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Abstract

Purpose Evaluation of the advantages and limitations of

the Taylor Spatial Frame (TSF) with regard to the healing

index (HI), distraction–consolidation time (DCT), accuracy

of correction complications, and cost of the device.

Methods Comparison of results with the traditional

Ilizarov apparatus and a unilateral Orthofix fixator in

a consecutive patient series with 135 bony deformity

corrections.

Results The HI did not differ significantly between all

three fixators and was 57 days/cm for all patients. The

DCT was significantly shorter for the TSF (148 days)

compared to the Ilizarov fixator (204 days) and the

Orthofix device (213 days). The accuracy of deformity

correction was higher for the TSF than the other devices. The

mean values of the measured angles after correction did not

differ, but the variance of the results was the lowest. Also, the

total rate of complications was considerably lower for the

TSF. The Orthofix device showed a high rate of angular

deformity during treatment, whereas both ring fixators had a

relatively higher number of pin-related problems.

Conclusions The findings in our patient series suggest the

use of the Orthofix apparatus for simple lengthening over

short to median distances and the Ilizarov device for the

correction of simple bony deformities and pure lengthening

over long distances. The TSF allows multiplanar correc-

tions and lengthenings without complex modifications of

the device. But, due to the remarkably higher costs, it has

not yet been established as our routine device.

Level of evidence Level IV—case series. Therapeutic

Study—Investigating the Results of Treatment.

Keywords Limb lengthening � Deformity correction �
Taylor Spatial Frame � Ilizarov � Orthofix

Introduction

The Taylor Spatial Frame (TSF) is one of the more recent

developments for deformity correction by external fixation

and is based on a ring and strut concept utilizing the

principles of the Stuart Gough or hexapod platform. The

device has been in clinical use for more than 10 years and

allows multiplanar deformity corrections simultaneously.

To date, several studies have been published about its

clinical application [1–5], but only a few addressed limb

deformity correction [6–8]. Good results have been

achieved with the TSF in achieving safe gradual correction,

accurate results, and easy handling for both the patient and

the surgeon. Only Fadel and Hosny raised concerns,

regarding the system as complicated and the original Il-

izarov device as easier for their daily clinical practice [1].

However, each type of external fixator exhibits individual

mechanical characteristics that may affect osteogenesis and

healing [9]. Comparative studies turned out to be an

appropriate instrument to elaborate the advantages and

limitations of new devices [10–13]. Hence, it was proposed

to compare any new method to historical standards [14].
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Rödl et al. have shown the presence of different work-

spaces for the TSF and the Ilizarov device with an

increased minimal frame height for the TSF that might

limit the indications for the TSF in a theoretical study [15].

To assess and compare the rate of bone formation, the bone

distraction–consolidation time (DCT) has been indexed to

the amount of lengthening. De Bastiani et al. [16] and

Aldegheri [17] termed this the ‘‘healing index’’ (HI).

Fischgrund et al. [18] defined the DCT as the interval from

osteotomy to bony healing and considered the minimal

consolidation time to be the more significant factor for

smaller gaps. In addition to the assessment of the amount

of healing, the accuracy of deformity correction and the

rate of complications are important clinical outcome

parameters for the assessment of external devices. But the

definition of complications has been a subject of contro-

versy in the limb-length literature [11] and differing defi-

nitions of complications have been suggested [11, 19–21].

Due to the lack of standardization, clinical reports of

deformity correction vary widely in the published litera-

ture, which makes a direct comparison of these studies

impossible [12, 22]. Published complication rates such as

of the Orthofix device illustrate this problem, varying

between 11 [23] and 250% [24]. The present study was

conducted in order to compare the clinical results of the

TSF with the traditional Ilizarov ring fixator and a unilat-

eral Orthofix device in one institution under the same cri-

teria to evaluate the relative advantages and limitations of

the TSF.

Patients and methods

Between September 1995 and May 2010, 135 elective

deformity corrections of the femur (n = 64) and the tibia

(n = 71) were performed by external fixation on 80

patients at the first author’s institution. The average age at

operation was 16.4 (4.0–69.8) years for all patients and this

did not differ between the three devices. Thirty-five cor-

rections were performed for congenital and 100 for

acquired deformities. All patients were classified into three

groups according to the device used:

• Taylor Spatial FrameTM (TSF, Smith and Nephew,

Memphis, TN, USA)

• Ilizarov FixatorTM (Smith and Nephew, Memphis, TN,

USA)

• Orthofix� dynamic axial fixator (DAF, Orthofix S.R.L.,

Bussolengo, Verona, Italy)

Seventeen patients have been treated at two levels

(femur and tibia) simultaneously and three patients twice at

different points of time. It was suggested in the literature to

evaluate the outcome for each segment rather than each

patient [12]. Only elective corrections of angular defor-

mities and/or limb lengthenings were included; traumatic

cases and nonunions were excluded from this study. All

interventions were performed by 11 surgeons. The TSF

was only used by three surgeons. When performed by less

experienced surgeons, the intervention was always directly

supervised by a consultant orthopedic surgeon. The tech-

nique has already been published elsewhere [24].

All patients had a standing patella-forward full-length

anteroposterior and lateral radiograph of both limbs for the

malalignment test and standardized deformity measure-

ments [25]. Patients were administered prophylactic peri-

operative single-shot antibiotics. Low-energy osteotomy

was performed subperiostally with multiple drill holes and

an osteotome [16]. The dressing at the pin sites was left in

place until postoperative day 5. Showering was then

allowed and the patients were instructed to clean the pin

sites daily with a liquid disinfectant. A 7-day course of oral

antibiotics was instituted if a pin site showed clinical signs

of infections. Callotasis was started 1 week after the

operation with 1 mm per day and adjusted commensurate

with the degree of ossification on the radiographs in the

further course. Regular X-ray controls were performed

with a maximum interval of 6 weeks. Clinical review was

performed weekly during lengthening until consolidation.

The device was removed when tricortical consolidation

was seen on the anteroposterior and lateral radiographs.

Retrospective radiographic assessment was performed

by one independent observer who was not involved in the

surgery (K.K.). The evaluated parameters for the assess-

ment of bone formation were DCT (time from corticotomy

until the distraction gap was healed) [18] and HI (number

of days of external fixation treatment per cm of distraction)

[16]. All complications have been documented in the

medical records and were reviewed retrospectively.

Patients with angulations of more than 5� had fixator

manipulation and axial correction or fixator adjustment

during the lengthening process if the apparatus did not

allow modification for chronic correction. Complications

rates were defined to be the number of complications per

lengthened segment [11] and were graded independently

according to the systems described by Dahl et al. [11],

Donnan et al. [20], and Paley [19].

Statistical analysis was performed with the SPSS 17.0

statistical software package (SPSS Inc., Chicago, IL,

USA). Analysis was performed for all patients and also for

patients with pure lengthenings ([5 mm), patients with

axis correction (B5 mm), and for patients with minor

lengthenings (5–50 mm) alone. The Gaussian distribution

was tested with the Kolmogorov–Smirnov test. Quantita-

tive variables are described by the mean and standard

deviation: mean ± SD. The mean values of the subgroups

were compared with Student’s t-test, one-way analysis of
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variance (ANOVA) (e.g., HI, DCT, angular measures), or

the nonparametric Mann–Whitney test and Kruskal–Wallis

test (e.g., complications), respectively. Correlations were

calculated with Pearson’s or Spearman’s correlation coef-

ficient, depending on the Gaussian distribution. Variables

of multiple responses (e.g., for complications) were coded

as dichotomies. A 0.05 level of significance was used for

all analyses.

The present study was approved by the local ethical

committee.

Results

Assessment of the rate of bone formation: healing index

The results are listed in detail in Table 1. The mean

lengthening was the lowest for the TSF and differed

significantly between the three devices (P = \0.001). In

contrast, the distraction time was lower for the TSF than

the other two devices, and did not differ significantly

between the three devices when corrected for the

severity of deformity (minor lengthenings) (P = 0.421).

No significant correlation between the HI and the

number of complications was detected (r = -0.090,

P = 0.372).

HI was only calculated for patients with lengthening

procedures ([5 mm). Distraction B5 mm was used for axis

correction in order to avoid impingement of the segments.

The mean HI did not differ between the three fixators and

was 57 days/cm for all patients (P = 297; range: 19–266).

The HI was significantly lower for patients under 14 years

of age (48 days/cm, range: 23–188 days, P = 0.297) in

comparison to older patients (68 days/cm, range: 19–266

days; t-test: P = 0.016). The HI showed a low negative

correlation with the number of complications (r =

-0.090, P = 0.372) and a moderate negative correlation

with the distracted distance (r = -0.587; P \ 0.001), with

a high variation of the HI of all three devices for shorter

distances and flattening of the curve towards a constant

value (see Fig. 1). The HI did not differ between the three

devices for the tibia (P = 0.651) and femur (P = 0.233)

and acquired or congenital etiology when corrected for the

severity of the deformity.

Assessment of the rate of bone formation: distraction–

consolidation time

The DCT was significantly shorter for the TSF than for the

other devices. The DCT did not differ between the three

devices for minor lengthenings and lengthenings of the

femur. The correlation between the DCT and distracted

distance was highly significant (r = 0.510, P = \0.001).

The DCT did not differ between acquired or congenital

etiology when corrected for the severity of the deformity.

Precision of deformity correction

Axis correction was performed in 81 cases; 60 of them

were combined with lengthening. The results of deformity

measurements before and after correction showed a normal

Gaussian distribution for all three devices. The mean

values after deformity correction of all patients were

within the normal values of a healthy population [25]. But

looking at the subgroups in detail revealed singular values

slightly outside the standard values. However, the mean

measures after correction did not differ significantly

between the three devices, but the variance of the results

was lower for the TSF than the Ilizarov and Orthofix

devices.

Complications

An average of 1.5 complications per osteotomy occurred

(see Table 2). The number and rate of complications per

patient was significantly lower for the TSF than for the

Ilizarov fixator and was the highest for the Orthofix device.

Looking at the data in detail revealed that the relative

number of angulations during distraction was noticeably

higher for the unilateral Orthofix device than for the TSF

and the Ilizarov fixator (P = \0.001), whereas pin site

problems and a decrease of knee flexion occurred relatively

more frequently by the use of circular fixators, although the

mean lengthened distance was relatively smaller. This

higher rate of minor to moderate complications is also

displayed in the three classification systems as published

by Dahl et al. [11], Donnan et al. [20], and Paley [19] (see

Table 2). The rate of severe complications did differ

between all three fixators (see Table 2). The unilateral

Orthofix device had significantly more ‘‘obstacles’’

(50.1%), ‘‘serious’’ (71.7%), and ‘‘grade III’’ (45.7%)

complications, respectively, than the two circular fixators.

There was a significant correlation between the age of the

patient at the time of surgery and the number of compli-

cations (r = 0.0325, P \ 0.001). The number of compli-

cations did not differ between femur and the tibia and

congenital or acquired etiology.

Discussion

Healing index (HI)

Bone healing and the HI vary largely in former studies as

they reportedly depend on multiple factors. The HI was

shown to be higher for lengthening with simultaneous axial
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correction [19], to differ with the type of bone [12, 16, 18],

level [18] form- [26] and number of osteotomies [9, 18,

19], underlying diagnosis [12], age of the patients [11, 12,

18, 19], and even the type of fixator when using a varying

surgical technique [27]. In the present study, patients

younger than 14 years of age had a significantly lower HI

than older ones. The HI did not, however, differ between

the three investigated devices. Fischgrund et al. have

shown an exponential increase of the HI when the dis-

traction gap approaches zero and a tendency towards a

plateau only for large distances [18]. This indirect corre-

lation was confirmed by Noonan et al. [12] and was also

seen in our findings for all three fixators (see Fig. 1). The

HI was regarded to be inaccurate except when distances are

greater than 8 cm [18] and the DCT is suggested as a better

parameter for shorter distances [12, 18].

Distraction–consolidation time (DCT)

In our study, the DCT was significantly lower for the TSF

than the other two devices. Our findings suggest that DCT

for a given distraction gap is lower for the TSF than for the

Ilizarov and the highest for the Orthofix device. However,

direct comparison of minor lengthening only, as recom-

mended by other authors [25], revealed no significant dif-

ference for DCT in our series. Further studies with larger

groups of patients have to be conducted in order to confirm

this hypothesis finding.

Table 1 Results for all three devices in detail (lengthenings: all patients with lengthening[5 mm; minor lengthening: lengthening[5 mm and

B50 mm)

TSF Ilizarov Orthofix All patients P-value

Lengthened distance (mm)

Lengthenings—femur 26.5 (5–73) 21.0 (5–81) 40.0 (19–120) 34.5 (5–120) 0.009

Lengthenings—tibia 30.0 (6–75) 40.0 (15–85) 40.0 (17–100) 40.0 (6–100) 0.071

Minor lengthenings 30.0 (6–50) 40.0 (12–50) 32.0 (17–50) 30.0 (6–50) 0.122

All patients 30.0 (5–75) 40.0 (5–85) 40.0 (17–120) 35.0 (5–120) \0.001

Distraction time (days)

Patients—femur 30.0 (5–216) 38.0 (31–68) 53.0 (19–150) 40.0 (5–216) 0.011

Patients—tibia 30.0 (10–84) 40.0 (10–105) 50.0 (19–95) 35.0 (10–105) 0.027

Minor lengthenings 30.5 (13–216) 40.0 (20–76) 35.0 (19–95) 35.0 (13–216) 0.421

All patients 30.0 (5–216) 40.0 (10–105) 52.0 (19–150) 35.5 (5–216) \0.001

Healing index (HI; days/cm)

Lengthenings—femur 87.0 (32–266) 40.0 (23–111) 54.8 (19–134) 55.2 (19–266) 0.233

Lengthenings—tibia 67.7 (24–245) 53.9 (23–173) 66.1 (29–160) 61.0 (23–245) 0.651

Minor lengthenings 69.2 (24–266) 56.7 (23–173) 66.1 (41–160) 67.7 (23–266) 0.901

All patients 68.7 (24–266) 52.9 (23–173) 55.0 (19–160) 56.6 (19–266) 0.297

Healing index (HI; days/cm)

HI for B14 years old 46.4 (24–188) 51.8 (23–107) 47.6 (29–89) 47.6 (23–188) 0.694

HI for [14 years old 89.4 (36–266) 68.3 (23–173) 57.1 (19–160) 68.2 (19–266) 0.016

HI for B18 years old 64.3 (24–266) 51.8 (23–111) 54.5 (29–160) 54.0 (23–266) 0.472

HI for [18 years old 142.8 (46–245) 80.5 (41–173) 56.2 (19–113) 68.4 (19–245) 0.009

Distraction–consolidation time (DCT; days)

All patients—femur 146.5 (85–335) 136.0 (92–363) 206.0 (31–480) 181.5 (31–480 0.107

All patients—tibia 148.5 (90–368) 213.0 (92–385) 280.0 (152–458) 190.0 (90–458) \0.001

Minor lengthenings 150.5 (87–368) 213.0 (129–385) 206.0 (129–385) 190.0 (87–385) 0.079

All patients 148.0 (85–368) 204.5 (92–385) 213.5 (31–480) 188.0 (31–480) \0.001

Time between removal of the frame and full weight bearing (days)—all patients

Median 42.0 (13–1150) 50.0 (10–330) 48.5 (9–550) 49.0 (9–1150) 0.920

Results of deformity measurements after correction and removal of the fixator [25]—all axis corrections

mLDFA 88.0 (82–94) 86.0 (79–93) 89.0 (82–100) 87.7 (79–100) 0.311

mMPTA 90.0 (84–94) 90.0 (87–95) 90.0 (87–92) 90.0 (84–95) 0.674

mLDTA 89.0 (84–93) 89.7 (87–92) 87.5 (80–92) 89.0 (80–93) 0.843

aPPTA 81.0 (50–91) 73.5 (58–90) 77.5 (66–91) 78.0 (50–91) 0.509

The Kruskal–Wallis test was used for the calculation of the P-values
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Precision of deformity correction

The majority of deformity corrections with the unilateral

Orthofix system in our study had to be readjusted due to an

angulation of more than 5� during distraction. But only

four cases in the Ilizarov group and none in the TSF group

had fixator manipulation for angulation during distraction.

However, the prescription of strut adjustments had to be

modified for an average of 1.35 times per TSF patient to

correct axial deviation during lengthening. Other authors

reported angulations of between 9 and 37% for the Orthofix

[12, 24, 27] and from 8 to 25% for the Ilizarov device [19].

But comparison of those studies is not possible due to the

different definitions of angulation.

In our study, the Orthofix DAF turned out to be less

stable than ring fixators, especially for femoral lengthen-

ings, although the ball joint of the fixator was locked in the

corrected position and stabilized with bone cement after the

axial bony deformity was corrected [10]. Additionally,

three pins for each fragment were used [24, 27] and pre-

alignment was performed [19, 28]. Clearly, the Orthofix

DAF cannot withstand the soft tissue tension, as other

authors have already shown [10].

In contrast to other devices, residual correction with the

TSF requires no return to the operating room and, there-

fore, less morbidity for the patient and little work for the

surgeon [3]. However, the mean values of defined angles

after deformity correction were comparable for all three

devices, but the variance of results was lower for the TSF.

In some previous studies using the TSF, the precision of

deformity correction was not evaluated [4, 6]. Other

authors reported on the accurate results of the deformity

correction, but only in a low number of patients [2]. None

of these authors did a direct comparison of the TSF with

other fixators [1–8].

Complications

Complications and problems are common regardless of the

method used [11, 24]. Except for the length gained, the

outcome measures are based on the subjective assignment

of end points and changing definitions of complications

[12]. Tetsworth and Paley likewise reported on a compar-

atively low rate of complications (36%) but did not include

pins site infections, which occurred in almost all of their

patients [29]. For such reasons, complication rates in limb

length surgery vary considerably between investigators

[11]. This clearly shows that comparative studies are nec-

essary in order to elaborate on the advantages and limita-

tions of each device. Dahl et al. have shown comparable

complication rates for the Ilizarov and De Bastiani method

when corrected for the severity of the deformity [11]. In the

present study, the two ring fixators had a tendency but not

significantly higher rate of complications according to the

three classification systems (see Table 2).

Certain types of complications seemed to be more spe-

cific for particular devices. Using a uniform pin care pro-

tocol for all three devices in our study, superficial pin

infections occurred more frequently in circular fixators

than in the unilateral Orthofix. Similar pin infection rates,

but with great variation have been reported previously for

the circular fixators, whereas remarkably low rates of pin

site problems have been reported for the Orthofix device,

especially by Italian work groups, obviously only quoting

soft tissue abscesses [16, 23], and other authors mentioning

only severe infections [12, 22]. Distinct from Paley’s

association of pin site problems and their diameter [19], the

Orthofix pins did not lead to a higher rate of pin site

infections in our study. Other authors have also found equal

infection rates between half pins and wires [30].

We observed a higher rate of temporary knee stiffness in

both groups of circular fixators, although their mean dis-

tracted distance was slightly lower than for the Orthofix

patients. The higher number of pin site problems and

temporary knee stiffness in the ring fixator groups may be

related to the soft tissue penetration of pins and wires at

multiple sites in the axial plane, causing pain in flexion and

extension. Fractures of K-wires and pins only occurred in

the Ilizarov group. Other authors have found high rates of

joint stiffness for the Orthofix, but their distracted distance

was also remarkably longer [24]. On the other hand, lower

stability of the unilateral system was evidently the cause

Fig. 1 Scattergram of the healing index (HI) versus distracted

distance (distraction gap) showing a correlation between the two

parameters for all three devices
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for a higher number of angulations during distraction (see

above).

Deformity correction is demanding and has a steep

learning curve [11]. We also found a slight but insignifi-

cantly higher rate of complications for more inexperienced

surgeons. Sluga et al. recommended the use of the TSF due

to its ease of use and a low complication rate after only five

patients treated with this device [4]. Other authors reported

on a steep learning curve using the TSF and preferred using

the Ilizarov device in their environment [1]. However, the

choice of external fixator is generally determined by the

experience and preference of the surgeon, the complexity

of the problem, and the number of sites that need treatment

[9].

The main weakness of the present study is the number of

factors that might have biased the results. This is a com-

mon finding in most studies dealing with deformity cor-

rection by external fixation. However, this study should

preferably be understood as expertise gained from a con-

secutive patient series. This study presents clinical results

in the period from September 1995 to May 2010, with 135

deformities of 80 patients. Based on the experiences of our

patient series, we redefined the indications at our institution

for the devices used in this study:

• Our findings suggest the use of the unilateral Orthofix

apparatus for simple lengthening over short to median

distances due to its simple mounting and better patient

compatibility. Further advantages are its low weight

and bulk [31] and ability to change from rigid to

dynamic fixation via a telescopic body which, thus,

promotes callus formation and ossification [10]. There

are limitations in the correction of especially residual

deformities, which also occur more frequently than in

ring fixators.

• The Ilizarov device allows corrections in multiple

planes and is cheaper than the TSF. Also, gradual

corrections of rotational deformities with simultaneous

angular deformity correction and lengthening are

possible [32], but it is complex, prone to errors [3],

and there is a steep learning curve [11, 22]. Secondary

deformities like translation may occur especially after

derotation, requiring complex trigonometric calcula-

tions and frame adjustments, which, in some cases,

have to be done while the patients are under anesthesia

[32]. We use the Ilizarov device for the correction of

simple bony deformities and pure lengthening over

long distances, treatment of nonunions, and foot

deformities.

Table 2 Total number and rate of complications (number per osteotomy) of all three devices

TSF Ilizarov Orthofix All patients P-value

Number osteotomies/number of devices

Total number of osteotomies, females 29/27 15/15 26/21 70/63 –

Total number of osteotomy, males 25/19 20/20 20/19 65/58 –

Total number of osteotomies 54/46 35/35 46/40 135/121 –

Number complications/number of devices

Total number of complications 58/46 69/35 76/40 203/121 –

Rate of complications according to Donnan et al. [20]

Grade I 51.9% (range 1–2) 48.6% (range 1–3) 41.3% (range 1–3) 47.4% (range 1–3) 0.632

Grade II 31.5% (range 1–2) 51.4% (range 1–3) 34.8% (range 1–2) 37.8% (range 1–3) 0.118

Grade III 13.0% (range 1) 22.9% (range 1–3) 45.7% (range 1–6) 26.7% (range 1–6) \0.001

Grade IV 14.8% (range 1) 31.4% (range 1–2) 19.3% (range 1–3) 20.7% (range 1–3) 0.142

Rate of complications according to Dahl et al. [11]

Minor (I) 50.0% (range 1–2) 51.4% (range 1–3) 45.7% (range 1–3) 48.9% (range 1–3) 0.754

Serious (II) 46.3% (range 1–2) 51.4% (range 1–3) 71.7% (range 1–6) 56.3% (range 1–6) \0.001

Severe (III) 13.0% (range 1) 11.4% (range 1–2) 17.4% (range 1–3) 14.1% (range 1–3) 0.734

Rate of complications according to Paley [19]

Problems (%) 59.3% (range 1–2) 60.1% (range 1–5) 47.8% (range 1–3) 55.6% (range 1–5) 0.506

Obstacles (%) 20.4% (range 1) 42.8% (range 1–2) 50.1% (range 1–3) 36.3% (range 1–3) 0.003

Major complications (%) 3.7% (range 1) 5.7% (range 1) 8.7% (range 1–2) 5.9% (range 1–2) 0.563

Minor complications (%) 5.6% (range 1) – 4.3% (range 1) 3.7% (range 1) 0.386

Late complications (%) 3.7% (range 1) 14.3% (range 1–2) 10.9% (range 1) 8.9% (range 1–2) 0.184

The rate of complications is presented using the classification systems by Dahl et al. [11], Donnan et al. [20], and Paley [19]. The Kruskal–Wallis

test was used for the calculation of P-values
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• In our series, the Taylor Spatial Frame achieved the

most accurate results and was the easiest device to

handle for the surgeon with the lowest number of

complications, despite a relatively higher number of pin

site problems and rate of reduced knee motion for ring

fixators. In combination with computer software, by

adjusting only the strut lengths on a simple frame, it

allows multiplanar corrections also of residual defor-

mities without complex modifications of the device.

But, due to the remarkably higher costs, it has not yet

been established as our routine device
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