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Abstract

Purpose  Surgical treatment in advanced-stage infantile 
Blount’s disease with medial plateau (MP) depression is chal-
lenging. Several osteotomies and fixation methods have been 
described with no established benchmark. We conducted this 
study to evaluate the efficacy and safety of a new single-stage 
technique for acute medial condyle elevation and metaphy-
seal osteotomies with internal fixation.

Methods  A prospective case series of 19 consecutive patients 
(21 knees) with severe infantile Blount’s disease underwent 
a single-stage MP elevation and metaphyseal osteotomies, 
with internal fixation. The mean age was 10.3 years (8.2 to 
13.6) and the mean follow-up was 5.1 years (3.2 to 8.3). The 
outcome measures included clinical and radiological param-
eters and patient-reported pediatric outcomes data collection 
instrument (PODCI) score.

Results  The mean PODCI score improved significantly from 
50% to 88%. The mean internal tibial torsion improved 
from -27° to 11°. All cases maintained full knee extension, 
no limitation in flexion range of movement and no signs of 
instability or lateral thrust gait. All the radiographic param-
eters improved significantly; the mean tibiofemoral angle 
improved from -29° to 7°, the metaphyseal-diaphyseal an-
gle improved from 33.4° to 4.7° and the angle of depressed 
MP  improved from 38.3° to 2.4° (p < 0.001). At the latest 
follow-up, no cases of deformity recurrence were identified, 
the final limb-length discrepancy was < 1 cm in all patients.

Conclusion  Single-stage MP elevation and metaphyseal os-
teotomies with internal fixation significantly improved the 
clinical and radiographic parameters and PODCI score in 
advanced infantile Blount’s disease and precluded the use 
of external immobilization, with no evidence of deformity 
recurrence.

Level of evidence:  IV
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Introduction
Blount’s disease is a developmental condition that results 
from disordered endochondral ossification of the pos-
teromedial part of the proximal tibial physis. Although 
the initial description by Blount1 referred to the condition 
as “tibia vara”, implying a solely coronal malalignment, 
subsequent studies revealed a complex multiplanar defor-
mity of the lower limb.2-4 This comprises proximal tibial 
varus, procurvatum and internal tibial torsion (ITT). Infan-
tile Blount’s disease occurs before four years of age, and 
when not managed early, the deformity progresses with 
depression of the medial plateau (MP).4,5

Langenskiold and Riska6 classified infantile Blount’s 
disease into six progressive stages based on their radio-
graphic appearance. In late-presenting cases (stages V 
and VI), an excessive downward sloping of the MP results 
in increased ligamentous laxity. The knee instability arises 
from the incongruency of the tibiofemoral articular sur-
faces with excessive varus thrust during stance phase of 
gait, and significantly affects lower limb function and gait 
kinematics.3-7 Premature fusion of the medial proximal tib-
ial physis in stage VI leads to rapid deformity progression, 
limb-length discrepancy (LLD) and inevitable recurrence 
after simple osteotomies with reported rates up to 60%.8,9 
Long-term reports have confirmed the progressive nature 
of the disease, ending up with an awkward gait, excessive 
varus thrust, knee pain and premature arthritis.4,7
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The goal of treatment of Blount’s disease is to restore 
a normal limb alignment, congruence of tibiofemoral 
articular surfaces, equal limb lengths at skeletal maturity 
and to prevent recurrence.2 Different techniques have 
been described for angular and rotational correction, 
including closing wedge, opening wedge, dome, serrated 
and oblique osteotomies.5 Additionally, different fixation 
methods have been employed, including cast immobili-
zation,10 Kirschner-wires, screws,11 plates12 and external 
fixators.8,13-15 A simple metaphyseal osteotomy may correct 
the metaphyseal source of varus and ITT, but does not 
restore the normal knee anatomy and joint congruence 
with persistent varus instability and varus thrust. Attempts 
to restore the congruency of the tibiofemoral articular sur-
faces by MP elevation have been described with encour-
aging clinical results.2,8,10,11,13,14,16-19 Nonetheless, consensus 
on osteotomy details and methods of fixation has not 
been established. Furthermore, MP elevation osteotomy 
adds to the complexity of surgical treatment and increases 
the risk of complications. The previously described tech-
niques for MP elevation are technically demanding and 
carry potential risks of intra-articular fractures, medial 
condyle displacement and inadequate MP elevation with 
persistent lateral laxity.15,20 This has also raised difficulty 
in decision-making about fixation methods, acute versus 
gradual elevation, need for bone grafting and single-stage 
versus two-stage correction.8,10,12-14,16,19

Gradual distraction using Ilizarov/external fixation 
methods may be adversely associated with pin-site irrita-
tion, interference with rehabilitation, pin-tract infection, 
pin breakage, premature consolidation, undercorrection 
and deformity recurrence.8,14,17,18,21 In addition, many of the 
reported internal fixation methods did not offer optimum 
rigidity, stable enough to preclude the use of a postop-
erative plaster immobilization and start early knee range 
of movement (ROM), with the risk of medial condyle dis-
placement, loss of correction and revision surgeries.10-12

MP elevation combined with a second metaphyseal 
osteotomy is often termed a double-elevating osteot-
omy.9,12,14,15 This technique is infrequently discussed in 
the literature and to the best of our knowledge there 
are no previous reports employing rigid internal fixa-
tion methods for both osteotomies. We present a tech-
nique for single-stage acute deformity correction in 
late-presenting infantile Blount’s disease through a single 
medial approach. An ‘inside-out’ osteotomy technique for 
acute MP elevation is described that preserves the articu-
lar hinge and allows for acute MP elevation with precise 
joint-levelling, while avoiding the potential risk of intra-ar-
ticular fractures and medial condyle displacement. This is 
coupled to a second oblique-plane metaphyseal osteot-
omy for simultaneous correction of varus and ITT. Both 
osteotomies are fixed with a proximal tibial locking com-

pression plate (LCP). We hypothesize that this technique 
would provide a safe and effective single-stage manage-
ment of the complex deformity in severe infantile Blount’s 
disease; restoring joint congruence, offering rigid internal 
fixation, avoiding plaster immobilization, as well as avoid-
ing the adverse effects of gradual distraction by external 
fixation.

Patients and methods
All patients in this series were classified as early-onset or 
infantile Blount’s disease (deformity beginning at less than 
four years).4 Inclusion criteria were advanced-stage infan-
tile Blount’s disease (V and VI according to Langenski-
old and Riska6), with an angle of MP depression11 > 20º, 
metaphyseal-diaphyseal angle22 > 16º and age older than 
eight years to limit the potential LLD since the procedure 
involves definitive proximal tibial epiphysiodesis. Progres-
sive knee varus deformity secondary to a cause other than 
Blount’s disease, early-stage Blount’s disease (stages I to 
IV), patients younger than eight years and those who had 
developed arthritic changes were excluded. 

This prospective case series from a single institution 
included 19 consecutive patients (21 limbs), conducted 
during the period from 1 March 2010 to  1 March 2017. 
The study included six male and 13 female patients. The 
mean age was 10.3 years (8.2 to 13.6). The right side was 
affected in nine limbs and the left side in 12 limbs. Seven 
patients (eight limbs) had previous surgery, including 
simple metaphyseal osteotomies in four patients (four 
limbs) and failed guided growth surgery in three patients 
(four limbs). The minimum period from their last surgical 
intervention to the index procedure was one year. Two 
children were affected bilaterally, surgeries on both limbs 
were spaced by six months. The mean follow-up was 5.1 
years (3.2 to 8.3). No patients in this series were lost in 
the follow-up. Institutional review board approval was 
obtained prior to conducting the study.

Clinical evaluation

The spectrum of complaints included medial and lateral 
knee pain, limp, interference with daily activities, cosmetic 
concerns due to progressive varus deformity and walking 
difficulty. Examination included goniometric assessment 
of knee ROM, flexion and extension. Knee stability was 
assessed by stress testing of medial and lateral collateral 
ligaments in full extension and 30° flexion. Varus thrust 
gait, defined as accentuation of varus malalignment and 
lateral knee translation during stance which partially cor-
rects during swing, was assessed by observational gait 
analysis. To avoid interobserver variation, knee instability 
and varus thrust were coded as positive findings without 
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Fig. 1  Radiographic assessment: a) mechanical axis of the lower limb, the line joining the centre of the hip to the centre of the ankle; 
b) mechanical lateral distal femoral angle, lateral angle between the mechanical femoral axis and the intercondylar line; c) medial 
proximal tibial angle, the medial angle between the mechanical axis of the tibia and a line parallel to the medial tibial condyle; 
d) tibiofemoral angle, angle created by the intersection of tibial and femoral anatomic axes; e) metaphyseal-diaphyseal angle, angle 
created by the intersection of a line through the transverse plane of the proximal tibial metaphysis with a line perpendicular to the 
long axis of the tibial diaphysis; f) angle of depression of medial plateau, formed by a line drawn parallel to the proximal margin of the 
medial plateau intersecting a line drawn parallel to the lateral plateau of the tibia; g) posterior proximal tibial angle, the angle between 
the tibial anatomic axis and the medial plateau line in the sagittal view.

grading. ITT was assessed clinically in prone position with 
90° knee flexion. The angle of tibial torsion was mea-
sured between the thigh axis and the hindfoot axis. ITT 
was assigned a negative angle and external torsion was 
assigned a positive angle. A Staheli’s rotational profile23 
was completed for evaluation for concomitant increased 
femoral anteversion.

Functional outcome assessment

A patient/parent-reported assessment questionnaire 
was used, based on the patient-reported paediatric out-
comes data collection instrument (PODCI) developed by 
the American Academy of Orthopaedic Surgeons.24 The 
questionnaire has previously proven valid and reliable 
for patient-reported satisfaction after surgery for Blount’s 
disease.25

Radiographic evaluation

Full-length standing anteroposterior radiographs with 
patellae facing forwards and LLD corrected by blocks 
under the short side were obtained, as well as standard 
anteroposterior and lateral radiographs of the knee and 

tibia. CT scans with 3D reconstructions were obtained to 
help preoperative planning, particularly delineating the 
posteromedial slope of the MP and ideal graft positioning. 
Radiographic classification was done according to Lan-
genskiold and Riska.6 For validity, radiographic interpreta-
tions were performed by the non-operating surgeons. The 
following radiographic parameters were obtained (Fig. 1): 
mechanical axis of the lower limb,26 mechanical lateral 
distal femoral angle (mLDFA),26 medial proximal tibial 
angle (MPTA),26 tibiofemoral angle (TFA),27 metaphyseal-
diaphyseal angle (MDA),22 angle of depression of MP 
(ADMP),11 posterior proximal tibial angle (PPTA)26 and 
LLD.28

Surgical technique

Surgery was performed under general anaesthesia with 
the use of tourniquet. A prophylactic dose of antibiotics 
was administered at induction of anaesthesia. The patient 
was positioned supine on a radiolucent table allowing free 
imaging from the hip to the ankle for intraoperative visual-
ization of mechanical alignment. Surgery was performed 
by one of the three senior authors (MMB, HMH, MAM). 
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Fig. 2  Inside-out osteotomy technique for medial plateau elevation on the left leg: a) anteromedial longitudinal incision with 
subperiosteal exposure of the tibial surface; b) a 2.0-mm guide wire (white arrow) drilled anteroposteriorly 1 cm below the joint 
line and midway between the tibial eminences. The guide wire is slowly advanced till it engages the posterior Hohman retractor. In 
the lateral view, this wire was 1 cm below the joint line and parallel to the posterior tibial slope. An anteroposterior hole is created 
by over drilling the wire by a 5-mm cannulated drill bit. This patient had received previous guided growth surgery. The screws of the 
guided growth plates were broken and were decided to be left in place during index surgery to act as physeal markers for the lateral 
epiphysiodesis; c) a Gigli saw is passed from anterior through the drilled hole (white arrow) and retrieved posteriorly (black arrow), 
Hohman retractor protecting the patellar tendon (asterisk), the reflected posterior periosteum (white arrow head); d) the osteotomy is 
completed from inside outwards with attention to keep the direction of cutting at first parallel to the tibial axis then curving medially, 
instead of aiming medially from the start. This preserves bone stock of the medial condyle especially in cases with severe depression; 
e) gradual medial plateau elevation using a laminar spreader; f) elevation continues until the medial and lateral plateau surfaces were 
perfectly parallel. Elevation was made easier with the knee held in valgus by an assistant to increase room for the medial compartment. 
The articular hinge remains intact despite acute elevation; g) the fibular graft inserted anterior to the laminar spreader; h) the graft 
is impacted to support the elevated condyle and the laminar spreader is removed, the plateau remains levelled. Posterior plateau 
depression can be corrected at this point by placing the graft more posteriorly and confirmed under fluoroscopy. 

The procedure is divided into four parts:
(a) Epiphysiodesis of lateral part of the proximal tibial 

physis and the fibula, performed by percutaneous curet-
tage and drill holes traversing the physis. 

(b) Fibular osteotomy at the junction between the mid-
dle and distal thirds to ease valgization. A 2-cm segment 
was resected to be used later as structural support for MP 
elevation.

(c) Medial plateau elevation. The anteromedial surface of 
the tibia was approached through a 15-cm longitudinal inci-
sion extending from the level of joint line downwards, mid-
way between the anterior tibial crest and the posteromedial 
tibial border. The pes anserinus insertion was retracted 
posteriorly to expose the anteromedial tibial surface. The 
osteotomy exit is planned to be distal to the medial col-
lateral ligament attachment. Subperiosteal dissection was 
continued posteriorly, elevating the medial gastrocnemius 
and popliteus in a direction aiming at the centre of the 
tibial plateau posteriorly. A blunt Hohmann retractor was 
placed and strict subperiosteal placement was confirmed to 
protect the neurovascular structures. Dissection continued 
anteriorly towards the centre of the tibial plateau behind the 

patellar tendon, and a second Hohman retractor was put in 
place. To avoid the risk of intraarticular fracture and medial 
condyle displacement, an ‘inside-out’ osteotomy technique 
was utilized to keep the articular hinge intact (Fig. 2). 

(d) Metaphyseal osteotomy. The elevated MP restores 
the articular congruence, but only partially corrects the 
tibial mechanical axis which remains distorted in varus at 
the metaphyseal-diaphyseal junction. A single oblique-
plane osteotomy was performed for simultaneous correc-
tion of varus and internal torsion (Fig. 3). This osteotomy 
was found to lessen the amount of the inevitable transla-
tional deformity induced at the osteotomy level with acute 
correction (osteotomy rule 2),26 and hence the easier seat-
ing of the plate to the anteromedial tibial surface. Upon 
completion of the osteotomy, the distal fragment was 
rotated externally resulting in simultaneous valgus and 
rotational correction. Rotational alignment was checked 
by realigning the tibial tubercle with the second toe. Fron-
tal-plane alignment was confirmed with an electrocautery 
cord stretched across the skin from the centres of the hip 
to the ankle. This should pass midway between the tibial 
eminences on an AP view of the knee. 
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Fig. 3  The second oblique-plane metaphyseal osteotomy for correction of residual varus and internal tibial torsion: a) the osteotomy 
starts 1 cm below the tibial tubercle (black arrow) and directed superiorly at an angle 45° to the tibial shaft. The osteotomy can be 
temporarily supported by Kirschner-wires while the limb alignment is checked for frontal and rotational alignment. The first osteotomy 
can be seen elevated by the impacted fibular strut (white arrow); b) a proximal tibial locking compression plate applied to the medial 
tibial surface. The oblique metaphyseal osteotomy can be seen behind the plate (black arrow); c) the final alignment with the plate 
applied. No iatrogenic translational deformity is induced at the metaphyseal osteotomy and the plate is easily seated to the medial 
surface. The overlapping shadows as the distal fragment rotated externally resulting in simultaneous valgus correction (black arrow). A 
4.5-mm compression screw applied first (black arrowhead) to provide buttress effect to the elevated medial condyle. Proximal locking 
screw (white arrow) placed in the epiphysis to hold the elevated medial condyle, and crossing the midline to ensure effective lateral 
epiphysiodesis.  

Internal fixation. Both osteotomies were then fixed by 
a single 4.5-mm proximal tibial LCP (Synthes AG, Davos, 
Switzerland) (Fig. 3c). The plate was placed on the medial 
tibial side to buttress the elevated medial condyle. Proxi-
mal locking screws of the plate were placed in the epiph-
ysis to hold the elevated medial condyle, and crossing the 
midline to ensure effective lateral epiphysiodesis. Wound 
closure in layers was done with placement of a suction 
drain. 

Additional procedures

One case in this series had concurrent medial distal femo-
ral hemiepiphysiodesis by 8-plate to address distal femoral 
valgus secondary to medial femoral condyle hypertrophy. 
The 8-plate was removed after five months after a neutral 
mechanical axis was restored on standing long film.

Postoperative management

No plaster or slab immobilization was applied. The 
patients were allowed to start passive and active knee 
ROM exercises, as well as quadriceps strengthening exer-
cises. Closed chain kinetic exercises in the form of active 
and passive heel slides in bed, as well as knee flexion and 

extension in the sitting position were instructed early after 
surgery. Patients were kept toe-touch bearing on the oper-
ated side for six weeks. Radiographs were then repeated 
to start progressive weight-bearing accordingly and then 
repeated every month till full consolidation of both oste-
otomies is achieved.

All patients were re-evaluated at six-month intervals till 
the latest follow-up. Clinical and functional assessment 
using the PODCI score, goniometric knee ROM measure-
ments and radiographic measurements were assessed 
at six months after surgery and repeated at the final fol-
low-up. Undercorrection was defined as medial mechani-
cal axis deviation with respect to the centre of the knee on 
full-length standing radiographs and/or anatomical TFA 
< 0° and/or ADMP > 10° with persistent lateral laxity or 
varus thrust gait. Deformity recurrence was defined as a 
medial mechanical axis deviation with respect to the centre 
of the knee on standing radiographs26 and/or anatomical 
TFA < 0°. For validity of results, postoperative assessments 
were performed by the non-operating surgeons. 

Statistical analysis

Pre- and postoperative values were compared for each 
case. Results were analyzed using the Statistical Package 
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Table 1  Improvements in the clinical parameters and paediatric outcomes data collection instrument (PODCI) score

Parameters Preoperative Postoperative p-value Significance

PODCI score, % Mean (sd) 50.98 (19.92) 88.81 (4.95) < 0.001* S
Range 30.5 to 85.5 82 to 97
95% CI 41.91 to 60.04 86.56 to 91.06

Tibial torsion, ° Mean (sd) -27.43 (8.68) 11.88 (2.71) < 0.001* S
Range -49 to -13 7 to 16
95% CI -31.38 to -23.48 10.65 to 13.11

Lateral laxity (%) Negative 0 (0) 21 (100) < 0.001** S
Positive 21 (100) 0 (0)

Varus thrust (%) Negative 2 (9.52) 21 (100%) < 0.001** S
Positive 19 (90.47) 0 (0)

Knee flexion (°) Mean (sd) 130.67 (12.00) 132.14 (11.24) 0.219* NS
Range 110 to 155 115 to 150

Knee extension (°) Median 0 0 0.011*** S
IQR -5 to 0 0 to 0
Range -15 to 0 -5 to 0

CI, confidence interval; S, significant; NS, non-significant; IQR, interquartile range
*paired t test
**McNemar test
***Wilcoxon signed rank test

Fig. 4  A 9.3-year-old girl with bilateral late-presenting Blount’s disease: a) preoperative varus malalignment; b) bilateral advanced-
stage Blount’s disease with significant medial plateau depressions on standing radiographs. The patient had received a previous 
hemiepiphysiodesis that failed with broken screws. The screws were left in place, acting as physeal markers; c) and d) six months 
postoperative radiographs, all osteotomies have consolidated; e) front and back coronal and rotational alignment at four-years 
postoperatively; f) maintained knee flexion range of movement; g) and h) anteroposterior and lateral radiographs upon plate removal.

for Social Science (SPSS 20; IBM Corp., Armonk, New 
York). Analytical statistics; the paired t-test, McNemar test 
and Wilcoxon signed rank test were used to assess the sta-
tistical significance. A p-value ≤ 0.05 was considered statis-
tically significant. Correlation analysis (Pearson’s method) 
was used to assess the strength of association between 
two quantitative variables, correlation coefficient ‘r’  = 0.6 
to 0.79 were considered as a strong correlation.

Results
Clinical parameters

Since only cases with advanced-stage Blount’s dis-
ease were included, with significant MP depression and 
metaphyseal varus, all patients in this series notably had 
lateral ligamentous laxity in full knee extension. Varus 
thrust gait was recorded in all except two patients. The 
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Table 2  Improvements in the radiographic parameters

Preoperative Postoperative Paired 
t-test

Mean (sd) Range 95% CI Mean (sd) Range 95% CI p-value Significance
TFA  (°) -29.66 (10.39) -51 to -15.5 -34.39 to -24.93 7.05 (1.21) 5 to 9.5  6.5 to 7.6 < 0.001 S
mLDFA (°) 84.14 (3.23) 75.5 to 89.5 82.67 to 85.61 85.57 (1.91) 81 to 90 84.7 to 86.44 0.019 S
MPTA (°) 47.10 (12.11) 30 to 69.5 41.58 to 52.61 86.36 (3.05) 79 to 90.5 84.97 to 87.75 < 0.001 S
ADMP (°) 38.31 (10.73) 21.5 to 53 33.42 to 43.2 2.46 (1.85) 0 to 6.6 1.62 to 3.3 < 0.001 S
MDA (°) 33.45 (6.83) 22 to 46.5 30.35 to 36.56 4.76 (1.42) 2 to 6 4.12 to 5.41 < 0.001 S
PPTA (°) 70.74 (7.97) 49.5 to 85.5 67.11 to 74.37 81.43 (3.12) 75 to 86 80.01 to 82.85 < 0.001 S
LLD (cm) 1.64 (0.72) 0.4 to 2.6 1.29 to 1.99 0.40 (0.22) 0.2 to 0.8 0.29 to 0.51 < 0.001 S

CI, confidence interval; S, significant; TFA, tibiofemoral angle; mLDFA, mechanical lateral distal femoral angle; MPTA, medial proximal tibial angle; ADMP, angle of 
depressed medial plateau; MDA, metaphyseal-diaphyseal angle; LLD, limb-length discrepancy

gait pattern improved in all patients; the percentage of 
patients with a positive lateral laxity and varus thrust 
declined significantly (Table 1). All patients maintained 
full knee extension at the final follow-up (Fig. 4). Tibial 
torsion was corrected significantly from a mean 27.4° (sd 
8.68°) of internal torsion to 11.8° (sd 2.71°) external tor-
sion (p < 0.001). The mean PODCI score improved signifi-
cantly from 50.9% (sd 19.92%) preoperatively to 88.8% 
(sd 4.95%) at the latest follow-up (p < 0.001).

Radiographic parameters

Nine limbs were classified as stage V, while 12 limbs were 
classified as stage VI. All the radiographic parameters 
improved significantly after the procedure and were main-
tained to the latest follow-up (Table 2, Fig. 4). Osteoto-
mies completely united at an mean of 4.8 months (3.5 to 
6). The mean anatomical TFA was significantly corrected 
from -29.6° (-51° to -15.5°) to 7.0° (5° to 9.5°). The ADMP 
also significantly corrected from a mean of 38.3° (21.5° 
to 53°) to 2.4° (0° to 6.6°). The mLDFA showed a less sig-
nificant correction compared with the other radiographic 
angles. No cases of deformity recurrence were identi-
fied at their latest follow-up. In all cases, LLD at the final 
follow-up was < 1 cm. No cases required a second-stage 
tibial lengthening.  

Complications

One patient who had three metaphyseal osteotomies prior 
to the index procedure developed a superficial infection 
at the proximal end of the surgical wound. This resolved 
with antibiotics and dressings alone. This patient has 
union of both osteotomies at 3.5 months and had a final 
PODCI score of 82% at three years follow-up. Two patients 
had irritation by prominent hardware at the proximal tibia 
and had elective plate removal three years after surgery 
in one patient and four years after surgery in the other. 
Their corrections were maintained to the latest follow-up 
with no evidence of recurrence. Two patients developed 
hypertrophic scar formation. No cases of deformity recur-
rence, hardware failure, transient or permanent neuro-
logic injury were found till the final follow-up.

Discussion
The current study evaluates the safety and efficacy of a 
new surgical technique for double-elevating osteotomy 
that allows acute correction of MP depression, restoring 
joint congruity, with a second osteotomy for correction 
of residual metaphyseal varus and ITT. A technique that 
allows acute MP elevation to be conducted safely is also 
presented, and the authors believe this is the first study to 
utilize rigid internal fixation for fixation of both osteoto-
mies, precluding external immobilization and allowing for 
early postoperative ROM.

The previously described techniques for MP elevation 
were associated with potential risks of intra-articular frac-
tures, medial condyle displacement and inadequate MP 
elevation with persistent lateral laxity.15,20 Furthermore, 
studies conducting gradual elevation with Ilizarov have 
reported various complications, including pin-site irrita-
tion, interference with rehabilitation, pin-tract infection, 
pin breakage, premature consolidation, undercorrection 
and deformity recurrence.8,14,17,18,21 A summary of previ-
ous studies with similar procedures, fixation methods and 
complications is shown (Table 3).

Jones et al8 reported a series of seven patients with 
severe infantile Blount’s disease, performed the proce-
dure in two stages, with gradual correction using Ilizarov. 
Three patients in their series had premature consolida-
tion, two of which required revision surgery. One of these 
patients was corrected by repeat medial condyle elevation 
osteotomy with bone grafting, the second patient had 
premature consolidation with pin breakage that necessi-
tated revision of the osteotomy. Six out of seven patients 
remained in varus malalignment (mean TFA of -6°), and 
the mean ADMP was 11° after operation. Similarly, Hefny 
et al14 reported a series of five patients (seven knees) with 
gradual MP elevation and metaphyseal osteotomy using 
the Ilizarov method. The final mean TFA was -4° of varus, 
the final ADMP was corrected to a mean of 10° depres-
sion. Fitoussi et al13 reported a similar technique in six 
patients (eight knees), but performed acute MP elevation, 
with Ilizarov fixation. The final mean ADMP was 5.4°. 
They reported an overall good mechanical alignment with 
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Table 3  Summary of previous studies with similar procedures

Number 
of patients 
(limbs)

Mean age 
at surgery, 
yrs

Mean 
follow-up, 
yrs

Procedures Fixation 
method

Mean  
postoperative 
TFA (°)

Mean  
postoperative 
ADMP (°)

Recurrence 
rate (%)

Other complications 
(limbs)

Schoenecker 
et al11  

7 (7) 12.6 3.1 Single-stage (3), two-
stage (4)

Kirschner-
wires, 
screws, 
plates 

4 10 0 (0) 3 undercorrection, 1 
temporary CPN palsy

Jones et al8 7 (7) 10.5 2.4 First stage MP 
elevation, second-
stage lengthening/ 
valgus/derotation or 
lateral epiphysiodesis

Ilizarov -6 11  0 (0) 7 PTI, 3 premature 
consolidation, 2 
undercorrection, 1 pin 
breakage 

Hefny et al14 5 (7) 11.6 6.2 Single-stage double 
osteotomy, gradual 
correction

Ilizarov -4 10 0 (0) 7 PTI

Hefny and 
Shalaby20

8 (12) 9 5 Single-stage double 
osteotomy, gradual 
correction

lizarov -5 8 0 (0) 4 PTI

Fitoussi et al13 6 (8) 10.5 4.0 Single-stage, acute 
MP elevation, double 
osteotomy, lateral 
epiphysiodesis 

Ilizarov N/A 5.4 1 (12.5) 1 temporary CPN palsy, 
1 premature fibular 
consolidation, 1 deep 
infection, 1 necrosis 
around wire

McCarthy et al15 16 (22) 8.8 4.14 Acute MP elevation, 
tibial gradual 
osteotomy

Ilizarov 3 12 5 (31) 5 undercorrection, 3 
PTI, 1 septic knee

Gkiokas and 
Brilakis10

8 (9) 12 10 Single-stage Staples, 
Kirschner-
wires, 
plates, 
plaster

-2 10 0 (0) 2 slight varus 
undercorrection 

Abraham et al12 23 (29) 7.3 Single-stage, 
dome metaphyseal 
osteotomy, lateral 
epiphysiodesis 

Lateral 
plate, 
Kirschner-
wires, 
plaster

1 N/A N/A 8 undercorrection, 1 
superficial infection, 
1 deep infection, 1 
wound dehiscence, 1 
transient CPN injury, 1 
permanent partial CPN 
injury

Current study 19 (21) 10.3 5.1 Single-stage MP 
elevation, metaphyseal 
osteotomy

Medial LCP 7.05 2.46 0 (0) 1 superficial infection, 2 
hardware prominence, 2 
hypertrophic scars

TFA, tibiofemoral angle, negative values indicate varus, positive values indicate valgus; ADMP, angle of depressed medial plateau; CPN, common peroneal nerve; 
MP, medial plateau; PTI, pin-tract infection; LCP, locking compression plate 

recurrence in one patient due to incomplete lateral epiph-
ysiodesis. McCarthy et al15 retrospectively reviewed 16 
patients (22 limbs) with advanced-stage Blount’s disease 
who had acute MP elevation with concurrent metaphy-
seal gradual osteotomy. Five patients had undercorrection 
and deformity recurrence, and this was attributed by the 
authors to the gradual metaphyseal osteotomy not the 
acute MP elevation. 

Gradual distraction by Ilizarov/external fixator methods 
may be inconvenient for patients postoperatively; calcu-
lation of the rate of distraction and hinge modification 
during correction may be cumbersome and many cases 
may need Ilizarov frame adjustments. Undercorrection 
and deformity recurrence with Ilizarov has been attributed 
to premature consolidation, undercorrection, pin break-
age, frame removal before complete osteotomy consoli-
dation and that an endpoint for gradual correction based 
on mechanical axis alignment was not defined in these 
studies.8,14,15 Accordingly, gradual correction by Ilizarov 
may be reserved for cases where there is a poor soft-tissue 
envelope, when significant LLD needs to be simulta-

neously addressed and for adolescent tibia vara where 
depression of the MP is less severe.12

The current study constitutes evidence that utilizing a 
single-stage MP elevation and metaphyseal osteotomies 
with rigid internal fixation has significantly improved the 
clinical and radiographic parameters in late-presenting 
infantile Blount’s disease; restoring joint congruence, 
offering rigid internal fixation, avoiding plaster immobili-
zation, as well as avoiding the previously reported adverse 
effects of gradual distraction. The technique described in 
the present study has demonstrated several advantages. 
Acute intraoperative MP elevation permitted precise lev-
elling up with the lateral plateau that can be confirmed 
intraoperatively under image intensifier, with restoration 
of knee joint congruence. The described ‘inside-out’ tech-
nique for medial condyle osteotomy preserves an intact 
cartilaginous hinge. The drilled anteroposterior hole 
reduces the stress concentration drastically in this area by 
reducing the notch effect, preventing crack propagation 
into the articular surface. This has allowed safe elevation 
of even largely depressed MP, while avoiding the risk of 
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intra-articular fracture, medial condyle displacement and 
loss of correction. Acute elevation of ADMP as high as 
53° was safely conducted in the current study without 
intra-articular fractures occurring in any case.

Additionally, the acute elevation has shown consistent 
healing potential with rapid filling of the acute defect, 
obviating the need for gradual distraction or massive bone 
grafting, only a 2-cm fibular strut to maintain elevation 
while fixation is being carried out. Our results have not 
shown any union problems or soft-tissue complications, 
and at the same time avoids the adverse effects and com-
plications reported with gradual distraction.8,14,18,21 The 
presented technique has achieved a greater mean eleva-
tion of the MP (mean postoperative ADMP of 2.46°(sd 
1.85°)) compared with studies employing gradual distrac-
tion (Table 3). It also allowed correction of the posterior 
slope by placing the graft posteriorly with confirmation 
under an image intensifier. A similar technique for MP 
elevation using a Gigli saw has been described before 
in a single report by Hefny et al,20 but in the setting of 
gradual elevation by Ilizarov. The authors highlighted its 
safety regarding avoiding potential risk of intraoperative 
fractures, which the current study has demonstrated fur-
ther, permitting a confident acute correction with precise 
intraoperative joint levelling. Compared with the current 
study, the previously reported technique with gradual 
correction has achieved a mean postoperative ADMP of 8° 
with a mean limb alignment of 4° of varus TFA.

After MP elevation and restoration of articular con-
gruity, the tibial mechanical axis will remain distorted in 
varus at the metaphyseal-diaphyseal junction. A second 
metaphyseal osteotomy was conducted for simultaneous 
correction of residual varus and ITT. This was performed 
as a single oblique-plane osteotomy, allowing simulta-
neous valgization and external rotation (Figs 3a and 3b). 
When compared with conventional osteotomy techniques 
such as transverse and closing wedge, the oblique-plane 
osteotomy has been favourably reported to avoid creat-
ing iatrogenic translational deformities previously noted 
with acute correction.5,16 We utilized this particular fea-
ture to minimize the amount of translation and hence 
it was easier to adapt the plate to the tibial surface (Fig. 
3c). The osteotomy also provides a larger healing surface 
area and avoids unnecessary limb shortening with clos-
ing wedge techniques. Oblique tibial osteotomy has been 
described before and has proven to be effective in acute 
correction of both varus and ITT deformities in Blount’s 
disease,29,30 but has never been performed with MP eleva-
tion or internal fixation. Utilizing this osteotomy, our data 
has demonstrated significant correction of the mean ITT 
(from -27.4° to 11.8° external torsion) and the MDA (from 
33.4° to 4.7°). Combined with MP elevation, a significant 
correction of the lower limb alignment has been estab-

lished. The mean TFA and MPTA have been corrected to 
physiological values of 7.0° and 86.3°, respectively (Table 
2), and were maintained to the final follow-up.

Since most cases of Blount’s disease have nearly equal 
degrees of MDA and ITT, a 45° upward-sloping cut from 
distal-anterior to proximal-posterior has been appropriate 
for clinical correction in all cases, and variations in inclina-
tion angle have not proven to be necessary.29 The original 
description of oblique osteotomy only relied on limited 
internal fixation by screws and had to use postoperative 
cast immobilization. In the current study, a proximal tib-
ial LCP was used and served several functions. It secures 
both the MP elevation and metaphyseal oblique osteot-
omies, provides a buttress effect to the elevated medial 
condyle being applied to the medial surface; the proxi-
mal screws traverse the epiphysis from medial to lateral 
to ensure lateral epiphysiodesis (Fig. 3c). The plate also 
provides rigid internal fixation that precludes postopera-
tive immobilization, allows early knee ROM and improves 
patient’s postoperative satisfaction. The plate also offered 
sufficient rigidity of fixation that avoided loss of correction 
previously reported with screw-only fixation.29

A single-stage double elevating osteotomy with inter-
nal is infrequently discussed in the literature. Gkiokas and 
Brilakis10 conducted acute MP elevation and metaphyseal 
osteotomies on a series of eight patients (nine limbs). A 
closing wedge was resected from the metaphyseal oste-
otomy that was used to support MP elevation. They relied 
on staples, Kirschner-wires and plates for fixation of the 
metaphyseal osteotomy, and Kirschner-wires for the ele-
vated MP with postoperative plaster immobilization in all 
cases. Mechanical axis alignment was not used to assess 
their correction and recurrence, instead they relied on 
the TFA. The technique they reported started with the 
metaphyseal osteotomy first, achieving correction of the 
TFA of 10° to 15°, before correcting the MP depression and 
restoring joint congruence which might affect reliability 
of assessment of limb alignment. At their latest follow-up, 
only two limbs had a valgus TFA of only 2°, while the 
rest remained in varus undercorrection ranging from -8° 
to -1°. The osteotomy technique they described for MP 
elevation started from the medial bone surface towards 
the intercondylar area. Their final mean ADMP was 10°, 
in two limbs the angles were 18° and 22°, and in the 
rest of the seven limbs the angles ranged from 2° to 9°. 
This policy is different from the present technique where 
joint congruence is restored first followed by correcting 
mechanical alignment through the metaphyseal osteot-
omy so that the depressed MP and joint incongruence 
would not affect measurement of overall limb alignment. 
This would also eliminate the possible change to corrected 
limb alignment after MP elevation. Additionally, perform-
ing a lateral closing wedge metaphyseal osteotomy would 
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further increase the limb shortening in unilateral cases. 
The oblique-plane osteotomy can be regarded as more of 
a length-preserving technique.

Abraham et al12 conducted a single-stage double oste-
otomy with acute correction on a series of 23 cases (29 
limbs) with advanced Blount’s disease. They described a 
procedure through a midline anterior incision, a dome 
osteotomy above the tibial tubercle to correct metaphy-
seal varus and ITT, with application of a plate on the lateral 
tibial surface. Limb alignment was adjusted at this stage 
to neutral or 5° valgus before MP elevation. The epiphy-
seal screws of the plate were advanced only to the mid-
line, to allow for subsequent MP elevation, but did not 
offer fixation to the elevated medial condyle. They relied 
on Kirschner-wires for fixation for the elevated MP, hence 
long-leg casts were applied for up to four months. A plate 
applied to the lateral surface can secure the metaphyseal 
osteotomy, but would not buttress the elevated medial 
condyle. At their final follow-up, eight out of the 29 limbs 
(27.5%) had a varus malalignment (negative TFA) and 
only 11 of 29 (38%) had a normal joint congruence.

The ideal age for a MP elevation has not been set in 
literature. Sabharwal5 recommended an age above six 
years for a proper size of the medial condyle that can 
hold fixation. Some authors recommended an age above 
eight years10 to avoid excessive limb shortening at matu-
rity while others performed the procedure at age ten years 
and older.11 Since the procedure involves definitive proxi-
mal tibial epiphysiodesis, only cases older than eight years 
were included in the current study to limit the potential 
LLD at skeletal maturity. Despite the premature physeal 
closure, the final LLD at the latest follow-up was not sig-
nificant (< 1 cm). This was found to be consistent with 
previous reports.10

Distal femoral valgus secondary to medial femoral 
condyle hypertrophy is frequently reported with infantile 
Blount’s disease, probably in response to the facing MTP 
growth deficit.11,13 One of the cases in the current series 
was an 8.2-year-old girl with unilateral stage VI Blount’s 
disease, TFA of -21.5° and ADMP of 53°. The mLDFA mea-
sured 75.5° on preoperative radiographic assessment, 
denoting compensatory distal femoral valgus. This was 
managed by concurrent medial distal femoral epiphysiod-
esis by 8-plate. A corrected mechanical axis was achieved 
at five months after surgery and the 8-plate was removed. 
She had a final anatomical TFA of 8°, ADMP of 2.5° and 
mLDFA of 83.5°. 

The current study has several limitations. The mean fol-
low-up in this study was 5.1 years. However, all patients 
are approaching skeletal maturity at their latest follow-up. 
Despite satisfactory outcome regarding the joint congru-
ence and limb alignment, longer-term evaluation will be 
needed for confirmation of LLD at full skeletal maturity to 
determine if any length-equalizing procedure is required. 

Tibiofemoral disproportion secondary to premature tib-
ial epiphysiodesis and the resultant cosmetic concern 
needs to be addressed in further studies. Instrumented 
gait analysis to quantify varus thrust and internal torsion 
was not conducted. The authors relied on preoperative 
observational gait assessment and clinical examination 
for knee instability in full extension. This was found to 
be consistent with previously reported techniques10,13,15 
and the authors believe it did not negatively impact the 
decision or the surgical outcome. Mechanical lower limb 
alignment was determined by intraoperative fluoroscopy 
using the cautery cord stretched across the knee from 
the hip to the ankle centres. This method is frequently 
utilized and has shown a linear correlation with stand-
ing full-length radiographs.31 However, this method was 
less reliable in obese patients, and those with ligamen-
tous laxity and incongruent knees. In order to obtain a 
reliable measurement, the current technique starts with 
MP elevation first, followed by visualization of mechani-
cal alignment during the second osteotomy in limbs with 
congruent knees.

In summary, management of late-presenting infantile 
Blount’s disease is technically challenging with poten-
tial intraoperative complications. Acute MP elevation 
and metaphyseal osteotomies through the described 
technique provide a comprehensive, safe and effective 
single-stage management of this complex deformity, 
avoiding the adverse effects of gradual distraction, with 
no evidence of recurrence. The procedure demonstrated 
capability of acute correction of even large angles of 
depressed MP without the need for large bone grafts. 
The resected fibular segment adequately supported the 
elevated condyle with good incorporation. In addition, 
acute elevation with confirmation of joint levelling and 
congruence with the femoral articular surface has proven 
to be a precise correction, significantly improving knee 
instability and varus thrust. The oblique-plane metaph-
yseal osteotomy simultaneously corrected residual varus 
and ITT without iatrogenic translational deformity. Rigid 
internal fixation provided by the LCP obviates the need for 
external splinting and allows early ROM, provides buttress 
fixation to the elevated medial condyle, together with an 
epiphysiodesis effect to the lateral physis. Based on the 
presented outcomes, we recommend this procedure for 
late-presenting Blount’s disease.
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