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ABSTRACT

Anterior Scoliosis Correction (ASC) with anterior longitudinal ligament and
annular disc complex (intervertebral) de-tethering releases is the authors’
multi-year advancement of their original mini-open vertebral body tethering
technique to include a dual screw-line construct and multi-level intervertebral
de-tethering releases. The study included patients diagnosed with early onset
scoliosis, aged 5-10 years of age, Sanders stage 2 or less, Risser sign of O,
open triradiate cartilages, and a minimum of 2 years of follow-up. Within a
database encompassing 840 patients treated by ASC, 15 patients (17 curves)
met the inclusion criteria. The average duration of follow-up for this cohort
was 48.3 months (range 25 to 86 months). The mean age at the time of surgery
was 8 years (range 5.7 to 10.1 years). Preoperative scoliosis curves averaged
81° (range 58° to 100°). At the most recent follow-up, the instrumented curves
improved to an average of 22° (range -15° to 68°) and mean correction of
75%. Preoperative 3-D kyphosis, calculated as an average of -6° (range -
23°to +20°), was improved to an average of + 28° (range -1° to +59°) at latest
follow-up. As may be anticipated with early onset scoliosis, 11 of the 15
patients underwent a secondary surgical procedure an average of 43 months
following the index procedure. Of these 11, lengthening was necessary for
overcorrection in 3 patients (20%), revision or subsequent stage ASC was
done for additional correction adjustment in 6 patients (40%), and spinal
fusion was performed in 2 patients (13%). In conclusion, a cohort of 15 patients
aged 5-10 years with early onset scoliosis treated by ASC with intervertebral
de-tethering releases (initial average curve of 81°) demonstrated a
substantial mean correction of 75% in the instrumented curve. Although
2/15 patients (13%) subsequently underwent posterior spinal fusion, these
early outcomes suggest a potential alternative to traditional posterior growing
rod system approaches and posterior spinal fusion for these young patients.

Keywords: tethering, vertebral body tethering, anterior scoliosis correction,
growth friendly spine surgery, de-tethering
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1.0 Introduction

The treatment paradigm for early onset scoliosis
(EOS) is inherently complex due to the wide spectrum
of underlying etiologies and the imperative to
accommodate the growth potential of the pediatric
spine. Progressive thoracic scoliosis, manifesting in
early childhood, is linked to a trajectory of restrictive
pulmonary disease, with a potential extension to
cardiac dysfunction and increased early mortality
risk."3 Traditional approaches, notably early posterior
spinal fusion (PSF) in patients younger than 10 years
of age, have been employed*; nevertheless, their
suitability for young patients with EOS is still a matter
of debate. The rigid inhibition of normal spinal and
thoracic growth trajectories posed by early fusion
may elicit adverse cardiopulmonary outcomes and
negatively impact the health-related quality of life
(HRQol).>” Furthermore, early spinal fusion, particularly
of the lumbar spine, is associated with long-term
consequences, including reduced spinal mobility,
which can lead to later adjacent intervertebral disc
degeneration, junctional failures, and chronic pain.®'
Recent advances in surgical practice have seen a pivot
towards growth friendly (GF) technologies. Approaches
such as distraction- and compression-based systems
have been developed to provide alternative
management strategies. These technologies aim
to address the deformity while preserving some of
the spine's growth potential.

Distraction-based GF systems, encompassing
technologies such as growing rods, Vertical
Expandable Prosthetic Titanium Rib (VEPTR)'?, and
Magnetically Controlled Growing Rods (MCGR), are
engineered to rectify spinal deformities through
the application of mechanical distraction. This is
achieved by anchoring the devices superiorly and
inferiorly to the spine, ribs, or pelvis, thereby exerting
a distractive force across the deformed spinal segment.
These implants have been empirically validated to
ameliorate the coronal curve angle and effect spinal
elongation; however, their associated complications
are well-chronicled.” Transverse plane deformities,
such as the crankshaft phenomenon, may be

exacerbated under the application of distraction-
based devices." An analysis of 140 patients revealed
a complication occurrence in 58%, with at least one
adverse event being reported.” Notably, 47 patients
(34%) underwent unplanned surgical interventions.
Further scrutiny of the data indicates a 24% increase
in the risk of complications with each additional
surgical procedure undertaken. In the broader context
of existing literature, MCGRs have been associated
with similar failure modes, including anchor pull-out
and rod fracture.'® A systematic review encompassing
15 studies quantified the incidence of unplanned
revision surgeries to be higher with MCGR systems,
particularly those utilizing MAGEC technology, as
compared to traditional growing rods. Despite this,
MCGRs have demonstrated efficacy in correcting
coronal deformity, a reduced number of lengthening
procedures, and preservation of spinal growth, albeit
with a 44.5% complication rate and a 33% frequency

of unplanned revision surgeries."”

In a comprehensive retrospective evaluation of
prospective data extracted from a multicenter regjistry,
130 patients were analyzed to compare the outcomes
of PSF, MCGR, and vertebral body tethering (VBT),
a compression-based system, in patients aged 8 to
11 with idiopathic EOS. The study concluded that
all treatment modalities were effective in managing
the curve and enhancing thoracic and spinal height.
However, it was observed that patients undergoing
VBT and PSF experienced fewer complications,
required fewer unplanned surgical revisions, and
demonstrated an overall improvement in HRQoL
when contrasted with patients treated with MCGR.™®

Compression-based GF modalities, notably Anterior
Scoliosis Correction (ASC) and VBT, employ a
compressive force to the convexity of spinal
deformities. This force, congruent with the Hueter-
Volkmann principle, hampers convex growth and
may be engendered both mechanically during
implantation and dynamically through inhibited
longitudinal growth of vertebral endplates due to
the presence of the implants.’”? The utilization of
VBT in patients 10 years of age or younger with EOS
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is currently not widespread, underscoring a significant
void in clinical evidence.?’ This paucity of data
necessitates further research.

Since 2014, ASC with anterior longitudinal ligament
and annular disc complex (intervertebral) de-tethering
releases has been employed through a modified
anterior trans-thoracic approach which provides both
compression across the convexity and effective
derotation. This technique of screws and pliable
cords is designed to circumvent the limitations
associated with VBT, such as limited curve correction,
specific curve size requisites, and the inability to
achieve significant thoracic derotation or restoration
of thoracic kyphosis.?*?> ASC additionally conserves
segmental arteries and incorporates multilevel
intervertebral de-tethering releases. With the
demonstrable success seen in patients with adolescent
idiopathic scoliosis (AlS),%?” ASC with intervertebral
de-tethering releases is gradually being considered
for a broader patient demographic (including children
< 10 years of age) by the authors of this paper,
thereby expanding the therapeutic scope of this
approach.

Currently, there exists a paucity of research exploring
the clinical outcomes for patients aged 5 to 10 years
with EOS who have been treated using ASC. This
study aims to elucidate the therapeutic effectiveness
of ASC in an initial cohort of patients with EOS.

2.0 Materials and Methods

2.1 POPULATION COHORT

All 840 consecutive patients who underwent ASC
at our institution from May 2014 through December
2021 were considered for this study. Only patients
who were < 10 years of age, skeletally immature
(Risser0, Sanders< 2, open triradiate cartilages) and
who underwent anterior screw/cord instrumentation
were included. A minimum follow-up of 2 years with
radiographs was required for inclusion. Exclusion
criteria disqualified participants with a previous
history of surgery for EOS. All surgeries were
performed by the primary surgeon (MDA) as
previously described.?#

2.2 SURGICAL TECHNIQUE

Anterior Scoliosis Correction (ASC) with intervertebral
de-tethering releases is typically carried out with the
patient in the lateral decubitus position, positioning
the convexity of the curve in the superior or “up”
orientation. A single longitudinal incision, averaging
10-12cm in length, is implemented via anterior
muscle-sparing thoracotomy to reach the thoracic,
thoracolumbar, and/or lumbar curves. Additional
small (2cm) port incisions might be required for
accessing T4-Té or for managing extensive thoracic
curves extending to L2 or L3; these may be either
incisional or, much more commonly, subfascial within
the same incision. Pre-incision fluoroscopic views
are taken to identify and mark the vertebrae intended
for instrumentation. Single-lung ventilation within
the incision site is used to improve visual access into
the thoracic cavity and facilitate the placement of
the instruments. Hypoventilation is used for lumbar
curves entering the chest cavity through ribs T11-
T12. Careful dissection of the parietal pleura from
the lateral aspect of the vertebral body, anterior to
the rib heads, is undertaken, paying particular
attention to leaving many of the segmental vessels
intact.

With the aid of fluoroscopic imaging, the appropriate
spinal levels are exposed for instrumentation. The
segmental vessels’ mobility is preserved by dissecting
them, enabling them to be shifted either cephalad
or caudal. This allows for the insertion of one or two
three-prong staples into each vertebra anterior to
the rib head. A threaded tap with dynamic surgical
guidance (DSG) technology (PediGuard [SpineGuard,
Paris, France]) is then employed to establish the screw
path through the vertebral body and to ascertain
the screw’s length. This use of a tap minimizes
fluoroscopy exposure and distinguishes between
the conductivity of cancellous bone, cortical bone,
and soft bone tissue. This enables the identification
of bicortical purchase with minimal incursion into the
contralateral thoracic cavity, reducing the risk of
injuring the lung or great blood vessels. Screw length
is verified using the threaded tap and confirmed
with a ball tip probe. All screws, which come with a
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hydroxyapatite coating, are placed in this manner,
with their final bicortical positioning confirmed with AP
and lateral fluoroscopic images. Anterior longitudinal
ligament and annular disc complex (intervertebral)
de-tethering releases are performed where necessary
to improve curve correction and increase curve
derotation for correction of thoracic hypokyphosis.
The intervertebral de-tethering releases are intended
to preserve the disc complex; we do not remove the
cartilaginous end plate nor do we extend from bone
to bone as is done for anterior fusion. The release
of the contracted anterior longitudinal ligament
and the constricted, fibrotic annulus typical of the
scoliotic disc complex allows for substantial segmental
release and derotation during correction by “de-
tethering” the rigid, fibrotic, and rotated scoliotic
spine in the sagittal, axial, and coronal planes. Post-
surgery, the intervertebral de-tethering releases heal
with the spine in a corrected position and thereby help
maintain the derotated correction, while additional

bone remodeling may also occur.

A cord made of polyethylene terephthalate (PET) is
then introduced from proximal to distal. Each
vertebral segment undergoes correction starting
with translation. The key correction involves applying
translation and derotation to the next distal vertebral
body segment, using the proximal vertebral body
segments for counter torque. Once translated and
derotated, tension is applied to compress the two
vertebrae. When the construct is tensioned, the set
screws are tightened to sustain the correction. This
process is repeated for each instrumented level. If
a dual line construct is used, depending on the
vertebral body size, the posterior construct is
tensioned first, followed by the anterior construct.
This dual line construct as opposed to a single line
construct aids in achieving and maintaining curve
derotation. Previous biomechanical work indicates
better stabilization than single line constructs, without

significant loss of mobility.?®

In EOS, during surgery, after derotation, residual
coronal curves of 15 to 30° are intentionally left to
allow for growth modulation. Upon the acquisition

of final radiographs, a chest tube is placed, the lung
is reinflated, and the wound is closed in a layered
manner. For patients with double curves, upon
completion of the thoracic curve correction, the patient
is repositioned to the opposite lateral decubitus
position, and the procedure is repeated for the

opposite lumbar curve.

2.3 DATA COLLECTION AND ANALYSIS

For this study, radiographic measurements were
performed using the RadiAnt DICOM Viewer software
and included preoperative posteroanterior (PA)
and lateral films, preoperative bending films, a left-
hand radiograph, and an assessment of either
open or closed triradiate cartilages. Postoperative
evaluations, utilizing PA and sagittal radiographs
(applying a negative value to overcorrected curves),
were conducted for the first erect postoperative films,
atthe end of the first and second years following the
index procedure and at the most recent follow-up.
Radiographic spinal flexibility is calculated for each
curve using the following formula: (Pre-op coronal
curve — fulcrum bending coronal curve) / pre-op
coronal curve] x 100 = % flexibility. Two-dimensional
thoracic kyphosis measurements were taken from
preoperative and most recent postoperative sagittal
radiographs. The formula to estimate three-
dimensional kyphosis is as follows: 3D T5-T12
kyphosis = 18.1 + (0.81 2D T5-T12 kyphosis) - (0.54
2D thoracic coronal curve) degrees, noting that this
model has an average error of +/- 7.0°.%

Suspicion of construct breakage was defined as a
change of > 5° in the angulation of two screws in
adjacent levels in comparison with previous images.®
The rate among patients with single or dual line
constructs and the number of intervertebral disc

releases were analyzed.

3.0 Results

The cohort comprised 15 patients (2 with double
curves) presenting with 17 curves classified as early-
onset scoliosis (Table 1). Diagnoses in the 15 patients
included idiopathic (n=8), syndromic (h=4), congenital
(n=1), status post spinal tumor resection (n=1), and
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status post right omphalocele major repair (n=1). The
syndromic cohort (4 patients) consisted of 2 patients
with Prader-Willi syndrome, one with chromosome
16 deletion, and one with Noonan’s syndrome. The
mean age at the time of surgery was 8.0 years (range
5.7 t0 10.1 years). Follow-up averaged 48.3 months
(range 25 to 86 months). In terms of the surgical
construct, 9 patients (53%) received a single line
construct, while the remaining 8 patients (47%) were
treated with a dual line construct. The placement
of one or two screws per vertebra was a subjective
determination by surgeon MDA depending on size
of the patients’ vertebrae. Intervertebral de-tethering
releases were performed in 14/15 patients (93%),

averaging 3.3 levels per patient (range 1 to 7).

3.1 CORONAL RADIOGRAPHIC ANALYSIS

Preoperative coronal curve measurements averaged
81° (range 58 to 100°), with an average preoperative
flexibility of 51% (range 21 to 71%). The first erect
postoperative assessment demonstrated an average
curve reduction to 33° (range 16 to 66°), translating
to an average correction of 58% (range 23 to 78%).
Instrumented segments showed an average reduction
to 27° (range 6 to 46°) with an average correction
percentage of 66% (range 47 to 91%). The most
recent postoperative measurements indicated further
improvement, with coronal curve angles averaging
23°(range -15 to 68°) in the instrumented segments
for an average correction of 75% (range 30 to 123%).
Measurement of the maximum coronal curve angle
is shown in Table 1 and averaged only about 8° less

correction. A case example is seen in Figure 1.

3.2 CASE HISTORY FOR FIGURE 1

This is an example of a unilateral instrumented thoracic
curve over a period of 60 months postoperative.
Shown are preoperative PA (A) and lateral (B)
radiographs of an 8-year-old boy with a 60° upper
thoracic curve encompassing a T4 hemivertebra with
a large, stiff compensatory thoracic curve measuring
92°. (C) The preoperative left lateral bend upper
thoracic curve measures 48°. (D) The right fulcrum
bend radiograph shows that the compensatory curve
bends down to 65°. The patient underwent right T7

to L3 ASC with single line construct and 4 level
intervertebral de-tethering releases (T8-T12). Next
shown are erect PA (E) and lateral (F) radiographs
at 6 weeks postoperative. The upper thoracic
uninstrumented curve measures 41° and the
instrumented compensatory curve is 40°. (G) Erect
PA atone year. (H, I), Most recent PA (H) and lateral
() radiographs at 60 months; the uninstrumented
upper thoracic curve remains stable at 40° and the
instrumented compensatory thoracic curve measures
23°, demonstrating growth modulation at 12 years
of age (Risser O, Sanders 3). Figures (J) and (K) are
AP supine left and right lateral bend films done at
60 months showing 28° of motion. Figures (L) and
(M) are lateral standing maximum flexion-extension
radiographs also at 60 months showing maintained
13° of motion.

3.3 SAGITTAL RADIOGRAPHIC ANALYSIS

The 2D sagittal curve preoperative measurements
averaged 25° (range 7 to 57°), with the most recent
postoperative measurements averaging 35° (range
2 to 55°). In the 3D sagittal plane, the preoperative
curve averaged -6° (range -23.2 to 19.7°), with the
most recent postoperative curve averaging 28° (range
-0.8 to 58.6°). This is an average correction of 34°
towards a more normal thoracic kyphosis. See
Table 1.
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Fig. 1A-M. Example of unilateral instrumented thoracic curve over a period of 60 months postoperative.
See Section 3.2 Case History for Figure 1.
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Table 1. Data Summary: 15 Patients (17 Curves) with Early Onset Scoliosis

Patients/%

Average (Range)

Mean age at surgery (years)

8.0 (5.7 to 10.1)

Mean follow-up (months)

48.3 (25 to 86)

Construct of curves (n=17)

Single line construct 9 (53)

Dual line construct 8 (47)

Intervertebral De-Tethering

Releases
# patients 14/15 (93)
Avg # levels per patient 3.3(1to7)
Coronal Curve Maximum Instrumented

Pre-op (%)

81.1 (58 to 100)

Average flexibility (%)

50.9 (21 to 71)

First erect post-op (°)

33.2 (16 to 66)

26.9 (6 to 46)

Average correction (%)

57.5(23 to 78)

65.9 (47 to 91)

Most recent post-op (°)

30.6 (-38 to 73)

22.5 (-15 to 68)

Average correction (%)

63.5 (25 to 158)

74.7 (30 to 123)

2D Sagittal Curve

Pre-op (°)

25.0 (7 to 57)

Most recent (post-op) (°)

35.1 (2 to 55)

3D Sagittal Curve

Pre-op (°)

5.6 (-23.2t0 19.7)

Most recent (°)

27.6 (-0.8 to 58.6)

3.4 REVISION OR SUBSEQUENT STAGE SURGERY
Within the cohort, 11 of the 15 patients underwent a
secondary surgical procedure at an average interval
of 43 months (range 23 to 77 months) following the
index procedure. Return to the operating room for
lengthening due to overcorrection occurred in 3/15
patients (20%). See Figure 2.

3.5 CASE HISTORY FOR FIGURE 2

Example of a unilateral thoracic ASC with intervertebral
de-tethering releases needing lengthening for
overcorrection at 29 months postoperative.
Preoperative PA (A) and lateral (B) radiographs of a

5Y2 -year-old girl with an idiopathic thoracic curve

measuring 80°. The patient underwent right T5 to
L2 ASC with single screw-line, double cord construct
and 5 level intervertebral de-tethering releases (T7-
T12). Erect PA (C) and lateral (D) radiographs at 6
weeks postoperative: the instrumented Cobb angle
measures 36°. Erect PA (E) at 16 months showing 20°
of distal overcorrection from T11 to L2. Right supine
bending radiograph (F) at 16 months postoperative
shows intra-construct flexibility from 35° to 20° (T5
to T11). Left supine bending radiograph (G) of the
lumbar curve at 16 months postoperative shows
intra-construct flexibility from minus 20 to minus
10° (T11 to L2). (F) and (G) demonstrate preserved
mobility and the ability to delay surgical release of

© 2024 European Society of Medicine 7



A

the cord. (H) PA radiograph of the patient in a night
brace to delay cord lengthening revision. She refused
to wear the brace after 6 months. (I) At 29 months
postoperative (pre-revision), the maximum curve
measures 35° from T4 to T10 and minus 45° from
T10-L12. (J) The left fulcrum bend Cobb angle
measures 1° from T11 to L2, demonstrating
continued flexibility. Revision involved removal of
distal instrumentation in L1-L2 and the addition of
all new cords from T4 to L2 and 9 intervertebral de-

tethering releases. Specifically, the construct has

-Tethering Releases for the Treatment of Patients 5 to 10 Years of Age

slack between the screws to allow for growth and
curve correction. Most recent PA (K) and lateral (L)
radiographs at 6 weeks post revision (30 months
after index procedure) measure 27° instrumented
curve and 45° maximum curve. The patient is now
8 years old. It is expected she will continue to grow
and the curve will continue to correct. However, she
still only has a single line construct, and it is possible
that construct breakage and loss of correction could

occur, requiring another stage of surgery.

Fig. 2A-L. Example of a unilateral thoracic ASC with intervertebral de-tethering releases needing

lengthening for overcorrection at 29 months postoperative. See Section 3.5 Case History for Figure 2.
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Six of 15 patients (40%) required a subsequent stage
ASC for additional curve correction. The other two
patients (13%) required spinal fusion. One patient
with a stiff curve measuring 106° had a fusion for
persistent crankshaft. The instrumented curve
corrected to 36°, but the curve crankshafted below
the L2 instrumentation necessitating a fusion 3.5
years after initial ASC surgery. She had 3.5 years of
growth before needing a fusion. The other patient
with Prader-Willi syndrome needed a fusion for
uncontrolled  proximal kyphosis above the
instrumented spine as is commonly seen in patients

with this syndrome.

Interestingly, there is a trend that the 11 patients
who required second surgeries initially had fewer
intervertebral de-tethering releases, with an average
of 2.5 per patient during the index procedure. In
contrast, the 4 who did not require subsequent
surgery underwent a higher number of intervertebral
de-tethering releases, averaging 5.3 per patient. This
trend requires further analysis after longer follow-up.

3.6 MEDICAL COMPLICATIONS

The study identified 3 medical complications in 3
separate patients. One patient with a known
preoperative history of a minor temporary
encephalopathy experienced a recurrence of
encephalopathy postoperatively, which spontaneously
resolved within 4 weeks. Another patient developed
minor wound dehiscence that did not require
surgery, and a third required extended intubation
for secretion management. Notably, all patients who
encountered these complications had pre-existing
syndromes, suggesting a possible link between
their underlying syndromic status and postoperative
complication risk.

4.0 Discussion

4.1 COMPARATIVE ANALYSIS OF CORONAL
RADIOGRAPHIC OUTCOMES AND CLINICAL
SUCCESS AGAINST VERTEBRAL BODY TETHERING
IN THE EXISTING LITERATURE

We found no other studies of similar aged patients
undergoing VBT. The only potential study with which

to compare was by Mackey et al.” with patients with
average age 11.3 years (range 10.9 to 11.8 years) at
index surgery. In the Mackey study, VBT resulted in
a 41.1% correction of the spinal curvature at final
follow-up in a series of 37 patients. The median angle
of the major preoperative curvesin their cohort was
only 50°, which is significantly less than the average
preoperative curve angle of 81° found in our cohort.
They noted an unplanned revision surgery rate of
16.2%, a figure that is comparatively lower than what
was observed in our patients. Itis critical to note that
our cohort was not only characterized by a greater
mean preoperative curve severity but also included
much younger patients (by an average of 3 years) who
were more skeletally immature (Sanders < 2); both
of these factors may contribute to an increased
likelihood of a second surgery. Despite these
challenges, our cohort of patients undergoing ASC
with intervertebral de-tethering releases achieved
a notable overall correction rate of 75%, which
substantially surpasses the 41.1% correction rate
achieved by VBT of Mackey et al.™®

4.2 COMPARATIVE ANALYSIS OF CORONAL
RADIOGRAPHIC OUTCOMES AND CLINICAL
SUCCESS WITH GROWTH FRIENDLY
DISTRACTION-BASED SYSTEM IN THE EXISTING
LITERATURE

Historically, distraction-based growth-friendly systems
have been the primary approach for managing
EOS, yet they are often associated with a higher
complication rate and suboptimal curve correction.
% Bess et al.” reported an overall correction of 49%
at an average follow-up of 59.6 months among 140
patients who underwent treatment with traditional
growing rods. A recognized limitation of this
intervention is the requirement for multiple planned
surgeries. Notably, patients in this cohort experienced
a 450% rate of return to the operating room (OR)
for lengthenings every 4 to 6 months, a factor that
is associated with an increased risk of complications.
To mitigate this issue, magnetically controlled
growing rods (MCGR) were developed to reduce
the frequency of surgical lengthening interventions.
Mackey et al.’”® observed a significantly reduced
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planned return to the OR rate of 31% with the use
of MCGR, which is notably lower than that reported
in the study of traditional growing rods by Bess et
al.”However, it is important to highlight that Mackey
et al.”® reported an overall correction of only 34% in
patients with EOS treated with MCGR. Overall, both
distraction-based systems have substantially lower
correction rates observed in comparison to our cohort
undergoing ASC with intervertebral de-tethering
releases. Additionally, Mackey et al.”® reported a
conversion rate to posterior spinal fusion of 33%, while

Bess et al.”™ documented a slightly higher conversion
rate of 36%. These rates are considerably higher
than the 13% conversion rate observed in our cohort
undergoing ASC thus far (see Table 2). However,
our patients are still much younger and further from
skeletal maturity, and the final outcome is not yet
known. Based on how the 13 patients without a fusion
are doing at most recent follow-up, we feel our ASC
with intervertebral de-tethering releases group will
continue to show a lower rate of needing fusion in

the future.

Table 2. Comparison of Studies Using Anterior Scoliosis Correction and Distraction-Based Growth-

Friendly Systems

Bess, et al.™ Mackey, et al."®

ASC Growing Rods MCGR

No. of patients 15 140 51
Age at initial growing rod implantation 8.0 (5.7-10) 6.0(1.7-10) 9.6 (8.8-10.2)
(years)
Curve magnitude (°)

Initial 81 (38-106) 75 (32-147) 64 (55-75)

Last follow-up 23 (-10-68) 47 (4-104) 42 (34-54)
% correction 74% 49% 34%
Follow-up (months) 48.3 (25-86) 59.6 (24-166) 34.8 (29-47)
Levels per patient 9 (8-13) 13(7-18) 13 (12-15)

Patients with final fusion

2/15(13%

50/140 (36%) 17/51 (33%)

Return to the OR (N)
Overcorrection

Loss of correction

9/15 (60% total
3/15 (20%
6/15 (40%

633/140 (450%) 16/51 (31%)

)
)
)
)

Distraction-based growth-friendly systems have shown
high complication rates.*®**” The study by Bess et al."™
indicated an 11% rate of unplanned return to the
OR due to infection, compared to a single incident
reported by Mackey et al." and none in our ASC
cohort. These recurrent OR visits in the context of
traditional growing rods with paraspinal muscle
disruption may contribute to the increased infection
rates, given the multiple surgeries required for rod
adjustments during patient growth. Additionally, Bess
et al.™ encountered 4 neurological complications,
whereas no such complications were noted in our
ASC cohort.

Our data indicate that ASC with intervertebral de-
tethering releases provides better coronal curve
correction with a comparatively similar rate of
radiographic complications but fewer medical
complications when compared to existing distraction-
based systems. These observations advocate for
consideration of ASC with intervertebral de-
tethering releases as a possible altemative to growing
rod techniques, particularly in children younger
than 10 years of age presenting with severe spinal

deformities.
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5.0 Authors’ Current

Recommendations

At this time, subjective recommendations from the
authors for consideration of ASC for patients with EOS
include: age 5 to 10 years, no preexisting proximal
kyphosis, curve size up to 80°, upper end vertebra
T4 (preferably T5), maximum number of 10 vertebrae
in Cobb angle, and curve flexibility down to 30°
and possibly 50° (if willing to do intervertebral de-
tethering releases). We recommend correction on
the OR table to a Cobb angle of < 30°.

When discussing the procedure with the parents, we
acknowledge no long-term data, and we extrapolate
the outcomes from our experience with ASC and
intervertebral de-tethering releases in patients with
AIS. Proposed potential outcomes to parents
include the following:

® “One and done” surgery is VERY unlikely; a
second and maybe third surgery for

overcorrection is possible.

* Anterior subsequent stage surgery for
construct loss of curve correction compared

to first erect post-op is likely.

* Revision / PSF for inadequate final correction

is possible.

e Continued growth and flexibility of their
child’s spine is likely.

6.0 Limitations of This Study

The authors recognize several significant limitations
within this study, yet emphasize the value of
disseminating these findings on EOS patients
treated with ASC and intervertebral de-tethering
releases given the paucity of existing literature on
the subject. The modest cohort size and the data
sourcing exclusively from a single primary surgeon
(MDA) may limit the statistical power and potentially
affect the external validity and generalizability of
the results. Nonetheless, this single-surgeon model
also ensures a high degree of consistency in surgical
techniques and postoperative management. As a

retrospective analysis, the study inherently provides

a lower level of evidence compared to prospective
research designs and is subject to potential biases,
including selection, recall, and misclassification biases.
Further limitations are evident, such as the absence
of patient-reported outcome measures, the lack of
a concurrent comparative cohort undergoing
treatments with distraction-based systems, and the
relatively short follow-up period, which is brief for
evaluating a novel surgical technology. These
patients absolutely need to be followed through
skeletal maturity. In addition, pulmonary function
needs to be studied, especially since most patients
will probably have more than one surgery to their
chest cavity. Spinal height also needs to be studied,
but this currently requires sophisticated software for
accurate measurement and is not readily available
to us. These factors must be considered when
interpreting the study’s outcomes and extrapolating
the findings to broader clinical practice.

7.0 Conclusion

The study's assessment of ASC with intervertebral
de-tethering releasesin a cohort of 15 patients with
EOS revealed an average preoperative curve
magnitude of 81°. Following ASC with intervertebral
de-tethering releases, the mean correction was
significant, achieving 75% for the instrumented curve
and 64% for the maximum coronal curve, across an
average follow-up of 48 months. Of particular note
is that only 2 patients (13%) required conversion to
posterior spinal fusion. These results suggest that
ASC with intervertebral de-tethering releases could
be considered a feasible alternative to conventional
posterior growing rod techniques for managing
severe spinal deformities in patients younger than
10 years. The potential of ASC with intervertebral
de-tethering releases to provide substantial curve
correction, effective derotation, and lower incidence
of surgical fusion underscores its therapeutic promise
in the treatment of these challenging patients.
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