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Abstract

Background Blount’s disease is a multi-planar deformity
affecting the pediatric population which leads to varus
alignment of the lower extremities. The Multi-Axial Cor-
rection (MAC) monolateral external fixation system (Bio-
met, Parsippany, NJ, USA) is a non-circular fixator that
was developed as a response to the technical difficulty for
both patients and physicians of placing, managing, and
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tolerating a circular fixator. The purpose of this study was
to determine the efficacy of the MAC system for the
treatment of pediatric patients with Blount’s disease.
Methods A retrospective analysis of 17 consecutive
patients with surgically corrected Blount’s disease using
the MAC system with tibial and fibular osteotomies was
identified. Patient charts and radiographs at three different
time points (pre-operative, fixator removal, and final fol-
low-up) were reviewed. The mechanical axis deviation
(MAD), tibial-femoral angle (TFA), medial proximal tibial
angle (MPTA), and posterior proximal tibial angle (PPTA)
were measured in the MAC group at the three time points
mentioned previously. The total wear time, total operative
time, and post-operative complications were noted.
Results The MAC system was able to correct the defor-
mity of Blount’s disease as measured by a decrease in the
MAD (40.2 &+ 29.3 mm; P < 0.001) and TFA (159 +
13.7°; P < 0.001), as well as an increase in the MPTA
(15.7 £ 14.6°; P = 0.001) at the time of fixator removal.
The correction was maintained for these parameters at the
time of final follow-up (P < 0.025). The absolute values
obtained at final follow-up for MAD (20.5 + 12.7 mm
medial), TFA (8.0 &+ 4.1° varus), and MPTA (83.7 £ 8.1°)
after correction with the MAC system were close to what is
considered as normal for these indices. The most common
complications noted were superficial pin tract infections
and/or cellulitis, with no patients having nerve palsy,
compartment syndrome, non-union, or leg length discrep-
ancies. The total time that the fixator was on the patients
prior to removal was 130.6 days (standard deviation
[SD] = 44.8). The mean operative time was 120.6 min
(SD = 21.2).

Conclusions Correction of Blount’s disease with osteot-
omy of the tibia and fibula as well as dynamic fixation with
the MAC system achieved deformity correction as
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measured by radiographic indices with minimal intra- and
post-operative complications. The ease of application and
adjustment of the MAC system makes it an attractive
option for Blount’s deformity correction.

Keywords Blount’s disease - Tibia vara -
Deformity correction - External fixation - Osteotomy

Introduction

Blount, in 1937 [1], described tibia vara as a developmental
condition of the proximal tibia involving the epiphysis,
physis, and metaphysis. Based on the age of onset and
radiographic features, it is sub-classified into early-onset/
infantile, juvenile, and adolescent varieties [2-4]. It is
essentially a multi-planar deformity that leads to progres-
sive varus and rotational malalignment of the proximal
tibia, with the distal femur involved to a certain extent as
well [5-8]. Mild cases may resolve, but in some untreated
cases, the deformity may rapidly progress, leading to
functional impairment, with early development of arthritis
[9-11].

Management includes the restoration of limb alignment,
joint congruency, limb length equalization, and careful
follow-up to prevent recurrence, which can occur in up to
50% of patients [12—-14]. Various surgical techniques,
including osteotomies, can help to restore alignment of the
leg. Reports include the use of circular Ilizarov external
fixation [15-21], non-circular external fixation [22, 23],
internal fixation [11, 24], hemiplateau elevation with/
without epiphyseal distraction [25, 26], double elevating
osteotomies [27], serrated W/M osteotomies [28], epiphy-
seal stapling [29], Taylor Spatial Frame correction [30],
and hemiepiphysiodesis by guided growth [31]. All of
these techniques vary in their ease of application/perfor-
mance, achievement of (and time to) deformity correction
(both clinically and radiographically), prevention of
recurrence, and complications (i.e., nerve damage, infec-
tion, non-union, mal-union) [12, 14, 16, 17, 22-26, 28, 29,
32, 33].

The use of the Ilizarov circular fixator in combination
with tibial osteotomy has been widely used for the cor-
rection of Blount’s disease [15-21]. Advantages of this
method include early weight-bearing, early motion, and,
most importantly, multi-planar deformity correction
(including rotation, angulation, and translation) [17, 18].
Yet, the learning curve for circular fixator application can
be very steep for clinicians, the total treatment time and
rings may be cumbersome to patients, and there is,
potentially, a high risk of complications. The Multi-Axial
Correction (MAC) monolateral fixation system (Biomet,
Parsippany, NJ, USA) was designed to overcome these
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issues. The MAC system achieves gradual or acute cor-
rection of single or multi-planar deformities, and can
address angulational, translational, rotational, and length
discrepancy issues in three planes.

At our institution, patients with Blount’s disease who
required surgical correction were traditionally treated with
osteotomies of the tibia and fibula with application of an
Ilizarov circular fixator. With the introduction and evolu-
tion of the MAC system, the technique of external fixation
was changed. The purpose of this study was to determine
the efficacy of the MAC system for the treatment of
pediatric patients with Blount’s disease in regard to the
correction of deformity, operative time, complications
(intra-operative and post-operative), and treatment dura-
tion. We hypothesized that the MAC system would be able
to correct the deformities associated with Blount’s disease,
as measured by radiographic indices, with minimal
complications.

Materials and methods

After obtaining institutional review board (IRB) approval,
the surgical database of the senior authors at two institu-
tions between 2003 and 2007 was reviewed to identify
patients with surgically corrected Blount’s disease using
the MAC system. This was a retrospective review. All
patients were operated on by one of the two pediatric
orthopedic fellowship-trained senior authors at their
respective institutions, and were consecutive patients for
each surgeon. Office charts and radiographs were reviewed.

Data parameters were standardized. All patients were
clinically and radiographically followed. Patients were
included in the study if the Blount’s disease was deter-
mined (by one of the senior surgeons) to be the sole cause
of the patient’s deformity using radiographic criteria pre-
viously described for diagnosis [4]. All patients were
treated with the MAC system, had unilateral or bilateral
disease, were <20 years old at the time of surgery, and had
adequate clinical and radiographic data in the chart review.
Exclusion criteria included patients who had other etiolo-
gies as a cause of their varus deformity, other congenital/
developmental/metabolic anomalies affecting the growth
of the affected extremity, prior operations on the affected
extremity, and prior trauma (i.e., fracture) to the affected
extremity. In addition, patients who were receiving oper-
ative treatment for relapsed/recurrent Blount’s disease
were also excluded.

Data collected included patient gender, unilateral/bilat-
eral nature of disease, age at disease onset, age at time of
operation, age at time of fixator removal, and age at final
follow-up. The total procedure time was noted, as were any
intra-operative/post-operative complications (defined as
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neurovascular  deficit/injury, compartment syndrome,
infection requiring antibiotics, over-correction of the
deformity into severe valgus, under-correction with resid-
ual varus/recurrence, delayed union of the osteotomy, non-
union of the osteotomy, and/or notable/clinically relevant
leg length discrepancy).

Radiographs for each patient were performed at the time
of pre-operative assessment, after fixator removal, and at
final follow-up. All patients had a full-length weight-bear-
ing anteroposterior (with both patella facing forward) views
of both lower extremities. With these deformities being
multi-planar, it is not always possible to obtain a lateral
radiograph of the femur and proximal tibia in the same view
and, additionally, the presence of an external fixator makes
this cumbersome. Lateral radiographic views were, there-
fore, not routinely ordered by the senior surgeons. A small
subset of the patients had adequate lateral radiographs and
data from those were included in this review. Deformity
was assessed based on principles outlined by Paley et al.
[34, 35]. Patients had frontal plane analyses consisting of
mechanical axis deviation (MAD), tibial-femoral angle
(TFA), medial proximal tibial angle (MPTA), and posterior
proximal tibial angle (PPTA) measured.

All patients with bilateral disease had each lower limb
analyzed individually. The total number of days from the
placement of the fixator to its removal and the total number
of days from placement of the fixator to final follow-up
were calculated. The mean change in MAD, TFA, MPTA,
and PPTA between the pre-operative measurements and
the time at which the fixator was taken off, as well as at the
final follow-up visit, was calculated. Paired two-tailed
Student’s #-tests were used to compare the mean change in
the aforementioned radiographic parameters between the
pre-operative measurements and the two other time points:
fixator removal and final follow-up visit.

Statistical significance was defined as P < 0.05 and 95%
confidence intervals were calculated. For patients whose
radiographic measurements could not be calculated due to
the availability or quality of the images, the patient was
excluded only from the analysis related to that measure-
ment at that specific time point (pre-operative, fixator
removal, or final follow-up) analyzed in the study.

Based upon our power analysis (for a power of 0.08 and
an alpha value of 0.05), utilizing a correction of 10° in the
MPTA for the MAC system from pre-operative to fixator
removal (utilizing a standard deviation of 15° in both
groups), data for three patients was necessary, which we
exceeded.

MAC system operative technique

The MAC system is a multi-axial correcting monolateral
external fixation system (Figs. 1 and 2) with a central

Fig. 1 Multi-axial rotation ring used in the Multi-Axial Correction
(MAC) system
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Fig. 2 MAC system with multiple labeled components. A Multi-axial
rotation ring (also shown in Fig. 1). B Primary hinge (80° of
correction). C Secondary hinge (35°—45° of correction). D Translation
component in two separate planes (3 cm of correction each).
E Lengthening component

component consisting of two hinges and two translators at
90° to each other. The primary hinge (marked on the
device) is capable of 80° of correction, while the secondary
hinge is capable of 35-45° of correction, depending on the
position of the primary hinge. The two translating screws
are capable of 3 cm of correction at 90° to each other. As a
component system, rings, arcs, rotating arcs, or linear
compression/distraction devices can be attached to the
MAC system, depending on its location on the extremities.

For the correction of the tibia vara deformity in this
series, the primary hinge was centered on the center of
rotation of angulation (CORA), and was also angulated to
match the tibial (Blount’s) deformity. A rotational arc
capable of at least 80° of rotational correction was attached
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to the MAC device proximally and lined up with the
proximal tibial joint line. A compression/distraction clamp
(capable of 5 cm of lengthening) was applied to the MAC
device distally and lined up with the tibial diaphysis. This
construct of the MAC system was lined up with the tibial
deformity and centered on the CORA. Two to three bi-
cortical hydroxyapatite-coated cortical screws were placed
proximally (one medial to the MAC and one laterally, so as
not to block lateral rotation of the distal tibia). These
screws do not have to be perpendicular to the tibia. If the
arc is proximal to the metaphysis, these screws can be
angulated to fit between the physis and the planned oste-
otomy. Three distal screws are then inserted into the medial
face of the tibia. The MAC device allows medial transla-
tion and rotation to align the distal component with the
medial face of the tibia.

The tibial osteotomy is then placed distally to the
CORA, which is usually positioned between the physis and
the insertion of the patellar tendon to avoid damage to the
physis and distal displacement of the patella during
lengthening. A local zig-zag displacement is, therefore, a
desired effect of angular correction with the hinge at the
CORA but the osteotomy distal to the CORA. This restores
the mechanical axis. A Gigli saw is used to make the tibial
osteotomy. A fibular osteotomy is then performed at the
middle or distal thirds of the fibula, with care not to injure
the sensory branch of the peroneal nerve. A power saw is
used to remove an angled cylindrical shape of bone
(Figs. 3—7). Anterior and lateral subcutaneous fasciotomies
are then performed through the incisions for the osteoto-
mies of the tibia and fibula, respectively.

Fig. 3 MAC system with tibial osteotomy performed on sawbones
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No corrections are performed acutely, avoiding peroneal
nerve stretch injury. In the first post-operative week, the
patients are taught how to do range of motion exercises for
the hip, knee, and ankle on the operated side, and to walk
on crutches at 10 lb partial weight-bearing. During the
second week, the patients are taught to turn the compres-
sion/distraction mechanism 90° four times a day (1 mm per
day) in the direction of the marked arrow for distraction of
the osteotomized tibial bone ends for 7 days or about
7 mm. Additional lengthening at a rate of 1 mm per day
is accomplished, depending on what was needed based
on pre-operative planning. While most patients require
lengthening, any over-correction is eliminated after
realignment by compressing at a rate of about 1 mm per
day. At the beginning of the third week or after lengthening
has been accomplished, angular correction is begun at a
rate of 1° four times a day (turning the primary angulation
screw 90° four times a day) until realignment has been
achieved.

After lengthening and biplanar angular deformities are
corrected, rotation (at 2° or a 90° turn of the key four times
per day), translation, and any residual angular deformities
are corrected. Weekly X-rays are obtained until the
deformities are corrected, usually in 2-3 weeks. Then,
monthly X-rays are obtained until consolidation. The
device is removed after radiographic evidence of consoli-
dation. Weight-bearing is increased as tolerated to full
weight-bearing once consolidation is observed. Sports are
not permitted until at least 6 weeks after removal of the
fixator. Contact sports are not permitted for 6 months.
Local zig-zag deformity should be seen on the X-ray,
confirming proper axial alignment.

Results

Seventeen patients (age 10.7 = 2.7 years) with Blount’s
tibia vara were treated with the MAC system. Sixteen of
the patients had unilateral disease, while one patient had
bilateral disease. The full demographic data are displayed
in Table 1. The total time that the fixator was on the
patients prior to removal was 130.6 days (standard devia-
tion [SD] =44.8). The mean operative time was
120.6 min (SD = 21.2). The most common complication
noted post-operatively was pin site infections and/or cel-
lulitis requiring antibiotics (Table 2).

The mean values for the radiographic parameters mea-
sured (MAD, TFA, MPTA, and PPTA) are shown in
Table 3. The MAC system was able to correct the Blount’s
deformity as measured by a decrease in the MAD
(P < 0.001) and TFA (from varus; P < 0.001), as well as
an increase in the MPTA (P = 0.001) at the time of fixator
removal (Table 4). The correction was still maintained at
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Fig. 4 Anteroposterior and
lateral pre-operative X-rays of a
patient with Blount’s disease
prior to deformity correction

Fig. 5 Anteroposterior and
lateral post-operative X-rays of
the same patient with Blount’s
disease (from Fig. 4) after
placement of the MAC system
after deformity correction

Fig. 6 Anteroposterior and
lateral post-operative X-rays of
the same patient with Blount’s
disease (from Fig. 4) after
removal of the MAC system

the time of final follow-up (Table 4). The MAC system did
not change the PPTA at both the time when the fixator was
taken off (P = 0.24) and at the final follow-up (P = 0.56).

Discussion

The circular external fixation system was initially descri-
bed by Ilizarov in 1951 as a novel modality of external
fixation with a circular frame that would help control
angulation, rotation, translation, and axial motion (dis-
traction/compression) in a triplane fashion [36]. The MAC

system was developed as a possible alternative to the
Tlizarov circular fixator. The surgical treatment of Blount’s
disease has centered around the use of tibial osteotomies
with varying forms of internal or external fixation [11, 14—
29]. Due to the fact that the two institutions involved in this
study are large referral centers for Blount’s disease, we felt
that choosing to analyze this deformity (with its combi-
nation of angulation, rotation, and medial column short-
ening) would be the ideal manner to analyze the MAC
system [5-8]. In support of our hypothesis, we found that
the MAC system was able to correct the radiographic
deformities of Blount’s disease with minimal complication.
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Fig. 7 Anterior view of the patient with the MAC system placed for
Blount’s disease

Table 1 Demographic data

Variable MAC
Number of patients 17
Number of limbs 18
Male:female 10:7
Blount’s classification (early-onset:late-onset) 9:8

Age in years at time of operation 10.7 2.7)

Total follow-up time in days 625.3 (325.0)

Standard deviation (SD) in parentheses

Table 2 Percentage of surgical complications

Complication Percentage

Any complication per limb 70.5 (12)

Pin tract infection and/or cellulitis 50.0 (9)
requiring antibiotics

Over-correction or under-correction 17.6 (3)
or recurrence of deformity

Delayed union/non-union 0 (0)

Nerve palsy 0 (0)

Leg length discrepancy 0 (0)

Compartment syndrome 0 (0)

Raw number in parentheses

Paley et al. have outlined the radiographic measure-
ments for the evaluation of Blount’s disease [34, 35].
A decrease in the MAD and TFA with concurrent increases
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in MPTA and PPTA are indicative of correction. We rec-
ognize that, with nearly all external fixators, anatomic
alignment can be achieved. In order to compare the results
of the MAC (in a quantifiable and reproducible manner) to
that of other fixators in the literature, we have included the
multiple measurements to aid in comparison. Prior studies
have attempted to outline the following range of values as
suggestive of Blount’s disease: MAD (70-108 mm med-
ial), TFA (19-28° of varus), MPTA (68-75°), and PPTA
(64-71°) [5, 8, 17, 20, 37]. Normal values for these mea-
surements are as follows: MAD (10.0 mm medial; range
3-17 mm), TFA (1.3° of varus; range 1° of valgus to 4° of
varus), MPTA (87°; range 85-89°), and PPTA (80°; range
77-84°) [5, 15, 34, 35, 37].

The pre-operative values for the patients in the MAC
group in our series were consistent with the range of
Blount’s measurements previously cited in the literature
[5, 8, 15, 17, 20, 37], with a mean MAD of 75.5 mm, TFA
of 21.2° varus, and MPTA of 68.8°. Furthermore, the MAC
system was able to achieve the goals of radiographic
Blount deformity correction by achieving statistically sig-
nificant decreases in MAD and TFA (decreased varus), as
well as an increase in MPTA. The PPTA did not signifi-
cantly change after treatment, and can be likely explained
by the fact that the pre-operative PPTA in our patient
population (78.6°) was much closer to what has been cited
as a normal value (81°) after correction [35]. Further study
with a larger number of patients may also allow for a
determination of the MAC device’s effect on the PPTA.

Critically speaking, the radiographic changes achieved
by the MAC system would be of little clinical significance
if the absolute change produced in these parameters did not
lead to values considered as normal. In our series, the MAC
system did achieve a large absolute amount of deformity
correction (40.2 mm decrease in MAD, 15.9° varus
decrease in TFA, 15.7° increase in MPTA) such that the
post-operative values approached those considered as
normal [5, 34, 35]. Given the preceding data, the question
naturally arises: How does the MAC system compare to
other methods of Blount’s correction, particularly the
Ilizarov circular frame?

Utilizing the Ilizarov fixator as the ‘gold standard’ in the
treatment of Blount’s disease [15-21], there have been
several studies that have investigated correction using this
method. This allows for a comparison between the results
obtained with the MAC system and those of the Ilizarov
fixator in terms of radiographic correction, wear time,
operative time, and complications. First, looking at radio-
graphic correction, Gordon et al. examined 15 patients with
late-onset tibia vara who were corrected using tibial oste-
otomy and an Ilizarov circular fixator [15]. Their pre-
operative MAD (108 mm) was more severe than our
patient population, yet, their pre-operative MPTA (71°)
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Table 3 Multi-Axial Correction (MAC) system radiographic data for mechanical axis deviation (MAD), tibial-femoral angle (TFA), medial
proximal tibial angle (MPTA), and posterior proximal tibial angle (PPTA) measured at pre-operative, fixator removal, and final follow-up visits

Parameter Pre-operative Fixator removal Final follow-up

Mechanical axis 75.5% (29.2); 95% CI (60.98-90.02) 31.8" (19.1); 95% CI (20.3-43.3) 20.5" (12.7); 95% CI (7.2-33.8)
deviation (mm)

Tibial-femoral 21.2° (8.3); 95% CI (17.1-25.3) 5.9° (10.7); 95% CI (0.36-11.4) 8.0° (4.1); 95% CI (4.2-11.8)
angle (degree)

Medial proximal tibial 68.8 (13.5); 95% CI (62.1-75.5) 83.8 (11.8); 95% CI (77.3-90.3) 83.7 (8.1); 95% CI (75.2-92.2)

angle (degree)

Posterior proximal tibial 78.6 (8.0); 95% CI (72.4-84.7)
angle (degree)

71.8 (8.8); 95% CI (65.5-78.0) 72.3 (3.9); 95% CI (66.0-78.5)

SD in parentheses
* Medial
® Varus

Table 4 Correction of Blount’s disease achieved by the MAC system radiographically (MAD, TFA, MPTA, and PPTA)

Radiographic parameter Mean change
(pre-operative
to fixator removal)

P value  Mean change P value
(pre-operative
to final follow-up)

Mechanical axis deviation (mm) —40.2 (29.3); 95% <0.001*  —54.3 (30.7); 95% 0.025%
CI (—22.5 to —58.0) CI (—22.1 to —86.6)

Tibial-femoral angle (degree) 15.9% (13.7); 95% CI (9.1-22.7) <0.001*  13.8" (9.6); 95% CI (3.7-23.9) 0.01*

Medial proximal tibial angle (degree) 15.7 (14.6); 95% CI (8.0-23.4) 0.001°* 19.8 (12.6); 95% CI (6.6-33.0) 0.01*

Posterior proximal tibial angle (degree) —6.7 (14.8); 95% CI (—19.0to 5.7) 0.24 —3.7 (18.0); 95% CI (—48.4 to 41.1) 0.56

SD in parentheses
* Statistically significant

* Decrease in varus angulation

was similar to the pre-operative MPTA (68.8°) in our
patient population. Their method was able to achieve a
mean decrease of 107 mm in the MAD and a 17° increase
in the MPTA (mean 88.0°). This is similar to the correction
achieved by the MAC system in our series at final follow-
up with a 54.3-mm decrease in the MAD (mean 20.5 mm)
and 19.8° increase in the MPTA (mean 83.7°). Therefore,
the Ilizarov fixator improved the MAD slightly better than
the MAC system, whereas the MAC system improved the
MPTA slightly more than the Ilizarov fixator.

Second, the total time that the fixator was on prior to
removal can be compared between the Ilizarov fixator and
the MAC system. In Gordon et al.’s study, the mean fixator
wear time was approximately 150 days, which is approxi-
mately 20 days longer than the wear time in our study
(130.6 days). This may be related to the differing speeds
with which an efficacious result can be obtained between
the two fixators due to fixator design or could possibly be
related to differing rates of correction, post-operative pro-
tocols, and/or specific osteotomies. Yet, examining the
work of Gordon et al. in the context of the results of our
study, it can be postulated that the MAC system achieves
results similar to that of the traditional Ilizarov circular

fixator in terms of deformity correction of Blount’s disease
with less mean wear time, the clinical significance of which
is largely based on the clinical application of the fixator
(i.e., specific osteotomies utilized and post-operative pro-
tocols) and the specific patient and his/her surgeon.

Third, the mean operative time can be compared
between the two fixators. Coogan et al. retrospectively
reviewed their treatment of eight patients (12 limbs) with
adolescent tibia vara with distraction osteogenesis by using
an llizarov circular external fixation device [21]. Their
average operative time was noted to be 180 min. In
Stanitski et al.’s series, their mean operative time was
150 min [20]. Both of these series of patients treated with
the Ilizarov fixator had higher mean operative times than
the 120.6 min of operative time for the MAC system. As
with the mean wear time, the decreased operative time of
the MAC system may be due to the ease with which the
MAC system can be applied in a unilateral (non-circular)
nature compared to the technically demanding Ilizarov
application. Yet, this time difference may not be fully
attributable to the above fact, as differing osteotomies and
surgeon experience may account for some of the variations
in operative time. Yet, it can be postulated that the
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unilateral (non-circular) nature in which the MAC system
can be applied decreases the operative time of the
procedure.

Finally, post-operative complications between the two
fixators can be compared. Stanitski et al. examined 17
patients who underwent correction of Blount’s disease with
an lIlizarov circular fixator [20]. The incidence of compli-
cations was slightly higher in the series of Stanitski et al.
compared to those of the MAC system with eight patients
with pin tract infections; one delayed union, one premature
consolidation, and two limb length discrepancies. This is in
line with other studies which have shown the Ilizarov
technique to be susceptible to both major and minor
complications. Velazquez et al. examined 40 patients who
were treated with the Ilizarov technique for the correction
of various limb deformities [38]. They had a total of 88
complications, with 38 defined as major (a complication
that required an additional operative procedure or caused
lasting sequelae, such as mal-union, bone deformation,
joint contracture, nerve palsy, etc.) and 50 defined as minor
(a complication that required non-operative treatment such
as pin tract infection or paresthesias). Even with increasing
surgeon experience, the rate of minor complications was
not found to decrease in their study group. As a result, we
believe that the MAC system may be applied with less risk
of operative complications with theoretically equivocal
radiographic correction, less mean wear time, and less
operative time than the Ilizarov fixator.

There are several limitations in this study. First, our
study was retrospective in nature, with no control group.
A prospective trial in which patients with Blount’s disease
are randomly assigned to either the MAC system or another
form of fixation (i.e., Ilizarov frame) would have been
ideal. Second, due to the retrospective nature of the study,
complete anteroposterior and lateral radiographs of the
patients at the three time points examined in the study were
not available at all time points for all patients. Although
full radiographic analysis was not available, the parameter
which was more fully examined (MPTA) can be considered
as one of the key radiographic parameters in Blount
deformity analysis and is utilized in most studies examin-
ing Blount’s disease [5, 8, 14, 15, 22, 34, 35, 37]. Another
limitation of our study is that we did not assess the femoral
involvement of Blount’s disease (i.e., lateral distal femoral
angle). We do agree that this is necessary in future studies
to not only better understand the disease, but determine if
primary correction in the tibia can affect secondary chan-
ges in the femur. This can help us better understand the
etiology of the femoral deformity in Blount’s disease as
either primary or secondary. Furthermore, limitations due
to the retrospective nature of our study include the lack of
measurements in regards to rotation correction, leg length
discrepancy/lengthening, knee stability, knee range of
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motion, and gait. Further prospectively designed studies
which attempt to seek this information from the onset of
study initiation will be able to provide insight into these
values. Finally, an assessment of the clinical outcomes of
these patients (function, patient satisfaction, etc.) was not
performed. This was difficult since our patients have a wide
referral base and there is a reasonable reluctance for indi-
viduals who live a great distance (out of state and/or
country) and are now fully corrected and asymptomatic to
come back for follow-up.

In conclusion, the results of our study indicate that the
MAC system is able to achieve correction of Blount’s
deformity, as measured radiographically, with minimal
complications. These results should be considered as pre-
liminary, as the follow-up is in the 1- to 2-year time period.
The MAC system can be considered to be comparable to the
traditional circular external fixator (Ilizarov frame) in its
ability to correct the multiple deformity components of
Blount’s disease, as measured by radiographic indices, with
perhaps less wear time and less risk of major complications.
Deformity correction, particularly in Blount’s disease, can
be achieved in multiple, different fashions. Clinicians
should utilize whatever technique they are most comfort-
able with and which they believe they can achieve the most
reliable and reproducible deformity correction with mini-
mal complications. The MAC system is another option that
the surgeon has at their disposal for deformity correction.
For individuals not familiar with circular frame application
or those currently in training, the ease of application (as
measured by decreased operative time and relative famil-
iarity with similar external fixation techniques utilized in
trauma) of the MAC system makes it an excellent choice for
the surgical correction of Blount’s disease.

Acknowledgment We would like to thank Richard S. Davidson,
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paper.
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