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Abstract: The purpose was to assess the accuracy of deformity

correction achieved in patients with tibia vara using acute intraopera-

tive correction compared with gradual postoperative correction. Acute

correction (AC) group consisted of 14 patients (14 tibiae) with a mean

age of 11.4 years and whose tibia vara was corrected acutely and held

using an EBI external fixator. Gradual correction (GC) group consisted

of 18 patients (18 tibiae) with a mean age of 10.2 years and whose tibia

vara was corrected gradually using 6-axis deformity analysis and

Taylor Spatial Frame. Deformity measurements were compared pre-

operatively, postoperatively, and at latest follow-up. At latest follow-

up, medial proximal tibial angle deviation from normal was similar for

the 2 groups; posterior proximal tibial anglewas significantly greater in

the AC group (5.6 degrees) than in the GC group (1.9 degrees).

Mechanical axis deviation was significantly greater in the AC group

(17.1 mm) than in the GC group (3.1 mm). Postoperatively, frequency

of accurate translation corrections (achieved translation within 5 mm

of preoperative required translation) was significantly greater in the

GC group (18/18) than in the AC group (7/14). Frequency of accurate

angulation corrections (medial proximal tibial angle within 3 degrees

of normal and posterior proximal tibial angle within 5 degrees of

normal) was significantly greater in the GC group (17/18) than in the

AC group (7/14). For both groups, all tibiae with preoperative internal

rotation deformity had accurate rotation correction. Correction of pre-

operative limb-length inequality was achieved in 5 of the 7 patients in

the AC group and 11 of the 11 patients in the GC group. Gradual

deformity correction is a more accurate treatment method of tibia vara

than acute correction.
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Infantile
1,2 and adolescent tibia vara,3,4 also known as

infantile and adolescent Blount disease, respectively, are
complex deformities for which corrective osteotomy5 with
the use of external fixation is a well-established treatment.
The goals of surgery are to correct the deformity, restore the
mechanical axis, and equalize limb lengths.

Correction of tibia vara includes the correction of
angulation, rotation, and length. Although aesthetic appear-
ance and relief of pain may be the primary concern for the
patients, the parents, and the surgeon, an objective assessment
of the deformity correction must be conducted to identify
residual and secondary deformities. Precise correction may
be necessary to delay or prevent secondary osteoarthritis and
disability in adulthood.6Y8

Several studies have reported success in the acute
treatment of the angular and rotational deformity of tibia vara
with monolateral external fixation.9Y16 In addition, a number
of authors17Y20 have demonstrated that gradual correction
(GC) with the circular (Ilizarov technique) external fixator is
an effective method in the treatment of tibia vara. No study
has directly compared the clinical and radiographic outcomes
in patients receiving acute correction (AC) with external
fixation versus GC with circular external fixation for the
treatment of tibia vara. The purpose of our study was to assess
the accuracy of deformity correction achieved in patients with
tibia vara using acute intraoperative correction as compared
with using gradual postoperative correction.

METHODS
The clinical charts and serial radiographs of 47 con-

secutive patients who had correction of tibia vara between
January 1995 and March 2000 were reviewed retrospectively.
Institutional review board approval for the study was ob-
tained. Thirty-two of the patients had complete radiographic
data andwere included in this study. The patients were divided
into 2 groups, the AC group and the GC group.

The AC group consisted of 14 patients (14 tibiae),
8 male subjects and 6 female subjects, whose tibia vara was
corrected acutely and held using an EBI external fixator (EBI
Medical, Inc, Parsippany, NJ). The mean age was 11.4 years
(range, 3Y17 years). Four had infantile tibia vara, and 10 had
adolescent tibia vara. Of the 4 patients with infantile tibia vara,
2 were classified as Langenskiöld stage III; 1 was classified as
stage IV, and 1 was classified as stage V.21Y23 The EBI fixator
construct consisted of multiple uniaxial joints connected
together that permit multiplanar movement and rotation. This
allowed for adjustment after the half pins were fixed to the
bone. The small arc or a Garche T clamp was used for proxi-
mal metaphyseal fixation. The osteotomy was located below
the tibial tubercle at the metaphyseal-diaphyseal junction.
Acute correction was confirmed by fluoroscopy and Bovie
cord technique. This aided in determining intraoperative
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correction of mechanical axis and joint alignment. Intra-
operative prophylactic fasciotomy was performed on all
the patients.

The GC group was composed of 18 patients (18 tibiae),
12 male subjects and 6 female subjects, whose tibia vara was
corrected gradually using 6-axis deformity analysis and the
Taylor Spatial Frame (Smith & Nephew, Inc, Memphis, TN).
Three patients had bilateral corrections as staged procedures,
but only the side that was treated first was included in the
study. The mean age was 10.2 years (range, 3Y16 years). Six
had infantile tibia vara, and 12 had adolescent tibia vara. Of
the 6 classified as infantile-type, 2 were Langenskiöld stage
II, one was stage III, and 2 were stage IV. One tibia was
Langenskiöld stage V and underwent a concurrent lateral
proximal tibial hemiepiphysiodesis. The osteotomy was
performed below the tibial tubercle. Fasciotomies were not
performed on this group. Gradual deformity correction
commenced 7 days after surgery. Patients and family were
instructed in pin care and daily turns of the strut.

Preoperatively, patients in both groups had full-length
standing anteroposterior (with knees in extension and patella
directed anteriorly) and lateral radiographs of both limbs. The
deformity was calculated on the anteroposterior and lateral
tibial films using the methods described by Paley et al.24 In
addition, patients with infantile tibia vara had intraoperative
knee arthrograms to outline the femoral condyles and tibial
plateau accurately. These were then used to calculate the
deformity of the tibia.

All patients underwent surgery under general anes-
thesia on the day of admission. Prophylactic perioperative
antibiotics were administered to all the patients. A tourniquet
was not used during the procedure for either group. The tibial
osteotomy was performed with multiple drill holes and an
osteotome. Patients in both groups were discharged, weight
bearing as tolerated, with crutches or a walker.

Patients were followed by serial radiographs every 4 to
6 weeks beginning at 2 weeks postoperatively. External fixa-
tion was routinely maintained until 3 cortices osseous healing
was evident on anteroposterior and lateral radiographs.

The anterior distal tibial angle (ADTA), mechanical
lateral distal femoral angle (mLDFA), lateral distal tibial
angle (LDTA), and posterior distal femoral angle (PDFA)
were measured only preoperatively. The medial proximal
tibial angle (MPTA), posterior proximal tibial angle (PPTA),
and mechanical axis deviation (MAD) were measured pre-
operatively, postoperatively at the time of the removal of the
external fixator, and at the latest follow-up 2 years after
correction of the deformity. In addition, the postoperative and
latest follow-up deformity corrections were recorded as accu-
rate angulation corrections if the MPTA was within 3 degrees
of normal (87 T 3 degrees), and the PPTA was within 5 de-
grees of normal (80 T 5 degrees).

Because the osteotomy was distal to the center of
rotation of angulation for all of the tibiae, we calculated the
required coronal and sagittal plane translations of the tibial
shaft on the anteroposterior and lateral radiographs needed
after the osteotomy to correct the MAD and joint orientation.
The preoperative calculations were compared with the trans-
lations achieved postoperatively. In addition, the achieved

translations were considered accurate translation corrections
if both the coronal and the sagittal plane translations were
within T5 mm of their required translations.

Clinical assessment of rotation was conducted by exam-
ining the thigh-foot axis in the prone position preoperatively
and at latest follow-up. Tibial rotation was recorded as ac-
curate rotation correction if 0 to 15 degrees of external rota-
tion was present at latest follow-up.

Limb lengths were measured on standing limb-length
radiographs preoperatively and at latest follow-up. Accurate
length correction was recorded if the limb-length inequality
was 10 mm or less.

Statistical Analysis
For all radiographic measurements, the magnitude of

the deformity for each variable (except translation) was de-
termined by calculating the absolute value of the difference
between the measured value and the normal value for that
variable. For the preoperative required coronal and sagittal
plane translations, the actual measurement values were used.
Postoperatively, for the 2 translations, the absolute difference
between the required and the achieved translations was used
to determine the additional translation needed to attain
alignment. However, in those cases of overcorrection, the
absolute difference from zero equaled the additional transla-
tion needed.

The AC and GC groups were compared using t tests for
independent samples on the following: (1) age, ADTA,
mLDFA, LDTA, and PDFA only preoperatively, (2) MPTA,
PPTA, and MAD preoperatively, postoperatively, and at
follow-up, (3) the total time that the external fixator was used,
(4) the required coronal and sagittal plane translations, and (5)
the additional coronal and sagittal plane translations needed.

The Fisher exact test for 2 � 2 tables was used to
compare the 2 groups on the following: (1) the frequency of
the accurate angulation corrections postoperatively and at
latest follow-up and (2) the frequency of accurate translation
corrections postoperatively. For all analyses, a P value of less
than 0.05 was considered statistically significant.

The frequency and magnitude of preoperative tibial
internal rotation deformity, the frequency and magnitude of
tibial external rotation at latest follow-up, and the frequency of
accurate rotation corrections were determined for each group.

TABLE 1. Results of t Tests for Preoperative Variables

AC Group (n = 14) GC Group (n = 18)

PMean SD Range Mean SD Range

Age, y 11.4 5.0 3Y17 10.2 4.4 3Y16 0.45

MPTA, degree 14.5 7.0 5Y27 16.1 9.5 7Y49 0.61

PPTA, degree 9.3 5.7 1Y20 9.6 6.0 1Y20 0.90

MAD, mm 64.6 20.4 34Y102 54.9 22.0 31Y120 0.21

ADTA, degree 5.7 3.4 1Y12 6.0 3.2 0Y10 0.81

mLDFA, degree 5.4 3.1 1Y12 0.8 0.7 0Y2 0.001

LDTA, degree 3.6 3.2 0Y9 1.7 2.3 0Y10 0.07

PDFA, degree 3.4 2.3 0Y7 5.2 2.2 2Y10 0.03
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The frequency and magnitude of preoperative and latest
follow-up limb-length inequalities and the frequency of
accurate length corrections were calculated.

RESULTS
Table 1 contains the results of the t tests for inde-

pendent samples for age and the preoperative measurements
of the magnitude of the deformity for each of the variables.
Preoperatively, the mean age, MPTA, PPTA, MAD, ADTA,
and LDTA were similar for the 2 groups. The mean mLDFA
was significantly greater in the AC group than in the GC
group (5.4 degrees versus 0.8 degrees), whereas the mean
PDFA was significantly greater in the GC than in the AC
group, 5.2 degrees versus 3.4 degrees.

The total time that the external fixator was used was
similar for the 2 groups, with a mean of 12.9 weeks (range,
8Y22 weeks) for the AC group and a mean of 14.3 weeks
(range, 9Y24 weeks) for the GC group.

The results of the t tests for independent samples for the
magnitude of the deformity for MPTA, PPTA, and MAD
postoperatively and at latest follow-up are reported in Table 2.
For the PPTA, the postoperative AC group mean of 5.1 de-
grees was significantly greater than the GC group mean of
1.4 degrees. At latest follow-up, the AC group mean of 5.6 de-
grees was significantly greater than the GC group mean of 1.9
degrees. For the MAD, the postoperative AC group mean of
13.9 mm was significantly greater than the GC group mean of
1.5 mm. At latest follow-up, the AC group mean of 17.1 mm
was significantly greater than the GC group mean of 3.1 mm.

The Fisher exact test demonstrated postoperatively a
significantly greater frequency of accurate angulation correc-
tions in the GC group (18 of 18 tibiae) than in the AC group
(8 of 14 tibiae) (Table 3). Of the 6 unsatisfactory results in the
AC group, 1 tibia had undercorrection of MPTA only (varus),
3 had undercorrection of PPTA only (procurvatum), and 2
had overcorrection of both MPTA and PPTA (valgus/recur-
vatum). At latest follow-up, a significantly greater frequency
of accurate angulation corrections was found in the GC group
(17 of 18) than in the AC group (7 of 14) (Table 3). In the AC
group, 1 tibia had lost accurate correction of PPTA, and one
had lost accurate correction of MPTA (in addition to previous
unsatisfactory PPTA). In the GC group, 1 tibia had lost ac-
curate correction of MPTA.

Table 4 contains the results of the t tests for independent
samples for the required and the additional translations in the
coronal and sagittal planes. The additional translation needed
was significantly greater in the coronal plane for the AC group
(7.0mm) than for the GC group (1.6mm). Postoperatively, the
frequency of accurate translation corrections was significantly
greater (Fisher exact test, P = 0.001) in the GC group (18 of 18
tibiae) than in the AC group (7 of 14 tibiae) (Table 5). In the
AC group, 4 tibiae needed additional translation of greater
than 5 mm in only the coronal plane, 1 tibia in only the sagittal
plane, and 2 tibiae in both planes.

Preoperatively, 4 tibiae in the AC group had a mean
internal rotation deformity of 16.2 degrees (range, 10Y25 de-
grees). At latest follow-up, these 4 tibiae had a mean external
tibial rotation of 7.4 degrees (range, 0Y15 degrees of external
rotation). Preoperatively, 6 tibiae in the GC group showed
a mean internal rotation deformity of 14.4 degrees (range,
10Y30 degrees). At latest follow-up, these 6 tibiae had a mean
external tibial rotation of 6.5 degrees (range, 0Y10 degrees of
external rotation). For both groups at latest follow-up, all
tibiae had accurate rotation correction.TABLE 3. Results of Fisher Exact Test for Accurate

Angulation Corrections

AC Group (n = 14) GC Group (n = 18)

Pn (%) n (%)

Postoperative

Accurate 8 (57.1) 18 (100) 0.003

Unsatisfactory 6 (42.9) 0

Follow-up

Accurate 7 (50.0) 17 (94.4) 0.010

Unsatisfactory 7 (50.0) 1 (5.6)

TABLE 4. Results of t Tests for Coronal and Sagittal
Plane Translations

Type of
Translation

AC Group (n = 14) GC Group (n = 18)

PMean SD Range Mean SD Range

Coronal, mm

Required 8.9 9.4 0Y34 13.3 4.7 5Y22 0.09

Additional 7.0 7.7 0Y26 1.6 1.4 0Y5 0.02

Sagittal, mm

Required 6.2 6.2 0Y17 9.4 3.9 0Y17 0.08

Additional 3.0 2.9 0Y9 2.0 1.3 0Y5 0.25

TABLE 5. Results of Fisher Exact Test for Accurate
Translation Corrections

AC Group (n = 14) GC Group (n = 18)

Pn (%) n (%)

Accurate 7 (50) 18 (100) 0.001

Unsatisfactory 7 (50) 0

TABLE 2. Results of t Tests for MPTA, PPTA, and MAD
Postoperatively and at Latest Follow-up

AC Group (n = 14) GC Group (n = 18)

PMean SD Range Mean SD Range

MPTA, degree

Postoperative 3.4 5.8 0Y20 1.3 0.9 0Y3 0.20

Follow-up 3.9 5.1 0Y17 1.3 1.1 0Y4 0.09

PPTA, degree

Postoperative 5.1 4.2 0Y12 1.4 1.2 0Y4 0.007

Follow-up 5.6 5.7 0Y18 1.9 1.4 0Y5 0.03

MAD, mm

Postoperative 13.9 11.0 2Y40 1.5 1.4 0Y4 0.001

Follow-up 17.1 12.9 0Y40 3.1 3.4 0Y15 0.001
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Preoperatively, 7 patients in the AC group had limb-
length inequality of greater than 10mm,with amean of 15.6mm
(range, 11Y35mm). At final follow-up, their mean limb-length
inequality was 3.4 mm (range, j5Y20 mm). Accurate length
correction was achieved in 5 of these patients, but 2 had
residual shortening of 15 and 20 mm. Preoperatively, 11 pa-
tients in the GC group had limb-length inequality of greater
than 10 mm, with a mean of 17.2 mm (range, 11Y30 mm). At
latest follow-up, their mean limb-length inequality was
reduced to 2.1 mm (range, j5Y10 mm) and therefore, all of
these patients had accurate length correction.

Complications included 2 pin-tract infections in the AC
group and 3 in the GC group that resolved with antibiotics.
One patient in the AC group had delayed union. No
compartment syndromes or peroneal nerve palsies occurred
in either group.

DISCUSSION
Corrective osteotomy for tibia vara may be performed

with AC or GC. External fixation offers several advantages
over internal fixation,13Y15 including the ability to modify the
correction of limb alignment in the postoperative period and
translate the osteotomy when required.

Acute correction with an external fixator continues to be
seen as an attractive construct because it allows for dynamic
compression, minimal postoperative adjustments, and early
postoperative weight bearing. Several authors have reported
their results using AC and an external fixator for the correction
of infantile and adolescent tibia vara.13Y16,25 Price et al15

reported a 20-degree mean correction of the mechanical
axis, significant improvements in the tibiofemoral and
metaphyseal-diaphyseal angles, and good results in 81% of
tibiae (both infantile and adolescent tibia vara) treated with
the Orthofix device (Orthofix, Verona, Italy). Of the 6 tibiae
that had poor results, 4 had excessive residual varus at
the latest follow-up. Deformity corrections in the sagittal
plane were not described. Smith et al16 achieved an average
of 24.4 degrees of correction in mechanical axis varus at an
average of 2.7 years of follow-up, yielding 15 excellent results
in 23 extremities with adolescent tibia vara. These authors were
unable to address the correction of tibial torsion because of
incomplete preoperative measurements. Gaudinez and Adar,13

whose series of 11 patients was limited to patients with
adolescent tibia vara, achieved a mean correction of the
tibiofemoral angle of 16 degrees, a mean correction of the
metaphyseal-diaphyseal angle of 10.5 degrees, and an average
mechanical axis improvement of 4 degrees. Because they did
not measure the joint-line obliquity, one cannot be sure of the
orientation of the joint lines.

Gradual deformity correction of tibia vara, using circular
(Ilizarov technique) devices,17Y20,26,27 has been advocated to
reduce the complications, including peroneal nerve palsy,
compartment syndrome, residual deformity, limb-length in-
equality, delayed union, and failure of fixation, associated with
acute corrective proximal tibial osteotomy.15,23,28Y33 Circular
external fixators provide angular correction in multiple planes,
allowing procurvatum, internal tibial torsion, and length
inequality to be corrected concomitantly with the hallmark

proximal tibial varus. The progressive correction afforded by
distraction osteogenesis minimizes the surgical exposure re-
quired for the osteotomy

34
andmay avoid deleterious traction on

the regional neurovascular structures. Clinical studies17Y20,27

have reported the successful use of GC of the multiple de-
formity components of tibia vara.35 In 25 tibiae with a pre-
operative mean tibial varus deformity of 27 degrees, Stanitski
et al20 achieved axial alignment within 5 degrees of normal or
of the contralateral side using the Ilizarov technique, and all
patients were rated as having good results according to the
criteria of Schoenecker et al36 and were pain-free. Coogan
et al17 corrected a preoperative mean varus malalignment of
26 degrees in the mechanical axis to a mean of 8 degrees and a
mean tibial varus deformity of 18 degrees to a postoperative
mean deviation of 2.5 degrees from normal anatomical
alignment but inadequately reduced the average sagittal plane
procurvatum deformity from 19 degrees to 9 degrees using
Ilizarov fixation.

Our results demonstrated a more accurate angular cor-
rection in the GC group (100%) than in the AC group (57.1%).
This was noted by the presence of residual varus, procurvatum,
and valgus/recurvatum postoperatively in the AC group. The
MAD correction was better in the GC group; however, this can
be accounted for by the difference in the preoperative femoral
deformities between the 2 groups.

Despite meticulous preoperative planning when per-
forming AC with external fixators, one has to sequentially
stage, at times requiring the return to the operating room, the
angulation, rotation, translation, and lengthening of the bone.
This may be difficult to control and prone to error.27 There is
limited scope to acutely correct the translation and then
estimate the MAD. The Bovie cord method of estimating the
MAD may yield erroneous results because one could have a
normal mechanical axis with oblique joint lines by over-
angulation instead of translation of the bone. However, with
GC, we found that accurate correction of the deformity in 6
axes was achievable without recourse to complicated ma-
neuvers like modifying the frame and anesthetizing the
patient. In addition, the learning curve for the GC with the
Taylor Spatial Frame did not seem large as it was described
for the Ilizarov method.27

In conclusion, gradual deformity correction is a more
accurate treatment for tibia vara than AC. Subsequent studies
are necessary to determine if this conclusion holds true for all
lower extremity deformities.
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