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Abstract
Purpose The purpose of the study was to describe a novel growth guidance system, which can avoid metal debris 
and reduce the sliding friction forces, and test the durability and glidability of the system by in vitro test.

Method Two major modifications were made to the traditional Shilla system, including the use of ultra-high 
molecular weight polyethylene (UHMWPE) gaskets to avoid direct contact between the screw and rod, and polishing 
the surface of the sliding part of the rod. We tested the durability of the system by a fatigue test, which the samples 
were test on the MTS system for a 10 million cycle of a constant displacement. Pre and post-testing involved weighing 
the UHMWPE gaskets and observing the wear conditions. The sliding ability were measured by a sliding displacement 
test. The maximum sliding displacement of the system was measured after a 300 cycles of dynamic compressive loads 
in a sinusoidal waveform.

Results After the fatigue test, all the UHMWPE gaskets samples showed some of the fretting on the edge of the inner 
sides, but its still isolated and avoided the friction between the screws and rods. There was no production of metallic 
fretting around the sliding screws and rods. The average wear mass of the UHMWPE gaskets was 0.002 ± 0.001 g, less 
than 1.7% of the original mass. In the sliding test, the novel growth guidance system demonstrated the best sliding 
ability, with an average maximum sliding distance(AMSD) of 35.75 ± 5.73 mm, significantly better than the group of 
the traditional Shilla technique(AMSD 3.65 ± 0.46 mm, P < 0.0001).

Conclusion In conclusion, we modified the Shilla technique and designed a novel growth guidance system by 
changing the friction interface of sliding screw and rod, which may significantly reduce the metallic debris and 
promote spine growth. The fatigue test and sliding dislocation test demonstrated the better durability and glidability 
of the system. An in vivo animal experiment should be performed to further verify the system.
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Introduction
The treatment of early onset scoliosis (EOS) is a com-
plex matter. While braces and casts may be effective in 
controlling and preventing curve progression in smaller 
curves, larger curves may require surgery. It is important 
to note that the primary goals of EOS surgery are to cor-
rect the curvature and preserve the growth potential of 
the spine. Currently, there are three main categories of 
EOS surgery techniques: distraction-based techniques, 
growth guidance techniques, and hybrid techniques [1]. 
The representative of distraction-based technique is tra-
ditional growing rods, which have the strong power to 
correct the curvature and preserve the growth potential 
[2]. However, regularly scheduled distraction surgery 
under general anesthesia, poor control of apical curva-
ture, and the high risk of implant failure are the main 
drawbacks of the traditional growing rods [3, 4]. While 
magnetically controlled growing rods may avoid repeated 
surgeries under general anesthesia, they still have some 
disadvantages, including the high risk of implant failure, 
limited correction ability, and inability to be applied to 
severe EOS patients [5].

McCarthy initially invented the Shilla technique, which 
is the most widely used growth guidance technique [6]. 
The Shilla system was initially tested in goats to prove 
the ability to preserve the growth potential of the spine. 
The concept of the Shilla system is guiding spinal coro-
nal alignment into a straighter alignment and utilizing 
the inherent growth potential of children’s vertebral col-
umn to allow the spine to grow. The core part of Shilla 
system is Shilla screws or sliding screws, which is a poly-
axial pedicle screw with a locking cap that can only lock 
the top of the screw but capture the rod, allowing the 
screw can slide with the rod in a longitudinal direction. 
At the apex of scoliosis, traditional fixed-head pedicle 
screws are placed, and multiple levels of osteotomies are 
performed, to correct the curve maximally. The Shilla 
screws are placed at the two ends of the curve through 
the muscle layer, allowing the spine to grow and maintain 
the coronal and sagittal alignments.

According to the clinical reports from McCarthy, the 
Shilla system has demonstrated the abilities to correct 
curvature, allow the spine and lung cavity to grow, and 
significantly reduce the number of surgeries compared to 
the traditional growing rods [7, 8]. However, the increas-
ing use of the Shilla system in EOS patients has raised 
concerns among surgeons about its weaker ability to pro-
mote growth compared to traditional growing rods [9, 
10], as well as the potential adverse effects caused by the 
metal debris created by the friction of Shilla screws and 
rods in vivo [11, 12].

In order to reduce the metal debris and improve the 
sliding ability, we modified the traditional Shilla system 
and named it as the novel growth guidance system. Our 

design was granted an utility patent in People Republic of 
China(CN202121171449.6). In this study, we described 
the design of the novel growth guidance system, and 
reported the preliminary in vitro experiments results.

Material and method
Design of the novel growth guidance system
The Novel Growth Guidance System was designed with 
titanium alloy Ti-6Al-4 V 4.5-mm diameter rods or 5.5-
mm diameter rods, fixed-head screws and poly-axial 
screws. We made two main modifications to the tradi-
tional Shilla system. The first modification, which is also 
the highlight of the design, we put two ultra-high molec-
ular weight polyethylene (UHMWP) gaskets on the slid-
ing parts of the rod. The UHMWPE gaskets is thin in the 
middle and thick on the sides, which can be perfectly fit-
ted into the tulip of the sliding screw and locked by the 
nut (Fig. 1). The outer diameter of the two ends is bigger 
than the inner distance of the tulip of the screw, in order 
to avoid the gasket sliding out of the screw. This design 
may avoid direct friction between the screw and rod, not 
only to avoid metal debris but also to reduce the sliding 
friction forces.

Second, we polished the surface of the sliding parts of 
the rod, to reduce the friction force between the sliding 
screws and the rods (Fig. 1). The un-polished part of the 
rods is locked by the fixed screws with the nuts, which 
are the screws placed at the apex vertebrae. The polished 
parts of the rod is designed to be captured by the slid-
ing screws, which are placed at the two ends of curve, 
to decrease the friction forces for better growing of the 
spine.

In vitro fatigue test
In order to ensure that the UHMWPE gaskets do not 
experience significant wear and tear in vivo, we con-
ducted an in vitro fatigue test by using the MTS testing 
system. The novel growth guidance system(4.5-mm sys-
tem) was installed on the simulated vertebrae (UHM-
WPE module) and tested by MTS test system. The 
sliding poly-axial pedicle screws were placed on the 
upper simulated vertebra and captured polished parts 
of the rods with the UHMWPE gaskets. The fixed-head 
pedicle screws were placed on the lower simulated verte-
bra and locked un-polished part of the rods (Fig. 2). The 
simulated vertebrae were spaced 30  mm apart initially. 
The MTS testing system applied dynamic compressive 
displacement in a sinusoidal waveform to the samples, 
with a constant displacement of 10 mm and a frequency 
of 5  Hz, totaling 10  million cycles, roughly equivalent 
to 10 year of walking in a child [6]. Pre and post-testing 
involved weighing the UHMWPE gaskets using analytical 
scales and observing their wear conditions. Three sets of 
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samples were tested, resulting in a total of six UHMWPE 
gaskets being weighed and observed.

In vitro sliding displacement test
To further test the sliding ability of the novel growth 
guidance system, we conducted an in vitro sliding dis-
placement test by using the MTS testing system. We set 
4 groups, 5 samples in each groups: Sliding screw capture 

un-polished rod without UHMWPE gaskets(Group 
A), sliding screw capture with polished rod without 
UHMWPE gaskets(Group B), sliding screw capture un-
polished rod with UHMWPE gaskets(Group C), slid-
ing screw capture polished rod with UHMWPE gaskets 
(Group D) (Fig.  3). All the groups of the implants were 
installed on the simulated vertebrae same as the way of 
fatigue test. The MTS testing system applies dynamic 
compressive loads to the samples in the form of a sinusoi-
dal waveform, with a maximum load of 50 N, a minimum 
of 5 N, and a frequency of 5 Hz, totaling 300 cycles. This 
pattern of the motion can mimic the motion of the Shilla 
system in vivo. After the tests, the maximum sliding dis-
placement of the sliding screws was measured.

Statistical analysis
Statistical analysis was performed using GraphPad 
Prism8 (version 8.0.2, GraphPad Software, California, 
USA). Data were shown as mean ± standard deviation 
(S.D.). Difference among three or more groups was mea-
sured by two-way analysis of variance (ANOVA). Statisti-
cal significance was considered at P < 0.05.

Results
In vitro fatigue test
After the 10 million cycle of the test, all the UHMWPE 
gaskets samples showed some of the fretting on the edge 
of the inner sides, but its still isolated and avoided the 
friction between the screws and rods (Fig. 4). There was 
no production of metallic fretting around the sliding 
screws and rods. The average wear mass of the UHM-
WPE gaskets was 0.002 ± 0.001  g, less than 1.7% of the 
original mass (Table 1).

In vitro sliding displacement test
The MTS test system can automatically measure the max-
imum sliding displacement in real time. Figure  5 shows 

Fig. 2 The sample of the novel growth guidance system installed on the 
MTS test system. The novel growth guidance system (4.5-mm system) was 
installed on the simulated vertebrae (UHMWPE module) and tested by 
MTS test system. The sliding poly-axial pedicle screws were placed on the 
upper simulated vertebra and captured polished parts of the rods with 
the UHMWPE gaskets. The fixed-head pedicle screws were placed on the 
lower simulated vertebra and locked un-polished part of the rods

 

Fig. 1 The design of the novel growth guidance system. Figure 1a shows the UHMWPE gasket. Figure 1b shows the UHMWPE gasket can be perfectly 
fitted into the tulip of the sliding screw and locked by the nut. Figure 1c shows the longitudinal section of the sliding screw with gasket assembled. Fig-
ure 1d shows the rod, the sliding part of the rod was polished, the middle part of the rod was un-polished
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the sliding displacement-cycle curves for the four groups 
of samples. The group A, the sliding screw capture un-
polished rod without UHMWPE gaskets, represented the 
traditional Shilla system. The average maximum sliding 
displacement(AMSD) of Group A was 3.65 ± 0.46  mm. 
The group B, the sliding screw capture polished rod 
without UHMWPE gaskets, represented changing the 
rods surface of the traditional Shilla system. The AMSD 

of Group B was 7.27 ± 0.46  mm. The group C, the slid-
ing screw capture un-polished rod with UHMWPE 
gaskets. The AMSD of Group C was 27.89 ± 2.84  mm. 
The The group D, the sliding screw capture polished 
rod with UHMWPE gaskets, represented the Novel 
Growth Guidance System. The AMSD of Group D was 
35.75 ± 5.73  mm. Through two-way ANOVA, we found 
that there was no significant difference in the AMSD 

Fig. 4 The UHMWPE gaskets samples after the fatigue test. The UHMWPE gaskets samples showed some of the fretting after the fatigue test, but its still 
isolated and avoided the friction between the screws and rods

 

Fig. 3 Four groups of samples were installed on the MTS test system. Figure 3a and b are the pre- and post-test of Group A, which is the sliding screw 
capture un-polished rod without UHMWPE gaskets. Figure 3c and d are the pre- and post-test of Group B, which is the sliding screw capture with polished 
rod without UHMWPE gaskets. Figure 3e and f are the pre- and post-test of Group C, which is the sliding screw capture un-polished rod with UHMWPE 
gaskets. Figure 3g and h are the pre- and post-test of Group D, sliding screw capture polished rod with UHMWPE gaskets
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between Group A and Group B (P = 0.4666), but from the 
data and curves, it became apparent that Group B exhib-
ited AMSD twice as large as that of Group A. Therefore, 
it can be inferred that polishing the surface of the rod 
can reduce sliding friction, promoting the relative slid-
ing between the sliding screw and rod. The AMSD of 
Group C was significantly greater than that of Group A 
(P < 0.0001), and the AMSD of Group D was significantly 
greater than that of Group B (P < 0.0001), indicating that 
regardless of whether the rod surface been polished, the 
use of UHMWPE gaskets can reduce sliding friction and 
promote the relative sliding between the sliding screw 
and rod. Among the four groups, the AMSD of Group 
D was significantly greater than that of the other three 
groups (Group D/Group A P < 0.0001, Group D/Group B 
P < 0.0001, Group D/Group C P = 0.0095), indicating that 
the Novel Growth Guidance System had the best sliding 
performance (Fig. 5).

Discussion
Growth guidance system was developed from the tech-
nique of Luque Trolley. Initially, the Luque Trolley tech-
nique employed sublaminar wires and stainless steel 
rods to correct scoliosis and allow for spinal growth [13]. 
However, the implantation of sublaminar wires could 

strip the peritoneal of spine, caused interlaminar ankylo-
sis and eventually autofusion [14]. Additionally, sublami-
nar wires had limit corrective forces over the vertebra. 
With the advancement of pedicle screw technology and 
spinal correction techniques, particularly vertebral dero-
tation techniques, McCarthy improved the Luque Trolley 
technique and invented the Shilla technique. Shilla tech-
nique corrected the apex of the scoliosis maximally with 
osteotomies and vertebra derotation, by using the fixed-
head pedicle screw. At the two ends of the scoliosis, the 
Shilla screws were placed to allow the spine growing in 
a normal alignment with the inherent growth potential 
of the spine. The animal experiment result supported the 
use of the Shilla system in humans by allowing for con-
tinued guided growth. Subsequent clinical studies have 
confirmed that the Shilla technique can be widely used 
to treat various types of early-onset scoliosis, with a main 
curve correction rate reaching nearly 50% [7, 8]. There 
was also significant growth observed in the height of 
T1-T12, T1-S1, and space available for the lung [15, 16]. 
Meanwhile, throughout the entire treatment, patients 
treated with the Shilla technique undergo significantly 
fewer surgeries on average compared to those treated 
with the traditional growing rods. Additionally, the aver-
age treatment cost for patients treated with the Shilla 
technique was lower than for those treated with tradi-
tional growing rods or magnetically controlled growing 
rods [16, 17].

However, the Shilla technique was primarily criticized 
for two major drawbacks, metal debris and the weak abil-
ity of the growth promotion [18]. The metal debris was 
created by the sliding between the screws and rods, which 
may increase the concentration of metal ions in local tis-
sues and blood. Actually, in the goat experiment, metal-
lic wear debris was observed in the soft tissue and lymph 
nodes adjacent the Shilla screws [6]. The metallic tissue 
staining was also observed in human patients population 

Table 1 The results of the fatigue test
Pre-test mass(g) Post-test mass(g) Wear 

mass(g)
Group 1 0.129 0.127 0.002

0.129 0.126 0.003
Group 2 0.128 0.126 0.002

0.128 0.127 0.001
Group 3 0.125 0.124 0.001

0.125 0.121 0.004
Mean 0.127 0.125 0.002
Standard Deviation 0.002 0.002 0.001

Fig. 5 The sliding distance curve and the average maximum sliding displacement of four groups. The left diagram is the sliding distance curve. The x-
axis indicated cycles, the y-axis indicated the sliding displacement. The right diagram shows the average maximum sliding displacement of four groups. 
****P < 0.0001, **P = 0.0095
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[19]. In a clinical study, Lukina tested the content of Ti, 
AL and V metal ions in whole bloods and local tissues 
around the sliding instruments, found that the Ti and V 
ions in blood increased 2.8 and 4 time respectively, Ti 
ions in local tissues was more than 1500-fold higher than 
the control group [12]. Metallic debris also can induce 
a large inflammatory response of the macrophages [11]. 
Our novel growth guidance system addressed this issue 
by altering the friction interface between the screws and 
the rods to reduce metal debris. The UHMWPE gaskets 
fitted onto the rod can be perfectly positioned within the 
tulip of the screw, thus preventing direct metal-to-metal 
contact between the sliding screws and the rods. We 
chose UHMWP as the material for the gaskets because it 
was a highly biocompatible polymer with excellent wear 
resistance. It had been widely used in orthopedic and spi-
nal surgery implants, such as artificial discs, sublaminar 
wires, and artificial joints [20]. Fatigue tests confirmed 
that after 10 million cycles, the wear of UHMWPE gas-
kets was minimal, and they still effectively prevented 
direct contact between the screws and the rods. There-
fore, we believed that the application of UHMWPE gas-
kets was an excellent method for improving the friction 
interface and avoiding metal debris.

The ability of the growth promotion was the second 
concern about the technique. According to the study 
conducted by the inventor’s institution, the Shilla patients 
had less T1-S1 height increase compare to the traditional 
growing rods [15]. The study outside the inventor’s insti-
tution, showed that EOS patients treated with Shilla 
technique was approxiamately 1/3rd of predicted normal 
T1-S1 growth, less than 1/3rd of growth reported in the 
inventor’s institution [10]. The primary reasons for the 
limited growth-promoting capability of the Shilla tech-
nique are twofold: firstly, it lacks of external distraction 
force, and secondly, excessive friction between screws 
and rods restricts spinal growth. Based on the traditional 
Shilla technique, we improved the friction interface 
between screws and rods by applying UHMWPE gaskets 
and polishing the rod, to reduce the friction, facilitate 
screw sliding and minimize restriction on spinal growth. 
From our experimental results, it was evident that merely 
by polishing the sliding part of the rod surface can facili-
tate the sliding of the screws. Additionally, the use of 
UHMWPE gaskets significantly enhanced screw sliding.

Although the novel growth guidance system is a modi-
fication to the Shilla system, we hope our approaches to 
change the interface of sliding instruments can be also 
applicable to the all growth friendly techniques involved 
the sliding elements. Instead of using Shilla sliding 
screws, Agarwal modified the Shilla technique by using 
dominos as a sliding elements [21–23]. Cody Bunger(CB) 
technique combined a single concave MCGR with a slid-
ing rod on the convex side to control the apex, which 

also utilized dominos as sliding elements [24, 25]. Same 
combination applied in the spring distraction system also 
[21]. An fitted size UHMWP gasket can also be inserted 
into the holes of the domino. Additionally, the sliding 
part of the rod can be polished to minimize metal debris 
generation and decrease frictional forces.

This study is only a preliminary in vitro experiment by 
using the MTS system, which is the main limitation of 
the study. The efficacy of the system, including the metal-
lic and UHMWPE debris created by the system, and the 
sliding ability, should be assessed in animal model in 
the future. Also in the future, we believe that the novel 
growth guidance system can be applied in human with a 
bright future.

Conclusion
In conclusion, we modified the Shilla technique and 
designed a novel growth guidance system. Two major 
modifications were made to the traditional Shilla sys-
tem, including the use of UHMWPE gaskets to avoid 
direct contact between the screw and rod, and polishing 
the surface of the sliding part of the rod, which may sig-
nificantly reduce the metallic debris and promote spine 
growth. The fatigue test and sliding dislocation test dem-
onstrated the durability and better glidability of the sys-
tem. An in vivo animal experiment should be performed 
to further verify the system.

Acknowledgements
We would like to thank Lijun Wang, Yajun Gao and Chunhui Wu from WEGO, 
for manufacturing experimental implants and guiding the use of the MTS 
system.

Author contributions
Y.D.: Designed the system, conducted the experiments, wrote the main 
manuscript text and prepared the whole figures and tables.Y. B.: Designed the 
system.Y. Z., Y.Y.,G.L.,B.H.,H.Z.,C.L.,X.Y, Z.L.: Conducted the experiments, prepared 
the figures.J.Z., S.W: Supervised the whole study, designed the system and 
polished the manuscript.All authors reviewed the manuscript.

Funding
This work was supported by the National High Level Hospital Clinical Research 
Funding (2022-PUMCH-B-122), Beijing Municipal Natural Science Foundation 
(L232022), National Key Research and Development Program of China 
(2023YFC2507700).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interest
The authors declare that they have no competing interests.

Received: 20 February 2024 / Accepted: 5 April 2024



Page 7 of 7Du et al. Journal of Orthopaedic Surgery and Research          (2024) 19:259 

References
1. Zhang YB, Zhang JG. Treatment of early-onset scoliosis: techniques, indica-

tions, and complications. Chin Med J (Engl). 2020;133(3):351–7.
2. Akbarnia BA, Marks DS, Boachie-Adjei O, Thompson AG, Asher MA. Dual 

growing rod technique for the treatment of progressive early-onset scoliosis: 
a multicenter study. Spine (Phila Pa 1976). 2005;30(17 Suppl):S46–57.

3. Flynn JM, Tomlinson LA, Pawelek J, Thompson GH, McCarthy R, Akbarnia BA, 
et al. Growing-rod graduates: lessons learned from ninety-nine patients who 
completed lengthening. J Bone Joint Surg Am. 2013;95(19):1745–50.

4. Wang S, Zhang J, Qiu G, Wang Y, Li S, Zhao Y, et al. Dual growing rods 
technique for congenital scoliosis: more than 2 years outcomes: preliminary 
results of a single center. Spine (Phila Pa 1976). 2012;37(26):E1639–44.

5. Kim G, Sammak SE, Michalopoulos GD, Mualem W, Pinter ZW, Freedman 
BA, et al. Comparison of surgical interventions for the treatment of early-
onset scoliosis: a systematic review and meta-analysis. J Neurosurg Pediatr. 
2022;31(4):342–57.

6. McCarthy RE, Sucato D, Turner JL, Zhang H, Henson MA, McCarthy K. Shilla 
growing rods in a caprine animal model: a pilot study. Clin Orthop Relat Res. 
2010;468(3):705–10.

7. McCarthy RE, Luhmann S, Lenke L, McCullough FL. The Shilla growth guid-
ance technique for early-onset spinal deformities at 2-year follow-up: a 
preliminary report. J Pediatr Orthop. 2014;34(1):1–7.

8. McCarthy RE, McCullough FL. Shilla Growth Guidance for early-onset scolio-
sis: results after a Minimum of five years of follow-up. J Bone Joint Surg Am. 
2015;97(19):1578–84.

9. Andras LM, Joiner ER, McCarthy RE, McCullough L, Luhmann SJ, Sponseller 
PD, et al. Growing rods Versus Shilla Growth Guidance: Better Cobb Angle 
Correction and T1-S1 length increase but more surgeries. Spine Deform. 
2015;3(3):246–52.

10. Nazareth A, Skaggs DL, Illingworth KD, Parent S, Shah SA, Sanders JO, et al. 
Growth guidance constructs with apical fusion and sliding pedicle screws 
(SHILLA) results in approximately 1/3rd of normal T1-S1 growth. Spine 
Deform. 2020;8(3):531–5.

11. Toth JM, Ankomah F, Kawakami N, Uno K. A comparison of the inflamma-
tory host response to particulate debris adjacent to unlocked and locked 
screws of a growth guidance system for early onset scoliosis. Eur Spine J. 
2022;31(9):2301–10.

12. Lukina E, Laka A, Kollerov M, Sampiev M, Mason P, Wagstaff P, et al. Metal con-
centrations in the blood and tissues after implantation of titanium growth 
guidance sliding instrumentation. Spine J. 2016;16(3):380–8.

13. Mardjetko SM, Hammerberg KW, Lubicky JP, Fister JS. The Luque trolley 
revisited. Review of nine cases requiring revision. Spine (Phila Pa 1976). 
1992;17(5):582–9.

14. Ouellet JA, Ferland CE, Klein K, Racloz G, Klein K, Richter H, et al. Evaluation of 
the modern Luque Trolley Construct for the treatment of early-onset scoliosis 

using a gliding Implant in an Immature Animal Model. Clin Spine Surg. 
2017;30(4):E460–5.

15. Luhmann SJ, McCarthy RE. A comparison of SHILLA GROWTH GUIDANCE 
SYSTEM and growing rods in the treatment of spinal deformity in Children 
Less Than 10 years of age. J Pediatr Orthop. 2017;37(8):e567–74.

16. Luhmann SJ, Smith JC, McClung A, McCullough FL, McCarthy RE, Thomp-
son GH. Radiographic Outcomes of Shilla Growth Guidance System and 
Traditional growing rods through definitive treatment. Spine Deform. 
2017;5(4):277–82.

17. Luhmann SJ, McAughey EM, Ackerman SJ, Bumpass DB, McCarthy RE. 
Cost analysis of a growth guidance system compared with traditional and 
magnetically controlled growing rods for early-onset scoliosis: a US-based 
integrated health care delivery system perspective. Clinicoecon Outcomes 
Res. 2018;10:179–87.

18. Sucato DJ. Guiding growth is Promising but can it compare with Growth 
Promotion? Commentary on an article by Richard E. McCarthy, MD, and Fran-
ces L. McCullough, MNSc: Shilla Growth Guidance for early-onset scoliosis. 
Results after a Minimum of five years of follow-up. J Bone Joint Surg Am. 
2015;97(19):e66.

19. Morell SM, McCarthy RE. New developments in the treatment of early-onset 
spinal deformity: role of the Shilla growth guidance system. Med Devices 
(Auckl). 2016;9:241–6.

20. Bogie R, Voss L, Arts JJ, Lataster A, Willems PC, Brans B, et al. UHMWPE Sub-
laminar wires in posterior spinal instrumentation: Stability and Biocompatibil-
ity Assessment in an ovine pilot study. Clin Spine Surg. 2016;29(10):E542–9.

21. Agarwal A, Aker L, Ahmad AA. Active apex correction with guided growth 
technique for Controlling spinal deformity in growing children: a modified 
SHILLA technique. Global Spine J. 2020;10(4):438–42.

22. Ahmad AA, Agarwal A. Active apex correction: an overview of the 
modified SHILLA technique and its clinical efficacy. J Clin Orthop Trauma. 
2020;11(5):848–52.

23. Agarwal A, Aker L, Ahmad AA. Active apex correction (modified SHILLA tech-
nique) Versus distraction-based growth rod fixation: what do the correction 
parameters say? Spine Surg Relat Res. 2020;4(1):31–6.

24. Skov ST, Li H, Hansen ES, Hoy K, Helmig P, Rolfing JD, et al. New growth rod 
concept provides three dimensional correction, spinal growth, and preserved 
pulmonary function in early-onset scoliosis. Int Orthop. 2020;44(9):1773–83.

25. Wijdicks SPJ, Skov ST, Li H, Castelein RM, Kruyt MC, Bunger C. 3-Year follow-
up of a single magnetically controlled growing rod with contralateral 
gliding system and apical control for early onset scoliosis. Spine Deform. 
2020;8(4):751–61.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	A Novel growth guidance system for early onset scoliosis: a preliminary in vitro study
	Abstract
	Introduction
	Material and method
	Design of the novel growth guidance system
	In vitro fatigue test
	In vitro sliding displacement test
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


