
[page 114]                                                          [Orthopedic Reviews 2017; 9:7337]

The deformity correction 
and fixator-assisted treatment
using Ilizarov versus 
Taylor spatial frame 
in the foot and ankle
Yudha Manggala,1
Chayanin Angthong,2
Andri Primadhi,1 Supoj Kungwan2

1Department of Orthopaedics and
Traumatology, Faculty of Medicine,
Padjajaran University/Dr. Hasan
Sadikin Hospital Bandung, Indonesia;
2Foot and Ankle Surgery, Department of
Orthopaedics, Faculty of Medicine,
Thammasat University, Pathum Thani,
Thailand

Abstract
This study was to report the comparison

of outcomes between Ilizarov ring fixator
(IRF) and Taylor Spatial Frame® (Smith &
Nephew, Memphis, Tenn.; TSF) in terms of
the effectiveness of ankle-foot deformities
correction, follow-up results, and complica-
tions. Fourteen patients with ankle-foot
deformities were corrected using circular
external fixation (IRF group = 7 patients;
TSF group = 7 patients) and related proce-
dures. Baseline data and treatment variables
were recorded. The patients’ mean age was
42.9 years. Mean follow-up time was 6.5
months. Most common cause of
deformity/traumatic condition was post-
traumatic equinus. There were successful
results in 8 patients (57.1%), partial suc-
cessful results in 5 patients (35.7%), and
revision-needed in 1 patient (7.1%). TSF
group demonstrated significantly higher
rate of successful results than IRF group
(P=0.033). A trend of lower complication
rate was found in TSF group (P=0.286).
Deformity corrections using TSF provided
significantly better clinical scores and high-
er rate of successful outcome than conven-
tional IRF. 

Introduction
Circular external fixation has been used

for more than a century. During the 1950s,
Gavriil Abramovich Ilizarov, developed the
use of a modular circular fixator with tran-
sosseus tensioned wire fixation. Italian sur-
geon, Bianchi-Maiocchi, introduced
Ilizarov’s methods to the western world in
1981.1 Today, this technique is widely used

by a variety of surgeons.1,2 Regardless of the
type of external fixation used, the surgeon’s
understanding of external fixation princi-
ples and mechanics is required.1,2 It is typi-
cally preferred for static or dynamic gradual
correction of hindfoot and ankle deformities
because of the versatility of the components
and strength for weight bearing. It is also
chosen over acute correction when the
deformity is complex, often involving an
oblique plane, a rotational component,
and/or limb shortening.1,3 The use of ring
fixation, with or without gradual correction
may allow the patient to be more functional
during the healing period because a ring fix-
ator will typically allow partial to full
weight bearing during the recovery time.1,2

The Ilizarov Ring Fixator (IRF) is
thought to have several advantages over
other surgical options in the treatment of
axial deformity.3-12 For the use in deformity
correction, the surgeon uses hinges and
translation mechanisms to build a custom
made frame system for each distinct defor-
mity.3-6 During the treatment, correction of
complex deformities may require changes
of the frame construct, which may be very
time consuming or even impossible.4,5,8 In
this case, ring fixator may need modifica-
tion occasionally throughout the correction
of complex deformities.4-12 In 1994, J.
Charles Taylor & Harold Taylor, developed
a new type of external fixator called the
Taylor Spatial Frame® (Smith & Nephew,
Memphis, Tenn.).1,2 The TSF, which modi-
fied the Ilizarov system, is an apparatus that
uses a Stewart platform with a computer
program to allow for precise gradual bony
or soft tissue correction in any plane.6,8,9

Thus, the deformity analysis and correction
planning with this instrument were for the
first time necessarily software dependent.3-

12 It offers the possibility of simultaneous
correction of multidirectional deformities
without the need of additional apparatus to
the system during correction.4,5,7 Thus, in
comparison to the traditional IRF, the TSF
uses one single frame construct, and no
additional devices are needed for correction
of translation or rotation deformities.3-12

However, there is still no consensus
regarding the superiority between IRF ver-
sus TSF in terms of complex deformity cor-
rection. In addition, there was no report
which published about the comparing
results between the application of IRF and
TSF in the corrections of ankle and foot
deformities. The present study was to inves-
tigate the comparing outcomes following
these circular external fixations in terms of
the effectiveness in ankle and foot deformi-
ties correction, the follow-up results, and
complications.

Materials and Methods 
This study reviewed a total of 14

patients in whom ankle and foot deformity
was corrected using circular external fixa-
tion and following procedure between May
2013 and June 2017. 

The inclusion criterion was a patient
who accepted the use of either circular
external fixator for any deformity correc-
tion in ankle and foot. The exclusion crite-
rion was a patient with incomplete docu-
mentation included radiographs, medical
record, and loss of follow up. With written
informed consent from the patients before
the procedure, the following parameters
were assessed: gender, age at surgery, affec-
ted side, deformity/traumatic cause, surgi-
cal procedure, preoperative and postoperati-
ve deformity parameters (motion improve-
ment or healing rate of fusion or fracture) in
radiographs (Figures 1 and 2), and signifi-
cant complications (soft tissue/bone-rela-
ted, hardware-related). The pre- and postop-
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erative pain, function and other complaints
via clinical scores, including Visual Analog
Scale Foot and Ankle (VAS-FA), and
Health-related Quality of Life via Short-
Form 36 (SF-36) scores were collected
from the patients.13,14 Outcomes were also
evaluated according to healing of ulcers and
infection clearance. Final outcome was cat-
egorized as successful, partial successful
(needed additional soft tissue procedure or
delayed union), and revision-needed. 

Statistical Analyses 
Statistical analysis was implemented

using the IBM SPSS software version 22.0
(SPSS Inc., Chicago, IL, USA). ANOVA
was used to analyze the statistical signifi-
cance of the differences in numerical vari-
ables between the 2 groups. Categorical
variables were analyzed using Chi-square
or Fisher’s exact test. Pearson correlation
analysis was used to calculate the correla-
tions between numerical variables. The
level of significance was identified as
P<0.05. 

Results
Of the 14 patients, there were 7 patients

who were applied with Ilizarov ring fixator
and 7 patients were carried out with TSF.
There were 7 male patients and 7 female
patients. The patients’ mean age was 42.9
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Table 1. Distribution of diagnoses.

Diagnosis                                                                                         Number (%)

Post-traumatic equinus                                                                                                   10 (71.4)
Charcot hindfoot-ankle                                                                                                     3 (21.4)
Ankle fracture with soft tissue compromise                                                               1 (7.1)

Table 2. Sites of deformity in each treatment group.

Treatment                                  Ankle      Ankle and hindfoot    Ankle and midfoot  Total

Ilizarov ring fixator                                                                                                                                                     
      Number                                                   3                                 3                                             1                           7
      % within treatment                            42.9                            42.9                                       14.3                    100.0
      % within sites of deformity              42.9                            50.0                                      100.0                    50.0
Taylor spatial frame                                                                                                                                                   
      Number                                                   4                                 3                                             0                           7
      % within treatment                            57.1                            42.9                                        0.0                     100.0
      % within sites of deformity              57.1                            50.0                                        0.0                      50.0
Total                                                                                                                                                                               
      Number                                                   7                                 6                                             1                          14
      % within treatment                            50.0                            42.9                                        7.1                     100.0
      % within sites of deformity             100.0                          100.0                                     100.0                   100.0

Table 3. Outcomes according to operative procedure.

Groups                              Ilizarov ring fixator           Taylor spatial frame         P-value

Initial dorsiflexion (°)                              −36.6                                                −21.1                                0.366
Last follow-up dorsiflexion (°)               −4.4                                                  −7.1                                 0.451
Outcome score                                            1.14                                                   1.86                                0.033*
Complication rate                                      71.4%                                                28.6%                                0.286
*Significant difference.

Figure 1. Preoperative radiographs of a
right ankle in the Ilizarov ring fixator
group from the anteroposterior (A) and lat-
eral (B) views. Follow-up radiographs of a
right ankle in the Ilizarov ring fixator
group following the fixator removal from
the anteroposterior (C) and lateral (D)
views.
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years (range 18-63 years). There were 7 and
7 patients who had the deformities on right
and left sides, respectively. Mean follow-up
time for outcome scores and radiographic
parameters was 6.5 months. Mean follow-
up time for clinical scores was 9.4 months.
The most common cause of deformity/trau-
matic condition was post-traumatic equinus
(Table 1). Table 2 demonstrated the details
of deformity regarding the deformity site(s)
of patients in each treatment group. There
was no significant difference regarding the
number of patients in subgroups of deformi-
ty between the two treatment groups
(P>0.05). The IRF application with mini-
mally invasive fixation could be performed
to treat ankle fracture with soft tissue com-
promise in a patient with diabetic mellitus. 

Regarding the results of treatment, suc-
cessful result (outcome score = 2) was
defined as no need of additional treatment.
Partial successful result (outcome score = 1)
was defined as the need of additional treat-
ment for related complication following an
initial treatment. Revision-needed (outcome
score = 0) was defined as the unsatisfactory
result which needed to revise the overall
treatment. Of 14 patients, there were suc-
cessful results in 8 patients (57.1%), partial
successful results in 5 patients (35.7%), and
revision-needed in 1 patient (7.1%). A
patient with revision-needed was only
found in the IRF group. In the IRF group,
two patients had wound dehiscence or full
thickness skin necrosis of wound edges
which were treated with the reverse sural
flap or rotational flap coverages/serial
dressing, respectively. Two patients had
delayed consolidation of fracture or
arthrodesis site. One patient needed the
revision due to infection, frame loosening,
and delayed consolidation following the
operation. In the TSF group, one patient had
pin tract inflammation which was treated

conservatively. One patient had pin tract
infection which needed a pin removal and
debridement.

Table 3 summarized the results of defor-
mity correction in pre-and postoperative
radiographs, outcome scores, and signifi-
cant complications. The TSF group demon-

strated the significantly higher rate of suc-
cessful score than IRF group. This study
also found a trend of lower complication
rate in TSF group. Other result parameters
were comparable between the two groups.
Regarding the overall clinical scores, there
were significant improvements between
pre-and postoperative scores for both VAS-
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Table 4. Clinical scores in each treatment group.

Treatment group                                    Preoperative                         Postoperative                       Preoperative                    Postoperative
                                                                     VAS-FA                                    VAS-FA                                  SF-36                               SF-36

Ilizarov ring fixator                                                                                                                                                                                                                                              
      Mean                                                                             42.5                                                       58.9                                                    50.7                                               74.3
      N                                                                                       7                                                            7                                                         7                                                    7
      S.D.                                                                                  9.9                                                         7.4                                                     12.8                                                8.0
Taylor spatial frame                                                                                                                                                                                                                                            
      Mean                                                                             68.4                                                       78.8                                                    88.8                                               90.1
      Number                                                                           7                                                           6*                                                       7                                                   6*
      S.D.                                                                                 21.8                                                       14.9                                                    10.6                                               12.4
P-value                                                                              0.014**                                                0.010**                                           <0.001**                                       0.018**
Total                                                                                                                                                                                                                                                                        
      Mean                                                                             55.4                                                       68.0                                                    69.7                                               81.6
      Number                                                                          14                                                          13                                                       14                                                  13
      S.D.                                                                                 21.1                                                       15.1                                                    22.8                                               12.8
VAS-FA, Visual Analog Scale Foot and Ankle; SF-36, Short-Form 36; S.D., standard deviation. *Patient number 12 had no availability of postoperative scores. **Significant difference

Figure 2. Preoperative radiographs of a right ankle in the Taylor spatial frame group from
the anteroposterior (A) and lateral (B) views. Follow-up radiographs of a right ankle in
the Taylor spatial frame group following the frame removal from the anteroposterior (C)
and lateral (D) views.
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FA (from 55.5 to 68.0; P=0.009) and SF-36
scores (from 67.8 to 81.6; P=0.008). Table 4
summarized the clinical scores in both pre-
and postoperative periods of each treatment
groups. The TSF group showed the signifi-
cantly better clinical scores than IRF group
in both pre-and postoperative periods. The
correlations between VAS-FA and SF-36
were significant in both preoperative
(Pearson correlation coefficient (r) = 0.718,
P=0.004) and postoperative (r=0.879,
P<0.001) periods. 

Discussion
The current study highlighted the com-

parison of results using IRF or TSF in the
ankle and foot deformity corrections. To our
knowledge, a comparison between ankle
and foot deformity corrections performed
with the IRF and the TSF has not yet been
reported. Nevertheless, the results of cor-
rections performed with both devices, the
IRF and the TSF, have been reported as
favorable in many previous studies. 

The previous study demonstrated the
TSF comparing with the results on the use
of an Ilizarov external fixator4. Manner et
al. reported of the 129 cases that treated
with the TSF device, the aim of the lower
limb deformity correction was achieved in
117 cases (90.7%) and 79 cases treated with
the IRF, the same aim was achieved in a
total of 44 cases (55.7%).4 Floerkeimer et
al. reported good results in 88.9% of all
patients but one foot has complication after
2 years follow-up time.12 Eidelman et al.
reported of 10 feet with various arthrogry-
potic foot deformities.15 All patients
achieved the preoperative correction goal,
while one patient had recurrent equinus and
another had the partial recurrence of fore-
foot supination.15 Ganger et al. demonstrat-
ed the using of TSF allows accurate results
in the correction of complex post-traumatic
lower limb deformities with minimal mor-
bidity.10 The present study demonstrated the
more favorable results in the TSF group
than the IRF group in terms of better clini-
cal scores and higher rate of successful out-
come and lower rate of complication. These
results were in consistent with previous
studies. However, multidimensional defor-
mity corrections performed with the IRF
deserve an expert’s skill, but even then
complex deformities may limit the exact
use of the IRF and its additional apparatus
system. Accordingly the IRF needs steep

learning curve in the surgical planning and
application especially on the beginning of
surgeon’s familiarity, while the TSF may
have allowed for the favorable results
because of its user-friendly system via the
internet-based software program which
guides the surgeon to perform preoperative
planning and demonstrate the expected final
result in accordance to his/her initial plan.
Moreover, the satisfactory results of the
TSF in multidimensional deformities could
be produced via its possibility of simultane-
ous multidimensional deformity correc-
tions, which were also enabled by the men-
tioned program for the surgical planning in
combination with a rigid hexapod construc-
tion. 

There were some limitations in the pres-
ent study. The numbers of patient were
quite limited as 7 IRF versus 7 TSF
patients. This needs further study with larg-
er number of patients and longer follow-up
time to validate the proposed issue of the
present study. However, the present study
might be a potential report which proposed
the basic information for further study.

Conclusions
The present study was one of earlier

study which demonstrated the treatment
outcomes of TSF comparing with conven-
tional IRF in the ankle and foot deformity
corrections. The deformity corrections
using the TSF provided significantly better
clinical scores and higher rate of successful
outcome than the conventional IRF. There
was a trend of lower complication rate in
the TSF than in the IRF. 
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