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Contemporary Medical and
Surgical Management of X-linked
Hypophosphatemic Rickets

Abstract

X-linked hypophosphatemia is an inheritable disorder of renal
phosphate wasting that clinically manifests with rachitic bone
pathology. X-linked hypophosphatemia is frequently misdiagnosed
and mismanaged. Optimized medical therapy is the cornerstone of
treatment. Even with ideal medical management, progressive bony
deformitymay develop in somechildren and adults.Medical treatment
is paramount to the success of orthopaedic surgical procedures in
both children and adults with X-linked hypophosphatemia. Successful
correction of complex, multiapical bone deformities found in patients
with X-linked hypophosphatemia is possible with careful surgical
planning and exacting surgical technique. Multiple methods of
deformity correction are used, including acute and gradual correction.
Treatment of some pediatric bony deformity with guided growth
techniques may be possible.

X-linked hypophosphatemic rick-
ets is the most common form of

heritable rickets. Its incidence is esti-
mated at 1 in 20,000 live births.1

X-linked hypophosphatemia (XLH) is
inherited in an X-linked dominant
fashion (Figure 1) and usually mani-
fests in early childhood with prom-
inent bowing of the legs, short stature,
and medial tibial torsion. On radio-
graphs, the distal femur and the
proximal tibial physes are vertically
widened and irregular, as is typical of
rachitic bone disease (Figure 2).
Progression of the disease may result
in the development of progressive
bone deformity, dental abscesses,
enthesopathy, arthritis, and severe
osteomalacia. Renal calcification may
occur with therapy. Because of its
presentation and relative rarity,
XLH may be initially misdiagnosed
as physiologic bowing or vitamin
D–deficiency rickets. However, in
a family with a short parent and other

manifestations of the disease, XLH
should be considered.

Etiology

XLH is caused by mutations in the
phosphate-regulating endopeptidase
homolog, X-linked (PHEX) gene,
which is expressed in osteocytes. Mu-
tations in PHEX lead to an increase in
the fibroblast growth factor 23
(FGF23) protein through a mechanism
that is not well understood. At the
kidney, FGF23 decreases the pro-
duction of proteins involved in renal
phosphate reabsorption and 1,25-OH
vitamin D production. The increase in
FGF23 leads to the phosphate-wasting
characteristic of XLH. The aberration
inphosphateavailability to the skeleton
contributes to a decrease in the miner-
alization of the long bones and teeth in
patients with XLH. Early intervention
with medical management improves
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outcomes but fails to completely heal
the mineralization defect2-4 (Figure 2).
Mutations in PHEX may also modify
the regulation of mineralization at the
osteocyte through a related family of
proteins that may further contribute to
the mineralization defect. Increased
FGF23 is also tied to the related
autosomal dominant and recessive
forms of hypophosphatemic rickets
and to tumor-induced osteomalacia.5

Laboratory Evaluation

XLH is primarily a disease of renal
phosphate wasting. Initial laboratory

studies typically include findings of
hypophosphatemiaandmildlyelevated
serum alkaline phosphatase activity,
but levels of serum calciumand25-OH
vitamin D are normal.6 In this disease,
the levels of 1,25-OH vitamin D are
low or inappropriately normal given
the degree of hypophosphatemia usu-
ally present. The parathyroid hormone
level is usually normal at presentation
when calcium levels are normal.

Clinical Evaluation

Children generally presentwith bowed
legs, medial tibial torsion, and short

stature. Radiographs of the knee
should be obtained to determine the
extent of initial bony pathology and to
rule out other causes for short stature,
such as skeletal dysplasias and physi-
ologic bowing.7 With these findings,
the diagnosis is usually confirmed by
documenting excessive phosphaturia.7

Medical Treatment of the
Child

Although newer treatment strategies
for XLH that target either the defi-
ciencies of PHEXor the aberrations in
FGF23 are under development,8 the
current mainstay of treatment relies
on a balance of phosphate and vita-
min D supplementation. Medical
treatment should begin with diagno-
sis in childhood and continue through
adolescence until growth has ceased.
Except in the mildest cases, therapy is
continued through adulthood. Ade-
quate medical treatment has been
shown to alleviate bowing, improve
attained height, and reduce the need

Figure 1

Illustration of pedigrees demonstrating the X-linked dominant inheritance of X-linked
hypophosphatemia and how it varies depending on the gender of the affected parent.

Figure 2

AP radiograph of the knees of
a 30-month-old child demonstrating
the physeal appearance typical of
untreated X-linked
hypophosphatemic rickets. The
physes are vertically widened and
have a frayed, irregular appearance,
especially medially. Some
metaphyseal bowing of both the
femurs and tibiae is apparent.
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for corrective surgery.1,6,7,9 Linear
growth response tomedical therapy is
variable, however, and some groups
seem to respond better than others.1

Early diagnosis and medical inter-
vention are associated with better
outcomes.10 In 2011, Carpenter et al7

suggested starting at a 20- to 30-ng/kg
dose of calcitriol split among two to
three daily doses, as well as adminis-
tration of 20 to 40 mg/kg of elemental
phosphorus split among three to five
daily doses. The use of multiple daily
doses of medication is important
because steady serum levels of phos-
phate and vitamin D are optimal for
bone mineralization; this dosing
schedule also reduces the gastroin-
testinal side effects of phosphate
supplementation.
It should be emphasized that treat-

ment should be adjusted based on
therapeutic outcomes rather than the
correction of serum phosphate levels.
Records of height velocity, reduction
of skeletal deformity, and evidence of
physeal healing on radiographs should
guide medical management, in con-
junction with laboratory monitoring
to avoid complications of treatment. A
common complication of treatment is
secondary hyperparathyroidism that
may occur evenwhen phosphate levels
are in the normal range. Other com-
plications include hypercalciuria,
hypercalcemia, and nephrocalcinosis.
Laboratory monitoring is recom-
mendedevery3months; studies should
include serum parathyroid hormone,
phosphate, calcium, and creatinine
levels, as well as urinary calcium and
creatinine levels. Alkaline phosphatase
levels (ie, either total serum or bone
specific) can serve as a marker of skel-
etal response to treatment shown by
a decrease in value; however, increases
may occur acutely after the initial
application of therapy. Aberrations in
these values can be used in conjunction
with the gauged response to adjust the
dosage of therapy.
It is suggested that renal ultraso-

nography be conducted every 2 to 5

years to detect nephrocalcinosis. Ra-
diographs of the knee are recom-
mended at the initiation of therapy,
followed by repeat radiographs after
several months to gauge the response
to treatment at the growth plate; ra-
diographs should then be obtained
every 1 to 2 years to evaluate any
therapeutic change at the epiphyses
or disease progression.

Medical Treatment of the
Adult

When patients reach adulthood, treat-
ment is strongly suggested in symp-
tomatic patients who often have bone
pain, insufficiency fractures, and poor
bone healing. Outcomes should be
measured by clinical response, and
patients should be monitored to con-
firm appropriate dosing and to avoid
toxicity. Medical treatment of adults
undergoing orthopaedic surgery may
reduce the time required for healing, as
well as reduce the risk of prosthetic
joint loosening.11 Suggested dosages in
adults are 0.5 to 0.75 mg/d of calcitriol
split into two doses and 750 to 1,000
mg/d of phosphorus split among three
to four doses. Treatment of dental
disease, enthesopathy, arthritis, and
calcification of spinous ligaments is
not effective with this therapy.

Micropathology and
Macropathology of Bone
Deformity in X-linked
Hypophosphatemia

Histologic changes in the bone of per-
sons with XLH rickets demonstrate
abnormalities of endochondral ossifi-
cation. This is particularly apparent at
the physes at the zone of provisional
calcification, where the cartilage
matrix shows inadequate calcification.
Uncalcified islands of cartilage are seen
deep in the metaphysis. Throughout
the skeleton, there is inadequate min-
eralization to appropriately serve as

a scaffold for the deposition of osteoid,
resulting in the accumulation of
undermineralized bone matrix or
osteomalacia.12

These histologic changes may
manifest clinically as bone deformity
of the lower extremities, including
genu varum, genu valgum, and
windswept deformities. XLH-
associated bone deformities are
often long, curved deformities that
involve the entire bone. As described
by Paley and Tetsworth,13 these de-
formities are multiapical, with
multiple or even infinite apices of
deformity or centers of rotation of
angulation because the deformities
occur through the bending and
deformation of soft bone. Bone
deformity in XLH may be consid-
erable, consisting of large, decom-
pensated deviations from the
normal mechanical axis of the lower
extremities in both the coronal and
lateral planes (Figure 3). To treat
these multiapical bone deformities,
surgery generally involves multiple
osteotomies to recreate a normal
anatomic and mechanical axis.

History of the Surgical
Treatment of Rickets

The history of the modern surgical
treatmentof rachiticbonemanifests as
a timeline of the evolution of surgery
for bony deformity. In the late 1800s
and early 1900s, surgeons promoted
improved nutrition and sunlight, as
well as bracing, for largely nutritional
rachitic bone deformities.14-16 In
more severe deformities, osteoclasis,
or manually breaking the bone at the
apex of the deformity, was used for
correction of bone deformities in
children.14-16 The broken bone was
then casted in a more anatomic
position until it healed.
In 1937, Albright et al17 first

described vitamin D-resistant rickets,
now known as X-linked hypo-
phosphatemic rickets. Therapy
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consisted of massive, often toxic levels
of vitamin D. In the 1950s and 1960s,
several orthopaedic centers published
their experiences in treating patients
with X-linked hypophosphatemic
rickets,12,18-20 and note was made of
the variable severity of the disease.
Bracing and high doses of vitamin
D were used in an attempt to pre-
vent and control bone deformity.
When deformities were severe,
osteotomies were performed and
the bones were generally held in an
improved position in plaster as they

healed. Significant vitamin D
toxicity with resulting hypercalce-
mia was noted in many patients,
especially if the therapy was con-
tinued when the patients were
immobilized in casts.
After the advent of antibiotics, fairly

radical open surgical procedures
increased in popularity. Although
described and practiced by some
clinicians before the widespread
availability of antibiotics,14 in the
1950s, Sofield and Millar21 popular-
ized extensive subperiosteal surgical

exposures of deformed bones and
performance of multiple osteotomies,
followed by realignment of the bone
pieces in a straightened configuration
over a metal rod that was placed back
within the metaphyses. In 1959, the
clinicians published their 10-year
experience with the technique, used
largely for severe deformities related
to osteogenesis imperfecta, but it was
also used for pathologies, including
resistant rickets.
A variety of techniques for treating

complex bony deformities have since
been advocated, including acute cor-
rection and fixation of osteotomies
with Kirschner wires, plates, external
fixators, and intramedullary nails.
Additionally, use of the Ilizarov
external fixator and, more recently,
unilateral fixators and the Taylor
Spatial Frame, have been advocated
for gradual deformity correction
after osteotomy, with or without
concomitant bone lengthening.
Of particular importance, Paley and

Tetsworth13 described a standardized
method of evaluating complex multi-
apical deformities, as well as precise
surgical planning of their correction.
These methods have become the
standard for how multiapical defor-
mity correction is conceptualized and
osteotomies are planned. Another
important advancement has been the
reintroduction and refinement of low-
energy, percutaneous, tissue-respecting
osteotomies.22,23

Natural History of Bone
Deformity in X-linked
Hypophosphatemia

Very little has been written on the
natural history of bone deformity in
XLH in the presence or absence of
appropriatemedical treatment. Large,
controlled trials of adults with osteo-
arthritis have shown that varus or
valgus alignment of the knee is a risk
factor for the development and/or
progression of osteoarthritis.24-30 The

Figure 3

Full-length standing AP radiograph (A) of bilateral lower extremities and a lateral
full-length radiograph (B) of the left side of a 15-year-old child with X-linked
hypophosphatemia. The coronal view demonstrates large varus mechanical axis
deviations. Procurvatum deformities of the femur and tibia are seen on the lateral
view. The patient chose to undergo staged, corrective surgery because of gait
disturbance, activity limitation, and pain.
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malalignment of the patients in the
osteoarthritis studies is generally
much less severe than that often seen
in patients with XLH.
Some of the best information we

have on the natural history of bone
deformity inXLHcomes from the case
series presented in the 1950s and
1960s.12,19,20 Because these were
uncontrolled studies, the patients
likely represent the more severe phe-
notypes of XLH. Pedersen and
McCarroll20 noted that adult patients
were very short-statured and had
severe waddling gaits caused by coxa
vara. The adults often noted easy
fatigability and frequently had pain in
the lower back, hips, and knees. The
authors also noted that bone deformity
could progress or recur after skeletal
maturity, and severe deformities were
associated with ligamentous laxity at
the knee and severe degenerative
changes at the hip and knee.
The lack of knowledge regarding the

natural history of bone deformity in
XLH makes the treatment of young
children particularly difficult. It is not
knownwhat degree of bony deformity
at a given age may resolve with
appropriate medical treatment. In
1988,Rubinovitch et al31 stated “mild
deformities less than 15 degrees fre-
quently correct spontaneously with
good metabolic control.” However,
we are not aware of any studies con-
firming this statement.
It is also unclear why some children

demonstrate progressive bony defor-
mity despite the use of appropriate
medical therapy. Even siblings, who
presumably possess the same genotype
and have fairly similar medication
compliance, can display widely vary-
ing phenotypes.

Surgical Treatment of
Children with X-linked
Hypophosphatemia

Perhapsbecauseof the relative rarityof
the disease, no standardized treatment

protocols or agreed-upon surgical in-
dications exist for children with XLH
with bony deformity. Generally, XLH
in children is treated primarily non-
surgically; surgery is considered only
after nonsurgicalmedicalmanagement
has been unsuccessful. Children with
progressive bony deformities that
result in significant gait disturbance,
activity limitation, and pain are con-
sidered for surgical intervention. Long
standing alignment radiographs in
bothAP (ie, patella facing forward and
between the femoral condyles) and
lateral planes are obtained to assess
and plan for correction of bony
deformity. To prevent vitamin D tox-
icity after surgery, we generally
administer half doses of vitaminD and
phosphate for 1 week and then
increase to full dosing as long as the
patient is able to mobilize.
In the surgical literature on the

treatment of children with XLH, re-
ports describe small groups of patients
treated by a variety of different meth-
ods. Indications for surgery generally
are not specifically described, and spe-
cific medication regimens are not
noted. The follow-up has been rela-
tively short, and assessment of the
accuracy of deformity correction is
often absent. Reported complications
are variable in number and severity.
However, most authors support the
surgical treatment of significant bony
deformities in children with XLH
(Figure 4) because the presumed nat-
ural history of severe deformity is
progressive gait disturbance, func-
tional impairment, and severe arthritis.
In 1980, Evans et al32 reported on

treating 10 affected children and
adolescents with 33 surgical proce-
dures. Of the 10 patients, the authors
contrasted the 3 patients who were
not properly diagnosed or not trea-
ted until later in life (ie, at ages 10,
17, and 19 years) with the 7 patients
who were diagnosed and medically
treated early in life. Of the 33 sur-
gical procedures performed, 27 of
them involved the three patients

diagnosed late. The three patients
had multiple complications, and
their heights remained well below
the third percentile, emphasizing the
importance of timely medical treat-
ment to decrease the need for surgi-
cal intervention and to maximize
growth potential.
Rubinovitch et al31 further empha-

sized the importance of appropriate
medical therapy for improved surgi-
cal outcomes. The authors reported
on 10 skeletally immature patients
with severe deformities who under-
went 44 closing wedge osteotomies of
the lower limb secured with staples
and casting or plating and casting.
They found a 27% rate of recurrence
of deformity at a mean of 25 months
after surgery and correlated these
failures with the lack of medical
control of the underlying bone
disease.
In 1994, Stanitski33 first reported

on the use of the Ilizarov technique
for the treatment of deformities
associated specifically with XLH.
Treatment involved 18 limb seg-
ments in 8 patients with metabolic
bone disease; 5 of the patients had
XLH. Total time in the external
fixator averaged just 12 weeks, and
the only reported complications
were pin tract infections and mild
translational deformities in two
patients. Emphasis was placed on
the slow correction of deformity
with incremental opening of os-
teotomies at a rate no faster than
0.5 mm daily; follow-up was only
1 year.
Kanel and Price34 reported on

a series of nine children with XLH;
most underwent low-energy, acute,
corrective osteotomies and fixation,
and all were treated with a unilateral
external fixator. The only notable
complication was the development
of compartment syndrome in one
patient, necessitating fasciotomy.
The authors promoted this method
because neither weight bearing nor
motion needed to be restricted after
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surgery; thus, there was no need to
interrupt medication treatment.
Length of follow-up, accuracy of
deformity correction, and functional
results were not noted.
In 2002, Choi et al35 reported on

using the Ilizarov technique for the
treatment of 12 skeletally immature
and 2 skeletally mature patients with
XLH. Most of the treated bone
segments underwent both deformity
correction and lengthening. All but
two of the patients maintained their

alignment over time (ie, average
follow-up was 5 years). Healing
rates of the lengthened bone seg-
ments were correlated with serum
phosphate levels. The authors found
a significant relationship between
bone regeneration healing rates and
serum phosphate levels and con-
cluded that lengthening should not
be undertaken if serum phosphate
levels were ,2.5 mg/dL. However,
there was no indication that the
outcomes of lengthening in the

patients with lower serum phosphate
levels were inferior to the outcomes
in those with higher serum phos-
phate levels.
Novais and Stevens36 and Stevens

and Klatt37 promoted the use of
the minimally invasive technique of
guided growth for the treatment
of bone deformity in patients
younger than 10 years with XLH.
The authors theorized that the early
application of guided growth prin-
ciples to correct the mechanical
axis allows for more normal growth
and functioning of the physes by
shielding them from excessive con-
centrations of force seen in the
presence of deformity. In a small
series of patients with XLH, the
authors reported that the physes
can spontaneously improve in
appearance as the mechanical axis
normalizes. They also theorized
that early correction and mainte-
nance of a normal mechanical axis
may prevent deformity at the
diaphysis. Specific criteria for ini-
tiating guided growth treatment
in this patient population have not
been described and may be difficult
to establish until the natural
history of mild to moderate bony
deformity early in childhood is
better understood.
In 2008, Fucentese et al38 and Petje

et al39 reported on 8 and 10 surgi-
cally treated children, respectively.
Fucentese et al38 reported attainment
of a normal mechanical axis in six of
eight patients; the other two patients
had mild varus alignment. Surgical
techniques included osteotomies
with Kirschner wire or plate fixation,
as well as bone lengthening with
deformity correction. Two patients
required repeat corrective osteoto-
mies. Petje et al39 used a variety of
fixation devices for osteotomy sta-
bilization, including Kirschner wires,
external fixators, Ilizarov frames,
Taylor Spatial Frames, and intra-
medullary nails. The authors per-
formed a total of 98 osteotomies and

Figure 4

AP (A) and lateral (B) radiographs of a 3-year-old child with X-linked
hypophosphatemia after acute correction of varus and procurvatum deformities
of the right leg and fixation with two percutaneous Kirschner wires and a cast.
Despite adequate medical treatment, the deformity eventually recurred;
correction of the deformity was performed 10 years later using a circular fixator.
(Courtesy of Peter DeLuca, MD, New Haven, CT.)
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found a deformity recurrence rate of
90% over a period of 5 to 12 months
after the surgery. They also found
that external fixator correction was
associated with a uniform deformity
recurrence at the metaphysis and
diaphysis, and intramedullary nail
fixation was associated with meta-
physeal recurrence. Despite these
findings, the authors still perform
corrective procedures at an early stage
of deformity but plan on two or three
reoperations throughout growth.
In 2006, Song et al40 reported on

surgeries in 18 bone segments in 9
children and 37 bone segments in 11
adults with XLH. Twenty-eight of the
bone segments underwent deformity
correction and lengthening and 27 of
the bone segments underwent defor-
mity correction alone. The clinicians
used a wide variety of methods for
both groups, including external fixa-
tion alone, external fixation followed
by nailing, combined external fixa-
tion and nailing, as well as nailing
alone. Some nails were solid, but
most were flexible. Given the wide
variety of methods, it is difficult to
draw any firm conclusions about
treatment superiority. In general,
though, the group that underwent
deformity correction and bone
lengthening had many more major
complications (ie, recurrent deformity
and refracture) than did the group
that underwent deformity correction
alone. Even in children, the clinicians
recommend intramedullary nailing in
conjunction with or after treatment
with an external fixator.

The Surgical Treatment of
Adults With X-linked
Hypophosphatemia

Similar to reports on children, re-
ports of surgical treatment of bone
deformity in skeletally mature
adults with XLH include small
numbers of patients with no control

groups. Again, the importance of
medical management with vitamin
D and phosphate is stressed to
optimize surgical outcomes and to
prevent complications, such as
nonunion and recurrent deformity.
In general, the few articles specific to
surgical treatment in adults with
XLH promote intramedullary fixa-
tion after realignment osteotomies
to span the entire bone; this method
withstands long healing times and
prevents recurrence of deformity in
the long-term.40-43 Perioperative
medication management is the same
as that for children; the doses of
vitamin D and phosphate are
halved for 1 week and then
increased to full dosing as long as
the patient is able to mobilize. For
surgical planning, preoperative
assessment includes long standing
lower extremity AP radiographs (ie,
with the patella perfectly positioned
between the femoral condyles) and
lateral radiographs.
A fixator-assisted nailing tech-

nique (FAN) has been described and
studied for skeletallymature patients
with XLH.41,43,44 FAN for XLH is
a tissue-respecting version of the
Sofield osteotomy technique and is
based on the described techniques of
femoral and tibial deformity cor-
rection with intramedullary nails
and femoral lengthening over an
intramedullary nail.45 FAN is
a technically demanding technique
and has a steep learning curve.
Careful preoperative planning and
exacting intraoperative technique
are important for successful
realignment of the mechanical axis
because, unlike the use of external
fixators, no postoperative adjust-
ments are possible.
In the operating room, percuta-

neous, low-energy osteotomies
are made to anatomically realign
the femoral and/or tibial intra-
medullary canal to allow for place-
ment of an intramedullary nail.
Prior to performing osteotomies,

external fixator screws are placed
proximal and distal to the osteot-
omy levels, parallel to the joint lines
and out of the path of the intra-
medullary nail. After performing
osteotomies, the anatomic axis is
corrected and held in place by at-
taching the fixator pins to a bar.
When intraoperative radiographs
confirm correction of the mechanical
axis of the bone, an intramedullary
nail is introduced, often in combina-
tion with blocking screws, to narrow
the intramedullary canal in the
metaphyseal region and to prevent
recurrence of deformity. An impor-
tant point emphasized by Paley46 is
that the intramedullary nail must
start and end in the bone in the
correct locations (ie, centrally) or
the deformity will be either over-
corrected or undercorrected. Once
the nail is locked proximally and
distally, the fixator is removed
(Figures 5 and 6).
Eralp et al41 compared FAN with

circular external fixator treatment
of bone deformities. No difference
was found in the accuracy of
deformity correction. The authors
felt that FAN was more acceptable
to patients and that the retained
intramedullary nail may protect
against recurrent deformity.
Kocaoglu et al43 reported on 15

patients with XLH and 2 patients
with renal osteodystrophy who
underwent FAN. The study
involved a total of 43 bone seg-
ments with a mean deformity of
28.7�. In six femurs, lengthening
was performed along with defor-
mity correction. Mean follow-up
was 5 years. The authors reported
very good accuracy in restoration
of the mechanical axis and very
good or good clinical and func-
tional results according to the Pa-
ley classification system.45 The
complication rate was low com-
pared with prior studies, and no
recurrence of deformity was
reported.
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Total Joint Arthroplasty in
X-linked
Hypophosphatemia

To our knowledge, only one article
has been written on arthroplasty
specifically in XLH patients.
Larson et al47 reported on eight hip
and six knee arthroplasties done
between 1972 and 2006. Because
of bone deformity, two patients
who underwent hip arthroplasty
required realignment osteotomy at

the time of the arthroplasty, and
one patient undergoing knee ar-
throplasty required postoperative
osteotomies. Special implants were
needed for three hips and one knee.
At 7-year follow-up, hip and knee
functional scores were improved.

Summary

X-linked hypophosphatemic rickets
is themost common heritable form of
rickets. The degree of bone deformity

and related disability is quite vari-
able between persons. Despite med-
ical management, progressive bone
deformities develop in some chil-
dren. Surgical treatment of these
deformities can be done before or
after skeletal maturity, although
growth plate–respecting surgery is
necessary in the presence of open
growth plates. In younger children,
milder deformities may correct with
guided-growth treatment. Skeletally
mature persons may benefit from

Figure 5

A and B, Full-length standing radiographs of a 15-year-old child with severe bilateral varus mechanical axis deviation
originating primarily from the metaphyseal regions of the proximal and distal femurs and, to a lesser extent, the tibias. The
sagittal plane deformity is much milder. The plate in the right distal tibia was placed for fixation of a derotation osteotomy by
an outside surgeon.C, Radiograph obtained 3 months after bilateral, two-level femoral osteotomies and deformity correction
by fixator-assisted nailing.
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the placement of intramedullary
rods for osteotomy fixation because
the rods can span bone and provide
long-term support.
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