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Abstract: X-linked hypophosphatemia (XLH) is the most common genetic form of rickets and
osteomalacia and is characterized by growth retardation, deformities of the lower limbs, and bone
and muscular pain. Spontaneous dental abscesses caused by endodontic infections due to dentin
dysplasia are well-known dental manifestations. When dentin affected by microcracks or attrition
of the enamel is exposed to oral fluids, oral bacteria are able to invade the hypomineralized dentin
and pulp space, leading to pulp necrosis, followed by the formation of a periapical gingival abscess.
Without appropriate dental management, this dental manifestation results in early loss of teeth and
deterioration in the patient’s quality of life. Early specific dental intervention and oral management
in collaboration with medical personnel are strongly recommended for XLH patients. Importantly,
dental manifestations sometimes appear before the diagnosis of XLH. Dentists should be alert for
this first sign of XLH and refer affected children to a pediatrician for early diagnosis. A humanized
monoclonal antibody for FGF23 (burosumab) is a promising new treatment for XLH; however, the
effects on the dental manifestations remain to be elucidated. The establishment of fundamental dental
therapy to solve dental problems is still underway and is eagerly anticipated.

Keywords: X-linked hypophosphatemia; dentin dysplasia; pulp infection; periapical abscess; medical
and dental collaboration

1. Introduction

X-linked hypophosphatemia (XLH; OMIM# 307800) is the most common genetic form
of rickets and osteomalacia and is characterized by growth retardation, deformities of the
lower limbs, and bone and muscular pain [1–3]. Sequence variations in the phosphate
regulating endopeptidase homolog X-linked (PHEX) gene lead to overproduction of fibrob-
last growth factor 23 (FGF23), resulting in renal phosphate wasting and impaired skeletal
mineralization [4]. The incidence of XLH is estimated to be approximately 1 in 20,000 [5].

Spontaneous dental abscesses caused by endodontic infections due to dentin dysplasia
are well-known dental manifestations [6–8]. Without appropriate dental management, this
dental manifestation of XLH finally results in early loss of teeth and reduced quality of
life [9,10]. Early specific dental intervention and ongoing oral management in collaboration
with medical professionals are strongly recommended for XLH patients [9,11]. Moreover,
this dental manifestation sometimes appears before the diagnosis of XLH [12–14]; dentists
should be aware of this first sign of XLH and refer affected children to a pediatrician for
early diagnosis.

A combination of active vitamin D and phosphate salts is the conventional medical
therapy for patients with XLH [15,16]. A humanized monoclonal antibody for FGF23
(burosumab) is a new and promising treatment for XLH [15–17].

This review summarizes the manifestations and management of XLH from a dental
perspective.
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2. Dental Manifestations of XLH

Harris and Sullivan first described dental findings in 1960, after XLH was first reported
in 1930 [18]. XLH is caused by loss-of-function sequence variations in PHEX [1–3]. PHEX
sequence variations cause hypophosphatemia indirectly, through the increased expression
of FGF23 [4]. A high serum FGF23 concentration impairs renal phosphate reabsorption,
thereby increasing phosphate excretion. FGF23 also decreases phosphate absorption in the
intestine by suppressing serum 1,25-dyhydroxyvitamin D [1,25(OH)2D] levels. The lack of
phosphate leads to a mineralization defect of bone and teeth [7,8,19,20]. PHEX protein is
also expressed in osteoblasts, osteocytes, and odontoblasts in addition to the kidney [19].
PHEX has been proposed to dynamically regulate FGF-23 expression in bone and teeth [20].
The hard mineralized tissue of teeth is composed of enamel, dentin, and cementum [21],
and is supported by alveolar bone. Dentin is produced by the mineralization of the organic
matrix synthesized and secreted by odontoblasts [22]. Inorganic phosphate and calcium
are essential for the mineralization of teeth and bone. Abnormal mineralization of dentin is
the main cause of dental problems in XLH patients [23–28].

A spontaneous formation of a periapical gingival abscess or fistula around a visibly
healthy tooth with no evidence of dental caries or trauma is a typical dental manifestation of
XLH (Figure 1) [6–8]. Owing to microcracks or attrition of the enamel, dentin is exposed to
the bacteria abundant in the oral cavity, which invade the hypomineralized dentin and pulp
space leading to pulp necrosis and periapical gingival abscess formation (Figure 2) [6–8].
Abscess formation is more commonly found in primary teeth than in permanent teeth [6],
possibly because the enamel of primary teeth is half as thick as that of permanent teeth,
and less hard, so the dentin is more easily exposed [29,30]. The frequency of occurrence of
dental abscesses in children with XLH is reported to range from 25% to 70% [6,19,31–33].
Primary incisors are affected more often than canines, and first and second molars are
occasionally involved [6,9]. Teeth in the mandible and maxilla are equally likely to develop
an abscess [31]. For XLH, the different expression in the two sexes is not as well-established.
The features of XLH are the same in males and females [34]. On the other hand, some
reports indicate that XLH is an X-linked dominant disorder and symptoms are mediated
by lyonization, and dental manifestations are more severe in male than female individuals,
as they also are in bone [7,31]. The dental phenotype is associated with the severity of the
disease [35]. The younger the patient when the first abscess appears, the more severe the
dental manifestations [13]. An abscess on one tooth indicates that at least one other tooth is
likely to be affected [31].
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Figure 1. Clinical and radiographic dental manifestations of X-linked hypophosphatemia (XLH).
(A) Oral photograph of male patient aged 4 years 4 months showing a periapical gingival abscess
(white arrow) corresponding to the primary maxillary left central incisor. (B) Periapical radiograph
showing radiolucency (black arrow) around the periapical region of the primary maxillary left central
incisor.



Endocrines 2022, 3 656

Endocrines 2022, 3, FOR PEER REVIEW  3 
 

 

Figure 1. Clinical and radiographic dental manifestations of X‐linked hypophosphatemia  (XLH). 

(A) Oral photograph of male patient aged 4 years 4 months showing a periapical gingival abscess 

(white arrow) corresponding to the primary maxillary left central incisor. (B) Periapical radiograph 

showing radiolucency (black arrow) around the periapical region of the primary maxillary left cen‐

tral incisor. 

 

Figure 2. Illustration of the mechanism of gingival abscess formation in a tooth of an X‐linked hy‐

pophosphatemia (XLH) patient. 

The principal dental defects are seen in dentin both radiographically and histologi‐

cally. Prominent pulp horns, a  large pulp chamber suggesting  taurodontism, and  thin 

dentin are recognized radiographically (Figure 3) [6–8,13]. A wide predentin  layer (the 

first layer of the non‐mineralized matrix), interglobular dentin, and tubular dentinal de‐

fects extending from the pulp to the enamel are detected histologically (Figure 4) [6,23–

25]. The pulp color can sometimes be observed on the lingual side of the primary incisors 

due to the thin dentin (Figure 5) [14]. Additionally, an absence of secondary dentin for‐

mation in the wall of the pulp chamber after root formation has been reported [36]. 

Figure 2. Illustration of the mechanism of gingival abscess formation in a tooth of an X-linked
hypophosphatemia (XLH) patient.

The principal dental defects are seen in dentin both radiographically and histologically.
Prominent pulp horns, a large pulp chamber suggesting taurodontism, and thin dentin are
recognized radiographically (Figure 3) [6–8,13]. A wide predentin layer (the first layer of
the non-mineralized matrix), interglobular dentin, and tubular dentinal defects extending
from the pulp to the enamel are detected histologically (Figure 4) [6,23–25]. The pulp color
can sometimes be observed on the lingual side of the primary incisors due to the thin dentin
(Figure 5) [14]. Additionally, an absence of secondary dentin formation in the wall of the
pulp chamber after root formation has been reported [36].

The dentin defects found in XLH patients are sometimes accompanied by a thinner
layer of enamel [8], although the structure of enamel is normal [7,26]. The thin enamel tends
to wear faster and expose the poorly mineralized dentin, leading to pulpal infection [7].
Additionally, delayed eruption, short roots, root resorption, a poorly defined lamina dura,
and a hypoplastic alveolar ridge were recognized in a patient with XLH [7]. Whether
caries activity is higher in children with XLH compared with healthy subjects is unknown;
however, caries progresses easily via the thin enamel and poorly mineralized dentin [7].
Children with XLH often present with delayed dental development, abnormal eruption
patterns, and increased frequency of specific malocclusions (Figure 6). An open bite or
impacted or ectopic eruption of maxillary canines due to delayed maxillary growth in
relation to mandibular growth has been reported [37–39].
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Figure 3. Panoramic radiographs. (A) Female X-linked hypophosphatemia (XLH) patient aged
3 years 11 months. The square on the upper right is an enlargement of the primary mandibular left
molar region. Wide pulp chambers (asterisks) and prominent pulp horns (arrowheads) can be seen.
(B) Healthy age-matched female.
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Figure 4. (A) Contact microradiograph of a ground section of a primary tooth of a patient with
X-linked hypophosphatemia (XLH) showing a tubular defect from the enamel–dentin junction to the
pulp (arrow). (B) Contact microradiograph of a ground section of a primary tooth of a patient with
XLH showing interglobular dentin (arrowheads). (C) Histopathological image of a decalcified section
of a permanent tooth of a patient with XLH aged 20 years (H-E staining) showing interglobular
dentin (arrowheads). E: enamel; D: dentin; P: pulp.
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patient aged 3 years 3 months. The pink color of the pulp can be seen through the enamel on the
lingual side of the primary mandibular incisors (arrows).
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10 years 1 month.

Endodontic infections due to poor dentin mineralization are also recognized in perma-
nent teeth [40] (Figure 7). However, maxillofacial cellulitis is rare in adults with XLH [8].
Endodontically affected teeth are common in XLH patients, and the number of affected
teeth increases significantly with age [41]. More than 60% of adults with XLH have experi-
enced more than five dental abscesses [42]. The most commonly affected teeth are incisors
and canines, followed by molars and premolars [41]. The order in which teeth are affected
is determined not only by the time of eruption but also by the rate of natural attrition as a
result of mastication [7]. High prevalence and severity of periodontitis are often recognized
in adult patients with XLH [43]. Nearly 80% of adult XLH patients are reported to have
moderate or severe periodontitis [44]. Periodontitis is a major cause of tooth loss in adults
with XLH [8].
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Figure 7. Panoramic radiograph of the permanent dentition of a male X-linked hypophosphatemia
(XLH) patient aged 21 years who underwent root canal treatment of the mandibular left central
incisor associated with a cystic swelling (arrow). The square on the upper right is an enlargement
of the primary mandibular left molar region. Wide pulp chambers (asterisks) and prominent pulp
horns (arrowheads) can be seen.

3. Oral Management of XLH

There is no fundamental treatment for dentin dysplasia in XLH. Early detection and
management of pulp infection improve the prognosis of the tooth [7,8]. Short-term periodi-
cal dental check-ups are required for XLH patients [19,45–47]. The consensus statement
of XLH recommends twice-yearly dentist visits [2]. The principle of dental management
in XLH patients is to preserve pulp vitality [7]. Professional tooth cleaning, application of
topical fluoride, and fissure sealing are recommended [7,13,19,33,45]. Pit and fissure sealing
of the enamel is effective in preventing the invasion of oral bacteria [7,8,13,19,45]. Exposed
dentin due to attrition or cracking of the enamel should be repaired as soon as possible [14].
The bonding strength of adhesive composite restorations is assumed to be reduced due
to mineralization defects in the dentin. Prolonged etching times or a total etch system
increases the risk of pulp irritation; therefore, a self-etch system is recommended [13,45].

The crucial purpose of oral management of XLH is to protect vital pulp from being
infected by oral bacteria. The vitality of the tooth should be carefully monitored [7].
Early coronal restoration of teeth at high risk is strongly recommended, especially in
patients who are diagnosed early with many abscesses [35]. Composite resin crowns in the
anterior region, stainless steel crowns for primary teeth and immature permanent teeth, and
permanent crowns for permanent teeth in the posterior region are recommended [35,48,49].
Full ceramic crowns should be avoided because of the extensive tooth reduction required
when compared with metal crowns [7]. Large pulp chambers and prominent pulp horns
should be considered during the preparation of the tooth to prevent exposure or irritation
of the pulp [7,13].

When apical periodontitis is detected, a periapical radiograph is taken, and the dentist
must decide whether to perform endodontic treatment or extract the tooth. Systemic
antibiotics are used in cases of acute abscess [8]. Primary teeth play an important role
as space maintainers for permanent successors, and dentists should preserve them for
as long as possible until replacement [50]. Early extraction before replacement leads to
loss of space for the eruption of permanent teeth [50]. Space maintenance is necessary
after the extraction of primary teeth before replacement [50]. Obturation of the root canal
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system in XLH patients should aim to fill any voids to achieve maximal density, due to
the increased risk of reinfection of the root canal because of dentin dysplasia [7]. The use
of thermoplasticized techniques using a virtually insoluble sealer is recommended for
permanent teeth [7]. Working length should be determined accurately, taking into account
the short roots commonly found in XLH patients [7]. In contrast, for primary teeth, the
use of calcium hydroxide and iodoform (Ca(OH)2/iodoform), which are absorbed during
root resorption, is recommended [51]. Additionally, for permanent teeth undergoing root
formation, Ca(OH)2 or mineral trioxide aggregate (MTA) is recommended before obturation
to promote apexification [7,52,53].

Once the pulp starts to become necrotic, the blood supply stops, and the devital-
ized tooth tends to break down [54]. Teeth with broken roots are indicated for extrac-
tion [55]. Prosthetic crowns are necessary for teeth that have undergone root canal treat-
ment (Figure 8). The thin dentin perforates easily and does not support restorative posts
for prosthetic crowns in permanent teeth [7,13]. The application of posts in the roots should
be avoided to prevent root fracture [7,13].
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after root canal treatment associated with a cystic swelling.

There is no established orthodontic treatment for XLH patients [56]. Traumatic or-
thodontic forces sometimes cause pulp necrosis [46]. It is important to prevent traumatic
forces during orthodontic treatment of XLH patients. Orthodontic treatment involves the
movement of teeth and extensive remodeling of the alveolar bone [8]. This treatment
sometimes results in the loss of permanent teeth in XLH patients with uncontrolled rickets
of the jaw [57]. Optimizing conventional medical treatment of XLH is considered manda-
tory before the initiation of orthodontic treatment [2,8]. A longer period of retention and
observation is necessary in cases with abnormal bone remodeling to confirm the stability
of the resulting occlusion [58]. The high frequency of permanent tooth loss secondary
to endodontic infections or periodontitis often leads to the need for dental implants [2].
Several reports have described cases of XLH patients who have had dental implants [46,59].
Standard surgical protocols in adults with XLH who are not receiving conventional ther-
apy resulted in a decreased success rate compared with healthy control individuals [2].
Some studies reported that the interruption of conventional therapy in XLH may have a
negative influence on bone healing around implants [8]. Dental implant surgery should be
performed after 3–6 months of medical treatment, which should be continued for 6 months
following the implant surgery [2]. The healing time should be extended up to 6 months [2].



Endocrines 2022, 3 661

4. Dental Effects of Conventional Therapy or Burosumab in XLH

The conventional medical therapy of XLH has consisted of oral phosphate and active
vitamin D supplementation [15,16]. However, this therapy has certain limitations related
to efficacy and safety [15]. A humanized monoclonal antibody for FGF23 (burosumab) was
recently approved as a promising treatment for XLH [15–17].

Early intervention with conventional therapy is reported to have a beneficial effect
on dental status [60–66]. The missing and filled teeth index of patients treated since early
childhood is similar to that of the healthy, age-matched controls [62]. This therapy im-
proves dentin mineralization and formation, reducing the size of the dental pulp canal
and chamber in both the primary and permanent dentitions [8,62]. Dentin mineraliza-
tion of permanent teeth especially, which mineralize after birth, can be restored by the
treatment [65]. The primary dentition usually shows more severe symptoms than the
permanent dentition [64]. This can also be explained by the low levels of calcium and
phosphorus during odontogenesis of the primary dentition [64]. However, this therapy
cannot completely eliminate dentin dysplasia [67]. Remaining defects may result from
the early exposure of odontoblasts and the surrounding osteoblasts to hypophosphatemia
before the commencement of conventional therapy, and from intrinsic cell disturbances
linked to the genetic alteration [62]. Additionally, unlike bone, dentin is not remodeled and
is not involved in the regulation of calcium and phosphate metabolism [22]. The effects
of burosumab on the dentition of XLH patients has not yet been reported. A post hoc
analysis of a 64-week, open-label, randomized controlled study of 61 children with XLH
aged 1–12 years revealed that dental abscesses occurred in 3 of 12 (25%) younger (<5 years)
children in the conventional therapy group, while 0 of 20 (0%) younger children from the
burosumab group developed dental abscesses [68]. However, in older children (5–12 years)
with XLH, dental abscesses presented more frequently with burosumab (8/15, 53%) than
with conventional therapy (0/20, 0%). Dental caries, which were reported more frequently
in the burosumab group (9/29, 31%) than the conventional therapy group (2/32, 6%),
occurred slightly more often in older than younger children who received conventional
therapy (2/20, 10% vs. 0/12, 0%), and slightly more often in younger than older children
who received burosumab (5/14, 36% vs. 4/15, 27%). On the basis of the results of this study,
the protective effects of burosumab seem to be weaker, or at least not more intense, against
the development of dental abscesses compared with conventional therapy; however, a
longer duration study is needed.

5. Importance of Medical and Dental Collaboration in XLH

Without appropriate dental management, spontaneous periapical gingival abscess
formation in XLH patients finally leads to early loss of teeth and a reduced quality of
life [10,32]. Early oral management soon after diagnosis and follow-up throughout life by
dentists are recommended for XLH patients [19,45–47]. There is a need for a system in
which medical doctors explain the importance of oral care to parents of children with XLH
and ensure they find appropriate dental care [2]. The alveolar bone status is particularly
important when XLH patients receive orthodontic treatment or dental implants [2]. Dentists
should consult with the patient’s medical doctor about the status of rickets control with
medical treatment [2,8].

Primary incisors emerge into the oral cavity at around 6 months of age, and the
primary dentition is complete by the age of 2 years [69]. Most XLH patients are diagnosed
at approximately 1–2 years of age when their delayed walking or bowed legs are observed
by pediatricians [3,70]. Spontaneous periapical abscesses sometimes lead to an XLH
diagnosis [12–14]. Pediatric dentists must never overlook dental abscesses in teeth that
appear to be intact. A system should be established by which dentists can immediately
refer patients to pediatricians when this first dental sign of XLH is observed.



Endocrines 2022, 3 662

6. Conclusions

Renal phosphate wasting in XLH leads to a mineralization defect of teeth, but not
bone [1–3]. The main dental manifestations are periapical gingival abscesses, which are
derived from endodontic infections caused by poorly mineralized dentin [6–8]. Medical and
dental collaboration is important in the treatment of XLH, and dental symptoms should be
followed-up as the patient ages [1–3,8,9]. The establishment of fundamental dental therapy
to treat dental manifestations is still underway and is eagerly anticipated.
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