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Overview

The TAYLOR SPATIAL FRAME? for External Fixation:
A Systematic Review

Purpose of review The purpose of the current study was to conduct a thorough systematic literature review of the
TAYLOR SPATIAL FRAME to improve the understanding of its clinical performance to date.

Background The TAYLOR SPATIAL FRAME (TSF) is an external fixator that uses computer software to simultaneously
correct for length discrepancy and various aspects of deformity including angulation, translation, and rotation. We
performed a systematic literature review of the TSF to improve the understanding of its clinical performance to date.

Read more on page 4

Rating

POOR QUALITY MODERATE HIGH QUALITY

Why this rating? This is a systematic review of Level lll and IV evidence which includes prospective studies and case

series. The evidence rating is moderate.

Results

Twenty-five studies featuring data from 666 total patients were included in this study. Results of management

with the TAYLOR SPATIAL FRAME were pooled based on the diagnosis into three groups of patients with:

(1) acute trauma
(2) nonunion or malunion

(3) deformity (including studies with mixed pathology if >75% of patients had a developmental or congenital deformity).

Key considerations

A systematic review of the literature found:

- High percentage of treatment goals achieved after
initial treatment with use of TSF, shown in all
three groups (100% in adults and 99.3% in children
with acute trauma; 87.5% in adults and 98.6% in
children with nonunion or malunion; 98.5% in adults
and 93.3% in children with deformity)

« All complications excluding pin tract infections
were pooled for each group (one complication in every
4.3 procedures in children with acute trauma; one in
every 1.8 procedures in adults and 1.7 in children with
nonunion or malunion; and one in every 5.4 procedures
in adults and 2.7 in children with deformity).

- Time to external fixator removal:
- 14.0 and 14.9 weeks (acute trauma group);

- 33.0 and 11.2 weeks (nonunion and malunion group);
-19.0 and 20.9 weeks (deformity group) for adults and
children, respectively.

« Inconsistent reporting of clinical outcomes and

surgical parameters amongst included studies,
preventing the use of meta-analytic statistics.

- Need for additional studies with:

- Larger sample sizes.

- Consistent reporting amongst studies with regard to
surgical parameters and clinical outcomes.

- Comparisons between the llizarov Ring Frame (current
“gold standard”) and the TAYLOR SPATIAL FRAME.

- Prospective, comparative designs with randomization
to limit systematic bias.

Outcome Vol 01.No 02 - September 2011
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Background

External fixation plays a growing role in the primary treatment of
unstable and high risk fractures, as well as in the reconstruction of
congenital and acquired physical deformities [1]. The TAYLOR
SPATIAL FRAME® (TSF) (Smith & Nephew, Memphis, Tennessee,
USA) is a new generation of external fixator established on
computer software that simultaneously corrects for length
discrepancy and various aspects of deformity including angulation,
translation, and rotation [2,3]. Based on the llizarov method, the
TSF is used for corrections, lengthening, and straightening of both
simple and complex deformities. It consists of two rings or partial
rings connected by six telescopic struts at special universal joints
to create a hexapod frame [4]. By adjusting strut lengths, one ring
is repositioned with respect to the other [5]. The surgical technique
is well described within current literature [4].

While the TSF is considered more cumbersome than the llizarov
frame, it allows for easy application, immediate stabilization,
access to soft tissues, and a reduced need for immobilization
[1,2,51. Furthermore, the TSF allows for both gradual and acute
correction and has shown to be effective in correcting many
deformities with varying severity in all limbs [4].

Figure 1: The TAYLOR SPATIAL FRAME.

Vol 01, No 02 - September 2011
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Published studies on the TSF are mainly case series with small
sample sizes and inconsistent reporting on varying bones and
etiologies [6]. Thus, we performed a systematic review of the TSF
to improve the understanding of its clinical performance to date.
Primary outcomes were whether treatment goals were achieved
and complications experienced. Secondary outcomes included
data on surgical parameters and clinical outcomes. These
outcomes were evaluated in three groups in which the TSF was
used for: (1) acute trauma; (2) nonunion and malunion with or
without deformity; and (3) deformity correction (when mixed
pathology, included if >75% had a congenital or development
deformity). Weighted means were obtained for adults and
children separately.
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Methods

From 238 potentially eligible studies identified by a literature
search, 213 did not meet the eligibility criteria for this review,
leaving 25 eligible studies (Figure 1).

Please refer to Appendix 1: Methods for further detail on the
eligibility criteria and literature search.

METHODS

Figure 2:Literature Review

Studies identified in the Literature Search Eligible
via Medline, Embase and Hand Search Studies

Review of potentially eligible studies

-213 Ineligible Studies

* Review articles: 23 Studies

« Technical articles: 32 Studies

- Case reports: 42 Studies

+ Non-TSF external fixator used: 27 Studies

- Outcome not separated between external fixator used: 8 Studies

- Basic science studies: 17 Studies

- Duplicate studies: 41 Studies

» Combined ORIF* and external fixation procedure: 12 Studies

+ Non-English studies: 5 Studies

+ Outcome not separated between external fixation procedure: 5 Studies
- Patient pathology could not be included in one of the three groups: 1 Study

* ORIF = Open Reduction Internal Fixation

Bone&JointOutcome Vel 01. No 02 - september 2011
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Results pps-23

Study Characteristics

Study characteristics are summarized in Figure 2 with further
detail found in Tables 1, 2, and 3. Note that in studies with mixed

Surgical Parameters - Included Studies

pathology of patients, the data was separated when possible.

Otherwise, studies in which >75% of patients had a developmental
or congenital deformity were reported solely in Group 3 (deformity

correction).

Please refer to Appendix 2: Results for additional details on the

study results.

Surgical parameters for the included studies are summarized in
Tables 4, 5, and 6.

Clinical Outcomes - Included Studies
Clinical outcomes were inconsistently reported across included

studies. Tables 7, 8, and 9 summarize these results.

1, and 12.

Complications - Included Studies
All Complications and revisions are summarized in Tables 10,

Figure 3: Study characteristics

Adults

Acute Trauma Non/Malunion Deformity
: . . : . Case series and
L Study designsincluded: Case series Case series Prospective studies
E Mean follow-uprange:  39.6 months 34.8 months 33.9 months
Mean age: 24.5 years 34.4 years 38.9 years
Mean sample size: 5 21 314
Sample size range: - 12-38 7-122
Children
= N , : . Case series and
Study designsincluded: Case series  Case series Prospective studies
E Mean follow-up range:  19.4 months  16.5 months  21.2 months
Mean age: 1.8 years 12.7 years 12.4 years
Mean sample size: 9 3.5 30.5
Sample size range: 6-11 3-4 5-129
Bone &Join’[outcome Vol 01, No 02 — September 2011

The TAYLOR SPATIAL FRAME® for External Fixation

Page -6



Results cont

Table 1: Study characteristics of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for acute trauma in adults and children.
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Mean Adults 5 ‘ 24.5 ‘ 76.9 39.6

(N=5)

Elbatrawy et al. 2009 I 5 (12 (?—58:;) 76.9% Fzzsr(?%) Trauma (2 open fractures, 3 closed fractures) é%%

MeanChiIdren@ 9 ‘ 11.8 ‘ 86.4 19.4
(N=27)

Traumatic, unstable tibial shaft fracture (2 compartment

Al-Sayyad et al. 2006 10 @ 331% 4 100 Tibia syndrome, 1 hemorrhagic blisters leading to failed (22328)
’ ' reduction, 2 failed closed reduction, 5 open fractures). g
=)
. 1" Tibia (5) ) - ) @
Eidelman et al. 2006 6 NR 5 displaced tibial fractures, 1 displaced femoral fracture 9.0 @

(6-14) Femur (1)
Open tibial shaft fracture with contraindication or failure
12 of nonoperative treatment (3 failed reduction after plaster 12
Blondel et al. 2010 1 (7-15) 727 Tibia cast, 3 open fractures, 4 associated fractures and closed (4-32)

head injury, 1 compartment syndrome); 1 proximal,
8 middle, 2 distal.

NR Not reported
t Value reported for full sample size of patients in study
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Results cont

Table 2: Study characteristics of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for nonunions and malunions with and without deformity in adults and children.
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Mean Adults 21 ‘ 34.4 ’ 67.7 34.8
(N=104)
206 11 tibial malunions (1 proximal, 9 middle, 1 distal); 38.4
Feldman et al. 2003 18 (10—‘64) 61.1 Tibia 7 tibial nonunions (2 with osteomyelitis), 5 were atrophic (24_5;0 4
and 2 were hypertrophic (1 proximal, 3 middle, 3 distal) '
3 1 fibular hemimelia, 12 malunion, 1 hypoplasia tibiae,

Kristiansen et al. 2006 20 55.0 Tibia 2 pas equino varus + hypoplasia, 1 rheumatoid arthritis, NR

(7-59) 1 hyperphosphatemic rickets
38 tibial nonunions — 6 proximal, 12 middle and 20 distal
83 (10 closed, 26 open, 1 defect following bone tumor a7
Rozbruch et al. 2008 38 78.9 Tibia reconstruction, 1 osteomyelitis and bone defect following
(8-72) L ) ) (16-63)
snake bite); 18 were atrophic, 14 were normotrophic,
" and 6 were hypertrophic; 19 were infected.
:
2 2451 Tibia (14) ) . 39.6%
(2]
2 Elbatrawy et al. 2009 16 (10-82) 76.91 Femur (2) 12 malunion, 4 nonunion (3-72)
44 - 12 Infected tibial atrophic nonunions 24
SO el A 2 (19-79) e b2 o oroximal, 4 middle, 6 distal) (18-32)
Mean Children 3.5 ‘ 12.7 ’ NR 16.5
(N=7)
. 12.3 Tibia (2) 2 tibial malunion,
Eidelman et al. 2006 g (8-16) NR Radius (1) 1 malunion and growth arrest of radius 90
. 13 Tibia(3) 3 tibal malunion (1 middle, 2 distal);
Eidelman et al. 2010 4 (10-16) NR Radius (1) 1 radial malunion secondary to growth arrest. 2%
NR Not reported
1 Value reported for full sample size of patients in study

Bone&JointOutcome Vel 01. No 02 - september 2011

The TAYLOR SPATIAL FRAME® for External Fixation Page - 8



Results cont

Table 3: Study characteristics of included studies assessing the TAYLOR SPATIAL FRAME® Fixator

for deformities § in adults and children.
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Mean Adults 314 | 389 |70.2 33.9
(N=157)
Viskontas et al. 7 51.0 571 Knee (7) 7 primary diagnosis of medial compartment degenerative 4.0
2006 (36-72) 4) osteoarthritis of the knee ’
Elbatrawy et al. 8 2451 769t  Tibia (8) 2 multiple hereditary exostosis, 2 windswept deformity, 2 blount 39.6%
2009 (10-82) ' disease, 1 valgus deformity, 1 premature physeal growth arrest (3-72)
2 post-traumatic epiphyseal arrest; 3 malunion after fracture;
Nakase et al. 10 28.8 NR Femur (4), 1 Bount disease; 1 Paget disease; 1 mal-union after ankle 24
2009 (10-71) Tibia (6)  arthrodesis due to septic osteomyelitis; 1 hypo-phosphatamic (11-41)
rickets; 1 multiple hereditary exostosis
Rozbruch et al. 39 - Tibial deformities (72 npntrgumat!c cases: congeqltal, . 48
122 56.9 Tibia development, neurologic etiology; 30 posttraumatic malunions;
2010 (5-72) : (10-98)
20 bilateral cases)
U EAICEL 10 ol 900 ) iide (10) Ziiivﬁfcfﬁiuﬁai”n'fn:;{i; Ltﬂi'ffa:d"?'c‘;"sf? Yo1f nroer:/-igzls(:nf:{iled 2y
2010 48.0-71.0)  (9) prion b Uil P y (12.0-26.0)
surgical arthrodesis
§ In studies with patients of mixed pathology, entries were separated. When this NR Not reported
was not possible, only those studies with >75% congenital or developmental 1 Value reported for full sample size of patients in study
deformity was included in this group.
Bone&JointOutcome Vel 01. No 02 - september 2011
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Results cont

Table 3: Study characteristics of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for deformities § in adults and children. (Cont.)
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Mean Children 30.5 | 124 |549 21.2
(N=336)
Tibia (26),
Blondel et al. 14 Femur (6), 17 conggnltal patho!oglesf, 5 fractures, 2 post-traumatic ' 213
36 69.4 Radius (2), pathologies, 3 post infectious sequelae, 3 achondroplasia and
2009 (3.0-18.0) ) " (4.3-43.0)
Ankle (1), 6 “other”.
Knee (1)
Feldman et al. 9.9 - - . . 33.6
2003 22 (3-16) 68.4 Tibia Tibia vara (8 infantile, 14 adolescent) (24-45.6)
Sluga et al. 5 11.0 40.0  Femur (4), 4 shortened or deformed femurs after fracture, osteomyelitis or NR
2003 (6.0-16.0) 2 Tibia (1)  a congenital short femur; 1 tibia with pseudoarthrosis
Fadel et al. 16.5 Fgmur @), 4 tlt?la vara, 2 genu vallglum, 3 congenital short fem.ur.s, 2 . 38.4
22 36.4 Tibia (16), equinus feet, 5 short tibiae, 5 short and deformed tibia following
2005 (6-42) ) (30-54)
Feet (2)  trauma, 1 posttraumatic short femur
4 Blount disease, 1 growth arrest of ankle and most foot joints,
40mm shortening, severe valgus, 2 congenital short femur +
fibular hemimelia, 1 spondyloepiphyseo-metaphyseal dysplasia,
1 DDH, distal femoral valgus and shortening, 1 growth arrest
- of tibia and 8 cm shortening, 1 fibrous dysplasia, distal femoral
Tibia (14) . ) S
. varus shortening, 1 rickets, 2 proximal tibial valgus,
Eidelman et al. 12.0 Femur (11) L L .
22 NR 1 osteogenesis imperfecta, excess external tibial torsion, 9
2006 (3.5-17) Knee (4) . )
1 severe bilateral genu valgum, 1 Schmid-type skeletal
Foot (4) . . ) - .
dysplasia, 1 unilateral internal tibial torsion and genu varum,
1 arthrogyrposis and flexion contracture knee,
1 myelomeningocele and paralytic knee flexion contracture and
clubfoot, 1 clubfoot and equinus and internal tibial torsion,
1 post-lengthening knee flexion contracture.
Feldman et al. 10.2 - - . .
2006 18 (3-16) 66.7 Tibia Tibia vara (6 infantile, 12 adolescent) 24
Congenital deficiency (54 fibular hemimelia, 29 congenital
femoral deficiency, 2 tibial aplasia) and acquired deformity
Manner et al. 13.2 e (33 posttraumatic, 11 postlnfec.tlous,. 26 idiopathic deformity,
129 53.5¢ . 16 hypo/pseudo/achondroplasia, 9 rickets, 8 syndromes, 4 NR
2007 (2-49) Tibia . e L
enchondromatosis, 5 Blount’s disease, 4 mucopolysacharidosis,
2 myelomeningocele, 2 peromelia, 1 multiple hereditary
exostoses, 1 amniotic disease, 1 hemihypertrophy)
§ In studies with patients of mixed pathology, entries were separated. When this NR Not reported
was not possible, only those studies with >75% congenital or developmental 1 Value reported for full sample size of patients in study.

deformity was included in this group.

Bone&JointOutcome Vel 01. No 02 - september 2011
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Results cont

Table 3: Study characteristics of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for deformities § in adults and children. (Cont.)
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Study

Sample Size

(Number of Deformed Limbs)
Mean Age (Years)

% Male

Included Limb(s)
Indication for

Procedure

Length of Follow-up
(Months)

1 tibia with infectious epiphyseodesis, 1 femur and 1 tibia with

Ollier's disease, 1 idiopathic tibia, 1 tibia with vitamin D-resistant 12.9
hypophosphataemic rickets, 1 calcaneus case with sequel of (4.7-22.0)
clubfoot and 1 foot with severe burn

. Tibia (4),
Docquier et al. 19.3
6 NR  Femur (1),
2008 (12.7-30.9) Foot (2)

Various foot deformities (6 residual clubfoot deformities,
Eidelman et al. 15 8 615 Foot 3 arthrogryposis with rigid equinovarus (2 bilateral); 2 foot
2008 (3.5-14) ' deformities due to traumatic growth arrest; 1 rigid equinovarus

secondary to spina bifida; 1 clubfoot with fibular hemimelia)

7 post-traumatic, 6 developmental (idiopathic), 2 multiple
Marangoz et al. 2 13.9 40.0 Femur (22) enchondromatosis, 2 rickets, 2 congenital femoral 15.7
2008 (5.9-24.6) (8) deficiency, 1 spondyloepiphyseal dysplasia, 1 congenital (4.5-35.0)
pseudohypoparathyroidism and 1 multifocal osteomyelitis.

10 congenitally short limbs, 5 fibular hemimelia, 4 congenital

talipes equinovarus, 3 neurofibromatosis pseudarthrosis, 4

tibia valgus, 2 diaphyseal aclasia-tibia vara, 2 metaphseal

dysplasia, 2 fibrous dysplasia, 2 congenital hypoplasia, 1

skeletal dysplasia with tibia vara, 1 posterior medial tibial

bowing, 1 type 1 tibial dysplasia with femoral fusion, 1 tibial
Naqui et al. 55 10.7 58.5  Tibia (44), deformity secondary to hypophosphatemic rickets, 1 deformity 22.0
2008 (1.0-16.0) (31)  Femur (11) secondary to osteogenesis imperfecta, 3 cases of acquired (12.0-59.0)

deformities from Salter-Harris fractures, 3 cases of dysplasia

secondary to neurological deficit, 2 cases of compound fracture

with bone loss, 1 pathological fracture through a bone cyst,

1 burn contracture with resulting equinus, 1 valgus deformity

secondary to aneurysmal bone cyst and 1 deformity secondary

to septicemic growth arrest.

RESULTS

9 tibial valgus (5 proximal, 3 distal, 1 proximal and distal); 2
tibia vara (1 proximal, 1 middle); 1 distal femoral varus; 2 distal 24
femoral valgus;

Eidelman et al. 1 13 N Tibia (11);
2010 (8-17) Femur (3)

Pl

Limb shortening (4 fibular hemimelia, 3 infantile Blount’s
disease, 2 congenital short femur, 2 fibrous dysplasia, 1
traumatic growth arrest, 1 clubfoot, 1 malunion, 1 vascular
malformation)

Tibia/Fibia,
15 11.9 NR Femur,
Foot

lobst

2010 16.5

Floerkemeier et al. 15.9 28.6 7 cases of pes equinovarus, cavus and adductus. 21.5

2011 g (8.0-29.0) (2) = 1 bilateral pes cavus and 1 occurred bilaterally. (13.4-34.2)

§ In studies with patients of mixed pathology, entries were separated. When this NR Not reported
was not possible, only those studies with >75% congenital or developmental 1 Value reported for full sample size of patients in study
deformity was included in this group.
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Results cont

Table 4: Surgical parameters of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for acute trauma in adults and children.
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Weighted Mean NR | 14.0 NR NR
Elbatrawy et al. 14 79
2000 NR NR (7-24 NR NR NR NR NR NR 522) YES
Weighted M
Weighted Mean NR | 149 10 | NR
Al-Sayyad et al. 122 19 14.5 1 9 1
2006 oty MR (-33) @35 (0-3)  (0-9)  (0-3) NR NR NR LE
Eidelman et al. 9.8
2006 NR NR T8 NR NR NR NR 10 NR NR NR
Blondel et al. 14 4 5 8
2010 A NR ee209 R (0-10) A (0-12) ALY A (3-18  'ES

NR Not reported
3 Value reported for full sample size of patients in study.
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Results cont

Table 5: Surgical parameters of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for nonunions and malunions with and without deformity in adults and children.
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Weighted Mean 179 | 33.0 544 | 68.6
Feldman et al. 18.5 1.7 1.4 10.3 0.9
2003 NR NR (12-32) (0-24) (0-3) (0-57) (0-2) NR Al NR =3
Kristiansen et al 29.2 15 732
2006 NR NR (14.8-61) NR NR NR NR (5-60) (24.4- NR YES
256.2)
Rozbruch et al. 18.9 41.3 67
2008 Al (21-68.6)  (17-102.1) AR Al AR LR (25-160) AR LR =9
Elbatrawy et al. 141 791
2009 NR NR (7-24) NR NR NR NR NR NR (3-22) YES
Sala et al. 14.6 59.7 £ 141 80 61
2011 NR (7-24) (42.9-85.7) NR NR Al NR (30-120)  (33.6-122) NR 123
feighted Mean NR | 11.2 10.8 | NR
Eidelman et al. 12.7 8.5
2006 NR NR (11-15) NR NR NR NR (8-9) NR NR NR
Eidelman et al. 10 12.5
2010 NR NR (9-11) NR NR NR NR (10-15) NR NR YES
NR Not reported
3 Value reported for full sample size of patients in study.
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Results cont

Table 6: Surgical parameters of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for deformities § in adults and children.
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& o 53| £ c2 | &2 | &2 | &2 |2E | 3& |z2 | &3

Weighted Mean

Deigh 50 | 19.0 14 | 578

Viskontas et al. 21 23.0 8.3 34

2006 NR (1.0-3.6) (16.0-36.0) (2.0-13.0) (2.0-6.0) NR NR NR NR S W=

Elbatrawy et al. 14 79

2009 NR NR (7-24) NR NR NR NR NR NR (3-22) YES

Nakase et al. 19.7 29 57.8

2009 NR NRO og-ary MR NR NR NR 2o60) (30.2-969) MR V=S

Rozbruch et al. 49 18.6 10

2010 NR (1-141)  (101-50.7) NR NR NR NR (0-66) NR NR YES

Thiryayi et al. 8.4 24.0

2010 NR (4.0-25.0) (8.0-440) NR NR NR NR NR NR NR YES

Weighted Mean

Caahte 61 | 209 M6 | 414

Blondel et al. 9.1 26.1 450 38.2

2009 Al (5.0-15.4)  (7.9-52.1) e AR L A (28.0-83.0) (24.2-45.2) AR iE

Feldman et al. 150 14.6 16.5 0 12.2 0.1 5.2

2003 (t80-240) R ©-24)  (8-50)  (2=2)  (=21)  (2-3) NR 10 (-9  ES

Sluga et al. 13.5 40.7 59.0 48.4

2003 NR (4.9-20.0) (23.1-52.0) NR NR NR NR (17.0-72.0 (35.1-95.3) NR NR

Fadel et al. 229 50 42

2005 90-180 NR (8.7-39.2) NR NR NR NR (35-80) (33-48) NR YES

§ In studies with patients of mixed pathology, entries were separated. When this NR Not reported

was not possible, only those studies with >75% congenital or developmental 1 Value reported for full sample size of patients in study.

deformity was included in this group.
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Results cont

Table 6: Surgical parameters of included studies assessing the TAYLOR SPATIAL FRAME® Fixator

for deformities § in adults and children. (Cont)

s | 2 o 3
= o = b= 2 > . =) »
E a3 5 37 | £ | 8% | 8% | £ -E |5 g
= S = c o c o R} = o > c o o &
2 SE = S e e | §e | ge |2 = 3 S
£ e i - =9 52 g3 |3 ez a =
's S5E | T2 2o | <2 | 52 | 32 | § 5e |e 2o
> e - to <z ® = =32 ® = - - % o =9
= - D o Q@ o c > c o c > c o o 2 £ S o
[ » c = =2 2 s o = =) @ == = o 5
@ 3. o= = E © E = E © E — c = = =z
o T o o © - £ o < - = o < [ L o @ o =
= o | £ | 23 | g2 | g2 | 82| g2 g_ | £ |2 | =%
E 3 =5 | ES S | 85 | 85 | 3= | EE g3 g5 | ES
» - » 3 - as= o= o o= < E Sic <2 )
Eidelman et al. 13.6 34
2006 NR NR (8-20) NR NR NR NR (10-40) NR NR NR
Feldman et al. 14.3 161+95 13+11 96160 19+14
2006 NR NR ©-24)  (1-49)  (0-4)  (1-20)  (0-5) NR NR NR YES
ZM;O";‘" etal. NR NR NR NR NR NR NR NR NR NR YES
Docquier et al. 9.2 30.9
2008 NR NR (5.3-15.7) NR NR NR NR (0.0-60) NR NR YES
Eidelman et al. 13.2
2008 NR NR (10-20) NR NR NR NR NR NR NR YES
M tal 27.0 A 490 671
arangoz et al. . (genu valgum)  (genu valgum) . . _
2008 NR NR (11.3-82.8) 11.9 15 230 08 (15.0-90.0) (15.3-109.8) 30-50 VES
(genu varum)  (genu varum)
Naqui et al. 3.8 25.0 17.5 22.3 15.0
2008 S (0.6-13.0) (12.0-92.0) (7.0-50.0) AR (3.0-58.0) Al IS e (3.0-40.0) =
Eidelman et al. 13 18.8
2010 NR NR (9-24) NR NR NR NR (1-40) NR NR YES
lobst
2010 NR NR 30.4 NR NR NR NR 41.3 54.6 NR YES
Floerkemeier et al. 4.3 9.2 18.0
2011 NR (31-7.0)  (4.8-13.1) NR NR NR NR NR NR (9.0-26.0) NR
§ In studies with patients of mixed pathology, entries were separated. When this NR Not reported
was not possible, only those studies with >75% congenital or developmental 1 Value reported for full sample size of patients in study.

deformity was included in this group.
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Results cont

Table 7: Clinical outcomes of included studies assessing the TAYLOR SPATIAL FRAME® Fixator

for acute trauma in adults and children.

@ [ ® o Clinical Outcome Scores
) o = b=
= A s [
w — - ']
= S 4 s 4
Sg g ; g g
= ‘_;’ (™ [ . o — o n
o o © o € o E o n a
> Es £ gE gL = s e
2 g5 2 g9 g9 3 & a
(7] < w << << = [-% o
Weighted Mean
Aduits 100
<3t
Elbatrawy et al. 2009 100 NR 31.41 (0-53) (except for 1 with LLD NR NR NR
=15)
Weighted Mean
Children 99.3
Al-Sayyad et al. 2006 100 NR 9.3 (0-20) 1.1 (0-4) NR NR NR
Eidelman et al. 2006 96.7% 37.0+/-78% NR NR NR NR NR
Blondel et al. 2010 100 NR NR 5(0-12) Pain VAS NR All <2 out of 10

NR Not reported
t Value reported for full sample size of patients in study.
LLD  Leg-Length Discrepancy.
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Results cont

Table 8: Clinical outcomes of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for nonunions and malunions with and without deformity in adults and children.

o o ® o Clinical Outcome Scores
2 S 2 =
= * 5 8
« o 5 g
© L8 =3 o o
o — © o - [ b=
o X @ 3 5 3
= ; [ a — o — 2] 0
s @ = o £ o E o ) a
> E3 = SE SE z Y Q
= s = 2 =) =) © s »
- o © > > > 2 = o
(7] = <t w << 4 << 4 = o [
Weighted Mean
Adults 87.5
L IECEL 94.4 NR 6.8 (5-30) 0.4 (:3-3) NR NR NR
2003
Kristiansen et al.
2006 95 NR NR NR NR NR NR
SF-36 Physical Function 19 51

TASAMI bony outcome:

2R(;)(f;)ruch et al. 711 iﬁ}-\gﬁ:’allliﬂgcliir?aolo:dé;);z:r (103157)r 18 + 20 (0-68) SF-36 Physical Role 21 51
AAOS Lower Limb

20 excellent, 14 good, 2 fair, 2 poor Module Score 56 82

Elbatrawy et al. 3141 < 31 (except for

2009 100 NR (0-53) 1 with LLD = 15) NR NR NR
ASAMI bony outcome:
Sala et al. 10 excellent, 2 good
2011 iy ASAMI functional outcome: NR NR NR NR NR
6 excellent, 5 good, 1 fair

Weighted Mean

Children 98.6

Al-Sayyad et al. 100 NR 9.3 (0-20) 14 (0-4) NR NR NR
2006

Eidelman et al. 967+ 37.0 +-7.8% NR NR NR NR NR
2006
NR Not reported T Only in 22 of 38 patients
1 Value reported for full sample size of patients in study t These scores were taken after revision surgeries were conducted. Both poor
LLD  Leg-Length Discrepancy. results were due to amputation.
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Results cont

Table 9: Clinical outcomes of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for deformities § in adults and children.

[=)
-
o o = o Clinical Outcome Scores
) o = =
s | 3 | 3
] = @ o
S.| % g 2 o 5
[CI=S x I3 F4 2 o
2= | & & S _ 3 3
o @ = ) o E @ »n o
> E3 £ g _ gE 2 g e
2 $5| £ gE g9 3 & 3
b E < o < E <d = a e
Weighted Mean
Adults 98.5
Viskontas et al. 80.0 . o
2006 (45) NR NR NR Lower Extremity Measure (LEM) NR 94.0%
Elbatrawy et al. 31.4% < 3% (except for
2009 100 NR (0-53) 1 with LLD = 15) NR NR NR
Nakase et al.
2009 100 NR NR NR NR NR NR
Physical functioning 47 (0-100) 66 (10-100)
Role physical 39 (0-100) 65 (0-100)
Bodily pain 47 (0-100) 66 (0-100)
General health 74 (20-100) 75 (22-100)
SF-36
Vitality 52 (10-90) 62 (5-100)
Social functioning 62 (0-100) 78 (0-100)
zRgft:””ch etal. 99.2 NR NR NR Role emotional 67 (0-100) 79 (0-100)
Mental health 68 (16-100) 79 (40-100)
Extension 0 (-30-20) 0(-10-10)
Knee ROM
Flexion 126 (60-140) 125 (70-145)
Dorsiflexion 10 (-30-30) 11 (0-30)
Ankle ROM
Plantar flexion 40 (20-70) 38 (0-70)
AAOS lower limb module 76 (5-100) 86 (51-100)
50-point American College of Foot
d Ankle S 5.0 34.0
Thiryayi et al. 2010 100.0 NR NR NR QNCLANEISUIGEONS
10-Point Numeric Scale 8.0 25
§ In studies with patients of mixed pathology, entries were separated. When this NR Not reported
was not possible, only those studies with >75% congenital or developmental 1 Value reported for full sample size of patients in study
deformity was included in this group. LLD  Leg-Length Discrepancy.
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Results cont

Table 9: Clinical outcomes of included studies assessing the TAYLOR SPATIAL FRAME® Fixator
for deformities § in adults and children. (Cont.)

a
-
® @ = 3 Clinical Outcome Scores
2 S = =
= ® 5 s
) = & a
< L o [=] o
o — © o - o S
o= X 2 S S o
= - L o o — [T] w
o @ © @ o £ [ »n o
> Es £ g_ gE 3 g Q
E ok g £9 g g 3
b E< ] < E <3 = a &
Weighted Mean
Children 93.3
Blondel et al. 38.0
2009 91.0 NR 50.0 (0.0-103.0) NR NR NR
Feldman et al. Schoenecker’s Criteria:
2003 100 22 good NR NR NR NR NR
Sluga et al.
2003 60.0 NR NR NR NR NR NR
Fadel et al. Tucker Score:
2005 NR 18 excellent, 2 good, 2 fair NR NR NR NR NR
Eidelman et al. 96.7¢ 37.0+- 7.8¢ NR NR NR NR NR
2006
Feldman et al. 17.2 21
2006 100 NR (11-30) (-5-10) NR NR NR
Manner et al.
2007 90.7 NR NR NR NR NR NR
Docquier et al. 100.0 NR NR NR NR NR NR
2008 '
Eidelman et al.
2008 84.6 NR NR NR NR NR NR
Marangoz et al. 100.0 NR NR NR NR NR NR
2008 '
Naqui et al. 945 NR NR <15 NR NR NR
2008 ’
Eidelman et al.
2010 100 NR NR NR NR NR NR
lobst
2010 100 NR NR NR NR NR NR
Floerkemeieret al. 85.0 Unknown measure: NR NR NR NR NR
2011 8 good, 1 poor
§ In studies with patients of mixed pathology, entries were separated. When this NR Not reported
was not possible, only those studies with >75% congenital or developmental 1 Value reported for full sample size of patients in study.
deformity was included in this group. LLD  Leg-Length Discrepancy.
Bone&JointOutcome Vel 1. No 02 - september 2011

The TAYLOR SPATIAL FRAME® for External Fixation

Page - 19



Results cont

Table 10: Complications experienced by patients who received TAYLOR SPATIAL FRAME? Fixator
for acute trauma in adults and children.

ko)
2 —
= = » 2%
@ o So o S >
N — = D — = o c v
» 5 2 s 2 S ® gEc 2
@ 3 9 2.2 52 283
> - 2% 525 o a Z 30
E e 58 g8 EE $28
& 3 = £ SO ouw =) L5a
Weighted Mean
Adults 5.0 1 0 0
Elbatrawy et al. 2009 5 11 None 0 0
Weighted Mean
Cieighte @ 9.0 | 27 2.1 0
Al-Sayyad et al. 2006 10 5 None 0 0
5 Eidelman et al. 2006 6 2 1 delayed union, 1 transient peroneal nerve palsy 2 0
(s
- H . .
2 Blondel et al. 2010 11 1 1 re3|dual erlxum (8 degrees); 1 overgrowth (7mm); 4 0
w 2 intraoperative compartment syndromes
* Other complications refers to any reported complication that 1 Value reported for full sample size of patients in study.

is not a pin tract infection.

Bone&JointOutcome Vel 01. No 02 - september 2011

The TAYLOR SPATIAL FRAME® for External Fixation Page - 20



Results cont

Table 11: Complications experienced by patients who received TAYLOR SPATIAL FRAME® Fixator
for nonunions and malunions with and without deformity in adults and children.

k]
E S
= = » 2%
£ b =2 o
8 o o3 ] S co
* S @ T2 S & Eo2
2 3 2 = .2 52 223
> -y 2 E 525 o o Z 30
£ £ ES £5¢2 EE gx 8
7] a = £ S ouw =0 L5a
Weighted M
Weighted Mean 21.0 | 44 11.4 10.0
Feldman et al. 2003 18 3 1 delayed union. 1 0
13 joint contractures requiring physiotherapy; 1 premature
Kristiansen et al. 2006 20 0 consolidation; 4 reduced callus formation requiring bone 21 8
transplant; 3 fracture after frame removal
11 persistent nonunions (4 re-treated with TSF,
FERED G AV & v 3 intramedullary rodding, 2 plate fixation, 2 amputation) Ui U
Elbatrawy et al. 2009 16 11 None 0 0
Sala et al 3 half pin breakage; 3 equinus ankle contractures;
’ 12 10 1 peroneal artery pseudoaneurysm; 2 LLD (15 mm and 20 mm); 12 0
2011 .
3 regenerate bending (< 5 degrees)
Weighted Mean
Children 3.5 2.6 21 0
Eidelman et al. 2006 3 2 1 delayed union, additional 2 months in cast 1 0
Eidelman et al. 2010 4 3 3 superficial pin tract infections 3 0
* Other complications refers to any reported complication that is not a pin tract LLD  Leg-Length Discrepancy.
infection. 1 Value reported for full sample size of patients in study.
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Results cont

Table 12: Complications experienced by patients who received TAYLOR SPATIAL FRAME® Fixator
for deformities § in adults and children.

-
E —
= = » 2%
~ — < = o =
3 & o3 8 o Sco
> 5 2 38 55 58
> %_ g 'g - = E = = g o
E : £2 28 EE | Iz
»n o = £ S ouw =z o P5a
Reighted Mean 31.0 441 57 1.9
Viskontas et al. 2006 7 5 2 pin breaks; 1 delayed union 3 2
Elbatrawy et al. 2009 8 11 None 0 0
Nakase et al. 2009 10 3 3 trangent decrease of range of motion of the nearby joint; 2 deep 5 9
infections
Rozbruch et al. 2010 122 Most patients 2 cellulutis; 3 perongal nerve neurapraxia; 1 delayed union resulting in 6 9
(number NR) some loss of correction after frame removal
Thiryayi et al. 2010 10 7 1 ankle pa?ln on weight bearlng.; 1 L5 sensory neuropathy; 1 tarsal tunnel 4 1
syndrome; 1 external fixator failure
Weighted M
Ceighted Mean 279 10.8 10.2 5.3
Blondel et al. 2009 36 8 1 deep infection; 3 bone regenerate fractures 4 1
Feldman et al. 2003 22 3 1 delayed union. 1 0
;I)l:)ga il 5 2 2 knee stiffness; 2 broken pins; 1 coxitis and osteomyelitis 5 1
6 adjustment under general anesthesia necessary (3 for early
Fadel et al. 2 2 consolidation, 3 to all repeat corticomy); 2 fracture of the regenerated 14 13
2005 bone; 1 deep vein thrombosis; 2 needing second attempt; 3 loosening
of frames
1 bleeding after injury of genicular artery by half-pin, 1 delayed union of
Eidelman et al. 2006 22 10 femoral site, 4 fracture of femur, 1 residual deformity on femur, 1 talus 8 1
subluxation
Feldman et al. 2006 18 3 None 3 0
Manner et al. 2007 129 0 12 persisting axial deformity 12 NR
2 transient equinus deformity; 1 hamstring retraction; 1 botryomycoma; 1
Docquier et al. 2008 7 3 callus fracture; 1- non-union; 1 plantar aponeurosis; 1 reflex sympathetic 9 2
dystrophy
§ In studies with patients of mixed pathology, entries were separated. When this * Other complications refers to any reported complication that is not a pin tract
was not possible, only those studies with >75% congenital or developmental infection.
deformity was included in this group. NR Not reported
1 Value reported for full sample size of patients in study.
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Results cont

Table 12: Complications experienced by patients who received TAYLOR SPATIAL FRAME® Fixator
for deformities § in adults and children. (Cont.)

deformity was included in this group.
Other complications refers to any reported complication that is not a pin tract
infection.
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S
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. 1 talar subluxation, 1 metatarsophalangeal joint subluxation mof second
Eidelman et al. ' . . L
15 7 toe, 2 undercorrection of severe clubfeet, 1 residual mild supination, 1 7 1
2008 : ) ) o
residual equinus and forefoot adduction, 1 premature consolidation
Marangoz et al. 2008 22 6 4 stiff knees; 2 delayed unions; 2 posterior subluxations 8 0
. 2 breakage of wires; 11 fixed flexion deformity; 2 delayed union requiring
Naqui et al. R S )
2008 59 24 dynamization; 2 non-unions; 2 ipsilateral supracondylar fractures; 21 10
1 osteomyelitis; 1 pseudoaneurysm
Eidelman et al. 2010 14 5 1 gngulatlon of regenerate, 1 transient peroneal nerve palsy, 1 delayed 8 1
union
lobst 2010 15 3 1 knee flexion contracture; 1 joint subluxation 2 0
1 skin ulcer; 1 wound healing problem; 1 relative shortening of the
Floerkemeier et al. 2011 9 1 tendon of the ﬂexqr dlgltorum Iongys and temporary. parelsthesms; 8 4
1 nerve paresthesia; 1 deep infection; 1 hematoma infection; 1 ulcer;
1 secondary arthritis
§ In studies with patients of mixed pathology, entries were separated. When this NR Not reported
was not possible, only those studies with >75% congenital or developmental 1 Value reported for full sample size of patients in study.
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Conclusions

This systematic review assesses the TAYLOR SPATIAL FRAME®
Fixator for three important uses and patient populations including:
- acute trauma

« nonunion and malunion and

- deformity correction.

The TAYLOR SPATIAL FRAME Fixator appears to be a viable
alternative to the Ilizarov Frame for external fixation, as
suggested by the favorable percentage of treatment goals being
achieved in all groups. The rates of complications observed
were similar to those found for other external fixators,
considering the severity and complexity of the injuries and
deformities.

While a formal comparison to the llizarov frame is not within
the scope of this paper, it should be noted that a custom-
made frame system for differing cases is less time-consuming

with the TSF. Furthermore, the software-generated adjustment
schedule allows for an overview of the correction over time
[22]. Disadvantages for the TSF compared to the Ilizarov frame
may include the learning curve associated with a new external
fixator.

It is important to note that the articles included in this review
had inherent limitations and further high-quality, large clinical
studies are required before definitive conclusions regarding the
outcomes using the TSF can be made. Studies comparing the
llizarov frame to the TSF are recommended. Furthermore,
consistent reporting of surgical parameters and clinical
outcomes is needed. We did note the use of validated quality of
life and functional outcome questionnaires in a few studies,
which if incorporated consistently in future research could allow
for robust comparisons of the effectiveness of external fixators,
possibly via meta-analyses.

Strengths

« A thorough and systematic review of the
literature was conducted.

« Explicit inclusion and exclusion criteria.

- Demonstrated reproducibility of selection and
quality of assessment criteria.

- Data from 666 patients were included with
a broad age range, and a variety of limbs and
indications for surgery, yielding a relatively
high generalizability.

- A relatively large sample size indicating high
levels of success of the TSF across a variety
of populations, injuries, and deformities.

Vol 01, No 02 - September 2011
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Limitations

- Lack of level | and Il evidence.

« Poor methodology utilized allowing for large
amounts of systematic bias.

« Inconsistent reporting across studies and
variable patient populations preventing the
ability to utilize meta-analytic techniques.

+ Small sample sizes.

« Lack of reporting on functional and quality of
life outcomes.
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Review at a glance

Generalizability

75 out of 100. The included studies assess the TAYLOR SPATIAL
FRAME® for external fixation as management for a large number
of indications in multiple limbs. Also, the cumulative sample
included a very broad demographic, allowing the findings to be
applied to a larger population with similar characteristics.

Validity

60 out of 100. Systematic review of moderate evidence, with
inconsistent reporting on surgical parameters and clinical
outcomes between included studies. A large amount of bias is
present although consistent findings were obtained.

Timeliness

65 out of 100. The TAYLOR SPATIAL FRAME Fixator presents a
new alternative in external fixation treatment that is used
effectively for a broad range of indications. All studies in this
review were published within the past eight years.

Importance

80 out of 100. The evidence is important in providing patients,
orthopaedic surgeons, and healthcare payers information
regarding the success in achieving desired outcomes when
using the TAYLOR SPATIAL FRAME to manage and correct a
variety of injuries and deformities.

Strength

60 out of 100. Data from 25 studies were included in this study.
The evidence is moderate, including Level lll and IV studies with
relatively small sample sizes.

Measure of quality

Generalizability
Are the findings applicable to
multiple populations?

Strength
How large is the effect
seen in the results?

Validity

Are the results believable?

Timeliness
Are the findings timely, do
they apply to current issues?

Importance
Are the findings important?

For detailed information see www.kleos.md/literature/background
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Appendices
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Appendix 1: Methods
Appendix 2: Results

Bone&JointOutcome Vel 01. No 02 - september 2011

The TAYLOR SPATIAL FRAME® for External Fixation

Please also visit www.kleos.md/literature/
background to view an online glossary of

technical terminology.

Page — 27

APPENDICES




Disclaimer Great care has been taken to maintain the
accuracy of the information contained in the publica-
tion. However, neither KLEOS, nor the authors can be
held responsible for errors or any consequences aris-
ing from the use of the information contained in this
publication. The statements or opinions contained in
editorials and articles in this journal are solely those
of the authors thereof and not of KLEOS. The products,
procedures, and therapies described are only to be ap-
plied by certified and trained medical professionals in
environments specially designed for such procedures.
No suggested test or procedure should be carried out
unless, in the reader’s professional judgment, its risk
is justified. Because of rapid advances in the medical
sciences, we recommend that independent verification
of diagnosis, drugs dosages, and operating methods
should be made before any action is taken. Although
all advertising material is expected to conform to ethi-
cal (medical) standards, inclusion in this publication
does not constitute a guarantee or endorsement of the
quality or value of such product or of the claims made
of it by its manufacturer. Some of the products, names,
instruments, treatments, logos, designs, etc. referred to
in this journal are also protected by patents and trade-
marks or by other intellectual property protection laws
even though specific reference to this fact is not always
made in the text. Therefore, the appearance of a name,
instrument, etc. without designation as proprietary is
not to be construed as a representation by the publisher
that it is in the public domain. This publication, includ-
ing all parts thereof, is legally protected by copyright.
Any use, exploitation or commercialization outside the
narrow limits of copyrights legislation, without the pub-
lisher’s consent, is illegal and liable to prosecution. This
applies in particular to photostat reproduction, copying,
scanning or duplication of any kind, translating, prepa-
ration of microfilms and electronic data processing and
storage. Institutions’ subscriptions allow to reproduce
tables of content or prepare lists of articles including
abstracts for internal circulation within the institutions
concerned. Permission of the publisher is required for
resale or distribution outside the institutions. Permis-
sion of the publisher is required for all other derivative
works, including compilations and translations. Permis-
sion of the publisher is required to store or use elec-
tronically any material contained in this journal, includ-
ing any article or part of an article. For inquiries contact
the publisher at the address indicated.

US Lit No: 71182055 REVO 8/11
Produced and published by KLEOS, the medical education
service from Smith & Nephew.

Published September 2011

Copyright © 2011 by Smith & Nephew, KLEOS medical education.
Allrights reserved. KLEOS is a trademark of Smith & Nephew.

° Trademark of Smith & Nephew. Reg. US Pat. & TM Off.

KLEOS, Oberneuhofstrasse 10d, 6340 Baar, Switzerland
Phone +41 41766 22 55
kleos@smith-nephew.com

Bone&JointOutcome
is available on the KLEOS website within “Literature”

Come and visit us at www.kleos.md



