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Abstract

Objectives Vitamin-D-dependent rickets type 1A
(VDDRI1A) is a rare inherited disease caused by defective
activation of vitamin D. The aim of the study was to describe
the craniofacial characteristics and the dental phenotype of
patients with genetically confirmed VDDR1A. The
VDDR1A findings were compared to findings in patients with
X-linked hypophosphatemia (XLH) and healthy controls.
Material and methods Ten patients with VDDR 1A were iden-
tified. The reference group for the comparison of cephalomet-
ric findings was 49 adults without chronic disease. The refer-
ence group for the comparison of dental findings was 30
adults with XLH. Clinical examination, clinical photos, and
radiographs were obtained. Cephalometric analysis was per-
formed. Photos and radiographs were visually evaluated.
Results The depth of the posterior cranial fossa (d-p and d-s-
iop) in VDDRI1A adults was reduced compared to the refer-
ence group (p < 0.05). Five (83%) of six adults with VDDR1A
and one (4%) of 25 adults with XLH had enamel hypoplasia
on several incisors and/or canines (p < 0.001). Three (75%) of
four adults with VDDRI1A and none of 16 adults with XLH
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had several first molars with enamel hypoplasia (p = 0.004).
Five of 7 (71%) adults with VDDRI1A and 24 of 30 (80%)
adults with XLH had endodontically affected teeth.
Conclusions The dental aberration of VDDRIA is more in
line with the dental aberration of nutritional rickets than with
the dental aberrations in XLH, suggesting the combination of
low availability of both calcium and phosphate to be critical in
periods of enamel formation.

Clinical relevance Knowledge on craniofacial and dental ab-
erration in patients with rare diseases, e.g., inherited rickets, is
of importance to the dental practitioner, especially during di-
agnostics and treatment in special care units.

Keywords Enamel - Cephalometry - Craniofacial
morphology - Vitamin-D-dependentrickets type 1A - X-linked
hypophosphatemia

Introduction

Vitamin-D-dependent rickets type 1A (VDDRI1A) is a rare
inherited disease with the development of rickets during the first
1-2 years of living, caused by a defective activation of vitamin
D. The skeletal symptoms are in line with the symptoms of other
inherited or acquired types of rickets, but the dental affection of
the disease has only briefly been characterized based on a lim-
ited number of patients [1, 2]. The prevalence of VDDRI1A has
been estimated to be 0.4 per 100,000, which is low compared to
the prevalence of X-linked dominant hypophosphatemia (XLH)
(4.8 per 100,000) [3]. The lower prevalence is in part due to
VDDRIA being an autosomal recessive disorder caused by a
mutation of CYP27B1 (OMIM 609506), which encodes for the
enzyme 1-alfa-hydroxylase. The gene is located at chromosome
12q, and previous studies have described different locations of
mutations in the gene [4-6]. The 1-alfa-hydroxylase enzyme is
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primarily present in the kidneys, where it activates vitamin D
(cholecalciferol, 25-hydroxyvitamin D) into the active metabo-
lite calcitriol (1,25-dihydroxyvitamin D). Biochemical charac-
teristics of VDDRI1A are low calcitriol, hypocalcemia, and
hypophosphatemia with elevated parathyroid hormone and al-
kaline phosphatase [7, 8]. Replacement treatment with
alfacalcidol heals the rickets and normalizes the biochemistry
[4, 9, 10]. Apparently, the craniofacial structures in patients with
VDDRI1A have not previously been characterized. The previ-
ously reported dental manifestations of VDDRI1A include linear
enamel hypoplasia in the permanent dentition, and a link to the
hypocalcemia has been suggested [2, 11]. Furthermore,
interglobular dentin, large pulp chambers and pulp horns, loss
of lamina dura, and premature loss of primary teeth have been
reported [2].

Recently, a phenotype study of XLH was performed, in-
cluding dental and craniofacial characteristics of HR [12].
XLH is caused by a mutation in the phosphate-regulating en-
dopeptidase gene, PHEX [13]. By a still not fully unraveled
pathway, this mutation leads to a defect in the bone mineral-
ization and an increase in the phosphaturetic hormone fibro-
blast growth factor 23 (FGF23), causing renal phosphate
wasting and thereby a low serum value of phosphate. Both
of the diseases VDDR1A and XLH share the development of
rickets within the first 1-2 years of living and of
hypophosphatemia. They differ, though, in the disease mech-
anism and in terms of low calcium levels in VDDRI1A as
opposed to normal calcium levels in XLH [14]. The dentition
in XLH was characterized by a high number of endodontically
affected permanent teeth [15—17]. The cranium was character-
ized by a flattened cranial base, a decreased depth of the pos-
terior cranial base, an increased thickness of the skull, and a
reduced length of the nasal bone [18].

The primary aim of the present study was to describe the
craniofacial characteristics and the dental phenotype of patients
with genetically confirmed VDDRI1A. Secondly, the aim was to
compare craniofacial characteristics between VDDRI1A, XLH,
and healthy controls. Thirdly, the dental findings in VDDR1A
were compared to the dental findings in XLH.

Materials and methods
Study population

The patients were recruited in a large medical study of rickets
patients in Denmark, where patients were identified by diagno-
sis codes of rickets in the Danish National Patient Registry, by
contact to treating doctors, and by family screening. The recruit-
ment has previously been described in detail [14]. At that time,
seven adults with VDDR1A were identified. One of them was
not participating in the dental examination, an edentulous fe-
male. In the period from 2008 to 2014, an additional three
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children and one adult have been included. Thus, a total of ten
patients with VDDR1A were included for the present study.

The diagnostic criteria were clinical rickets, in addition to
biochemically and genetically confirmed VDDRI1A.
Biochemical criteria of VDDRIA at the time of diagnosis
were the following parameters: serum 1,25-dihydroxyvitamin
D below the normal range, 25-hydroxyvitamin D within the
normal range, hypocalcemia, hypophosphatemia, elevated al-
kaline phosphatase, and elevated parathyroid hormone [19].
The genetic criterion was the identification of a mutation in
the two alleles of CYP27B1.

The reference group to be used for the comparison of the
dental description of the VDDRIA patients is the population
of 52 patients with XLH previously reported on [15]. The ref-
erence groups for the craniofacial description of the VDDRIA
patients are the previously reported population of 53 patients
with XLH (36 adults) and 79 healthy controls (49 adults) [18].

Genetic examination

Genomic DNA was extracted from full blood using a DNA
purification robot (Maxwell Promega, Ramcon, Denmark).
All DNA samples were sequenced in both directions using
the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) and analyzed on a
3730XL DNA Analyzer (Applied Biosystems, Foster City,
CA, USA). Sequence analysis was performed using SeqMan
Software (DNA STAR, Madison, WI, USA).

Cephalometric examination

Standardized profile radiographs were obtained as described
by Solow [20], using the digital radiographic equipment,
Planmeca Promax© (Planmeca Oy, Helsinki, Finland). The
sensor-focus distance was 1.50 m and the enlargement factor
was 1.13. During exposure, the head of the patient was fixed
in a rigid cephalostat, and the patients were instructed to keep
the teeth in occlusion. The head posture was adjusted to the
best fit of the borders of the sensor.

The analysis of the radiographs was performed using soft-
ware for cephalometric analysis, Pordios® (Institute of
Orthodontic Computer Science, Aarhus, Denmark). Fifteen
cephalometric landmarks were digitized (Fig. 1). The digitizing
of all radiographs was performed by the first author. Seven
angular and six linear variables were calculated by the software
Pordios® (Table 1). The variables of the cranial base and the
facial skeleton were defined according to the definitions by
Bjerk [21] and Solow [20]. The variables of the neurocranium
were defined as described by Axelsson and coworkers [22]
(thickness of the theca) and by Caspersen and coworkers [23]
(the morphology of the posterior cranial fossa). Previously, the
intraexaminer reliability of the cephalometric measurements has
been performed on 22 randomly selected radiographs, which
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Fig. 1 Drawing with the landmarks for the cephalometric analysis. The landmarks are defined according to Bjerk [21], Axelsson et al. [22], and

Caspersen et al. [22]

were digitized twice by the first author. No systematic error was
found. The coefficient of reliability was acceptable [18]. Briefly,
the coefficient of reliability was estimated according to Houston
[24] and ranged from 0.91 to 1.00.

The cephalometric variables in adults with VDDR1A were
compared with healthy controls by nonparametric methods
(Mann-Whitney rank-sum test). Furthermore, cephalometric
variables in adults with XLH were compared with the healthy
controls by regression analysis, adjusted for the effect of gen-
der and age.

Dental clinical examination

All patients were given a clinical and a radiographic dental
examination at the School of Dentistry, Aarhus University or

at the Centre of Oral Health in Rare Diseases at Aarhus
University Hospital from 2007 to 2014. Clinical photos by
professional photographers and impression for digital study
models were taken as part of the clinical examination. Using
the clinical photos, the following dental clinical traits were
assessed: (1) the number of permanent teeth present; (2) the
presence of enamel hypoplasia in a minimum of two teeth in
the incisor-canine region (IC region), (3) in the first molar
region (M1 region), or (4) in the premolar-second-molar re-
gion (PM2 region); (5) the number of extracted first molars;
the number of full coverage (FC) prosthetic crowns (6) in the
IC region (a maximum of 12 teeth) or (7) in the M1 region (a
maximum of 4 teeth); (8) the number of teeth in the IC region
with composite filling at the labial or incisal surfaces (a max-
imum of 12 teeth); (9) the presence of a horizontal overjet
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Table 1 Description of the

cephalometric variables. The Craniofacial variables

landmarks are shown in Fig. 1. The s-n-ss Sagittal jaw relation: Angle sella-nasion-subspinale

ve}nables are defined according to s-n/NL Maxillary inclination: Angle sella-nasion/ptm-sp (nasal line)

Bjerk [19], Axelsson et al. [20], dibul . ) e sell . .

and Caspersen et al. [21] s-n-pg Mandibular prognatism to pg: Angle sella-nasion-pogonion
s-n/ML Mandibular inclination: Angle sella-nasion/gonion (tgo)-gnathion (gn) (mandibular line)
s-n-sm Mandibular prognatism to sm: Angle sella-nasion-supramentale
n-na Length of nasal bone: Distance point n to point na

Cranial base and posterior cranial fossa

n-s-ba Cranial base angle to basion
iop-s Length of fossa: Distance point s (sella) to point iop (internal occipital protuberance)
d-p Height of fossa: Distance point d (deepest point in fossa) to point p
iop-s-d Depth of fossa: Angle iop-s-d
Theca variables
thi-fr Theca thickness at point frontale
thi-pa Theca thickness at point parietale

thi-oc

Theca thickness at point occipitale

exceeding 6 mm; (10) the presence of a vertical overbite ex-
ceeding 5 mm; and (11) the presence of lateral crossbite. All
patients with VDDRI1A and adults from the reference group
(XLH) were assessed.

The presence of enamel hypoplasia in the respective dental
groups (IC, M1, PM2) in adult patients with VDDR1A were
compared with the XLH reference group by Fischer’s exact
test. The XLH reference group was adult patients with XLH
with a minimum of 20 teeth present in the mouth.

The presence of dental treatment in terms of coverage (FC,
CoFi) or extractions of a minimum of three teeth in the respec-
tive dental groups was defined as extensive treatment. The
occurrences of extensive treatment in the group of adults with
VDDRI1A were compared with the occurrences in the XLH
reference group by Fischer’s exact test.

Radiographic dental examination

The radiographic examination included a digital panoramic
radiograph taken in a ProMax unit (Planmeca, Helsinki,
Finland). Exposure parameters were adjusted to the individual
patient. If the image of the permanent teeth was blurred, sup-
plementary digital intraoral radiographs were taken of these
teeth using a GX 1000 dental X-ray unit (Gendex, Des
Plaines, IL, USA) with rectangular collimation. We used a
sensor (Sidexis, Sirona, Bensheim, Germany) for anterior
teeth and a photo-stimulable phosphor plate (Digora, FMX
scanner, Soredex, Helsinki, Finland) for posterior teeth.
Receptor holders were used for all intraoral radiographs. The
panoramic images were assessed in the Dimaxis Pro software
(version 4.2.0), whereas the intraoral radiographs were
assessed using a general software with facilities to adjust
brightness, contrast, gamma curve, and magnification. All im-
age enhancement facilities could be used as wanted.
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The radiographs were examined for dental agenesis,
taurodontism, and endodontically treated permanent teeth and
periapical radiolucency (apical periodontitis). The criteria for the
assessment of the endodontic treatment were the presence of
radiopaque root filling material in the root channel or radiopaque
retrograde root filling material at the apex of the tooth. A diag-
nosis of apical periodontitis was based on a clear, radiolucent
lesion surrounding the apex of the tooth. This will roughly cor-
respond to a periapical index (PAI) score of 3, 4, or 5 [25].

Results

The ten patients with VDDRI1A included in the study were
characterized according to gender, age, and age at the time of
the initiation of the medical treatment (Table 2). In all patients,
mutation in both alleles of CYP27B1 was identified.

Cephalometric characteristics

In two patients with VDDR1A, profile radiographs were not
obtained (patients 1 and 4). The cephalometric values of the
remaining eight patients are presented in Table 3 with the
means and confidence intervals (95% CI). In the statistical
analyses, the six adults with VDDR1A were compared with
the adult controls as reference (Table 3). Five of the six adults
with VDDR1A had a reduced mandibular prognathism (s-n-
pg), and four of the five adult women tended toward having a
shorter nasal-bone-length compared to the means of the con-
trol group; however, the differences were not significant. The
measurements of the depth of the posterior cranial fossa (d-p
and d-s-iop) were recordable in all adults with VDDR1A, and
they all had lower values than the means of the gender-
matched control group (p < 0.05). According to the statistical
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Table 2 Gender, age, and time of the initiation of the medical treatment in patients with VDDR1

Patient no. 1 2
Gender F F
Age (years) at diagnosis 1.8 1
Age (years) at the initiation of alfacalcidol treatment 1.8 1
Age (years) at dental examination 6 8

3 4 5 6 7 8 9 10
M F F F F M F F
1.4 1.3 1.8 22 2.1 2 0.7 2
1.4 1.3 2 22 2.1 6 40 33
11 18 32 33 40 48 52 56

analysis, the occipital theca in adults with VDDR 1 A was thick
compared with healthy adults, and the depth of the posterior
cranial fossa was decreased (Fig. 2). The comparison between
adults with XLH and healthy adults revealed significantly
increased thickness of all parts of theca, an increased cranial
base angle, and a low posterior cranial fossa.

Dental manifestations

The clinical and radiographic dental pictures of patients with
VDDRI1A are demonstrated in Figs. 3, 4, and 5. The findings
are summarized in Table 4. Dental agenesis was present in one
patient (one premolar) and taurodontism (one to two molars)
in four patients (two inapplicable). Enamel hypoplasia was
present in the incisor-canine and first-molar region of all pa-
tients, except for the inapplicable patients having the enamel
surfaces covered by veneers or crowns. Oppositely, no premo-
lars or second molars had enamel hypoplasia. Two patients
have had extensive prosthetic treatment on incisors and

canines, and one of them had additional teeth treated with
composite filling on the labial surfaces. Another three patients
have had composite filling on the labial surfaces of incisors or
canines (three to nine teeth). Four adults (patients 5, 8, 9, and
10) have experienced first molar extraction (one to four teeth).
Three of the four individuals with first molar extraction had
started alfacalcidol treatment after the enamel formation of
both incisors and the first molar were to be completed (at the
age of 6, 40, and 33 years). Hence, these patients were not
rescued by early treatment. Most likely, enamel hypoplasia
was the main reason for the extractions. In exception, patient
5 starting alfacalcidol at the age of 2 years also experienced
first molar extraction, and the reason for this is unexplained.
One child (patient 3) has had steel crowns cemented on all first
molars. Enamel hypoplasia is known to be the reason for this
treatment, and the status of the molars before treatment is
illustrated in Fig. 5.

In comparison with HR reference group, the adults with
VDDRI1A were more affected by enamel hypoplasia in the

Table 3  Cephalometric measurements of craniofacial and neurocranial structures in patients with VDDR1
Patient Reference group® Reference group®
females (n=26) males (n=23 )
2 3 5 6 7 8 9 10
<18 years >18 years Mean (SD)  95% CI Mean (SD)  95% CI
Craniofacial
$-n-s§ 87.5 78.3 78.8 82.0 75.3 85.0 82.1 82.5 82.2 (3.0) [80.9; 83.4] 83.1 (4.4) [81.2; 85.0]
ssn/NL  —4 8.3 9.9 9.1 7.3 3.9 9.3 42 7.0 (2.7) [5.9;8.1] 6.0 (3.0) [4.7,7.3]
s-n-pg 77 78.4 78.1 81.0 72.5 79.3 74.3 78.4 79.5 (3.0) [78.3; 80.7] 81.7 (4.6) [79.6; 83.7]
ssn/ML  32.6 28.8 35.8 28.7 38.0 26.3 342 20.0 30.6 (6.4) [28.0; 33.2] 26.2(7.2) [23.1;29.3]
ss-n-sm 8.2 1.7 2.6 22 44 6.0 7.5 6.3 3.6 (1.7) [2.9;4.3] 2.73.0 [1.5;4.1]
n-na 15 214 22.3 24.5 222 26.7 20.3 204 243 (4.2) [22.6; 26.0] 26.2 (3.8) [24.6;27.9]
Cranial base and posterior cranial fossa
n-s-ba 1346 1252 128,66 1209 136.8 1282 1343 143.1 1325(5.7) [130.2;134.8] 1283 (5.0)0 [126.1;130.5]
d-p 31.9 na 28.3 29.5 30.6 353 29.0 253 35.3(3.6) [33.8;36.8] 36.8 (3.4) [35.2; 38.4]
iop-s-d 245 na 19.3 20.8 21.2 24.4 20.6 18.0 25.7(3.3) [24.4;27.1] 252 2.7) [24.0; 26.5]
iop-s 101.1  na 98.6 101.8  105.0 103.7 1040 1072 105.64.8) [103.6;107.5] 108.2(5.2) [105.8;110.6]
Theca thickness
thi-fr 5.8 na 10.7 6.7 6.8 5.8 8.6 6.0 8.3 (1.5) [7.7; 8.9] 7.8 (1.6) [7.1;8.5]
thi-pa 6.5 na 10.7 7.6 9.0 9.4 113 8.2 8.9 (1.5) [8.3;9.6] 9.1(2.2) [8.1;10.2]
thi-oc 43 na 5.5 8.1 8.2 6.1 3.1 7.3 4.6 (1.5) [84.0; 5.2] 4.6 (0.9) [4.2;5.0]

Cephalogram on patient no. 1 and patient no. 4 was not obtained
#Reference group is 49 healthy controls >18 years
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Fig. 2 Cephalometric measurements of the craniofacial and neurocranial structures in adults with VDDR1A (n = 6) or XLH (n = 36) compared with
healthy controls (n = 49). The variables are described in Table 1, and the landmarks are shown in Fig. 1

IC region and in the M1 region. In addition, patients with
VDDRI1A had more teeth with composite coverage in the IC
region (Table 5).

An endodontic affection was revealed in five of the seven
adult patients with VDDR1 (71%): the two affected teeth in
patient 9 and one of the two affected teeth in patient 7 had
periapical radiolucency without root filling. Six of the ten end-
odontically affected teeth in patient 10 and all seven endodonti-
cally affected teeth in patient 5 have had previous prosthetic
treatment (artificial crowns). In the reference group of adults
with XLH and a minimum of 20 teeth, endodontic affection
was revealed in 24 of 30 patients (80%): 1-4 endodontically
affected teeth in eight patients, 5-8 teeth in eight patients, 9—
12 teeth in three patients, and 13—16 teeth in five patients (me-
dian number of endodontically affected tecth was five). The
number of endodontically affected teeth with an artificial crown
ranged from zero (14 patients with 1-15 endodontically affected
teeth) to eight (one patient with 13 endodontically affected
teeth). In the XLH group, the median number of endodontically
affected teeth with an artificial crown was zero.
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Discussion

The present study on patients with genetically verified
VDDRIA demonstrated dental aberrations in the form of
enamel hypoplasia in permanent incisors and first molars,
which are aberrations not found in patients with XLH.

According to the present study, the cephalometric charac-
teristics of patients with VDDRI1A do not markedly deviate
from healthy controls, and the present deviations are in line
with the deviations found in patients with XLH [18]. In pa-
tients with VDDR1A, the significant deviations from healthy
controls were restricted to the bony structures of the posterior
cranial fossa. The variation in the flexion of the cranial base
varied considerably, and the prognathism of the jaws was
close to normal. However, the number of the assessed adults
with VDDRI1A is limited to six, and definitive conclusions on
the cephalometric characteristics of patients with VDDRIA
cannot be drawn due to small sample size.

Focusing teeth in patients with VDDRI1A, the study dem-
onstrated enamel hypoplasia in the first teeth to develop in the
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Fig. 3 Dental status of patients

with VDDRI1A; numbers refer to 5
patient numbers in Tables 2, 3,

and 4

permanent dentition, being incisors, canines, and first molars.
In contrast, the premolars and the second molars were unaf-
fected in all patients (Table 4). This difference in enamel af-
fection according to tooth type indicates “the time window” at
which the formation of enamel was disrupted by too little
available calcium and phosphate from intestinal absorption
caused by the defect activation of vitamin D. The affected
incisors, canines, and first molars have onset of enamel for-
mation within the first year of postnatal life, and their crown
and enamel formation is completed at 5—7 years of age, with

Fig. 4 Panoramic radiographs of
four patients with VDDRI1A.
Numbers refer to patient numbers
in Tables 2, 3, and 4.
Endodontically affected teeth are
teeth with root filling material or
periapical translucency (arrows)

canines and maxillary incisors being the latest [26]. The enam-
el hypoplasia in VDDR1A was mainly present at the incisal
part of the dental crown with varying degrees of gingival
extension of the affection, and the affection was in some of
the patients rather discrete. The enamel formation of the pre-
molars as well as the second molars is initiated approximately
at the age of 3 years, where the youngest patients (patients 1 to
7) had started treatment with alfacalcidol. The treatment has
most likely normalized the intestinal calcium and phosphate
absorption and rescued the enamel formation of the premolars
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Fig. 5 Dental status of patient 3 before treatment with steel crowns (at
age 8 years). Enamel hypoplasia of the permanent incisors and first
mandibular molars are visible, in contrast to unaffected deciduous
molars. Panoramic radiograph shows affected enamel of both maxillary
and mandibular first molars

and second molars [26]. Thus, the background of the normal-
ization of the amelogenesis of premolars and second molars
supposedly is the initiation of the replacement treatment by
alfacalcidol. The assessment of enamel hypoplasia was diffi-
cult in the grown-up patients because of dental decay or treat-
ment, which masked the dental surfaces. In three adult patients
(patients 5, 7, and 10), all labial surfaces of maxillary incisors
and canines were covered by artificial crowns or composite
veneers (Table 4, Fig. 3). In addition, two of these patients
(patients 5 and 10) had all first molars extracted. This kind of
extensive treatment indicates that the first molars developing
at the same time period as the incisors might have been affect-
ed by severe enamel hypoplasia as well. In general, the enamel
hypoplasia in the present VDDRIA population was less se-
vere than previously described in a patient report on one pa-
tient with VDDR1A, which was clinically, biochemically, and
radiologically, but not genetically verified [1]. The difference
might be explained by the time of starting adequate active
vitamin D replacement therapy with alfacalcidol, which in
the previously reported patient was late (10 years of age). In
comparison, the majority of the VDDRIA patients in this
study started alfacalcidol treatment early, between the age of
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1.0 and 2.2 years: one patient at the age of 6 years, whereas
two patients had delayed treatment start at the age of 33 and
40 years, respectively. In Denmark, alfacalcidol was launched
in 1978, and before this, patients were treated with high doses
of vitamin D (cholecalciferol), thus explaining the delay in
alfacalcidol treatment.

In the present study, the group of adults with XLH was less
severely affected by enamel hypoplasia in the IC group and
M1 group than the adults with VDDR1A. Furthermore and in
comparison with VDDRIA, relatively few adults with XLH
had experienced extensive first molar extraction and FC treat-
ment in the IC group although the difference did not reach the
level of significance (Table 5). Accordingly, enamel hypopla-
sia does not seem to be a predominant symptom in patients
with XLH. A recent microCT study on both deciduous and
permanent teeth of patients with XLH focused on the miner-
alization pattern of the enamel and dentine in comparison with
teeth from unaffected family members [27]. The study con-
cluded that there were no deviations in the enamel, in line with
the clinical findings in patients with XLH of the present study.
In addition, the dentin of the affected patients with XLH re-
vealed a different mineralization pattern [27]. The mineraliza-
tion pattern was characterized by dentinal abnormalities in
terms of porosities and lower mineral density next to the pulp.
Previous radiological and histological studies on the dentition
of patients with XLH have revealed similar findings in terms
of extended dimension of the pulp (large pulp horns), irregular
interglobular dentine, and dentinal areas with
hypomineralized calcospherites [28-31].

In the present group of patients with VDDR1A, five adults
had endodontically affected teeth of various tooth types (two
to ten teeth; Table 4). However, a great number of the end-
odontically affected teeth had artificial crowns, and the prep-
aration for a dental crown is a well-known risk factor in terms
of pulp necrosis. Thus, based on the available data, it is not
possible to conclude if the endodontic treatment in the patients
with VDDR 1A was primary due to, e.g., enamel hypoplasia or
dentinal abnormalities in general or a treatment arising sec-
ondary to previous dental treatment. The presence of many
endodontically affected teeth has previously been described
in patients with XLH. Especially in the younger age groups,
the percentage of endodontically affected teeth anterior in the
mandible was high [15].

Enamel hypoplasia is also seen in nutritional rickets [32,
33], and the extent of the dental aberration is related to the
period elapsed with insufficient vitamin D causing low avail-
ability of calcium and phosphate during the development of
the dentition: The longer period the malnutrition remains, the
more teeth are affected. The age of the child, when suffering
from nutritional rickets, determines the stage of the develop-
ment of the teeth, and thus, the teeth undergoing development
during the time when suffering from nutritional rickets will
show evidence of disturbed formation of the dental structures.
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Table4 Dental agenesis, taurodontism, first molar extraction, enamel hypoplasia, dental treatment, endodontic affection, and malocclusion in patients

with VDDRI1

<18 years >18 years
Patient 1 2 3 4 5 6 7 8 9 10
Permanent teeth (no.) 8 12 24 28 27 29 28 26 27 21
Dental agenesis (no.) na 0 0 0 0 0 0 0 na
Taurodontism (no.) na 2 0 1 1 0 na
Extracted first molars (no.) 0 0 3 1 4
EnHY* of incisors or canines na Yes Yes No na Yes Yes Yes Yes Yes
EnHy" of first molars No Yes Yes No na Yes Yes na Yes na
EnHy* of premolars or second molars na na No No No No No No No na
FC of incisors or canines® na 0 0 12 0 0 0 0 6
FC of first molar crowns® No na 0 0 na 0 na
CoFi of incisors or canines® na 0 0 4
Endodontic affection® na 0 0 0 7 0 2 3 2 10
Increased overjet® na No No No No No No No No Yes
Deep bite na No No No No No No No No Yes
Mandibular overjet® Yes No No No No No No No No No
Lateral crossbite Yes Yes No No No No No No No No

na nonapplicable

*EnHy: enamel hypoplasia of several teeth (>2) of the specified type

° The number of teeth with full prosthetic coverage (FC) of the dental crown

© The number of teeth with composite filling (CoFi) at the labial or incisal surface of the dental crown

9 The number of teeth with root filling or periapical infection
¢ Horizontal overjet >6 mm
TVertical overbite >5 mm

& Anterior crossbite of a minimum of two incisors

Table 5 The presence of enamel hypoplasia and extensive dental
treatment in seven adults with VDDR compared to 30 adults with
XLH; comparison according to tooth type: incisors and canines (I and
C), first molars (M1), premolars and second molars (P and M2)

VDDR XLH p value

P x (%) ot x (PP
EnHy of >2 T or C* 6 5(83) 25 14 <0.001
EnHy of >2 M1° 4 3(75) 16 0 (0) 0.004
EnHy of >2 P or M2° 6 0(0) 24 2(8) >0.999
Extraction >3 M1 7 3 (43) 30 4(13) 0.108
FC of >3 T or C¢ 7 2(29) 29 1(3) 0.090
FC of >3 M1¢ 4 0(0) 23 4(17) >0.999
CoFiof >3 T or C° 7 4(57) 29 2(7) 0.008

Comparison between groups by Fischer’s exact test
# Assessed individuals in the group

°Number of affected individuals and the percentage of the assessed indi-
viduals for the variable

© Enamel hypoplasia in a minimum of two teeth of the group
9 Full coverage of a minimum of three crowns of the group

¢ Partial coverage by composite filling of a minimum of three crowns of
the group

Unlike bone, the mineralized dental tissues is not undergoing
remodeling, and the distribution of the enamel hypoplasia is
thereby a permanent marker of the period with low vitamin D
and thereby low levels of calcium and phosphate for mineral-
ization of the dental hard tissues, e.g., enamel [32, 34-36].
Like patients with nutritive rickets, patients with VDDR1A
are characterized by low calcitriol, hypocalcemia, and
hypophosphatemia [7, 8]. In contrast, patients with XLH are
hypophosphatemic, but normocalcemic, and enamel hypopla-
sia was not a dominant symptom in the patients with XLH of
the present study. Thus, it is likely that the combination of
hypocalcemia and hypophosphatemia has implications for
the development of enamel hypoplasias, which was also sug-
gested in the study by Nikiforuk and Fraser [2]. Previously,
the role of hypocalcemia in enamel formation has been
discussed in relation to hypocalcemia caused by 22q11 dele-
tion syndrome [37, 38], or other medical conditions [39], and
in addition in an animal study [40]. However, the causal fac-
tors remain nondetermined, and other types of experimental
studies are requested.

The strength of the present study was the combined dental
and craniofacial assessment of a relatively large group of
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patients with an extremely rare diagnosis, VDDR1A, which in
all patients was genetically verified. We had no access to the
previous dental reports. Therefore, the determination of
whether the endodontic treatments in the VDDRI1A group
were primary or secondary to the preparation for the artificial
crowns remains unknown. Furthermore, specimens for histo-
logical analyses of the dental tissues were not available in the
study.

In conclusion, the craniofacial deviations in patients with
VDDRI1A are discrete (a reduced depth of the posterior cranial
fossa) and in line with the deviations found in patients with the
predominant inherited types of rickets, XLH. The dental ab-
erration of VDDRI1A is more in line with the dental aberration
of nutritional rickets than with the dental aberrations of XLH,
suggesting low availability of both calcium and phosphate
being critical in periods of enamel formation.
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