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Abstract

Purpose: This study will present the histological findings of biopsies
acquired from the medial and lateral part of the proximal tibia during
the W/M serrated osteotomy in patients with infantile Blount's
disease. It is hypothesized that the medial metaphyseal area of the
proximal tibia will present a different ossification pattern compared
with the lateral area.

Methods: Patients (n = 4) were included prospectively. During two
unilateral and two bilateral W/M serrated osteotomies, biopsies of
the medial and lateral cortex of the proximal part of the serrations
were taken. The specimens were fixated in formalin, decalcified,
embedded in paraffin, sections (5 pm) were acquired and stained
with hematoxylin/eosin or Safranin-O to determine the presence
of glycosaminoglycans. All specimens were evaluated by light
microscopy.

Results: From the medially obtained specimens, all showed
presence of endochondral ossification. Intra-cortical chondrocyte-
rich areas as well as presence of multiple irregular growth arrest
lines were identified. Normal cortical and trabecular bone histology
was observed in all lateral specimens.

Conclusions: In conclusion, in patients with infantile Blount’s
disease intra-cortical endochondral ossification was only found in
the medial part of the metaphysis. This may reflect the clinical tibial
vara deformity in Blount’s disease in which increased mechanical
load on the medial metaphysis causes failure of normal ossification.
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Introduction

Blount’s disease (also known as tibia vara or osteochondrosis
deformans tibiae) is characterized by tibial bowing, torsion and
beaking of the posteromedial proximal tibia and involves the
epiphysis, physis and metaphysis [1-3]. Infantile Blount’s disease
manifests between the age of four and ten years with progressive
pain and laxity for which early surgical correction is recommended

when conservative treatment with plaster correction has failed.
The aetiology of infantile Blount’s disease is probably multi-
factorial. Associations are found between Blount’s disease and the
Afro-Caribbean race, early walking age and obesity [3-5]. Genetic
predisposition is suggested and mechanical loading on the physis
is often implicated [4,6,7]. Radiologically, morphologic changes
are classified by Langenskiold and colleagues which is based on
age and severity of the down sloping of the medial epiphysis [8].

Macroscopic findings in the tibia on Magnetic Resonance Imaging
(MRI) in cases of Blount’s disease show a thicker layer of epiphyseal
cartilage and increased height of the medial meniscus in the medial
compartment [9,10]. These macroscopic findings may reflect the
compensation of the diminished height of the ossified part of the medial
epiphysis, amongst others caused by increased biomechanical stress
[9,10]. Histopathological abnormalities of the proximal medial high
tibial condyle are described in infantile and late-onset Blount’s disease
and consist of densely packed islands of hypertrophic chondrocytes,
areas of acellular cartilage matrix and abnormal clusters of capillaries
[11-13]. The disorganization and misalignment of the medial physeal
zones might indicate asymmetric compressive and shear forces causing
suppression and deviation of normal endochondral ossification in both
the medial area of the metaphysis and corresponding epiphysis [1].
These alterations cause progression of the varus deformity for as long as
blockage of ossification is present and the bone continues to grow in the
lateral part of the growth zone [14].

Most histopathological studies are on late onset cases of
Blount’s disease and do not compare the medial with the lateral
aspect of the proximal tibia. It is hypothesized that the medial
metaphyseal area of the proximal tibia will present a different
ossification pattern compared with the lateral area. In this study
the histopathological findings in the medial metaphysis in cases
of infantile Blount’s disease are described and compared with the
lateral side of the metaphysis.

Methods

Between November and October 2013, specimens (n = 6) were
taken from the proximal metaphysis of four patients (2 unilateral,
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Table 1: Patient characteristics.

Patient Involved |Age at |Gender |Langenskidld |Femorotibial
nr. side surgery stage angle
(years)

o 1 L 7 F 4 49
g 2 R 10 F 4 30
g,_ 3 L 8 F 4 53
) R 8 F 4 46
% 4 L 6 F 4 43
% 4 R 6 F 4 52
@ 1 L 7 F 4 49
g 2 R 10 F 4 30
g3 L 8 F 4 53
» 3 R 8 F 4 46
E 4 L 6 F 4 43
34 R 6 F 4 52

Abbreviations: L: left; R: right; F: female.

Femorotibial angles are presented in degrees and measured on preoperative
conventional radiographs. Langenskitld classification (range 1-6): stage I:
medio-distal beaking of the upper proximal tibial metaphysis, stage Il: wedging
of the medial part of the upper tibial epiphyseal secondary ossification center
plus a saucer shaped defect of the upper surface of the metaphyseal beak due
to its dissolution, fragmentation and collapse, stage llI: stepping of the infero-
medial border of the secondary ossification center but without extending distal
to the physeal plate level plus deeping of the metaphyseal saucer into a step in
the medial metaphysis, stage IV: the epiphyseal secondary ossification center
passes more distally and cross distal to the physeal level to fill the metaphyseal
step, stage V: separation of the most medial part of the ossification center from
the bulk of the secondary ossification center and resides now in the depth of the
metaphysiseal step below the physis, stage VI: medial epiphyseal plate closure
with a bony bridge.

2 bilateral) with infantile tibia vara in the St. Anthony’s Hospital
in Dzodze (Volta region, Ghana). All patients underwent uni- or
bilateral W/M serrated osteotomy. Patients and their parents were
informed about the study protocol and informed consent was
given orally at the outpatient department. Mean age at surgery
was 7.8 years (range: 6-10) and all were female. All patients
were of Western African origin. Age of onset was in all patients
before the age of 6 years. Based on clinical characteristics, as tibia
vara combined with tibial torsion and radiological findings as
described by Langenskiold, patients were diagnosed with infantile
Blount’s disease. There was no history of trauma or infection in
the affected legs. Patients were included prospectively. The tibias
were radiologically classified according to the Langenskiold
classification (Table 1) [8]. The femorotibial angle was measured
to point out the severity of the disease (Table 1). Two orthopaedic
surgeons performed all osteotomies. An anterior vertical incision
was used for subperiosteal exposure of the proximal shaft of the tibia
just below the tibial tuberosity. Along the lateral compartment the
proximal fibula was exposed and an oblique fibular osteotomy was
performed with an osteotome about 6-8 cm distal to the fibular head.
The ‘M’ shape was marked on the proximal tibia just distal to the physis
of the tibial tuberosity. The width of the proximal tibia determines
the length and width of the dentations of the ‘M’. The distal parts of
the serrations were disengaged anteriorly and replaced with a lateral
shift of one tooth. During this stage biopsies of the medial and lateral
cortex of the proximal part of the serrations, together with periosteum
and trabecular bone, were taken (Figure 1). The size of the biopsies
varied from 5 to 10 mm in longitudinal orientation. Finally, the tibia
was derotated as desired and re-engaged in the corrected position.
The specimens were fixated in 4% buffered formalin.

The specimens were decalcified using 0.5 M ethylenediamine-
tetraacetic acid pH 7.8 (EDTA (VWR)) followed by additional brief
rapid decalcification in Shandon TBD-1 decalcifier (Thermo Scien-
tific) after which they were dehydrated and embedded in paraffin
in similar orientations of all specimens. Five micrometer thick con-
tiguous sections were cut and positioned on Superfrost Plus slides.
Sections were rehydrated using standard protocols and stained with
Mayer’s Hematoxylin (Dako). Additional, staining with Safranin-O
(0.1%, Sigma-Aldrich) and Fast Green (0.1%, Sigma-Aldrich) was
performed for all obtained specimens to identify the presence of

Table 2: Histological findings.

Histopathological findings
(H&E / Safranin-O staining)

Patient Involved Medial specimens Lateral specimens
nr. Side
1 L Endochondral ossification, intra- Normal aspect
cortical chondrocyte-rich areas,
numerous irregular growth arrest
line lines
2 R Endochondral ossification, intra- Normal aspect, poor
cortical chondrocyte-rich areas quality of specimen
3 L Endochondral ossification, Normal aspect, poor
diffuse presence of intra-cortical quality of specimen
chondrocytes, numerous irregular
growth arrest line lines
3 R Endochondral ossification Normal aspect
(fibrodysplastic aspect), diffuse
presence of intra-cortical
chondrocytes, numerous irregular
growth arrest line lines
4 L Endochondral ossification, intra- Normal aspect
cortical chondrocyte-rich areas
4 R Endochondral ossification, Normal aspect

prominent presence of
subperiostally located areas of
bone marrow

Abbreviations: R: right; L: left.

The histological findings are described separately for each specimen after
Mayer’'s Hematoxylin (Dako) and additional staining with Safranin-O.

glycosaminoglycans as found in cartilaginous tissue. Subsequently,
sections were dehydrated and mounted in Histomount (Thermo Sci-
entific). All specimens were evaluated by light microscopy. The me-
dial sections were compared with the lateral sections for the presence
of periosteum and its thickness, cortical and trabecular bone, carti-
laginous tissue/chondrocytes, bone marrow, calcification or growth
arrest lines, the presence of necrosis and other abnormalities which
were not pre-determined.

Results

In this study we compared the histological morphology of the
medial aspect of the proximal tibial metaphysis with the lateral
area. Six specimens derived from 4 patients with infantile Blount’s
disease were analysed macroscopically and histologically. Patient’s
characteristics are presented in table 1. All patients were diagnosed
with early age onset and Langenski6ld stage 4 infantile Blount’s
disease (epiphyseal secondary ossification centre passes more distally
and crosses distal to the physeal level to fill the metaphyseal step)
on the preoperative radiographic examinations (Figure 1). Pre- and
postoperative radiographic examinations and clinical photograph
were taken for each patient to evaluate the accuracy of the surgical
correction (Figure 1A, Figure 1B and Figure 1C). Macroscopically,
all specimens contained cortical and trabecular bone. Histological
analysis consisted of systematic evaluation on abnormalities of
metaphyseal cortical and trabecular bone, systematically comparing
the medial with the lateral specimens (Table 2). The medially obtained
specimensshowed presence ofintra-cortical endochondral ossification
in all specimens (Figure 2A and Figure 2B). The Safranin-O staining
showed subperiosteal/intra-cortical chondrocyte-rich areas in 4 out
of 6 specimens (Figure 3A and Figure 3B). This was never observed in
the opposite lateral specimens (Figure 4A and Figure 4B). Furthermore,
in the medial specimens bone marrow was found subperiostally, which
is unusual in this area of the metaphysis and indicates endochondral
ossification as well (Figure 2A and Figure 3). Other findings
were the presence of irregular growth lines located closely to the
periosteum in the medial compartment, which was not observed in
the lateral specimens (Figure 5). Two of the lateral specimens were
of poor quality for proper histological analysis. The remaining lateral
specimens (n = 4) showed no abnormalities compared to normal
cortical and trabecular metaphyseal bone (Figure 4A and Figure 4B).

Discussion

In this prospectively designed study, specimens from patients
with infantile Blount’s disease were obtained from the medial and
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after performing the W/M serrated high tibial osteotomy.

Figure 1: a,b) Clinical representation of a 7-year-old girl with Blount's disease, pre and post-operative radiographs.

a) Typical clinical manifestation of infantile Blount’s disease with left sided unilateral tibia vara and tibial torsion; b) preoperative conventional radiograph with
the growth plate inclined distally at the medial side and epiphysis extending down over the metaphyseal beak (Langenskiéld stage 4), the two arrows mark the
location were the biopsies are obtained from the medial and lateral proximal metaphyseal tibia; c) directly postoperative conventional radiographic examination

lateral aspect of the metaphyseal proximal tibia. All medial specimens
showed presence of intra-cortical endochondral ossification with
the presence of intra-cortical chondrocyte-rich areas (4 out of 6
specimens), subperiosteally located bone marrow and multiple
growth arrest lines. The laterally obtained specimens did not show
any sign of endochondral ossification in the trabecular and cortical
aspect of the proximal metaphyseal bone. The chondrocyte-like
cell morphology is most likely of cartilaginous origin undergoing
endochondral ossification. This finding is unusual in the metaphyseal
area in the proximal tibia. The combination of growth arrest lines and
cartilaginous tissue undergoing endochondral ossification may reflect
repetitive trauma or failure of ossification attempts due to increased
biomechanical load on the medial proximal tibia, resulting in the
typical tibial vara deformity as seen in Blount’s disease.

The cartilaginous like tissue found in de medial area of the
metaphysis also indicates the disease extends from the physeal area
to the distal part of the proximal tibial metaphysis. Densely packed
islands of chondrocytes from the physeal area were described

previously amongst patients with infantile and late-onset Blount’s
disease by Langenskiold, Carter, et al. Thompson, et al. and Wenger,
etal. [1,12,15,16]. These islands were located subperiosteally, outlined
distinctively and contained numerous hypertrophic chondrocytes. In
this study, this was typically present in one of the medial obtained
specimens. The other medial specimens contained of wide spread
chondrocyte rich areas (Figure 3A and Figure 3B). Increased
pressure on the medial proximal tibial (meta-) physis is thought to
be responsible for defective endochondral ossification, causing these
histologic and morphologic changes as seen and described in fracture
healing [17]. Langenskiold [12] described the presence of islands of
densely packed hypertrophic chondrocytes, islands of almost acellular
fibrous cartilage and abnormally large groups of capillary vessels in 9
specimens which were obtained from the medial metaphyseal beak.
In contrast to Langenskiold, et al. [12], who specifically analysed the
affected medial metaphysis of the proximal tibia, we compared the
affected side with the lateral aspect of the proximal metaphysis. This
new obtained information strongly suggests the lateral metaphysis
of the proximal tibia appears to be unharmed. Another observation
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Figure 2: Endochondral ossification present in sections from medial side of
the tibia from the same patient as in figure 1.

a,b) Sections from the medial side of the tibia were stained by Safranin-O/
Fast Green to determine the presence of glycosaminoglycans. Bar = 200 pm
for first micrograph (A) and bar = 50 ym for second micrograph (B).

a) the arrow indicates endochondral ossification which colours orange
because of presence of glycosaminoglycans; b) the arrow indicates a close
up view glycosaminoglycan rich area as shown in figure 2A.

in this study was the presence of active endochondral ossification,
which might indicate bone remodelling since the opposite lateral
metaphysis showed normal woven bone. Furthermore, bone
marrow was found subperiosteally, which is unusual in the proximal
cortical area and might suggest active intramembranous ossification
originating from the inner cambial layer of the periosteum [18].
The irregular growth arrest lines, found in the medial specimens,
indicates active ossification. This might have been be caused by
the increased mechanical load on the medial metaphysis. These
histologic alterations described, suggest a mechanical disruption or
injury and is remarkably similar to those observed in Scheuermann’s
disease [19]. Scoles, et al. [19] found comparable disorganization
of endochondral ossification with islands of chondrocytes of the
anterior area of thoracic vertebrae in patients with Scheuermann’s
disease [19]. This anterior defective endochondral ossification
results in thoracic kyphosis, which is comparable with the tibial
bowing in Blount’s disease and is also seen in slipped proximal
femoral epiphysis [19,20].

Comparable histological changes in Blount’s disease and
slipped capital femoral epiphysis, described by Lacroix, et al. [20],
implies irregular vascular fibrocartilaginous tissue invasion causing
progressively disorganized ossification, which finally results in early
epiphysiodesis [20]. Furthermore, the presence of endochondral or
metaplastic ossification of residual cartilaginous or fibrocartilaginous
elements and fibrous zone invasion was observed, resulting in limited
and atypical residual growth. Since both diseases show morphologic
similarities, common pathophysiology could be suggested. From

Figure 3: a,b) Islands of hypertrophic chondrocytes in sections from the
medial side of the tibia.

a,b) Sections from the medial site of the tibia were stained by Safranin-O/Fast
Green to determine the presence of glycosaminoglycans. Bar = 100 ym for
first micrograph (A) and bar = 50 pm for second micrograph (B). The orange
coloured tissue consists of islands of hypertrophied chondrocytes.

biomechanical perspective, the medial part of the proximal femoral
and tibial physis are under increased amount of loading, which could
cause these alterations. This might explain an increased incidence
amongst overweighed patients. In addition, slipped capital femoral
epiphysis has been described in patients with Blount’s increasing the
suspicion on a common etiology [21]. The initial cause however of
both diseases is still unknown. An underlying genetic cause might be
responsible for the expression and is in our opinion still an important,
unproven aspect of the disease.

Limitations of this study are firstly poor quality of two of the
laterally obtained specimens. This might have been caused by
inadequate Formalin fixation during transport. Secondly, due to an
inadequate effect of the slow decalcification process a rapid decalcifier
was used, which rendered immunohistochemistry impossible.
Thirdly, the specimens obtained from the lateral as well as the medial
part of the metaphysis differs in the amount of cortical and trabecular
bone. Although, from each patient specimens were obtained at the
same anatomic location. Fourthly, an attempt was made to quantify
the cells with specially designed software (Cellprofiler), which was not
possible due to a lack of contrast between cells. Finally, blood sample
testing to rule out other causes for tibia vara than Blount’s disease like
rickets was not performed. However, the clinical presentation and
roentgenologic morphology as described by Langenskiold [8] were all
typical for Blount’s disease.

Little literature on histopathological changes in infantile
Blount’s disease is available. Recommendations for future research
include, obtaining blood samples from each patient to rule out other
underlying causes for tibia vara and slowly decalcifying specimens
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'l b 9. 44
Figure 4: a,b) Specimens from the lateral side of the tibia.
a,b) Sections from the lateral site of the tibia were stained by Mayer's
Hematoxylin (Dako) and Safranin-O/Fast Green to determine the presence
of glycosaminoglycans as in cartilaginous tissue. Bar = 500 um for both
micrographs.

a) The micrograph shows organized woven bone; b) Safranine-O/Fast Green
staining.

versus lateral.

a,b) Sections from the medial site of the tibia were stained by Mayer's
Hematoxylin (Dako) to determine the presence of growth arrest lines/
calcification lines. Bar = 50 ym for A.

a) Medial tibial metaphyseal specimen (arrows: growth lines); b) Lateral tibial
metaphyseal (arrow: growth line).

for subsequent immunohistochemistry in addition to histochemistry.
The biomechanical theory has generally been accepted in literature,
however genetic predispositions seems plausible since it is seen
amongst twins, more common amongst siblings and the prevalence is
proportionally higher in the Afro-Caribbean race [22,23].

In conclusion, in patients with infantile Blount’s disease

endochondral ossification was only found in the medial part of the
metaphysis. Normal cortical and trabecular bone was found in all
lateral specimens. This may reflect the clinical tibial vara deformity
in Blount’s disease in which increased mechanical load on the medial
metaphysis causes failure of normal ossification.
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