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The TAYLOR SPATIAL FRAME™ for External Fixation

 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

Key considerations

 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. 

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 Ilizarov Ring Frame (current 

“gold standard”) and the TAYLOR SPATIAL FRAME.
 -  Prospective, comparative designs with randomization 

to limit systematic bias.

 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).
 Read more on pages 6–23

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

Rating

POOR QUALITY MODERATE HIGH QUALITY

Overview
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Why this rating? This is a systematic review of Level III and IV evidence which includes prospective studies and case 
series. The evidence rating is moderate.
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Background
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Figure 1:  The TAYLOR SPATIAL FRAME.

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 Ilizarov 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 Ilizarov 
frame, it allows for easy application, immediate stabilization, 
access to soft tissues, and a reduced need for immobilization 
[1,2,5]. 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].

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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The TAYLOR SPATIAL FRAME™ for External Fixation

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.

-213

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

Review of potentially eligible studies

Figure 2: Literature Review

25  Eligible 
Studies238  

Methods

-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

M
ET

H
O

D
S

* ORIF = Open Reduction Internal Fixation
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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 
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 – Included Studies
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. 

Complications – Included Studies 
All Complications and revisions are summarized in Tables 10, 
11, and 12. 

Results pp 6–23
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Figure 3: Study characteristics

Study designs included: 

Study designs included: 

Mean follow-up range:  

Mean follow-up range:  

39.6 months

19.4 months

34.8 months

16.5 months

33.9 months

21.2 months

24.5 years 34.4 years 38.9 years

5 21 31.4

– 12–38 7–122

Acute TraumaAdults Non/Malunion Deformity

Mean age: 

Mean sample size: 

Sample size range: 

Mean age: 

Mean sample size: 

Sample size range: 

Case series Case series Case series and 
Prospective studies

11.8 years 12.7 years 12.4 years

9 3.5 30.5

6–11 3–4 5–129

Children

Case series Case series Case series and 
Prospective studies
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Mean Adults 5 24.5 76.9 39.6
(N=5)

Elbatrawy et al. 2009 5 24.5‡
(10–82) 76.9‡ Tibia (3)

Femur (2) Trauma (2 open fractures, 3 closed fractures) 39.6‡
(3–72)

Mean Children 9 11.8 86.4 19.4
(N=27)

Al-Sayyad et al. 2006 10 12.3
(8.2–15.4) 100 Tibia

Traumatic, unstable tibial shaft fracture (2 compartment 
syndrome, 1 hemorrhagic blisters leading to failed 
reduction, 2 failed closed reduction, 5 open fractures). 

37.2
(24–48)

Eidelman et al. 2006 6 11
(6–14) NR Tibia (5)

Femur (1) 5 displaced tibial fractures, 1 displaced femoral fracture 9.0

Blondel et al. 2010 11 12
(7–15) 72.7 Tibia

Open tibial shaft fracture with contraindication or failure 
of nonoperative treatment (3 failed reduction after plaster 
cast, 3 open fractures, 4 associated fractures and closed 
head injury, 1 compartment syndrome); 1 proximal, 
8 middle, 2 distal.

12
(4–32)

Table 1: Study characteristics of included studies assessing the TAYLOR SPATIAL FRAME™ Fixator 
for acute trauma in adults and children.

Results Cont.

NR Not reported
‡ Value reported for full sample size of patients in study
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Results Cont.
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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)

Feldman et al. 2003 18 29.6
(10–64) 61.1 Tibia

11 tibial malunions (1 proximal, 9 middle, 1 distal); 
7 tibial nonunions (2 with osteomyelitis), 5 were atrophic 
and 2 were hypertrophic (1 proximal, 3 middle, 3 distal)

38.4
(24–50.4)

Kristiansen et al. 2006 20 31 
(7–59) 55.0 Tibia

1 fi bular hemimelia, 12 malunion, 1 hypoplasia tibiae, 
2 pas equino varus + hypoplasia, 1 rheumatoid arthritis, 
1 hyperphosphatemic rickets

NR

Rozbruch et al. 2008 38 43 
(8–72) 78.9 Tibia

38 tibial nonunions – 6 proximal, 12 middle and 20 distal 
(10 closed, 26 open, 1 defect following bone tumor 
reconstruction, 1 osteomyelitis and bone defect following 
snake bite); 18 were atrophic, 14 were normotrophic, 
and 6 were hypertrophic; 19 were infected.

37
(16–63)

Elbatrawy et al. 2009 16 24.5 ‡ 
(10–82) 76.9 ‡ Tibia (14)

Femur (2) 12 malunion, 4 nonunion 39.6 ‡ 
(3–72)

Sala et al. 2011 12 44
(19–79) 66.7 Tibia 12 Infected tibial atrophic nonunions 

(2 proximal, 4 middle, 6 distal)
24

(18–32)

Mean Children 3.5 12.7 NR 16.5
(N=7)

Eidelman et al. 2006 3 12.3
(8–16) NR Tibia (2)

Radius (1)
2 tibial malunion, 
1 malunion and growth arrest of radius 9.0

Eidelman et al. 2010 4 13
(10–16) NR Tibia(3)

Radius (1)
3 tibal malunion (1 middle, 2 distal); 
1 radial malunion secondary to growth arrest. 24

NR Not reported
‡ Value reported for full sample size of patients in study
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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 31.4 38.9 70.2 33.9
(N=157)

Viskontas et al. 
2006 7 51.0

(36–72)
57.1
(4) Knee (7) 7 primary diagnosis of medial compartment degenerative 

osteoarthritis of the knee 41.0 

Elbatrawy et al. 
2009 8 24.5 ‡ 

(10–82) 76.9 ‡ Tibia (8) 2 multiple hereditary exostosis, 2 windswept deformity, 2 blount 
disease, 1 valgus deformity, 1 premature physeal growth arrest

39.6 ‡ 
(3–72)

Nakase et al. 
2009 10 28.8 

(10–71) NR Femur (4), 
Tibia (6)

2 post-traumatic epiphyseal arrest; 3 malunion after fracture; 
1 Bount disease; 1 Paget disease; 1 mal-union after ankle 
arthrodesis due to septic osteomyelitis; 1 hypo-phosphatamic 
rickets; 1 multiple hereditary exostosis

24
(11–41)

Rozbruch et al. 
2010 122 39

(5–72) 56.9 Tibia
Tibial deformities (72 nontraumatic cases: congenital, 
development, neurologic etiology; 30 posttraumatic malunions; 
20 bilateral cases)

48 
(10–98)

Thiryayi et al. 
2010 10 61.0

(48.0–71.0)
90.0
(9) Ankle (10)

2 severe posttraumatic arthritis, 1 malunion, 1 non-union of 
pilon fracture, 1 infected ankle and 5 cases of previously failed 
surgical arthrodesis

16.7
(12.0–26.0)

§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

NR Not reported
‡ Value reported for full sample size of patients in study
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Mean Children 30.5 12.4 54.9 21.2
(N=336)

Blondel et al. 
2009 36 11.1

(3.0–18.0) 69.4

Tibia (26), 
Femur (6), 
Radius (2), 
Ankle (1), 
Knee (1)

17 congenital pathologies, 5 fractures, 2 post-traumatic 
pathologies, 3 post infectious sequelae, 3 achondroplasia and 
6 “other“. 

21.3
(4.3–43.0)

Feldman et al. 
2003 22 9.9

(3–16) 68.4 Tibia Tibia vara (8 infantile, 14 adolescent) 33.6 
(24–45.6)

Sluga et al. 
2003 5 11.0

(6.0–16.0)
40.0
(2)

Femur (4), 
Tibia (1)

4 shortened or deformed femurs after fracture, osteomyelitis or 
a congenital short femur; 1 tibia with pseudoarthrosis NR

Fadel et al. 
2005 22 16.5

(6–42) 36.4
Femur (4), 
Tibia  (16), 

Feet (2)

4 tibia vara, 2 genu valgum, 3 congenital short femurs, 2 
equinus feet, 5 short tibiae, 5 short and deformed tibia following 
trauma, 1 posttraumatic short femur

38.4 
(30–54)

Eidelman et al. 
2006 22 12.0

(3.5–17) NR

Tibia (14)
Femur (11)
Knee (4)
Foot (4)

4 Blount disease, 1 growth arrest of ankle and most foot joints, 
40mm shortening, severe valgus, 2 congenital short femur + 
fi bular hemimelia, 1 spondyloepiphyseo-metaphyseal dysplasia, 
1 DDH, distal femoral valgus and shortening, 1 growth arrest 
of tibia and 8 cm shortening, 1 fi brous dysplasia, distal femoral 
varus shortening, 1 rickets, 2 proximal tibial valgus, 
1 osteogenesis imperfecta, excess external tibial torsion, 
1 severe bilateral genu valgum, 1 Schmid-type skeletal 
dysplasia, 1 unilateral internal tibial torsion and genu varum, 
1 arthrogyrposis and fl exion contracture knee, 
1 myelomeningocele and paralytic knee fl exion contracture and 
clubfoot, 1 clubfoot and equinus and internal tibial torsion, 
1 post-lengthening knee fl exion contracture. 

9

Feldman et al. 
2006 18 10.2 

(3–16) 66.7 Tibia Tibia vara (6 infantile, 12 adolescent) 24

Manner et al. 
2007 129 13.2‡

(2–49) 53.5‡ Femur, 
Tibia

Congenital defi ciency (54 fi bular hemimelia, 29 congenital 
femoral defi ciency, 2 tibial aplasia) and acquired deformity 
(33 posttraumatic, 11 postinfectious, 26 idiopathic deformity, 
16 hypo/pseudo/achondroplasia, 9 rickets, 8 syndromes, 4 
enchondromatosis, 5 Blount’s disease, 4 mucopolysacharidosis, 
2 myelomeningocele, 2 peromelia, 1 multiple hereditary 
exostoses, 1 amniotic disease, 1 hemihypertrophy)

NR

§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

NR Not reported
‡ Value reported for full sample size of patients in study.

Table 3: Study characteristics of included studies assessing the TAYLOR SPATIAL FRAME™ Fixator 
for deformities § in adults and children. (Cont.)
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Docquier et al. 
2008 6 19.3

(12.7–30.9) NR
Tibia (4), 

Femur (1), 
Foot (2)

1 tibia with infectious epiphyseodesis, 1 femur and 1 tibia with 
Ollier’s disease, 1 idiopathic tibia, 1 tibia with vitamin D-resistant 
hypophosphataemic rickets, 1 calcaneus case with sequel of 
clubfoot and 1 foot with severe burn

12.9
(4.7–22.0)

Eidelman et al. 
2008 15 8 

(3.5–14) 61.5 Foot

Various foot deformities (6 residual clubfoot deformities, 
3 arthrogryposis with rigid equinovarus (2 bilateral); 2 foot 
deformities due to traumatic growth arrest; 1 rigid equinovarus 
secondary to spina bifi da; 1 clubfoot with fi bular hemimelia)

11

Marangoz et al. 
2008 22 13.9

(5.9–24.6)
40.0
(8) Femur (22) 

7 post-traumatic, 6 developmental (idiopathic), 2 multiple 
enchondromatosis, 2 rickets, 2 congenital femoral 
defi ciency, 1 spondyloepiphyseal dysplasia, 1 congenital 
pseudohypoparathyroidism and 1 multifocal osteomyelitis.

15.7
(4.5–35.0)

Naqui et al. 
2008 55 10.7

(1.0–16.0)
58.5 
(31)

Tibia (44), 
Femur (11)

10 congenitally short limbs, 5 fi bular hemimelia, 4 congenital 
talipes equinovarus, 3 neurofi bromatosis pseudarthrosis, 4 
tibia valgus, 2 diaphyseal aclasia-tibia vara, 2 metaphseal 
dysplasia, 2 fi brous 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 
deformity secondary to hypophosphatemic rickets, 1 deformity 
secondary to osteogenesis imperfecta, 3 cases of acquired 
deformities from Salter-Harris fractures, 3 cases of dysplasia 
secondary to neurological defi cit, 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.

22.0
(12.0–59.0)

Eidelman et al. 
2010 14 13

(8–17) NR Tibia (11); 
Femur (3)

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

24

Iobst 
2010 15 11.9 NR

Tibia/Fibia, 
Femur, 

Foot

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

16.5

Floerkemeier et al. 
2011 9 15.9

(8.0–29.0)
28.6 
(2) Feet (9) 7 cases of pes equinovarus, cavus and adductus. 

1 bilateral pes cavus and 1 occurred bilaterally.
21.5

(13.4–34.2)

§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

NR Not reported
‡ Value reported for full sample size of patients in study

Table 3: Study characteristics of included studies assessing the TAYLOR SPATIAL FRAME™ Fixator 
for deformities § in adults and children. (Cont.)
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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 
Adults NR 14.0 NR NR

Elbatrawy et al. 
2009 NR NR 14 

(7–24) NR NR NR NR NR NR 7.9
(3–22) YES

Weighted Mean 
Children NR 14.9 10 NR

Al-Sayyad et al. 
2006

122 
(110–141) NR 19

(12–33)
14.5

(4–35)
1

(0–3)
9

(0–9)
1

(0–3) NR NR NR YES

Eidelman et al. 
2006 NR NR 9.8

(7–14) NR NR NR NR 10 NR NR NR

Blondel et al. 
2010 NR NR 14

(8.6–20.9) NR 4 
(0–10) NR 5

(0–12) NR NR 8
(3–18) YES

NR Not reported
‡ 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 
Adults 17.9 33.0 54.4 68.6

Feldman et al. 
2003 NR NR 18.5

(12–32)
11.7

(0–24)
1.4

(0–3)
10.3

(0–57)
0.9

(0–2) NR NR NR YES

Kristiansen et al. 
2006 NR NR 29.2

(14.8–61) NR NR NR NR 15
(5–60)

73.2
(24.4–
256.2)

NR YES

Rozbruch et al. 
2008 NR 18.9

(2.1–68.6)
41.3

(17–102.1) NR NR NR NR 67
(25–160) † NR NR YES

Elbatrawy et al. 
2009 NR NR 14‡

(7–24) NR NR NR NR NR NR 7.9‡
(3–22) YES

Sala et al. 
2011 NR 14.6

(7–24)
59.7 ± 14.1
(42.9–85.7) NR NR NR NR 80 

(30–120)
61 

(33.6–122) NR YES

Weighted Mean 
Children NR 11.2 10.8 NR

Eidelman et al. 
2006 NR NR 12.7

(11–15) NR NR NR NR 8.5
(8–9) NR NR NR

Eidelman et al. 
2010 NR NR 10

(9–11) NR NR NR NR 12.5
(10–15) NR NR YES

NR Not reported
‡ Value reported for full sample size of patients in study.
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Table 6: Surgical parameters of included studies assessing the TAYLOR SPATIAL FRAME™ Fixator 
for deformities § in adults and children.
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Weighted Mean 
Adults 5.0 19.0 11.4 57.8

Viskontas et al. 
2006 NR 2.1

(1.0–3.6)
23.0

(16.0–36.0)
8.3

(2.0–13.0)
3.4

(2.0–6.0) NR NR NR NR 0.0–1.0 YES

Elbatrawy et al. 
2009 NR NR 14 

(7–24) NR NR NR NR NR NR 7.9
(3–22) YES

Nakase et al. 
2009 NR NR 19.7

(10.9–31.1) NR NR NR NR 29 
(12–60)

57.8
(30.2–96.9) NR YES

Rozbruch et al. 
2010 NR 4.9

(1–14.1)
18.6

(10.1–50.7) NR NR NR NR 10
(0–66) NR NR YES

Thiryayi et al. 
2010 NR 8.4

(4.0–25.0)
24.0

(8.0–44.0) NR NR NR NR NR NR NR YES

Weighted Mean 
Children 6.1 20.9 41.6 41.4

Blondel et al. 
2009 NR 9.1

(5.0–15.4)
26.1

(7.9–52.1) 13.5 NR 14.2 NR 45.0
(28.0–83.0)

38.2
(24.2–45.2) NR YES

Feldman et al. 
2003

150 
(180–240) NR 14.6 

(9–24)
16.5

(8–50)
0

(-2–2)
12.2 

(2–21)
0.1

(-2–3) NR 10 5.2
(3–9) YES

Sluga et al. 
2003 NR 13.5

(4.9–20.0)
40.7

(23.1–52.0) NR NR NR NR 59.0
(17.0–72.0

48.4
(35.1–95.3) NR NR

Fadel et al. 
2005 90–180 NR 22.9

(8.7–39.2) NR NR NR NR 50 
(35–80)

42
(33–48) NR YES

§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

NR Not reported
‡ Value reported for full sample size of patients in study.
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Table 6: Surgical parameters of included studies assessing the TAYLOR SPATIAL FRAME™ Fixator 
for deformities § in adults and children. (Cont.)
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Eidelman et al. 
2006 NR NR 13.6

(8–20) NR NR NR NR 34
(10–40) NR NR NR

Feldman et al. 
2006 NR NR 14.3 

(9–24)
16.1 ± 9.5

(7–49)
1.3 ± 1.1

(0–4)
9.6 ± 6.0

(1–20)
1.9 ± 1.4

(0–5) NR NR NR YES

Manner et al. 
2007 NR NR NR NR NR NR NR NR NR NR YES

Docquier et al.
2008 NR NR 9.2 

(5.3–15.7) NR NR NR NR 30.9
(0.0–60) NR NR YES

Eidelman et al. 
2008 NR NR 13.2 

(10–20) NR NR NR NR NR NR NR YES

Marangoz et al. 
2008 NR NR 27.0

(11.3–82.8)

15 
(genu valgum)

11.9 
(genu varum)

2.1 
(genu valgum)

1.5 
(genu varum)

23.0 0.8 49.0
(15.0–90.0)

67.1
(15.3–109.8) 3.0–5.0 YES

Naqui et al.
2008 NR 3.8

(0.6–13.0)
25.0

(12.0–92.0)
17.5

(7.0–50.0) NR 22.3
(3.0–58.0) NR NR NR 15.0

(3.0–40.0) YES

Eidelman et al. 
2010 NR NR 13

(9–24) NR NR NR NR 18.8
(1–40) NR NR YES

Iobst 
2010 NR NR 30.4 NR NR NR NR 41.3 54.6 NR YES

Floerkemeier et al. 
2011 NR 4.3

(3.1–7.0)
9.2

(4.8–13.1) NR NR NR NR NR NR 18.0
(9.0–26.0) NR

§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

NR Not reported
‡ Value reported for full sample size of patients in study.
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The TAYLOR SPATIAL FRAME™ for External Fixation

Table 7: Clinical outcomes of included studies assessing the TAYLOR SPATIAL FRAME™ Fixator 
for acute trauma in adults and children.
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Weighted Mean 
Adults 100

Elbatrawy et al. 2009 100 NR 31.4 ‡ (0–53)
< 3 ‡ 

(except for 1 with LLD 
= 15)

NR NR NR

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 +/- 7.8 ‡ 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
‡ Value reported for full sample size of patients in study. 
LLD Leg-Length Discrepancy.
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The TAYLOR SPATIAL FRAME™ for External Fixation

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.
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Weighted Mean 
Adults 87.5

Feldman et al. 
2003 94.4 NR 6.8 (5–30) 0.4 (-3–3) NR NR NR

Kristiansen et al. 
2006 95 NR NR NR NR NR NR

Rozbruch et al. 
2008 71.1

† ASAMI bony outcome: 
24 excellent, 12 good, 2 poor
† ASAMI functional outcome: 

20 excellent, 14 good, 2 fair, 2 poor

31 
(10–57)† 18 ± 20 (0–68)

SF-36 Physical Function 19 51

SF-36 Physical Role 21 51

AAOS Lower Limb 
Module Score 56 82

Elbatrawy et al. 
2009 100 NR 31.4‡

(0–53)
< 3‡ (except for 

 1 with LLD = 15) NR NR NR

Sala et al. 
2011 100

ASAMI bony outcome: 
10 excellent, 2 good

ASAMI functional outcome: 
6 excellent, 5 good, 1 fair

NR NR NR NR NR

Weighted Mean 
Children 98.6

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 +/- 7.8 ‡ NR NR NR NR NR

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

†  Only in 22 of 38 patients
†  These scores were taken after revision surgeries were conducted. Both poor 

results were due to amputation. 
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The TAYLOR SPATIAL FRAME™ for External Fixation

Table 9: Clinical outcomes of included studies assessing the TAYLOR SPATIAL FRAME™ Fixator 
for deformities § in adults and children.
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Weighted Mean 
Adults 98.5

Viskontas et al. 
2006

80.0 
(4/5) NR NR NR Lower Extremity Measure (LEM) NR 94.0%

Elbatrawy et al. 
2009 100 NR 31.4‡

(0–53)
< 3‡ (except for 

 1 with LLD = 15) NR NR NR

Nakase et al. 
2009 100 NR NR NR NR NR NR

Rozbruch et al. 
2010 99.2 NR NR NR

SF–36

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)

Vitality 52 (10–90) 62 (5–100)

Social functioning 62 (0–100) 78 (0–100)

Role emotional 67 (0–100) 79 (0–100)

Mental health 68 (16–100) 79 (40–100)

Knee ROM
Extension 0 (–30–20) 0 (–10–10)

Flexion 126 (60–140) 125 (70–145)

Ankle ROM
Dorsifl exion 10 (–30–30) 11 (0–30)

Plantar fl exion 40 (20–70) 38 (0–70)

AAOS lower limb module 76 (5–100) 86 (51–100)

Thiryayi et al. 2010 100.0 NR NR NR
50-point American College of Foot 

and Ankle Surgeons 5.0 34.0

10-Point Numeric Scale 8.0 2.5

§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

NR Not reported
‡ Value reported for full sample size of patients in study
LLD Leg-Length Discrepancy.
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The TAYLOR SPATIAL FRAME™ for External Fixation

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

Results Cont.
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Weighted Mean 
Children 93.3

Blondel et al. 
2009 91.0 NR 50.0 38.0 

(0.0–103.0) NR NR NR

Feldman et al. 
2003 100 Schoenecker’s Criteria: 

22 good NR NR NR NR NR

Sluga et al. 
2003 60.0 NR NR NR NR NR NR

Fadel et al. 
2005 NR Tucker Score: 

18 excellent, 2 good, 2 fair NR NR NR NR NR

Eidelman et al. 
2006 96.7‡ 37.0+/- 7.8‡ NR NR NR NR NR

Feldman et al. 
2006 100 NR 17.2 

(11–30)
2.1 

(-5–10) NR NR NR

Manner et al. 
2007 90.7 NR NR NR NR NR NR

Docquier et al. 
2008 100.0 NR NR NR NR NR NR

Eidelman et al. 
2008 84.6 NR NR NR NR NR NR

Marangoz et al. 
2008 100.0 NR NR NR NR NR NR

Naqui et al. 
2008 94.5 NR NR <15 NR NR NR

Eidelman et al. 
2010 100 NR NR NR NR NR NR

Iobst
2010 100 NR NR NR NR NR NR

Floerkemeieret al. 
2011 85.0 Unknown measure: 

8 good, 1 poor NR NR NR NR NR
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§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

NR Not reported
‡ Value reported for full sample size of patients in study.
LLD Leg-Length Discrepancy.
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The TAYLOR SPATIAL FRAME™ for External Fixation

Table 10: Complications experienced by patients who received TAYLOR SPATIAL FRAME™ Fixator 
for acute trauma in adults and children.
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Weighted Mean 
Adults 5.0 1 0 0

Elbatrawy et al. 2009 5 1 ‡ None 0 0

Weighted Mean 
Children 9.0 2.7 2.1 0

Al-Sayyad et al. 2006 10 5 None 0 0

Eidelman et al. 2006 6 2 1 delayed union, 1 transient peroneal nerve palsy 2 0

Blondel et al. 2010 11 1 1 residual fl exum (8 degrees); 1 overgrowth (7mm);
2 intraoperative compartment syndromes 4 0

*  Other complications refers to any reported complication that 
is not a pin tract infection.

‡ Value reported for full sample size of patients in study.
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The TAYLOR SPATIAL FRAME™ for External Fixation

Table 11: Complications experienced by patients who received TAYLOR SPATIAL FRAME™ Fixator 
for nonunions and malunions with and without deformity in adults and children.
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Weighted Mean 
Adults 21.0 4.1 11.4 10.0

Feldman et al. 2003 18 3 1 delayed union. 1 0

Kristiansen et al. 2006 20 0
13 joint contractures requiring physiotherapy; 1 premature 
consolidation; 4 reduced callus formation requiring bone 
transplant; 3 fracture after frame removal

21 8

Rozbruch et al. 2008 38 0 11 persistent nonunions (4 re-treated with TSF, 
3 intramedullary rodding, 2 plate fi xation, 2 amputation) 11 11

Elbatrawy et al. 2009 16 1‡ None 0 0

Sala et al. 
2011 12  10

3 half pin breakage; 3 equinus ankle contractures; 
1 peroneal artery pseudoaneurysm; 2 LLD (15 mm and 20 mm); 
3 regenerate bending (< 5 degrees)

12 0

Weighted Mean 
Children 3.5 2.6 2.1 0

Eidelman et al. 2006 3  2 1 delayed union, additional 2 months in cast 1 0

Eidelman et al. 2010 4 3 3 superfi cial pin tract infections 3 0

*  Other complications refers to any reported complication that is not a pin tract 
infection.

LLD Leg-Length Discrepancy.
‡ Value reported for full sample size of patients in study.
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Table 12: Complications experienced by patients who received TAYLOR SPATIAL FRAME™ Fixator 
for deformities § in adults and children.
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Weighted Mean 
Adults 31.0 4.1 5.7 1.9

Viskontas et al. 2006 7  5 2 pin breaks; 1 delayed union 3 2

Elbatrawy et al. 2009 8 1‡ None 0 0

Nakase et al. 2009 10  3 3 transient decrease of range of motion of the nearby joint; 2 deep 
infections 5 2

Rozbruch et al. 2010 122 Most patients 
(number NR)

2 cellulutis; 3 peroneal nerve neurapraxia; 1 delayed union resulting in 
some loss of correction after frame removal 6 2

Thiryayi et al. 2010 10  7 1 ankle pain on weight bearing; 1 L5 sensory neuropathy; 1 tarsal tunnel 
syndrome; 1 external fi xator failure 4 1

Weighted Mean 
Children 27.9 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

Sluga et al. 
2003 5 2 2 knee stiffness; 2 broken pins; 1 coxitis and osteomyelitis 5 1

Fadel et al. 
2005 22 22

6 adjustment under general anesthesia necessary (3 for early 
consolidation, 3 to all repeat corticomy); 2 fracture of the regenerated 
bone; 1 deep vein thrombosis; 2 needing second attempt; 3 loosening 
of frames

14 13

Eidelman et al. 2006 22 10
1 bleeding after injury of genicular artery by half-pin, 1 delayed union of 
femoral site, 4 fracture of femur, 1 residual deformity on femur, 1 talus 
subluxation

8 1

Feldman et al. 2006 18 3 None 3 0

Manner et al. 2007 129 0 12 persisting axial deformity 12 NR

Docquier et al. 2008 7 3
2 transient equinus deformity; 1 hamstring retraction; 1 botryomycoma; 1 
callus fracture; 1- non-union; 1 plantar aponeurosis; 1 refl ex sympathetic 
dystrophy

9 2

§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

*  Other complications refers to any reported complication that is not a pin tract 
infection.

NR Not reported
‡ Value reported for full sample size of patients in study.

Results Cont.
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Table 12: Complications experienced by patients who received TAYLOR SPATIAL FRAME™ Fixator 
for deformities § in adults and children. (Cont.)
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Eidelman et al. 
2008 15 7

1 talar subluxation, 1 metatarsophalangeal joint subluxation mof second 
toe, 2 undercorrection of severe clubfeet, 1 residual mild supination, 1 
residual equinus and forefoot adduction, 1 premature consolidation

7 1

Marangoz et al. 2008 22 6 4 stiff knees; 2 delayed unions; 2 posterior subluxations 8 0

Naqui et al. 
2008 55 24

2 breakage of wires; 11 fi xed fl exion deformity; 2 delayed union requiring 
dynamization; 2 non-unions; 2 ipsilateral supracondylar fractures; 
1 osteomyelitis; 1 pseudoaneurysm

21 10

Eidelman et al. 2010 14 5 1 angulation of regenerate, 1 transient peroneal nerve palsy, 1 delayed 
union 8 1

Iobst 2010 15 3 1 knee fl exion contracture; 1 joint subluxation 2 0

Floerkemeier et al. 2011 9 1

1 skin ulcer; 1 wound healing problem; 1 relative shortening of the 
tendon of the fl exor digitorum longus and temporary paresthesias; 
1 nerve paresthesia; 1 deep infection; 1 hematoma infection; 1 ulcer; 
1 secondary arthritis

8 4

§  In studies with patients of mixed pathology, entries were separated. When this 
was not possible, only those studies with >75% congenital or developmental 
deformity was included in this group.

*  Other complications refers to any reported complication that is not a pin tract 
infection.

NR  Not reported
‡ Value reported for full sample size of patients in study.
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Conclusions

Strengths Limitations

•  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.

•  Lack of level I and II 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.

C
O

N
C

LU
S

IO
N

S

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 Ilizarov 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 
Ilizarov 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. 
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Review at a glance

Validity 
Are the results believable?

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

Importance 
Are the findings important?

Strength 
How large is the effect 

seen in the results? 

Generalizability 
Are the findings applicable to 

multiple populations?
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For detailed information see www.kleos.md/literature/background
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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 III and IV studies with 
relatively small sample sizes.



 Page – 26
Bone&JointOutcome   Vol 01, No 02 – September 2011

The TAYLOR SPATIAL FRAME™ for External Fixation

References

1. Al-Sayyad MJ. (2006) TAYLOR SPATIAL FRAME™ in the treatment of pediatric and 
adolescent tibial shaft fractures. Journal of Pediatric Orthopaedics. Mar 
2006;26(2):164-70. 

2. Eidelman M, Katzman A. (2008) Treatment of complex foot deformities in children 
with the TAYLOR SPATIAL FRAME. Orthopedics. October 2008;31(10):993. 

3. Nakase T, Kitano M, Kawai H et al. (2009) Distraction osteogenesis for correction 
of three-dimensional deformities with shortening of lower limbs by TAYLOR SPATIAL 
FRAME. Arch Orthop Trauma Surg. 2009;129(9):1197-201. 

4. Taylor JC. (2008) Perioperative planning for two and three-plane deformities. Foot 
Ankle Clin N Am. 2008;13:69-121.

5. Elbatrawy Y, Fayed M. (2009) Deformity correction with an external fixator: Ease of 
use and accuracy?. Orthopedics. February 2009;32(2):82. 

6. Fadel M, Hosny G. (2005) The TAYLOR SPATIAL FRAME for deformity correction in 
the lower limbs. Int Orthop. Apr 2005;29(2):125-9. 

7. Rozbruch SR, Segal K, Ilizarov S et al. (2010) Does the TAYLOR SPATIAL FRAME 
accurately correct tibial deformities?. Clin Orthop. 2010 May;468(5):1352-61. 

8. Eidelman M, Bialik V, Katzman A. (2006) Correction of deformities in children using 
the TAYLOR SPATIAL FRAME. Journal of Pediatric Orthopaedics Part B. Nov 
2006;15(6):387-95. 

9. Blondel B, Launay F, Glard Y et al. (2010) Hexapodal external fixation in the 
management of children tibial fractures. Journal of Pediatric Orthopaedics Part B. 
November 2010;19(6):487-91. 

10. Feldman DS, Madan SS, Koval KJ et al. (2003) Correction of tibia vara with six-axis 
deformity analysis and the TAYLOR SPATIAL FRAME. J Pediatr Orthop. 2003 
May-Jun;23(3):387-91. 

11. Rozbruch SR, Pugsley JS, Fragomen AT et al. (2008) Repair of tibial nonunions and 
bone defects with the TAYLOR SPATIAL FRAME. J Orthop Trauma. February 
2008;22(2):88-95. 

12. Sala F, Thabet AM, Castelli F et al. (2011) Bone transport for postinfectious 
segmental tibial bone defects with a combined Ilizarov/TAYLOR SPATIAL FRAME 
technique. J Orthop Trauma. 2011 March 2011;25(3):162-8. 

13. Eidelman M, Zaidman M, Katzman A. (2010) Treatment of posttraumatic deformities 
in children and adolescents using the TAYLOR SPATIAL FRAME. Orthopedics. 2010 
Apr;33(4):253-6. 

14. Kristiansen LP, Steen H, Reikeras O. (2006) No difference in tibial lengthening 
index by use of TAYLOR SPATIAL FRAME or ilizarov external fixator. Acta Orthop. 
2006 Oct;77(5):772-7. 

15. Viskontas DG, MacLeod MD, Sanders DW. (2006) High tibial osteotomy with use of 
the TAYLOR SPATIAL FRAME external fixator for osteoarthritis of the knee. Canadian 
Journal of Surgery. Aug 2006;49(4):245-50.

16. Thiryayi WA, Naqui Z, Khan SA. (2010) Use of the TAYLOR SPATIAL FRAME in 
compression arthrodesis of the ankle: A study of 10 cases. Journal of Foot and Ankle 
Surgery. March 2010/April 2010;49(2):182-7. 

17. Blondel B, Launay F, Glard Y et al. (2009) Limb lengthening and deformity correction 
in children using hexapodal external fixation: Preliminary results for 36 cases. 
Orthopaedics and Traumatology: Surgery and Research. October 2009;95(6):425-
30. 

18. Feldman DS, Shin SS, Madan S et al. (2003) Correction of tibial malunion and 
nonunion with six-axis analysis deformity correction using the TAYLOR SPATIAL 
FRAME. J Orthop Trauma. Sep 2003;17(8):549-54. 

19. Sluga M, Pfeiffer M, Kotz R et al. (2003) Lower limb deformities in children: 
Two-stage correction using the TAYLOR SPATIAL FRAME. Journal of Pediatric 
Orthopaedics Part B. Mar 2003;12(2):123-8. 

20. Feldman DS, Madan SS, Ruchelsman DE et al. (2006) Accuracy of correction of 
tibia vara: Acute versus gradual correction. J Pediatr Orthop. 2006 Nov-
Dec;26(6):794-8. 

21. Manner HM, Huebl M, Radler C et al. (2007) Accuracy of complex lower-limb 
deformity correction with external fixation: a comparison of the TAYLOR SPATIAL 
FRAME with the Ilizarov Ringfixator. J Child Orthop. 2007 Mar; 1:55

22. Docquier P, Rodriguez D, Mousny M. (2008) Three-dimensional correction of 
complex leg deformities using a software assisted external fixator. Acta Orthop Belg. 
December 2008;74(6):816-22. 

23. Marangoz S, Feldman DS, Sala DA et al. (2008) Femoral deformity correction in 
children and young adults using TAYLOR SPATIAL FRAME. Clin Orthop. December 
2008;466(12):3018-24. 

24. Naqui SZ, Thiryayi W, Foster A, et al. (2008) Correction of simple and complex 
pediatric deformities using the taylor-spatial frame. J Pediatr Orthop. Sep;28(6):640-
7. 

25. Iobst C. (2010) Limb lengthening combined with deformity correction in children with 
the TAYLOR SPATIAL FRAME. Journal of Pediatric Orthopaedics Part B. November 
2010;19(6):529-34. 

26. Floerkemeier T, Stukenborg-Colsman C, Windhagen H et al. (2011) Correction of 
severe foot deformities using the TAYLOR SPATIAL FRAME. Foot Ankle Int. 2011 
Feb;32(2):176-82.

R
EF

ER
EN

C
ES



 Page – 27
Bone&JointOutcome   Vol 01, No 02 – September 2011

The TAYLOR SPATIAL FRAME™ for External Fixation

Visit www.kleos.md/literature/bone-joint-outcome/
appendices/v01/n02.pdf for appendices or 
use this QR code. The following appendices provide 
further detail:

Appendix 1: Methods
Appendix 2: Results

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