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Abstract X-linked hereditary hypophosphatemic rickets
can induce various multiplanar deformities of the lower
limb. We evaluated our ability to correct these deformities
and assessed complications and recurrence rates in 10
children (eight girls and a pair of twin boys) followed from
early childhood to skeletal maturity. We performed 37
corrective operations in 10 children. Depending on the
patient’s age, external fixation was used in 53 segments:
Kirschner wires in 18, DynaFix®™ in three, the Taylor
Spatial Frame® device in 13, and the Ilizarov device in 19.
Internal fixation with intramedullary nailing was performed
in 12. After bone consolidation, we radiographically
determined the mechanical axis at an average distance of
0.5 cm medial to the center of the knee. The average
mechanical lateral distal femoral angle was 85° (range,
83°-92°) and the average mechanical medial proximal
tibial angle was 91° (range, 85°-92°). Deviation of the
mechanical axis and knee orientation lines was increased at
the followups conducted during a period of 5 to 12 months.
Additional followups revealed a recurrence rate of 90%
after the first corrective procedure and 60% after a second
procedure.
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Introduction

The term hypophosphatemic rickets (HPR) denotes a group
of metabolic bone diseases with common biochemical,
biomechanical, and clinical features. It usually is mani-
fested during infancy and childhood. Common biochemical
characteristics are the presence of normal or slightly
reduced serum calcium levels and a markedly reduced
serum phosphate level.

Abnormal or delay in the mineralization of growth
cartilage and in newly formed bone collagen induce vari-
ous deformities commonly found around the knee.

X-linked hereditary hypophosphatemic rickets (XHPR)
is the most common form of HPR [20], marked by renal
phosphate wasting, impaired renal production of 1,25-
dihydroxyvitamin D3, and abnormal mineralization of
bone [1, 16]. XHPR is inherited in an X-linked dominant
fashion, caused by a mutation in the PHEX gene (phos-
phate-regulating gene with homology to endopeptidases),
which is located on Xp 22.1 [9]. The pathogenic mecha-
nisms by which mutations in the PHEX gene cause XHPR
are not entirely known. Some individuals reveal features of
XHPR with no family history of rickets (sporadic cases),
and many subsequently transmit the phenotype in an
X-linked dominant manner consistent with HPR [26]. The
disease occurs more commonly in girls [2, 4].

The clinical manifestations of XHPR include a dispro-
portionately short stature and limb deformities, which
become apparent after the age of 1 or 2 years. The defor-
mities frequently are located around the knee, such as the
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Fig. 1 An anteroposterior radiograph shows the lower limbs of a 2.5-
year-old girl with XHPR at initial presentation. The knees show the
distinctive cupping and widening of the growth plates. Laboratory
data: phosphate, 0.58 mg/dL; alkaline phosphatase, 935 U/L.

bilateral genu varum or valgum often combined with tibial
torsion, bowing of the tibia and the femur, or the so-called
windswept deformity [19]. Laboratory data commonly
reveal hyperphosphaturia, hypophosphatemia, eucalcemia,
and elevated levels of alkaline phosphatase.

Defective bone mineralization results in rachitic changes
at the growth plate and osteomalacia in trabecular and
cortical bone. The traditional treatment consists of con-
trolling hypophosphatemia to prevent deformities of long
bones and achieving normal growth with phosphate sup-
plementation and pharmacologic doses of vitamin D or its
derivatives [10, 11, 17, 25]. Pharmacologic treatment fre-
quently reverses radiographic signs of active rickets, ie,
pigeon chest, rachitic rosary, asymmetric or odd-shaped
skull, genu varum or valgum with distinctive cupping and
widening of the growth plates (Fig. 1), in children without
healing the coexistent osteomalacia [12]. Despite adequate
medical treatment, the growth response may be unsatis-
factory and some patients remain unresponsive [3]. In most
cases, the deformities do not resolve and eventually lead to
multiplanar misalignment of the lower limb. Patients with
residual deformities have been treated by various methods
of corrective osteotomy and fixation devices, such as
Kirschner wires (Figs. 2, 3), plaster cast, plates [21],
epiphysiodesis [7], Ilizarov devices [5] (Fig. 4), and uni-
lateral external fixation or intramedullary nailing devices
[8, 15, 23] (Fig. 5).

In this descriptive study, we followed 10 patients with
XHPR from early childhood to maturity. We evaluated our

Fig. 2 An anteroposterior radiograph shows the lower limbs of the
patient in Fig. 1 after surgical correction in both lower legs (femur,
tibia, and fibular osteotomies and Kirschner wire fixation) at the age
of 4 years. Laboratory data: phosphate, 2.2 mg/dL; calcium, alkaline
phosphatase, 776 U/L.

ability to correct lower limb multiplanar deformities by
different methods depending on the children’s age, com-
plications, and recurrence rate after restoration of
alignment of the lower limb under adequate supplementa-
tion therapy.

Materials and Methods

We retrospectively reviewed 33 patients (15 males, 18
females) with HPR treated between 1978 and 2005.
The patients were on average 13 years of age (range,
3-48 years) at the time of presentation. Of these 33
patients, 10 children with XHPR had been treated and
followed for a minimum of 10 years, were older than
15 years at the last followup, and were skeletally mature as
evidenced by a closed physis on radiographic examination.
These 10 children, eight girls and a pair of fraternal twin
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Fig. 3A-B Anteroposterior radio-
graphs show the lower limbs of the
patient in Fig. 1 (A) with obvious
recurrent  deformity and (B)
4 months after correction of both
legs at the age of 5 years (distal
tibial and fibular osteotomies). Lab-
oratory data: phosphate, 2.4 mg/dL;
alkaline phosphatase, 641 U/L.

boys, constituted the patients for this study. At last
assessment they were an average of 18.2 years of age
(range, 15-23 years). The diagnosis of XHPR was estab-
lished at an average age of 2 years 9 months (range,
2-4 years) by physical examination, radiographic signs of
rickets, complete metabolic testing, and a family history
consistent with X-linked dominant inheritance. At initial
presentation, we observed varus deformity in four patients,
valgus deformity in five patients located in the entire lower
limb, and a rotational deformity in one patient. The mini-
mum followup was 10 years (range, 10-17 years).

At initial presentation, the diagnosis was confirmed by
the following laboratory tests: hyperphosphaturia (average,
112.3 mmol/day; range, 79-120 mmol/day; normal range,
15-45 mmol/day), hypophosphatemia (average, 2.0 mg/dL;
range, 0.58-2.2 mg/dL; normal range, 2.5-4.9 mg/dL),
normocalcemia and normal electrolyte levels, and
increased alkaline phosphatase activity (average, 884 U/L;
range, 607-1162 U/L; normal range, 91-385 U/L). We
examined the patients every 6 months.

Treatment to control hypophosphatemia was started
after the diagnosis had been established according to a
standard medical protocol, including oral supplementation

@ Springer

therapy with phosphate (Reducto®™; Temmler Pharma
GmbH & Co KG, Marburg, Germany) and vitamin D
(Rocaltrol®; Roche, Mannheim, Germany). The goal of
medical treatment was metabolic stability established by
laboratory tests. Preoperative laboratory data were as fol-

lows: normophosphaturia (average, 18.4 mmol/day; range,

16.1-40.6 mmol/day), hypophosphatemia (average,
2.1 mg/dL; range, 2.0-2.7 mg/dL), normocalcemia and
normal electrolyte levels, and increased alkaline phospha-
tase activity (average, 661 U/L; range, 189-810 U/L).
Normal alkaline phosphatase activity was registered pre-
operatively in six of 37 cases.

Alignment of the lower limb (preoperatively and post-
operatively) was assessed by measuring the mechanical
axis deviation (MAD) and the knee orientation lines
according to the method described by Paley et al. [18]
(Fig. 6). We assessed malrotation of the lower limb by
clinical examination in all patients and on rotational CT in
one patient. Preoperatively, we observed varus deformity
of the lower limb in 19 legs, with the MAD on average
5.8 cm medial to the center of the knee (range,
2.5-11.5 cm). The average mechanical lateral distal fem-
oral angle (mLDFA) was 106° (range, 93°-123°) and the
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Fig. 4A-C Anteroposterior radio-
graphs show the left lower limb
of the patient in Figure 1 (A) at
the age of 10 years and (B) after
surgical correction using an
external fixation device and (C)
at the 12-month followup after
removal of the fixation device.
Laboratory data:  phosphate,
2.7 mg/dL; alkaline phosphatase,
721 U/L.

average mechanical medial proximal tibial angle
(mMPTA) was 76° (range, 69°-94°). We observed valgus
deformity in 16 legs, with the MAD on average 5.4 cm
lateral to the center of the knee (range, 1.5-10.7 cm). The
average mLDFA was 80° (range, 58°-100°) and the aver-
age mMPTA was 87° (range, 75°-118°). One patient had a
uniplanar external rotation deformity of 30°.

Surgical correction procedures were planned according
to the patient’s clinical assessment and the extent of
deformity in the lower limb (eg, MAD [13] beyond the
knee). Radiographs were assessed preoperatively, postop-
eratively, and at followups. Anteroposterior images under

full weightbearing, with the patella centered forward, and
lateral radiographs of the lower limb were obtained.
Thirty-seven corrective operations of the lower limb,
involving 98 osteotomies and two epiphysiodeses with
staples, were performed in the 10 patients (30 femoral
osteotomies, 35 tibial osteotomies, 33 fibular osteotomies).
Percutaneous osteotomies were performed preferably in the
metaphyseal or the metadiaphyseal region. In patients who
underwent tibial correction osteotomy, an additional oste-
otomy at the middle third of the fibula was performed.
For fixation in patients 3 to 4 years of age, we used
Kirschner wires and a pelvic leg plaster cast. The cast
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Fig. SA-D (A, B) Anteroposte-
rior radiographs show the left leg
of the patient in Fig. 1 at the age
of 15 years. Anterior radiographs
show the legs (C) after surgical
correction and (D) at the 24-
month  followup. Laboratory
data: phosphate, 2.3 mg/dL;
alkaline phosphatase, 189 U/L.

MAD
m LDFA

m MPTA

Fig. 6 Alignment of the lower limb was assessed by measuring the
MAD, the knee orientation lines, the mLDFA, and the mMPTA
according to the method described by Paley et al. [18].

@ Springer

extended downward from the chest and included the abdo-
men and the entire affected leg. In patients aged 5 to
14 years, we used an external device. The Ilizarov device
(Smith & Nephew, Inc, Memphis, TN) was used from 1987
to 1990 and the Taylor Spatial Frame® (Smith & Nephew)
after 1990. For uniplanar deformities, particularly in
the femur, unilateral fixation devices (DynaFix®; EBI,
Parsippany, NJ) were given preference. Depending on the
extent of the deformity, some patients older than 14 years
underwent two or three osteotomies fixed by intramedullary
nailing. In two patients with a valgus deformity, a distal
femoral epiphysiodesis with staples was performed.
Corrections of angular and rotational deformities were
performed either in the acute or the gradual setting,
depending on the severity of the deformity. Bone length-
ening of approximately 1 cm was performed only in cases of
a gradual corrective procedure to avoid early bone consol-
idation before the corrective procedure had been completed.

We applied external fixation in 53 segments (the Taylor
Spatial Frame®™ in 13 segments, the Ilizarov system in 19
segments, DynaFix® in three segments), Kirschner wires
in 18 segments, and internal fixation by intramedullary
nailing in 12 segments. Six patients underwent simulta-
neous deformity correction in both limbs. Seven correction



Volume 466, Number 12, December 2008

Deformity Correction in Children with Rickets 3083

procedures were performed in four patients before the age
of 6 years, 11 procedures in seven patients between the
ages of 8 and 11 years, and 19 correction procedures in 10
patients after the age of 12 years. The patients’ average age
was 8 years 3 months (range, 4-11 years) at the first cor-
rection and 14 years 5 months (range, 13—17 years) at the
last correction.

A recurrence was defined as increased MAD extending
beyond the knee either laterally or medially.

Results

Postoperatively, when bone consolidation was achieved,
we radiographically determined a mean MAD of 0.5 cm
medial to the center of the knee (range, 0-2 cm; standard
deviation [SD], 0.7 cm). The mean mLDFA was 85°
(range, 83°-92°; SD, 1.9°) and the mean mMPTA was 91°
(range, 83°-92°;, SD, 3°). At the followup performed
between 5 and 12 months after the osteotomy had healed,
the MAD and knee orientation lines were increased in all
patients. In patients who had a varus deformity preopera-
tively, the MAD increased to a mean value of 3.1 cm
medial to the center of the knee (range, 0-6.5 cm; SD,
2.4 cm). The mean mLDFA was 98° (range, 78°-110°;
SD, 2.1°) and the mean mMPTA was 93° (range, 80°-94°;
SD, 1°). In patients who had a valgus deformity preoper-
atively, the MAD increased to a mean value of 2.1 cm
lateral to the center of the knee (range, 0-7.5 cm; SD,
3.1 cm). The mean mLDFA was 91° (range, 81°-106°;
SD, 4.2°) and the mean mMPTA was 90° (range, 80°-
102°; SD, 8.4°).

Two patients had femoral fractures after removal of the
external fixation devices. At least one pin or Kirschner wire
infection occurred in every patient who underwent cor-
rection using an external fixation device (Taylor Spatial
Frame@‘, llizarov system, DynaFix®). Therefore, all of
these patients received antibiotic therapy. Among those
who underwent correction involving Kirschner wire fixa-
tion and a plaster cast, at least one Kirschner wire infection
occurred in each patient. In general, no corrective proce-
dure appeared clearly superior to any other.

Followups revealed a recurrence rate in 90% of patients
after the first corrective procedure and 60% of patients after
the second procedure.

Discussion

Deformities of the lower limb in children with XHPR
commonly located around the knee are marked by a
specific clinical appearance, laboratory data, and biome-
chanical features. In this descriptive study, we followed 10

patients from early childhood to maturity to evaluate our
ability to correct lower limb multiplanar deformities by
different methods depending on the children’s age, the
complications, and the recurrence rate after restoration of
the alignment of the lower limb under adequate supple-
mentation therapy.

One limitation of our study is that we have no current
data for children showing an association among misalign-
ment of the lower limb, severity of knee deformity, and
long-term consequences at the onset of arthritis. This
association is well documented for adults [22]. Long-term
followups will clarify this association and the long-term
sequelae of rachitic deformity. Another limitation of our
study is that we do not have sufficient data to compare our
results with results of a retrospective series of control
subjects treated solely by adequate supplementation ther-
apy alone. As the incidence of XHPR is low, there are not
enough patients to statistically identify any predictive
factors or to form a control group. We believe not offering
operative correction for severe multiplanar deformities of
the lower limb would not have been in the best interest of
our patients.

Traditionally, treatment of XHPR consists of controlling
hypophosphatemia by supplementation of phosphate and
pharmacologic doses of vitamin D before surgical correc-
tion [6, 14, 24, 25]. All of our patients were given such
therapy. According to the medical protocol, laboratory
testing was performed every 6 months to avoid side effects
such as hypervitaminosis D, nephrocalcinosis, and sec-
ondary or tertiary hyperparathyroidism. Nevertheless, all
but one patient (Fig. 4) had hypophosphatemia, with an
average value of 2.1 mg/dL before the corrective proce-
dure. Supplementation of phosphate and pharmacologic
doses of vitamin D from early childhood onward reportedly
curtailed progression of bowleg deformity. However, our
data do not confirm this finding. Our patients received
supplementation once the diagnosis of XHPR had been
established at an average age of 2 years 9 months but they
did not respond in a similar way as did patients evaluated
by Evans et al. [7]. Deformity of the lower limb worsened
under supplementation therapy. Although surgery may
markedly improve limb deformities and medication may
reduce active rickets, the coexisting osteomalacia is not
cured [14]. Consequently, the deformities may recur later
despite metabolic control of the disease. Some authors
claim it may be safer to continue medical treatment and
bracing until adolescence, at which time the deformity
can be corrected with a minimum risk of recurrence [7].
Choi et al. [5] reported the results of correction using the
Ilizarov method in 14 patients with an average age of
13 years 9 months. The deformity recurred in one patient
who was 3 years old. The mean duration of followup
was 5 years 7 months. The authors concluded a serum
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phosphate level lower than 2.5 mg/dL is a risk factor for
recurrence of deformity [5]. Some of our patients had
greater deformity of the limb develop despite normal lab-
oratory data under substitution therapy (Fig. 4). The
preoperative average serum phosphate level of 2.1 mg/dL
in our series is comparable with the 2.0 mg/dL reported by
Song et al. [23].

The study of Song et al. [23] included 20 patients with
an average age of 20 years who underwent surgical cor-
rection by external fixation and/or intramedullary nailing.
The patients had 18 major complications (recurrent defor-
mity in eight cases, repeat fracture in two cases, equinus
contracture in two cases, peroneal nerve palsy in one case)
and 13 minor complications [23]. In our series of 98 os-
teotomies, two patients had a femoral fracture after
removal of the external devices. In contrast to Song et al.
[23], we performed bone lengthening of approximately
1 cm. In our patients, surgical correction procedures were
planned according to the patient’s clinical assessment and
the extent of deformity in the lower limb (eg, MAD [13]
beyond the knee). The severity of the deformity disturbs
gait and jeopardizes knee mechanics and alignment. The
method of surgical correction was selected according to the
patient’s age because the use of fixation techniques
depends on the dimensions of bone and the maturity of the
growth plate. Four of our patients were younger than
6 years when they underwent the first corrective procedure.

The size of our population (10 patients) is comparable
with the series by Evans et al. [7] and Rubinovitch et al.
[21], who reported a recurrence rate of 27% depending on
the control of vitamin D metabolism. Followups in our
patients revealed a recurrence rate of 90% after the first
operation and 60% after the second procedure, with
recurrence defined as MAD beyond the knee. In patients
who underwent surgical correction after the age of
14 years, the recurrence rate was 30%. All of the recurrent
deformities reported by Song et al. [23], who corrected 53
segments, occurred in children (13 segments [23%]). Like
Song et al. [23], we also found surgical correction by
external fixation associated with a uniform recurrence rate
at the metaphysis and the diaphysis, whereas intramedul-
lary nailing was associated with recurrence at the
metaphysis.

We believe substitution therapy should be administered
to control hypophosphatemia in the presence of XHPR.
Deformity of the lower limb in children increases under
supplementation therapy. Our investigation suggested
severe deformities of the lower limb can be improved by
surgery at all ages independent of the method used.
Recurrence of deformities in the lower limb is independent
of the correction procedure used. Furthermore, the defor-
mity progression tends to decline after physical maturity is
attained. Based on data for 10 patients with XHPR from
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early childhood to maturity, we currently perform correc-
tive procedures at an early stage of deformity, anticipate
two or three steps of corrective procedures during growth,
and avoid prolonged corrective procedures in cases of
severe deformity because the deformity may be expected to
worsen with time.
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