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Abstract

Aim X-linked hypophosphatemic rickets (XLH) is characterised by
severe skeletal deformities and dental abnormalities. The aim of this
work is to examine the prevalence of abscesses, the features of pulp
chambers, and the biochemical and histological signs of the disease.

Methods Pulp chambers size, shape, and morphology were
assessed by orthopantomography in XLH patients (n = 24, age 5.8
+ 1.6 years) and in sex and age-matched healthy controls (n = 23,
age 6.2 + 1.4 years). Histological analysis of the dentin of the primary
teeth by Hematoxylin-eosin and Massontrichromic Goldner-blue
aniline staining was then performed, comparing the results with
those obtained in healthy controls.

Results XLH patients showed enlarged pulp and altered
morphology with prominent pulp horns into the tooth crown.
Deficiency of 1,25-dihydroxyvitamin D induced by Fibroblast Growth
Factor 23 resulted in enamel, dentin, and cement defects. Histological
analysis demonstrated a poor mineralisation of these structures with
significant irregularities. Patients with a history of abscesses were
67; canines and molars are less affected than incisors.

Conclusions Enlarged pulpal chambers with altered shape
and morphology affect most XLH patients, setting them up for
periapical abscesses with fistulas occurred without any history of
trauma or dental decay. Patients with XLH should be considered
high-risk patients. It is important to treat and manage them early
by a multidisciplinary approach.

KEYWORDS X-linked hypophosphatemia, periapical dental abscesses,
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Introduction

X-linked hypophosphatemia (XLH; OMIM 307800) is the
most common genetic form of rickets, with a prevalence of
1:20,000 - 1:60,000 [Baroncelli et al., 2006]. XLH is
characterised by stunted growth with disproportionate short
stature, bowing of the lower limbs associated with wadding
gait, [Carpenter et al., 2011; Haffner et al., 2019] . XLH is due
to inactivating mutations of the PHEX gene (OMIM: 300550)
causing excessive production of Fibroblast Growth Factor 23
(FGF23). The increased concentration of FGF23 represents a
main pathogenetic mechanism of XLH, stimulating urinary
phosphate wasting and renal 24-hydroxylase activity, and
reducing renal 1a-hydroxylase activity with insufficient
production of 1,25-dihydroxyvitamin D (1,25(OH),D) [Nakanishi
and Michigami, 2022]. PHEX protein is also expressed in
osteoblasts, osteocytes, and odontoblasts [Tagliabracci et al.,
2014]. In patients with XLH, FGF23-induced 1,25(0H),D
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insufficiency results in poor mineralisation of enamel [Beck-
Nielsen et al., 2019]. Regardless of its systemic effects on
phosphate homeostasis, odontoblast differentiation and
dentin formation, FGF23 overexpression decreased osteoblast
differentiation and matrix mineralisation. Without signs of
trauma or dental decay, XLH patients experience dentinal and
periodontal anomalies that lead to recurrent periapical
abscesses with fistulas. The aim of the study was to evaluate
the size, shape, and morphology of the pulp chambers as
well as the disease’s biochemical and histological indicators
using orthopantomography (OPT) testing.

Materials and Methods

Nine male and fifteen female Caucasian prepubertal XLH
patients, with an average age of 5.8 + 1.6 years, were selected
from the University Hospital’s Endocrine Unit of Pediatrics.
Twenty-three Caucasian prepubertal children (11 boys and
12 girls), aged 6.2 + 1.4 years, were enrolled as controls. The
OPT examination was used to evaluate the size, shape, and
morphology of the pulp chamber in each patient. The
Cameriere et al.[2012] approach was used to estimate the
size of the pulp chamber. In dental examinations, the
prevalence of abscesses or fistulae was assessed by evaluating
the aetiology of the lesion and location. Histologic analysis
of dentin of primary teeth was performed by Hematoxylin-
eosin (EE) and Massontrichromic Goldner-blue aniline staining
and scanning electron microscopic examination (SEM-EDS)
comparing the results with those obtained in primary teeth
of controls. The measurements between patients and controls
were compared using Wilcoxon’s nonparametric rank-sum
test (Mann-Whitney).

Results

The pulp chamber appeared significantly larger, with pulpal
horns close to the occlusal plane, in the primary teeth and
first permanent molars of XLH patients compared with healthy
controls. There was a decrease in fusion of calciospheres and
an excess of interglobular dentin that did not mineralise. The
rate of spontaneous abscesses was 67% in patients with XLH;
incisors were more affected than canines and molars.
Histological analysis showed inhomogeneous dentin with
significant structural irregularities and extensive areas of loss
of substance especially at the amelo-dentinal junction. Figure
1 showed the main clinical, radiographic, and histologic
features in patients compared with controls.
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FIG. 1 Clinical, radiographic, and histologic features between controls
(left) and XLH patients (right).

Discussion

The study showed that the periapical abscesses with fistulae
occurred without any history of trauma or dental decay in
patients with XLH, and it was mainly due to aberrant dentin
mineralisation. FGF23 overexpression likely suppress osteoblast
differentiation and matrix mineralisation independently of its
systemic effects on phosphate homeostasis [Duggal et al., 2002]
as well as odontoblasts differentiation and dentin formation
[Burguefio Torres et al., 2015]. Even in the absence of carious
lesions, deep fissures from the pulp horns to the dentin-enamel
junction are risk factors for bacterial penetration and the
development [Duggal et al., 2002] of periapical abscesses that
more commonly afflicted the incisors. The incisors’ higher
vulnerability may be partially explained by the age range of the
individuals under examination and the differences in eruption
timing between canines, molars, and incisors [Burgueno Torres
et al., 2015]. In contrast to primary molars, primary incisors and
canines may be more susceptible to enamel cracks due to thinner
enamel in front teeth than in posterior primary teeth [Elfrink et
al., 2016; Tosco et al., 2023; Corica and Caprioglio, 2014]. The
OPT analysis revealed several variations in the morphology, size,
and shape of pulp chambers between controls and XLH patients.
XLH patients showed enlarged pulp chambers because of a
bigger surface of the pulp chamber with respect to the tooth
surface, abnormal shape due to a greater height than the width
and altered morphology with prominent pulp horns into the
tooth crown. In addition, a lack of pyrophosphate hydrolysis and
reduced hydroxyapatite formation and mineralisation lead to an
increased risk of developing periodontal disease. The extensive
areas of interglobular dentin found on histological analysis, with
abundant amounts of spheroidal formations (“calcareous
spherules”), were an expression of abnormal mineralisation
process of dentin tissue.

Conclusions

The paediatric dentist should always suspect an impairment
of phospho-calcium metabolism in children showing uncaused
periodontal abscesses and require bone specialist and genetic
investigations. Periodontal abscesses are peculiar lesions of
patients with XLH. They should be considered high-risk patients
[Franciosi et al., 2024], so it is important to treat and manage
them early with a multidisciplinary approach [Cenzato et al.,
2024, Giuca, 2024], including appropriate medical treatment. It
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is important to set up individualised recalls, with professional
oral hygiene, professional fluoroprophylaxis [Zampetti and
Scribante, 2020], and fissure sealing [Colombo and Ferrazzano,
2018] and motivate the parents for proper home oral hygiene
and diet.
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