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The first Korean case report with scaphocephaly as the initial sign
of X-linked hypophosphatemic rickets
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Abstract

Introduction X-linked hypophosphatemic rickets (XLH) can occasionally cause premature fusion of cranial sutures through an
increased level of fibroblast growth factor 23 (FGF-23), which leads to the dysregulation of phosphate and vitamin D metabo-
lism. Secondary craniosynostosis has long been considered to present late after XLH has already been diagnosed either clinically
or genetically.

Case presentation We present observations of a male infant showing sagittal synostosis as the first sign of XLH. Our patient did
not show any other skeletal deformities except macrocephaly with a long head shape. There is a family history of genetically
unconfirmed hypophosphatemic rickets in his mother. Direct sequencing by genomic polymerase chain reaction revealed that the
patient has a large deletion comprising exons 1-3 of the phosphate regulating endopeptidase homolog X-linked (PHEX) gene.
Conclusion Our observations suggest that craniosynostosis secondary to rickets can develop in early infancy. Careful monitoring

of head shape and growth is therefore critical for early detection of craniosynostosis in XLH.
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Introduction

X-linked hypophosphatemic rickets (XLH) is a rare disease
that is caused by loss-of-function mutations in the phosphate-
regulating endopeptidase homolog X-linked (PHEX) gene,
resulting in renal phosphate loss and bone hypomineralization
[1]. Typical clinical features of this disease include leg bow-
ing, short stature, and bone pain [1, 2]. Clinical diagnosis of
XLH is typically possible in children around 2 years of age,
after noticing short stature and bowed legs, observed once the
child is walking [1]. Craniosynostosis has also been reported
as a late-presenting sign of rickets usually not seen in infancy
[3]. Early progression of closing cranial sutures has been rare-
ly reported in XLH [4]. Here, we report the first case of an
infant with sagittal synostosis as an initial indicator of XLH
associated with a large deletion in the PHEX gene.
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Case description

An 11-month-old boy was referred to our clinic for an abnor-
mal long head shape. Clinical examination revealed
scaphocephaly (cephalic index 0.67), a large head circumfer-
ence (50.8 cm, >99th percentile) (Fig. 1). He was diagnosed
with sagittal synostosis (Fig. 2). The patient was born without
perinatal problems after 38 weeks of gestation. At birth, he
had a mildly elongated head shape but a normal head circum-
ference (36 cm, 75-90th percentile). He had a family history
of hypophosphatemic rickets in his mother, who had been
treated with oral phosphate and calcitriol and corrective sur-
gery on her bowed leg. Other than his mother, he had no
family history of rickets. His mother’s head shape was normal.
No PHEX mutations were identified by direct sequencing of
polymerase chain reaction (PCR) using the mother’s genomic
DNA prior to her pregnancy. She was diagnosed with sporadic
hypophosphatemic rickets without genetic confirmation.
However, in our patient, PCR products corresponding to
exons 1-3 of PHEX were not detected (Fig. 3), suggesting
that these exons are deleted. These results demonstrate that
our patient is hemizygous while his mother may be heterozy-
gous for the deletion of PHEX.

At diagnosis of his craniosynostosis, the patient
showed normal stature and development without leg
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Fig. 1 a, b Preoperative photograph at age 12 months showing typical scaphocephaly. ¢, d Photograph after cranial vault remodeling surgery, revealing

improved head shape at age 18 months

deformities. Laboratory results showed a normal serum
calcium level of 10.0 mg/dL (normal range, 8.8—10.8)
and a mildly decreased phosphorus level of 3.0 mg/dL
(normal range, 3.8-6.5). The tubular reabsorption rate of
phosphate was decreased by 64% (normal range, 85-100).
The plain films of the patient’s leg revealed mild
metaphyseal fraying without bowing.

Since his diagnosis with XLH, the patient has been treated
with alfacalcidol and oral phosphate. He underwent cranial
vault remodeling surgery at 12 months of age. He had a
post-operative cephalic index of 0.74 and his cranial shape
was improved (Fig. 1). His development remains normal with
stable head growth at age of 4.5 years (Fig. 4).
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Discussion

We described an infant case with early presentation of cranio-
synostosis in XLH. In our patient, the initial sign of rickets
was scaphocephaly with no other bone deformities.
Congenital craniosynostosis is usually diagnosed in infancy
due to early progression of head dysmorphology, while
hypophosphatemic rickets shows a significant delay in presen-
tation of synostosis, which is usually observed between 2 and
4 years of age [3, 5—7]. Only rarely the diagnosis of premature
fusion of cranial sutures precedes that of XLH rickets [4], and
no case has yet been reported in Korea. Our patient also pre-
sented macrocephaly owing to compensatory growth
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Fig. 2 Identification of sagittal
synostosis on a three-dimensional
computerized tomography scan
reconstruction at age 11 months.
Imaging shows a fused sagittal
suture (a, arrow) and
scaphocephaly and posterior
reduction in skull height (b)

occurring anteroposteriorly in response to the diminished pos-
terior skull height in sagittal synostosis [8]. His macrocephaly
has been gradually resolving after skull remodeling operation.

The exact incidence of craniosynostosis in XLH is not yet
known. Willis et al. [9] reviewed the reported data on pediatric
cases of XLH, and craniosynostosis was documented in
12.1% (19/157) of patients. Currarino [6] demonstrated a
46.4% radiographic incidence of craniosynostosis and
Rothenbuhler et al. [10] found that 59% of XLH children
had sagittal synostosis in hypophosphatemic rickets. Sagittal
synostosis was reported as the most common type and was
seen exclusively in boys [7, 9]. Our patient was also male, and
his mother did not show the head dysmorphology. The gender
discrepancy of craniosynostosis may be related to the severe
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Fig.3 Analysis of the PHEX gene by genomic PCR, showing deletion of
exons 1-3 when compared with control exons (C-1, C-2, C-3)

phenotype in males with X-linked dominant disease [7, 9].
However, it has not been validated thus far that males are
usually more severely affected with XLH [11].

The exact pathomechanism of the premature fusion of cra-
nial sutures in XLH is not well understood. According to
animal studies, PHEX dysfunction leads to an excess of cir-
culating fibroblast growth factor (FGF) 23, which in turn re-
sults in cross-binding with FGF receptors 2 and 3 expressed in
osteoblasts of the skull, leading to craniosynostosis [12, 13].
Activating mutations of these FGF receptors have been well
documented in syndromic craniosynostosis [14]. Considering
this mechanism, early treatment with anti-FGF23 antibody,
which was approved as a promising drug, would be anticipat-
ed to prevent craniosynostosis as well as leg deformities [15].

In this case, a large deletion comprising exons 1-3 of
PHEX was detected. This has been previously reported as a
causative mutation of XLH [2]. However, craniosynostosis
has not been reported in patients with this same deletion.
This indicates that the type of PHEX mutation may have lim-
ited predictive value for the XLH phenotype [2, 11, 16, 17].
This suggests that environmental and other genetic factors
may affect the phenotypes of patients with XLH [2, 11].

Most children with XLH are asymptomatic in infancy be-
cause progressive leg deformities and decreased linear growth
tend to be noticed after the child is weight-bearing.
Furthermore, craniosynostosis has been considered as a late
presentation that should be monitored after a diagnosis of
rickets. However, our case showed that craniosynostosis can
be the first sign of XLH before other skeletal deformities be-
come apparent. Therefore, we suggest that infants with cra-
niosynostosis should be screened for hypophosphatemic rick-
ets. It is possible that some craniosynostosis in XLH remained
undetected, especially considering the relatively high inci-
dence. We also recommend that head shape and growth
should be monitored from early infancy in all patients with
XLH or a family history of rickets.
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Fig. 4 Nomogram for fronto- 58
occipital circumference of our
patient reveals macrocephaly
(head circumference z score + 3.6
SD) at 11 months of age when he
was diagnosed with sagittal
synostosis. After cranial vault
remodeling surgery, his large
head circumference has been
gradually resolving as overall
skull height has increased. His
head circumference is 52.7 cm,
between the 90th and 95th
percentiles (z score was + 1.38
SD) at age of 4.5 years
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