
Send Orders for Reprints to reprints@benthamscience.ae

The Open Orthopaedics Journal, 2016, 10, 71-79 71

1874-3250/16 2016  Bentham Open

The Open Orthopaedics Journal

Content list available at: www.benthamopen.com/TOORTHJ/

DOI: 10.2174/1874325001610010071

Multiplanar  Deformities  Correction  Using  Taylor  Spatial  Frame  in
Skeletally Immature Patients

Lior Koren2, Yaniv Keren2,* and Mark Eidelman1

1 Pediatric Orthopedic Surgery Department, Rambam Health Care Campus, Haifa, Israel
2 Orthopedic Surgery Department, Rambam Health Care Campus, Haifa, Israel

Abstract:

Background:

Taylor Spatial Frame (TSF) is a modern circular external fixator that, using a virtual hinge, is able to correct six axis deformities
simultaneously.  Despite  the  growing  popularity  of  this  method,  few reports  exist  about  its  use  in  children  and  adolescents.  To
evaluate the effectiveness of TSF in correcting multiplanar deformities in patients with open physis,  we reviewed the results of
treatment in children who had at least two planes deformities of lower limbs.

Methods:

Over a period of 8 years, we treated 51 patients, 40 boys, 11 girls, with a mean age of 12.4 years (range, 2-16 years). All patients had
open  physis  at  the  time  of  the  TSF  application.  All  patients  had  at  least  two  deformities  (angular  and/or  rotational).  Fifty-five
osteotomies (11 femoral, 44 tibial) were performed. Patients were divided into four groups: 13 with post-traumatic malunions, 18
with tibia vara, six with rickets, and 14 with miscellaneous deformities. Correction goal was determined as correction of deformities
to population-average parameters of the lower limbs in frontal and sagittal views and normal mechanical axis deviation.

Results:

Correction goal was achieved in all except one patient; four patients had recurrence of deformities post-operatively and were re-
operated. Most common complications were pin tract infection (20 patients), delayed union (2), regenerate translation (1), post-
removal femoral fractures (2), knee subluxation (1), nonunion (1), and one patient developed chronic osteomyelitis secondary to deep
pin tract infection.

Conclusion:

TSF allowed accurate correction of complex limb deformities in children and adolescents with relatively few serious complications.

Level of Evidence:

Level IV. Case series.
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INTRODUCTION

Deformity correction might be acute and gradual, using internal and external fixation. The presence and proximity
of the growth plate might restrict the use of internal fixation in some patients (e.g., intramedullary nailing). External
fixation  might  be  monolateral  or  circular.  Monolateral  fixation  is  more  comfortable,  but  correction  of  multiplanar
deformities with  a  monolateral  device  might be  very difficult. Circular  external fixation,  less comfortable  but more
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forgiving and allows correction of multiplanar   deformities.  Ilizarov external    fixation was   the   standard fixator   for
deformity correction for many years; this fixator is a very versatile external fixator and is a tremendous contribution to
deformity correction. Despite many advantages, the correction of complex deformities with the Ilizarov frame requires a
long learning curve and correction of rotational deformities remains a difficult task [1, 2]. The Taylor spatial frame
(TSF)  was  introduced  in  1994  and  gradually  became one  of  the  most  useful  external  fixators.  Using  TSF six  axes
deformities might be corrected simultaneously using a virtual hinge with computer accuracy. A typical TSF system is
shown  in  Fig.  (1).  Despite  the  wide  use  of  the  TSF  recently,  there  are  only  a  few  studies  reporting  the  results  of
multiplanar correction, especially in immature patients. The purpose of this study was to examine the TSF accuracy in
correcting multiplanar deformities of the long bones in the skeletally immature patients with open physis at the time of
frame application.

METHODS

During nine years we analyzed results of treatment in skeletally immature patients with varied pathologies of the
long bones of the lower limb with more than one plane deformities (for example varus + procurvatum). There were 51
patients,  40  boys  and  11  girls,  with  a  mean  age  of  12.4  years  (range  2-16  years).  All  patients  had  at  least  two
deformities  (angular  and/or  rotational,  or  shortening).  We  classified  the  deformities  according  to  the  dimension  of
deformity correction as follows (Table 1):

Table 1. Distribution of the dimensions of deformity corrections.

Type of deformity correction n %
Type I 0 0
Type II 4 7.8
Type III 33 64.8
Type IV 14 27.4

All 51 100

Fig. (1). A clinical picture of a typical Taylor spatial frame.

Type I (one-dimensional deformity correction) included all cases with leg shortening only, without any other axial
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deformity  correction;  Type  II  (two-dimensional  deformity  correction)  included  all  cases  with  leg  shortening  and
additional axial deformity correction in one plane (frontal, sagittal, rotational); Type III (three-dimensional deformity
correction)  included  all  cases  with  leg  shortening  and  additional  axial  deformity  correction  in  two  planes  (frontal,
sagittal, rotational); and Type IV (four-dimensional deformity correction) included all cases with leg shortening and
additional axial deformity correction in three planes (frontal, sagittal, rotational).

We performed 55 osteotomies (11 femoral and 44 tibial). Thirteen patients had post-traumatic malunion, six had
deformities secondary to rickets, five had juvenile tibia vara and thirteen had adolescent tibia vara, two children had
deformities due to postseptic growth arrest, two fibular hemimellia and one patient from any of the following etiologies:
tibial  hemimellia,  spondyloepiphyseal  metaphyseal  dysplasia,  multiple  epiphyseal  dysplasia,  fibrous  dysplasia,
posteromedial bowing of the tibia, hemiparesis, multiple hereditary osteochondromatosis, torsional deformity of the
tibia, idiopathic proximal tibial valgus and angular deformity of the distal femur. 11 patients had correction of femoral
deformities (five had combined tibial deformities correction) the other 40 patients had tibial deformities.

All patients were examined pre and postoperatively using long standing digital x-rays from above the pelvis to the
toes on the AP view. Lateral views of the extremities were obtained on the long standing views and on the separate
femur and tibia non-weight bearing views.

We examined all charts and long standing radiograms before correction, at the time of the frame removal and at
least one year after removal of the frame. On long antero-posterior views, we recorded leg length discrepancy (LLD),
mechanical  axis  deviation (MAD),  lateral  distal  femoral  angle  (LDFA),  medial  proximal  tibial  angle  (MPTA),  and
lateral distal tibial angle (LDTA). On the lateral radiograms we measured posterior distal femoral angle (PDFA) and
posterior proximal tibial angle (PPTA). Rotations were measured clinically by thigh-foot angle (TFA) and position of
the foot relative to an imaginary line from the center of the patella to the second toe of the foot.

Correction goal was determined as correction of deformities to population average parameters of lower limbs in
frontal and sagittal views and normal MAD [3].

RESULTS

All frames had been removed at the time of manuscript preparation. Mean follow-up (from the day of TSF removal)
was 63.5 months (range 17-118 months).

Correction  goal  at  the  time  of  frame  removal  was  achieved  in  all,  except  one  patient.  Partial  recurrence  of
deformities at the latest follow-up occurred in four patients that were reoperated.

For  convenience,  we  divided  the  patients  into  four  groups:  post-traumatic  malunions  (13  patients);  tibia  vara
corrections (18 patients); rickets (6 patients), and miscellaneous group (14 patients).

The post-traumatic malunion group consisted of 13 patients, nine boys and four girls, with a mean age at the time of
TSF application of 12.1 years (range 8-15 years). Mean shortening was 27 mm (range 5-80 mm). All patients had at
least two deformities and one patient had three plane deformities. Average frame fixation time was 127.5 days (range
69-246  days).  Ten  patients  had  correction  of  tibial  deformities:  proximal  tibial  osteotomy  (4  patients),  mid  tibial
osteotomy (2 patients),  supramalleolar  osteotomy (2 patients).  One patient  underwent  double tibial  osteotomy with
gradual correction and lengthening of 80 mm and one patient underwent correction through distal tibial osteotomy.
Three patients  underwent  correction of  femoral  deformities  through distal  femoral  osteotomies.  The most  common
complication  was  superficial  pin  tract  infection  (5  patients),  while  one  patient  had  delayed  union  and  one  patient
underwent revision of fixation due to regenerate translation. All patients achieved correction goal, but one patient was
re-operated twice until maturity due to recurrence of deformities .

The tibia vara group: in this  group were patients with proximal tibial  varus combined with procurvatum and/or
internal tibial torsion. This group consisted of 18 patients, two girls and 16 boys. Five had deformities secondary to
juvenile tibia vara and 13 had the adolescent form of disease. Mean age of patients in this group was 12.6 years (range
3-16  years).  All  patients  underwent  correction  through  proximal  tibial  osteotomy.  Two  patients  with  sequelae  of
juvenile tibia vara and depression of medial tibial plateau underwent intra-articular osteotomies with completion of
lateral proximal tibial growth plate closure. Seventeen patients had internal tibial torsion and eight procurvatum of the
proximal  tibia.  Average frame time fixation was 108.2 days (range 82-148 days).  Complications included pin tract
infection  in  nine  patients.  All  patients  achieved  correction  goal.  One  girl  with  juvenile  tibia  vara  who  underwent
elevation of medial tibial plateau and lateral proximal tibia and fibular epiphysiodesis had recurrence of varus and was



74   The Open Orthopaedics Journal, 2016, Volume 10 Koren et al.

reoperated several years later .

The rickets group included six patients, three girls and three boys. Mean age was 14.1 years (range, 13-15 years).
Five patients underwent correction of valgus and rotational deformities and/or procurvatum recurvatum and one patient
varus and internal tibial torsion. One patient had bilateral deformities and underwent correction through bilateral distal
femoral and right proximal tibial osteotomies. Proximal tibial osteotomy was performed in four patients and one patient
was corrected through a distal femoral and proximal tibial osteotomy .Mean fixation time was 125.8 days (range 93-180
days).  Correction  goal  was  achieved  in  all  patients.  Complications  included  superficial  pin  tract  infection  in  two
patients,  post-removal  fracture  of  the  femur  in  one,  and  transient  EHL  palsy.  One  patient  had  recurrence  of  the
deformity on the latest follow-up and will be reoperated.

The  miscellaneous  group  is  non-homogeneous  and  consisted  of  14  patients  (4  girls  and  10  boys).  This  group
included two patients with postseptic growth arrest, two patients with fibular hemimellia and one patient from any of
the  following  etiologies:  tibial  hemimellia,  posteromedial  bowing  of  the  tibia,  spondyloepiphyseal  metaphyseal
dysplasia,  multiple epiphyseal dysplasia,  proximal tibial  valgus,  excessive tibial  torsion and proximal tibial  valgus,
external  tibial  torsion  and  mild  tibia  vara,  distal  femoral  valgus  and  external  tibial  torsion,  multiple  hereditary
osteochondromatosis (MHE), deformity secondary to fibrous dysplasia. Mean age of this group was 9.5 years (range
2-14 years). Distal femoral osteotomy was performed in six patients (two bilateral), proximal tibial osteotomy in five
patients,  midtibial  osteotomy  in  one  patient,  and  two  patients  underwent  correction  of  deformities  through
supramalleolar osteotomies. One patient with MHE underwent double level correction of the tibia through proximal
tibia and supramalleolar osteotomy (Figs. 2a-2f). Mean fixation time in this group was 162.2 days (range, 81-333 days).
Desired correction was achieved in 13 patients, and one patient with multiple epiphyseal dysplasia was under-corrected.
Complications included superficial pin tract infection in four patients, nonunion and bone grafting in one patient, post-
removal fracture of the femur, delayed union, knee subluxation, and one patient had chronic osteomyelitis.

Fig. (2a). Long standing x-rays showed bilateral valgus deformities of tibias, more prominent on the right side. The CORA (Center
of rotation of angulation) is marked at the level of right tibial tubercle (Red lines crossing) and just above the ankle joint (Yellow and
red lines crossing).
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Fig. (2b). Clinical picture of the patient.

Fig. (2c). Double level correction of the tibia at the proximal tibia and supramalleolar level.
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Fig. (2d). Double level correction of the tibia at the proximal tibia and supramalleolar level.

Fig. (2e). Long x-rays showed normal mechanical axis deviation.
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Fig. (2f). Clinical picture after frame removal.

DISCUSSION

The  Ilizarov  method  of  deformity  correction  and  limb  lengthening  was  the  major  contribution  in  the  field  of
deformity correction in the last century [4, 5]. This method remains the basis for deformity correction using internal and
external fixation [3, 6]. Deformity correction in children might be challenging due to the proximity of the open growth
plate;  therefore,  some  methods  of  correction  appropriate  in  practice  for  adults  (e.g.,  intramedullary  nailing)  are
contraindicated for immature patients. Correction might be acute or gradual. Acute correction is not always possible,
especially in cases of deformity with shortening that so often occur in children with partial or complete growth arrest of
the physis, where external fixation is the mainstay of correction in those cases.

The Taylor spatial frame enables correction of angulation and translation in the coronal, sagittal and axial planes,
enabling  six-axis  correction  simultaneously.  Contrary  to  the  Ilizarov  frame,  there  is  no  need  for  frequent  frame
adjustments and building hinges to correct multiplanar deformities. With TSF all deformities are corrected using the
same frame using a virtual hinge (5, 11, 19). Long learning curve is required in order to master correction using an
Ilizarov  frame  for  complex  deformities.  Despite  the  wide  use  of  TSF  in  practice,  there  is  little  description  of  the
accuracy of  correction,  and especially  about  multiplanar  correction in  immature  patients  with  open physis.  Several
articles have described the results of treatment in children with fractures and post-traumatic deformities treated with
TSF. Ganger et al.  [2] reviewed the results of treating 22 patients with 25 post-traumatic lower limb deformities in
young  adults  (mean  age  at  the  time  of  correction  was  22.7  years).  Only  two  patients  in  this  study  had  residual
mechanical axis deviation at the latest follow-up. Eidelman et al [7] analyzed the results of treatment with TSF of post-
traumatic deformities in children and adolescents.  There were 18 patients with a mean age of 13.1 years and equal
numbers of proximal, medial and distal tibial malunions. In all patients, restoration of mechanical axis and length was
achieved with  minimal  or  no  difference  compared to  anatomical  parameters.  Similar  conclusions  were  achieved in
several other studies in children with fractures treated with TSF [8 - 11].

Several studies investigated the treatment of children with limb deformities with the TSF. Naqui et al reviewed 53
patients  treated with 60 frames on 55 limbs [12].  Forty limbs had no final  deformities,  12 limbs had mild residual
deformities and three limbs needed further treatment. In 2006, Eidelman et al. [5] reviewed the results of treatment of
31  children  (44  frames)  with  various  deformities.  Most  patients  achieved  anatomic  correction  of  deformities  and,
despite many complex cases, results were encouraging. The most common complications in this study were superficial
pin tract infections (45%) and three patients suffered from post-removal femoral fractures. Marangoz et al. analyzed the
results of treatment of 20 patients with 22 femoral deformities of multiple etiologies treated with TSF [13]. Only one
patient was not corrected to within 3° of normal with regard to femoral deformity.

Blount  disease  is  an  ideal  example  of  multiplanar  deformities.  Usually  additionally  to  varus  deformity  on  the
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coronal plane there is significant procurvatum on the sagittal view and internal tibial torsion that makes this deformity a
complex three-dimensional deformity [14, 15]. Feldman et al. [15] reviewed the results of treatment of 19 patients with
tibia  vara  (22 tibias).  Mean age of  patients  in  this  study was 9.9  years  (range 3-16 years).  Twenty-one tibias  were
corrected to within 3° of normal in the sagittal and coronal planes. Most of their patients underwent concurrent fibular
osteotomy. In 2008, we published the results of treatment of eight patients (10 tibias) with adolescent tibia vara [14].
All patients underwent only proximal tibial osteotomy without osteotomy of the fibula. All patients achieved precise
correction of deformities and there were no complications related to the fibula during and after deformity correction. In
our current study, one girl with sequelae of juvenile tibia vara had recurrence of deformity despite lateral epiphysiodesis
and intentional overcorrection to the valgus to prevent rebound of deformity. We believe that this outcome is probably
related to incomplete closure of the lateral tibial proximal physis. Bar-On et al. treated four patients with elevation of
the  medial  tibial  plateau,  lateral  hemiepiphysiodeis  and  gradual  correction  through  proximal  metaphyseal  tibial
osteotomy using the TSF [16]. Two patients had recurrence of proximal tibial varus after correction, attributed by the
authors to recurrence of the varus to incomplete epiphysiodesis or mild distal femoral varus.

The smallest group in this study was the rickets group. Usually, these patients need correction of angulation and
rotation  of  several  bones.  Correction  of  angulation  in  patients  with  open  physis  might  be  achieved  using
hemiepiphysiodesis [17] but, in severe multiplanar deformities, this approach is not always possible [18]. Some patients
in this group underwent a combination of corrections using guided growth, acute correction and TSF .

In  2010,  Rozbruch  et  al.  [19]  questioned  whether  the  TSF  can  accurately  correct  tibial  deformities.  They
retrospectively reviewed 102 patients (122 tibiae) that underwent tibial osteotomy with gradual correction with the TSF.
Mean age of patients was 39 years (range 5-72 years). This is the largest cohort of patients treated with TSF described
until now in the literature. Treatment goal was overcorrection of the MAD to 6-12 mm medial or lateral, depending on
the presenting problem. Gradual correction of all tibial deformities was accurate and with few complications.

We  believe  that  there  is  no  limit  for  preciseness  of  TSF.  A  possible  failure  of  correction  usually  is  related  to
inaccurate estimation of the deformity and mounting parameters and in most cases might be avoided.

We have asked if TSF can accurately correct deformities in immature patients with multiplanar deformities. Despite
the fact that most patients in this study had complex deformities, the TSF corrected most deformities precisely. Most
patients had no deterioration of deformities at the latest follow-up visit.

CONCLUSION

Based on our experience the Taylor spatial frame is able to correct precisely complex multiplanar deformities in
immature patients with relatively few complications
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