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Abstract
Background:

Late-onset Blount’s disease is subdivided by age at onset into juvenile (4-10 years) and adolescent (> 1lyears).
Recent literature recommends the use of external fixation with gradual correction of tibial varus and simultane-
ous correction of associated femoral varus.

Methods:

We retrospectively reviewed 36 patients (43 knees) treated from 1990-2005. Of the 36 patients, 22 were female and
61.1% were obese. Seventeen knees were in juvenile and 26 in adolescent patients. Pre-operatively and at follow-
up patients were assessed clinically and radiographically. Pre-operative mechanical axis ranged from 8-55° varus.
Seventeen of the 43 knees (39.5%) had femoral varus (lateral distal femoral angle >90°, range 94°-102°).

Surgery involved a tibial barrel-vault osteotomy, acutely correcting the overall mechanical axis, internal tibial tor-
sion and procurvatum. Fixation was with Steinmann pins and plaster.

Results:
At a mean follow-up of 4 years (38 knees to maturity), 33 knees (76.7%) had a good result. In three juvenile knees
the varus recurred after initial correction to 0-4° valgus. Joint line obliquity ranged from 4°-12°.

Conclusion:

Tibial osteotomy alone with limited internal fixation can achieve good results in late-onset Blounts. In juvenile
knees overcorrection to 5-10° mechanical valgus accommodates recurrence secondary to persistent growth inhi-
bition.
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Introduction

Proximal tibia vara in childhood is due to growth distur-
bance of the proximal medial tibial physis. The condition
was critically analysed by WP Blount' in 1937 who was the
first to sub-classify the condition into two broad groups:
an infantile form with onset of bowing in infancy which
was later sub-classified by Langenskiold,” and an adoles-
cent form with onset between 6 and 12 years.

This late-onset form of the disease was later sub-classi-
fied by Thompson et al’ into a juvenile form with onset at
4-10 years and an adolescent form with an onset at or
after 11 years of age. Both differed from the infantile form
in radiological appearance. In late-onset Blount’s the
physis was irregular; there was less medial epiphyseal
wedging; and minimal increased prominence or ‘beaking’
of the proximal medial tibial metaphysis. The juvenile
group was categorised as a separate entity due to the high
rate of recurrence of the varus deformity following surgi-
cal correction.

Late-onset Blount’s disease classically occurs in obese
patients with characteristically wide thighs, with a
male:female ratio of 4:1 and over 90% of patients obese
and black.”™ There is a well-documented association with
slipped upper femoral epiphysis (SUFE).*">"

Late-onset Blount’s disease has been noted to have an
association with concomitant distal femoral varus with a
reported incidence of 19%-60%."""* It is postulated that
the medial femoral physis also suffers growth inhibition
due to the high loads through the medial knee joint par-
ticularly in older obese patients with a ‘fat thigh gait’*""*°

The treatment of late-onset tibia vara has evolved over
time, although the mainstay remains high tibial osteoto-
my as it was when Blount published his review in 1937.!
Methods of fixation of the osteotomy however have
changed, from plaster alone' to include limited internal
fixation with Steinmann pins>**' or stable internal fixa-
tion with compression plates.” Due to the difficulties
associated with obesity in late-onset Blount’s disease,
external fixators have become a popular fixation method,
including monolateral®” and circular fixators.”**** The
deformity correction using external fixation can be done
either acutely or gradually. Gradual correction with a cir-
cular fixator has become increasingly popular and authors
report that a more accurate correction is achieved than
with acute correction.”* Lateral tibial hemi-epiphyseal
stapling has also been used but does not address the asso-
ciated internal rotation or procurvatum deformities.’****

Recently authors have recommended simultaneous cor-
rection of distal femoral varus if >5° outside the reference
range. This is achieved by simultaneous distal femoral val-
gus osteotomy (held with a blade plate or external fixator)
or lateral distal femoral hemi-epiphyseal stapling.'* This
is done to prevent knee joint line obliquity which occurs
when both the tibial and femoral mechanical varus are
corrected by tibial osteotomy alone.”” In some advanced
cases distal tibial valgus also occurs.”'*

The authors recommend that this deformity be simulta-
neously corrected by hemi-epiphyseal stapling or distal
tibial osteotomy which is held with an extension of the
tibial circular external fixator.

We have treated all patients with late-onset Blount’s
between 1990 and 2005 with acute correction by means of
a high tibial barrel vault osteotomy alone held with
Steinmann pins and plaster. We did not correct concomi-
tant femoral varus, but corrected the overall mechanical
varus by overcorrecting the tibia.

Materials and methods

We retrospectively reviewed 36 patients (43 knees) treated
for late-onset Blount’s disease from 1990-2005. Of the 36
patients, 31 (86%) were black and 22 were female (M:F
ratio 2:3). Of the 36 patients 15 (17 knees) were juvenile
(4-10 years old at presentation) and 19 (26 knees) were
adolescent (11 years or older). Twenty-two patients
(61.1%) were obese (weight for age >95th percentile).
Eight of thel5 juvenile patients (53.3%) were obese and 14
(73.6%) of the adolescent patients were obese.

Methods of fixation of the osteotomy have changed from
plaster alone to include limited internal fixation with
Steinmann pins or stable internal fixation with
compression plates

Figure 1a. A 13-year-old overweight boy with

adolescent late-onset Blount’s disease.
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All patients were assessed clinically at presentation and
at final follow-up. Presenting symptoms were bowing with
or without pain (Figure 1a). Twenty-two (61.1%) of the 36
patients had some form of bilateral genu varum: seven
patients had bilateral late-onset Blount’s disease, seven
patients had contralateral late presenting infantile Blount’s
and a further eight patients had contralateral genu varum
<5° which did not warrant corrective osteotomy. All
patients had intoeing due to internal tibial torsion (Figure
1b). The mean thigh-foot angle was 10° internal rotation
(range 0°-25°). All patients were Siffert-Katz negative (no
increased deformity demonstrated with varus stress in 20°
flexion as is found in late presenting infantile Blount’s).”

Ten patients had associated pathologies: seven contralat-
eral late presenting infantile Blount’s, two peroneal spastic
flat feet and one SUFE.

Radiographs taken pre-operatively and at final follow-up
included a mechanical axis antero-posterior (AP) stand-
ing radiograph with the patella pointing forward and a lat-
eral radiograph of the tibia. These were measured using
the methods of Paley and Tetsworth.”” On the AP mechan-
ical axis (MA), lateral distal femoral angle (LDFA normal
= 87° range of 85°-90°), medial proximal tibial angle
(MPTA normal = 87°, range 85°-90) and lateral distal tib-
ial angle (LDTA normal = 89°, range 86°-92°) were meas-
ured. On the lateral the posterior proximal tibial angle
(PPTA normal = 81° range 77°-84°) quantified the
procurvatum. Post-operatively mechanical axis AP views
and lateral tibial views were taken. At removal of the plas-
ter AP and lateral tibial views were done to confirm
union.

Pre-operative mechanical varus ranged from 8° to 55°.
All patients had tibial varus.

Femoral varus was defined as an LDTA >90°. Distal
femoral varus occurred in 17 (39.5%) of the 43 knees.
Femoral varus ranged from 4° (LDFA 94°) to 12° (LDTA
102°). This quantifies the potential joint line obliquity in
these knees as the mechanical varus was corrected with a
tibial osteotomy only.

Of the knees with distal femoral varus 88% were in obese
patients, compared to 42% obesity in those patients who
did not have femoral varus. Distal femoral varus occurred
in 50% of adolescent knees and in 23.5% of juvenile knees.

There was no pre-operative ankle valgus in this study.

The surgical technique was the same in all cases. Pre-
operatively the centre of the femoral head is determined
with fluoroscopy and marked with an ECG electrode.
Through a mid-fibular incision a lateral compartment
fasciotomy and an oblique osteotomy of the fibula was
done. Through a second incision below the tibial apoph-
ysis and after anterior compartment fasciotomy, a low
energy tibial barrel vault osteotomy was performed just
below the apophysis. To achieve a comfortable correc-
tion 1 cm of shortening was done. Through this osteoto-
my the mechanical axis of the limb was corrected to
0°-5° valgus in adolescents and 5°-10° in juveniles.

Figure 1b. His thigh-foot angle measured 0° (normal

= 10° external rotation).

This was done with intra-operative fluoroscopy using the
electrocautery cord from the centre of the femoral head rep-
resented by the ECG electrode. The internal tibial torsion
was corrected to 10° external tibial torsion and the procur-
vatum to a PPTA of 80°. No patient had a distal femoral or
distal tibial osteotomy. The corrected barrel vault osteotomy
was held with two to three crossed 2.4 mm Steinmann pins
and the leg immobilised in an above-knee plaster for 6
weeks. The patients were then weaned of crutches and par-
tial weightbearing over 4 weeks.

There were no cases of compartment syndrome, infection,
delayed or non-union or peroneal nerve palsy.

Patients were followed up for 2-8 years (mean 4 years) and
38 of the 43 knees were followed up to physeal closure
(either secondary to maturity or epiphysiodesis in the case
of the seven patients with contralateral late presenting infan-
tile Blount’s). Results were graded clinically and radiologi-
cally using a modification of the criteria described by
Schoenecker et al.”* A good result had no pain, a mechanical
axis <5° varus or valgus and a procurvatum deformity <10°
(PPTA 270°).

There were no cases of compartment syndrome, infection,
delayed or non-union or peroneal nerve palsy
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Figure 2a. AP full length standing mechanical axis radi-
ograph of a 12-year-old girl with adolescent late-onset
Blount’s. The mechanical axis is 30° varus, LDFA 90°,
MPTA 75°, and LDTA 90°.

Figure 2b. Follow-up at maturity illustrates maintenance
of neutral mechanical axis achieved after tibial osteoto-
my at 12 years. The MPTA is corrected to 88° and the
LDFA remains at 90°.

Figure 2c. The posterior proximal tibial angle (PPTA)
at maturity is 80°.

Results

Thirty-three (76.7%) knees had a good result (Figure 2)
and ten (23.3%) a poor result (Table I).

All patients had adequate correction of the internal tib-
ial torsion to thigh foot angles 10° to 15° external rotation.
No patient had ankle valgus clinically or radiologically
(LDTA 86°-90°). No patient had a leg length discrepancy
of >2 cm.

Analysis of the radiological measurements of the 33
knees with good results (Table II) showed that although
the overall mechanical varus of 8-55° had been corrected
to within 5° of neutral, the average MPTA was 94°, reflect-

Table I: Grading of results

Good result

Poor result

No pain

Pain

Mechanical axis
<5°varus/valgus

varus/valgus

Mechanical axis >5°

PPTA 70°-90°

PPTA <70°

Table II: Analysis of good results, n=33 (mean value at
follow-up is given in brackets)

Pre- Normal
. Follow-up
operative mean/range
Mechanic 8-55° 5° varus— 0°
al axis varus 5° valgus
o 87-102° 87°
LDFA 87-102 (93°) (85°-90°)
o 87-104° 87°
MPTA 58-83 (94°) (85°-90°)
LDTA 86-90° 86-90° 89°
(86°-92°)
o 70-90° 81°
PPTA 50-86 (79°) (77°-84°)

Table III: Radiological analysis of good results

(n = 21) with no femoral varus (LDTA <90°)

Pre- Normal
. Follow-up
operative mean/range
o 87-90° 87°
LDFA 87-90 (88°) (85°-90°)
o 84-92° 87°
MPTA 58-83 (88°) (85°-90°)

When the 12 knees with femoral varus are excluded, the
mean post-operative MPTA is normal at 88° (Table III;
Figure 2).

Eight of the ten poor results were attributable to not
obtaining accurate deformity correction at surgery. Five
knees required re-operation: two knees for over-correc-
tion to >10° mechanical valgus and three juvenile knees
which were initially only corrected to between 0°-4° val-
gus and recurred to >5° varus, due to ongoing growth dis-
turbance of the proximal medial tibial physis (Figure 4).

ing tibial valgus. This is because both the femoral and tib-
ial contributions to the overall mechanical varus were cor-
rected by a tibial osteotomy alone, and is a reflection of the
mean distal femoral varus (LDFA 93°) (Figure 3).

Analysis of the good results showed that although
the overall mechanical varus had been corrected to within
5° of neutral, the average MPTA was 94°
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The five knees with poor results who did not have further
surgery included four knees with under-correction to
between 6° and 10° mechanical varus and one with under-
correction of procurvatum (PPTA 60°). These five patients
were satisfied with their cosmetic outcome and refused fur-
ther corrective surgery.

Discussion

The pathology of Blount’s disease is due to abnormal endo-
chondral ossification with resultant growth inhibition of the
medial proximal tibial physis. This growth plate abnormali-
ty manifests histologically as column disorganisation with
clefts and fissures.*">"*

The aetiology however remains unknown and is probably
Figure 3. Post-operative AP multifactorial."! Davids et al” postulated that obese adoles-
mechanical axis radiograph of cents had a ‘fat thigh gait’ with resultant difficulty adducting
an obese 13-year-old boy with the hip in stance, which together with swing limb circum-
adolescent Blount’s disease duction results in increased forces across the medial side of
which has been corrected to the knee causing physeal growth inhibition.
mechanical neutral, but due to

concomitant femoral varus has Demographics
an oblique joint line with a Demographic data from the USA show that 80% are black,

LDTA and MPTA of 96°. 75% male and >90% obese patients.*" Although 86% of the
patients in our study were black, the male:female ratio was
2:3 and only 61.1% of the patients were obese. The ‘fat thigh
gait’ alone does not explain late-onset Blount’s disease in
patients of normal weight and in the 39% of patients in our
study who did not have any form of bilateral involvement.
The theory however, is supported by the distribution of the
femoral varus which occurred in 39.5% of the knees in our
study. Older or adolescent patients (50% femoral varus) and
overweight patients (88% femoral varus) were twice as like-
ly to develop femoral varus when compared to juvenile
(25%) or normal weight (42%) patients.

Three orthopaedic conditions that occur in overweight
children are Blount’s disease, SUFE and idiopathic peroneal
spastic flat foot. SUFE has a similar histopathology of the
growth plate as Blount’s.” Idiopathic peroneal spastic flat
foot which occurred in two patients in this study has not
previously been described in Blount’s.

Treatment

Over the last 20 years the treatment of late-onset Blount’s
disease has evolved away from the more traditional high tib-
ial osteotomy alone held with limited internal fixation. This
is due to difficulties with managing the very obese patient in
plaster and achieving exact correction of the deformity
under fluoroscopy. The literature reflects an evolution of the
surgical technique towards more complicated techniques
such as internal fixation with a plate and external fixation
with monolateral and ring fixators.

Acute correction and compression plate fixation was used
by Martin et al.”* It was never widely used because it required
greater soft tissue stripping and did not allow lateral transla-
tion at the osteotomy site. Monolateral external fixation with
an Orthofix fixator was described by Gaudinez et al* and
Stanitsky et al.”

Figure 4a. AP full-length mechanical axis radiograph
of a 9-year-old girl with juvenile late-onset Blount’s
disease of her left leg.

Figure 4b. Post-operative radiograph shows a correc-
tion to neutral mechanical axis.

Figure 4c. Three years later the deformity has
recurred.
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It allows for simultaneous lengthening although in our
study leg length discrepancy was not a problem. Similarly
circular external fixation allowed simultaneous lengthening
and weightbearing throughout treatment. Coogan et al’ and
Stanitsky et al’ described gradual correction with a hinged
Ilizarov-type external fixator. The fixator was on for an aver-
age of 19 weeks.

More recently the Taylor Spatial Frame (TSF) has allowed
correction with a circular fixator and six-axis deformity
analysis. Feldman et al* used the TSF in chronic mode for
gradual correction and reported 100% good results. They
also published a comparative study where they compared
the patients treated with gradual correction in a TSF to a
group treated by acute correction. They concluded that the
gradual correction was more accurate.”

Advantages of our technique are that it is relatively simple
to perform and that the equipment is much cheaper than the
external fixator devices. The surgical time is less and bilater-
al cases can be done at the same sitting. The plaster is
removed at 6 weeks, compared to a mean of 19 weeks for
gradual correction in an external fixator.

The maximum weight in our study was 114 kg. The study
by Gordon et al' reported a mean weight of 112 kg with a
maximum of 178 kg! Since the completion of our study in
2005 the degree and the incidence of severe obesity in main-
ly adolescent patients has increased significantly. These
severely obese patients are difficult to manage in plaster and
we are now utilising a monolateral Orthofix fixator. The
juvenile patients and the adolescent patients who are not
severely obese are managed as described in this study.

Intra-operative assessment of mechanical

axis and alignment

All our poor results not due to juvenile recurrence were due
to inaccuracy of correction at the time of surgery. Using the
electrocautery cord for alignment in an obese patient is a
crude instrument at best. Sabharwal et al’ have shown that
this method is accurate only in patients with a normal body
mass index, <2 cm of mechanical axis deviation and <3° of
joint line convergence angle on the standing AP radiograph.
Saleh et al” developed a grid with wires to accurately align
the tibial mechanical axis. A longer grid has since been
made with a wire from the hip to the ankle but still has to be
verified.

Distal femoral varus

Distal femoral varus occurred in 17 (39.5%) of all the knees
and in 12 (36.3%) of the good results. The adolescent (50%
vs 23.5%) and obese patients (88% vs 42%) were twice as
likely to develop femoral varus, lending weight to the theo-
ry that increased forces across the medial femoral physis in
an overloaded varus knee contribute to this secondary
deformity."*”* This is different from late-presenting infan-

Gordon et al** describe a comprehensive approach to late-
onset Blounts disease. They simultaneously corrected the
femoral varus by means of lateral distal hemi-epiphyseal sta-
pling (if there was enough growth remaining) or with an
osteotomy and blade plate, in order to avoid residual distal
joint line obliquity which could possibly lead to degenera-
tive joint disease. They corrected the femoral varus if it
exceeded 5° (LDFA >95°).Twelve of the 33 knees with good
results in our study had residual joint line obliquity between
4° and 12°, due to residual femoral varus with a LDTA >90°
(the upper limit of normal). There are to our knowledge no
long-term studies into adulthood to assess whether this
amount of joint line obliquity results in significant degener-
ation. It may well be that in these obese patients who cannot
normally adduct in the stance phase, the joint line is parallel
to the floor in stance although not perpendicular to the
mechanical axis. We currently will correct the femoral varus
if it exceeds 10° (LDFA >100°).

Ankle valgus

There was no ankle valgus (LDTA <86°) pre- or post-oper-
atively in our study. Myers et al'*® also found no ankle valgus.
This is difficult to explain especially in those limbs where
the tibia was overcorrected into valgus to correct the tibial
and femoral varus. Gordon et al' in their comprehensive
approach corrected ankle valgus with a varus osteotomy or
medial distal hemi-epiphyseal stapling if the LDTA was
<86°.

Since the completion of this study we follow the osteotomy
rule of Paley and Tetsworth® to lateralise the tibia after the
proximal tibial osteotomy. The osteotomy is distal to the
centre of the deformity which occurs at the growth plate,
and translation of the tibia laterally limits overcorrection
into valgus and prevents a ‘dog leg’ deformity.

Recurrence in juvenile knees

Juvenile recurrence due to ongoing abnormal endochondral
ossification is a well-recognised problem with reported rates
between 25% and 50%."*** Our study was no exception.
Three (17.6%) of the 17 juvenile knees required re-operation
due to recurrence following initial correction to <5° valgus
(Figure 4). No juvenile knees that were corrected to between
5° and 10° valgus recurred into varus. We therefore recom-
mend that patients <11 years old at surgery be corrected to
5°-10° valgus to allow for this recurrence.

Limitations of this study are that the follow-up was rela-
tively short and the long-term effects on the knee could not
be assessed; five knees were not followed to maturity; and it
has the bias of a retrospective study.

CLINICAL ARTICLE

Since the completion of our study in 2005 the
degree and the incidence of severe obesity in mainly
adolescent patients has increased significantly

tile Blounts. In late-presenting infantile Blounts the more
pliable epiphysis of the medial joint line becomes depressed,
necessitating an elevating osteotomy while the femur is
unaffected.*
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Conclusions

Tibial osteotomy alone held with Steinmann pins and
plaster is a simple and cheap option and can give good
results in the treatment of all juvenile patients and adoles-
cent patients that are not severely obese. In juvenile knees
overcorrection to 5°-10° mechanical valgus accommo-
dates recurrence secondary to persistent growth inhibi-
tion.

The content of this article is the sole work of the authors. No
benefits of any form have been or are to be received from a
commercial party related directly or indirectly to the subject
of this article. The research has been approved by the
Research Ethics Committee, Health Sciences Faculty,
University of Cape Town (ref: 349/2008).
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