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Background   Different methods and devices are used 
to perform lengthening and deformity reconstruction in 
the tibia. Recently, the Taylor spatial frame (TSF) has 
been introduced as a computer-assisted and versatile 
external ring fixator. Lengthening index (LI) and com-
plications are important result parameters, and the aim 
of this study was to review our first 20 tibial segments 
operated with the TSF and to compare the results with 
our experience of using the traditional Ilizarov external 
fixator (IEF).

Patients and methods   We lengthened 20 tibial seg-
ments in 20 patients with the TSF. The results were com-
pared with those of 27 tibial segments from 27 patients 
that were lengthened with the IEF. All segments were 
operated on with monofocal osteotomies.

Results   In the overlapping zone of comparable 
lengthening distances between 2.4 and 6.0 cm, the LI 
of 2.4 and 1.8 months/cm was not significantly differ-
ent between the TSF and IEF groups, respectively (p = 
0.17). This non-significant difference was confirmed 
after adjustment for age.

Interpretation   We found no difference between the 
TSF and IEF frames regarding LI and complication 
rate. However, rotational, translational, and residual 
deformity correction is easier to perform with the TSF. 

■

Lengthening of long tubular bones is used both 
in children and adults to solve serious problems 
regarding leg length inequality, short stature, axial 
deformities and combinations of these conditions 
(Ilizarov 1992).

The callotasis method originally described by 
Ilizarov (1987), using an external ring fixator to 
perform distraction osteogenesis, is well known and 
widely used. However, it is a common experience 
that the treatment time in the fixator is long—even 
if the increase in healing time is not proportional to 
the lengthening distance of the callotasis zone, at 
least for moderate lengthening (Fischgrund et al. 
1994). In addition, the method is associated with 
many problems (Paley 1990, Velazquez et al. 1993, 
Kristiansen and Steen 1996). 

The Taylor spatial frame (TSF) is a relatively 
new versatile external ring fixator that can enable 
accurate corrections in reconstructive surgery. Pre-
operative planning, with definition of the center of 
rotation of angulation (CORA) of the deformity 
(Paley et al. 1994), is essential in deformity cor-
rection and is used with both devices. The TSF is 
more flexible, however. It does not require exact 
construction of hinges and precise mounting of the 
ring fixator (Taylor 2000). Two rings are connected 
by 6 telescopic rods (struts) at oblique directions, 
at special universal joints. This hexapod system 
allows correction of multiple angular and transla-
tional deformities by adjustment of the length of 
the struts only. Comparable configurations of the 
TSF and the Ilizarov external fixator (IEF) have 
different mechanical characteristics (Taylor 2002) 
which may influence the clinical results. 

We present the results of our first 20 cases of 
monofocal tibial lengthening with the TSF and 
compare these with the results of monofocal tibial 
lengthening performed with the IEF.
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Patients and methods

During the period October 2000 through April 
2004, we operated 20 tibial deformities in 20 
patients (11 males) with TSF and monofocal oste-
otomy. The indications for operation were various 
congenital or acquired deformities (Table 1). All 
patients were operated by two of the authors, with 
the first author as the first surgeon. The results of 
these operations were compared with the results of 
27 tibial monofocal and monolateral osteotomies 
in 27 patients (16 females) with the IEF performed 
during the period 1993–1998 (Kristiansen and 
Steen 2002). 

TSF lengthening was performed in the proximal 
metaphysis in 16 tibiae and distally in 4. The indi-
cations for TSF were shortening combined with 
multiplanar deformities including axial rotation. 
Correction of axial rotation may result in transla-
tional deformity due to eccentric localization of 
the bone in ring fixators. This problem is solved 
with the TSF by including mounting parameters 
in the calculation of reconstruction files using the 
internet-based software (www.spatialframe.com). 
The frame was constructed with 2 TSF rings with 
outposts, or 2 TSF rings with an additional Ilizarov 
ring (Figure 1). Each fragment was fixed with 2 
wires and 2 or 3 half-pins. 

Ilizarov lengthening was performed in the proxi-
mal metaphysis in 24 segments, and distally in 
3. The frame was constructed with 3 rings and 
mounted with 7 Kirschner wires (3 wires in the 
ring on the metaphyseal side of the osteotomy and 
2 wires in each of the other rings). Both in TSF 
and in IEF, the fibula was cut with an oblique mid-
diaphyseal osteotomy and the segments were trans-
fixed to the tibia both proximally and distally. 

In both methods, the wires were tensioned to 
1,080 N. In the proximal tibial metaphysis, we 
used the Gigli saw osteotomy technique. In the 
distal metaphysis, a corticotomy was performed 
with multiple cortical drill holes. Then the bone 
was cut with a curved chisel, taking care to protect 
the medullary cavity and vessels. 

In all patients, daily distraction started at day 
7 postoperatively and full weight bearing was 
allowed immediately. Lengthening was performed 
at a rate of 0.75 mm/day or 1 mm/day. In cases 
with shortening and additional deformity, length-
ening and axial correction were started simultane-
ously by asymmetric distraction. 

Oral antibiotics were given if superficial pin 
track infection occurred. The distraction and con-
solidation process in the lengthening zone were 

Table 1. Indications for 47 cases of tibial lengthening in 
47 patients

Diagnoses Taylor  Ilizarov
 spatial 
 frame

Constitutional shortness 0 4
Achondroplasia 0 1
Fibular hemimelia 1 5
Malunion 12 7
Idiopathic leg length inequality 0 2
Hypoplasia tibiae 1 2
Bone dysplasia 2 0
Congenital malformation (dysmelia) 0 1
Ollier’s disease 0 1
Congenital pseudarthrosis of the tibia 0 1
Blount’s disease 0 1
Pes equino varus + hypoplasia 2 1
Tumor, benign 0 1
Rheumatoid arthritis 1 0
Hyperphosphatemic rickets 1 0 
Total 20 27

Figure 1. Tibial lengthening by use of proximal metaphy-
seal osteotomy and application of the Taylor spatial frame 
with an additional distal Ilizarov ring. Clinical view (A) and 
standing radiograph (B). The images were taken 3 weeks 
after end of distraction (10 weeks postoperatively). They 
show parallel rings and a lengthening of 43 mm.



774 Acta Orthopaedica 2006; 77 (5): 772–777

checked regularly and complications recorded. 
Bone grafting was performed as an additional pro-
cedure during the consolidation period if no new 
bone formation was seen on radiographs during a 
12-week observation period. The external fixator 
was removed when symmetric callus and cortex 
on at least 3 sides were seen on biplanar radio-
graphs. The lengthening index (LI) was calculated 
as months in the frame per cm lengthening (Paley 
1990, Fischgrund et al. 1994).

Statistics

Averages are expressed as arithmetic means, and 
dispersion as 1 SD or range. Differences between 
TSF and IEF lengthening osteotomies were 
evaluated with ANOVA, adjustment for age with 
ANCOVA, a value of p < 0.05 being considered 
statistically significant. 

For graphical illustration, the data from both 
groups were entered into a multiphase best-fit 
model using software from SAS Institute Inc. 
(Cary, NC). The changing point for each group 
was calculated first and then the two curves were 
estimated using a maximum likelihood method. 
The curves for both groups were best-fitted by a 
quadratic-linear function (Figure 2).

Results

There was a statistically significant difference 
between the ages of the patients undergoing the 
two treatments (mean 31 and 17 years for mono-
focal lengthening by TSF and IEF, respectively; 
p < 0.001) (Table 2). However, within the over-
lapping zone, the average age was 16.8 (7–31) 
and 17.8 (4–48) years in the TSF and IEF groups, 
respectively (ns).

The average lengthening of 2.5 (0.5–6.0) cm 
by TSF was significantly different from the IEF 
osteotomies, which had a mean lengthening of 4.5 
(2.4–7.0) cm (p < 0.001, Table 3). 

To evaluate the results of comparable lengthen-
ing distances, the segments were divided into 3 
subgroups based on the overlapping zone (regard-

Figure 2. Lengthening index (months in the external frame/
cm lengthening) for 47 lengthening osteotomies: Taylor 
spatial frame (n = 20) and Ilizarov external fixator (n = 27). 
The interval of comparable lengthening distances (24–60 
mm) is marked with 2 vertical lines.
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Table 2. Data in 47 patients with monofocal tibial lengthening 

 A B C D E F G H

Taylor spatial frame 20 31 a (7–59)  6.7 (3.4–14.0) 7/6 14/13   8/6  19/20
Ilizarov 27 17 (4–48) 7.1 (3.7–12.0) 9/8 21/18 13/9 24/27

a Significantly different from Ilizarov (p < 0.001).
A: Type of external fixator; 
B: No. of segments; 
C: Mean age at operation (range); 
D: Mean months in fixator (range); 
E: No. of major complications/no. of segments; 
F: No. of minor complications/no. of segments; 
G: No. of additional surgeries/no. of segments; 
H: No. of segments where planned lengthening and axial correction were achieved.
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ing lengthening distance): group 1 with lengthen-
ing of < 24 mm (TSF procedures only; n = 11); 
group 2 with lengthening of 24–60 mm (overlap-
ping zone involving 9 TSF and 23 IEF; n = 32); and 
group 3 with lengthening of > 60 mm (IEF proce-
dures only; n = 4). 

With increasing lengthening distance, the aver-
age LI decreased significantly from 5.3 in short 
lengthenings to 1.3 in long lengthenings (p < 
0.001, Table 3). In the subgroup representing both 
methods with overlapping lengthening distance 
intervals (group 2), the LI was different from that 
of group 1 (p < 0.001), but not from that of group 
3 (p = 0.3). Within group 2, both the lengthening 
distance (3.7 vs. 4.2; p = 0.4) and the LI (2.4 vs. 
1.8; p = 0.2) of the segments operated with TSF 
were not statistically different from those operated 
with IEF. 

There was no difference between the methods 
regarding the overall numbers of minor or major 
complications, additional surgeries, and number 
of segments where planned lengthening and axial 
correction were achieved (Table 2). However, the 
number of segments with reduced callus formation 
requiring bone transplant was higher in the TSF 
group, and the number of joint contractures requir-
ing surgery or/ and deep pin track infections was 
higher in the IEF group (Table 4). 

 

Discussion

The Taylor spatial frame is a new and unique exter-
nal ring fixator based on the Ilizarov principle. Its 
major advantage is the accuracy of the correction 
due to the “hexapod system” (Seide et al. 1999, 
Paley 2002). To date, only a few papers dealing 
with the TSF have been published (Rozbruch et al. 
2002, Feldman et al. 2003a, b, Sluga et al. 2003).

Table 3. Results following tibial lengthening of 47 segments in 47 patients by use 
of 20 Taylor spatial frame (TSF) and 27 Ilizarov external fixator (IEF) procedures. 
Values are mean, SD (range)

Material TSF/IEF n Lengthening (cm) Index (months/cm)

Tibial lengthening All 47 3.6,  1.9  (0.5–7.0) 2.7,  2.0  (0.8–8.4)  
  TSF 20 2.5,  1.5  (0.5–6.0) a   4.0,  2.4  (0.8–8.4) a

  IEF 27 4.5,  1.6  (2.4–7.0) 1.7,  0.8  (0.9–4.4)
Subgroups
 Group 1 TSF 11   1.4,  0.5  (0.5–2.0) b 5.3,  2.1  (2.3–8.4) b

 Group 2 All 32 4.0,  1.3  (2.4–6.0) c 2.0,  1.1  (0.8–5.5)
  TSF 9 3.7,  1.2  (2.5–6.0) 2.4,  1.6  (0.8–5.5)
  IEF 23 4.2,  1.4  (2.4–6.0) 1.8,  0.9  (0.9–4.4)
 Group 3 IEF 4 6.7,  0.4  (6.1–  7.0) 1.3,  0.4  (1.0–1.7)

a Significantly different from IEF (p < 0.001).
b Significantly different from medium and long lengthening (p < 0.001).
c Significantly different from long lengthening (p < 0.001).

Table 4. Complications in 47 cases of tibial lengthening

  Taylor
 spatial
 frame Ilizarov
 (n = 20) (n = 27)

Minor complications  
 Joint contracture requiring 
     physiotherapy 13 15
 Deep pin tract infection 0 3
 Premature consolidation 1 1
 Sum 14 19
Major complications  
 Joint contracture requiring surgery 0 3
 Reduced callus formation requiring 
    bone transplant 4 1
 Fracture after frame removal 3 1
 Axial deformity after frame removal 0 1
 Fracture outside fixator region 0 2
 Skin necrosis in cast 0 1
 Sum 7 9  
Total 21 28
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Mechanical properties of the TSF apparatus have 
been presented in the textbook of deformity correc-
tion by Dror Paley (Paley 2002). Compared with 
IEF, the TSF is 1.1 times stiffer in axial compres-
sion, 2.0 times stiffer in bending, and 2.3 times 
stiffer in torsion. In our material, the use of half 
pins in TSF indicates an even stiffer frame com-
pared to IEF. 

Both the TSF and IEF materials represent our 
first experience of each method. The overall aver-
age LI in the TSF and IEF groups was significantly 
different, with values of 4.0 and 1.7 months/cm 
(Table 3). The average lengthening was signifi-
cantly less in the TSF group than in the IEF group, 
and the LI is known to be increased in smaller 
lengthenings (Kristiansen and Steen 2002). To our 
knowledge there has been only 1 report concern-
ing LI in TSF (involving 5 patients) (Sluga et al. 
2003). The authors found high LI (3.2 months/cm) 
in 1 patient with lengthening of 17 mm and low LI 
(1.2–1.7 months/cm) in 4 patients with lengthening 
of 67–72 mm. This is similar to our results with 
TSF and IEF (Figure 2). Ideally, comparison of LI 
between the TSF and IEF monofocal procedures in 
lengthening of the tibia should only be performed 
between patients with similar lengthening dis-
tances. In the interval of overlapping lengthening 
(2.4–6.0 cm), the average LI was 2.4 months/cm 
and 1.8 months/cm in the TSF and IEF subgroups 
(Table 3). This difference in LI between TSF and 
IEF was not statistically significant (p = 0.17). 

The average age in the TSF group was almost the 
double, and may have contributed to an increase in 
the LI and the number of segments with reduced 
callus formation needing bone grafting, as age is an 
important factor in determining the total treatment 
time (Fischgrund et al. 1994). In addition to the age 
difference, the TSF group mainly consisted of mal-
unions (12/20 TSF vs. 7/27 IEF) which could be 
expected to lead to a disturbance in the bone/soft 
tissue conditions and may thus have resulted in 
increased LI (Table 1). 

Major and minor complications occurred in both 
groups (Table 4). We experienced 4 segments with 
reduced callus formation requiring bone transplant 
and 3 segments with fracture after frame removal 
in the TSF group, but only 1 segment of each cat-
egory in the IEF group. Disturbed bone and soft 
tissue conditions in malunions may also have 

contributed to a higher number of segments with 
reduced callus formation requiring bone graft and 
fractures of the regenerate after frame removal in 
the TSF group (7/20). 4 of these 7 patients were 
among the 12 TSF patients with preoperative mal-
unions. In the IEF group, none of the 2 patients 
with reduced callus formation and fracture were 
among the patients with preoperative malunion. 1 
of the 4 TSF patients with reduced callus formation 
was a smoker—which may have been an additional 
factor in this case (W-Dahl and Toksvig-Larsen 
2004). 3/20 cases in the TSF group and 2/27 in 
the IEF group had no predisposing conditions that 
might explain the complications. 

Joint contracture requiring operative treat-
ment was found in the IEF group only. As joint 
contracture is associated with longer lengthening 
distances (Paley 1990), this is to be expected. In 
addition to long treatment time, the amount of 
lengthening may explain the high number of deep 
pin tract infections found in the IEF group only, 
as skin necrosis around the pins and wires is more 
frequent in cases of long lengthening. 

In conclusion, the LI and complication rate 
when using TSF are similar to those of IEF, and 
the use of TSF does not represent any improvement 
regarding these parameters. However, in our hands 
the TSF is a versatile instrument for correction 
of 6-axis deformities—including rotational and 
translational deformities without (re)construction 
of hinge planes—and to perform residual adjust-
ments. 
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