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Abstract

Background: Blount’s disease is a developmental disorder of the proximal tibia with progressive varus, flexion and internal rotation
deformity. It is often seen in overweight children and strongly associated with obesity. As the prevalence of childhood obesity is
increasing worldwide, the incidence of Blount’s disease has been noted to be on the increase as well. In the South African population,
most children are malnourished with high levels of undernutrition compared to other middle-income countries. We hypothesised that
in our institution, patients with Blount’s disease have a body mass index (BMI) lower than reported in studies from mainly developed
countries. The aim of the study was to investigate the relationship between BMI and Blount’s disease in a South African academic
institution.

Methods: All clinical and radiological records of patients with Blount’s disease at a tertiary hospital in South Africa over a six-year
period were retrospectively reviewed. Five patients did not meet inclusion criteria and were excluded from the study. Data collected
included patients’ demographics, weight, height and radiological investigations. A control group of randomly selected paediatric
orthopaedic patients was studied.

Results: A total of 39 Blount’s patients (19 females, 20 male) were studied. All the Blount’s patients were of black ethnicity. There were
nine patients with early-onset and 30 patients with late-onset Blount’s disease. The mean BMIs for Blount’s disease and control groups
were 26 kg/m? and 20 kg/m? respectively (p<0.001). There was no statistical difference in sex, laterality, BMI and BMI-percentiles
(BMI%) between early-onset and late-onset Blount’s disease. There was no relationship between BMI and severity of Blount’s disease
deformities.

Conclusion: High BMI is associated with Blount’s disease in the cohort studied. There was no relationship between increasing BMI and
severity of Blount’s deformities. No relationship was found between sex, onset or laterality and Blount’s disease in our study.

Level of evidence: Level 4
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Introduction

Blount’s disease is a developmental condition characterised by
disordered endochondral ossification of the medial part of the
proximal tibial growth plate resulting in multi-planar deformities
of the lower limb."? Secondary to the asymmetrical growth with
relative inhibition of the posteromedial portion of the proximal tibial
growth plate, a three-dimensional deformity of the tibia develops
with varus, procurvatum (apex anterior), and internal rotation along
with possible limb shortening in unilateral cases.'? This entity
can lead to a progressive deformity with gait abnormalities, limb-
length discrepancy, and premature arthritis of the knee."? Blount’s
disease is classified into early-onset (infantile) and late-onset
based on whether the limb deformity develops before or after the
age of four years.># It is classified radiologically by Langenskiold
into six progressive stages per severity of the deformity to help
in prognosticating patients’ outcome.*” The incidence of Blount’s
disease in South Africa was estimated to be 0.03% three decades
ago.8

The aetiology of Blount’s disease remains unknown, though
multifactorial origin is proposed with genetic and mechanical
components contributing to its development® There is a
predisposition of black children to develop Blount’s disease
compared to other racial groups.3 Blount’s disease has been linked
to increasing weight and vitamin D deficiency."2%'© A number of
studies show a strong correlation between Blount’s disease and
obesity.3%14 Lisenda et al. found no independent association
between vitamin D deficiency and Blount’s disease in their study
in South African children.'> Obesity has been shown to greatly
increase the medial compartment pressure and contribute to
the development of Blount’s disease by the Heuter-Volkmann
principle.'®

Limited research is inconclusive on the relationship between
increasing body mass index (BMI) and the severity of Blount’s
disease deformity.''3 A strong correlation has been found only
between morbid obesity and radiological deformities of early-
onset Blount’s disease.' As the prevalence of childhood obesity is
increasing worldwide, Blount’s disease has been noted to be on the
increase as well."'® In a retrospective study of 44 Blount’s disease
patients by Sabharwal et al., the average BMI was 35.6, with the
average BMI of 29.2 for early-onset and 39.7 for late-onset Blount’s
disease.™

Childhood obesity has doubled in the past three decades. The
percentage of children aged 6-11 years who were obese increased
from 7% in 1980 to nearly 18% in 2012 in the United States."”
Similarly, the percentage of adolescents aged 12-19 years who
were obese increased from 5% to nearly 21% over the same
period.” In 2012, more than one-third of children and adolescents
were either overweight or obese.'” It has been estimated that over
22 million children under the age of 5 years are obese worldwide.'®
The prevalence of being overweight in Africa and Asia averages
below 10% while in America and Europe it averages above 20%.'®

In the South African population, many children are malnourished
compared to other middle-income countries.’®2* Micronutrient
malnutrition is regarded as a public health problem of considerable
significance in South Africa.’®??23 South African children aged
1 to 9 years have an intake of less than 67% of the recommended
dietary allowances (RDAs) for energy, calcium, vitamin D and other
micronutrients.'®222% |n a national study conducted in 2004, 10% of
children were classified as overweight and 4% as obese in South
Africa.?? The Health of the Nation Study, estimated an increase in
overweight from 1.2% to 13% and in obesity from 0.2% to 3.3%
over the period from 1994 to 2004, and more recent studies
showed a mean prevalence of just over 15% for overweight and
obesity combined.?*
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The purpose of this study was to investigate the BMI profile and
demographics of patients with Blount’s disease in the South African
context and determine the relationship between body weight
and Blount’s disease and the severity of angular deformities. We
hypothesised that in our institution, patients with Blount’s disease
have a higher BMI than the general paediatric population, but still
lower than reported studies from mainly developed countries. The
second hypothesis was that increasing BMI is associated with
worsening angular deformities.

Material and methods

A retrospective review of clinical and radiological records was
conducted of all patients with Blount’s disease that attended the
Paediatric Orthopaedic Unit from 1 January 2011 to 31 December
2016. Patients’ details were obtained from the surgical database
and outpatient records. Patients’ folders were retrieved from the
records department. Radiological images of all patients were
available from the hospital’s picture archiving and communication
system (PACS). All patients diagnosed with Blount’s disease were
included in the study. Patients were grouped into four ethnicities,
i.e. black, white, coloured and Indian. Incomplete clinical records,
other congenital abnormalities and patients over 20 years of age
were excluded from the study.

A randomised control group of 100 paediatric orthopaedic
patients was included in the study to achieve a ratio of at least 2:1
for statistical analysis. This included patients that were treated for
injuries with clinical records of weight and height. Patients with other
congenital abnormalities/deformities and patients over 20 years of
age were excluded from the control group. A simple randomisation
method was utilised to obtain a representative sample of the
control group from 1 January 2016 to 31 December 2016. The
control group consisted of patients seen in 2016, grouped by sex.
Each was allocated a number and a random number generator
was utilised to obtain a sample of 50 patients for each sex. BMIs
were calculated from the patients’ weight and height records. The
BMIs were interpreted as follows: <18.5 kg/m? as underweight,
18.6-24.9 kg/m? as normal, 25-30 kg/m? as overweight and
>30 kg/m? as obese.® BMI percentiles (BMI%) were plotted using
the 2000 Centre for Disease Control and Prevention age- and sex-
specific charts for every patient.

Patients’ radiological images were studied for classification of
Blount’s disease using the Langenskiold classification system. This
is a staging system of Blount’s disease according to the degree
of metaphyseal-epiphyseal changes seen on radiographs used
to prognosticate outcomes.?*® Stage | is defined as presence
of medial epiphyseal beaking; stage Il is described as a saucer-
shaped defect of medial metaphysis; stage lll is when the saucer
defect deepens into a step; stage IV is when the epiphysis is bent
down over the medial beak; stage V when there is the presence
of a double epiphysis; and stage VI when there is development of
a medial physeal bony bar.2*5 These were further categorised as
low grade (Langenskiold stages I-1V) and high grade (Langenskiold
stages V-VI) Blount’s disease.”?>

Tibio-femoral angles (TFA) were calculated on the PACS images
and recorded for each patient. X-rays were full weightbearing with
the patella facing forward. All data collected was recorded onto
Microsoft Excel spreadsheet for analysis. Ethics approval was
obtained prior to commencement of the study.

The descriptive statistics were used with the assistance of a
statistician. Standard deviation and ranges, with 95% confidence
intervals for body mass indices in children with Blount’s disease and
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Table I: Summary of Blount’s patients’ demographic data

e, e, e, =
9 30 39

Number of patients

Male 4 16 20
Female 5 14 19
Unilateral 4 16 20
Bilateral 5 14 19
Stage | 2 0 2
Stage Il 9 15
Stage Il 6 7
Stage IV 0 11 11
Stage V 1 14 15
Stage VI 0 8 8
Table Il: Mean BMI values of the subgroups of Blount’s disease patients Results

Forty-four Blount’s disease patients were identified. Five patients

were excluded from the study (three had no weight and height
Early 24.2 0.459 records and two had no radiographs on PACS). Records and
radiographs of 39 patients were retrospectively analysed. There
were 20 male patients and 19 female patients with a mean age of
7.5 years (range: 1-15). A summary of the patient data is given in
Table I. There was no difference in sex distribution of both early-
onset (infantile) and late-onset (juvenile and adolescent) Blount’s
Female 253 disease patients. The mean age was 3 years (range: 2-4) for early-
onset Blount’s disease and 10 years (range: 5-17) for late-onset
. Blount’s disease patients. All Blount’s disease patients were of
il 252 R black ethnicity. A total of 100 control patients were studied. The

Bilateral 20.9 control group had 50 male and 50 female patients with a mean age

of 8.4 years (range: 2-17).

The mean BMI for Blount’s disease patients was 26.5 kg/m?

Table IlI: Classification of Blount’s patients and the control group based (range: 12-44) with early-onset Blount’s patients having a mean of
on BMI percentile ranges (CDC 2000 percentile chart) 24.2 kg/m? (range: 12-44) and 27.7 kg/m? (range: 12-43) for late-

m onset Blount’s patients (Table Il). There was no statistical difference

between the mean BMI of early-onset and late-onset Blount’s

Late 27.7

Male 27.7 0.4489

Laterality

i 0 0, 0,
<5th (underweight) 13% () 3% 5.76% disease patients (p=0.3944), although the late-onset group had
Sth to 85th (normal) 15% (6) 46% 37.4% a slightly higher mean BMI. The mean BMIs of male and female
85th to 95th (overweight) 13% (5) 11% 11.51% patients with Blount’s disease were 27.7 kg/m? and 25.3 kg/m?
>95th (obese) 59% (23)  40% 45.32% respectively (p=0.4489).

There was no association between laterality and onset of Blount’s
disease (early vs late) with Pearson chi-squared = 0.22 with p-value
=0.64 and Fisher’s exact = 0.72. There was a statistically significant
the control group were calculated. The t-test and Wilcoxon rank- difference between the mean BMI of patients with unilateral disease
sum (Mann-Whitney) test were used to determine differences in 23.2 kg/m? (range: 12-40) and bilateral disease 29.9 kg/m? (range
BMI between early-onset and late-onset Blount’s disease children. 13-44) with p-value = 0.0275). The mean BMI for the control group

) o - o
Cross-tabulations of categorical variables with Fisher’'s exact was 202 kg/m? (range: 12-36). There wasa,sta}tlstlcally s]gnlflcant
) L difference between the mean BMI of Blount’s disease patients and

and chi-squared tests were done to assess for associations. The

the control group (p-value = 0.0005).

Fisher’s exact = 0.002

frequency distributions in terms of BMI and BMI% of early-onset Table Il presents a comparison of BMI% between Blount’s
and late-onset Blount’s disease were compared using the chi- disease patients and the control group based on the CDC criteria
squared test. The two-sample Wilcoxon rank-sum (Mann-Whitney) for children (Fisher’s exact = 0.002). Five (56%) of nine children
test was used to determine statistically significant differences in with early-onset Blount’s disease and 18 (60%) of 30 patients with
BMI between the Blount’s disease group and the control group, late-onset Blount’s disease were classified as obese (Fisher’s exact

= 0.459). Five (17%) of the 30 patients with late-onset Blount’s
disease and none of nine patients with early-onset Blount’s disease
were classified as overweight.

Using BMI values to interpret categories without controlling for

controlling for age. Pearson’s correlations were used to assess
the relationship between BMI and angular deformity (TFA), and
a univariate logistic regression model using BMI to predict the

Langenskiold classification for severity was assessed. Significance age and sex shows that 31% of Blount’s patients are underweight
was determined at p-value <0.05 for all statistical analyses. (Figure 1). This was disproved by using BMI-for-age percentiles,
Statistical analysis was done using STATA 14 (StataCorp, 4905 highlighting the importance of using the age- and sex-adjusted

Lakeway Drive, College Station, Texas, USA). percentiles (CDC 2000 charts) to interpret BMI values in children.
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Figure 1. Body mass index categories of Blount’s disease patients and the control group
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Figure 3. Standing antero-posterior (AP) radiograph of a 9-year-old
Figure 2. Radiograph of a 3-year-old child with bilateral limb involvement, female patient with Langenskiold stage VI late-onset Blount’s disease of
early-onset Blount’s disease the right limb
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A total of 58 knees were studied radiologically (19 bilateral,
20 unilateral disease). Examples of the cases are illustrated in
Figures 2 and 3. Using the Pearson correlations, no relationship
was found between BMI and TFA (r=0.0342, p=0.8364). Using
BMI to predict the Langenskiold classification for severity by the
univariate logistic regression model, no association was found
between BMI and Langenskiold classification (p=0.453). The mean
TFA was 26.88° (range: 12-50) for early-onset disease and 27.4°
(range: 4-54) for late-onset disease. Using cross-tabulation and
Fisher’s exact test to assess for an association between onset and
Langenskiold classification, eight of nine patients with early-onset
Blount’s had low-grade (I-1V) Blount’s disease (88.9%) whereas
56.7% of patients with late-onset Blount’s disease had high-grade
(V-VI) Blount’s disease. This was statistically significant with
p=0.023.

Discussion

The results our cohort show that patients with Blount’s disease have
a higher BMI compared to the general paediatric population. These
results are comparable to studies reported in developed and other
developing countries. However, the mean BMI for Blount’s disease
patients was significantly lower than in the existing literature.

In our study population, Blount’s disease affected both sexes
equally with a comparable number of unilateral and bilateral
cases. Similarly, there was an equal presentation of both sexes
in early-onset and late-onset Blount’s disease groups. A recent
meta-analysis by Rivero et al. found that patients with early-onset
Blount’s disease were more likely to be females than males (61%
vs 39%; p=0.01).% Inaba et al. in a multi-centre study in Japan
found that there were more females in both early-onset and late-
onset Blount’s disease.?® On the contrary, Montgomery et al.
found that Blount’s disease had a statistically significant positive
association with patient’s sex, with males 8.16 times more likely to
have Blount’s disease compared with females.'® Sabharwal et al. in
their study of 51 Blount’s disease patients also found more males
affected than females (32 males vs 19 females).?” Our study found
that male patients had a higher mean BMI value than their female
counterparts. Sabharwal et al. also found a higher BMI in males
than females (38.2 vs 32.1 p=0.07) in his study of 45 patients with
Blount’s disease.' On the contrary, Pirpiris et al. found no statistical
difference in BMI between males and females, with females having
slightly higher BMI values than males (24.6 kg/m? in males vs
26.1 kg/m? in females, p=0.10)."

Our study found that patients with bilateral disease had significantly
higher BMIs compared to patients with unilateral disease. Sabharwal
et al. also found that patients with unilateral Blount’s disease have
a lower mean BMI than patients with bilateral Blount’s disease
(34.7 kg/m? and 36.8 kg/m? respectively, p=0.53).'® There was no
relationship between the onset of Blount’s disease and laterality,
with equal numbers of unilateral and bilateral cases found in each
group. This contrasts with the meta-analysis by Rivero et al. which
found more bilateral cases in early-onset Blount’s disease patients
and a high incidence of unilateral cases in late-onset (adolescent)
Blount’s disease patients.> Our limited number of early-onset
Blount’s disease rendered comparison inconclusive.
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The mean BMI values of our study population are significantly
lower than those reported in the literature. A retrospective study
of 45 Blount’s disease patients by Sabharwal et al. found a mean
BMI of 35.6 kg/m? with mean BMI of 29.2 kg/m? for early-onset
Blount’s disease and 39.7 kg/m? for late-onset Blount’s disease."®
In our study, the mean BMI was 26.5 kg/m? with a mean BMI of
24.2 kg/m? for early-onset and 27.2 kg/m? for late-onset Blount’s
disease. Malnutrition and environmental effects may have
contributed to the difference.%21-23

Our study population with Blount’s disease consisted only of the
black race. Although a conclusion cannot be reached, there seems
to be a high predisposition of Blount’s disease in black children.
Rivero et al. found a greater prevalence of Blount’s disease among
black children, although this predisposition was stronger in late-
onset Blount’s disease.3 A recent study by Lisenda et al. from South
Africa also found all the patients in their study to be of black race.®
This forms a strong basis to suggest the relationship between black
race and Blount’s disease.

Our study had only nine (23%) early-onset Blount’s patients
compared to 30 (77%) late-onset Blount’s disease patients.
Although late-onset Blount’s patients had a higher mean BMI
compared to early-onset Blount’s disease, this was not found to
be statistically significant. These results are similar to a study by
Sabharwal et al. which found that early-onset Blount’s disease
patients have lower BMI values than late-onset Blount’s disease
patients.'s

Our study found no statistical difference in severity of angular
deformity using TFA in both the early-onset and late-onset diseases
and no association with BMI. Dietz et al. have investigated the
relationship between obesity and angular deformities in 15 children
diagnosed with Blount’s disease and found a strong relationship
between body weight, TFA and varus deformities.'® In a study by
Sabharwal et al., a linear correlation was found between obesity and
radiographic changes in children with early-onset Blount’s disease
(r=0.74, p < 0.0001) and children with BMI values greater than
40 kg/m? who have late-onset Blount’s disease. No relationship was
found in late-onset Blount’s disease patients with BMI <40 kg/m2."3

Our study found that patients with early-onset disease had low-
grade Blount’s disease (i.e. Langenskiold I-IV) and more than 50%
of patients with late-onset Blount’s disease had high-grade disease
(i.e. Langenskiold V=VI). This finding was expected as Langenskiold
staging is associated with patient age.2#5 There was no relationship
found between BMI and the Langenskiold classification system. To
our knowledge, no study was done to assess the effect of BMI on
the Langenskiold classification, but several studies were conducted
to assess the relationship between BMI and severity of angular
deformity using TFA angles.

The study limitations include the retrospective nature of the study
and the limited number of patients due to the low incidence of this
condition. The study had a small group of patients with early-onset
Blount’s disease, thus conclusions between the two groups could
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not be reached. Although increased BMI has a strong association
with Blount’s disease and probably influences the severity of
angular deformities, other factors that may contribute to these
changes were not assessed, i.e. vitamin D deficiencies and early
walking age although vitamin D deficiency was not found to be
associated with Blount’s disease in a recent study.'®

Conclusion

Our study demonstrates that our cohort with Blount’s disease has
a higher BMI than the control population at our institution. Contrary
to existing literature, no relationship was found between sex, onset
or laterality and Blount’s disease in our study. There was also no
significant difference in BMIs between early-onset and late-onset
Blount’s disease patients or the severity of the deformities. Although
our study only had black patients, a larger multi-centre study is
required in the South African population to assess the relationship
between race and Blount’s disease and to assess the genetic
aetiology that may be responsible for the black racial predilection.
Our findings support the association between BMI and Blount’s
disease in children. Measures aimed at decreasing weight and thus
childhood obesity may have some effect on the number of children
with this condition.

The study was conducted after written approval from the Academic Hospital
management. Approval from the University MMed committee was obtained. The
Faculty of Health Science’s Ethics committee approval was obtained (Protocol
number: 5/2017) prior to the commencement of the study. All patients’ records were
assigned a study number and no patient details were divulged in order to protect their
confidentiality.
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