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Abstract: 

 Blount disease is one of the pathological idiopathic causes of genu 

varum. Includes the infantile and late-onset (adolescent) types. 

Pathological changes are localized to the posteromedial part of the 

proximal tibia due to the increased stresses on this part. Treatment by 

osteotomy followed by gradual correction and external fixation is 

becoming more popular for precise correction and diminished 

morbidity . Prognosis depends on the patient's age and the severity of 

deformity at the time of intervention.  

Key words: Blount disease, osteotomy, acute correction, gradual 

correction, Ilizarov and external fixators.  

Background 

Blount disease is a developmental condition characterized by multiplanar deformities of the tibia 

with varus, procurvatum (apex anterior), and internal rotation [1]. The first detailed description was 

provided by Blount [2], and this was followed by another extensive study by Langenskiöld [3]. 

Blount disease can lead to a progressive deformity with gait deviations, limb-length discrepancy, 

and premature arthritis of the knee [4]. 

The epidemiology of Blount disease is not 

well documented. The estimated prevalence is 

less than 1% [5] in the United States. There is 

an increased incidence of disease in the 

overweight African American population [6]. 

The frequency is increased if other family 

members have been diagnosed as having the 

disease [7,8]. 

Predisposition for tibia vara has been 

attributed to race, genetics, age at walking, 

and obesity. 

Blount disease most likely is caused by a 

combination of excessive compressive forces 

on the proximal medial metaphysis of the 

tibia and altered endochondral bone formation 

[9–11]. 
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Two clinically distinct forms of Blount 

disease, early-onset, or infantile, and late-

onset have been described, with the 

classifications based on whether the limb 

deformity develops before or after the age of 

4 years [12]. Thompson and Carter [13] 

further classified the late-onset form into 

juvenile type (onset at the age of 4–10 years) 

and an adolescent type (onset after the age of 

10 years) [14]. Bilateral involvement is 

common, particularly with an early-onset 

presentation [15]. Langenskiöld and Riska 

[16] described six radiographic stages of 

progressive changes at the proximal tibial 

epiphysis and metaphysis in children with the 

early-onset type. With advancing age and 

higher Langenskiöld stages (V and VI), 

irreversible physeal changes with permanent 

inhibition of the medial portion of the tibial 

growth plate can occur. Although the 

Langenskiöld classification is useful, there is 

substantial interobserver variability, 

especially with regard to the intermediate 

stages [9]. 

The physical manifestations of Blount disease 

include the internal tibial torsion, genu varum, 

limb-length disparity, gait changes, and 

ligamentous instability of the knee [13]. 

Definitive diagnosis of Blount disease is 

based on the progressive clinical bowing 

which occurs in the presence of characteristic 

radiographic changes about the proximal and 

medial tibial physis, as initially described by 

Langenskiöld [14]. 

The principle of management in Blount 

disease is alteration of abnormal compressive 

forces so that the normal growth will resume 

and the genu varum will be corrected [17]. 

The treatment should begin in an early stage 

by restoring the anatomical axis of the knee 

until completing the merging of all growth 

cartilage while addressing the leg’s length 

discrepancy [12]. 

Different methods have been reported for the 

treatment of Blount disease depending on 

factors such as the patient’s age, the 

magnitude of deformity, severity of physeal 

and epiphyseal changes, and the presence or 

absence of secondary valgus deformity of the 

distal part of the femur [9]. 

The treatment is broadly the same whatever 

the cause and comprises either acute or 

gradual correction of the deformity. In the 

former, the tibia is osteotomized, the 

mechanical axis is corrected, and the 

osteotomy is stabilized in the corrected 

position [18]. Once the deformity has been 

corrected and stabilized, there is very little 

scope for further correction if the position is 

suboptimal without recourse to further 

surgery. There are also potential 

complications of nerve palsy, malalignment, 

loss of alignment, limb-length inequality, 

compartment syndrome, failure of fixation, 
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and recurrence of deformity [19,20]. The 

alternative technique of gradual deformity 

correction by distraction osteogenesis using 

an external fixator allows for accurate 

deformity correction and has the potential to 

allow fine tuning of the correction without 

any further surgical intervention to achieve an 

optimal reduction [21]. However, this 

technique requires a high degree of patient 

compliance and has the potential for different 

complications such as premature 

consolidation of the regenerate bone, which 

may also require further operations [22]. 

Other treatment options include bracing, 

which may be suitable in milder forms of 

infantile Blount’s disease, and 

hemiepiphysiodesis, which may be suitable in 

adolescents with milder degrees of varus 

deformity and with open physes [23]. 

Aim of this study 

To conduct a systematic review and best 

evidence synthesis on different methods of 

osteotomy in the treatment of Blount disease 

(tibia vara). The primary outcome measure is 

accuracy of correction on radiographs; 

secondary outcome measures are reoperation 

for residual deformity and other 

complications. 

Patients and methods 

A systematic review of the literature was 

conducted across the two major medical 

literature databases, MEDLINE and 

EMBASE. A search of the Cochrane Library 

for relevant reviews or trials was also made. 

All forms of primary interventional study in 

any language that reported radiographic 

outcome measures after a single-level tibial 

osteotomy as a primary procedure for 

idiopathic tibia vara in children were 

considered. Those which also reported 

reoperation rates were used to extract the 

secondary outcome data. Articles were 

included that reported correction in multiple 

different bones as long as the data on tibial 

correction could be extracted separately. 

Similarly, articles that reported correction for 

different etiologies were included, as long as 

the data on Blount disease could be extracted 

separately. Exclusion criteria included case 

reports, studies that combined angular 

deformity correction with lengthening, studies 

that reported a change in angular deformity 

rather than absolute values for limb 

alignment, studies where correction was 

performed without a tibial osteotomy (e.g. 

distraction of a physis), and studies reporting 

on congenital deformities. The reference 

sections of the included studies were also 

searched to identify additional relevant 

studies. 

Results 

The search of MEDLINE and EMBASE 

initially gave 99 possible articles. Of these, 18 

were reviewed on the basis of the inclusion 

and exclusion criteria. One study compared 
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acute with gradual correction of tibia vara in 

Blount disease. The remaining 17 studies 

were retrospective case series and will be 

summarized thereafter. 

Feldman et al. [17] reported a retrospective 

comparative study comparing the accuracy of 

acute with gradual correction of tibia vara 

deformity in children with Blount disease. 

The two groups were similar with regard to 

age, sex, and severity of deformity (Fig. 1), 

although they were not randomized or 

matched. No significant differences were 

found in preoperative deformity parameters 

between the groups. Both groups underwent 

the same osteotomy. The acute correction 

group (AC, n=14 tibiae) was stabilized with a 

monolateral fixator, whereas the gradual 

correction group (GC, n=18) was stabilized 

with a Taylor Spatial Frame (Fig. 2). All the 

patients in the AC group had prophylactic 

fasciotomies. All patients were followed up 

for 2 years after the operation. The 

preoperative, postoperative, and final follow-

up deformities were assessed (Figs 3–5) using 

the system described by Paley and colleagues. 

Both groups spent a similar time in the frame. 

One patient in the AC group had a delayed 

union, and there were no cases of nonunion. 

The only other complications were two pin 

site infections in the AC group and three in 

the GC group; there were no re-operations, 

deep infections, neurovascular complications, 

or cases of compartment syndrome in either 

group (Fig.6). 

 

 

        Fig. (1): Langenskiöld stage (infantile group). 

 

Fig.(2): Methods of correction and type of fixation. 

 

Fig. (3): Radiological outcome of the acute correction group. 
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Fig.(4): Radiological outcome of the gradual correction 

group. 

 

Fig. (5): Accuracy of coronal, sagittal plane translation, 

and limb-length discrepancy correction (percentage). 

 

The mean medial proximal tibial angle for the 

GC group at the final follow-up was less than 

that for the AC group, but this was not 

statistically different (1.3 and 3.9°, 

respectively); however, the difference in 

mechanical axis deviation was significant, 

with the GC group doing better both 

postoperatively (13.9 mm for AC vs. 1.5 mm 

for GC) and at final follow-up (17.1 mm for 

the AC group vs. 3.1 mm for the GC group). 

In terms of accuracy of reduction, 94.4% of 

the GC group were accurate compared with 

50% of the AC group at the final follow-up. 

This was significant. This was the only study 

that attempted to compare the two methods of 

deformity correction. Theoretically, there is 

no reason why complete correction and 

maintenance thereof should not be achievable 

with a monolateral fixator if it is mounted 

exactly in the plane of the deformity. 

Gradual correction using a Taylor Spatial 

Frame would seem to give a more accurate 

reduction after 2 years than acute correction 

and external fixation, but what is still not 

clear is whether the difference is principally 

due to the rate of correction or the type of 

fixator used. 

The remaining studies consisted of 

retrospective case series describing one or 

other treatment type. For the most part, they 

are each unique in describing a particular 

combination of osteotomy (Fig. 7), fixation 

(Fig. 8), and rate of correction. There were 12 

studies reporting on acute correction, 

comprising 182 tibiae in 144 children (Tables 

1–3). A considerable variety of osteotomies 

are described, including oblique, double 

elevating, upright dome, inverted dome, 

serrated W/M, opening and closing wedge, 

and percutaneous transverse. This reflects the 

fact that in acute correction, very often, the 

configuration of the osteotomy is fundamental 

to stability or alignment, or both, and 

accuracy when performing the osteotomy is 

therefore often critical. The range of final 

mean mechanical axes achieved was from 

10.6° valgus to 2° varus, with the majority 
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being within the range of 0 to 5° valgus (Fig. 

9). Re-operations were required in 16 cases, 

most of which were major procedures for 

recurrent deformity or inadequate correction. 

Deep infections were seen in three patients 

who had been treated with external fixation 

(of 116) and none in the patients treated with 

internal fixation or cast immobilization (Fig. 

10). 

There were five studies reporting on gradual 

correction, comprising 146 tibiae in 98 

patients (Table 3). The osteotomies, where 

reported, were all of the simple transverse 

type (Fig. 11). The range of final mean 

mechanical axes was from 1 to 7.5° of valgus, 

with the majority being within the 0 to 5° 

range (Fig. 12). Re-operations were required 

in 26 cases, of which, eight were major, for 

recurrence of deformity, inadequate 

correction, or premature consolidation of the 

regenerate. There were no cases of deep 

infection (Fig. 13). 

 

Fig. (6): Postoperative complications of acute correction 

versus gradual correction group 

 

Fig. (7): Type of osteotomy in acute correction studies. 

 

Fig. (8): Type of fixation in acute correction studies. 

 

Fig. (9): Result (mean mechanical axis deviation) in acute 

correction studies; positive values represent valgus 

overcorrection while negative values represent residual varus 

deformity. 
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Fig. (10): Postoperative complications in acute correction 

studies. 

 

 
 

Fig. (11): Type of fixation in gradual correction studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (12): Results (mean mechanical axis deviation) of the 

gradual correction group; positive values represent valgus 

overcorrection while negative values represent residual varus 

deformity. 

 

 
 

Fig. (13): Postoperative complications of the gradual 

correction group. 
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Study Miller et al. 

[24] 

Smith et al. 

[25] 

Hayek et al. 

[20] 

Kessler et 

al. [26] 

Dilawaiz 

Nadeem et 

al. [27] 

Stricker and 

Rosen [28] 

Sample size 15 tibiae 

and 12 

limbs 

23 tibiae in 

19 patients 

13 tibiae in 

9 patients 

12 tibiae in 

12 patients 

12 tibiae 22 tibiae in 

17 patients 

Type of 

correction 

and fixation 

Acute 

correction 

and hybrid 

external 

fixation 

Acute 

correction 

and 

monolateral 

external 

fixation 

Acute 

correction 

and cast 

immobilizat

ion+/j K-

wire 

Acute 

correction 

and 

monolateral 

external 

fixation 

Acute 

correction 

and K-wire 

and cast 

fixation 

Acute 

correction 

and circular 

frame 

fixation 

Type of 

osteotomy 

Inverted 

arcuate 

Afghan 

(percutaneo

us 

transverse) 

Serrated 

W/M 

Afghan 

(percutaneo

us 

transverse) 

Inverted 

dome 

Upright 

dome 

Follow-up 2 years 6 

months 

2.7 years 2.8 years NS 2 years 25 months 

Result Mean MA, 

5.1-degree 

valgus 

Mean MA, 

3.8-degree 

varus 

Mean MA, 

1.4-degree 

valgus 

Mean MA, 

2.2-degree 

valgus 

Mean MA, 

2-degree 

varus 

Mean MA, 

1 degree 

Reoperation 3 (major) 4 minor, 

plus serial 

debridement

s for 

infection 

None NS Not certain None 

Peroneal 

nerve palsy 

None 1 (transient) None NS 1 (transient) None 

Superficial 

pin track 

infection 

None 2 NA NS None 5 

Deep 

infection 

2 1 None NS None None 

Compartme

nt syndrome 

None None None
a
 NS None None 

Nonunion None None None NS None None 

 

 

      

Table 1 Twelve case series of acute correction 

(first part) 
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Study De Pablos et 

al. [29] 

Gaudinez and 

Adar [30] 

Stanitski et al. 

[22] 

Alekberov et 

al. [31] 

Gordon et al. 

[32] 

Sample size 20 tibiae in 10 

patients 

14 tibiae in 11 

patients 

24 tibiae in 16 

patients 

69 tibiae in 45 

patients 

19 tibiae in 15 

patients 

Type of 

correction and 

fixation 

Gradual 

correction 

with 

monolateral 

frame 

Gradual 

correction 

with 

monolateral 

fixator 

Gradual 

correction 

with circular 

frame 

Gradual 

correction 

with circular 

frame 

Gradual 

correction 

with circular 

frame 

Type of 

osteotomy 

Transverse Transverse NS Transverse Transverse 

Follow-up 3 years 3 

months 

2 years 16 months to 

61/2 years 

6 years 8 

months 

5 years 

Result Mean MA, 3-

degree valgus 

Mean MA, 1-

degree valgus 

All were 

within 5 

degrees of 

normal 

Mean TFA, 

7.5-degree 

valgus (SD, 

5.4 degrees) 

Mean MPTA, 

88 degrees 

Reoperation None 1 (major) 1 (major) 6 (all major) 18 of 19 limbs 

(all minor) 

Peroneal nerve 

palsy 

None 1 (transient) None None None 

Superficial pin 

track infection 

40% 2 8 6 15 patients 

Deep infection None None None None None 

Compartment 

syndrome 

None None None None None 

Nonunion None None None None None 

 

 

 

 

Table 2: Twelve case series of acute correction 

(second part) 
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Study Rab [33] Gregosiewic

z et al. [34] 

Loder et al. 

[35] 

Martin et al. 

[36] 

Price et al. 

[37] 

Laurencin et al. 

[19] 

Sample size 6 tibiae in 5 

patients 

13 tibiae in 

10 patients 

23 tibiae in 

15 patients 

11 tibiae in 7 

patients 

19 tibiae in 

15 patients 

13 tibiae in 11 

patients 

Type of 

correction 

and fixation 

Acute 

correction 

and screw 

plus cast 

immobilizat

ion 

Acute 

correction 

and K-wire 

plus cast 

immobilizati

on 

Acute 

correction; 

assortment 

of internal 

fixation 

and cast 

immobiliza

tion 

Acute 

correction 

and internal 

plate fixation 

Acute 

correction 

and dynamic 

axial 

(monolateral) 

fixation 

Acute correction 

and internal plate 

fixation 

Type of 

osteotomy 

Oblique Double 

elevating 

Dome or 

valgus 

wedge 

Crescentic 

(dome) 

Transverse 

opening 

wedge 

Oblique closing 

wedge 

Follow-up 15 months 8 years 4 years 4 

months 

3 years 2 years 5 

months 

8 years 6 months 

Result Mean, 10.6-

degree 

valgus (SD, 

3.7 degrees) 

Mean, 0 

degree (SD, 

4.1 degrees) 

Mean TFA, 

0 degree 

(SD, 6.1 

degrees) 

Mean MA, 

5.6-degree 

valgus (SD, 

1.1 degrees) 

Mean MA, 4-

degree valgus 

(SD, 4.1 

degrees) 

Mean MA, 3.8-

degree valgus 

Reoperation 1 (major) 2 (major) 2 (major) 2 (major) None 1 (major) 

Peroneal 

nerve palsy 

1 (partial 

recovery) 

1 (transient) 4 (all 

transient) 

None 2 (transient) None 

Superficial 

pin track 

infection 

NA 1 NA NA 9 NA 

Deep 

infection 

None None None None None None 

Compartme

nt syndrome 

None
a
 None 1 None

a
 None

a
 None

a
 

Nonunion None None None None None None 

 

Table 3: Five case series of gradual correction 
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Discussion 

General criticisms of all the articles in this 

review are that they are retrospective, use 

small sample sizes, and often tend to report on 

quite different etiologies of tibia vara, which 

may respond differently to any one treatment. 

This is perhaps understandable, given that 

Blount disease is quite uncommon, and it 

takes most authors several years to gather 

enough data for a small series, even in 

specialized centers. They mostly have 

relatively short follow-up periods, considering 

these are surgical interventions in the long 

bones of children who are still growing. There 

is also some variability in the description of 

deformities. Particularly in the earlier articles, 

the authors would quote deformities in 

degrees of varus or valgus without defining 

how that measurement was derived. In later 

articles, greater standardization is seen, 

largely because of the work of Paley et al. 

[38] starting in the early 1990s. Positive 

points to take from the series generally is that 

whichever treatment modality was used, the 

general complication rate was extremely low. 

In particular, of all 328 high tibial 

osteotomies, there was only one documented 

case of compartment syndrome. Even 

excluding the 62 cases with prophylactic 

fasciotomy, there were 265 osteotomies 

without this complication. There were no 

cases of nonunion, three cases of deep 

infection, and 11 cases of peroneal nerve 

palsy. Ten of these were in the AC group. All 

but one was transient, and none was 

permanently disabling. Superficial pin track 

infections in the external fixator cases were 

not common and resolved with oral 

antibiotics. Suggestions for future research 

would be to collect data prospectively, to use 

the same modality of stabilization, and to 

exclude patients needing more than one 

procedure on the same limb 

Conclusion: 

There is weak (level III) evidence that gradual 

correction using a Taylor Spatial Frame 

provides a more accurate correction of the 

mechanical axis than acute correction with a 

monolateral frame. There is no evidence that 

either technique leads to a higher reoperation 

rate or a higher rate of compartment 

syndrome. There is evidence that acute 

correction is associated with a higher risk of 

peroneal nerve palsy, but most cases are 

transient. 
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