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Abstract: (1) Background: The aim of the work is to identify some imaging parameters in osteogenesis
imperfecta to assist the dentist in the diagnosis, planning, and orthodontic treatment of Osteogenesis
Imperfecta (OI) using 3D cone beam Computed Tomography (CBCT) and the Double Energy
X-ray Absorptiometry (DEXA) technique. (2) Methods: 14 patients (9 males and 5 females;
aged mean ± SD 15 ± 1.5) with a clinical-radiological diagnosis of OI were analyzed and divided into
mild and moderate to severe forms. The patients’ samples were compared with a control group of
14 patients (8 males and 6 females; aged mean ± SD 15 ± 1.7), free from osteoporotic pathologies.
(3) Results: The statistical analysis allowed us to collect four datasets: in the first dataset (C1 sick
population vs. C1 healthy population), the t-test showed a p-value < 0.0001; in the second dataset
(C2 sick population vs. C2 healthy population), the t-test showed a p-value < 0.0001; in the third dataset
(parameter X of the sick population vs. parameter X of the healthy population), the t-test showed a
p-value < 0.0001; in the fourth dataset the bone mineralometry (BMD) value detected by the DEXA
technique compared to the C2 value of the OI affected population only) the Welch–Satterthwaite
test showed a p-value < 0.0001. (4) Conclusions: The research has produced specific imaging
parameters that assist the dentist in making diagnostic decisions in OI patients. This study shows
that patients with OI have a characteristic chin-bearing symphysis, thinned, and narrowed towards
the center, configuring it with a constant “hourglass” appearance, not reported so far in the literature
by any author.

Keywords: CBCT; imperfect osteogenesis; chin; alveolar bone; dentistry

1. Introduction

Osteogenesis Imperfecta (OI), a rare hereditary disease, is a connective tissue disorder characterized
mainly by bone fragility; in fact, the affected individuals are particularly predisposed to fractures
even following very slight traumas, and the disease is therefore also called “fragile bone syndrome”
or “glass bone disease”. According to Sillence’s definition, osteogenesis imperfecta includes a
heterogeneous group, both phenotypically and molecularly, of hereditary connective tissue disorders
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that share similar skeletal anomalies, causing bone fragility and deformity [1–4] and characterized by
osteopenia and the tendency to fracture throughout life [5,6].

The primarily associated factors that help distinguish one type from another include the blue
sclera, imperfecta dentinogenesis, early hearing loss (usually conductive), progressive deformity of
long bones and spine, and joint hyperclass [1,7–9].

The main characteristics of the OI at the craniofacial level are [5,10]: triangular face with convex
frontal cone-shaped, class III skeletal pattern, usually by upper jaw retrusion, facial hyperdivergence
pattern, tendency to open skeletal bite, thin cranial vault due to the low mineralization, delayed closure
of fountains and multiple cranial sutures and Wormian bones (flat supernumerary bones present within
the sutures of the skull), and craniocervical junction abnormalities (present in about 37% of patients) [11].
Additionally, OI’s oral manifestations [10,12,13] are very varied, depending on the heterogeneity of the
OI phenotype. Dentinogenesis Imperfecta (DI) is the classic oral finding, which divides the OI types of
the Sillence classification into two subtypes, depending on the presence or absence of DI. Other oral
manifestations are the presence of malocclusions (it is common to find both anterior and posterior
open bites, as well as the class III and anterior or posterior crossbites), ectopic eruption and dental
agenesis, and periapical radiotransparency [14]. DI, also known as hereditary opalescent dentine, is a
hereditary dentine defect that affects both the structure and composition. It is a localized mesodermal
dysplasia affecting both primary and permanent dentitions and is considered the most common dental
genetic disease. A recent study by Orsini et al. [15] confirmed that there is an altered form of predentin
in the deciduous series’ dental elements. On radiographic examination and in cone beam Computed
Tomography (CBCT) scans, the crowns look bulbous and show an accentuated cervical constriction,
the roots are short, and obliteration of the pulp chamber are present. The four types of OI directly
related to collagen mutations (types I–IV) can present DI. It is estimated that DI is present in about
half of the patients affected by OI [16–18], although not in the same proportion in different types of
OI, being more frequent in type III patients, followed by type IV and type I patients. Furthermore,
deciduous dentition is often more affected than permanent dentition, and it is estimated that more
than 80% of deciduous dentition patients are affected by DI [12]. DI type I is the syndromic form of DI;
it is associated with OI. Therefore, its etiology is directly related to that of this disease, associated in the
vast majority of cases with mutations of genes coding for type I alpha 1 gene (COL1A1) and collagen
type I alpha 2 genes (COL1A2) [19]. DI is often the most penetrating factor of OI [19]. Based on the
knowledge of the effect of collagen mutation in fibroblasts, Hall and his collaborators [20] hypothesized
that odontoblasts were dysfunctional from the beginning, producing their dilation by intracellular
accumulation of abnormal procollagen and degradation products in the raw endoplasmic reticulum,
transition vesicles, and secretion vesicles.

DI’s diagnosis is clinical. The enamel is generally normal in thickness and density, but the dental
elements may take on a characteristic amber, yellowish-brown, or translucent blue-grey color due to
the altered structure of the dentin, which makes them less resistant to caries, wear and more exposed
to the risk of enamel fracture [19,21] (Figure 1). An Italian study states that there is no correlation
between the degree of dental dyschromia and OI severity [22].
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Collagen does not have the same function in bone and dentin, so the severity of bone and dentin
involvement is very variable [12,13]. Both teeth are affected by DI, although the deciduous teeth are
more severely affected than the permanent ones. In a minority of patients, although the deciduous
dentition is clinically affected, the permanent dentition is not, but it is not possible to predict whether
permanent dentine may be affected by DI [22].

The differential diagnosis of DI should be made with dentin dysplasia, amelogenesis imperfecta,
dental fluorosis, congenital erythropoietic porphyria, and tetracycline staining [19]. Radiographically
they are characterized by short and narrow roots, with dentinal hypertrophy leading to obliteration of
the pulp, before or immediately after the eruption [23]. The expressiveness of clinical signs is, however,
very variable even in the same individual, with some dental elements showing complete obliteration
of the pulp, while others show normal dentine.

We must consider that the teeth of patients with OI, apparently without DI symptoms, may show
radiographic abnormalities and that teeth showing slight radiographic abnormalities may show a wide
range of clinical symptoms. These alterations, although in mild forms, are not very evident, and can
also be identified using the CBCT scan study. During a cone beam CT scan, the scanner rotates around
the patient’s head in 30 s, providing numerous separate images. The software collects the data and
reconstructs the images, generating a digital volume composed of isotropic voxels of the acquired
anatomical data, which can then be “reconstructed” with appropriate software in the various planes
of interest. An advantageous feature of this equipment is the low dose delivered compared to an
investigation with CT and Dentascan reconstruction software now routinely used in dentistry. One of
the disadvantages of this technique is that small patients can create motion artifacts if they do not
cooperate. In addition, imaging diagnostics uses OI patient diagnostics integrated with computerized
bone mineralometry (BMD); the measurement has proven to be a useful tool to assess the progress of the
disease and/or the effect of treatment in individual patients [24]. Double Energy X-ray Absorptiometry
(DEXA), using photonic absorption at two different energy levels, overcomes the problem of soft tissue
surrounding the bone allowing the measuring of the bone mineral density in different skeletal districts:
lumbar spine, femur, and skeleton. If the bone density is lower than normal, it indicates a risk of
osteoporosis and bone fractures which in OI patients is a frequent occurrence. The clinical practice
standard is to obtain a DEXA scan before beginning treatment with bisphosphonates. The patient
scanning, in the supine position, is carried out according to a system of Cartesian axes and the computer
reconstructs in pixels. Through a software, the operator selects the area of interest in the explored field
and the equipment provides the values of bone mineral content (BMC) and bone mineral density (BMD);
the latter is calculated by dividing the BMC by the area and is expressed in g/cm2. The BMD value
is expressed in terms of standard deviations (BMD of the subject under examination—average BMD
of the reference population/ standard deviation (DS) of the reference population) and is called the Z
score. The values obtained are reported on a reference curve, which represents the normality curve.
Patients with OI may have a lower than average Z score and BMD score, but the children’s Z score
is not reliable because the young patients are still growing. In small patients with OI, it is therefore
common to assess the BMD value.

The same would happen with histological and microscopic results, so that apparently normal
teeth on clinical examination may present structural abnormalities examined under the microscope.

The objectives of early treatment in deciduous dentition are [25]: maintaining oral health
and preserving the vitality, shape, and size of teeth, providing the patient with as pleasant an
aesthetic appearance as possible, especially at a young age, in order to prevent psychological
problems, ensure functional teeth, prevent loss of vertical dimension, and maintain arch length,
avoiding interference with permanent teething eruption allowing normal growth of facial bones and
temporomandibular joint (TMJ), establishing a relationship of trust with the patient and their family at
an early stage. In patients with DI, it is, therefore, essential to carry out close dental and orthodontic
monitoring from the first year of life.
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The objective of this work has been to identify some imaging parameters that assist the dentist in
the diagnosis, planning, and orthodontic treatment of OI. The primary objective remains to implement
a protocol of professional oral hygiene and conservative therapies, to try to minimize wear and tear,
and to prevent caries processes from reaching the pulp to avoid infectious complications such as pulpits
and abscesses. Orthodontic intervention to prevent malocclusions due to the loss of dental elements or
part of them is also significant. This method of study is the first of its kind; there are no similar studies
in the literature and no one had ever noticed the possibility of correlating the physiognomic variation
of the chin with an objective parameter that can relate to the clinical severity of the disease.

2. Materials and Methods

For this study, 14 patients (9 males and 5 females; mean age± SD: 15± 1.5) with clinical-radiological
and genetics diagnosis of OI divided into mild and moderate-severe forms were selected in the
Pediatric Dentistry Unit of ‘’Policlinico Umberto I” Hospital, Sapienza University of Rome, underwent
consultation at the Rare Bone Metabolism Center, Pediatric Department Sapienza University of Rome.
The population sample was compared with a control population of 14 patients (8 males and 6 females;
aged mean ± SD 15 ± 1.7) free from osteoporotic pathologies. All patients signed written informed
consent forms, and the study was approved by the Institutional Review Board of territorial National
Health Service facilities (n. 260919).

The instrumental investigations examined were Cone Beam Computed Tomography (CBCT),
for the oral and maxillofacial regions and dual X-ray absorptiometry (DEXA) technique, for the study
of the lumbosacral column. The patient population underwent CBCT investigation, requiring an
evaluation of the second phase of orthodontic therapy, concerning a possible treatment of fixed
multibracket orthodontics. CBCT scans were performed with a NewTom V Gi Dental X-ray Machine
(QR, Verona, Italy) with the following technical data: field of view 12 × 8, kV 110, exposure time
5.3 s, total mA 64.68, delivered dose 7.7 mGy. We performed evaluations of imaging parameters for
the morphology of the chin morphology. The dental arch we considered for CBCT was the lower
dental arch. Patients with chin or skull syndromic malformations were excluded from the study.
Patients with OI in different clinical forms, from mild (a) to moderate (b) to severe (c) and population
control, were examined (Tables 1 and 2).

Table 1. Patient Control Population.

Patient Code Number Age C1 * C2 **

BA 14 3.0 1.6
MA_1 16 2.6 0.9

MB 13 2.9 0.7
NL 14 3.1 0.6
FM 16 2.4 0.9
TG 16 3.0 1.8
LG 16 3.2 1.5
RM 16 2.3 1.8
DSP 17 2.5 1.4
VF 12 2.9 1.6

DLA 11 3.0 1.5
MA_2 14 2.7 1.5
MA_3 16 2.9 1.7

CIR 16 3.2 1.5

* C1: Rest Chin Symphysis coronal superior line minimum average (cm); ** C2: Rest Chin Symphysis coronal lower
line maximum average (cm).
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Table 2. Patient Population.

Patient Code Number Age DoD C1 * C2 ** BMD (g/cm2)

SMC 17 a 1.143 2.084 0.726
RA 13 a 2.080 3.079 0.800
OL 14 a 1.037 2.023 0.927
MM 16 a 1.2 2.0 0.983
RD 16 a 1.4 2.1 0.766
AA 17 a 1.8 2.3 0.892
AA 13 a 0.5 1.93 0.710
NT 13 b 1.344 2.473 0.745
PS 16 b 2.625 3.452 0.853
PA 14 b 0.977 1.964 0.803
LC 15 b 0.84 2.73 0.960

DSF 14 b 1.9 3.6 0.581
NM 18 b 0.7 1.95 0.823
BL 15 c 2.79 3.45 0.700

* C1: Rest Chin Symphysis coronal superior line minimum average (cm); ** C2: Rest Chin Symphysis coronal lower
line maximum average (cm); DoD: degree of the disease a,b,c, Patients with Osteogenesis Imperfecta (OI) in different
clinical forms, from mild (a) to moderate (b) to severe (c); BMD: bone mineral density.

In our retrospective analysis, we identified the following parameters and adhered to strict reference
planes for the measurement with CBCT. On the paraxial plane, elements 3.1 and 4.1 were identified,
and measurements were made on these elements; in fact, from this line, the eminence of the chin
guard symphysis (X) was evaluated orthogonally (90◦) (Figure 2a). On the coronal plane, positioning
between the two lower central incisors, the maximum point (C1), and the minimum point (C2) of the
chin guard symphysis cortical on the horizontal plane were evaluated (Figure 2b).
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Figure 2. Cone beam Computed Tomography (CBCT) measurements in the paraxial 4.1, 3.1.
measurement X-plane (a) and coronal measurement C2 and C1 (b) plane.

Lumbar spine bone mineral density (BMD) was assessed by means of a DEXA scan
(Discovery-A, Hologic). Additionally, in the group of affected patients, bone densitometry (DEXA)
was performed, and in particular, the parameter BMD (g/cm2) was correlated with parameter
C2—i.e., the amplitude of the average minimum chin-lowering symphysis. Bone density was
measured using dual energy X-ray absorptiometry (DEXA) (Hologic Horizon 4500) with pediatric
software analysis.

Statistical Analysis

The results were expressed as absolute values by taking measurements in centimeters. For both
populations surveyed, data from CBCT examinations were measured. The data of the two populations
were considered independent and extracted from two populations at unknown variance. The data
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were analyzed with the following tests: F-test or Fisher test and Student t-test. Fisher’s F-test allowed
verification of the homogeneity of the variances, obtaining a p-value < 0.05, with an index of
non-homogeneity between samples. Then, a t-test was performed on the two samples with the
calculation of the degrees of freedom according to the Welch–Satterthwaite formula, which resulted in
a p-value < 0.05, indicating a statistically significant difference between the two populations. A value of
p < 0.05 was set as an index of significance. Data from the study of the two populations were analyzed
using GraphPad Prism 8 Software (San Diego, CA, USA).

The statistical analysis was, therefore, organized by entering four sets of data: the first dataset
compared the amplitude of the maximum coronal chin-lowering symphysis (C1) of the sick group to
the healthy one; the second set of data compared the amplitude of the minimum coronal chin-lowering
symphysis (C2) of the sick group to the healthy group; the third dataset compared parameter X of the
population affected by OI to parameter X of the population of the control group; the fourth dataset
compared the Bone Mineral Density (BMD) value detected by the DEXA technique to the C2 value in
the OI population only.

3. Results

The examined cohort of the sick population had an average age of 15 years (±1.5 DS), while the
control population has an average age of 15 (±1.7 DS). The measurements in centimeters measured
in CBCT and DEXA (gr/cm2) have been reported in Table 1 for patients with OI. Table 2 shows C1
and C2 data for the control group. In the first dataset (C1 sick population vs. C1 healthy population),
the t-test showed a p-value of < 0.0001 (Figure 3); in the second dataset (C2 sick population vs.
C2 healthy population), the t-test showed a p-value of < 0.0001 (Figure 4); in the third dataset (X sick
population vs. X healthy population parameter), the t-test showed a p-value of < 0.0001 (Figure 5);
in the fourth dataset, correlating the BMD value (DEXA) with the C2 value of the sick population alone,
the Welch–Satterthwaite test showed a p value of 0.0042 (Figure 6).
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Figure 6. Fourth dataset (the BMD value measured using the Double Energy X-ray Absorptiometry
(DEXA) technique compared to the C2 value of the population affected by OI alone) in the
Welch–Satterthwaite p-value of 0.0042.

4. Discussion

Many are the anatomical districts involved in OI, and many are the signs and symptoms,
including bone fragility. The patient is treated clinically and predominantly for the complex picture
that may arise related to the osteoporotic condition. The dental part is often treated in second-order and
is generally limited to the treatment of DI. The observation of the characteristic facies of the patient
means that, today, with the new methodologies, it is possible to deepen the single components of the
anatomical alterations of the maxillofacial district which can be indicators of the severity of the disease.
The dentoalveolar and craniofacial anomalies, detectable by imaging, are present in all types of OI,
from mild to moderate to severe (Figures 7 and 8). The facial appearance of patients with both moderate
and severe OI is often characterized by the triangular shape of the skull, sometimes macrocephaly,
the protrusion of both temporal bones, and the prominence of the frontal bone. In addition, they have
a dolic-type facial biotype, with increased vertical diameters.

Many authors [26], even today, in an attempt to understand what are the characteristic
malformations of the pathology and in an attempt to find solutions, have dwelt on the malocclusion
pictures [27–29], but have not deepened the morphological variation related to the mandible and
the chin region. Instead, our study has, as a primary objective, searched for new correlation indices
between anatomical variations of the chin and alveolar bone symphysis and the severity of the disease
in order to find more defined anatomical details.

An in-depth study of the stomatognathic system and occlusal situation of patients with OI is
essential in order to implement predictable and complication-free dental and possibly orthodontic
therapy. It is also essential to intercept early, in the developmental age, growth problems of the dental
arches and jaws, which can be managed with appropriate orthodontic devices, which can also be
used for such patients, to eliminate or at least reduce a more severe malocclusion picture in future
adult patients. Therefore, first of all, it is advisable for children with OI to have their first dental
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check-up early, to carry out periodic checks, and invest in prevention to avoid the onset of severe
complications in adulthood.Healthcare 2020, 8, x 9 of 12 
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Figure 8. (A,B): Vestibular and lingual cortical reduction in zones 3.1 and 4.1 in patients with OI in the
moderate-severe form. In the lower line of the Images (B) in the middle, there is a three-dimensional
CBCT reconstruction that shows the very evident chin typical of OI.

Through level II radiological examinations, such as CBCT, it is possible to make a correct diagnosis,
plan treatment with anatomical details as precise as possible, and conduct ongoing evaluations of the
orthodontic intervention. Intercepting a possible variation in the preoperative phase each anatomical
variability reduces the risk and prepares the operator for a possible second intervention. Some OI
patients need to have a customized orthodontic treatment at diagnosis; the treatment requires the
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displacement of the dental elements and, as sometimes the extraction of these can cause an eruptive
obstacle in the case of deciduous teeth, extraction may also be required for space problems of permanent
elements. It is a great benefit for the patient to decrease the risk, facilitate the objectivity of treatment,
and promote a clinical course without complications due to dental mobility or other predictable
periodontal troubles by correctly measuring bone thickness. Planning can effectively prevent iatrogenic
damage. The patient’s benefit is achieved by reducing complications and eliminating or limiting a
worse malocclusion setting. Therefore, it is essential that the dentist, given the anatomical variability
found in our study, pays close attention to some warning signs, probably pathognomonic of OI,
and sometimes already present in necessary diagnostic investigations (orthopantomography and
periapical intraoral radiography), which may already suggest an unusual anatomical situation and
therefore requires further in-depth diagnostic examinations (CBCT) [30].

5. Conclusions

The diagnostic imaging of this district has undergone, over the last few years, a development that
provides more anatomical details.

The present work has made it possible to identify some imaging parameters—i.e., the coronal
amplitude and the eminence of the chin-bearing symphysis, which assist the dentist in the diagnostic
decisions of patients with OI. This parameter has been analyzed thanks to the new CBCT technology.
Many other points of interest could have been examined, but the anatomical region on which we
wanted to focus the study is the chin-bearing symphysis.

This study shows that patients affected by OI have a characteristic chin-bearing symphysis,
thinned and narrowing towards the center, which configures it with a constant “hourglass” appearance,
not reported so far in the literature by any author. Moreover, in the study group of the sick population,
a reduced bone volume and reduced thickness at the cortical, vestibular, and lingual cortical levels and
at the anterior region of the mandible were appreciated (Figure 9).
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Figure 9. Hourglass-looking chin in the coronal reconstruction (A); (B) the paraxial image shows the
accentuated chin protuberance at the lower end of the symphysis, with thinned cortical.

Our study was born from the need to perform the second phase of orthodontic treatment, with fixed
multibrackets, aimed at the finalization of the case, in patients with OI already undergoing the first
phase of interceptive orthodontic therapy. From our examination, several clinical recommendations
emerge, crucial for the diagnostic phase, to intercept preoperatively any anatomical variability present
(for example, the “hourglass” shape of the jaw) and consequently plan the dental treatment in patients
with osteogenesis imperfecta to minimize complications.

The study has focused on correlating the quantity and quality of bone by providing objective
guidance for a more correct choice of orthodontic treatment and limits the risks of the treatment
itself (if there is poor alveolar bone, the teeth move but they do not anchor because there is no bone);
such planning with CBCT also helps follow up.
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The following are therefore essential: an adequate knowledge of anatomy, a careful anamnestic
evaluation, a complete radiological evaluation of the patient in comparison with the real
anatomy—through specific and thorough diagnostic examinations (e.g., CBCT)—and planning of
orthodontic treatment as accurately as possible, to manage complications rationally and effectively,
should they arise.

Author Contributions: Conceptualization, D.M., M.C. and G.I.; methodology, D.M.; data curation, F.P., A.Z.
and A.T.; writing—original draft preparation, F.P. and D.M.; validation, L.C. and V.L.; supervision, A.P. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Valadares, E.R.; Carneiro, T.B.; Santos, P.M.; Oliveira, A.C.; Zabel, B. What is new in genetics and osteogenesis
imperfecta classification? J. Pediatr. 2014, 90, 536–541. [CrossRef]

2. Marini, J.C.; Blissett, A.R. New Genes in Bone Development: What’s New in Osteogenesis Imperfecta. J. Clin.
Endocrinol. Metab. 2013, 98, 3095–3103. [CrossRef]

3. Bianchi, L.; Gagliardi, A.; Maruelli, S.; Besio, R.; Landi, C.; Gioia, R.; Kozloff, K.M.; Khoury, B.M.; Coucke, P.J.;
Symoens, S.; et al. Altered cytoskeletal organization characterized lethal but not surviving Brtl+/−mice:
Insight on phenotypic variability in osteogenesis imperfecta. Hum. Mol. Genet. 2015, 24, 6118–6133.
[CrossRef] [PubMed]

4. Marini, J.C.; Forlino, A.; Bächinger, H.P.; Bishop, N.J.; Byers, P.H.; De Paepe, A.; Fassier, F.; Fratzl-Zelman, N.;
Kozloff, K.M.; Krakow, D.; et al. Osteogenesis imperfecta. Nat. Rev. Dis. Prim. 2017, 3, 17052.
[CrossRef] [PubMed]

5. Van Dijk, F.; Sillence, D. Osteogenesis imperfecta: Clinical diagnosis, nomenclature and severity assessment.
Am. J. Med. Genet. Part A 2014, 164, 1470–1481. [CrossRef] [PubMed]

6. Cammarata-Scalisi, F.; Ramos-Urrea, C.; Da Silva, G. Osteogenesis imperfect: Clinical and epidemiological
findings in a series of pediatric patients. Boletín Médico del Hospital Infantil de México 2019, 76, 259–264.
[CrossRef] [PubMed]

7. Swinnen, F.K.; Paul, C.; De Paepe, A.; Symoens, S.; Malfait, F.; Gentile, F.V.; Sangiorgi, L.; D’Eufemia, P.;
Celli, M.; Garretsen, T.J.T.M.; et al. Osteogenesis imperfecta: The audiological phenotype lacks correlation
with the genotype. Orphanet J. Rare Dis. 2011, 6, 88. [CrossRef] [PubMed]

8. Diacinti, D.; Pisani, D.; D’Avanzo, M.; Celli, M.; Zambrano, A.; Stoppo, M.; Roggini, M.; Todde, F.;
D’Eufemia, P.; Pepe, J.; et al. Reliability of Vertebral Fractures Assessment (VFA) in Children with
Osteogenesis Imperfecta. Calcif. Tissue Int. 2015, 96, 307–312. [CrossRef]

9. Maioli, M.; Gnoli, M.; Boarini, M.; Tremosini, M.; Zambrano, A.; Pedrini, E.; Mordenti, M.; Corsini, S.;
D’Eufemia, P.; Versacci, P.; et al. Genotype–phenotype correlation study in 364 osteogenesis imperfecta
Italian patients. Eur. J. Hum. Genet. 2019, 27, 1090–1100. [CrossRef]

10. Palomo, T.; Vilaça, T.; Lazaretti-Castro, M. Osteogenesis imperfecta: Diagnosis and treatment. Curr. Opin.
Endocrinol. Diabetes Obes. 2017, 24, 381–388. [CrossRef]

11. Arponen, H.; Makitie, O.; Waltimo-Sirén, J. Association between joint hypermobility, scoliosis, and cranial
base anomalies in paediatric Osteogenesis imperfecta patients: A retrospective cross-sectional study.
BMC Musculoskelet. Disord. 2014, 15, 428. [CrossRef] [PubMed]

12. Gjørup, H.; Beck-Nielsen, S.S.; Hald, J.D.; Haubek, D. Oral Health-related Quality of Life in
X-linked Hypophosphatemia and Osteogenesis Imperfecta. J. Oral Rehabil. 2020. [CrossRef] [PubMed]

13. Pragnère, S.; Auregan, J.-C.; Bosser, C.; Linglart, A.; Bensidhoum, M.; Hoc, T.; Nouguier-Lehon, C.;
Chaussain, C. Human dentin characteristics of patients with osteogenesis imperfecta: Insights into
collagen-based biomaterials. Acta Biomater. 2020, S1742-7061(20)30622-X. [CrossRef]

14. Ierardo, G.; Calcagnile, F.; Luzzi, V.; Ladniak, B.; Bossù, M.; Celli, M.; Zambrano, A.; Franchi, L.; Polimeni, A.
Osteogenesis imperfecta and rapid maxillary expansion: Report of 3 patients. Am. J. Orthod. Dentofac. Orthop.
2015, 148, 130–137. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jped.2014.05.003
http://dx.doi.org/10.1210/jc.2013-1505
http://dx.doi.org/10.1093/hmg/ddv328
http://www.ncbi.nlm.nih.gov/pubmed/26264579
http://dx.doi.org/10.1038/nrdp.2017.52
http://www.ncbi.nlm.nih.gov/pubmed/28820180
http://dx.doi.org/10.1002/ajmg.a.36545
http://www.ncbi.nlm.nih.gov/pubmed/24715559
http://dx.doi.org/10.24875/BMHIM.19000030
http://www.ncbi.nlm.nih.gov/pubmed/31769437
http://dx.doi.org/10.1186/1750-1172-6-88
http://www.ncbi.nlm.nih.gov/pubmed/22206639
http://dx.doi.org/10.1007/s00223-015-9960-1
http://dx.doi.org/10.1038/s41431-019-0373-x
http://dx.doi.org/10.1097/MED.0000000000000367
http://dx.doi.org/10.1186/1471-2474-15-428
http://www.ncbi.nlm.nih.gov/pubmed/25494634
http://dx.doi.org/10.1111/joor.13114
http://www.ncbi.nlm.nih.gov/pubmed/33058298
http://dx.doi.org/10.1016/j.actbio.2020.10.033
http://dx.doi.org/10.1016/j.ajodo.2015.01.029
http://www.ncbi.nlm.nih.gov/pubmed/26124036


Healthcare 2020, 8, 546 12 of 12

15. Orsini, G.; Majorana, A.; Mazzoni, A.; Putignano, A.; Falconi, M.; Polimeni, A.; Breschi, L.
Immunocytochemical detection of dentin matrix proteins in primary teeth from patients with dentinogenesis
imperfecta associated with osteogenesis imperfecta. Eur. J. Histochem. 2014, 58, 2405. [CrossRef]

16. De La Dure-Molla, M.; Fournier, B.P.; Berdal, A. Isolated dentinogenesis imperfecta and dentin dysplasia:
Revision of the classification. Eur. J. Hum. Genet. 2015, 23, 445–451. [CrossRef] [PubMed]

17. Andersson, K.; Dahllöf, G.; Lindahl, K.; Kindmark, A.; Grigelioniene, G.; Åström, E.; Malmgren, B.
Mutations in COL1A1 and COL1A2 and dental aberrations in children and adolescents with osteogenesis
imperfect—A retrospective cohort study. PLoS ONE 2017, 12, e0176466. [CrossRef]

18. Clark, R.; Burren, C.P.; John, R. Challenges of delivery of dental care and dental pathologies in children and
young people with osteogenesis imperfecta. Eur. Arch. Paediatr. Dent. 2019, 20, 473–480. [CrossRef]

19. Chetty, M.; Roberts, T.; Stephen, L.X.G.; Beighton, P. Hereditary dentine dysplasias: Terminology in the
context of osteogenesis imperfecta. Br. Dent. J. 2016, 221, 727–730. [CrossRef]

20. Vital, S.O.; Gaucher, C.; Bardet, C.; Rowe, P.; George, A.; Linglart, A.; Chaussain, C. Tooth dentin defects
reflect genetic disorders affecting bone mineralization. Bone 2012, 50, 989–997. [CrossRef]

21. Devaraju, D.; Devi, B.Y.; Vasudevan, V.; Manjunath, V. Dentinogenesis imperfecta type I: A case report with
literature review on nomenclature system. J. Oral Maxillofac. Pathol. JOMFP 2014, 18 (Suppl. S1), S131–S134.
[CrossRef] [PubMed]

22. Majorana, A.; Bardellini, E.; Brunelli, P.C.; Lacaita, M.; Cazzolla, A.P.; Favia, G. Dentinogenesis imperfecta
in children with osteogenesis imperfecta: A clinical and ultrastructural study. Int. J. Paediatr. Dent.
2010, 20, 112–118. [CrossRef] [PubMed]

23. Zhytnik, L.; Maasalu, K.; Reimann, E.; Prans, E.; Kõks, S.; Märtson, A. Mutational analysis of COL1A1
and COL1A2 genes among Estonian osteogenesis imperfecta patients. Hum. Genom. 2017, 11, 1–7.
[CrossRef] [PubMed]

24. Crabtree, N.J.; Arabi, A.; Bachrach, L.K.; Fewtrell, M.; Fuleihan, G.E.-H.; Kecskemethy, H.H.; Jaworski, M.;
Gordon, C.M. International Society for Clinical Densitometry. Dual-Energy X-ray Absorptiometry
Interpretation and Reporting in Children and Adolescents: The Revised 2013 ISCD Pediatric Official
Positions. J. Clin. Densitom. 2014, 17, 225–242. [CrossRef] [PubMed]

25. Rupesh, S.; Mathew, J.; Joseph, E.; Syriac, G. Complete Overlay Denture for Pedodontic Patient with Severe
Dentinogenesis Imperfecta. Int. J. Clin. Pediatr. Dent. 2017, 10, 394–398. [CrossRef] [PubMed]

26. Blouin, S.; Fratzl-Zelman, N.; Glorieux, F.H.; Roschger, P.; Klaushofer, K.; Marini, J.C.; Rauch, F.
Hypermineralization and High Osteocyte Lacunar Density in Osteogenesis Imperfecta Type V Bone
Indicate Exuberant Primary Bone Formation. J. Bone Miner. Res. 2017, 32, 1884–1892. [CrossRef] [PubMed]

27. Harrington, J.; Sochett, E.; Howard, A.W. Update on the Evaluation and Treatment of Osteogenesis Imperfecta.
Pediatr. Clin. N. Am. 2014, 61, 1243–1257. [CrossRef]

28. Chetty, M.; Roomaney, I.A.; Beighton, P. The evolution of the nosology of osteogenesis
imperfecta. Clin. Genet. 2020. [CrossRef]

29. Reznikov, N.; Dagdeviren, D.; Tamimi, F.; Glorieux, F.; Rauch, F.; Retrouvey, J. Cone-Beam Computed
Tomography of Osteogenesis Imperfecta Types III and IV: Three-Dimensional Evaluation of Craniofacial
Features and Upper Airways. JBMR Plus 2019, 3, e10124. [CrossRef]

30. D’Angeli, G.; Messineo, D.; Riminucci, M.; Corsi, A.; Celli, M.; Vozza, I.; Sfasciotti, G.L. The Characteristics of
Adjacent Anatomy of Mandibular Third Molar Germs: A CBCT Pilot Study in Patients with Osteogenesis
Imperfecta. Healthcare 2020, 8, 372. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.4081/ejh.2014.2405
http://dx.doi.org/10.1038/ejhg.2014.159
http://www.ncbi.nlm.nih.gov/pubmed/25118030
http://dx.doi.org/10.1371/journal.pone.0176466
http://dx.doi.org/10.1007/s40368-019-00424-w
http://dx.doi.org/10.1038/sj.bdj.2016.915
http://dx.doi.org/10.1016/j.bone.2012.01.010
http://dx.doi.org/10.4103/0973-029X.141363
http://www.ncbi.nlm.nih.gov/pubmed/25364163
http://dx.doi.org/10.1111/j.1365-263X.2010.01033.x
http://www.ncbi.nlm.nih.gov/pubmed/20384825
http://dx.doi.org/10.1186/s40246-017-0115-5
http://www.ncbi.nlm.nih.gov/pubmed/28810924
http://dx.doi.org/10.1016/j.jocd.2014.01.003
http://www.ncbi.nlm.nih.gov/pubmed/24690232
http://dx.doi.org/10.5005/jp-journals-10005-1472
http://www.ncbi.nlm.nih.gov/pubmed/29403236
http://dx.doi.org/10.1002/jbmr.3180
http://www.ncbi.nlm.nih.gov/pubmed/28548288
http://dx.doi.org/10.1016/j.pcl.2014.08.010
http://dx.doi.org/10.1111/cge.13846
http://dx.doi.org/10.1002/jbm4.10124
http://dx.doi.org/10.3390/healthcare8040372
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

