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ABSTRACT

Background: There are still no consensus criteria on how to select the lower instrumented vertebra (LIV) for
traditional growing rods (TGRs) at index surgery. The aim was to evaluate whether the criteria used for adolescent
idiopathic scoliosis fusion adapts to early onset scoliosis (EOS).

Methods: Retrospective analysis of prospectively longitudinal collected data in a consecutive cohort of patients
with EOS treated with TGR, expanding from index surgery to 2 years after graduation. The LIV was analyzed regarding
its relation to the stable vertebra (SV), substantially touched vertebra (STV), and not STV (NSTV). Failure of LIV
selection was considered when revision surgery with distal extension was needed during follow up, due to adding on
(ALIV tilt > 10°).

Results: A total of 25 patients met inclusion criteria. Mean age was 8.6 *= 3 (at index surgery), 15.1 = 1.8 (at
graduation), and 17.8 = 1.6 (at final follow up). The most frequent LIV at index surgery was L3 (13/25); in 13 cases,
STV was selected as LIV; in 7, it was NSTV; and in 5, SV on the standard postero-anterior radiographs. During follow
up, a significant increase in the mean LIV tilt (P =.049) and distal junctional angle (P =.017) was found. Nine of the 25
patients (36%) developed adding on: 20% (1/5) of those with LIV at SV, 38.5% (5/13) at STV, and 42.8% (3/7) at
NSTV. Of those 9 cases of adding on, only four needed distal extension (mean LIV tilt=17.6°): 2 STV patients (15.4%),
and 2 NSTV patients (28.6%). None of the patients with the LIV chosen at SV needed distal extension due to adding on.

Conclusions: The cranial the selection of the LIV above the SV, the higher the risk of adding on and of revision
surgery with distal extension during follow up. Saving motion segments could be justified by choosing STV as LIV
because the need for distal extension is not high, and it can be scheduled during lengthening procedures or at graduation
surgery.

Level of Evidence: 4.

Clinical Relevance: Choosing the LIV in TGR index surgery is crucial to have a secure distal foundation, control
and correct the deformity during growth, and save distal segments to allow growth and mobility.

Other & Special Categories

Keywords: traditional growing rods, index surgery, early onset scoliosis, level selection, lower instrumented vertebra,
pediatric spine deformity

Traditional growing rods (TGRs) are a useful
tool to treat these patients when the severity of the
curves does not allow any further conservative

INTRODUCTION

Early onset scoliosis (EOS) is a very challenging

condition of the spine due to spine immaturity. The
challenge of residual growth remaining in the
context of an aggressive spinal deformity that needs
spinal stabilization and guidance. Several etiologic
factors can be implicated in this condition such as
congenital malformations, neuromuscular or syn-
dromic diseases, or idiopathic conditions. The
presence of a growing spine could lead to major
deformity after skeletal maturity, with potential
cardiopulmonary compromise if not treated.'

treatment.>* TGRs can correct the spinal deformity
and guide subsequent spinal growth with a program
of serial lengthenings. At the same time, they allow
thoracic and trunk growth until skeletal maturity is
achieved.* Limitations of the technique include the
law of diminishing returns,” the risk of proximal
junctional kyphosis,® implant failure,” and a reop-
eration rate of 15%.%

Despite a wide international experience with
TGR, there are still no consensus criteria on how
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to select the lower instrumented vertebra (LIV) at
index surgery. Similar to what is done in adolescent
idiopathic scoliosis (AIS) surgery, surgeons try to be
as selective as possible with the instrumentation and
save as many distal mobile segments as possible.”
The criteria followed in AIS fusion is based on the
stable vertebra (SV), the vertebra substantially
touched by the central sacral vertical line (STV),
and the vertebra tangentially touched (not substan-
tially touched) by the line (NSTV). Reports have
highlighted that, ideally, LIV in AIS should aim to
be the STV, which allows us to save distal segments
with a low risk of subsequent failures.'®'* However,
this criterion might not fit for EOS treated with
TGR because growth and curve progression might
add distal segments to the original curve (adding-on
effect). The fate of the LIV in a spine with remaining
residual growth, which undergoes serial length-
enings is still underexplored.

The aim of our study was to evaluate whether the
criteria used for AlS-operated patients to select the
LIV adapts to EOS patients treated with TGRs.

MATERIALS AND METHODS

This is a retrospective cohort study of prospec-
tively longitudinal collected data.

All consecutive patients affected by EOS and
treated at our institution between 2003 and 2016
with TGR were recruited in the current study. All
included patients underwent index surgical treat-
ment with traditional dual growing rods with
proximal and distal spine-based foundations using
pedicle screws or hooks and rods connected by side-
to-side wedding bands and had a minimum 2-year
follow up postgraduation. Graduation was defined
as the end of the distraction treatment and was
followed either by implant retention and further
observation or by final fusion.

Patients with incomplete radiological data, those
lost at follow up, those with distal foundation at the
sacrum or pelvis, patients treated with other types of
growth-friendly techniques, or without a minimum
2-year follow up after graduation were excluded
from our study.

Demographic data such as age, gender, and
etiology of scoliosis were recorded.

Radiographic Measurements

Radiographic analysis included standing posteri-
or-anterior and lateral radiographs on different

stages: preoperative, immediate postoperative, at
graduation, and at final follow up. In some cases,
preoperative coronal and lateral traction films were
available. One of the authors not involved in the
operating team performed all radiographic mea-
surements.

On preoperative radiographs, the following pa-
rameters were analyzed: the magnitude of the major
curve assessed by the Cobb angle on standing and
on traction radiographs, coronal balance, the
location of the SV, the STV, the NSTV, and the
SV tilt.

Instrumentation data were recorded on postop-
erative radiographs: type of distal construct (pedicle
screws or hooks) and number of vertebrae included
in the distal foundation.

Major curve Cobb angle on standing radio-
graphs, coronal balance, the LIV, LIV tilt, disc
wedge below LIV, disc wedge 1 level below LIV,
and the distal junctional angle (DJA) were calcu-
lated on immediate postoperative, graduation, and
follow-up radiographs. The value of DJA was
reported as positive if the segment was in kyphosis
and negative if the segment was in lordosis. Age and
Risser stage at the moment of graduation were also
recorded.

The SV was considered as the vertebra most
closely bisected by the central sacral vertical line
(CSVL) defined by King et al.'® The STV was
considered as the vertebra in which the CSVL fell
out of the medial border of the pedicle of the
vertebra, and the NSTV was considered when the
CSVL fell lateral to the external border of the
pedicle."

The team of surgeons involved in the cases are
dedicated deformity spine surgeons led by the last
author who has more than 40 years of experience in
pediatric spine deformity. The level chosen for LIV
was selected case by case and based on the classical
criteria of the stable distal zone. Therefore, the LIV
was selected at a level at or below the end vertebra,
which needed to be closely touched by the CSVL
and have little or no rotation (neutral vertebra).
Our study analyzes if that decision was correct.
Failure of LIV selection was considered when
revision surgery for distal extension was needed
due to adding on. Adding on was defined as a
difference of more than 10° between LIV tilt on the
immediate postoperative and the follow-up radio-
graphs.
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Table 1. Main demographic and preoperative radiological data.

Parameter Value
Patients
Age, mean = SD, y 8.56 + 3.01
Males 6
Females 19
Type of scoliosis
Idiopathic 9
Syndromic 8
Neuromuscular 5
Secondary to Askin tumor 2
Congenital 1
Cobb angle on standing x-ray, mean = SD, ° 78.8 = 15.37
Coronal balance on standing x-ray, mean = SD, mm 18.3 + 18.61

Most frequent stable vertebra
Most frequent STV
Most frequent NSTV

L5 (10/25), L4 (6/25), L3 (5/25), L2 (2/25), L1 (1/25), T12 (1/25), T11 (1/25)
L4 (9/25), L3 (5/25), L2 (4/25), L1 (1/25), T12 (1/25), T11 (1/25)
L3 (8/25), L2 (3/25), L1 (1/25)

Cobb angle on traction x-ray, mean = SD, ° 45.5 = 15.15
Reduction in traction, mean * SD, % 46.18 = 12.72
Risser at graduation, mean * SD 324 £ 1.2
Age at graduation, mean = SD, y 15.12 = 1.81
Follow up from index surgery, mean = SD, mo 105.6 = 32.74
Follow up after graduation, mean * SD, mo 27.76 = 12.59

Abbreviations: NSTV, not substantially touched vertebra; SD, standard deviation; STV, substantially touched vertebra.

Statistical Methods

Data were expressed as mean = standard
deviation for quantitative variables or percentage
for qualitative variables. Most frequent SV, STV,
NSTV, and LIV were reported as modal distribu-
tion. The analysis was performed through STA-
TA13 software (StataCorp LLC, College Station,
Texas). Student ¢ test was used to find differences
between quantitative variables, and P value of <.05
was considered statistically significant.

RESULTS

Twenty-five EOS patients met inclusion criteria.
Mean age at the beginning of treatment was 8.6 = 3
years, 15.1 = 1.8 years at graduation, and 17.8 *
1.6 years at final follow up. Eleven patients had
single thoracic deformities, 6 had thoracolumbar
curves, and 8 had double curves.

The most important demographic and preopera-
tive radiological data are reported in Table 1.

The etiology of the deformities was diverse: 8
were idiopathic curves with no additional comor-
bidities, and 1 had an idiopathic curve with a
previously operated interauricular communication.
Eight patients had syndromic scoliosis: 2 suffered
osteogenesis imperfecta, 1 Di George syndrome, 1
spondylothoracic syndrome, 1 Noonan syndrome, 1
Smith-Magensis syndrome, 1 Poland syndrome, and
the last one had an unspecific psychomotor delay.
Five patients had neuromuscular scoliosis (1 suf-
fered a nemalinic myopathy). Two patients devel-

oped progressive scoliosis after surgical resection of
an Askin tumor, and 1 had congenital scoliosis with
an associated renal malformation.

In single thoracic curves, the most frequent SV
was L3 (5/11) followed by L4 (2/11), L5, L2, L1, and
T12 (1/11 each); the most frequent STV was L2 (6/
11), followed by L3 (2/11), L4, L1, and T11 (1/25
each); while no prevalence was recorded for NSTV:
L1, L2, and L3 were recorded 1 time each.

In thoracolumbar curves, no prevalence for SV
was recorded, L4 and L5 (3/6 each); the most
frequent STV was L4 (3/6) followed by L3 (2/6);
while most frequent NSTV was L3 (3/6 cases)

In double curves, the most frequent SV was L5
(6/8) followed by L2 and L4 (1/8 each); the most
frequent STV was L4 (5/8) followed by L3 and L1
(1/8 each); and the most frequent NSTV was L3 (4/
8) followed by L2 (1/8).

Overall, considering both single and double
curves, the global most frequent SV was L5 (10/
25); the most frequent STV was L4 (9/25); and the
most frequent NSTV was L3 (8/25).

Immediately after operation, the most frequent
LIV was L3 (13/25) followed by L2 (6/25), L4 (3/
25), L1 (2/25), and L5 (1/25). Looking at the
preoperative standing radiographs, the STV was
selected as LIV in 13/25 cases, the NSTV in 7/25
cases, and the SV in 5/25 cases. The mean
postoperative LIV tilt was 10.37° = 6.71°. Pedicle
screws were the preferred distal anchors used to
secure the distal foundation. The mean number of
lower instrumented levels was 2.04 = 0.2.
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(b versus c)
3341
4559

2572

(a versus ¢)
1531

P
(a versus b)
3598
71364

P (Preop

versus ¢)

<.0001%*
.3067

P (Preop

versus b)

<.00001*
1927

P (Preop

versus a)

<.00001*
9526

Follow Up (¢)
49.79° + 14.19°
23.56 = 20.86
L3 (9/25), L4 (9/25),

Graduation (b)
52.9° + 13.25°
19.28 = 19.38
L3 (10/25), L4 (7/

Immediate
Postop (a)

47.64 = 8.52
17.6 = 15.5

Table 2. Main radiological data of patients treated with traditional growing rods (TGRs) immediately after index surgery, at graduation, and follow up. Statistical significance is marked with an asterisk.

Cobb angle, mean = SD, °
Coronal balance, mean = SD, mm
Most frequent LIV

Variables

LIV in Growing Rods

At graduation, the most frequent LIV was still L3
(10/25), with a mean LIV tilt of 12.21° £ 7.85° a
mean LIV disc wedge of 3.06° = 2.31°, and a mean
DIJA of 16.5° = 10.7°. Ten patients were graduated
with TGR retention, while 15 patients graduated
with final fusion.

At final follow up, the most frequent LIV was L3
(9/25), and the mean final LIV tilt was 11.43° =
8.81°.

A summary of immediate postoperative, gradu-
ation, and follow-up data is reported in Table 2.
During the follow up until graduation, a statistically
significant increase in the mean LIV tilt (P = .049)
and DJA (P = .017) was found. A significant
difference was found between preoperative and
immediate postoperative Cobb angles (P <
.00001), between preoperative and graduation Cobb
angles (P < .00001), and between preoperative and
final follow-up Cobb angles (P < .0001).

Complications are reported in Table 3. Nine
patients (9/25; 36%) suffered adding on during
follow up. In 1 of them, the selected LIV was the SV
(1/5; 20%), 5 of them had LIV at the STV (5/13;
38.5%), the other 3 had the LIV at NSTV (3/7;
42.8%). Four out of these 9 (44%) adding-on cases
(16% of the total cohort) required surgical revision
with 1 additional level of distal extension. Those
patients undergoing revision surgery had a mean
LIV tilt increase of 17.6° compared with 11.3° on
those not needing distal extension. Revision surgery
was performed in 2 patients with LIV at STV (2/
13;15.4%) and 2 patients with LIV at NSTV (2/7;
28.6%). None of the patients with LIV chosen at the
SV needed distal extension due to adding on.

6443
9421
6615
5614

1643
9685

9617
.0957

.0489*
978
5918
0171*

L2(3/25), L5 (2/
25), L1 (2/25)

12.24 = 8.45

3.69 * 2.48

245 = 3.08
—11.1 = 14.32

25), L2 (4/25), L1
(2/25), L5 (2/25)

12.21 = 7.85
3.06 = 2.31

2.12 = 1.47
—16.52 = 10.75

DISCUSSION

The correct selection of the LIV in AIS when
planning instrumented fusion is still under debate.
Although the SV has been the classically recom-
mended spot to safely place the distal anchors,
recent literature has suggested the STV as a
reasonable level to set the LIV. The STV allows a

L3 (13/25), L2 (6/
25), L4 (3/25), L1
(2/25), L5 (1)25)

10.37 = 6.71

3.06 + 2.58

273 + 2.88

~3.67 = 8.99

Table 3. List of complications that occurred during observation period.

Parameter Value

Rod breakages 6 times (3 times in the same patient)
Screw or anchor pull out 6 times

Screw malpositioning 1 time

Adding on 9 patients

Proximal junctional kyphosis 3 times

Distal junctional kyphosis 1 time

Infection 1 time

Abbreviations: DJA, distal junctional angle; LIV, lower instrumented vertebra; SD, standard deviation.

Disc wedge + 1, mean = SD, °

LIV disc wedge, mean * SD, °
DJA, mean = SD, °

LIV tilt, mean = SD, °
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Figure 1. Idiopathic scoliosis treated with traditional growing rods. L2 was the substantially touched vertebra and was selected as the lower instrumented vertebra.
After the fourth lengthening, the patient developed a distal adding on and, afterwards, a bilateral rod breakage ocurred. Posterior final fusion was performed at skeletal
maturity to fix both complications and improve balance, with 1 level distal extension. The last image shows 2-year follow up after final fusion.

good correction of the deformity, while minimizing
the extension of the fusion, saving motion segments,
with a small risk of distal complications.'®2°
However, the decision is still in many cases driven
by the surgeon’s own experience.>' The situation is
even more controversial for EOS; due to the
potential growth remaining, long instrumentations
can lead to a crankshaft phenomenon,? and short
fusions can drive to adding on.?

In these surgeries, it is then important to choose
the appropriate LIV, especially in the lumbar spine,
where it is known that extensive fixation affects
future spinal motion.?** The contribution of each
single level on global lumbar mobility has been
shown to be variable.?®?” However, it is known that
extending instrumentation below L3 may jeopardize
function, increase the risk of disability, and drive
adjacent segment problems.”® For that reason,

saving segments could increase long-term spinal
motion and preserve the quality of life in the mid
and long run.’

Growth-friendly techniques, as TGR, are com-
monly used to control pediatric spinal deformity
while still allowing spinal growth. However, after
several lengthenings, the correction potential of this
technique diminishes due to autofusion of the
segments between the upper and lower anchorage
points.” The shorter the extension of the instru-
mentation, the fewer the segments for potential
autofusion. In this scenario, Dede et al’ recom-
mended stopping at “stable to be” vertebra (StbV) in
TGR, which is the SV on traction films. Despite this
first attempt to recommend the LIV in TGR, there
are still no consensus criteria on where to select the
LIV at index surgery and what the fate of it is.
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Figure 2. Nine-year-old female patient who developed a thoracic curve months after a wide rib resection secondary to an Askin tumor. Traditional growing rods were
implanted, choosing the lower instrumented vertebra at L2, which corresponded to the substantially touched vertebra. After the fourth lengthening, we decided to stop
distractions, and the patient was followed with observation. Additional 4-year follow up with no adding on.

In our study, the most common LIV was L3, and
only 16% of our cohort was instrumented at or
below L4. The STV was our preferred choice
followed by NSTV, meaning that we were guided
by the concept of saving distal levels. Only 20% of
our cases were instrumented at the SV. We have
chosen a mean of 2 distal levels as our secure
foundation.

Along follow up, we detected a LIV tilt increase
over 10° in 36% of our patients; they were
considered as having a radiographic adding on.
The risk of this complication was 20% if the LIV
was the SV, 38% if the STV was chosen, and 43% if
the NSTV was chosen. Thus, the cranial the LIV,
the higher the risk for adding on. Eventually, 44%

of them needed revision surgery with an additional
level of distal extension to address this complica-
tion. The drivers for distal extension were an
excessive LIV tilt (mean increase of 17.6°), coronal
imbalance, and translational LIV shift falling lateral
to the CSVL. This constituted a final rate of 16% of
the total cohort needing distal extension due to
adding on after 9 years of follow up (Figure 1).
From these 4 extended patients, 2 corresponded to
patients with initial LIV at the STV (15.4%) and 2
at the NSTV (28.6%). At the end of follow up, none
of the patients who were initially stopped at the SV
needed surgical extension.

Over the course of treatment, lengthenings could
control coronal deformity magnitude and coronal
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alignment. However, controlling the sagittal plane
had its issues; the DJA increased a mean of 16°, and
3 patients needed revision surgery due to screw pull
out. When comparing these results with major
series,”**! we found similar effectiveness in coronal
correction but higher rates of adding on and distal
extension in our cohort. Rod breakage and anchor
pull out are the most reported complications in the
literature.** Severe EOS curves show more compli-
cations than moderate deformities.****

To the best of our knowledge, this is the first
study analyzing the rate of adding on related to LIV
selection in a long-term follow up of patients treated
with TGR in EOS. Choosing the STV as the LIV in
TGR index surgery, which is generally 1 level above
the SV, can preserve motion segments with a low
risk of further distal extension (Figure 2). Distal
revision, if needed, can be performed during
scheduled procedures. Selecting NSTV has a higher
risk of adding on along the course of treatment.

Several limitations to this study must be ac-
knowledged. Some are intrinsic to the retrospective
nature of the study, the low number of patients, and
the lack of a control group and patients’ random-
ization. Moreover, a priori sample size calculation
was not performed, and the lack of power did not
allow a statistical comparison between LIV and rate
of adding on. We were also limited by the low
number of studies reporting on the selection of LIV
in EOS. The strength of the study relies on a long
follow up. We have followed the patients through-
out 9 years, beginning with an age of §, analyzed at
graduation, and even 2 years after that.

CONCLUSIONS

In TGR index surgery, the cranial the selection of
the LIV above the SV, the higher the risk of adding
on and of revision with distal extension during
treatment. Saving motion segments could be justi-
fied by choosing STV as LIV because the need for
distal extension is not high, and it can be scheduled
during lengthening procedures or at graduation
surgery.
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