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Acute Correction and Plate Fixation for the Management of 
Severe Infantile Blount’s Disease: Short-term Results
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Ab s t r Ac t
Purpose: The purpose of this study is to evaluate the short-term results of lateral closing wedge osteotomy with medial hemiplateau elevation 
for the management of severe infantile Blount’s disease. 
Materials and methods: In this prospective study, 11 cases of severe Blount’s disease (Langenskiold stages five and six) were managed in the 
period between January 2017 and January 2020. Double osteotomy technique was applied, namely a metaphyseal closing wedge and a medial 
hemiplateau elevation, through a single midline incision. Fixation was achieved by a medial anatomical locked plate. Patients were evaluated 
clinically according to a modified version of paediatric outcomes data collection Instrument (PODCI) and radiologically by measuring the angle 
between the tibial and the femoral shaft, the mechanical axis deviation (MAD) and the angle of the medial tibial plateau (MTP) depression.
Results: The average follow-up period was 2 years. Healing of the osteotomies was achieved in all cases after the index operation within an 
average of 3 months. Based on our modification of the PODCI score, five cases had an excellent outcome, five were good, and one case ended 
with a fair outcome. No major complications were encountered in this study.
Conclusion: The management of severe Blount’s disease by acute correction using the aforementioned technique has been proven to achieve 
acceptable clinical and radiological outcomes without significant complications.
Level of evidence: Level IV case series study.
Keywords: Blount’s disease, Closing wedge osteotomy, Double osteotomy, Hemiplateau elevation, Tibia vara.
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In t r o d u c t I o n
Blount’s disease represents a pathological angular deformity of 
the upper tibial epiphysis as a result of disordered endochondral 
ossification, which leads to a complex three-dimensional deformity; 
varus, procurvatum and internal tibial torsion.1,2

Blount’s disease may occur at an early onset (<3 years) or late-
onset tibia vara, which includes juvenile group (4–10  years) and 
adolescent group (11 years and older), with no history of trauma, 
infection or other known causes for physeal arrest. Recurrence 
after treatment is not uncommon, and the incidence can reach 
up to 50%. Recurrence results in a more complex condition as it 
involves elements of the original deformity and those resulting 
from previous surgeries.2–4

Patients with Blount’s disease usually present with an 
asymptomatic deformity, frequently with an evident lateral thrust. 
In symptomatic patients, medial or anteromedial knee pain is 
usually encountered, particularly with exercise. Tenderness may 
coexist.3,5

In Blount’s patients, according to Hueter-Volkmann principal, 
excessive loading on the medial part of the proximal tibial physis 
causes mechanical growth retardation, especially in obese children, 
which aggravates the varus deformity.2 Thus, theoretically, 
mechanical realignment with osteotomy unloads the suppressed 
physis and corrects the mechanical problem. However, significant 
depression of medial plateau in severe cases would also require 
medial plateau elevation for the correction of the existing knee 
joint incongruity.2,3

Many options are proposed for surgical management, including 
hemiepiphysiodesis, tibial osteotomy and correction using internal 

fixation by plates or stables or external fixation using Ilizarov or 
Taylor spatial frame (TSF), allowing acute or gradual controlled 
correction.2,3,5

The concept of double osteotomy, including medial hemiplateau 
elevation in severe cases, has been studied and modified since 
its first proposition.6 Most authors use graft to support the 
hemiplateau elevation and then fixation using K-wires and cast, 
Ilizarov frame, or plates. The procedure may be performed in single 
or in a staged surgery.7
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MAt e r I A l s A n d Me t h o d s
This prospective study included 11 out of 20 cases of severe Blount’s 
disease (stages V and VI), who have a true limb length discrepancy 
(LLD) less than 4 cm, with ipsilateral knee joint laxity. All patients 
with severe Blount's disease (Langenskiold stages V and VI) treated 
between 20XX and 20XX were screened for inclusion in this study. 
Exclusion criteria were patients with no joint laxity and those with 
a true LLD of more than 4 cm. Of the 20 potential cases, 9 were 
excluded, leaving 11 eligible patients. 

The parents of all included cases reported the presence of 
bilateral or unilateral knee deformity before the age of 3  years, 
which, in addition to the severity of the presenting deformity, 
was strongly suggestive that such cases were infantile Blount’s 
disease. Of the 11 cases included, 7 were stage V and 4 were stage 
VI (according to Langenskiold and Riska classification)8 at the time 
of presentation. Cases were managed and followed up in the period 
from January 2017 to January 2020, with a minimum follow-up 
period of 18 months, as an inclusion criterion. 

The age of the patients ranged from 11.5 to 15 years (average, 
13.5 years). There were six males and five females (Table 1).

Five of the included cases did not receive any previous surgical 
treatment, while the other six cases were recurrent. The first surgery 
in the recurrent group was an osteotomy and fixation either 
by K-wires or plates. The average time from the first surgery to 
presentation was 5.5 years (range from 4 to 6 years).

Preoperatively, all children complained of knee pain, varus 
deformity and a varus thrust during walking. Patients were evaluated 
clinically, according to a modified version of an adolescent paediatric 
outcomes data collection (PODCI)9 (Table 2). In our modification, 
we focused on the questions that are related to the lower limb 
function, appearance, satisfaction and pain. Questions related to the 
upper limb function, and those lacking applicability to the targeted 
population, were excluded from the original PODCI score. For each 
question, the patient is asked to select the most accurate response 

from four options, ranging from “excellent” to “poor.” The average 
preoperative modified PODCI score was 51.

Radiological evaluation was based on standing anteroposterior 
(AP) and lateral views of both lower limbs, with the patella facing 
forward, and was obtained preoperatively. The angle between the 
tibial and the femoral shaft, the mechanical axis deviation (MAD) 
and the angle of the medial tibial plateau (MTP) depression were 
measured and recorded (Fig. 1). Computed tomography scans 
were obtained in all cases to confirm the stage of the disease, the 
presence of the physeal bar and for preoperative planning.

A broad-spectrum antibiotic was given perioperatively. 
The patient was positioned supine on a standard radiolucent 
orthopaedic table. The image intensifier is placed on the opposite 
side and rotated for AP and lateral views.

Through a lateral incision, a mid-fibular osteotomy, with excision 
of 2 to 3 cm of the fibula, was performed. Two tibial osteotomies 
were performed; one for the medial plateau elevation combined 
with the insertion of the bone graft and one for the correction of 
tibial deformity, both through a single midline incision (Fig. 2).

Two K-wires were inserted to plan the lateral proximal tibial 
closing wedge osteotomy, as planned preoperatively. This wedge-
shaped osteotomy was performed about 5 cm distal to the joint line, 
below the tibial tuberosity (Fig. 3). A bony wedge was removed for 
the correction of the varus deformity. The internal tibial torsion was 
addressed and corrected with this step. The degree of correction of 
the torsion was determined mainly clinically. Preliminary fixation 
by K-wires was done.

Another two K-wires were inserted parallel to the medial 
plateau, starting from just below the beak of the depressed plateau, 
to guide the second osteotomy. Another wire was inserted from 
anterior to posterior parallel to the upper tibial slope, to guide the 
correction of the posterior slope simultaneously.

Two K-wires were inserted from lateral to medial, reaching past 
the intercondylar point where the planned medial osteotomy would 
stop, and this prevented the extension of the medial elevating 
osteotomy to the articular surface (Fig. 4A). Another method was 
to drill a small hole in the intercondylar area to prevent inadvertent 
extension of the medial elevation osteotomy to the joint surface (a 
stopper), and this method was used in four cases.

Table 1: Distribution of the studied cases according to different 
parameters (n = 11)

Number (%)
Age at the time of presentation (years)
Mean ± SD 13.5 ± 1.1
Median (min.–max.) 13.8 (11.4–15)
Sex
Male  6 (54.5)
Female  5 (45.5)
Presentation
First  5 (45.5)
Recurrent  6 (54.5)
Side
Right  5 (45.5)
Left  6 (54.5)
Stage 
IV  4 (36.4)
V  7 (63.6)
Follow-up (years)
Mean ± SD 2.2 ± 0.5
Median (min.–max.)  2 (1.5–3)

Fig. 1: Preoperative measurement of the angle between the tibial and 
the femoral shaft (angle 1), and the angle of the MTP depression (angle 2)
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Table 2: Modified PODCI score

Item Very happy Somewhat happy Not sure Somewhat unhappy Very unhappy
1 How happy is the child with how he/she looks? 1 2 3 4 5
2 How happy is the child with clothes his/her can wear? 1 2 3 4 5
3 How happy is the child with his/her ability to do the 

same things his/her friends do?
1 2 3 4 5

4 How happy is the child with his/her health in general? 1 2 3 4 5

Easy A little hard Very hard Cannot do at all
5 Can the child stand while washing his/her hand and face 

at the sink?
1 2 3 4

6 Can the child sit in a regular chair without holding on? 1 2 3 4
7 Can the child get in and out the toilet? 1 2 3 4
8 Can the child get on and off the bus? 1 2 3 4
9 Can the child bend over from standing position and pick 

up something off the floor?
1 2 3 4

10 Can the child walk the required distance? 1 2 3 4
11 Can the child run short distance? 1 2 3 4
12 Can the child use the bicycle or tricycle? 1 2 3 4
13 Can the child climb three flights of stairs? 1 2 3 4
14 Can the child participate in competitive level sports with 

other children the same age? 1 2 3 4

15 How much pain has your child had during the last week? None
1

Very Mild
2

Mild
3

Moderate
4

Severe
5

16 During the last week, how much did pain interfere with 
your child's normal activities (at home, outside and 
school)?

Never
1

Sometimes
2

Half the time
3

Often
4

Extremely
5

17 How often does your child need help from another per-
son for sitting and standing?

Never
1

Sometimes
2

Half the time
3

Often
4

All the time
5

18 How often does his/her need help from another person 
walking or climbing?

Never
1

Sometimes
2

Half the time
3

Often
4

All the time
5

19 How would you feel if your child had to spend the rest of 
his/her life with his/her bone and muscle condition as it 
is right now?

Very  
satisfied

1

Somewhat 
satisfied

2

Neutral

3

Somewhat 
dissatisfied

4

Very  
dissatisfied

5
Score range: Best score, 19; Worst score, 85; Excellent, 19–36; Good, 37–52; Fair, 53–69; Poor, 70–85

Figs 2A to C: A single midline incision is used to perform both tibial osteotomies
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Figs 3A and B: Lateral closing wedge osteotomy was performed about 5 cm distal to the joint line, below the tibial tuberosity, to correct the 
metaphyseal component of the deformity

Figs 4A to D: Steps of performing the medial hemiplateau elevation osteotomy, bone graft insertion and fixation
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A wide chisel, guided by two K-wires, was used to target 
the intercondylar area without crossing the articular cartilage; 
then, the osteotomy site was opened using a lamina spreader 
(Fig. 4B). The knee was kept in flexion for minimising the risk of 
neurovascular damage. Subsequently, the bony wedge from the 
first tibial osteotomy was inserted deeply at the osteotomy site, 
and the fibular bony part was inserted peripherally to support the 
new position and maintain the correction (Fig. 4C).

An anatomically contoured proximal tibia locking plate was 
applied, and at least two screws were inserted into the epiphysis 
and at least three bicortical screws distal to the tibial osteotomy 
(Fig. 4D). The cable test using a diathermy cable was used to assess 
the mechanical axis correction in all cases before the closure.9

The surgical wounds were closed in layers, and care was taken 
to avoid the tight closure of the fascia to prevent compartment 
syndrome. A long leg cast (plaster of paris) was applied for 2 weeks. 
Plain supine AP and lateral X-rays were obtained on the next day 
after surgery.

The rehabilitation protocol consisted of mobilising the patients 
in a hinged, non-weight-bearing knee brace after cast removal and 
wound healing. Strengthening exercises for the quadriceps and 
hamstrings were performed. The brace was removed after 6 weeks 

and partially assisted weight-bearing was allowed as tolerated. Full 
weight-bearing was initiated after 10–12 weeks, when signs of the 
radiological union were obtained (Figs 5 and 6).

During the follow-up visits, standing AP and lateral view of both 
lower limbs, with the patella facing forward, were requested, every 
6 months and at the last follow-up. The radiographic angles were 
measured and recorded. At the 18-month follow-up visit, functional 
re-evaluation of the patients was done using the modified PODCI 
score.

The obtained clinical and radiological data were and analysed 
using IBM SPSS software package version 20.0. (Armonk, New York: 
IBM Corp). The Kolmogorov-Smirnov test was used to verify the 
normality of the distribution of variables. Comparisons between 
groups for categorical variables were assessed using paired t-test, 
and it was assessed for the comparison between different periods 
for normally distributed quantitative variables. Mann-Whitney 
test was used to compare between two groups for not normally 
distributed quantitative variables. Spearman’s coefficient was used 
to correlate between quantitative variables. The significance of the 
obtained results was judged at the 5% level.

re s u lts
Out of 20 potentially eligible patients, 11 cases fulfilled the inclusion 
criteria and were included, and 9 patients were excluded; 6 of them 
were excluded due to the presence of true LLD more than 4 cm, and 
3 had no ipsilateral knee joint laxity. All the 11 included patients 
were followed up for at least 18 months and thus were eligible for 

Figs 5A to C: (A) Preoperative standing clinical photograph of both lower 
limbs; the left side shows an evident varus deformity; (B) Postoperative 
correction of the deformity is evident clinically; (C) Good flexion range 
of the operated side is maintained

Figs 6A and B: Pre- and postoperative standing X-ray scanogram of both 
lower limbs showing correction of the mechanical axis; also there is a 
partial compensation of the LLD after the surgery due to the correction 
of the deformity
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improvements that impacted patients’ satisfaction, conforming 
with the findings of Gkiokas and Brilakis,2 who reported satisfactory 
results in all their patients. Abraham et al.15 had 18 out of the 19 
patients subjected to a similar questionnaire, in which they achieved 
satisfactory results. Both used a similar technique of single-stage 
double osteotomy with hemiplateau elevation.

Lateral closing wedge osteotomy caused additional limb 
shortening; however, such shortening was not a concern, as none 
of the included cases required additional lengthening in a second 
stage. This could be explained by the fact that part of the LLD 
was caused by the deformity, which was eventually corrected. 
Furthermore, most of the included patients were approaching 
skeletal maturity. However, cases who had marked LLD (more than 
4 cm) would require Ilizarov lengthening and thus were excluded 
from this study. Gkiokas and Brilakis2 used a similar technique on 
eight cases and reported that only one case needed a second-stage 
lengthening and stated that a 3-cm discrepancy in this case was 
existent preoperatively.

Several advantages were gained using closing wedge 
osteotomy, as it does not require iliac crest bone graft in contrast 
to opening wedge5 and provides a strong bony block to support 
the medial plateau elevation securely, as originally described by 
Gregosiewicz et al.6 An iliac bone graft was used by Gkiokas and 
Brilakis2 and Abraham et al.;14 however, this was not needed in any of 
the studied cases. Another advantage of closing wedge osteotomy 
is being relatively simple, compared to dome, oblique or bamboo 
osteotomy, which are more technically demanding.15–17 In addition, 
it has a reduced risk of non-union compared to opening wedge and 
allows an earlier range of motion.18,19

In general, gradual correction with Ilizarov or TSF has yielded 
good results for the management of severe Blount’s disease. Using 
circular frames allowed for early weight-bearing and accurate 
deformity correction by frame adjustment later after surgery.20–22 
However, several drawbacks have been observed. Jones et  al.4 
reported a period of 4 months till the removal of the fixator in cases 
who did not require lengthening and up to 8 months in cases who 

the analysis. The follow-up period ranged from 1.5 to 3 years, with 
an average of 2  years. The age of the analysed patients ranged 
from 11.5 to 15 years, with a mean age of 13.8 years. There were six 
males and five females. 

According to the modified PODCI score, five cases were graded 
excellent, five were good, and one case had a fair outcome. Cosmetic 
appearance, comfort, stability during long-distance walking 
and short-distance running were the main improvements that 
impacted patients’ satisfaction. The mean postoperative modified 
PODCI score was 38.8 ± 10.7. There was a significant improvement 
compared to the preoperative score (p <0.001).

Six of the included cases underwent previous corrective 
surgeries; however, this had no statistically significant influence on 
the final functional outcome (modified PODCI score), as compared 
to the cases who had no previous ipsilateral corrective surgeries. 
LLD was >1.5 cm in all cases preoperatively (ranging from 1.7 to 
3 cm). The corrective osteotomy added a true length to the affected 
limb that ranged from 1 to 1.8 cm (mean, 1.3 ± 0.3), with all cases 
having less than 1.4 cm LLD postoperatively (mean, 0.9 ± 0.3). 

Based on Langenskiold classification, seven were stage V and 
four were stage VI. The MTP depression angle ranged from 30° to 
55° with a mean of 40.9° ± 8° preoperatively. Postoperatively, the 
mean was 6° ±  5.6° (ranging from 0° to 18°). Both Langenskiold 
stage and MTP angle had no statistically significant influence on 
the final functional outcome.

The preoperative tibiofemoral angle ranged from 28° to 44° 
with a mean of 36.6° ± 5.1°. Our aim was to correct to a neutral 
or to a slight valgus angle; 0° degree was attained in two cases; 
valgus in five cases (ranging from −3° to −10°), while residual 
varus was present in four cases (up to 8°), and this variation in 
the postoperative tibiofemoral angle (−10° to +8°) did not have a 
significant influence on the functional outcome.

Preoperative MAD ranged from 44 to 72 mm (with an average 
of 56.8  mm and a standard deviation of 9.9  mm). Postoperative 
MAD ranged from −8° to +7°. Both pre- and postoperative MAD 
did not have a statistically significant impact on the final functional 
outcome (Table 3).

Both osteotomies healed completely at an average of 
3  months postoperatively in all patients. Range of knee motion 
was maintained as all patients were able to achieve full extension 
and flexion. Two cases had erythema at wound edges observed 
within the first week postoperatively; however, both cases healed 
uneventfully after a short course of broad-spectrum antibiotics 
and repeated dressings.

dI s c u s s I o n
Management of severe Blount’s disease is usually complex. 
Correction is needed to prevent further increase in varus deformity 
and early development of osteoarthritis, also to correct the gait 
abnormality.7,11,12 Correction of such cases using only valgus 
osteotomy results in a high rate of recurrence and the need for 
reoperation. Additional elevation of the medial plateau to correct 
the joint incongruity is an essential step in severe cases with 
increased medial plateau obliquity, to reach the aim of a joint line 
that is parallel to the ground, preferably in one setting.6,13,14

Based on the modified PODCI score, out of 11 cases, 5 cases 
achieved excellent results, good outcome was obtained in 5 cases, 
and 1 case showed a fair result (satisfactory results in 90.9%).

Cosmetic appearance, comfort and stability during long-
distance walks and short-distance running seemed to be the main 

Table 3: Comparison between the pre- and postoperative measurements 
(n = 11)

Preoperative Postoperative p-value
LLD (cm)
Mean ± SD  2.2 ± 0.4  0.9 ± 0.3 <0.001*

Decrease (95% CI) 1.3 ± 0.2
Tibiofemoral angle
Mean ± SD 36.6 ± 5.1 −0.5 ± 6.2 <0.001*

Decrease (95% CI) 37.2 ± 5
MAD
Mean ± SD 56.8 ± 9.9 −1.2 ± 5.3 <0.001*

Decrease (95% CI) 58 ± 9
Depression angle
Mean ± SD 40.9 ± 8    6 ± 5.6 <0.001*

Decrease (95% CI) 34.9 ± 8.2
Modified PODCI score
Mean ± SD 50.6 ± 9.7 38.8 ± 10.7 <0.001*

Decrease (95% CI) 11.8 ± 2.1
LLD, limb length discrepancy; PODCI, paediatric outcomes data collection 
instrument; p, p value for comparing between pre and post; *statistically 
significant at p ≤0.05; CI, confidence interval
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required lengthening. Also, a period of 5.5 months till removal of 
the frame was reported by Fitoussi et  al.7 Thus, considering the 
added burden of the daily care of the fixator, the high risk of pin 
tract infection and the complexity of the construct, the option of 
internal fixation and acute correction in one sitting seems to be 
more appealing.2,22–24

Some authors report that concomitant epiphysiodesis of the 
lateral part of the proximal tibial physis should be performed to 
avoid recurrence of the deformity.8,25,26 In the current study, long 
screws were advanced through the plate, crossing from the medial 
to the lateral part of the proximal tibial epiphysis. Theoretically, they 
tether the physis, producing the epiphysiodesis effect, for both 
medial and lateral parts of the physis, which is needed to prevent 
the recurrence of the deformity. However, the exact effect cannot 
be accurately estimated, as the included patients were adolescents, 
and the anticipated remaining growth in most of the included cases 
might not be enough to confirm such effects.

In this study, one K-wire was inserted from anterior to posterior 
parallel to the posterior tibial slope of the MTP; it was used to 
guide the slope correction, which was done by elevating the 
plateau more posteriorly than anteriorly. Jones et al.4 commented 
on the importance of correcting the posterior tibial slope, stating 
that varus thrust was seen in patients whose posterior slope was 
excessive. 

In this series, the mean preoperative value of MTP depression 
angle was 40.9°, ranging from 30° to 55°. According to Schoenecker 
et  al.,26 MTP depression should be corrected when the slope 
exceeds 30°.

In all studied cases in this series, there was a significant joint 
laxity, which is also an ideal indication for MTP elevation. If there is 
no laxity, it can be due to relative joint congruence, hindering MTP 
elevation, as its elevation in this case can increase the pressure on 
the joint cartilage.

In this study, a neutral mechanical axis correction was the 
aim, because the risk of recurrence was not high, as all the 
included patients were adolescents. Overcorrection to about 10° 
is recommended by many authors.6,27 However, some advocate 
normalization of the mechanical axis.8 Considering that most 
of the patients are obese, overcorrection can result in poor 
cosmetic appearance and an awkward gait. In general, there is 
no consensus in the literature regarding the ideal alignment of 
the lower extremity. 

The study has some limitations, as it includes a relatively small 
series of cases. However, this corresponds to those in the literature, 
as such severe cases are uncommon. The relatively short-term 
follow-up is another limitation of this study, as longer follow-up 
is required to evaluate some possible complications, such as 
recurrence, MTP re-depression and cartilage degeneration. Also, the 
intraoperative cable to test that was used to assess the correction 
intraoperatively is not a very accurate method.28,29 In addition, the 
modified score that was used for functional evaluation in this study 
is not validated. The reliability, relevance and responsiveness of the 
adopted modified score for paediatric lower limb function need to 
be evaluated on a larger scale in future studies.

co n c lu s I o n
Based on the final clinical and radiographic outcomes of this 
study, it is concluded that severe degrees of infantile Blount's 
disease can be safely managed by acute correction using a 
single-stage double osteotomy with an elevation of the medial 

hemiplateau. This single-stage double osteotomy technique has 
been shown to be successful for this sample of patients and yielded 
acceptable clinical and radiological outcomes, without significant 
major complications. Furthermore, it required a relatively short 
postoperative rehabilitation period.
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