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Abstract

Purpose A double osteotomy for correcting tibial defor-

mity in combination with medial plateau elevation is rec-

ommended for the management of neglected Blount

disease cases. We report our clinical experience with the

application of this surgical technique and describe the long-

term follow-up of the patients who were operated on.

Methods During a 10-year period, eight children (8 boys)

with mean age of 12 years (range 9–14 years) underwent

surgery (9 operations) due to neglected infantile tibia vara.

All patients suffered from stage V or VI Blount disease

according to the Langenskiold and Riska classification.

Two simultaneous combined osteotomies were performed

for medial plateau elevation and for correction of the tibial

deformity. The correction was immediate using K-wires for

stabilization and a long-leg cast for immobilization. The

mean duration of follow-up was 10 years (range

5–15 years), and the evaluations were based on clinical and

radiological criteria.

Results At the latest follow-up, there was no observable

knee flexion or extension restriction and no signs of

instability or lateral thrust. All patients had returned to a

higher activity level. Leg-lengthening surgery was per-

formed in one child, but the length discrepancy was already

present before the double osteotomy was performed. No

other complications were noticed. All the angles measured

on X-rays had been corrected, and this correction was

retained until the latest follow-up.

Conclusions This method results in very good outcomes

in patients who suffer from Blount disease of stage V or

greater. With this technique, the tibial deformity is cor-

rected, the articular surface is restored, and future recur-

rence is prevented.

Keywords Neglected Blount disease � Tibia vara � Tibial

plateau elevation � Pediatric knee � Double osteotomy

Introduction

Blount published his classical article on what is now

known as Blount disease in 1937 [1], and it has since

become a well-studied entity. This entity has two different

types; the infantile or early onset form which appears

before the age of 3 years and the adolescence or late onset

form which appears in children older than 10 years [2].

When the infantile disease is not managed early, the varus

and the internal torsion of the tibia are accompanied by

depression of the medial tibial plateau [3–6]. In 1964,

Langenskiold and Riska proposed elevating the medial

plateau for cases of infantile Blount disease that presented

late [3]. The indication for this additional procedure is the

significant incongruity of the joint surface due to depres-

sion of the medial part of the tibial plateau [2]. This

technique has been studied, evaluated, and modified in the

intervening time since first being proposed [7–12]. In

addition to the medial plateau elevation, the varus of the

tibia is now corrected by a valgus tibia osteotomy, either

simultaneously or in a separate operation. The term

‘‘double elevating osteotomy’’ was proposed by Grego-

siewicz et al. who used the bony wedge removed from the
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tibial valgus osteotomy to support the medial plateau ele-

vation [10].

The etiology of this disease remains unknown. How-

ever, the varus deformity is probably the reason why the

normal enchondral ossification is disrupted in the medial

aspect of the metaphysis and growth is defective in the

medial part of the physis [2, 3, 6]. The mechanical regu-

lation of the physis is often referred as the ‘‘Hueter-Volk-

mann Law,’’ which dictates that the longitudinal growth

from the growth plates of long bones is retarded by

increased compression forces and stimulated by increased

distraction forces across the growth plate [13]. In late onset

Blount’s disease, the inhibition of growth may result in

premature medial physeal arrest [7], which basically

accounts for the success of a single valgus osteotomy for

the management of the most early onset cases (60–75 %)

and its lack of efficacy in cases of children with the late

onset form. In these latter cases, repeated osteotomies are

needed in the majority of the children (60–65 %) [4, 6].

The aim of this study is to report our clinical experience

with the application of this surgical technique and to

describe the long-term follow-up of the patients who were

operated on.

Materials and methods

During a 10-year period (1995–2004), eight children (8

boys) with a mean age of 12 years (range 9–14 years) were

operated on due to neglected infantile tibia vara. Nine

operations were performed because one child had been

affected bilaterally. The time interval between the opera-

tions for the bilateral case was 6 months. All patients

suffered from stage V or VI Blount disease according to

Langenskiold and Riska classification. Patients’ data are

presented in Table 1. Two osteotomies was performed

simultaneously in every case: one for medial plateau ele-

vation combined with the insert of bone graft and one for

the correction of tibial deformity. Both osteotomies were

performed using the technique described below, and the

operations were performed by the same experienced sur-

geon (A.G.). The mean follow-up was 10 years (range

5–15 years). The correction of varus, the presence of leg

length discrepancy, and the stability and range of motion of

the knee joint were evaluated clinically. Pain was measured

on the visual analog scale from 0 (no pain) to 10 (worst

pain ever experienced). A questionnaire consisting of 20

questions in four categories (general satisfaction, mobility,

sports activity, happiness) was used to rate patients’ satis-

faction and subjective opinion concerning their quality of

life. The design of the questionnaire was based on the

Pediatric Outcomes Data Collection Instrument (PODCI),

which has been developed by the following societies:

American Academy of Orthopaedic Surgeons, Pediatric

Orthopaedic Society of North America, American Acad-

emy of Pediatrics, and Shriner’s Hospitals [14]. For each

question, each young patient is asked to select the most

accurate response from five options, ranging from ‘‘very

happy’’ to ‘‘very unhappy’’. In terms of radiological crite-

ria, the same radiological views (face and profile) were

taken pre-operatively, immediately postoperatively, and at

the latest follow-up. All views were obtained in the

standing position. The angle between the tibial and the

femoral shaft, the angle between femoral condyles and the

tibial shaft, and the angle of the medial tibial plateau

depression were assessed (Fig. 1) and compared (pre-

operatively vs. the latest follow-up). For the evaluation of

the correction of the mechanical axis, two weight-bearing

Table 1 Patients’ data

Case

no.

Age

(years)

Gradea Follow-up

(years)

Angles measured (degrees)

Between tibial and femoral

shaftb
Between femoral condyles and

tibial shaft

Medial tibial plateau depression

Pre-operation Latest follow-up Pre-operation Latest follow-up Pre-operation Latest follow-up

1 14 VI 15 32 2 57 86 40 9

2 12 V 14 28 -5 64 84 39 2

3 13 VI 12 27 -1 47 74 54 18

4 12 VI 11 42 -4 52 87 49 6

5 12 VI 9 28 -8 56 85 60 22

6 9 V 9 25 -4 49 87 30 6

7 13 VI 6 33 -1 51 83 44 7

8 11 V 6 29 2 70 92 45 6

9 12 V 5 34 -1 53 82 50 9

a According Langenskiold and Riska classification [3]
b Negative values indicate valgus, positive values indicate varus
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full-length anteroposterior (AP) radiographs of both lower

extremities were taken (providing the proper protection to

young patients), the first pre-operatively and the second

6 weeks postoperatively after plaster removal.

Surgical technique

Under general anesthesia with the use of tourniquet, a mid to

distal fibular osteotomy (1–2 cm) is made through a lateral

incision. Both tibial osteotomies are performed through the

same anteromedial curved incision (Fig. 2). A wedge-

shaped osteotomy is initially performed about 5 cm distally

of the tibial joint line, below the tibial tuberosity (Fig. 3a). A

bony wedge is removed for correcting the varus and the

internal torsion of the tibia. Overcorrection up to 5–10

degrees of valgus is addressed for reducing the pressure of

the medial physis in order to avoid recurrences. Fixation is

achieved by staples, K-wires, and plates, but other more

sophisticated devices can be used. The second osteotomy for

the medial plateau elevation is made just below the ‘‘beak’’

that is formed under image intensifier control (Fig. 4). A

wide chisel is used to target the indercondylar area without

crossing the articular cartilage (Fig. 3b). Special care is

taken for the cut to be parallel to the physis. If a bony bridge

has been formed, it is totally removed. During osteotomy,

the knee is in flexion for minimizing the risk of provoking

neurovascular damage. Thus, a fracture is provoked in the

non-weight-bearing indercondylar area and the medial tibial

plateau is mobilized. Thereafter, both the bony wedge

removed from the first osteotomy and the excised fibula are

used as a strut for supporting the new medial plateau position

with respect to the continuity of the articular surface

(Figs. 3c, 5). Kirschner wires are used for stabilizing and

anchoring the interposed bony material. Eventually, the

layers of surgical wounds are closed, and a long-leg cast

(Plaster of Paris) is used for immobilization. Care is taken to

Fig. 1 Angles measured on

X-rays. a The angle between the

tibial and the femoral shaft,

b the angle between femoral

condyles and the tibial shaft,

c the angle of medial tibial

plateau depression

Fig. 2 Both tibial osteotomies are performed through the same

anteromedial curved incision. The proximal osteotomy is made for

medial plateau elevation and is combined with the distal osteotomy

for correcting the varus and the internal torsion of the tibia. A
Proximal part of proximal osteotomy, B distal part of proximal

osteotomy, C proximal part of distal osteotomy, D distal part of distal

osteotomy
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avoid closing the fascia too tightly for the prevention of

compartment syndrome.

Rehabilitation protocol

The rehabilitation protocol consisted of mobilizing the

patients without weight bearing starting from the first post-

operative day. Strengthening exercises for quadriceps and

hamstrings were performed. The cast was removed after

6 weeks, when partial weight bearing was allowed; full

weight bearing was allowed after 10–12 weeks.

Results

During the latest follow-up, we observed no knee flexion or

extension restriction, and no signs of instability (neither AP

nor mediolateral) were observed during the clinical

Fig. 3 Drawing of surgical

technique applied. a Distal

wedge-shaped osteotomy,

b proximal osteotomy for

medial plateau elevation, c bony

wedge removed from the first

osteotomy and/or the excised

part of fibula are used as a strut

for supporting the new medial

plateau position with respect to

the continuity of the articular

surface. A Kirschner wire is

used for stabilization of the

interposed bony material. ST
Staples, KW Kirschner wire,

asterisk strut graft

Fig. 4 The osteotomy for the medial plateau elevation is made just

below the ‘‘beak’’ that has been formed under image intensifier

control with a wide chisel, targeting the indercondylar area without

crossing the articular cartilage

Fig. 5 The bony wedge removed from the distal osteotomy us used

as a strut for supporting the new medial plateau position. A Proximal

part of proximal osteotomy, B distal part of proximal osteotomy, C
proximal part of distal osteotomy, D distal part of distal osteotomy
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evaluation. The varus deformation was corrected to neutral

or to slight valgus in seven knees, but two of the nine knees

were in slight varus of 2 degrees (Table 1). In comparison

to their per-operative state, all of the young patients

referred to a notable improvement in their gait and a return

to a higher activity level. Based on the patients’ answers to

the questionnaire, these were the two factors explaining

their satisfaction and improvement in their life quality,

while the cosmetic result was the third (Figs. 6–8). Even if

pain is not a dominant complaint in this entity, improve-

ment in pain relative to the pre-operative assessment was

noted whether it was assessed prospectively or retrospec-

tively. In terms of walking, no patient was observed with

lateral thrust nor did any patient have a leg-length dis-

crepancy of [1 cm. In one child leg lengthening had been

performed in a separate operation, 3 years after the double

Fig. 6 Pre-operative photo of a 13-year-old boy with bilateral Blount disease and radiological evaluation of both knees. This child had been

operated bilaterally with single osteotomies but the deformity relapsed

Fig. 7 Clinical appearance and radiological evaluation 1 year post-

operatively of the same patient shown in Fig. 4. X-rays show

incomplete correction of the proximal tibia deformity with

compensation by the associated distal femoral valgus, but the clinical

appearance is more impressive
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osteotomy. This child had a leg-length discrepancy of 3 cm

prior to the double osteotomy due to coexisting pathology,

and the amount of lengthening was 6 cm. No other short-

term or long-term complication was observed.

With respect to the radiological findings (Table 2), the

mean angle between the tibial and the femoral shaft was

corrected from 31 degrees of varus (range 25–42 degrees)

pre-operatively to 2 degrees of valgus (range 2–8 degrees)

at the latest follow-up. The mean angle between the fem-

oral condyles and the tibial shaft was corrected from 55

degrees pre-operatively (range 47–70 degrees) to 84

degrees at the latest follow-up (range 74–92 degrees).

Eventually, the mean angle of the medial tibial plateau

depression was corrected from 46 degrees (range 30–60

degrees) preoperatively to 10 degrees (range 2–22 degrees)

at the latest follow-up (Figs. 6–8).

Discussion

Patients suffering from Blount disease should be managed

operatively as soon as the entity is diagnosed because

deformities are aggravated when the condition is left

untreated [4, 11]. However, even with early management,

varus recurs in 55 % of the cases [2, 4]. In these cases, a

tibial valgus osteotomy is not adequate for correcting the

deformity, and additional elevation of the depressed tibial

plateau is required. The term ‘‘double elevating osteotomy’’

that originated from Gregosiewicz et al. [10] is not accurate

since elevation characterizes only the osteotomy of the

medial plateau, as van Huyssteen et al. also pinpoint in their

article [12]. The other type of osteotomy is a valgus oste-

otomy (wedge, dome) of the tibial shaft. Thus, the term

‘‘double corrective osteotomy of the tibia with medial pla-

teau elevation’’ more accurately describes this procedure.

The bony wedge removed from the valgus wedge oste-

otomy or/and tricortical iliac graft can be used to support

the elevated medial plateau. In our series, the bony frag-

ment removed from the precedent fibula osteotomy was

also used. Slight overcorrection (5–10 degrees of valgus)

should be addressed for avoiding recurrences. Adequate

fixation can be achieved with a horizontally placed Kirs-

chner wire, while the distal osteotomy can be fixed with

two crossed Steinmann pins, staples, or plates. The limb

should be immobilized with a long-leg cast until the oste-

otomies are healed. These materials were available during

the period that our patients were operated on, and given the

successful outcome such materials can be considered to be

appropriate during periods of economic crisis when more

expensive devices are not available. Other internal or

external fixation materials can be used, depending on

availability and/or surgeon’s preferences.

The use of the Ilizarov Frame [15–17], the Taylor

Spatial Frame [18–20], and a Multi-Axial Correction

external fixation system [21] are modern therapeutical

options, although significantly more expensive than our

Fig. 8 Left Pre-operative photo and radiological evaluation of a 14-year-old boy with unilateral Blount disease. Right Clinical appearance and

radiological evaluation 6 years postoperatively

Table 2 Radiological parameters measured

Radiological parameter Pre-operative

mean value

(range)

Last follow-up

mean value (range)

Angle between tibial and

femoral shaft

31 (25–42) -2 (-8 to 2)a

Angle between femoral

condyles and tibial shaft

55 (47–70) 84 (74–92)

Angle of medial tibial

plateau depression

46 (30–60) 10 (2–22)

a Negative values indicate valgus while positive values indicate varus
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procedure. These systems enable gradual correction [20],

in contrast to our cases, for whom correction was immi-

nent. Using these techniques weight bearing is allowed

throughout the entire period of treatment. The advantages

of these systems are the potential correction of multiplane

deformities and simultaneous leg lengthening. However, as

Jones et al. report they are more complicated and time-

consuming treatment strategies, they depend on the coop-

eration of the patients and their parents, attention must be

paid to avoiding premature consolidation of the proximal

osteotomy, and daily care is required to avoid pin-site

infection [15, 22]. More specifically, Jones et al. also report

that in their study premature consolidation of the elevation

osteotomy occurred in three of seven patients. In the same

article, 100 % of the patients had problems with pin-site

infection. The high incidence of this complication has been

confirmed by other authors [16, 17, 19, 23].

Leg lengthening was required in one of our cases, but

the discrepancy existed before the double corrective oste-

otomy. No other patient had a leg-length discrepancy of

[1 cm. In bilateral cases, leg-length discrepancy is not

usually a problem. In unilateral cases, if the patient had an

operation close to the age of skeletal maturity, no intense

problem of leg-length discrepancy should be expected.

Considering that the maximum acceptable shortening of a

limb is 6 cm [24], the minimum skeletal age for the

operation is 7 years for girls and 8 years for boys, based on

the relative growth charts [25].

Some authors report that concomitant epiphysiodesis of

the lateral part of the proximal tibial physis should be

performed [3, 9, 11, 12], but this should not be viewed as a

routine procedure. Specifically, when the operation is

performed close to skeletal maturity, children can suc-

cessfully undergo the surgery without re-establishing

varus. All potential problems and their solutions should be

considered by the pediatric orthopaedic surgeon and should

be performed individually as needed, since the more

complicated an operation, the higher the complication’s

rate. In addition, cases with neglected Blount disease are

characterized by multiple and complicated deformities.

Thus, a detailed individualized pre-operative plan should

be designed for each patient; regular follow-up is manda-

tory. It is the experienced pediatric orthopaedic surgeon

who will decide if any intervention is required.

The subjective surgical outcome of this procedure is

combined with patient’s satisfaction, which is turn is based

on the combination of three parameters: improvement in

patient’s gait, ability to participate in activities at a higher

level, and the cosmetic result. Among our patients, even

those with remaining varus deformity were satisfied with

the operative results due to the upgrading of these three

parameters. It is remarkable that even if pain is not a

dominant complain in this entity, improvement was noticed

between pre-operative and postoperative assessments. This

improvement was greater when patients asked to remember

and rate their pre-operative status during the latest follow-

up, revealing their level of satisfaction. This observation

supports the results of the study of Jones et al. that the

correction of the angles measured shows a significant

correlation with patient’s pain score and satisfaction score

[23].

The methodology of this study has several limitations.

First, only a small number of cases were available for

analysis. Patients with neglected cases of tibia vara fortu-

nately do not present often due to proper management and

thorough follow-up in earlier stages of the condition.

Secondly, our study was retrospective in nature. The use of

several different fixation devices, as well as a non-standard

one, did not allow a comparison between the devices in

order to determine the proper fixation device. Moreover,

the correction of the plateau depression in our cases was

imminent. Thus, we were unable to compare our approach

with techniques that allow gradual correction. For a proper

comparison, prospective trials in which patients with tibia

vara would be randomly assigned to each fixation group

should be performed. Due to the retrospective nature of our

study, various results, such as the IKDC score, answers to

quality-of-life questionnaires, magnetic resonance imaging

scans, or gait analysis, were not available for all of the

patients. Studies with a prospective design would be able to

obtain these data at onset, providing further information for

comparison.

In summary, the management of neglected cases of

infantile Blount disease requires both varus correction and

medial plateau elevation. It is a very demanding procedure

and a relatively high-risk operation. Despite the technical

difficulties, it achieves a very good outcome in patients who

suffer from Blount disease of stage V or greater according

to the Langenskiold and Riska classification. With this

technique the deformity is corrected, the articular surface is

restored, and future recurrence can be prevented. However,

extra care should be taken postoperatively to avoid injury of

the adjacent neurovascular structures that could provoke

serious complications. Our experience from the manage-

ment and the long-time follow-up of patients who suffered

from this entity indicate our surgical technique as a reliable

solution for the management of similar cases.
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