomalies were

estimated from presence/absence in panoramic

radiographies. The following variables were

considered:

Sagittal dimension. Molar relationship was

determined according to Angle’s classification.

The incisor classification (7) and/or the canine

relationship were considered for inclusion of

patients with subdivision malocclusions (8) (e.g.,

class III molar relation on the right side and

class I on the left side) in the class II or class III

groups.

Overjet (OJ) was defined as the distance, paral-

lel to the occlusal plane, from the most labial

point of the incisal edge of the maxillary incisors

to the most labial surface of the corresponding

mandibular incisor and measured to the nearest

half millimeter. The normal range of OJ was

determined at 2 ! 1.5. A negative OJ was regis-

tered when the lower incisors were in front of

the upper incisors. Subjects with a negative OJ

were also included in the group of patients with

cross-bite (centrals and canines).

Vertical dimension. Overbite (OB) was consid-

ered as the vertical overlap of the incisors when

the posterior teeth were in contact. The normal

range was determined at one-third coverage of

the lower incisors by the upper incisors. An

edge-to-edge incisor relationship was recorded
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when the maxillary and mandibular incisors

occluded on their incisal edges. An open bite

was registered when there was no vertical over-

lap between upper and lower incisors.

Transverse dimension. A posterior cross-bite

was diagnosed when there was a crossover of at

least one tooth in the buccal segment of the

dental arches. A posterior cross-bite could be

unilateral (right or left) or bilateral. A scissor bite

was recorded when the palatal cusps of the

upper posterior teeth were positioned buccal in

relation to the buccal cusps of the lower poste-

rior teeth.

Alignment anomalies. The difference between

the sums of the mesio-distal tooth widths and

available arch space was calculated for the upper

and lower arches. Different components of the

Index of Complexity, Outcome, and Need were

used for measuring crowding/spacing in specific

conditions (9). According to the orthodontic lit-

erature, crowding/spacing was also categorized

as follows: no crowding or spacing, mild crowd-

ing (≤2 mm), moderate crowding (2.1–5 mm),

and severe crowding (≥5.1 mm). Slightly irregu-

lar arches and crowding or spacing up to

0.5 mm in the upper or lower arch were

included within normal limits. A midline dia-

stema was diagnosed when there was a space of

at least 2 mm between the maxillary central

incisors.

The criteria for defining a normal occlusion

were a class I canine and molar relationship, a

positive OJ up to 3.5 mm, OB up to one-third

coverage and well-aligned arches.

Bone anomalies. The presence/absence of NF

specific radiographic alterations such as neurofi-

bromas, hypoplasia and deformity of the jaw,

coronoid or condylar process deformities was

evaluated in a panoramic radiography.

Statistical analysis

Unpaired Student’s t-test between the two

groups was calculated for Gaussian distributed

variables; chi-square test for the comparison of

the two groups and Fisher’s test for non-Gaus-

sian distributed binomial variables were used.

Any values less than p < 0.05 were interpreted as

statistically significant. To assess examiner relia-

bility, 5% repeated examinations were under-

taken throughout the period of data collection.

The interclass correlation (ICC) was used for the

clinical variables and the Cohen’s kappa coeffi-

cient for the presence/absence of bone anoma-

lies in the panoramic radiographies.

Results

Of 121 children affected by NF1, 6 were excluded

from the study, 4 because it was impossible to

perform the visit as they were uncooperative

and 2 because the parents refused the panora-

mic radiography. The study group was com-

posed by 115 children (61 male and 54 female,

age range 6–14 years, mean age 9.2, and SD 2.6).

A total of 115 healthy children (52 male and 63

female, age range 6–14 years, mean age 8.9, and

SD 2.5 years) matched to cases for age, race, and

area of residence were enrolled.

The ICC for the intrarater and inter-rater

agreement on the clinical variables was 0.73 and

0.77, respectively, indicating a strong agreement

for repeated measurements and for measure-

ments realized by the two orthodontists. K value

was 0.69 and 0.72, respectively, indicating good

agreement for repeated measurements and

between the 2 orthodontists in detecting bone

abnormalities on the panoramic radiographies.

The prevalence of normal occlusion, class I,

class II, class III molar relationships in the NF1

group and in the control group is reported in

Table 1. Class III was significantly more frequent

in children with NF1 than in the control group.

The distribution of OJ, OB, cross-bite, and scis-

sor bite in the NF1-group and in the control

group is reported in Table 2. Posterior unilateral

cross-bite was significantly more common in

children with NF1. The maxillary and mandibu-

lar arch crowding/spacing are reported in

Table 3; no statistically significant differences

regarding these variables were observed between

the two groups.

Forty-three NF1 patients (37.3%) showed

radiographic bone abnormalities. Increase in

dimension of the coronoid notch and deformity
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of the condylar head was observed in 41 chil-

dren (35.6%), an increase in bone density and an

enlarged mandible foramen was detected in 21

children (18.2%), and a decreased mandibular

angle was observed in 5 children (4.3%). In one

case (8 years old, female), a plexiform neurofi-

broma was detected. The young girl presented

with a swelling of the right cheek and a ptosis of

the right eye. The intra-oral examination pointed

out the absence of the upper and lower right

Table 1. Distribution of the molar relationships (according to Angle classification) in the NF1 group and in the control group
(v2 test)

Malocclusion type NF Control group Significance

Normal occlusion 17 (14.7%) 24 (20.8%) p = 0.22 OR = 0.66

Class I 46 (40%) 48 (41.7%) p = 0.07 OR = 0.93

Class II 34 (29.56%) 36 (31, 3%) p = 0.08 OR = 0.92

Class III 18 (15.6%) 7 (6.08%) p = 0.01* OR = 2.86

Total (n) 115 115

NS, not significant; *, significant value; and OR, odds ratio.

Table 2. Distribution of overjet, overbite, cross-bite, anterior open bite, and scissor bite in the NF1 group and in the control
group (v2 test)

NF1 Control group Significance

Overjet

>9 mm 1 (0.9%) 2 (1.7%) p = 0.56 OR = 0.50

6 < to ≤ 9 mm 3 (2.6%) 2 (1.7%) p = 0.65 OR = 1.51

3.5 < to ≤ 6 mm 28 (24.3%) 38 (33%) p = 0.14 OR = 0.65

0 ≤ to ≤ 3.5 mm 72 (62.6%) 68 (59.1%) p = 0.58 OR = 1.16

"1 ≤ to < 0 mm 9 (7.8%) 4 (3.5%) p = 0.15 OR = 2.36

"3.5 ≤ to < "1 mm 2 (1.7%) 1 (0.9%) p = 0.56 OR = 2.02

Reverse OJ overall 11 (9.5%) 5 (4.3%) p = 0.11 OR = 2.33

Overbite

≤1/3 coverage 72 (62.6%) 68 (59.1%) p = 0.58 OR = 1.16

1/3 < to ≤ 2/3 coverage 23 (20%) 28 (24.3%) p = 0.42 OR = 0.78

2/3 < to ≤ full coverage 15 (13%) 15 (13%) p = 1 OR = 1

Deep overbite, full coverage 0 1 (0.8%) p = 0.31 OR = 0

Edge-to-edge 5 (4.3%) 2 (1.73%) p = 0.24 OR = 2.57

Anterior open bite

≤1 mm 4 (3.47%) 2 (1.73%) p = 0.4 OR = 2.04

1.1–2 mm 3 (2.6%) 0 p = 0.08 OR = 0

2.1–4 mm 1 (0.86%) 0 p = 0.31 OR = 0

>4 mm 0 0 –

Anterior open bite overall 8 (6.9%) 2 (1.73%) p = 0.06 OR = 4.22

Cross-bite

Unilateral posterior 18 (15.6%) 4 (3.47%) p = 0.0017* OR = 5.15

Bilateral posterior 6 (5.21%) 3 (2.6%) p = 0.3 OR = 2.06

Scissor bite 0 0 –

NS, not significant; *, significant value.
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molars, overlaid by a tissue of soft consistency.

The panoramic radiography showed a large radi-

olucent area in the right mandible causing a

deformity of the condylar head and a displace-

ment of the first molars, which resulted

impacted (Figs 1 and 2).

In the control group, no radiographic bone

abnormalities were found.

Discussion

While epidemiological data about orthodontic

features in healthy children are widely available,

there is a lack of reports about the prevalence of

malocclusions in children with NF1. As the

prevalence of malocclusion in different studies

varies according to methods of assessment,

racial differences and chronological age of the

sample, the findings should be compared with

caution (10).

In our study, both the NF1 group and the

control group belonged to the same ethnic pop-

ulation, age, and gender group. The following

orthodontic variables were evaluated: molar rela-

tionship, OJ, OB, cross-bite, scissor bite, and

arch length discrepancies. According to our

results, a significant difference (p = 0.01)

between the prevalence of class III molar

relationship in healthy children (6.08%) and in

children with NF1 (15.6%) was observed. As

regards the OJ, no statistically significant differ-

ence between the two groups was found, but the

results show that the number of patients with a

reverse OJ was more than double in the NF1

group than in the control group.

The percentages of class I, II, and III molar

relationship and reverse overjet in the control

group reflected those in the European popula-

tion (11–17) indicating that our control group

may be considered representative. The unilateral

cross-bite resulted significantly (p = 0.0017

OR = 5.15) more frequent in the NF1 group

(15.6%) than in the control group (3.47%) and

Table 3. Maxillary and mandibular arch crowding/spacing
in the NF1 group and in the control group (v2 test)

NF1

Control

group Significance

Maxillary arch

Spacing 20 19 p = 0.03 OR = 1.06

Crowding

No crowding or

spacing

8 7 p = 0.07 OR = 1.15

Mild (≤2 mm) 44 39 p = 0.47 OR = 1.21

Moderate (2.1–5 mm) 28 32 p = 0.36 OR = 0.83

Severe (≥5.1 mm) 15 18 p = 0.32 OR = 0.81

Mandibular arch

Spacing 22 16 p = 0.28 OR = 1.46

Crowding

No crowding or

spacing

8 5 p = 0.73 OR = 1.64

Mild (≤2 mm) 46 41 p = 0.46 OR = 1.20

Moderate (2.1–5 mm) 29 39 p = 0.14 OR = 0.66

Severe (≥5.1 mm) 10 14 p = 0.38 OR = 0.69

NS, not significant.

Fig. 1. Intra-oral view. Absence of the lower right molar.

Fig. 2. Panoramic radiography details. Large radiolucent area
in the right mandible, deformity of the condylar head, and
displacement of the first molars.

Orthod Craniofac Res 2015 | 5

Bardellini et al. Occlusal traits in NF1



also the percentage of bilateral cross-bite, even

if not statistically relevant, was double in the

NF1 group (5.21%) if compared with the control

group (2.6%). Posterior cross-bite in one of the

most frequently occurring malocclusions in the

deciduous and mixed dentitions, with a reported

prevalence from 3% to 23% (18–23). Although a

difference between the percentages of cross-bite

in the NF1 group and in the control group was

found, both these values fall within the normal

ranges reported in literature.

However, the prevalence of cross-bite in the

NF1 group (20.8%) is higher if compared with

the prevalence of cross-bite of Italian schoolchil-

dren (14.2%). It cannot be stated whether the

higher percentage of class III molar relationship

and reverse overjet in NF1 patients was

supported by skeletal malocclusions because no

lateral cephalograms were made a priori as

not all patients would undergo an orthodontic

treatment.

The main cause of craniofacial alterations in

patients with NF1 is still controversial; genetic

factors and local tumor growth can be involved

in this deviated development. According to

Friedrich et al., (6) the pattern of craniofacial

malformation in NF1 could be caused by

tumor invasion and local destruction. On the

other hand, some studies found that the NF1

gene may regulate the growth of craniofacial

structures and the development of bone

deformity (24, 25). Dysplasia of the skeleton is

an accepted manifestation of NF1 (26–30).
Scalloping and resorption of the tibia with

consecutive pseudarthrosis and sphenoid wing

dysplasia are just two characteristic examples

of bone malformations not necessarily associ-

ated with an adjacent neurofibroma (6, 26–30).
Furthermore, scoliosis of the vertebral column

is a frequent sign of NF1 and can be present

with and without a neurofibroma (6). Many

authors reported pathognomonic skeletal

lesions, especially of the long bones (26). In

particular, Lorson et al. (29) felt that the

change of the shape of the coronoid notch was

a pathognomonic feature and was as important

as the characteristic sphenoid and orbital

dysplasia in NF1 patients.

In our study, of 115 children with NF1, 43

patients showed radiographic features of NF1,

that is, increase in dimension of the coronoid

notch and deformity of the condylar head

(35.6%), increase in bone density and enlarged

mandible foramen (18.2%), and decreased

mandibular angle (4.3%). These results are diffi-

cult to compare because there are few studies

about radiographic features of the jaw bone in

children with NF1, a part those about malforma-

tions associated with plexiform neurofibroma (6,

31, 32). These tumors frequently originate from

the branches of the trigeminal nerve and invade

both the cheek and oral cavity. Several studies

reported hemifacial disfigurement caused by

plexiform neurofibroma (7, 26–30). The fre-

quency of these tumors is considered to be

about 21% of NF1 patients; the trunk and the

head and neck area are frequently affected (5, 6,

33, 34).

In our study, only in one patient (8 years old,

female), the panoramic X-ray evidenced a plexi-

form neurofibroma. The MRI pointed out a

plexiform neurofibroma along the right lateral

orbit and the adjacent right upper eyelid, affect-

ing not only the subcutaneous tissue but also

the underlying muscle structures. The front part

of the lateral orbit was thickened due to a bone

dysplasia associated with the overlying plexiform

neurofibroma.

The mandibular features observed in our study

could represent the manifestation of a mesoder-

mal dysplasia, in the sense of ‘altered growth’,

without direct association with neurofibromato-

sis tissue. A role of these osseous abnormalities

in inducing a protrusion of the mandible, caus-

ing the occlusal traits found in the NF1 children,

could be speculated. Similarly, the posterior

unilateral cross-bite, that resulted more common

in children with NF1, could be ascribed to

abnormalities in growth, as it was not associated

with neurofibroma. Dysplastic bony lesions of

the maxilla or mandible could induce a func-

tional shift of the mandible toward the cross-bite

side. The role of the orthodontist is to detect

these anomalies in NF1 patients and to correct

the malocclusion without presuming to change

the pattern of growth of these patients.
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NF1 is an extraordinarily variable and progres-

sive condition. Neurofibroma tends to appear in

teenage or young adult years. Malignancy,

pheochromocytomas, and paraspinal plexiform

neurofibroma are mostly problems of adults.

This study shows for the first time the presence

of occlusal disorders in children with NF, possi-

bly due to a dysplasia of bony structures. A limit

of this study is the lack of cephalometric data;

however, the aim was to investigate solely the

occlusal traits. In a next step, it may be interest-

ing to analyze cephalograms in the potential

candidates for orthodontic treatment in order to

identify skeletal malocclusion.

Conclusion

The assessment of the occlusal traits in chil-

dren with NF1 highlighted a significantly

higher percentage of class III molar relation-

ship and reverse overjet compared with healthy

children.

A multidisciplinary approach for the compre-

hensive care of children with NF1 is desirable.

In particular, an early orthodontic evaluation

might be planned in the pediatric management

of these patients, in order to intercept the

occlusal disturbances and to prevent or

decrease the need for extensive orthodontic

interventions.

Clinical relevance

Our study describes the occlusal traits in children

with NF1. To the best of our knowledge, this is

the first study reporting occlusal abnormalities in

these patients. Here, we found that children with

NF1 show significantly higher prevalence of class

III molar relationship than healthy children. A

role of the bone abnormalities, pathognomonic

of NF1, in inducing a functional protrusion of

the mandible, could be speculated. The clinical

relevance of this study is that an early orthodon-

tic evaluation might be planned in the pediatric

management of these patients.
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