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Abstract: Despite early medical intervention, children with hypo-

phosphatemic rickets often have progressive deformities in the lower

extremities. With the forces imparted by gravity and weight bearing,

varus or valgus deformities that might otherwise have been physi-

ological are likely to progress, causing gait disturbance and pain.

Proper medical management is important and may theoretically slow

or prevent the progression of varus or valgus, but is ineffective at

correcting deformity once established. We have reviewed the liter-

ature and gathered a series of 10 patients, most of whom underwent

hemiepiphysiodesis. We are presenting the rationale for, and the

results of, that surgery, in an effort to define the role of this mini-

mally invasive procedure.
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T he treatment of hypophosphatemic rickets involves a
multidisciplinary team. Although there is some contro-

versy, the current medical treatment usually involves
phosphate supplementation and dosing with 1.25-dihydroxy-
vitamin D [1.25(OH)2D], with excellent results reported in
relief of symptoms, improvement in linear velocity growth,
rise in serum phosphate, and radiographic healing of the
rickets.2,5,12,13,16 Treatment with growth hormone is still a
matter of debate, but it has been shown to have potential
positive effects on final height in patients with X-linked
hypophosphatemic rickets.9

Although medical management is paramount to a suc-
cessful outcome, the reports of spontaneous deformity im-
provement are sporadic.7,25 Long leg braces are cumbersome
and ineffective at managing this clinical problem. The inci-
dence of lower extremity deformities that require orthopedic
intervention in patients with hypophosphatemic rickets varies
between 24% and 65%.22,23,28 The role and the timing of
surgery have been debated in the literature. Corrective osteo-
tomies are required for the severe diaphyseal or periarticular
deformities that are common in older children.26 These
deformities are typically bilateral and may involve the femur,
tibia, and fibula. Therefore, staged correction may be

necessary, requiring multiple anesthetics and hospital stays,
with delayed mobilization and weight bearing. Unfortunately,
the complication rate is relatively high and includes hypercal-
cemia, loss of fixation, delayed union or nonunion, neurovas-
cular risk, and recurrent deformity. Although intramedullary
rods are preferred for diaphyseal correction, metaphyseal
osteotomies require either plate-and-screw fixation, often
supplemented by casts, or external frames, neither of which
is well tolerated.10,11,26

Since its first description by Blount and Clarke in
1949,3 stapling has been classically indicated as a method of
reversible epiphysiodesis. Stapling for correction of angular
deformities around the knee in patients with primary or sec-
ondary genu valgum has also been successfully reported.8,27

Recently, hemiphyseal stapling has been considered in man-
agement of genu valgum in children with chronic renal in-
sufficiency.17 We are unaware of any report about the role of
stapling in children with hypophosphatemic rickets.

The purpose of this study is to discuss the role of
minimally invasive hemiepiphysiodesis to correct angular
deformities of the lower extremities in patients with hypo-
phosphatemic rickets. To achieve angular correction, we have
used Blount staples or, more recently, a 2-hole plate-and-
screw combination. The rationale and indications are de-
scribed herein.

METHODS
This study, approved by the Institutional Review

Board, included 10 patients with documented hypo-
phosphatemic rickets who required orthopedic intervention
to address angular deformity of the knees. A retrospective
chart was created, and a radiographic review was performed,
in which the patients’ age at initial surgery, sex, laboratory
data, radiograph measurements, length of follow-up, and
operative notes were collected. Radiographic assessment
included full-length standing anteroposterior views with the
x-ray beam centered at the knees, with the patella oriented
forward. We measured the mechanical axis deviation, the
lateral distal femoral angle, and the medial proximal tibial
angle18 before, during, and after surgical management. We
made note of the rate and degree of improvement and the
failures requiring revision surgery. There were 8 girls and
2 boys, ranging in age from 2 years 8 months to 13 years
3 months (average, 7 years 7 months) at the presentation for
management of angular deformities. The deformities were
bilateral and relatively symmetrical in all but 1 case (case 7),
with 6 having genu valgum and 4 having genu varum. One
patient (case 10, the first encountered) was treated with
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osteotomy alone (tibia); the remaining 9 patients had
hemiepiphysiodesis, using either staples or, more recently, a
2-hole plate and screws. He served as the inspiration to find a
better solution for these difficult and often recurrent
deformities. The indications for surgery included progressive
deformity, gait disturbance, and knee pain despite adequate
medical management. Preoperatively, the mechanical axis
was outside the knee in all patients, and there was often

abnormality of both the lateral distal femoral angle and the
medial proximal tibial angle; diaphyseal deformities were
more prevalent in older children. The level of hemiepiphy-
siodesis (femur and/or tibia) was determined by preoperative
planning. To preserve a horizontal knee, most patients
required hemiepiphysiodesis of both the tibia and the
femur. It was recognized that diaphyseal deformities might
require secondary procedures. However, we noted a tendency

FIGURE 1. A, This 4-year-old girl presented with progressive and painful genu valgum despite appropriate medical management.
B, She underwent pan genu hemiphyseal stapling as an outpatient, without immobilization or deferred weight bearing. Eleven
months later, her mechanical axis is neutral and the deformities are fully corrected. The staples were then removed and her
legs were still straight 3 years after staple removal. C, Note the widening and cupping of her femoral neck physis prestapling.
D, Eleven months later, the appearance of the physis has improved. E, Preoperatively, the knee physes are similarly cupped and
widenedVthe classic appearance of sick physes seen in rickets. However, this does not constitute a contraindication to stapling.
F, At the time of staple removal, the physes are more normal in appearance, probably because of neutralization of the mechanical
axis. G, The distal tibial physis demonstrates widening and cupping preoperatively. H, At the time of explantation, the physis seems
to be more normal. This case illustrates the indirect benefits of centering the forces of gravity across multiple physes and joints,
using minimally invasive guided growth.
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