Pre prints.org

Article Not peer-reviewed version

Does Implant-Related Complications
Interfere with Correction in the Shilla
Technigue Performed to Treat Early
Onset Scoliosis?

Mehmet Biilent Balioglu * , Kadir Abul , Ahmet Onur Akpolat , Ali Volkan Ozliik , Nurullah Sacik , Fatih Aksay,
Mehmet Cetinkaya

Posted Date: 26 April 2023
doi: 10.20944/preprints202304.0992v1

Keywords: Early onset scoliosis; Shilla technique; growth guidance; implant complications; quality of life
scores

E E Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of

Eﬂ:-'lr Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/2904230
https://sciprofiles.com/profile/2915990

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2023 doi:10.20944/preprints202304.0992.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Does implant-related complications interfere with
correction in the Shilla technique performed to treat
early onset scoliosis?

Mehmet Biilent Balioglu ¥, Kadir Abul 1, Ahmet Onur Akpolat 2, Ali Volkan Ozliik 1,
Nurullah Sacik 1, Fatih Aksay 2 and Mehmet Cetinkaya 2

! Basaksehir Cam and Sakura City Hospital Department of Orthopedics and Traumatology 1;
mbbalibey@gmail.com (M.B.B.); doktorkadir@gmail.com (K.A.)

2 Fatih Sultan Mehmet Training and Research Hospital Department of Orthopedics and Traumatology 3;
onurakpolat@hotmail.com

! Basaksehir Cam and Sakura City Hospital Department of Orthopedics and Traumatology 4;
avozluk@gmail.com

! Bagaksehir Cam and Sakura City Hospital Department of Orthopedics and Traumatology 5;
nurullahsacik@gmail.com

2 Fatih Sultan Mehmet Training and Research Hospital Department of Orthopedics and Traumatology 6;
m.f.aksay0@gmail.com

! Bagaksehir Cam and Sakura City Hospital Department of Orthopedics and Traumatology 7;
drcetink@gmail.com

* Correspondence: mbbalibey@gmail.com; Tel.: 00905322521483

Abstract: Growth-preserving instrumentation techniques are utilized in early-onset scoliosis (EOS) cases
requiring surgical intervention. Shilla technique corrects the deformity and may reduce the need for surgical
treatment with its growth-directing effect. As with other techniques, various problems can be encountered
following the administration of the Shilla technique. The aim of this study was to examine the effect of
complications encountered with Shilla treatment on correction and growth. Sixteen patients with a follow-up
period of at least 1 year who received Shilla growth guidance for EOS were included in the study. No
complications occurred in 50% cases and no unplanned surgery was required. Of the remaining 8 patients with
postoperative implant-related complications (50%), 6 (37.5%) required unplanned surgery; this consequently
caused implant failure in the proximal region in 5 cases (31.25%) and deep tissue infection around the implant
in 1 case (6.25%). Deformity correction, spine length, and quality-of-life scores significantly improved in EOS
through Shilla growth guidance. Although implant-related complications were observed and related
unplanned surgeries were required with Shilla growth guidance in our patients, these complications did not
have a significant negative effect on correction and spine growth.

Keywords: Early onset scoliosis; Shilla technique; growth guidance; implant complications; quality
of life scores

1. Introduction

Early-onset scoliosis (EOS) is a progressive disorder that includes complex curvatures of the
pediatric spine related to different etiologies (idiopathic, congenital, syndromic, and neuromuscular)
in children younger than 10 years. If left untreated, EOS in these patients may lead to poor respiratory
and cardiac development and progressive deformities and cause complex and difficult-to-treat spinal
problems [1-3]. Currently, surgical treatments with growth-preserving instrumentation (GPI)
techniques without growth arrest are preferred in cases of high-angle and progressive EOS. Several
surgical methods have been reported in the literature; these include traditional growing rods (TGR),
vertically expandable titanium ribs (VEPTR), and magnetically controlled growing rods (MCGR) are
applied for their spinal distraction effects and the Shilla technique (Shilla) and Luque Trolley
technique (Luque Trolley) are applied owing to their growth-guidance effects and appications in

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202304.0992.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2023 doi:10.20944/preprints202304.0992.v1

vertebral body tethering (VBT), which are fairly new modalities applied to the convex side of the
curvature and whose compressive effect is utilized during growth[4-9]. The Shilla technique involves
the use of different distraction and compression systems when compared with other GPI techniques.
This is attributable to the passive growth guidance effect of the Shilla technique when correcting the
deformity and the absence of the need for planned surgery [6,8-10]. Although screw heads attached
proximal and distal to the instrumentation ensure that the apical vertebral segments remain fixed,
the segments can be followed without the need for lengthening with deformity correction and
orientation effect without distraction [11,12].

In EOS cases treated using GPI, problems related to wound healing., infection, implant failure,
metallosis, early fusion, neurologic deterioration, and unplanned surgeries may occur regardless of
the technique used. The purpose of EOS surgery is to avoid postoperative complications when
selecting the appropriate GPI for the patient. Many multicenter studies have compared the
advantages and disadvantages of different growth-friendly techniques [1,13-15]. Similar to other
techniques, various problems may occur as a result of Shilla application. The Shilla technique aims
to avoid these problems and the problems caused by active lengthening procedures.

Studies on the effects of implant-related complications associated with Shilla growth guidance
on the correction of the patient's deformity and growth are insufficient. The impact of complications
on treatment requires further investigation. For this purpose, the complications encountered with
Shilla growth guidance in EOS cases with different etiologies and the adverse effects resulting from
these complications were analyzed. Furthermore, whether implant-related complications have a
negative effect on deformity correction and growth in patients treated with the Shilla technique was
investigated.

2. Materials and Methods

A total of 26 patients underwent Shilla treatment for EOS with different etiologies between
January 2013 and December 2021. Of these 26, 16 patients were examined for a follow-up period of
at least 1 year (30.8 + 29.2) met the inclusion criteria and were evaluated in this case-control series.
The improvement in deformity and growth effect as well as implant-related complications and
unplanned surgeries were retrospectively analyzed. Interpatient comparisons were performed
between those with and without implant-related complications during the treatment period.
Although 3 patients (18.8%) were graduated, treatment was continued for 13 patients. Ethics
committee approval was obtained from our hospital (KAEK/2021.12.296). Clinical and radiological
Cobb angles, spine length between T1-T12 and T1-51, kyphosis and lordosis angles in the sagittal
plane, apical vertebral levels, coronal and sagittal balances, pelvis and shoulder balances, EOSQ-24
(Early Onset Scoliosis 24-Item Questionnaire) results were measured preoperatively, in the early
postoperative period, and at the final follow-up. Inclusion criteria were as follows: (1) age of 5-10
years or bone age development of <10 years, (2) Cobb angle of >45°, (3) increase in Cobb angle of >10°
within 1 year, (4) open triradiate cartilage, (5) Sanders stage Sanders stage of less than 3, (6)
unsuccessful conservative treatment, (7) no deformity surgery, and (8) regular follow-up > 1 year by
the responsible author. Exclusion criteria were as follows (1) age of <5 years and >10 years, (2) Cobb
angle of <45°, (3) closed triradiate cartilage, (4) Sanders stage of Sanders stage of greater than or equal
to 3, (5) improvement in curvature with conservative treatment, (6) previous surgery for spinal
curvature, and (7) no regular follow-up. In the present study, whether implant-related problems had
a negative effect on deformity correction and spinal growth was investigated, and unplanned
surgeries and complications were retrospectively evaluated.

Demographic characteristics, etiology, follow-up periods, complications, and magnetic
resonance imaging (MRI) results were recorded. For radiological evaluation, standard whole spinal
orthoroentgenography was obtained preoperatively, in the early postoperative period, and at the last
follow-up examination in standing position and in seated position for neuromuscular and syndromic
patients who could not stand). The entire spinal region was evaluated with MRI for preoperative
intraspinal pathology control. MRI evaluation was performed by a radiologist experienced in spinal
radiology (Table 1).
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Table 1. Demographic characteristics of the patients, etiology, follow-up periods, and complications
encountered.
Min-Max Median Mean + SD/n-%
Follow-up Period
(Month) 120 - 1040 17.0 308 + 292
Index surgery (Year) 45 - 12 9.4 88 =+ 24
Female 11 68.8
Gender Male 5 31.3
(-) 8 50.0
8 50.0
Rod breakage
(Exitus during 2(1)
CVP removal)
Complication Proximal screw
+) loosening, PJK 54)
(skin wound
dehiscence)
Deep wound
infection around 1
the implant
Surgical Levels (n) 11.0 - 16.0 13.5 133 + 1.36
Number of Moving 70 - 110 90 894 + 112
Segments
IS 7 43.8
NF 2 12.5
Ce6DS 1 6.3
Syndromic DOS 6 1 6.3
) DWS 1 6.3
Etiology (n) MS 1 63
CS 1 6.3
NMS (SB) 1 6.3
NMS NMS (CP, 2
i 1 6.3
Syndromic¥)
Normal 14 7
NMS (SB, Arachnoid cyst) 1 6.3
MRI CS5** (diastometomyelia,
split cord, tethered cord, 1 6.3
syringomyelia)

(DWS: Down Syndrome, IS: Idiopathic Scoliosis, NF: Neurofibromatosis, C6DS: Chromosome 6 Deletion
Syndrome, CS: Congenital Scoliosis, NMS: Neuromuscular Scoliosis, SB: Spina Bifida, MS: Marfan Syndrome,
DOS: Doose Syndrome, PJK: Proximal Junctional Kyphosis, MRI: Magnetic Resonance Imaging). * Reciprocal
translocation of the 8th and 20th chromosomes. ** Operated by Neurosurgery for intraspinal pathology.

Statistical Analysis

Mean, standard deviation, median, minimum, maximum, frequency, and ratio values were used
to present descriptive statistics. Kolmogorov-Smirnov test was used to check the conformity of
variables to normal distribution. Independent samples t test and Mann-Whitney U test were used to
analyze independent quantitative data. Paired Samples t test and Wilcoxon test were used to analyze
dependent quantitative data. Spearman correlation analysis was used for correlation analysis. SPSS
28.0 program was used in the analysis. The results were measured and compared by two spine
surgeons. Intra- and inter-correlations were high (intraclass correlation coefficient >0.80, p<0.05).
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In measurements recorded during the early postoperative period and final follow-up,
improvements in Cobb angle and shoulder balance angle, and increase in T1-T12 and T1-S1 length
were significant compared with preoperative measurements (p<0.05). No significant change was
observed in terms of kyphosis (T2-T12), lordosis (L1-51), coronal balance, sagittal balance, and pelvic
balance (p>0.05) (Table 2).

Table 2. Evaluation of preoperative, early postoperative and final follow-up radiological

measurements.
Min-Max Median Mean * SD p* p**
Preop 470 - 103.0 61.0 646 =+ 144
Cobb Angle (°) Early Postop 40 - 360 195 21.0 = 99  0.000
Final Follow-up 50 - 450 23.0 254 + 126  0.000 0.005
Preop 13.0 - 220 17.4 175 + 27
T1-T12 (cm) Early Postop 153 - 240 19.4 200 £ 26  0.000
Final Follow-up 174 - 25.0 22.0 213 £+ 28  0.000 0.002
Preop 206 - 356 28.0 286 = 46
T1-51 (cm) Early Postop 27.7 - 39.0 31.4 326 + 39  0.000
Final Follow-up  28.0 - 392 34.1 336 + 38  0.000 0.055
Preop 100 - 7 44.0 417 = 198
Kyphosis (T2-T12) (°) Early Postop 150 - 620 36.5 364 + 143 7
Final Follow-up 150 - 60.0 35.5 373 + 143 0.258 7
Preop 00 - 80.0 53.0 474 =+ 220
Lordosis (L1-51) (°) Early Postop 70 - 620 43.0 404 = 173  0.065
Final Follow-up 150 - 65.0 42.0 417 =+ 149 0.246 0.659
Preop 00 - 53 1.3 16 =+ 18
Coronal Balance Early Postop 0.0 - 59 11 15 = 19 0638
(CSVL) (cm) :
Final Follow-up 00 - 50 1.5 1.8 + 14 7 0.182
Preop 00 - 80 3.4 40 =+ 24
Sagittal Balance (cm) Early Postop 00 - 160 2.6 35 = 43  0.600
Final Follow-up 00 - 80 3.0 33 + 22 0230 0.831
Preop 1.0 - 190 5.5 63 =+ 45
Shoulder Balance (°) Early Postop 1.0 - 150 5.0 58 =+ 338 7
Final Follow-up 00 - 90 1.8 22 + 24  0.003 0.002
Preop 00 - 150 3.0 40 =+ 39
Pelvic Balance (°) Early Postop 00 - 50 2.0 1.9 + 15 0.028
Final Follow-up 00 - 85 2.0 24 + 23 0139 7

EPaired samples t test / ¥ Wilcoxon test

p* Comparison to preoperative period / p** Comparison to early postoperative period

No significant intergroup difference was observed in measurements recorded in the preoperative period, early

postoperative period, and final follow-up in terms of Cobb angles and T1-T12 and T1-S1 length (p>0.05) (Tables

3-4).
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Table 3. Comparison of Cobb angles between patient groups with and without complications.
Complication () Complication (+)
Mean * SD Median Mean + SD Median P
Cobb Angle (°)
Preop 611 = 121 58.0 68.0 = 165 65.5 0.358
Early Postop 193 = 97 18.0 228 + 103 24.0 7
Final Follow-up 230 + 139 20.0 279 + 115 28.5 7
Change Compared to Preop
Early Postoperative Change -419 + 10.6 -42.5 -453 + 215 -43.5 0.696
Intragroup Change p 0.000 £ 0.001 £
Final Follow-up Change -381 + 118 -39.5 -40.1 + 233 -42.0 0.832
Intragroup Change p 0.000 £ 0.002 £
tIndependent Samples t test / FPaired Samples t test
Table 4. Comparison of T1-T12 length between patient groups with and without complications.
Complication (-) Complication (+)
Mean + SD Median Mean + SD Median P
T1-T12 (cm)
Preop 185 + 25 18.9 164 = 26 16.6 0.156
Early Postop 212+ 25 21.4 188 + 22 18.9 0.083
Final Follow-up 223 + 23 23.1 203 £ 3.0 19.1 0.156
Change Compared to Preop
Early Postoperative Change 2.7 + 25 2.1 2.4 + 11 2.4 7
Intragroup Change p 0.018 w 0.012 w
Final Follow-up Change 3.8 + 20 32 3.9 + 17 3.4 0.916
Intragroup Change p 0.012 w 0.012 w

m Mann-Whitney U test /% Wilcoxon test

In the early postoperative period and final followup measurements, the group with complications showed

significantly lower T1-S1 values than the group without complications (p<0.05) (Table 5).

Table 5. Comparison of T1-S1 length between patient groups with and without complications.

Complication (-)

Complication (+)

Mean + SD Median Mean + SD Median P
T1-51 (cm)
Preop 305 + 40 31.1 267 + 45 27.0 0.098
Early Postop 345 = 32 34.4 306 = 3.6 29.7 0.038
Final Follow-up 355 + 3.0 36.0 3.6 + 37 30.5 0.040
Change Compared to Preop
Early postoperative Change 41 £+ 12 3.9 3.9 £+ 20 3.3 0.882
Intragroup Change p 0.000 £ 0.001 £
Final Follow-up Change 5.0 £+ 15 4.4 5.0 + 23 4.8 0.949
Intragroup Change p 0.000 £ 0.000 £

tIndependent Samples t test/EPaired Samples t test

Kyphosis (T2-T12) values during the preoperative period, early postoperative period, and final
follow-up showed no significant intergroup differences (p>0.05). The group with complications
showed significantly lower lordosis (L1-S1) values in the postoperative and final follow-up
measurements than the group without complications (p<0.05). The decrease in lordosis (L1-51)
between preoperative and early postoperative measurements was significantly higher in the group
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with complications than that in the group without complications (p<0.05). In the early postoperative
period and final follow-up measurements, no significant intergroup difference was observed in terms
of the lordosis (L1-S1) values (p>0.05). In the preoperative, early postoperative period, and final
follow-up measurements of coronal, sagittal, shoulder, and pelvic balance, no significant intergroup
differences were noted (p>0.05). In the group with complications, final follow-up measurement of
shoulder balance showed a significant decrease compared with the preoperative period (p<0.05). The
change in preoperative and early postoperative period shoulder balance measurements showed no
significant differences between the groups with and without complications (p>0.05). The change in
early postoperative period and final follow-up shoulder balance measurements was not significantly
different between the groups with and without complications (p>0.05). In the group with
complications, early pelvic balance showed a significant decrease in terms of the values measured in
the postoperative and preoperative periods (p<0.05). All components of the EOSQ-24 score except the
daily living domain showed improvements in the postoperative period (p<0.05) (Table 6).

Table 6. Comparison of quality of life scores measured preoperatively and at final follow-up.

EOSQ-24 preoperative (meantSD)  Postoperative (mean+SD) P value’

General health 5.13+1.84 7.93+1.33 0.001
Pain 7.06+2.21 8.53+1.180 7

Pulmonary function 6.40+2.09 8.93+1.64 0.001
Mobility 3.13+1.62 4.06+1.09 0.014
Physical function 9.86+4.29 12.20+3.29 0.05
Daily living 6.86+2.94 7.85+2.44 0.539
Energy 6.40+2.92 8.20+1.89 0.011
Emotion 5.60+2.66 7.80+1.78 0.001
Paternal burden 14.00+4.37 18.86+4.67 0.001
Financial burden 2.60+1.21 3.53+1.24 0.010
Satisfaction 7.26+1.83 8.73+1.53 0.004

EOSQ-24: Early Onset Scoliosis Questionnaires-24, SD: Standard deviation. * Paired samples t test.

In 8 patients (50%) who underwent Shilla treatment for EOS, no complications developed during
the treatment period, spinal growth and curve correction were not adversely affected, and no
unplanned surgery was required. Postoperative implant-related complications were observed in 8
patients (50%). Proximal screw loosening, screw malposition, proximal junctional kyphosis (PJK),
wound problems, rod breakage, metallosis, and infection occurred. Of the 8 patients with implant-
related complications, 6 (37.5%) required unplanned surgery. Unplanned surgery was most
commonly performed because of implant failure in the proximal region in 5 cases (31.25%) and deep
tissue infection around the implant in 1 case (6.25%). Unplanned surgery was performed 4 times in 1
patient, 2 times in 1 patient, and 1 time in 4 patients. Analysis of the etiologies and index surgical age
distribution of the 6 patients who required unplanned surgery revealed that 2 were idiopathic (115
months, 116 months), 3 were syndromic (Marfan 60 months, Deletion 55 months, Doose 72 months),
and 1 was NMS (CP 61 months). Loosening of the proximal pedicle screws, PJK and skin irritation
were observed in five cases, whereas four cases developed wounds as a result of skin irritation. In all
cases requiring unplanned surgery, metallosis caused by movement in the vicinity of the implant in
the screw-rod connection area was observed. The highest number of unplanned surgeries was 4 in a
patient with deletion syndrome (55 months, male, follow-up 26 months). The accompanying
kyphosis deformity (thoracic proximal kyphosis of 62°) and inadequate bone morphology caused
early loosening of the proximal screw fixation. Although pedicle screw fixation and rod placement
provided initial improvement, early proximal implant failure, rod displacement, skin wound
problems, and PJK resulted in repeated unplanned surgical interventions. In the long term,
maintenance of growth was planned while concurrently ensuring correction of the proximal kyphosis
deformity at the appropriate stage. In a patient with Marfan syndrome with high angle scoliosis and

doi:10.20944/preprints202304.0992.v1
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kyphosis deformity (60 months, female, follow-up 12 months), dislocation of the proximal screw
required unplanned surgery caused as a result of implant failure (Figure 1).

Postoperative 50 d
14.04.2022

f 4ipo Kyphosis
(12-T10)

1° Kyphosis

62
(T12:45)

. i
Preoperative \ Postoperative 10 d (2nd op)
02.02.2022 ) s € | | 09.12.2022

Figure 1. A 6-year-old girl with syndromic (Marfan) kyphoscoliosis. The case was operated with the
Shilla technique using a minimal surgical incision approach. Pediatric prolonged intensive care unit
treatment was required because of postoperative respiratory distress. At the 9th postoperative month,
proximal screw loosening and skin dehiscence occurred as a result of irritation of the skin by the rod
tip. The rod was supported with sublaminar wires in the proximal region and revision was performed
without interrupting the treatment. Follow-up continued after the one year period.

In a patient with NMS-CP (61 months, male, follow-up 16 months), unplanned surgery was
performed 3 months after the index surgery due to screw-rod loosening and rod displacement caused
by dislocation of screw caps in the concave apical region with proximal failure. Infection developed
in one case (6.25%) (72-month-old girl with Doose syndrome, follow-up period over 12 months)
following respiratory tract infection in the peri-implant deep tissue after low body resistance five
months after surgery. The deep wound resolved after peri-implant debridement and antibiotherapy
according to the recommendations of the infectious diseases unit, and no additional problems were
encountered in the follow-up. Rod breakage was observed in two cases (12.5%) unilaterally on the
concave side of the curve immediately distal to the apical fusion site. No additional unplanned
surgery for unilateral rod breakage was required in both cases. An 8-year-old girl with NF-1
continued to be followed-up uneventfully in the 4th year of treatment (Figure 2). A patient with
Down syndrome did not require any intervention during 8 years of follow-up and did not require
additional surgery despite unilateral rod breakage. Graduation surgery with fusion was uneventful
but the patient died due to sudden cardiac arrest during postoperative CVP catheter removal.
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Figure 2. 10-year-old girl with syndromic (NF-1) EOS. Shilla growth guidance surgery was
performed. Follow-up period was 46 months and no additional surgery was required despite the
development of concave rod breakage. Growth of the patient continued and the case was continued
to be followed up.

The treatment of the patients who underwent surgery for EOS was accompanied by several
additional challenges in terms of anesthesia and reanimation. Video laryngoscope guidance was
needed in two of our patients (12.5%) because of difficult intubation. Postoperative respiratory
problems were observed in three cases (18.75%). Prolonged treatment in the postoperative intensive
care unit and in the ward was required. The early difficulties encountered in the administration of
anesthesia and normalization of postoperative respiration were overcome with good care and
rehabilitation. In all patients, neuromonitoring was used in index surgeries and when additional
surgery was required; no neurological changes were observed during these procedures.

4. Discussion

Increasingly intensive efforts have been undertaken in EOS treatment in the last 15 years owing
to improvements in treatment algorithms and GPI techniques [6-8,10,16-19]. One of these methods,
the Shilla technique is especially recommended as a method that guides growth by reducing the
number of surgical interventions while facilitating the correction of the deformity [11,12]. The results
and complication rates of EOS treatment have been reported in various studies [15,20-22]. Reportedly,
the Shilla procedure is a suitable option to treat EOS with different etiologies; however, this
procedure is associated with moderate complication rates [12,20]. Wilkinson et al. [20] reported an
overall implant-related complication rate of 29% after the Shilla procedure with a minimum follow-
up of 5 years. Screw pull-out and rod breakage occurred in 14% and 14% of the patients, respectively,
and deep and superficial infections developed in 9.5% and 4.7% of the patients. In the literature, the
Shilla growth guidance technique is an alternative to distraction-based growing rod (GR) systems
[12]. Comparing both applications, Andras et al. showed a greater improvement in Cobb angle and
a greater increase in T1-51 length in patients who underwent GR compared to Shilla [14]. In their
study comparing the radiologic results of TGR and Shilla treatment, Luhmann et al. did not report a
significant intergroup difference in clinical parameters during follow-up, and they found that the
number of operations was significantly higher in the GBR group [15]. Loss of correction and the need
for osteotomy were reported as disadvantages of Shilla treatment [23]. Loss of correction via
crankshafting or adding-on (e.g. distal migration) was reported in a significant percentage of patients
undergoing Shilla growth guidance [20,24]. Reportedly, concave side osteotomies may be required
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and may lead to serious complications [23]. Agarwal et al. described the modified Shilla approach
(active apex correction: APC) as a solution that can help dynamically re-modulate the apex of the
deformity and reduce correction loss. Modified Shilla approach was compared with the TGR system
and no significant intergroup difference was noted in terms of correction and growth [23].
Biomechanical complications were more frequent in the GR system (13 of 26 cases) compared to APC
(5 of 20 cases). Surgeries related to active extensions with TGR and longer follow-up period were
thought to be effective [23]. In the literature, several comparative studies with other growth-friendly
techniques have been conducted to better evaluate the efficacy of treatment in EOS. Haapala et al. [1]
compared MCGR with the Shilla technique and reported similar EOSQ-24 results between the two
methods. Furthermore, the lowest postoperative scores were observed in the daily living domain in
both treatment groups. In our patients, we observed significant improvement in all domains of
EOSQ-24 results after Shilla treatment compared to pre-treatment scores, except for the daily living
domain. Children with EOS are prone to develop pulmonary complications after repeated anesthesia
procedures. Difficult intubation may be observed more frequently especially in neuromuscular and
snydromic cases [22]. Furthermore, the potentially harmful effects of frequent anesthesia exposure
are not yet fully understood.

As implant-related complications, screw dislocation occurred in 31.25% [5], skin wound
problems occurred in 25% [4], rod breakage occurred in 12.5% [2], and deep infection occurred in
6.25% [1] of the patients. A total of 10 unplanned surgeries were performed: 1 in four patients, 2 in
one patient, and 4 in one patient. In patients requiring surgery, signs of metallosis were observed in
the rod screw junction. In our series, we observed difficult intubation in 2 (12.5%) (syndromic) cases
and prolonged postoperative intensive care unit stay in 3 (18.7%) syndromic cases.

In the present study, preoperative and postoperative data were evaluated retrospectively.
Patients were operated and followed up by the responsible author from the indication to the final
follow-up. Complications encountered during the follow-up period were closely monitored and
managed in the same manner. The long treatment process and patients dropping out of follow-up for
various reasons resulted in a decrease in the number of patients and a shortened follow-up period.
The lack of comparative studies with other growth-friendly surgical techniques constituted the main
limitations of our study. Scoliosis deformity was significantly improved compared to preoperative
measurements, spine length was significantly increased, and quality of life scores also improved
significantly. The analyses performed to evaluate the effect of complications showed that the lordosis
angle and T1-S1 length were significantly lower in the early and final postoperative controls in those
who developed complications compared to those who did not develop complications. Although
Shilla treatment provided significant improvement in deformity correction and spine height
compared to the preoperative period, implant-related complications had a relatively negative effect
on spine height and lumbar lordosis.

5. Conclusions

Various implant-related problems were encountered in patients with EOS treated with the Shilla
technique. Although implant-related complications were observed after the Shilla procedure, an
improvement in the correction of the initial deformity and a significant increase in spinal height were
possible. When patients with implant-related complications were compared with uneventful
patients, there was no significant difference between the two groups in terms of spinal growth and
deformity correction. The T1-S1 length and lumbar lordosis appeared to be affected especially in
patients with complications compared to uncomplicated patients. In conclusion, it should be kept in
mind that careful planning and long-term follow-up will be required when deciding on treatment
with the Shilla method in EOS patients. Avoiding complications and minimizing their negative
effects is crucial for successful treatment. Therefore, close follow-up of patients and management of
treatment by an experienced team is recommended.
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