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Supramalleolar Osteotomy Using Circular External Fixation with Six-Axis
Deformity Correction of the Distal Tibia
Daniel M. Horn, MD1 ; Austin T. Fragomen, MD2 ; S. Robert Rozbruch, MD3
Boston, MA; New York, NY

supramalleolar osteotomy using circular external ﬁxation with
six-axis deformity correction was an effective method for correction of distal tibial deformities in the adult population, particularly for those patients with complex oblique-plane deformities,
associated rotational deformity, a compromised soft tissue envelope, or a prior history of infection.

ABSTRACT
Background: Supramalleolar osteotomy using circular external
ﬁxation with six-axis deformity correction is a rarely reported
treatment method particularly well-suited for complex multidimensional deformities of the adult ankle. The purpose of
this study was to assess the accuracy of deformity correction
and change in functional status using this technique. Methods:
We present a retrospective review of 52 patients who underwent supramalleolar osteotomy with application of the Taylor
Spatial Frame (Smith & Nephew, Memphis, TN). Mean age was
44 (range, 18 to 79) years. The primary outcome was change
in preoperative to postoperative distal tibial joint orientation
angles. Coronal and sagittal plane joint orientation angles were
measured for all 52 enrolled patients. The secondary outcome
was change in AOFAS scores which were available for 31
patients. Results: Twenty-two patients had oblique plane deformities. The mean time in frame was 4 (range, 2 to 11) months,
and patients were followed for a mean of 14 months after frame
removal. All aggregate postoperative distal tibial angles underwent a signiﬁcant improvement (p < 0.05) and were within 0
degrees to 4 degrees of normal in the various deformity groups.
Average preoperative AOFAS score was 40 (range, 12 to 67)
and average postoperative AOFAS score was 71 (range, 34 to 97;
p < 0.001). Complications included two patients with nonunions
at the osteotomy site that healed with further treatment. Three
patients went on to have ankle fusion. Conclusion: We feel that
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INTRODUCTION

Management of distal tibial and ankle joint deformities
is a challenge. Most of these deformities arise from distal
tibial malunions. If left uncorrected, deformity about the
ankle joint may lead to worsening pain and progressive
ankle arthrosis.16,32,33 Correction of deformity at the ankle
results in improved force transmission across the joint,
better functional outcomes, and prevents the development
of arthritis.26 Conventional surgical techniques such as open
osteotomy with internal ﬁxation (opening or closing wedge)
can be utilized. However, this requires an acute correction
which may be ill-suited for large or complex angular or
translational deformities.20,30 Additionally, the ankle joint
has a soft tissue envelope with minimal muscular (and
therefore vascular) content, leading to vulnerability of the
bone to delayed healing, tendinous and neurovascular injury,
infection, and difﬁcult wound healing both at the time of
trauma and during subsequent surgical correction.21,30 Acute
correction with plates involves open surgery with soft tissue
stripping which may compromise healing. The insertion of
internal hardware may be risky under poor quality skin and
contraindicated in the presence of infection.20
Supramalleolar osteotomy using circular external ﬁxation
with six-axis deformity correction is particularly well-suited
to such complex deformities at the ankle. The technique
builds upon the traditional Ilizarov method and the principle of distraction osteogenesis12,13 by utilizing computer
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software to allow for precise correction of angulation and
translation in the coronal, sagittal, and axial planes (Figures 1
and 2).20 The gradual correction of large, complex deformities prevents acute stretching of neurovascular structures or the creation of large opening-wedge gaps requiring
bone grafting. The circular external ﬁxator also allows for
residual correction of any residual malalignment postoperatively, thereby allowing for a precise and accurate deformity
correction. Additionally, the technique allows a percutaneous
approach with minimal soft-tissue stripping and immediate
postoperative weightbearing
Supramalleolar osteotomy has been frequently reported as
a surgical option in the pediatric population.3,5,6,25 However,
in the adult population, supramalleolar osteotomy for distal
tibial deformity utilizing six-axis deformity correction is relatively underreported.9,15,17,24 This retrospective study examined the hypothesis that circular external ﬁxation with sixaxis deformity correction would lead to accurate correction
of distal tibial deformity.
MATERIALS AND METHODS
Patient selection

This study presents a consecutive series of patients who
underwent supramalleolar osteotomy with circular external
ﬁxation and six-axis deformity correction over an 8-year
period (2000 to 2008). Exclusion criteria included age less
than 18 years, nonunion as the etiology of the deformity, or
patients who were less than 6 months after frame removal.
After exclusions, 29 females and 23 males (total, n = 52)
were included in the study (Table 1). Mean patient age
was 44 (range, 18 to 74) years. All patients’ medical
records and preoperative and postoperative radiographs were
reviewed. Radiographic data was available for all 52 patients.
Institutional Review Board approval and informed consent
was obtained for this retrospective analysis.
The primary etiology of ankle deformity included posttraumatic tibial malunion (n = 38), degenerative ankle
arthrosis with deformity (n = 9), congenital disease (n = 3),
and polio (n = 2) (Table 1). No bilateral procedures were
performed. Thirty-three patients had arthritis at the ankle
joint. The degree of severity of preoperative arthritis was
not available for data collection. Sixteen patients were noted
to have a compromised soft tissue envelope. Six patients had
a preoperative history of infection at the ankle joint. Eighteen
patients had a limb length discrepancy. Of these, 17 had limb
lengthening performed in conjunction with deformity correction. All patients had preoperative pain at the ankle joint.
Average duration of symptoms at the time of procedure was
7 (range, 0.25 to 28) years. Patients had an average of two
(range, 0 to 9) previous surgical procedures at the ankle joint.
Patients had sagittal, coronal, and axial plane deformities. Oblique plane deformity was deﬁned as simultaneous
malalignment in both the sagittal and coronal planes. A
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total of 11 deformity groups were analyzed: valgus procurvatum (n = 4), valgus recurvatum (n = 2), varus procurvatum (n = 8), varus recurvatum (n = 8), recurvatum
(n = 3), valgus (n = 10), varus (n = 12), and rotational
(n = 5) (Table 2). Ten patients from within the various deformity groups had simultaneous correction of both an angular
and rotational deformity. No patients in this series had only
procurvatum deformity.
Forty-three patients underwent gradual correction. Six
patients had acute correction, and three of these received
additional gradual correction for residual deformity postoperatively. The ability to perform residual correction of even
minor postoperative deformity was one of the advantages of
the circular external ﬁxator utilized in this study.
Clinical evaluation and radiographic assessment

Preoperative work-up included a complete history and
physical, with careful attention paid to previous surgical
procedures, infection, antibiotic use, perceived leg length
discrepancy, pain levels, narcotic use, and the ability
to ambulate without support. On examination, leg length
discrepancy was evaluated by placing blocks under the short
leg until the iliac crests were level. Range of motion of
the ankle and subtalar joint were recorded. The soft tissue
envelope was also carefully examined, with attention paid to
the posterior tibial and dorsalis pedis pulses, sensation, and
motor strength on dorsiﬂexion and plantarﬂexion. To assess
rotational deformity, the thigh-foot axis was measured in the
prone position.
Radiographic assessment included weightbearing 17-inch
anteroposterior (AP) and lateral views of the ankle and
51-inch bipedal erect leg radiograph. The anterior distal tibial
angle was measured on the lateral ankle ﬁlm as a measure
of sagittal plane deformity (hardcopy images were measured
with a protractor; PACS (digital images) were measured with
the angle measuring tool on the PACS system). A normal
anterior distal tibial angle was considered to be 80 (range,
78 to 82) degrees.19 A measurement greater than normal
indicated procurvatum deformity while a measurement less
than normal indicated recurvatum deformity. The lateral
distal tibial angle was measured on the AP radiograph as an
indicator of the degree of coronal plane deformity. A normal
lateral distal tibial angle was considered to be 89 (range,
86 to 92) degrees.19 A measurement greater than normal
indicated varus deformity while a measurement less than
normal indicated valgus deformity. The 51-inch bipedal erect
radiograph was utilized to assess leg length discrepancy and
to identify any additional deformity. Patients with substantial
leg length discrepancy were considered for concomitant limb
lengthening. Quantity and location of hardware was noted,
and hardware removal was performed intraoperatively when
necessary. The tibiotalar joint space was evaluated. All
33 patients in this series with symptomatic ankle arthritis
underwent concomitant ankle distraction arthroplasty. CT
scan was used as needed to evaluate periarticular geometry.
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Fig. 1: Preoperative radiographs (A and B) and clinical photograph (C) showing post-traumatic recurvatum deformity and shortening in a 60-year-old man.
Radiographs (D and E) following distraction showing the corrected deformity while in the circular external ﬁxator. Followup radiographs (F and G) and
clinical photograph (H) 6 months after removal of the ﬁxator.
Copyright © 2011 by the American Orthopaedic Foot & Ankle Society
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Fig. 2: Preoperative radiograph (A) and clinical photo (B) of a 76-year-old woman with rheumatoid arthritis showing a post-traumatic valgus deformity.
Radiograph (C) at surgery showing the circular external ﬁxator matching the valgus deformity. Radiograph (D) and clinical photo (E) showing the corrected
deformity while in the circular external ﬁxator. Followup radiograph (F) 6 months after frame removal.

Magnetic resonance imaging was used in selected patients
to evaluate soft tissue structures, articular cartilage, and
subchondral bone.

parameters were measured and recorded. These numbers
were then entered into a web-based computer program
either for gradual deformity correction or to ﬁne-tune acute
corrections.

Surgical planning

The center of rotation and angulation (CORA) of the
deformity was identiﬁed by locating the intersection of the
proximal and distal tibial mechanical axes with the CORA
considered to be the apex of the deformity.19 An osteotomy
site was selected, near or at the apex of deformity. If bone
was sclerotic at the apex of deformity, then an osteotomy
was performed nearby, and translation of the osteotomy site
was planned in order to fully correct the deformity while
maintaining the mechanical axis of the tibia.19 All deformity

Technique

All procedures were performed by two surgeons (SRR
and ATF) at one institution following a uniform technique.
All patients had intravenous antibiotics 30 minutes prior to
the procedure and then for 24 hours postoperatively. Spinal
anesthesia was administered along with intravenous sedation.
A tourniquet was used for the ﬁbular osteotomy and in those
cases where ankle joint arthrotomy was performed. Fibular
osteotomy was performed near or at the level of the proposed
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lengthening (valgus and procurvatum deformity), a transverse
ﬁbular osteotomy using a multiple drill hole osteotomy
technique was used. The ﬁbula was not stabilized with any
internal ﬁxation and the wound was closed in layers.
The tourniquet was deﬂated, and the external ﬁxator was
applied. A circular ring was applied orthogonal to the middistal tibia with two to three half pins and a tensioned wire.
A second ring was applied to the most distal aspect of the
tibia. This was also a closed circular ring and was applied
orthogonal to the distal tibial axis. It was stabilized with one
half pin and two to three tensioned wires depending on bone
quality (Figures 1 and 2). Wires were tensioned to 130 kg.
Half pins were 6.0-mm, tapered, and hydroxyapatite coated.
They were pre-drilled with a 4.8-mm drill bit, placed by
hand, and checked with ﬂuoroscopy to ensure ideal depth of
insertion.
Either the proximal or distal tibial ring was selected to
be the reference ring for computer planning. The mounting
parameters were then obtained for the reference ring and
saved for later use with the computer program. Struts were
attached between the two tibial rings, and these initial strut
lengths were recorded. The struts were then removed for the
tibial osteotomy.
The tibial osteotomy was performed using a percutaneous,
multiple drill hole and osteotome technique. Fluoroscopy

Table 1: Baseline Characteristics of Patients∗ (n = 52)
Characteristic
Gender (#)
Age (yr)
Current smoker (#)
Duration of symptoms (yr)
Arthritis (#)
Limb length
discrepancy (#)
Soft tissue compromise (#)
History of infection at
ankle (#)
Previous surgical
procedures (#)
∗,

Female: 29 Male: 23
44 ± 13 (range, 18 to 74)
12
7 ± 7 (range, 0.25 to 28)
33
18
16
6
2 ± 2 (range, 0 to 9)

Plus-minus values are mean ± SD

tibial osteotomy. The ﬁbula was exposed through a standard
lateral approach and the peroneal tendons were retracted
posteriorly. An oblique osteotomy was performed with an
oscillating saw to allow for ﬁbular shortening in cases of
varus and recurvatum corrections. In cases of mild ﬁbular

Table 2: Preoperative Versus Postoperative Distal Tibial Angles for Each Deformity Group∗∗

n

Group

= 12
= 13
= 16
= 28
= 10
= 12
=3
=4

Aggregate Procurvatum
Aggregate Recurvatum
Aggregate Valgus
Aggregate Varus
Valgus Only
Varus Only
Recurvatum Only
Valgus Procurvatum

n
n
n
n
n
n
n
n

Valgus Recurvatum

n=2

Varus Procurvatum

n=8

Varus Recurvatum

n=8

Rotational Only

n=5

Preoperative
Angle ± SD
(Deviation from
normal∗∗ )

Angle Measured
ADTA
ADTA
LDTA
LDTA
LDTA
LDTA
ADTA
LDTA
ADTA
LDTA
ADTA
LDTA
ADTA
LDTA
ADTA
Clinically corrected

∗ , Signiﬁcant at α = 0.05, p values based on Wilcoxon signed ranks test.
78 to 82); Normal LDTA, 89 (range, 86 to 92), NS, not signiﬁcant.

∗∗ ,

95
62
79
101
80
100
60
82
90
73
62
104
97
100
64

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

12 (15)
9 (−18)
7 (−10)
6 (12)
6 (−9)
7 (11)
5 (−20)
5 (−7)
4 (10)
12 (−16)
12 (−18)
6 (15)
14 (17)
5 (11)
10 (−16)
n/a

Postoperative
Angle ± SD
(Deviation from
normal∗∗∗ )
80
79
91
90
93
89
80
89
80
88
77
91
80
90
78

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

No patients had lone procurvatum deformity.
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11 (0)
4 (−1)
5 (2)
3 (1)
5 (4)
3 (0)
4 (0)
3 (0)
3 (0)
1 (−1)
0 (−3)
4 (2)
14 (0)
1 (1)
5 (−2)
n/a
∗∗∗ ,

p Value
0.002∗
0.002∗
<0.001∗
<0.001∗
0.005∗
0.002∗
NS
NS
NS
NS
NS
0.012∗
0.012∗
0.012∗
0.017∗
n/a

Normal ADTA, 80 (range,
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was used to identify the optimal location for the osteotomy.
The osteotomy site was placed as distal as possible without
jeopardizing the distal tibial ﬁxation. A minimum of 1 cm
of space was maintained between the most proximal half
pin and the tibial osteotomy site. A 1-cm incision was
made just medial to the anterior tibial tendon. A 4.8-mm
drill bit was used to drill multiple drill holes in one plane
transversely across the tibial metaphysis. This was done
under ﬂuoroscopy to improve safety. A 7-mm osteotome
was used to perform the osteotomy, and a ﬁnal mild
rotational osteoclasis completed the osteotomy. For gradual
correction the struts were replaced in the pre-osteotomy
position, ensuring an anatomic reduction of the bone cut.
For acute correction, the distal fragment was ﬁrst translated
appropriately using ﬂuoroscopy and then angulated until
the deformity appeared to be corrected. The surgeon held
the reduction while assistants re-attached the struts at their
new lengths. In most cases the deformity correction needed
to be ﬁne-tuned later in the ofﬁce using the computer
program.
Adjuvant procedures were performed where indicated.
These procedures included ankle distraction arthroplasty
(32), ankle arthrotomy with bone marrow aspirate injection
(ten), ankle arthrotomy (seven), ankle arthroscopy (three),
Achilles tendon lengthening (ﬁve), gastrocnemius release
(four), posterior tibial nerve release (one), acute derotation
osteotomy of femur (one), femoral osteoplasty with rail
insertion (one), calcaneal osteotomy (one), ﬁbular nonunion
repair (two), and tarsal tunnel release (one). Three patients
underwent double level tibial osteotomies with correction of
deformity at both the proximal and distal tibial sites.
Outcome measures

The primary outcome was accuracy of correction of
the distal tibial deformity. Radiographic measurements of
preoperative and postoperative distal tibial joint orientation
angles were performed on all 52 patients included in this
study, and complete radiographic data is presented. In cases
of oblique plane deformity, statistical analysis was performed
on each deformity group (ie. varus procurvatum, varus
recurvatum, valgus procurvatum, valgus recurvatum), and
then each sagittal and coronal plane deformity from the
oblique plane patients was also included in the aggregate
varus, valgus, procurvatum, and recurvatum data (Table 2).
The success of rotational deformity correction was assessed
by physical examination.
Secondary outcome was measured as the change in preoperative to postoperative American Orthopaedic Foot & Ankle
Society (AOFAS) score. All AOFAS scores were collected
retrospectively based on chart review, telephone interviews,
and clinic visits. The AOFAS score includes the clinician’s
assessment of a patient’s pain severity, functional status,
gait, range of motion, stability, and alignment. Good quality
paired AOFAS scores were available for only 31 of 52
patients included in this study. While this manner of reporting
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AOFAS scores is not ideal and likely incorporates recall bias,
we included this data as a secondary outcome to support
the well-established notion that correction of deformity is
directly associated with improved functional outcomes. Of
note, AOFAS scores were available for at least 25% of
patients within each deformity group. The valgus procurvatum group had the lowest percentage of paired scores
(one out of four patients), while the rotational group had the
highest number of available scores (ﬁve out of ﬁve patients).
Preoperative and postoperative radiographic angles and
AOFAS scores were compared using Wilcoxon signed ranks
test, with a p value of less than 0.05 considered signiﬁcant.
(Table 2)
RESULTS

The average time in frame was 4 (range, 3 to 11)
months. Average followup time for radiographic analysis
after external ﬁxator removal was 14 (range, 6 to 80) months.
Preoperative and postoperative distal tibial joint orientation
angles changed signiﬁcantly within each aggregate deformity
group. Additionally, all postoperative distal tibial angles
were within 0 degrees to 4 degrees of normal within each
aggregate deformity group (Table 2).
All rotational deformities were sufﬁciently corrected based
on documentation of the postoperative physical examination.
In all cases, the frame was programmed to correct the
rotational deformity and satisfactory deformity correction of
rotational deformity was accomplished.
The average preoperative AOFAS score (n = 31) was
40 (range, 12 to 67; SD, 15.0) and average postoperative
AOFAS score was 71 (range, 34 to 97; SD, 15.6). The mean
change in preoperative to postoperative AOFAS scores was
31 points (p < 0.001).
Complications included 27 patients who experienced
superﬁcial pin site infections which were managed with
local pin care and oral antibiotics. Four patients developed
cellulitis requiring admission for intravenous antibiotics. One
patient had wound breakdown and necrosis with concomitant
osteomyelitis at the osteotomy site requiring surgical debridement. This patient subsequently developed a hypertrophic
nonunion requiring reapplication of the circular external
ﬁxator. One patient developed septic arthritis at the ankle
joint requiring arthrotomy with debridement and washout.
Two other patients were found to have tibial nonunions.
One nonunion was repaired via open repair with plating,
bone grafting, and bone marrow aspirate injection, and the
other via bone graft insertion while the original external
ﬁxator device was still in place. Three patients were admitted
for narcotic dependence related to prescribed pain medications. One patient developed numerous pin site adhesions
requiring release. Three patients underwent subsequent ankle
arthrodesis due to recurrence of pain. All complications
reported in this series are previously documented risks of
gradual correction using the Ilizarov method.20
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DISCUSSION

This retrospective analysis revealed signiﬁcant improvement in alignment of the distal tibia after supramalleolar
osteotomy using circular external ﬁxation and six-axis deformity correction. The high rate of complex oblique-plane
deformities, soft tissue compromise, previous surgical procedures, previous history of infection, and associated ankle
arthrosis highlight particular advantages of this surgical technique. For many of these patients, arthrodesis or amputation
would have been the only other surgical alternative. As a
secondary outcome, the signiﬁcant improvement in AOFAS
scores should be encouraging to patients with severe distal
tibial deformity and/or arthritis at the ankle joint who are
seeking improved functional status.
To our knowledge, this is the ﬁrst retrospective study
looking speciﬁcally at accuracy of correction of multiplanar
distal tibial deformity in adults via this surgical technique.
Elomrani et al. published a retrospective analysis of 55
patients who underwent supramalleolar osteotomy using the
traditional Ilizarov method. Their analysis revealed that 41
of 55 patients experienced a good to excellent result of
the procedure.4 However, studies which incorporate six-axis
deformity correction with the aid of computer software have
not exclusively examined supramalleolar osteotomy for distal
tibial ankle deformity.9,15,17,24
Circular external ﬁxation with six-axis deformity correction offers advantages over both the traditional Ilizarov
method and internal ﬁxation. The modular circular external
ﬁxator and computer software simplify the planning and
execution of complex oblique-plane deformity correction.
The surgeon is provided with precise deformity correction
schedules based on a virtual hinge, and patient participation in the adjustment process is simpliﬁed by colorcoded expandable struts and simple adjustment schedules.
These deformity correction parameters are easily adjusted
postoperatively, allowing for precise control over ﬁnal
joint alignment.21 The gradual correction schedule that is
frequently utilized minimizes the risk of neurovascular and
soft-tissue compromise. Additionally, when patients have a
poor soft-tissue envelope or a preoperative history of infection, percutaneous osteotomy and application of the circular
external ﬁxator avoids the necessity for large dissection and
internal ﬁxation. Finally, the technique is ideally suited for
deformities in which there has been a loss of length in the
affected limb in that simultaneous limb lengthening can be
incorporated into the deformity correction schedule.17
Adjuvant joint preservation procedures can be performed
along with six-axis deformity correction. The circular
external ﬁxator can be used in a modular fashion with
the implementation of additional rings as necessary for
the performance of multi-level correction, ankle distraction,
or correction of contracture of the ankle. Other adjuvant
procedures may include ankle arthrotomy, arthroscopy, proximal tibial osteotomy, tendo-achilles lengthening, tibial nerve

release, iliac crest bone marrow aspiration and insertion at
the ankle, and ankle joint distraction. Thus, a multi-faceted
surgical approach can be easily tailored to each individual
patient’s needs without the necessity for multiple trips to
the operating room.21 The numerous adjuvant procedures
performed in this study likely contributed to the notable
improvement in our patients’ AOFAS scores. There was no
way to separate the confounding effects of these adjuvant
procedures when calculating our outcomes. However, we
prioritized the optimal care of our patients, and thus chose
to perform the surgical interventions that would most likely
afford our patients with an excellent outcome.
This study has several other limitations. Patients were
reviewed retrospectively, and the majority of data points were
obtained from the medical record. While most radiographic
measurements were recorded in the patient chart, numerous
instances arose in which angular measurements had to be
performed retrospectively. Additionally, complete AOFAS
scores were available for only 31 of 52 patients. Thus, not
all deformity groups were equally represented within the
AOFAS calculations and an element of recall bias may have
confounded the scores. Lastly, adjuvant procedures were
performed on the majority of patients, and the confounding
impact of these procedures must be considered.
CONCLUSION

Our study demonstrated the utility of supramalleolar
osteotomy using circular external ﬁxation with six-axis deformity correction for management of distal tibial deformities. Distal tibial joint orientation angles were accurately
corrected. In cases of severe deformity, soft tissue compromise, previous history of infection, limb length discrepancy,
or in patients who may beneﬁt from simultaneous adjuvant procedures utilizing the external ﬁxator, this technique
should be strongly considered as a safe and effective surgical
technique.
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