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Introduction: A full-length standing radiograph of the entire lower
extremity is the standard imaging modality for assessing lower limb
alignment. However, the effect of an overlying circular external
fixator on the radiographic alignment of the lower extremity is not
well documented.
Methods: After correction of angular deformity using a circular
external fixator, 29 patients (31 limbs) underwent 2 sets of full-length
standing radiographs, one done before, and the other, after removal
of the fixator. The difference in the measurement of frontal plane
alignment, limb lengths, and rotation between the 2 radiographs
was analyzed.
Results: The mean absolute difference in the measurement of
mechanical axis deviation (MAD) between the 2 radiographs was
11.5 mm (P G 0.0001) for the ipsilateral limb (with the external
fixator) and 8.9 mm (P G 0.0001) for the contralateral limb. The mean
difference in the radiographic measurement of limb lengths was
20 mm (P G 0.0001) for the ipsilateral and 20.2 mm (P G 0.0001) for
the contralateral limb. As the magnitude of MAD and external
rotation of the ipsilateral limb increased, a progressive increase in the
magnitude of discrepancy in the measurement of MAD between the
2 sets of radiographs was noted. There was no significant effect
(P 9 0.05) of the patient’s age, sex, body mass index, primary diag-
nosis, duration between the 2 radiographs, and the direction of mal-
alignment found on the discrepancy in the measurement of MAD for
both limbs.
Conclusions: The standing full-length radiograph with an overlying
circular external fixator may not be a reliable indicator of limb
alignment and length of the operated extremity. Moreover, the
presence of the circular external fixator on the lower extremity can
affect the alignment and length of the opposite limb. Clinicians using
circular external fixators for lower extremity trauma and reconstruc-
tion should be aware of the pitfalls of using a full-length standing
radiograph for assessing limb alignment and length during osseous
healing.
Level of Evidence: Diagnostic level II.
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Deformities of the lower limb (LL) in children and adults
may be caused by a variety of traumatic, congenital,

developmental, and degenerative disorders. Recreating the
normal alignment of the lower extremity is one of the key
factors in achieving a satisfactory outcome after long bone
fractures1 and limb reconstruction.2 With recent advances in
the design and techniques of pin placement3 and availability of
computer software to aid in deformity correction, the use of
circular external fixators in the field of orthopaedic trauma4Y6

and limb reconstruction4,7 is increasing.
A full-length standing radiograph of the entire lower

extremity, with the patellas pointing anteriorly, has become the
standard imaging modality for assessing LL alignment and
length discrepancy.8,9 Anecdotally, we have noted that patients
with bulky external fixators have difficulty in maintaining a
patella in forward position with the knee fully extended while
performing the standing radiograph. Although several
authors10Y16 have noted that limb rotation and knee flexion
can alter the radiographic assessment of LL alignment, the
effect of an external fixator on the alignment of the lower
extremity has not been well studied.

The goal of our study was to evaluate the frontal plane
alignment, rotation, and length of the lower extremity, with
and without an overlying external fixator, measured on a
standing full-length radiograph. We also intended to analyze
the effect of the external fixator on the alignment, rotation, and
length of the contralateral limb. Our hypothesis was that the
presence of a circular external fixator would alter the
radiographic assessment of the frontal plane alignment,
rotation, and length of both the ipsilateral and the contralateral
lower extremity.

METHODS
After getting an institutional review board approval, a

database of all the surgical cases done by the senior author
(S.S.) at a single institution, from July 1997 to March 2007,
was reviewed. All patients who underwent removal of a
circular external fixator under general anesthesia and had a
full-length standing anteroposterior radiograph performed
during the early consolidation phase of osseous healing and
after fixator removal were identified. Subjects were excluded
from the study if an overlying cast was noted on the
postoperative radiograph; if the hip, knee, or ankle joint was
not visualized on either radiograph; if external fixators had
been applied to both lower extremities at the time of the
standing radiograph; or if any intentional or inadvertent
change in alignment was documented at the osteotomy site
between the 2 sets of radiographs.

Clinical records were reviewed for demographic infor-
mation including the patient’s age at the time of fixator remo-
val, sex, height, weight, primary diagnosis, and the primary
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surgical procedure performed. Body mass index (BMI) was
calculated as the patient’s weight in kilograms divided by the
height in square meters (kg/m2). The type of circular external
fixator (Ilizarov or Taylor Spatial Frame), number and size of
rings, number of bony anchors (half-pins and wires) in each
segment and location of the osteotomy was noted.

The full-length standing anteroposterior radiograph of
both lower extremities was performed using a standardized
computed radiography technique,8,9 with the patient facing
the radiographic tube and both patellas pointing anteriorly
(Fig. 1). The minimum patient-to-tube distance was 203 cm
and was increased for taller individuals. Patients were
instructed to place full and equal weight on both lower ex-
tremities, without holding on to any supportive device. For
patients with limb length inequality, an attempt was made to
level the pelvis with an appropriate sized lift placed under the
short limb.

The deformity analysis included assessment of the
mechanical axis deviation (MAD), mechanical lateral distal
femoral angle (LDFA[m]), medial proximal tibial angle
(MPTA), and joint line convergence angle (JLCA) of both

lower extremities.8 The normal value for MAD is 10 mm
medial (range, 3Y17 mm medial), LDFA(m) is 88 degrees
(range, 85Y90 degrees), MPTA is 87 degrees (range, 85Y90
degrees), and JLCA is 2 degrees medial inclination (range,
0Y3 degrees medial).8 Medial MAD was noted as varus
alignment, denoted by a B+^ sign, and lateral deviation as
valgus malalignment of the limb, denoted by a Bj^sign. In
addition, knee rotation was gauged on the standing radiograph
as the percentage of proximal fibular overlap (FO) and was
calculated as the percentage of the proximal fibular width that
was overlapped by the adjacent tibial metaphyses, at the level
of the proximal fibular physis (or physeal scar) (Fig. 1). The
reference value of FO ranges from 0% to 60%,13 with a larger
value denoting greater external rotation of the LL. The entire
length of the LL was calculated in millimeters as the distance
from the most superior part of the femoral head to the center of
the tibial plafond.9 The distance between the knees (KK) was
calculated as the horizontal distance in millimeters between
the centers of the femoral condyles on each extremity. The
distance between the ankles (AA) was measured as the
horizontal distance in millimeters between the centers of
the tibial plafond of each limb. All the radiographic parame-
ters were measured at a Picture Archiving and Communica-
tions System (PACS) workstation (Centricity PACS 2.0,
GE Medical Systems Information Technologies, Milwaukee,
Wis) by a fellowship-trained orthopaedic surgeon specializing
in limb reconstruction (S.S.). Excellent intraobserver relia-
bility (ICC, 0.93) for measurement of MAD was documented
using 10 pairs of randomly selected radiographs. All mea-
surements were performed for both lower extremities on each
set of radiographs.

Statistical analysis was performed using SAS version
9.1 software (SAS Institute Inc, Cary, NC). The mean values
and 95% confidence intervals, along with the mean absolute
difference17 between the 2 sets of radiographs with regard to
MAD, LDFA(m), MPTA, JLCA, FO, and LL were calculated
using paired t test. To assess the effect of the external fixator
on the contralateral limb, the same analysis was repeated for
the nonoperated contralateral extremity. The effect of multi-
ple variables (patient’s age, sex, BMI, primary diagnosis,
duration between the 2 radiographs, direction of malalign-
ment, and distance between the knees and ankles) on the
discrepancy in the measurement of MAD between the 2 sets of
standing radiographs was assessed using the W

2 and Fisher
exact tests. To evaluate the effect of the external fixator on the
magnitude of discrepancy in the measurement of MAD of the
ipsilateral and contralateral extremities, linear regression
analysis was performed (Figs. 2 and 3). To assess the effect
of knee rotation on the magnitude of discrepancy in the
measurement of MAD, the percentage of proximal fibular
overlap of the ipsilateral limb was plotted against the
difference in measurement of the MAD for the ipsilateral
(Fig. 4) and contralateral limbs (Fig. 5). The > for all analyses
was set at P G 0.05.

RESULTS
During the study period, 148 patients underwent

removal of 176 external fixators under general anesthesia.

FIGURE 1. A, Standing full-length radiograph of a 16-year-old
adolescent boy in the early consolidation phase of a left-sided
tibial lengthening using a 2-ring circular external fixator. Both
limbs appear well aligned without any MAD. B, Follow-up
radiograph of the same patient after removal of the external
fixator. Valgus alignment with 17 mm of lateral MAD of the
ipsilateral (left) and 3 mm of lateral MAD of the contralateral
(right) lower extremity is noted.
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Based on the study criteria, 31 cases (29 patients) were eligible
(2 patients underwent staged application of external fixators
several months apart). The mean age at the time of removal of
the fixator was 16.3 years (range, 3.1Y36.4 years). There were
25 children (G18 years old) and 4 adults. The average BMI was
31.7 (range, 12.8Y56.7). Table 1 shows the clinical details of
these cases. Twenty-nine cases had a femoral and/or tibial
osteotomy performed for limb deformity and/or shortening.
The remaining 2 adolescent patients underwent circular
external fixation after closed reductions for fractures, one
involving the proximal tibial metaphysis, and one, the distal
femoral metaphysis. There were 14 femoral and 21 tibial
segments that were spanned by circular external fixators,
including 1 patient who underwent a 2-level femoral
osteotomy and 3 cases with combined femoral and tibial
fixation. There were 3 Ilizarov and 32 Taylor Spatial Frames
applied to the 35 bony segments. The size of the external

fixator rings ranged from 155 to 300 mm (mode, 205 and
230 mm). The interval between the preremoval and post-
removal standing radiographs averaged 136 days (range,
49Y343 days).

Details of the radiographic findings noted on the 31 pairs
of standing radiographs are shown in Table 2. The mean
absolute difference in the MAD between the 2 radiographs
was 11.5 mm (P G 0.0001) for the ipsilateral limb and 8.9 mm
(P G 0.0001) for the contralateral limb. The mean absolute
difference in the LDFA(m) between the 2 radiographs was
2.1 degrees (P G 0.0001) for the ipsilateral limb and 1.5
degrees (P G 0.0001) for the contralateral limb. The mean
absolute difference in the MPTA between the 2 radiographs
was 2.4 degrees (P G 0.0013) for the ipsilateral limb and 1.7
degrees (P G 0.0001) for the contralateral limb. The mean
absolute difference in the JLCA between the 2 radiographs
was 2.1 degrees (P G 0.0058) for the ipsilateral limb and 1.4

FIGURE 2. Linear regression analysis
demonstrating the relationship between
the magnitude of MAD of the ipsilateral
extremity (with an overlying external
fixator) and the discrepancy in the
measurement of MAD of the same
extremity between the 2 sets of
radiographs, before and after removal of
the external fixator. A positive (+) value of
MAD denotes varus, and negative (j) value
valgus, alignment of the lower extremity.

FIGURE 3. Linear regression analysis
demonstrating the relationship between
the magnitude of MAD of the
contralateral extremity (without an
overlying external fixator) and the
discrepancy in the measurement of
MAD of the same extremity between the
2 sets of radiographs, before and after
removal of the external fixator. A positive
(+) value of MAD denotes varus, and
negative (j) value valgus, alignment of
the lower extremity.
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