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ACKGROUND CONTEXT: Scoliosis is a 3D deformity of the spine in which vertebral rotation

plays an important role. However, no treatment strategy currently exists that primarily applies a

continuous rotational moment over a long period of time to the spine, while preserving its mobility.

We developed a dynamic, torsional device that can be inserted with standard posterior instrumenta-

tion. The feasibility of this implant to rotate the spine and preserve motion was tested in growing

mini-pigs.

PURPOSE: To test the quality and feasibility of the torsional device to induce the typical axial

rotation of scoliosis while maintaining growth and mobility of the spine.

STUDY DESIGN: Preclinical animal study with 14 male, 7 month old Gottingen mini-pigs. Com-

parison of two scoliosis induction methods, with and without the torsional device, with respect to

3D deformity and maintenance of the scoliosis after removal of the implants.

METHODS: Fourteen mini-pigs received either a unilateral tether-only (n=6) or a tether combined

with a contralateral torsional device (n=8). X-rays and CT-scans were made post-operative, at 8

weeks and at 12 weeks. Flexibility of the spine was assessed at 12 weeks. In 3 mini-pigs per condi-

tion, the implants were removed and the animals were followed until no further correction was

expected.

RESULTS: At 12 weeks the tether-only group yielded a coronal Cobb angle of 16.8§3.3˚For the

tether combined with the torsional device this was 22.0§4.0˚. The most prominent difference at 12

weeks was the axial rotation with 3.6§2.8˚ for the tether-only group compared to 18.1§4.6˚ for the

tether-torsion group. Spinal growth and flexibility remained normal and comparable for both

groups. After removal of the devices, the induced scoliosis reduced by 41% in both groups. There

were no adverse tissue reactions, implant complications or infections.

CONCLUSION: The present study indicates the ability of the torsional device combined with a

tether to induce a flexible idiopathic-like scoliosis in mini-pigs. The torsional device was necessary

to induce the typical axial rotation found in human scoliosis.
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CLINICAL SIGNIFICANCE: The investigated torsional device could induce apical rotation in a

flexible and growing spine. Whether this may be used to reduce a scoliotic deformity remains to be

investigated. © 2021 The Author(s). Published by Elsevier Inc. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
Keywords: A
nimal research; Dynamic implants; Etiopathogenesis; Growing spine; Growth modulation; Innovative tech-

nique; Motion preserving; Rotational device; Scoliosis
Introduction

Adolescent Idiopathic Scoliosis (AIS) is a complex

three-dimensional (3D) deformity of the spine. This defor-

mation develops in 2-3% of the growing population and

progresses into a deformation that needs medical attention

in about 10% of the patients [1]. The deformity is character-

ized by axial rotation, apical lordosis and lateral deviation

of the spine, with most of the deformity occurring in the

disks [2]. This has led to the concept that vertebral rotation

and subsequent disk response plays an important role in the

initiation and further development of the deformity [3-5].

Currently, children with smaller curves with a proven ten-

dency to progress are treated in a brace in an attempt to halt

progression during the vulnerable growth period until the

spine has matured. This treatment has shown some efficacy;

however, this strongly relies on patient compliance. Unfor-

tunately, achieving complete patient compliance is difficult

since the brace should be worn for a considerable period of

time during, in a crucial phase of both emotional and physi-

cal pubertal development [6]. The end result is often disap-

pointing with a significant residual curve up to 50 degrees

and in 25% of braced patients, surgery is still required

despite adequate brace treatment [6]. A potentially more

effective treatment strategy could be an internal brace that

transmits the corrective forces directly to the spine and

enforces 100% compliance. Because of the prominent rota-

tional component in scoliosis, such an internal brace device

should exert an axial, derotational torque to the spine. In

order to allow derotation, posterior lengthening should be

applied to facilitate the longer anterior column in scoliosis

to derotate back to the midline. Furthermore, the implant

should be flexible to keep the spine mobile and allow for

growth. Based on our previously developed torsional device

[7]. and our experience with posterior spring distraction in

early onset scoliosis treatment [8], we developed a combi-

nation of these devices to generate both posterior distraction

and axial plane rotational force. This Double Spring Reduc-

tion (DSR) concept could revolutionize scoliosis treatment

as it has the potential to reduce the curve and even return

the spine to a great extent into its normal alignment and bio-

mechanical function.

Ideally, this concept should be investigated in a true sco-

liosis model. However, due to the unique biomechanical

features of the human spine, accurate preclinical animal

models do not exist [9]. A numerical, finite element model

could offer an alternative, and even make personalized

treatment possible, but deriving accurate (personal)
mechanical data of the spine is not yet possible [10-13].

A surrogate method is to investigate the ability of the indi-

vidual or combined components to induce and subsequently

reduce scoliosis-like deformities in a growing animal

model. Rigorous induction methods like rib fusions or uni-

lateral rods that fuse the spine are less optimal from that

perspective, as the deformity is often very rigid, uniplanar,

unpredictable, and thus behaves more like a congenital sco-

liosis [9,14,15]. A more relevant induction method is

through unilateral flexible posterior tethering [15,16]. How-

ever, the fixations often fail especially due to the large

forces generated during the growth spurt in domestic large

animals. Mini-pigs have been proposed as an animal model

because of a more moderate growth during a period of

2 years. This diminishes the tension on the bone-implant

interface [17,18]. While unilateral flexible posterior tether-

ing has been able to induce a flexible scoliosis, not much

rotation is achieved [15,16].

The aim of this study was to test the feasibility and qual-

ity of the torsional device in combination with a contralat-

eral tether to induce the typical axial rotation of scoliosis

while maintaining growth and mobility of the spine.

Materials and methods

Ethical review and study design

This study was approved by the Animal Experiments

Committee of the [19]. Six mini-pigs received a left-sided

posterior tether only and eight pigs concurrently received the

torsional device on the contralateral side. As we expected

more variance in the results of the torsional device due to

the additional force and higher chance of failure, we included

two more animals in this group. Development of scoliosis

was monitored with 3D radiological imaging for 3 months.

Fluoroscopy movies were made directly after removing the

implants to assess flexibility of the spine. Three mini-pigs

per condition were followed after removal of the implants to

determine the consistency of the deformity.

Animals

We used 14 male G€ottingen mini-pigs (Ellegaard

G€ottingen mini-pigs, Denmark), aged 7.6 months (range

7.5-7.8) at index surgery.

Devices

The tether consisted of an ultra-high molecular weight

polyethylene (Dyneema, The Netherlands) rope with a

http://creativecommons.org/licenses/by/4.0/
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thickness of 2 mm and an ultimate strength of 2500 N/mm2.

The tether can be loosely tensioned by guiding the rope

through a custom-made buckle of 2 stainless steel rings

(EN 1.4404 / AISI 316L) (Fig. 1a). The torsional device is a

further development of a previously used version [7]. The

device consists of two medical grade Titanium (Ti6Al4V)

U-loops with sliding connectors that contain type PA2200

nylon bearings and two torsion springs in series, made of a

nickel-cobalt alloy (MP35N) with a lockable connector in

between (Fig. 1b). The torsion springs generate a torque of

2.03§0.043 Nm by a 45˚ rotation in each direction (clock-

wise or counter clockwise) (Fig. 2). All connectors can be

mounted to a customized 4.5 mm rail-type transverse rod

that is fixed with bilateral pedicle screws (MESA, Stryker
Fig. 1. Induction implants. (a) Tethe
Spine, USA). These cranial and caudal anchors can slide

longitudinally over the U-loops to transfer the torque while

still allowing growth and spinal motion. The U-loops have

been designed such that with spinal growth, the anchors

slide from the flexible arms of the U-loop to the stiffer

semicircular part at the end. This counteracts the decrease

in torsion in the springs that occurs with apical rotation dur-

ing follow-up, resulting in torque that remains relatively

constant over time [20]. The torsional device allows 5.0 cm

of growth, 2.5 cm on both the cranial and caudal side. Pre-

implantation fatigue experiments were done according to

ASTM F2624 standards. The implants successfully com-

pleted 1.500.000§100.000 fatigue cycles, simulating a life

span of 12 years. The wear on the bearings after 1.500.000
r-only and (b) Tether-torsion.



Fig. 2. Induction method (a) the connector in between the springs was

rotated 45˚ counter-clockwise (when looking from cranial to caudal) and

locked into the apical anchor. (b and c) The spring then applies a torque of

approximately 2 Nm in the clockwise direction.
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cycles was 38§ 1.2 mm3 per bearing, without metal-to-

metal contact. The entire implant was made for human

implantation and the size used in this study is appropriate

for clinical application.
Surgery

Perioperative antibiotic prophylaxis was given with

Amoxicillin/clavulanic acid (10 mg/kg). After anesthesia

with Propofol (4.5 mg/kg/h), Remifentanyl (0.007 mg/kg/h)

and Cisatracurium (0.7 mg/kg/h), the back was shaved

and decontaminated with Chlorhexidine and Iodine. After

radiological identification of the spinal levels, a midline

skin incision was made to expose the spinal musculature.

Pedicle screw insertion was done by a spine surgeon (MK)

via a Wiltse type approach to minimize disturbance of the

periosteum. Bilateral bicortical pedicle screws for a 4.5mm

rod system were placed in each of the vertebrae T10, T14

(G€ottingen mini-pigs have 15 thoracic vertebrae) and L3

under fluoroscopic guidance, with three free vertebrae

between each instrumented vertebra. For each vertebra the

screws were connected with a customized transverse bridge

resembling a rail rod. Cerclage wires were used to protect

the proximal and distal anchors from pulling out due to the

tether force. The tether was always placed on the left side

and looped around the proximal and distal screws. It was

minimally tensioned such that there was no play in the

cord, but without enforcing scoliosis and locked by four flat

knots.

The torsional device was placed on the right side intra-

muscularly. The sliding and apical connectors were placed

on the rail and locked. Then the connector in between the

springs was rotated 45˚ counter-clockwise (when looking in

a cranio-caudal direction) and locked into the apical anchor.

The spring will then apply a continuous torque of approxi-

mately 2 Nm in the clockwise direction (as commonly seen

in idiopathic scoliosis) during follow-up. Before closure,

the surgical site was thoroughly irrigated with sterile saline
and 5 cc of Depomycine (200mg/ml) was dripped into the

wound. After closure in three layers, sterile gauzes soaked

in povidone-iodine (10%) were placed over the wound with

transparent foil (3M Tegaderm Transparent Film Roll, 3M,

USA) and fastened with brown tape. Immediately after sur-

gery, AP and lateral X-rays and CT’s of the anaesthetized

pigs were taken with a motorized C-arm (Allura FD20, Phi-

lips, Netherlands). The positioning of the mini-pigs for

imaging was standardized, with front and back feet pointing

forward under the body.
Follow-up

After recovery, the pigs were returned to the other mem-

bers of the herd and checked daily. After 8 and 12 weeks,

AP and lateral radiograph and a CT scan were made under

sedation with Ketamin (13 mg/kg), Midozolam (0,7 mg/kg)

and Atropine (0,05 mg/kg) without the need for intubation.

Fluoroscopy movies were made during application of 3-

point manual bending forces (at apex and contralaterally at

the distal and proximal foundations) to assess spinal flexi-

bility after removal of the implants at 12 weeks. To study

the behavior of the scoliosis without instrumentation, 3 ani-

mals in each condition were followed after removal of the

devices until the scoliosis reached a plateau phase and we

expected no more correction.

Sagittal and coronal angulations were measured of the

instrumented segments in the anatomical plane (using plain

radiographs without correction for 3-dimensional devia-

tions) with the Cobb method. Growth of the implant was

determined from CT scans by measuring the distance

between the superior pedicle screw heads of (T10, T14 and

L3) on both the convex and concave side. These same CT

scans were used to assess apical rotation using a semiauto-

matic image processing technique and software (Scoliosi-

sAnalysis 4.1, [19]). By manually angulating a plane in the

3 orthogonal directions the endplates were visualized in the

true transverse plane. The software drew a straight line

between the geometric centers of the vertebral body and

spinal canal. The angle of these lines was calculated to

determine the apical vertebral rotation relative to the distal

and proximal vertebrae [21]. A x-y-z coordinate model was

created of each vertebra based on the bony contours from

the “true” transverse sections of the endplates. Based on

this model, anterior and posterior length of the disks and

vertebrae were calculated. A relative measure was used

for comparisons: (AP% = The anterior length - posterior

length) / posterior length * 100%) [21].
Implant inspection

After explantation the torsional devices were sent to the

biomechanical laboratory ([19]) for inspection. Spring func-

tion and wear of the bearings were compared with the con-

dition before implantation.
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Statistical analysis

For comparison between post-operative and end of fol-

low-up, t-test or paired sample t-test were used. For data

appearing non-normally distributed, Mann-Whitney u-test

or Wilcoxon test were used. A p-value < 0.05 was consid-

ered significant. Descriptive statistics and statistical analy-

sis were performed with IBM SPSS Statistics 24.0 (IBM

Corp. Armonk, New York, NY, USA).
Results

General

At the time of surgery, the mean age of the mini-pigs

was 7.6§0.1 months and the mean weight was 20.1§
1.4 kg. Three months after surgery, the weight had

increased to 30.2§2.5 kg. The growth was according to

their normal growth charts. All surgeries were uneventful

and there were no complications in terms of wound infec-

tion or implant failure. Postoperative radiographs confirmed

correct positioning and minimal tension on the tether. After

3-months, all animals had developed a coronal Cobb angle

varying between 10˚ and 30˚ (mean 19.3˚). All the curves

were as intended including sagittal lordosis. CT analysis

did not show spontaneous fusions or ectopic ossifications.

Upon retrieval of the implants there were no signs of exces-

sive wear or metal debris. The springs were encapsulated

with scar tissue but this did not hamper their torsional func-

tion (Fig. 3).
Fig. 3. (a) Intra-operative view of the rotational implant after 3 months (b)

Rotational implant after explantation.

Table 1

Coronal and Sagittal angles measured on X-rays and axial rotation on mea-

sured CT-scans (in degrees)

Tether only

(N=6)

Tether-torsion

(N=8)

p value

Coronal Cobb angle (°)
Post-operative 0.6§0.4 3.8§3.1

12 week follow-up 16.8§3.3 22.0§4.0

Increase 15.2§3.8 18.2§4.2 .19

Instrumented lordosis (°)
Post-operative 3.8§4.5 -3.7§6.5

12 week follow-up 12.0§5.0 11.5§3.7

Increase 8.1§7.0 15.1§8.3 .12

Axial Rotation (°)
Post-operative 2.3§1.9 6.5§2.7

12 week follow-up 3.6§2.8 18.1§4.6

Increase 1.3§4.3 11.6§5.2 <.01*

* Significant difference.
Radiological measurements

Standard deviations and significance of all measure-

ments are provided in Table 1, 2 and 3. For the tether-only

group, the mean coronal Cobb angle increased from a mean

of 0.6˚ immediately after surgery to 16.8˚ at 12 weeks. For

the tether-torsion group this was from 3.8˚ to 22.0˚. In the

plain X-ray sagittal plane, the instrumented lordosis

increased from a natural 3.8˚ after surgery to 12.0˚ for the

tether-only group and from -3.7˚ (kyphosis) to 11.5˚ (lordo-

sis) for the tether-torsion group. As expected, the most

prominent differences were observed for apical rotation,

measured on the 3D reconstructions. For the tether-only

group, this hardly increased from 2.3˚ to 3.6˚. The tether-

torsion group showed an obvious increase from 6.5˚ to

18.1˚ (Figure 4, 5 and 6). The mean anterior to posterior

length difference for the whole spine, measured in the

“true” sagittal reconstructed plane, was 1.5% for the tether-

only group and 1.6% for the tether-torsion group. For the

bony vertebrae this was minimal, whereas this AP% obvi-

ously increased in the discus: 13.4% for the tether-only

group and 21.3% for the tether-torsion group (Fig. 7).

Instrumented growth was 1.1 cm on the concave and

2.0 cm on the convex side for the tether-only group and

1.2 cm on the concave and 1.9 cm on the convex side for

the tether-torsion group.
After removal of the implants (3 tether-only and 3 tether-

torsion minipigs), mobility was assessed with 3 point bend-

ing on video fluoroscopy. The coronal angles before and

after bending changed 5.1§1.2˚ for the tether-only group



Table 2

Concave and convex instrumented length measured on CT-scans (in mm)

Tether only

(N=6)

Tether-torsion

(N=8)

p value

Concave height (mm)

Post-operative 159.1§2.8 161.6§5.2

12 week follow-up 170.3§7.0 173.4§4.2

Increase 11.3§4.3 11.8§5.8 .86

Convex height (mm)

Post-operative 160.6§1.8 164.5§5.8

12 week follow-up 180.2§3.8 183.7§6.5

Increase 19.6§3.7 19.3§3.7 .83

Table 3

Anterior-posterior percentage (AP%) over time measured on CT-scans

AP%* Tether only

(N=6)

Tether-torsion

(N=8)

p value

Total Spine (%)

Post-operative 0.6§1.0 0.5§1.2

12 week follow-up 2.2§1.0 2.1§0.9

Increase 1.5§0.9 1.6§1.4 .88

Vertebral bodies (%)

Post-operative -1.3§0.6 -1.8§1.1

12 week follow-up -1.5§0.9 -1.8§1.2

Increase 0.1§0.9 0.0§1.2 .97

Intervertebral disks (%)

Post-operative 15.8§8.0 18.3§10.3

12 week follow-up 29.2§4.4 39.2§9.9

Increase 13.4§6.9 21.3§6.6 .04y

* A positive percentage indicates a larger anterior length compared

to posterior length.
y Significant difference.
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and 4.9§1.6˚ for the tether-torsion group, there was no indi-

cation of fused segments. The animals that were followed

after removal of the implants showed some reduction of the

scoliosis during the first 4 weeks, which remained stable up

to 8 weeks. For the tether-only group, the coronal deformity

decreased from 17.7§2.6˚ to 10.5§4.9˚ = -41% and the
Fig. 4. Radiographs of tether-only condition normalized for size. (a) Anterior-posterior directly post-operative (b) at 12 weeks and (c) 8 weeks after tether

release (d) Lateral directly post-operative (e) at 12 weeks and (f) 8 weeks after tether release.

Note the increase in length.



Fig. 5. Radiographs of tether-torsion condition normalized for size. (a) Anterior-posterior directly post-operative (b) at 12 weeks and (c) 8 weeks after tether

release and implant removal (d) Lateral directly post-operative (e) at 12 weeks and (f) 8 weeks after tether release and implant removal.

Note the increase in length.

ARTICLE IN PRESS

S.P.J. Wijdicks et al. / The Spine Journal 00 (2021) 1−11 7
axial rotation remained minimal, from 4.2§3.0˚ to 4.4§
2.2˚ = +4%. In the tether-torsion group, the coronal defor-

mity decreased from 24.8§1.6˚ to 14.5§3.5˚ = -41% and

the axial rotation from 18.9§0.7˚ to 15.8§3.2˚ = -16%.
Inspection of the retrieved implants

The nylon bearings showed some wear consistent with

movement. Wear was not enough to cause metal-to-metal
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contact. The springs and U-loops maintained their integrity.

The rotational torque of the springs remained unchanged

with 2.08§0.051 Nm at 45˚ rotation. The wear of the bear-

ings was in line with the fatigue experiments, 1.2§0.13

mm3 per bearing.
Discussion

The ultimate purpose of the implant we developed is to

reduce the rotation component of a scoliotic spine, because

we consider this the most important aspect of idiopathic

scoliosis. Since no animal model exists that develops a sco-

liosis spontaneously, that is similar to human idiopathic

scoliosis, we decided to test the implant on vertebrae that

will not normally develop a rotational deformity. For that

purpose, scoliosis was induced in mini-pigs using a
Fig. 6. Deformation in time per sample of the tether-only (n=6) and tether-torsio

weeks, at 12 weeks, after explantation and pre-termination (b) Instrumented Lordo

explantation and pre-termination (c) Axial rotation after implantation, at 8 weeks,
unilateral tether with or without the addition of the torsional

device. Although similar coronal curves were induced with

both treatments, only the torsional device achieved signifi-

cant intervertebral rotation similar to human idiopathic sco-

liosis. This characteristic apical rotation remained most

prominent after removal of the torsional device, indicating

a permanent change of especially the intervertebral disks

without ankylosis of the facets. Furthermore, one of the

main advantages in the predictability of the coronal curve

in combination with the significant rotation at the end of

induction. These findings are promising for the ability of

the torsional device to reduce the rotational component of

scoliosis in the clinical setting.

To address the coronal and sagittal components of a real

scoliosis, a distraction force should be added to the tor-

sional device, in order to provide room for the longer
n (n=8) condition in degrees (˚). (a) Coronal angles after implantation, at 8

sis in the anatomical plane after implantation, at 8 weeks, at 12 weeks, after

at 12 weeks, after explantation and pre-termination.



Fig. 6. Continued
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anterior column, that is an integral part of the deformity, to

swing back to the midline. Spring distraction techniques

that we currently use, investigate and have reported on for

early onset scoliosis treatment offer a reliable possibility to

reach that goal [8]. Based on these results we can begin

implementing derotation and distraction Double Spring

Reduction (DSR) concept in pre-clinical studies. We do

realize that there are no true (animal) models for idiopathic

scoliosis and testing the DSR or its components in an ani-

mal spine, that would normally not develop this deformity,

is the second best experimental set up [9]. Therefore, we

believe that the subsequently obtained scoliotic animal

model in this study may be the most appropriate model to

investigate the entire DSR reduction strategy.
Fig. 7. Anterior-posterior % (AP%) over time for total instrumented spine, the b

indicates a larger anterior length compared to posterior length. Error bars indicate
Previously different animal models have been investi-

gated in sheep, goats, pigs and mini-pigs. We preferred the

porcine model because of similarities of the vertebrae to the

human spine [22-28]. Mini-pigs were chosen because of a

more steady growth over 2 years, which is an advantage

compared to the steep and short growth spurts of domestic

cattle [16,29]. This gives us a sufficiently remaining growth

period after induction to investigate a scoliosis reduction

device. Moreover, the steady moderate growth diminishes

the tension on the bone-implant interface and allows grad-

ual induction of scoliosis. [17,18]. We did investigate a pre-

vious version of the torsional device in domestic pigs,

where it was used stand alone. In that study we similarly

found rotation, but limited to 9 degrees and only minimal
ony vertebrae and the disks in the true lateral plane. A positive percentage

SD, * = Significant.
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coronal deformation of 6 degrees, which cannot be regarded

as a suitable model for scoliosis [7]. In the current mini-pig

model, including a contralateral tether, the mean coronal

curves were 19 degrees, which we consider as relevant

although smaller than other studies where more aggressive

techniques were used in faster growing animals [14,15,30-32].

However, more important than coronal curve size is that the

curves are consistent, the spine remains mobile and includes

all 3D characteristics, including axial rotation and anterior

lengthening in the disk, of idiopathic scoliosis [7].

To our knowledge, the scoliosis obtained with the tor-

sional device resembles idiopathic curvatures more closely

than any other current animal model. This is mainly due to

the apical rotation with imposed anterior length increase, as

is typical for human scoliosis [33]. This anterior length

increase was subtle and only in the relatively small disks,

therefore it was only apparent in 3D reconstructed images

and not evident with plane X-rays. Other important aspects

of the implant are enabling growth and maintaining spinal

mobility. Both appeared favorably, as there was no differ-

ence in growth of the convex side with or without the tor-

sional device. Flexibility was confirmed after 12 weeks,

however this could not be compared to untouched spines.

Clinical relevance

In this study we only investigated the feasibility of the

torsional device. To determine its potential for clinical use,

preclinical efficacy studies will be a next step. Fortunately,

the induced scoliosis appears to be a very suitable model

for that, including the fact that the coronal curve remained

at about 60% after the instrumentation was removed. This

reduction is also seen in other studies without fusion

[10,27]. In our opinion the observed reduction confirms the

idiopathic-like nature of the curve as the spine remains

mobile and returns to a stable state. Interestingly, the rota-

tional component appears to be persistent in the tether-tor-

sion group after instrumentation was removed. This

strengthens our believe that, in scoliosis, the disk is the first

and most important structure to address.
Limitations

Currently it is unknown if the induced curvature is pro-

gressive due to the short time span of intervention and

explantation. Furthermore, while we compared a torsional

device with a tether to a tether only, we did not compare

with a third group; torsional only. Before starting this trial

we already had data on the torsional only implant in domes-

tic pigs, but further research will be done on implanting a

torsional only device in mini-pigs. Because some correc-

tions in the mobile spine is lost after explantation, the

reduction effect of implants in a second stage should still be

compared to a control group. We realize that while these

results are promising, we will not proceed to human clinical

trials before further pre-clinical testing.
Conclusion

The present study indicates the feasibility of a torsional

device to induce intervertebral rotation as part of an idio-

pathic-like scoliosis in mini-pigs. During the induction

period, the spine retained growth capacity and mobility.

After removal of the implant, rotational and coronal defor-

mity remained. Further studies are currently in development

to determine efficacy of this device for the treatment of

scoliosis.
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