Dental age in patients with neurofibromatosis 1
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Neurofibromatosis type 1 (NF1) is a common hereditary, neurocutaneous skeletal condition with a variety of osseous manifestations. Although NF1 also affects craniofacial structures, the literature has only limited information related to the effect of NF1 on dental development. In this study the dental age of 34 Finnish NF1 patients, 8 – 17 yr of age, was estimated using the Demirjian & Goldstein method. The dental age of children with NF1 was similar to that of a Finnish control population. The findings suggest that NF1 does not affect the timing of tooth development.
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Introduction
Neurofibromatosis type 1 (NF1), also known as von Recklinghausen's disease, is a hereditary syndrome, the hallmarks of which are the cutaneous café au lait pigment spots and neurofibroma tumors (1). The incidence of NF1 is about 1:3,000 and it is inherited as an autosomal‐dominant trait with variable phenotypic expression (2). The diagnosis of NF1 is based on criteria outlined by the National Institutes of Health (USA) Consensus Development Conference in 1987 (3). Osseous manifestations of neurofibromatosis include generalized characteristics such as reduced bone‐mineral density, short stature and macrocephaly, and specific skeletal abnormalities (e.g. sphenoid wing dysplasia, congenital pseudarthrosis, and dystrophic scoliosis) (4-6). The facial skeletal malformations are a result of both genetic and epigenetic factors. 
Dental abnormalities, including impacted, displaced, supernumerary, or missing teeth, particularly in the mandible, and overgrowth of the alveolar ridge are described oral manifestations in NF1 (7-10). There is contradictory evidence on the possible increase of dental caries in NF1 patients (11,12). Furthermore, specific lytic bone lesions of the jaws – periapical cemental dysplasia – seem to be common in women with NF1 (13). Observations on dental development in patients with NF1 are limited. A questionnaire‐based study reports early primary tooth eruption in NF1 (14). 

The sequence of dental development involves several phases that occur over a long period of time. The first signs of tooth development take place during the 6th prenatal week and an individual is well over 20 yr of age before the last permanent teeth have emerged in the mouth. The timing of dental development can be studied either clinically, by observing the emergence of individual teeth in the oral cavity, or simply by counting the number of the teeth present. However, clinical eruption of permanent teeth can be affected by external factors such as crowding and caries of deciduous teeth. Therefore, radiological methods are preferred for studying dental development. A method estimating dental maturity, the Demirjian & Goldstein method (15), is currently the most frequently used tool for determining dental age. In this method, dental age is calculated from the formation stages of selected teeth on X‐rays (15). As root development continues after the tooth has clinically emerged into the mouth, the Demirjian & Goldstein method can be used until the late teens. Maturity scales are suitable for assessing whether a subject of known age is dentally advanced or dentally retarded compared with a reference population (16). The results are usually expressed as deviations from the percentiles for a certain population. 

The purpose of the present study was to find out whether the dental age of Finnish NF1 patients differs from that of healthy children using the Demirjian method revised for the Finnish population (17).
Materials and Methods

In this radiographic study, the material consisted of digital dental panoramic tomograms taken during 2005–2007 of a total of 34 NF1 patients (20 male patients of 8.3–16.9 yr of age and 14 female patients of 9.3–17.0 yr of age). The study was approved by the Ethics Committee of Southwest Finland Hospital District, Turku, Finland, and the examination was performed, after obtaining appropriate written consent for each patient, at the Department of Oral Diseases, Turku University Hospital. All patients fulfilled the diagnostic criteria for NF1 (3). The patients recruited to the study were among the patients attending the NF1 clinic at the Department of Dermatology, Turku University Central Hospital, as well as among members of the Finnish NF patient organization. This resulted in participation of patients from all parts of Finland.

Estimation of dental age
Dental age was calculated separately for each girl and each boy participating in the study. The Demirjian and Goldstein method, based on seven permanent mandibular teeth from the left lower incisor to the left second molar, was used for assessing the developmental stages of teeth on panoramic tomograms (15). A detailed description of the developmental stages has previously been given (18). If a tooth was missing or its image was unclear, the contralateral homologous tooth was used for analysis. Each of the seven teeth was rated on an eight‐stage scale using the Demirjian & Goldstein grading (15). In short, grading is based on clear written descriptive criteria, line drawings, and radiographic illustrations of the stages. Each grade of each tooth used in the calculation has a sex‐specific biologically weighed numerical value (15). The mathematical method for estimation of the weighed values has previously been described in detail (19,20). The sum of these values is the dental maturity score of the subject in question. The dental age is estimated by plotting the dental maturity score on development curves of the normal population expressed in percentiles or using corresponding development tables. 

In the present study, the weighted scores for Finnish subjects were used (17). The maturity scores obtained for the children with NF1 were converted to dental age using the Finnish reference value tables (17). In addition, all the maturity scores of children with NF1 were plotted onto percentile distribution graphs for Finnish children in order to visualize the distribution of the dental ages of children with NF1 compared with the normal population. 

The first author assessed all the developmental grades of teeth on the panoramic tomograms. In order to calculate the intra‐examiner error, all the panoramic tomograms were reanalyzed 2 months after the first assessment. 
Statistical analysis
The kappa coefficient of agreement was used to assess the intra‐examiner variability. The difference between the dental age and the chronological age was analyzed using the paired t‐test. Statistical analyses were performed with sas System for Windows, version 9.1 (SAS Institute, Cary, NC, USA).
Results and Discussion
The intra‐examiner assessment of the developmental stages was the same in both evaluations in all but 11 (4.6%) of the 238 teeth examined (the kappa coefficient for all assessments ranged from 0.81 to 0.99). Both simple and weighted kappa scores indicated excellent agreement between the first assessment and the second assessment. Therefore, in the final analysis the first assessment was used. 

Compared with Finnish norms, the mean dental age for boys with NF1 was delayed by 0.32 yr (Fig. 1) and for girls with NF1 it was brought forward by 0.02 yr (Fig. 2) (17). The paired t‐test did not show significant differences between the dental age and the chronological age of children with NF1 compared with unaffected Finnish children (P = 0.23 for boys and P = 0.94 for girls). When the maturity scores for dental age of each individual child with NF1 were plotted onto percentile distribution graphs for Finnish children (17), their dental age followed the Finnish norms for the normal population (Figs 1 and 2). The dental‐age values of all NF1 patients fell within ±2 SD of the Finnish norms. 
The Demirjian & Goldstein method is based on the radiological analysis of the formation stages of the crown and the root of seven permanent mandibular teeth (15). This method has been found to be suitable for estimating the dental age in children and adolescents (21). The accuracy of the method was proven also in the present study. Besides dental‐age estimation of orthodontic patients, the Demirjian & Goldstein method is applied in forensic sciences and anthropology. It also plays an important role in age estimation of young asylum seekers. Once all seven index teeth have their apices closed, dental maturity can no longer be estimated using the Demirjian & Goldstein method. Dental development is less affected by environmental insults than is skeletal maturation (22) and shows less variation between individuals than the development of the skeleton. For that reason, the use of dental development is more accurate for estimation of chronological age than the use of skeletal development (23,24). 

One of the characteristics of NF1 patients is a disturbance of the development and mineralization of bone tissues. Regardless, the dental age of the 34 children with NF1 examined in the present study was essentially the same as in the Finnish reference population. Similarly, in Turkish adolescents with constitutional delay of growth, dental maturation corresponded with chronological age, whereas bone age did not (25). 

To our knowledge, the present study is the first to investigate the development of permanent teeth in NF1 patients. Lammert et al. (14) reported early eruption of the first primary teeth in children with NF1 compared with their unaffected siblings and with a normal control population. That study was retrospective and used questionnaires sent to the parents of the patients, pediatrician's records, and family photographs. Formation of teeth and eruption of teeth are linked but are not necessarily directly related to each other. Deviations in the eruption sequence of teeth are common in various patient groups. Delayed eruption of teeth has been found in connection with several syndromes, for example that of primary teeth in Down syndrome (26) and of permanent teeth in Apert syndrome (27) and cleidocranial dysplasia (28). Advanced dental eruption and largely advanced dental age has been found in Fragile X syndrome (22). In addition, in Turner syndrome mineralization of teeth is advanced compared with normal control subjects (29). 

Several disturbances in mineralization and development of hard tissues are known to be associated with NF1. The findings of our study suggest, however, that the timing of dental maturation is unaffected in patients with NF1 up to the age of 17 yr. 
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Figure 1
Dental age of 20 boys with neurofibromatosis type 1 (NF1) plotted on the normal distribution graphs for Finnish children (1st, 5th, 16th, 50th, 84th, 95th, and 99th percentile curves). Presented according to Chaillet et al. (17). 




Figure 2
Dental age of 14 girls with neurofibromatosis type 1 (NF1) plotted on the normal distribution graphs for Finnish children (1st, 5th, 16th, 50th, 84th, 95th, and 99th percentile curves). Presented according to Chaillet et al. (17).
