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X-linked Hypophosphatemia.
Orthopedic Management in a multidisciplinary setting

Abstract

X-linked hypophosphatemia is a rare disorder of bone metabolism caused by inactivating mutations in the 
PHEX. Conservative therapies such as treatment with phosphate salts or FGF23-inhibiting antibodies can 
improve symptoms, the latter being superior to the healing of rickets. Recent studies show a high burden 
of disease of children and adults with XLH. Orthopedic surgeons should be aware that lower limb deformity 
in early childhood can present as the first symptom of XLH and should prompt further diagnostics and 
treatment. Treatment needs to be coordinated with pediatric endocrinologists. The optimal and adequate 
planning of orthopedic interventions seem to be key factors which may lead to a satisfactory result.
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Streszczenie

Hipofosfatemia sprzężona z chromosomem X (XLH) jest rzadkim zaburzeniem metabolizmu kości powo-
dowanym przez mutacje inaktywujące gen PHEX. Leczenie zachowawcze, np. leczenie solami fosforano-
wymi lub przeciwciałami hamującymi FGF23, może złagodzić objawy, przy czym te ostatnie są lepsze pod 
kątem leczenia krzywicy. Ostatnie badania wskazują na duże obciążenie chorobą dzieci i dorosłych z XLH. 
Chirurdzy ortopedzi powinni być świadomi, że deformacja kończyn dolnych we wczesnym dzieciństwie 
może być pierwszym objawem XLH i powinna skłaniać do dalszej diagnostyki i leczenia. Leczenie musi 
być prowadzone we współpracy z endokrynologami dziecięcymi. Optymalne i adekwatne zaplanowanie 
interwencji ortopedycznych wydaje się stanowić kluczowy czynnik, który może prowadzić do osiągnięcia 
satysfakcjonującego wyniku.

Słowa kluczowe: hipofosfatemia sprzężona z chromosomem X (XLH), deformacja kończyn dolnych, 
ortopedia dziecięca.
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Introduction

X-linked hypophosphatemia (XLH, OMIM # 307800) is 
a rare disorder of the bone metabolism caused by inactivat-
ing mutations in PHEX (phosphate-regulating endopepti-
dase homolog, X-linked). A dysregulation of the main regu-
lator of phosphate homeostasis, fibroblast growth factor 23 
(FGF23), leads to chronic renal phosphate loss and, thus, to 
associated skeletal changes: rickets, osteomalacia, short stat-
ure and complex leg deformities account for the most preva-
lent orthopedic manifestations of this disease, which should 
be managed in a multidisciplinary setting [1,2].

Conservative therapies, such as treatment with phos-
phate salts or FGF23-inhibiting antibodies, can improve 
the symptoms, the latter being superior to the healing of 
rickets [3,4].

Recent studies show a high burden of disease of chil-
dren and adults with XLH [5,6]. Pain was the predomi-
nantly reported complaint affecting 80% of children and 
97% of adults., 38% of children and 91% of adults reported 
gait abnormalities, such as a restricted range of motion, 
with lower limb deformity being a main factor of de-
creased quality of life [5]. Therefore, physiological lower 
limb alignment needs to be the main treatment focus for 
orthopedic surgeons. 

This rare bone disease gained a lot of scientific interest 
since the implementation of new therapeutic options a few 
years ago. Besides the importance of a multidisciplinary 
treatment setting and the need for further research, ortho-
pedic aspects of diagnostics and treatment are described 
in this article.
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Fig. 1A-E. Female patient with XLH, familial case, therapy onset in early childhood, orthopedic assessment during the growth 
period. A – Aged 3 years, showing typical rachitic changes of all physes, varus deformity (especially femoral diaphyseal) and 
decreased tibial torsion (intoeing). B – At 6 years old, conventional treatment, overall good biomechanical axis, residual dia-
physeal femoral varus deformity. C – Long leg standing x-ray at 15 years of age showing closed physis. No frontal deformity, 
persistent intoeing gait. She is the only one in her family (about 12 confirmed XLH cases) without any need for surgery. D,E 
– Gait analysis at 15 years of age shows mild intoeing due to decreased tibial torsion.

Orthopedic aspects of XLH

Orthopedic surgeons should be aware that lower limb de-
formity in early childhood can present as the first symptom 
of XLH and should prompt further investigations.

Treatment of lower limb deformity in XLH had previ-
ously been reported [7], however, disease specific deformi-
ties were analyzed in detail only recently. 

Various types of deformities can occur on different ana-
tomic levels of lower limbs. Varus deformities of the hip as 
well as reduced femoral antetorsion were described in chil-

dren with XLH [8,9]. Acetabular malorientation was recent-
ly observed in children [10] and adults with XLH [11]. Addi-
tionally, varus or valgus knee deformities, reduced external 
tibial (and fibular) torsion as well as ankle varus deformities 
are frequently occurring skeletal changes [8,9]. Further-
more, femoral and tibial procurvatum deformities of differ-
ent degrees exist in children and adults with XLH [8,12].

Gait deviations such as increased lateral trunk lean 
(“waddling gait”) have been identified as disease specific in 
children and adults [8,12] (Fig. 1). Gait quality is decreased 
in children with higher BMI and/or with lower limb defor-
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mity [8,12]. Decreased standing height may be caused by 
decreased growth but can also occur due to severe lower 
limb deformities.

In adolescence and adulthood further disease specific 
symptoms with a profound impairment of quality of life 
can occur, including gait deviations, a limited joint range 
of motion, multilevel enthesopathies, pseudofractures and 
early osteoarthritis [8,12,13]. In a recent study we observed 
that lower limb deformity, increased BMI and enthesopa-
thies significantly reduce the quality of gait in adolescents 
and adults with XLH [12].

Pseudofractures are frequently seen in adults with XLH 
and necessitate regular radiographic follow up examina-
tions in adulthood [12]. The pathomechanism of these 
chronic changes has not been identified thus far. 

In a recent survey by Javaid et al. [14] 43 to 47% of 
adults with XLH reported a history of fractures. Howev-
er, current research lacks differentiation between fractures 
and pseudofractures.

Enthesopathies have been identified as an import-
ant disease specific skeletal symptom [13] – up to 39% of 
adults with XLH reported such symptoms [14].

Additionally spinal deformities, such as spinal stenosis 
as early as young adulthood can occur [1]. Less research is 
available for upper limb pathologies [13].

Muscle weakness and fatigue are frequently reported 
by patients with XLH [5]. Even though muscle size is like 

healthy control groups, patients with XLH exhibit lower 
muscle density, lower peak muscle power and force [15,16]. 

Recent research describes the variety of orthopedic 
problems in children and adults with XLH relating to lower 
limb deformities and gait deviations [8-10,12] and there-
fore, explains the observed subjective loss of quality of life 
in children and adults with XLH [5,6].

Orthopedic Management

Orthopedic management needs to be coordinated with pe-
diatric endocrinologists. Regular clinical and radiological 
follow up examinations during the entire growth period 
are recommended. Furthermore, monitoring radiographic 
signs of enthesopathies and pseudofractures after the end 
of growth is advisable.

The use of long leg braces for potential guidance of 
growth in children with XLH lacks scientific evidence [17] 
and is not recommended anymore [18].  

While guided growth procedures are not able to correct 
all deformities occurring in children with XLH, they are 
a potent and minimal invasive option especially for knee 
varus and valgus correction. However, multiple difficulties 
have to be faced using this method in children with XLH: 
the deformity recurrence rate is higher (Fig. 2), due to de-
creased growth potential, initial surgery has to be consid-

Fig. 2A-C. A – 6-year-old girl with XLH (familial case) with repeated guided growth procedures during growth (B). The last guided 
growth procedure. B – Was initiated too late (aged 14 years) and without an adequate metabolic evaluation (severe rachitis). C – 
Incomplete deformity correction after the closure of physis (15 years). Due to a reduced growth rate and final standing, the height 
in children with XLH guided growth procedures need to be planned earlier than in normal growing children. Deformities have 
a high chance of recurrence without the medical treatment of rachitic changes. Therefore, a multidisciplinary setting is essential.
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Correction of maltorsion and/or deformities after the end 
of growth requires more invasive methods including osteot-
omies and several types of osteosynthesis. Acute correction 
can be fixed using k-wires or plates in small children, while 
nails are the preferred implant in adults. Gradual correction 
with external fixators enables a multilevel and multidimen-
sional correction and, therefore, should be considered an 
adequate surgical option, specifically for XLH deformity cor-
rection (Fig. 3). Whenever osteotomies are considered treat-
ment options, metabolic optimization should be obtained 
prior to surgery in an interdisciplinary preoperative setting.

Spinal deformity, such as spinal stenosis, can occur in 
patients with XLH. Although incidence rates are compa-
rable to healthy control groups, these deformities present 
clinically at a much younger age, even as young as 18. Sur-
gical intervention includes spinal decompression or fusion 
[14].

Enthesopathies are a burdensome skeletal symptom in 
patients with XLH. The pathomechanism is not well de-
fined and surgical methods may not be the primary solu-
tion leading to desired pain reduction and the improve-
ment of range of motion.

Another topic lacking specific definition is the treat-
ment of pseudofractures in patients with XLH. While or-
thopedic management with intramedullary stabilization 
(Fig. 4) was the main option thus far, newer therapeutic 
approaches (burosumab) are promising [19]. 

Fig. 3A-D. A – A 19-year-old male patient with XLH. Maltorsion (external patella rotation due to the compensation of the tibial internal torsion) and 
varus deformity of both lower limbs was corrected using a femoral ring fixator and a bilevel tibial ring fixator. B – After the correction of the right 
side and during the correction of the left leg. Complex deformity correction can be obtained using external fixators. These fixateurs are helpful 
given the three dimensional and multiapical nature of deformity in XLH. Distal tibial osteotomy was used for distal tibial varus correction, the 
proximal tibial osteotomy proximal varus and procurvatum correction with simultaneous lengthening and derotation. Femoral osteotomy: Varus 
correction and lengthening. C –  A postoperative short-term outcome at 21 years old shows a well aligned frontal axis. D – The 12-year follow up 
after the last surgery shows a good frontal alignment of the lower limbs. However, signs of osteoarthritis and symptomatic femoral chondral de-
fects were detected.

Fig. 4A-B. Male patient with XLH, conventional treatment with multiple 
prior surgeries. A – Pseudofracture of the femur was observed at the 
age of 17 and increased over the next 10 years – B, indication for intra-
medullary stabilization due to clinical symptoms and the worsening 
of the pseudofracture. The radiograph one year postoperatively after 
the implantation of Rushrod shows the partial healing of the pseudo-
fracture.
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Table 1. An XLH multidisciplinary checklist for orthopedics

Diagnostics Pediatrics: Lower limb deformity, maltorsion, short stature, rachitic changes in radiographs, dental symptoms, family histo-
ry, low serum phosphate levels
– referral to pediatric endocrinology

Adults: Lower limb deformity, pseudofractures, severe osteoarthritis, enthesopathies, dental symptoms, family history, low 
serum phosphat levels
– referral to adult endocrinology

Monitoring 
during growth 
(the conservative 
approach)

– annual pediatric orthopedic check-ups during growth
– annual/biannual/quarterly pediatric endocrinologist visits 
– specialized rehabilitation program recommended
– dietology and physical activity/therapy for BMI optimization
– accessibility to patient support groups
– annual dental check-up
– regular neurological check-ups

Guided growth – preoperative deformity analysis and clinical examination
– preoperative pediatric endocrinology clearance with the optimization of medication and laboratory values 
– postoperative regular radiographic follow-ups recommended until deformity correction
– resume monitoring (the conservative approach)

Osteotomies 
(children)

– preoperative deformity analysis and clinical examination
– preoperative pediatric endocrinology clearance with the optimization of medication and laboratory values 
– postoperative continuous monitoring until bony consolidation
– resume monitoring (the conservative approach)

Osteotomies 
(adults)

– preoperative deformity analysis and clinical examination
– preoperative adult endocrinology specialist clearance with preoperative optimization of medication and laboratory values 
– postoperative continuous monitoring until bony consolidation

Pseudofractures
(adolescents/
adults)

– annual pediatric/adult orthopedic check-ups
– regular pediatric/adult endocrinologist check-ups
– optimization of medication
– deformity correction in severe, deteriorating and/or symptomatic cases

Transition – referral to adult endocrinologist
– referral to adult orthopedic specialist (specialization in endoprosthesis recommended)
– referral to gynecologist/obstetrician in female patients (continuous monitoring and cooperation with adult 
   endocrinologist crucial during pregnancy)
– referral to genetic counseling in patients with desire to have children

Adequate limb alignment may not only reduce the 
patients’ reported burden of disease, but it is also crucial 
for successful joint replacement surgery in adults with 
osteoarthritis of the knee or hip. The implant survival of 
total knee replacement is reduced due to severe varus or 
valgus deformities, which also result in a higher complica-
tion rate. In severe cases, the alignment of bone deformity 
should be addressed prior to joint replacement to obtain 
a higher success rate [20].

Non-Orthopedic aspects / Multidisciplinary 
care

Patients with XLH not only present with skeletal symp-
toms, as this disease is also associated with whole body 
involvement [18]. However, orthopedic issues primarily 
influence a patients’ perception of quality of life as well as 
gait.  

A multidisciplinary treatment setting should include 
a neurosurgical team even though the occurrence of neu-
rocranial symptoms is rare, they are highly relevant clinical 
complications in XLH. Craniosynostosis, syringomyelia 
and Chiari 1 malformation have been described in chil-
dren with XLH. The protrusion of cerebellar tonsils was 
found in 25% of children with XLH [21].

Dental problems frequently affect young children, con-
sisting of excessive cavities and even leading to complica-
tions requiring oral and maxillofacial surgery such as ab-
scesses, dental root complications and implant failures [5].

Hearing loss, mainly sensorineural, and tinnitus may 
be complications associated with XLH, thus audiometric 
monitoring should be performed in children as well as 
adults [5,22].

Orthopedic management highly depends on other 
disciplines, mainly pediatric and adult endocrinologists/
nephrologists The optimization of metabolic laborato-
ry values as well as a preoperative reduction of BMI not 
only highly influence surgical outcome parameters, such as 
guided growth, and the management of complications, but 
also may influence the occurrence of pseudofractures and 
enthesopathies.

To improve surgical and patient related outcomes, 
postoperative rehabilitation is advised [18]. Furthermore, 
at our center, pediatric XLH rehabilitation groups with 
specific multidisciplinary settings including physiother-
apy, occupational therapy, underwater therapy, as well as 
informational sessions for parents have been implemented 
as standard operative procedures of XLH care for children 
with XLH with and without surgical intervention.
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Conclusion

Early diagnosis, adequate medical therapy and monitoring, 
frequent orthopedic assessments during the entire growth 
period and optimal planning of orthopedic interventions 
seem to be key factors requiring a multidisciplinary setting. 
Disease specific rehabilitation programs and a well-orga-
nized transition to adult care may positively influence the 
lives of patients with XLH in the future. Further research 
on the pathomechanism of the development of lower limb 
deformities in XLH seems necessary.

Progressing improvements in medical treatment and 
gaining scientific knowledge are promising aspects in the 
treatment of this rare disease. The advancement of ortho-
pedic surgical methods may lead to preventive and mini-
mally invasive approaches in the treatment of XLH in the 
future.  However, presently, this disease, with its severe de-
formities and multiple disease specific skeletal symptoms, 
demands a full range of orthopedic treatment including 
comprehensive lower limb deformity correction methods.
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