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Abstract

Infantile Blount’s disease results in multi-planar proximal tibial deformity consisting of varus, procurvatum, internal rotation and
shortening. The deformity is attributed to disordered growth of the posteromedial proximal tibial physis.

The aetiology is multifactorial. It is associated with childhood obesity and African ethnicity. The ability to differentiate between
infantile Blount’s disease and physiological bowing depends on the findings of focused clinical examination, X-ray appearance, tibial
metaphyseal-diaphyseal angle and tibial epiphyseal-metaphyseal angle.

The gold standard of treatment is proximal tibial metaphyseal corrective osteotomy before the age of 4 years. The limb should be
realigned to physiological valgus.

The recurrence rate after realignment osteotomy is high. Recurrence is associated with age at osteotomy, obesity, higher Langenskiéld
stage and medial physeal slope >60°.

The surgical management of severe, recurrent or neglected infantile Blount’s disease is challenging. Comprehensive clinical
examination and multi-planar deformity analysis with standing long leg X-rays are essential to identify all aspects of the deformity. Distal
femur coronal malalignment and significant rotational deformity should be excluded. Knee instability due to intra-articular deformity
should be corrected by elevation of the medial tibial plateau.

Lateral epiphysiodesis should be done at the same time as medial plateau elevation and when medial growth arrest is certain to
prevent recurrence.

Level of evidence: Level 5
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Introduction

Blount’s disease is an abnormality of growth of the metaphysis,
epiphyseal cartilage and osseous centre of the epiphysis." The
consequence is abrupt angulation of the proximal tibia into varus,?in
association with procurvatum and internal tibial torsion. Associated
deformities may occur in the femur and hindfoot. The disorder was
first described by Erlacher in 1922." Blount was the first to provide
a detailed description of the clinical features, X-ray findings and
treatment of 28 cases of tibia vara. Subsequently the disorder is
most commonly known as Blount’s disease or alternatively as tibia
vara.?

It is classified according to age at onset. Infantile Blount’s disease
(IBD) or early-onset Blount’s disease is recognised as progressive
tibial bowing with onset before the age of 4 years.® Thompson and
Carter divided late-onset Blount’s disease into juvenile (onset 4-10
years) and adolescent Blount’s disease (onset >11 years).

The disorder is relatively common in South Africa and it is
frequently treated by general orthopaedic surgeons. Recurrent
deformity and repeat surgery are associated with worse outcome
at skeletal maturity.> The aim of this narrative review is to highlight
key principles related to the diagnosis, evaluation, assessment of
recurrence risk, and treatment strategy selection for children with
IBD.

A literature search on Google Scholar, Medline, LWW, Scopus
and ScienceDirect was performed using the keywords ‘infantile
or early-onset tibia vara’, ‘infantile or early-onset Blount disease’,
‘infantile or early-onset Blount’s disease’. Retrieved studies and
other articles (identified from references and textbooks) were
reviewed. Studies relevant to these principles were selected for
this narrative review.

Diagnosis

It may be difficult to diagnose the cause of bow-leg deformity
between the ages of 1 and 3 years. Lower limb bowing may be
apparent, physiological or pathological. Apparent bowing is
easily identified as due to an immature gait pattern (hip flexion
and external rotation) where knee flexion is perceived as varus
due to the rotation out of the plane of gait progression.t Causes
of pathological bowing include Blount’s disease, rickets, focal
fibrocartilaginous defect (FFCD), skeletal dysplasia, or the result of
trauma or infection. Differentiation between causes of pathological
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bowing is easily made on clinical and radiological evaluation and
beyond the scope of this review. Physiological bowing and IBD is
often indistinguishable clinically and radiologically before the age of
36 months. IBD is diagnosed when progressive pathological bowing
of the proximal tibia is associated with medial metaphyseal lucency
as well as sclerosis, fragmentation and delayed ossification of the
medial epiphyseal ossific nucleus.” These classic radiographic
features as described by Langenskiéld and Riska appear between
18 and 36 months. Early diagnosis is important as earlier treatment
is associated with improved outcomes.®

Several methods should be used to make the diagnosis. As the
deformity is diaphyseal in physiological bowing, the clinical ‘cover-
up’ test is useful. This test is performed by obscuring the middle
of the tibial diaphysis with the examiner’s hand perpendicular to
the limb axis, while the other hand holds the ankle with the limb
rotated so that the patella is facing directly upward. The alignment
of the proximal tibia is assessed in relation to the thigh.5 A positive
test results if normal valgus proximal tibial alignment is absent. It
has been shown to have a sensitivity of 1.00 (95% CI [0.97, 1.03]),
specificity of 0.86 (95% CI [0.75, 0.97]), positive predictive value
(PPV) of 0.72 (95% CI [0.52, 0.92]) and negative predictive value
(NPV) of 1.0 (95% CI 0.99, 1.01).% Calculating the likelihood (+)
and likelihood (-) ratios from these findings, this test ranks between
‘excellent’ and ‘very good’ in terms of impact on likelihood.t Other
findings indicating pathological bowing is unilateral, severe and
progressive bowing with the apex of deformity located at the
proximal tibial metaphysis. Radiological features of physiological
bowing (Figure 1) include diaphyseal bowing of both the femur and
tibia, medial distal femoral and proximal tibial metaphyseal beaking,
and thickening of the medial cortices of both the femur and tibial
diaphysis. Delayed medial ossification of the distal femoral and
proximal tibial epiphyseal ossification centres results in a triangular
appearance.® Several radiographic features have been identified to
aid in diagnosing IBD. These include the metaphyseal-diaphyseal
angle (MDA), epiphyseal-metaphyseal angle (EMA) (Figure 2) and
relative contribution to varus from distal femur and proximal tibia.'
Feldman and Schoenecker found that the MDA averaged 9°+3.9°
in patients with physiological bowing and 19°+5.7° for patients with
Blount’s disease. They reported a >5% false positive and false
negative rate if the MDA was between 9° and 16° and cautioned
against using the MDA in isolation." A combination of MDA and
EMA, using the cut-off values of >10° and >20° respectively,
resulted in positive prediction for IBD with a sensitivity of 1.00 (95%

Figure 1. A: AP standing X-ray of a 30-month-old infant presenting with classic physiological bow-leg deformity; B: six-month follow-up showing marked
improvement; C: one-year follow-up showing almost complete correction of the deformity
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Figure 2. AP image of the knee of a girl aged 3 years 8 months

A: The epiphyseal-metaphyseal angle (EMA) is formed between a line
parallel to the distal surface of the proximal tibial epiphyseal ossification
centre and a line connecting the midpoint of the epiphyseal ossification
centre and the most distal point of the medial metaphyseal beak.'?

B: The metaphyseal-diaphyseal angle (MDA) is formed between a line
connecting the most distal points of the medial and lateral proximal tibial
metaphyseal beak and a line perpendicular to a line parallel to the lateral
tibial cortex (or the anatomic axis of the tibia)."?

Cl1[0.80, 1.00] and specificity 0.80 (95% CI [0.68, 0.98]) in a study
by Davids et al."?

Park et al. determined the rate of spontaneous correction in a
cohort of 174 children with physiological bowing (MDA>9°; mean
age 17.3 [12-30 months]) to be 3° at 6 months and 6° at 12 months.
As expected, there was no corresponding spontaneous correction
of MDA in 32 children with IBD.'3 Consideration of all these factors
should inform the management strategy. Close observation (clinical
and X-ray) in borderline cases is essential to avoid delayed surgical
treatment of children with IBD.

Aetiology and pathogenesis

The cause of Blount’s disease is likely to be multifactorial.™ Several
factors have been implicated and investigated. These include
a mechanical aetiology (due to its association with obesity and
reported early walking), as well as genetic factors. Aetiological
factors in Blount’s disease are often investigated and reported for
mixed cohorts of IBD, juvenile and adolescent Blount’s disease.
Obesity has been associated with Blount’s disease since the
original reports by Blount and Langenski6ld. Heuter-Volkmann law
dictates that compressive forces over the growth plate will inhibit
growth while the Delpech law states that tensile forces will result
in a growth increase.s Cook et al. using finite element analysis of
the proximal tibia, demonstrated that 30° varus corresponds with
a seven-fold increase in compressive forces on the medial side of
the proximal tibial growth plate. Lateral tensile forces were similarly
increased above normal. Single leg stance in a 5-year old obese
child with 10° varus resulted in compressive forces sufficient to
inhibit growth. In a 5-year old with 10° varus and normal weight,
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these forces (while resulting in a two-fold increase compared to
normal alignment) were not sufficient to inhibit growth.®

Scott et al. found that body mass index (BMI) and BMI percentile
were significantly (p<0.001 and p=0.003 respectively) associated
with a diagnosis of IBD in a cohort of 69 children (between 2 and
4 years of age) who presented with idiopathic bow legs. (When
combined with an MDA cut-off of >10°, BMI>22 kg/m? had a
sensitivity of 0.95, specificity of 1.00, PPV of 1.00 and NPV of
0.98.)'" Dietz et al. found a significant correlation (r=0.75, p<0.01)
between the magnitude of varus (as measured by the femoral-tibial
shaft angle) and body weight in children with Blount’s disease.'®
Similarly, Sabharwal et al. found a significant correlation (r=0.74,
p<0.0001) between mechanical axis deviation (MAD) and BMI
in IBD." This clear association between obesity and Blount’s
disease does, however, not explain why the disorder also occurs in
children with normal weight (often with severe deformity) or occurs
unilaterally in approximately 50% of cases.

Early walking has been proposed as a risk factor associated with
IBD." In contrast to obesity, no robust evidence exists to support
this. On the contrary, Bathfield found normal (average 13 months)
age of walking in a cohort of 110 children with Blount’s disease.?
More recently, Mehtar et al. confirmed this finding in a cohort of 108
children with Blount’s disease from the same area (Johannesburg,
South Africa).!

Vitamin D plays multiple roles in the musculoskeletal system, and
its association with Blount’s disease has been investigated. One
study in a cohort of patients attending an obesity clinic found 12
children with Blount’s disease, and an association with low levels
of vitamin D.?? This finding was referenced in recent literature
reviews.?3?* In a well-designed South African study, Lisenda et
al. contradicted this by reporting the prevalence of Vitamin D
deficiency in a cohort of 50 children with Blount’s disease to be
similar to that of healthy children living in the same area.?

It is clear that the aetiology of Blount’s disease is multifactorial.
Further research into environmental, nutritional and genetic fac-
tors is needed to identify at-risk children, as well as potentially
modifiable factors.

Clinical assessment

IBD is defined as pathological genu varum with onset before the age
of 4 years. In the South African context, children may present late
with severe deformity. A thorough history is important to determine
age at onset of deformity. Based on meta-analysis, children with
IBD are more likely to have bilateral disease (53% OR=4.30 95%
Cl[2.27-8.17], p<0.0001) and less likely to be male (61% OR=0.32
95% CI [0.13-0.78], p=0.01) when compared to adolescent
Blount’s disease.? Mehtar et al. confirmed these findings with 82%
being female and 64% having bilateral disease from a cohort of 108
children with Blount’s disease (44 with IBD).?!

Measuring and plotting the BMI percentile for age and sex is
essential to identify children at risk for obesity and to initiate early
intervention.

Clinical assessment of the extent of proximal tibial varus, internal
tibial torsion and procurvatum is essential. Varus instability at 15°
of knee flexion (Siffert-Katz sign) is the first sign of intra-articular
deformity due to posteromedial depression of the tibial plateau.?”
Late presentation results in significant varus instability during the
stance phase of gait as well as during full extension when the knee
is examined in the supine position.
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The lower limb rotational profile is assessed by the method
described by Staheli et al.?® Internal tibial torsion is universally
present, but internal femoral torsion may also contribute to in-
toeing, as described by Aird et al.?®

A careful assessment of proximal tibial procurvatum should be
made ensuring the patella is facing forward. This component of the
deformity may be underestimated and should be correlated with
X-ray measurements.?

Imaging

Standardised standing long films including the hip and ankle should
be obtained in the anteroposterior (AP) and lateral (LAT) plane.
Several authors have emphasised the importance of ensuring the
patella is facing forward for coronal plane deformity analysis.®*3' A
common error is placing the limb with the foot facing forward. This
leads to external rotation of the knee due to internal tibial torsion.
Procurvatum in this position appears as increased varus alignment.
Overlap at the proximal medial tibia obscures radiographic features
and prevents accurate Langenskitld staging. In addition, rotation
will result in incorrect assessment of the tibiofemoral angle (TFA)
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and MDA, making the differentiation between physiological bowing
and IBD difficult. In order to ensure analysis is accurate (as the
patella may not yet be ossified), it is critical to ensure that no more
than 60% of the proximal fibula should overlap with the proximal
tibia on the AP X-ray.3°

The classic X-ray features of IBD were described in detail by
Langenskidld as progressive changes during skeletal maturation
(Figure 3 and Table |). Lateral physeal widening in association
with Blount’s disease has also been described.®? In what could
be seen as a progression of this, Sanghrajka et al. described the
‘slipped upper tibial epiphysis’ in three children with IBD. This
entity consists of a dome-shaped metaphysis, open physis with
dissociation of the lateral borders of the epiphysis and metaphysis,
with infero-medial epiphyseal displacement (Figure 4). It may be
associated with severe obesity.® These features were not described
by the Langenskidld classification and may have implications for
management.

Multi-planar deformity analysis of long leg films is essential to
ensure comprehensive deformity correction. Distal femoral frontal
plane deformity has been described in association with IBD by
several authors. Standing standardised long leg films provide
accurate data for pre-operative planning. Gordon et al. showed
that the distal femur is either normal or has mild varus deformity.*

Figure 3. Diagram of the X-ray changes seen in Blount’s disease with progressive maturation of the skeleton?

Table I: Descriptive classification of the X-ray changes seen in Blount’s disease with progressive maturation of the skeleton?

Age (years)
Epiphysis

Physis

Metaphysis

2-3

Delayed medial
maturation

Irregular

Beak in distal and
medial direction
Abrupt varus
angulation

2.54

More pronounced
wedge shape and
poorly developed

Medial and distal
slope

Cartilage occupies
a portion of the
juxta-physeal
medial metaphysis
to form a
‘depression’

5-10 9-11 10-13
Wedge shaped Progressive Greatly deformed
Medial borderline ossification epiphysis
less clear Occupies the Articular
with islands of ‘stair-shaped surface slopes
calcification depression’ medially from
Medial border the intercondylar
irregular eminence
Thin line between Marked difference .
Progressive

Marked deepening
of the medial
‘depression’ in the
shape of a stair

epiphysis and
metaphysis in the
shape of a stair

‘Stair-shaped
depression’

between
pathological medial
and lateral physis
Partially double
physis frequently
seen

Irregular medially

‘Stair-shaped
depression’

ossification of both
branches of the
double physis
Fairly normal growth
continues laterally
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Figure 4. AP X-ray image of the knee of a 5-year-old girl with severe
obesity, IBD and features of ‘upper tibial physeal slip entity’s

Others have noted compensatory distal femoral valgus associated
with late presentation.?* Firth et al. demonstrated in a comparative
study between infantile, juvenile and adolescent Blount’s disease
that distal femoral varus may be present in all groups.®® A limitation
of this study was that long leg films were not available for all cases.
In a detailed description of multi-planar deformity analysis with
long leg films, Sabharwal et al. found no significant difference in
distal femur, proximal femur or distal tibial frontal plane alignment
in either IBD or late-onset Blount’s disease.*® Evaluation of these
studies reveals that, while the average distal femoral alignment may
be normal to slight varus, a wide range of distal femoral deformity
exists. Distal femoral alignment should be assessed in each
individual case. Sabharwal et al. also emphasised the importance
of the sagittal plane. They showed that proximal tibial procurvatum
is routinely underestimated clinically and X-ray assessment is
essential.?®

The aim of X-ray classification in IBD is to inform prognosis (to
prevent recurrence the first step is to identify the child at risk),
guide management and categorise patients reliably to facilitate
communication, records and research. No such classification exists
for Blount’s disease.

Early stages of the Langenskidld classification have been
shown to not differentiate between physiological bowing and
IBD.3” Recurrence has been associated with either Langenski6ld
stage >3% or >4.%° Unfortunately, reliability and reproducibility of
the intermediate stages of the Langenskidld classification have
been brought into doubt,*® limiting its use to predict recurrence.
While more recently Erkus et al. showed excellent inter- and intra-
observer reliability, separate assessment of the intermediate grades
was not done.*' In contrast, Du Plessis et al. from Johannesburg
showed only fair reliability (k=0.24) and reproducibility (k=0.38)
and cautioned against its use for prognostication, management
planning and research.*

LaMont et al. simplified the Langenskidld classification into three
grades in an attempt to better predict the risk of recurrence. Their
classification is based on the morphology of the metaphyseal/
epiphyseal slope. Langenskidld stages 4, 5, 6 and some stage 3 fall
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Figure 5. AP image of the knee of a 5-year-old girl with the medial
physeal slope (MPS) indicated as the angle (x) between a line drawn
along the lateral physis (A) and a line drawn along the slope of the medial
‘depressed’ proximal tibial metaphysis (B)**

into group C. They described a recurrence rate of 22.5%, 20.7%
and 71.7% in groups A, B and C respectively.*

Kling et al. measured the medial physeal slope (MPS) (Figure
5) and demonstrated an association with recurrence when this is
greater than 60°.44 Kaewpornsawan et al. confirmed an MPS angle
>60° to be the most significant factor associated with recurrence by
using multivariate logistic regression analysis.**In a paper presented
at the Combined Meeting of the Orthopaedic Associations in 2016,
Maré et al. showed in a group of 20 children with 35 limbs that an
MPS>60° was a highly significant predictor of recurrence (OR=1.4
95% CI [1.11-1.82], p=0.005) with a sensitivity of 0.79, specificity of
0.95, PPV of 0.92 and NPV of 0.87.46

Figure 6. Arthrogram of the left knee demonstrating depression of the
medial tibial plateau, delayed ossification of the medial proximal tibia, and
hypertrophy of the medial meniscus
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Ossification of the medial proximal tibia is delayed in younger
children with IBD. Subsequently the extent of the depression of
the medial tibial plateau may be overestimated on plain X-ray
(Figure 6). Arthrogram is useful intra-operatively to accurately
determine the extent of depression of the medial plateau as well as
to confirm adequate elevation.

The first MRI study focused on the intra-articular features of Blount’s
disease confirmed the depression of the medial plateau as well as
delayed ossification of the cartilaginous epiphysis.#” An abnormally
large medial meniscus with abnormal signal intensity is also a
key feature.®® Other features include cartilage intrusion into the
medial metaphysis, widening and depression of the medial physis,
widening of the lateral physis and osteochondral injury of the medial
femoral condyle.*® Mukai et al. attempted to differentiate between
physiological bowing and IBD with MRI investigation of 13 children
at an average age of 18 months.5° They demonstrated high signal
on T2-weighted images in all cases in the epiphysis, but also in the
physis and perichondral region of those more likely to develop IBD
(as determined by MDA). MRI investigation is not routine practice
for the assessment of IBD disease due to availability, expense and
possible need for sedation.?* Further research is required to define
its role in the diagnosis and assessment of IBD.

Management

Several studies have shown promising results, while others have
questioned these findings due to methodology, and the difficulty
in differentiating physiological bowing from IBD in this young age
group.’® Doubt exists about its ability to alter the natural course
of IBD.2* Children with physiological genu varum will improve
without treatment. Bracing is therefore unnecessary, difficult and
expensive. Bracing a child with confirmed IBD may result in a delay
in obtaining surgical deformity correction, which will predispose to
recurrent deformity. Further research is required to evaluate the
role of bracing on the natural history of IBD.

Once the diagnosis of IBD is confirmed, corrective proximal
tibial osteotomy before the age of 4 years decreases the risk of
recurrent deformity.’® Several techniques have been described,
including the dome (curved proximal tibial osteotomy first de-
scribed by Langenskiold in 1929)3, spike, oblique (described by
Rab)%', serrated W/M osteotomy,? transverse, open or closing
wedge osteotomies.’® No superiority of one technique over
another has been demonstrated. When performed early, the aim
is to overcorrect varus to 5-10° of valgus?2®53 while simultaneously
correcting procurvatum and internal tibial torsion.

The corrected position may be maintained by casting, internal
fixation, a combination of the two, or by external fixation.’® The
complication rate of tibial osteotomies is low.> Incision placement
is important as recurrence rate is high. An oblique incision from
proximal medial to distal lateral is ideal, as it facilitates easy
exposure of the medial tibial condyle through the same scar should
elevation be required in the future. Possible complications include
transient or permanent peroneal nerve palsy, pin-track infection,
delayed union, over- or under-correction, compartment syndrome
or vascular injury. Prophylactic anterior compartment fasciotomy
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and drain insertion is strongly recommended.'’® Normal growth
following realignment is re-established in the proximal tibia in only
50-60% of cases.®53853% [f growth resumes symmetrically, no
further treatment is necessary. If normal growth does not resume,
the deformity will recur, which is associated with worse outcome.53°

Risk factors for recurrence following
proximal tibial osteotomy

Langenskidld and Riska reported that if osteotomy and deformity
correction is performed before the age of 8 years, recurrence is
unlikely.® This has not been the experience of most other authors.
Ferriter and Shapiro found the watershed age to be 4 years and 6
months,* while Schoenecker et al. reported the age to be 5 years.5
Kaewpornsawan et al. recommended surgery before the age of
3 years to prevent recurrence.*®* Thompson et al. in a study on
58 South African children (100 limbs) found that age >4 years at
treatment (p<0.001) is significantly associated with recurrence.5

Ferriter and Shapiro showed an increased risk of recurrence in
children with BMI>97th centile.® Thompson et al. confirmed the
association between BMI>95th centile and recurrence (p=0.007).%

Higher Langenskiold stage is associated with increased risk of
recurrence. Ferriter and Shapiro reported that all children with
stage 5 and 6 recurred, with an increase in recurrence rate from
stage 2 to 4.%8 Doyle et al. found that all cases with Langenskitld 4
X-ray appearance recurred.®

Thompson et al. confirmed significance (p<0.001) of the associ-
ation between advanced Langenskiéld stage and recurrence risk.>
The poor inter-observer reliability for intermediate Langenskidld
stages limits the prognostic value of this finding. Ideally a new
classification system is required that will accurately stratify patients
according to risk for recurrence in order to better guide treatment.

The measurement of slope of MPS is a quantifiable assessment
of the severity of the distortion of the morphology of the medial
proximal tibia in IBD. Several authors have emphasised the
significance association of MPS>60° with risk of recurrence
following corrective osteotomy.4445.55

These factors have only been studied as part of retrospective
studies of relatively small, diverse patient groups. Further study to
elucidate their relative and collective value as part of a predictive
scoring system is required.

Measures to decrease risk of recurrence
following osteotomy

Several authors have recommended correction to physiological
valgus alignment.™-3353 While it is clear that under-correction
should be avoided,’® several authors have cautioned against
excessive valgus correction, as this may not remodel if normal
medial growth resumes.'® Eamsobhana et al. showed no difference
in recurrence between limbs overcorrected to >13° valgus versus
those corrected to normal alignment.”
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Excision of the posteromedial proximal tibial physis/area of dis-
ordered growth has been described as an adjunctive procedure
to proximal tibial realignment osteotomy in an attempt to restore
symmetrical growth.® Andrade and Johnstone reported their
experience with this procedure in 24 children (27 limbs).5° They
reported favourable results in children younger than 7 years,
but did not recommend the procedure for older children. These
authors noted that complete resection was challenging. Unlike
post-traumatic growth arrest, there is no well-defined physeal bar
in Blount’s disease.'® Further research to identify the role of this
additional procedure is required.

Recurrent deformity is certain when no medial growth potential
remains. Langenskitld and Riska recommended lateral proximal
tibial and fibular epiphysiodesis (in addition to proximal tibial
and fibula osteotomy) in children older than 9 years when the
medial physis was closed.® Epiphysiodesis may be achieved by
percutaneous drilling, open Phemister technique or transphyseal
screw fixation.®° The challenge remains to predict which patients
have no medial growth potential. An error in this assessment will
result in progressive overcorrection, necessitating further surgery
(medial epiphysiodesis and deformity correction) and loss of
longitudinal growth potential. Further research to improve risk
stratification in terms of recurrence is of critical importance to
improve outcomes in the treatment of IBD.

Guided growth

Paediatric deformity correction by reversible hemi-epiphysiodesis
has several advantages. Stevens reignited enthusiasm for this
technique with the publication of his results with the tension-band
plate in 65 femoral and tibial deformities.®’ Success of guided
growth in IBD relies on three variables: medial proximal tibial
growth potential, magnitude of deformity, and growth remaining.
Scott published an encouraging report of 89% effective correction
in 14 children (18 limbs) with IBD treated with tension-band plates.®?
The average age at treatment was 4.8 years (2.8- 8.7 years). The
BMI percentile was >93rd centile in all but one child. Complications
included wound infection and screw breakage. Correction of
tibial rotation was noted to occur slower than correction of varus.
Persistent in-toeing was associated with increased femoral
anteversion. All but one child presented before the age of 5 years
and the authors stated that success is likely to be related to early
treatment.5?

Griswold et al. in 2020 reported on 11 children (17 limbs) with
IBD treated with tension-band plates.®® Cases were divided into
two groups according to Langenskidld stage (stage <2 or >3).
The median ages were 3.2 years (£1.4) and 4.36 years (+2.16) for
the groups with Langenskidld stage <2 and >3 respectively. They
reported a 100% correction rate in children with Langenski6ld
stage <2 and a 33% recurrent deformity rate (treated with repeat
tension-band plating). This correction rate fell to 40% in children
with Langenskiold stage >3 with a 100% recurrence or incomplete
correction rate. Complications included surgical site infection,
screw breakage and overcorrection. The authors cautioned against
the use of tension-band plating in children with Langenskidld stage
>3 IBD.%®

Stevens noted anecdotally that rotational deformity may correct
together with coronal plane deformity during treatment with
tension-band plating.t* Cobanoglu et al., in an animal study, showed
that rotational long bone deformity could be corrected with oblique
placement of a tension-band plate.® Further study is required to
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determine the efficacy of guided growth to correct internal tibial
torsion in IBD. Adherence to follow-up appointments is essential
to monitor for both overcorrection due to delayed removal and
recurrent deformity as a result of rebound growth after removal. As
age at deformity correction through osteotomy is a critical factor
associated with recurrence,'® and evidence from studies on guided
growth confirms an association between success and earlier treat-
ment, guided growth should be used with caution in children with
IBD older than 4 years or Langenskiéld stage >3.

The role of guided growth in children with IBD is yet to be defined.
Factors associated with risk of failure should be investigated. Well-
designed randomised studies comparing guided growth and
standard deformity correction techniques are needed.

Gradual correction with external fixation

Excellent correction can be achieved with external fixator-assisted
gradual deformity correction. A major advantage is that the tibia
may be lengthened at the same time as multi-planar deformity
correction. The llizarov fine-wire circular fixator has been shown
to be a safe and effective technique to correct deformity while
allowing early mobilisation and weight bearing.®® Computer-assisted
hexapod circular fixators utilise a ‘virtual hinge,’ thereby allowing all
aspects of the deformity to be corrected with a single frame. This
allows for complex deformity correction, especially when previous
surgery for severe deformity resulted in mechanical axis translation.
Another significant advantage is the ability to fine-tune deformity
correction without the need to return to the operating room. Several
authors reported safe and effective deformity correction.7.68

A systematic review and meta-analysis analysing acute vs gradual
correction (mono-lateral, hexapod as well as llizarov external
fixators) reported no robust evidence to support superiority in
terms of accuracy of correction or complication rates. The studies
analysed were mostly small, retrospective cases series with
heterogenous techniques and reporting. The complication rate of
either technique was low.®® Feldman et al. specifically compared
computer-assisted hexapod deformity correction with acute
correction. They demonstrated better correction of sagittal plane
deformity and axis translation with hexapod-assisted deformity
correction.”

Hexapod-assisted deformity correction has specific advantage
in late-presenting or recurrent IBD or where severe obesity com-
plicates fixation, especially in unilateral cases where leg-length
discrepancy can be corrected at the same time. Where significant
joint instability exists due to medial plateau depression, elevation
can be performed at the same time. Several authors reported safety
and efficacy of this technique based on small, retrospective case
series.”73 Larger series are required to confirm a low complication
rate. Pin-track infection is a common complication of fine-wire
circular fixator-assisted deformity correction. This is especially
common on the tension side (medially) on the proximal tibia. Major
pin-track infection could theoretically result in deep infection at the
elevation site, catastrophically resulting in osteomyelitis and septic
arthritis (if joint penetration inadvertently occurred at the time of
elevation). Staged elevation and subsequent gradual deformity
correction may be a safer alternative.

Neglected infantile Blount’s disease

If IBD is not identified and treated early, medial articular depression
can occur (Figure 6), together with worsening proximal tibial
varus, procurvatum and internal rotation.™ This defines neglected
IBD. Blount recognised knee instability in three cases that
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was responsible for part of the varus deformity." Langenskitld
attributed this to the sloping of the medial tibial condyle in
neglected cases.® Siffert and Katz confirmed the presence of the
depression of the medial tibial plateau with direct visualisation
at arthrotomy and described the pathoanatomy of this deformity
in detail. They advocated elevation of the medial tibial plateau
as an essential part of treatment.?” Medial articular elevation is
normally combined with lateral epiphysiodesis of the proximal tibia
and fibular and metaphyseal proximal tibial osteotomy to correct
residual varus, procurvatum and internal rotation. Van Huyssteen
et al. emphasised the importance of concomitant lateral proximal
tibial epiphysiodesis at the same time as medial joint line elevation
to prevent recurrence.’

The existence of medial articular depression has been brought
into question in a small study of ten children (17 limbs) with
arthrogram and MRI investigation. These authors speculated that
delayed ossification of the medial proximal tibial structures were
responsible for the appearance of depression.” Other authors,
by direct visualisation, arthrogram and MRI investigation, have
since confirmed the presence of true posteromedial depression in
addition to delayed ossification of the medial structures in neglected
IBD cases.”*’® The age from which medial elevation and lateral
epiphysiodesis is indicated is controversial. Langenskitld originally
suggested 9 years when medial growth arrest and articular de-
pression is confirmed.® Currently, medial elevation is indicated
for children older than 6 years with IBD, Langenskidld stage 5
or 6 and significant medial articular depression.'®’* Controversy
hinges on concern for loss of growth potential if the procedure is
performed before medial proximal tibial growth arrest is confirmed.
Further research is essential to improve our ability to predict medial
growth potential, as well as the long-term outcome of the surgical
management of neglected IBD.

Significant distal femoral frontal plane malalignment will result
in joint line obliquity if the mechanical axis is restored through
proximal tibial deformity correction alone. Schoenecker et al. were
the first to report on the surgical treatment of distal femur in IBD.
They performed concomitant corrective osteotomy for >10° distal
femoral valgus in four cases.”

The long-term effect of joint line obliquity is uncertain. No
robust evidence exists to predict when concomitant distal femoral
and proximal tibial deformity correction is indicated to improve
outcome. Further research is also required to assess the incidence
of symptomatic femoral rotational deformity in IBD and to determine
the threshold for surgical correction.

Long-term outcome

Several authors have reported on the long-term outcome after
treatment of IBD. Ingvarsson et al. found 11/89 knees with signs of
arthrosis.” Zayer found a much higher rate of arthritis (11/27 knees
in patients older than 30 years).” Doyle et al. followed 17 children
to skeletal maturity. They found 9/28 knees to be symptomatic
at a mean age of 20 years. Symptomatic knees all demonstrated
ligamentous, meniscal or bony pathology on MRI and arthroscopy.
There was a significant association between repeat osteotomy and
a symptomatic knee at skeletal maturity.> Hofmann et al. followed
12 children (19 limbs) to skeletal maturity. Symptomatic knees
(12/19) had degenerative changes at arthroscopy or arthrotomy.°
Both Doyle and Hofmann recommended early osteotomy before
permanent physeal damage occurred on the basis of their findings.

Maré PH et al. SA Orthop J 2020;19(3)

Total knee replacement after Blount’s disease may be complex.
Natoli et al. recommended that surgeons be prepared to address
posteromedial tibial bone defects and consider constrained
arthroplasty at the index procedure.®

Conclusion and future direction

Decision-making in IBD is complex. Discriminating between IBD and
physiological bowing may be difficult. Meticulous clinical and X-ray
follow-up is essential to prevent a delay in corrective osteotomy
beyond 4 years if IBD is confirmed. Once a child presents with
neglected IBD or recurrent deformity, it is essential to identify all
aspects of the deformity to ensure comprehensive correction and
prevent recurrence by lateral epiphysiodesis.

Future research should focus on developing risk stratification tools
to predict medial growth potential. The role of medial epiphysiolysis
and guided growth requires further definition. Treatment strategies
should aim to achieve lasting deformity correction by decreasing
recurrence risk while avoiding unnecessary growth ablation.

Follow-up until skeletal maturity and beyond is essential to
optimise outcome and inform our understanding of the prognosis
in 1BD.
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