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Abstract: X-linked hypophosphatemia is an inheritable disease of renal phosphate wasting that results
in clinically manifestations associated with rickets or osteomalacia. The various symptoms in the
skeletal system are well recognized, such as short stature; lower limb deformities; and bone, joint, or
muscle pain, and it is often difficult to control these symptoms, despite the use of medication therapy
in growing children. In addition, lower limb deformities can lead to degenerative osteoarthritis
and dysfunction of lower limbs at the skeletal maturity. To prevent from future manifestation
of those symptoms, orthopedic surgeries are applicable to growing patients with severe skeletal
deformities or without response to conventional medication. Bone deformities are treated by acute or
gradual corrective osteotomies and temporally hemiepiphysiodesis using guided growth method.
The clinicians should choose the right procedure based on age, symptoms and state of deformities of
the patient.
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1. Introduction

X-linked hypophosphatemia (XLH, OMIM #307800) is a rare genetic disorder caused
by renal phosphate wasting and is the most common form of hypophosphatemic rickets
and osteomalacia. This disease causes fibroblast growth factor 23 (FGF23)-related hy-
pophosphatemia. FGF23 is a circulating hormone for phosphate regulation throughout the
whole body, and the elevation of this growth factor leads to renal wasting of phosphate and
low serum phosphate. The responsible gene for XLH is identified on PHEX (phosphate-
regulating protein with homology to endopeptidases on the X chromosome) [1,2]. A
decrease or absence of PHEX activity induces an increase in FGF23. On the other hand,
bone is mainly composed of hydroxyapatite and collagens, and hydroxyapatite contains
phosphate in its own structure. Therefore, skeletal complications are caused as phosphate
regulation is out of order in the PHEX/FGF23 axis. This condition causes rickets, which
is characterized by the impairment of the maturation of growth plates in patients during
childhood, as well as osteomalacia, which is characterized by the disturbance of miner-
alization in osteoids in adulthood. Lower limb deformities and various sequelae such as
gait alterations or pain in the lower limbs, which are the main complaints of patients with
rickets [3], have been reported in affected children and adults [4–6] and are associated with
impairment of quality of life [7].

The diagnosis of patients with XLH is generally made in childhood, and the treatment
with medication is continued throughout the lifetime. Oral phosphate and active vitamin
D are generally administered, with active vitamin D being included in the conventional
treatment. This treatment promotes the growth and improvement of skeletal deformities
such as bowlegs and alleviates bone, joint, and muscle pain. The good control of phosphate
caused by the medication reduces the need for orthopedic surgeries [8–10]. However,
the responses to this medical treatment are varied, and operative procedures for bone
deformities can be chosen in unsuccessful cases of medication [11–13]. Burosumab, an
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anti-fibroblast growth factor 23 antibody, is approved for this disease [14–16] and expected
to be efficacious for various symptoms, including bone deformities. However, there are
only two papers on the efficacy for bone deformities of this new medication at present.

This article reviews the orthopedic complications and recent orthopedic interventions
in children with XLH.

2. Orthopedic Features and Treatments in Infancy and Early Childhood

XLH is a dominant disorder. If a parent or siblings of a newborn infant has been
diagnosed with XLH, the baby can be expected to have XLH and a careful investigation
of hypophosphatemia would be performed by a pediatrician. However, in the absence
of the family history of XLH, this disorder should be suspected based on physical and
radiographic findings as described below.

2.1. Bowlegs

The most characteristic orthopedic feature of XLH is a bowleg in childhood, especially
after the start of standing and walking in early childhood. Weight-bearing leads lower
limbs to more serious deformities than physiological varus or valgus knee deformities in
XLH patients. Bowlegs in early childhood occur due to several causes, including vitamin D
deficiency, Blount disease (epiphysitis in the proximally medial tibia), physiological factors,
and so on. The clinicians should make a differential diagnosis between XLH and these
conditions using various examinations.

Plain radiographic images of lower limbs should be examined for the differential
diagnoses at the initial visit. The widening of epiphyseal plates and an unclear demarcation
line between the epiphyseal plate and metaphysis are characteristically demonstrated in
patients with rickets, and these factors should lead to a strong suspicion of rickets. However,
these characteristic findings are detected in various forms of rickets. In particular, it is
essential to differentiate between XLH and rickets caused by vitamin D insufficiency. In
addition, these features are not always obvious upon first examination, and follow-up
examinations are necessary for the diagnosis. In general, pediatricians commonly perform
radiographic examinations of the wrist and knee joints in patients with rickets. From
the point of view of orthopedists, radiographic images of the whole lower limbs should
additionally be obtained not in a supine position but a standing position to evaluate the
degree of a patient’s varus deformity and functional disability in a standing posture. For
the evaluation of limb deformities and functional disability, a mechanical axis deviation
(MAD) is the most valuable parameter (Figure 1) [17]. The mechanical axis is defined as
the line between the center of the femoral head and the center of the ankle joint on plain
radiographic images of whole lower limbs in a standing individual. It represents a main
weight-bearing point on the knee joint. An MAD shows the displacement of the mechanical
axis from the center of the knee joint, and a large deviation to the medial or lateral side
indicates severe deformity of the limb alignment.

The ideal mechanical axis line passes through the center of the knee joint and the ideal
MAD is 0 mm. This parameter is useful for the objective assessment of the improvement or
aggravation of limb deformities during follow-up examinations [18].

If the clinicians find radiographic evidence of rickets, they can add a radiographic
survey of the growth plate around the wrist or knee joints for an assessment of pathological
conditions using the Ricket Severity Score (RSS), which is a quantitative method based on
the degree of metaphyseal fraying, concavity, and the rate of affected physis [19]. Recently,
the Radiographic Global Impression of Change (RGI-C) score, which was developed in
the evaluation of changes in hypophosphatasia [20], has been used to assess the healing
of rickets in pediatric XLH patients [21]. If the patient has less obvious findings in the
radiographic images, the clinicians should follow the changes of the genu varum with age.
The various deformities around knee joints do not get better in most rachitic cases, while
almost all physiological bowlegs improve. The development of a varus deformity is useful
for the differential diagnosis between rickets and other conditions.
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Figure 1. Mechanical axis deviation (MAD) and varus or valgus deformity of a lower limb. The 
mechanical axis is defined as the line between the center of the femoral head and the center of the 
ankle joint (white line). Mechanical axis deviation is defined as the displacement of the mechanical 
axis from the center of the knee joint. (a) Valgus deformity of the lower limb exists because of the 
lateral displacement of the MAD. (b) Varus deformity of the lower limb exists because of the medial 
displacement of the MAD. 
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improvement or aggravation of limb deformities during follow-up examinations [18]. 
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was developed in the evaluation of changes in hypophosphatasia [20], has been used to 
assess the healing of rickets in pediatric XLH patients [21]. If the patient has less obvious 
findings in the radiographic images, the clinicians should follow the changes of the genu 
varum with age. The various deformities around knee joints do not get better in most 
rachitic cases, while almost all physiological bowlegs improve. The development of a 
varus deformity is useful for the differential diagnosis between rickets and other 
conditions. 

Laboratory abnormalities, which include hypophosphatemia and elevated alkaline 
phosphatase activity, must be checked in cases of rickets, including XLH. Recently, the 
FGF23 level and a mutation analysis of the PHEX gene can be examined and are very 
useful for reaching a definite diagnosis of XLH. Most orthopedists ask the expert 
pediatricians for investigations of bone metabolisms or genetics if they suspect rickets. 

For patients with rickets in early childhood, medication treatment with phosphate 
and active vitamin D is first chosen. Therefore, orthopedic surgeons mainly check whether 
limb deformities, especially bowlegs, develop or not via plain radiography. If the 
deformity, mostly a varus deformity, is not improved or gets worse despite medication, 
the orthopedists should intervene in the management of the limb deformities. The 
orthopedic interventions include orthotic management and surgical treatment in this 
period. The effectiveness of orthoses such as a knee–ankle–foot orthosis (long leg brace) 
is not evident and is controversial. An orthopedic book describes no efficacy of orthotic 

Figure 1. Mechanical axis deviation (MAD) and varus or valgus deformity of a lower limb. The
mechanical axis is defined as the line between the center of the femoral head and the center of the
ankle joint (white line). Mechanical axis deviation is defined as the displacement of the mechanical
axis from the center of the knee joint. (a) Valgus deformity of the lower limb exists because of the
lateral displacement of the MAD. (b) Varus deformity of the lower limb exists because of the medial
displacement of the MAD.

Laboratory abnormalities, which include hypophosphatemia and elevated alkaline
phosphatase activity, must be checked in cases of rickets, including XLH. Recently, the
FGF23 level and a mutation analysis of the PHEX gene can be examined and are very useful
for reaching a definite diagnosis of XLH. Most orthopedists ask the expert pediatricians for
investigations of bone metabolisms or genetics if they suspect rickets.

For patients with rickets in early childhood, medication treatment with phosphate
and active vitamin D is first chosen. Therefore, orthopedic surgeons mainly check whether
limb deformities, especially bowlegs, develop or not via plain radiography. If the defor-
mity, mostly a varus deformity, is not improved or gets worse despite medication, the
orthopedists should intervene in the management of the limb deformities. The orthopedic
interventions include orthotic management and surgical treatment in this period. The
effectiveness of orthoses such as a knee–ankle–foot orthosis (long leg brace) is not evident
and is controversial. An orthopedic book describes no efficacy of orthotic management
for vitamin-D-resistant rickets [22]. In particular, there has been no report of efficacious
evidence in rickets of XLH. On the other hand, a few Japanese papers reported that orthotic
treatment was efficacious in a small number of rachitic patients, including individuals with
XLH [23]. Therefore, the application of orthoses is at each doctor’s discretion in Japan
for severe bowlegs caused by various pathologies, such as XLH or vitamin D deficiency.
The author has no experience of the application of orthoses to rickets patients because of
improvements in deformities caused by medication.

Osteotomies are performed in patients with XLH who have a severe deformity or
less improvement of deformities via medication [24]. Most osteotomies are applied to the
femur and tibia or fibula (Figure 2). Deformities of these long bones exist both around
growth plates, i.e., the metaphysis, epiphysis, and diaphysis, and many deformity sites
can exist in one lower limb. Therefore, it is difficult and unrealistic to correct a deformed
bone to a normally morphological shape. The purpose of osteotomies is the acquisition
of a better appearance and better function of the lower limbs. However, the clinicians
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should keep in mind that better function takes precedence over a better appearance. In
early childhood, osteotomies around the inflection point of each bone are performed to
improve the mechanical axis to as normal of a range as possible. However, the correction
of deformities by osteotomies in early childhood is related with high recurrence rates
and complications [12,25,26]. Petje et al. reported a recurrence rate of 90% after the first
corrective osteotomy under adequate administration of phosphate [12]. Therefore, it is
difficult to decide the time of the first surgical procedure, and two- or three-stage procedures
should be planned during growth.
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Figure 2. A case of correction osteotomy: (a) varus deformities of bilateral lower legs before correction
osteotomy; (b) corrected lower legs after bilateral osteotomy with wire fixation; (c) correction of MAD
after bone healing at osteotomy site.

2.2. Short Stature

One of the clinical symptoms in XLH is well known to be a growth impairment,
especially short stature. Many pediatric orthopedists have encountered XLH patients
with bowlegs and short stature. Several studies previously assessed the height in small
populations of children with XLH [27,28], and Mao et al. recently reported growth curves
for a relatively large population of children with XLH. They suggested that the height
velocity decreased during the growth period compared to the normal population and that
there was a notable decline in age- and sex-matched height Z-scores after walking age [29].
Short stature in XLH is proportional, although bowlegs are prominent. An orthopedic
intervention is unnecessary and the treatment with phosphate and calcitriol should be
selected for slow growth. Growth hormone therapy is also applied for short stature in
XLH. Some papers have reported on the efficacious administration of recombinant human
growth hormone, while others have suggested no significant benefits.

Burosumab, a recombinant human monoclonal antibody for FGF23, may be promising
for the improvement of short stature in XLH patients [30].

3. Orthopedic Features and Treatments in Late Childhood and Adolescence

The physical and radiographic findings in late childhood and adolescence are similar
to those in early childhood. However, the skeletal deformities are more various in these
periods than in early childhood and patients are more likely to complain of their symptoms
by themselves.
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3.1. Lower Limb Deformity

Deformities around the knee joints are prominent in late childhood and adolescence,
as are bowlegs in early childhood. However, those deformities are complicated in those
generations, while varus deformities are more typical in early childhood. For example,
some patients have varus or valgus deformities in bilateral knee joints and the others
have a varus deformity in one lower limb and a valgus deformity in the other. The latter
deformity is known as a windswept lower leg deformity [31]. The windswept deformity
often leads to a leg length discrepancy (LLD) and dysfunction of the lower legs. The various
abnormalities of the lower limb alignment cause various symptoms such as joint pain, bone
pain, or joint laxity in the lower limbs as patients gain body weight via their skeletal growth
and are subject to more weight-bearing stress on the lower extremities. Many researchers
have suggested that severe residual deformities lead to degenerative changes in the joints
of the lower limbs and impaired quality of life in adulthood [7,32–34].

Symptomatic deformities in the lower limbs should be treated as soon as possible and
some asymptomatic deformities should also be treated via orthopedic procedures to prevent
the patients from developing degenerative osteoarthritis of the lower limbs, spondylosis
with functional scoliosis caused by LLD, and musculoskeletal pain in adulthood [35].

Most relatively mild cases with varus or valgus knee deformities are not corrected by
osteotomies of the femur or the tibia in those periods but recently by temporary hemiepi-
physiodesis using the guided growth method [15,36,37]. In guided growth surgery, a small
plate is fixed on one side of a growth plate with two screws. These implants work as a
tether system to the growth in one side of the epiphyseal plate and allow the lower limb
alignment to improve with skeletal growth [38]. This method is less invasive, and the
patients can relatively quickly return to their school life. However, severe deformities,
which are not completely corrected by the guided growth method, are acutely or gradually
corrected by osteotomies with internal implants (plate and screws) or external fixators.
Gradual correction, which is based on distraction osteogenesis (the bone lengthening con-
cept), can induce relatively accurate results and is a useful method. This surgical method is
well established and usually applied to angular deformities or shortening of the tubular
bones in various disorders. On the other hand, gradual correction puts a huge burden on
the patients due to the long treatment period or many mild complications, such as pin
site infections. In addition, one treatment precaution was pointed out in XLH patients
receiving gradual correction [39]. Cho et al. reported the negative correlation between the
regeneration of lengthened bone and serum phosphate levels and concluded that a serum
phosphate level of 2.5 mg/dL as a cut-off point should be considered in deciding whether
deformity correction alone or with concomitant leg lengthening should be undertaken [39].
The transition of MAD changes is monitored for the degree of improvement of lower
limb deformities in both temporary hemiepiphysiodesis and correction by osteotomies. In
addition, the orthopedic surgeons should consider the joint orientation angle (JOA) as an
additional parameter during treatment planning. The JOA represents the angle between
the mechanical axis and joint surface line of the knee or ankle [40]. A large deviation of
the JOA from the normal range can cause an increase in shear stress on the joint cartilage
and leads to early degenerative osteoarthritis. Therefore, lower limb deformities should be
treated in adolescence, with an acceptable MAD and JOA achieved at skeletal maturity.

The guided growth method is also used for the correction of LLD in various dis-
eases [41,42] and can be applicable to patients with XLH. A set of one plate and two screws
is fixed on one side of a growth plate for the correction of angular deformities, whereas two
sets are on fixed both sides of the growth plate in the longer lower limbs for the correction
of LLD. On the other hand, bone lengthening of the shorter bones or shortening osteotomy
of the longer bones is sometimes applied to patients with both angular deformities and
LLD.

Rotational deformities of the lower limbs are also noticed as toe-in gait in late child-
hood and adolescence. Those rotational deformities in XLH include internal rotation of
the lower leg (tibia and fibula) and external rotation of the femur. An internal rotational
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deformity of the tibia is more critical to toe-in gait [36]. Slight toe-in gait seldom causes
symptoms and dysfunctions of lower limbs in everyday life. However, severe toe-in gait
often gives rise to various symptoms such as joint pain of the knee or ankle, muscle and
bone pain in the lateral lesions of the lower legs, or easier stumbling and spraining of the
ankle, because the plane of motion of the knee joint is out of alignment with that of the
ankle joint.

The correction of rotational deformities is less frequent than that of angular deformities
and LLD, because there is not much impairment in daily life. However, the spontaneous
correction of rotational deformities is less likely to occur compared to other deformities in
late childhood and adolescence despite the use of conventional medication. An external
rotational osteotomy is sometimes performed for the improvement of toe-in gait or pain of
the joint and muscle.

These surgical procedures contribute to a reduction in burden and improvement
of function in patients with XLH. However, the XLH patients are more predisposed to
relapse of the corrected deformities or the development of adverse deformities, even in
those periods, and these problems can provoke a further burden of treatment. The author
also has experience with unexpected improvements of LLD and adverse deformities from
guided growth surgery (Figure 3). The clinicians should make a cautious plan for treatment
throughout the growth period and reduce the frequency of exposure to surgical procedures.
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Figure 3. A case with varied deformities. White lines are the mechanical axis. (a) Preoperative; valgus
deformity of the right lower limb and leg length discrepancy (LLD) (b) 1 year after guided growth
surgery; valgus deformity and LLD was improving. (c) After deformity correction; only one side of
guided growth surgery led to correction of both valgus knee deformity and leg length discrepancy
(d) 1 year after implant removal; varus deformity of the corrected right lower limb emerged.

Recently, Mindler et al. reported persistent lower limb deformities in children with
XLH receiving Burosumab for one year [5]. They concluded no positive effects of Buro-
sumab on lower limb deformities. However, they suggested the limitation of a small study
group and a short follow-up period and the necessity for further prospective studies with a
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large cohort and a longer follow-up. On the other hand, Insogna et al. showed the promo-
tion of fracture healing by Burosumab treatment in adult patients [43]. This result suggests
that Burosumab treatment might have an influence on osteotomy healing in patients with
XLH. When the short-term and long-term effects of Burosumab on bones are clarified, this
could modulate orthopedic treatments in XLH patients.

3.2. Fractures

A nontraumatic fracture is uncommon in children. Several groups have reported that
the mean age at the first fracture was in the third decade [3,44]. The bone properties and
morphology are important determinants of mechanical loading on the lower limbs. As the
deterioration of these factors can lead to pathological fractures, they must be dealt with
before skeletal maturity using medications and orthopedic interventions.

3.3. Scoliosis

Scoliosis, which is a condition involving a laterally curved deformity of the spinal
column, can be caused by XLH in adolescence. Growth disturbances and a decrease in
the bone properties of the vertebral bodies can lead to vertebral deformities, and these
deformities can have a bad influence on the spinal alignment. A pediatric orthopedic book
contains only one sentence stating that kyphoscoliosis is caused by rickets [12]. However,
there are no papers on structural scoliosis, which is made up of vertebral bone deformities
caused by XLH rickets in late childhood and adolescence. On the other hand, several groups
have reported kyphoscoliosis in young adults with osteomalacia, who had experienced
back pain and undergone spinal surgery [45,46]. Even though there is no evidence of a
high incidence of scoliosis in XLH children, clinicians should pay attention to the presence
of spinal deformities during the growth period considering the bone properties and the
possibility of the deterioration of the spinal alignment after skeletal maturity in children
with XLH. In addition, lower limb deformities, such as windswept lower limb deformities
or large LLD, in childhood and adolescence cause functional scoliosis, which adjusts the
trunk balance, and functional scoliosis can result in structural and degenerative scoliosis in
adulthood [47,48]. Therefore, the spinal alignment should be carefully evaluated in patients
with severe lower limb deformities in adolescence.

3.4. Musculoskeletal Pain

Several papers have indicated that the muscle density and strength are lower in
patients with XLH than normal controls, while the muscle size is normal [49,50]. In addition,
they reported that muscle functions are much lower in patients with severe leg deformities
than those without deformities [51]. Low bone and muscle properties can lead to bone,
joint, and muscle pain, which can impair physical functions. Furthermore, impairments of
physical functions can cause muscle and bone weakness. Skrinar et al. demonstrated that
many children with XLH had musculoskeletal pain as much as adult patients in spite of
medication use [3]. Ito et al. also reported that Japanese and Korean children with XLH have
pain in their lower limbs as adult patients [44]. These papers indicate that conventional
therapies do not have enough effectiveness in terms of pain control of the musculoskeletal
system. Recently, the efficacy of Burosumab has been reported in several papers, showing
improvement in symptoms of rickets in children with XLH [30,51]. However, the efficacy
of Burosumab for musculoskeletal pain is unclear. Further studies are expected in the near
future.

4. Summary

This paper presented the orthopedic problems and interventions in children with
XLH. The major issues in the orthopedic field are complicated lower limb deformities
and their tendency to relapse. To resolve these problems, several surgical procedures are
chosen for treatment and multiple surgeries are often performed until skeletal maturity
(Figure 4). Therefore, orthopedic surgeons should make a cautious surgical plan for
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treatment throughout the growth period and reduce the burden of treatment in cooperation
with pediatricians.
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patients in spite of medication use [3]. Ito et al. also reported that Japanese and Korean 
children with XLH have pain in their lower limbs as adult patients [44]. These papers 
indicate that conventional therapies do not have enough effectiveness in terms of pain 
control of the musculoskeletal system. Recently, the efficacy of Burosumab has been 
reported in several papers, showing improvement in symptoms of rickets in children with 
XLH [30,51]. However, the efficacy of Burosumab for musculoskeletal pain is unclear. 
Further studies are expected in the near future. 

4. Summary 
This paper presented the orthopedic problems and interventions in children with 

XLH. The major issues in the orthopedic field are complicated lower limb deformities and 
their tendency to relapse. To resolve these problems, several surgical procedures are 
chosen for treatment and multiple surgeries are often performed until skeletal maturity 
(Figure 4). Therefore, orthopedic surgeons should make a cautious surgical plan for 
treatment throughout the growth period and reduce the burden of treatment in 
cooperation with pediatricians. 

 
Figure 4. Brief algorithm of the surgical indication and method for varus or valgus deformities and 
leg length discrepancies, which are corrected by the guided growth method in early childhood and 
by osteotomy in adolescence. Rotational deformities are corrected by osteotomy in all patients. 

Figure 4. Brief algorithm of the surgical indication and method for varus or valgus deformities and
leg length discrepancies, which are corrected by the guided growth method in early childhood and
by osteotomy in adolescence. Rotational deformities are corrected by osteotomy in all patients.
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