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Abstract
Background The distraction-based growth-friendly tech-
nique has become amainstay of treatment for young children
with long-spanned congenital scoliosis. However, in patients
who are 9 years to 11 years old, the choice is much less clear,
and posterior spinal fusion is also a potential option.
Questions/purposes Comparing growth-friendly scoliosis
surgery and posterior spinal fusion, which technique (1)
provides greater correction of spinal deformity, (2) is as-
sociated with more surgical complications, and (3) results
in greater improvement in pulmonary function tests,
health-related quality of life scores, other patient-reported
outcomes?

Methods Between 2009 and 2017, one spinal center per-
formed 212 spinal interventions for scoliosis in patients
aged between 9 years and 11 years old and who had open
triradiate cartilage, including 40 patients with growth-
friendly approaches (34 with growing-rod technique and
six with a vertical expandable prosthetic titanium rib) and
172 with one-stage posterior spinal fusion, respectively.
During this period, our general indications for using
growth-friendly surgery were patients with open triradiate
cartilage, major curve higher than 40°, and upper and lower
end vertebrae involving at least eight segments. Twelve
patients with a median (range) age of 9.3 years (9 to 11)
treated with growth-friendly surgery met the following
inclusion criteria: (1) had at least two lengthening proce-
dures before definitive spinal fusion along with 2 years of
follow-up after definitive spinal fusion; (2) had been fol-
lowed until skeletal maturity (Risser grade $ 4); and (3)
with complete radiographic and clinical data (health-
related quality of life (HRQoL) and pulmonary function
test results) preoperatively and at the latest follow-up. A
group of patients between 9 years and 11 years old and
underwent one-stage posterior spinal fusion was selected
from our database of patients with congenital scoliosis. Our
general indications for using one-stage posterior spinal
fusion were patients with a major curve greater than 40°,
and with thoracic height higher than 18 cm. Sixty-two
patients who had open triradiate cartilage and had been
followed until skeletal maturity (Risser grade $ 4) were
accounted for. In this retrospective, controlled study, we
matched patients in the posterior spinal fusion group to
those 12 patients who had growth-friendly surgery by age,
sex, pathologic findings, major curve size, and location of
the apex of the major curve (2:1 matching provided 24
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patients in the control group). The median (range) age was
9.8 years (9 to 11). We then compared the groups in terms
of magnitude of correction and postoperative complica-
tions. Surgical complications, including infection, implant-
related complications, and alignment-related complica-
tions were evaluated and classified using the surgical
complications grading system. Pulmonary function tests
and HRQoL were also compared between groups.
Pulmonary function tests were performed at the same
center with a spirometer. HRQoL were assessed by ques-
tionnaire, including the 24-item Early-onset Scoliosis
questionnaire for parent-reported outcomes and the
Scoliosis Research Society-22 questionnaire for patient-
reported outcomes. All patients involved in this study gave
their informed consent.
Results The posterior spinal fusion group achieved a
greater correction magnitude at the latest follow-up (me-
dian [range] 46% [28 to 70] versus median 34% [9 to 58],
difference of medians = 11%; p < 0.001) than the growth-
friendly group. A higher proportion of patients in the
growth-friendly group had complications than in the pos-
terior spinal fusion group (7 of 12 versus 4 of 24; p = 0.03).
There were no between-group differences in terms of
pulmonary function tests. Few differences were found
between the groups in terms of 24-item Early-onset
Scoliosis parental impact (median [range] 60 [44 to 83]
for the growth-friendly group versus median 71 [55 to 87]
for the posterior spinal fusion group, difference of
medians = 13; p = 0.001), financial burden (median 44 [30
to 55] for the growth-friendly group versus median 62 [53
to 75] for the posterior spinal fusion group, difference of
medians = 16; p < 0.001) and the Scoliosis Research
Society-22 self-image scores (median 3.8 [3.2 to 4.3] for
the growth-friendly group versus median 4.4 [4.1 to 4.6]
for the posterior spinal fusion group, difference of
medians = 0.5; p = 0.006) at the latest follow-up, and those
differences that were observed all favored the posterior
spinal fusion group.
Conclusions In light of the superior deformity correction
and fewer observed complications with posterior spinal
fusion, and the absence of important differences in vali-
dated outcomes scores or pulmonary function tests, pos-
terior spinal fusion might be a better choice for 9- to 11-
year-old children with long-spanned congenital scoliosis
and limited growth potential in the intended in-
strumentation area.
Level of Evidence Level III, therapeutic study.

Introduction

For young patients with congenital scoliosis secondary
to a solitary hemivertebra, one-stage posterior hemi-
vertebra resection with short pedicle screw fixation has

gradually become the mainstay of treatment [5, 16, 24].
But in patients with a long-spanned, rigid kyphoscoliosis
curve, definitive spinal fusion at a young age may result
in a short trunk, pulmonary dysfunction, and even iatro-
genic thoracic insufficiency syndrome [14, 15, 19]. In past
decades, the distraction-based growth-friendly technique
has been widely suggested for young children because of
its effectiveness in controlling spinal deformities and
permitting respiratory system development [9, 11, 21].
However, the ability to facilitate ongoing spinal growth
comes at a cost during growth-friendly treatment, with
more distraction procedures and higher complication rates
compared with fusion surgery [8, 12, 13, 20]. A multi-
center study from the Growing Spine Study Group
reported that the overall complication rate per procedure
was 19%, and the authors revealed that 58% of patients
had at least one complication during the distraction pe-
riod [2].

Generally, pediatric surgeons would accept (and rec-
ommend that their patients and families accept) the
greater complication risk and choose growth-friendly
treatment for children younger than 8 years, when the
chest wall and pulmonary alveoli are developing rapidly.
But in patients who are 9 years to 11 years old, the choice
is much less clear, and posterior spinal fusion is a potential
option. In idiopathic scoliosis, one case-matched study
compared the radiographic outcomes of growing rod and
one-stage spinal fusion; it found that growing rod treat-
ment did not benefit 9- to 11-year-old children in terms of
major curve correction or spinal height elongation [18].
However, the etiology in their study was limited to idio-
pathic scoliosis, and they did not evaluate health-related
quality of life (HRQoL) and pulmonary function tests. To
the best of our knowledge, surgical outcomes including
major curve correction, surgical complications pulmo-
nary function tests and HRQoL outcomes between
growth-friendly treatment and posterior spinal fusion in
9- to 11-year-old patients with long-spanned congenital
scoliosis have not yet been compared.

We therefore compared growth-friendly scoliosis sur-
gery and posterior spinal fusion, and asked which tech-
nique (1) provides greater correction of spinal deformity,
(2) is associated with more surgical complications, and (3)
results in greater improvement in pulmonary function tests,
HRQoL scores, and other patient-reported outcomes?

Patients and Methods

This was a single-center retrospective study that was ap-
proved by the institutional review board of our hospital.
Patients with long-spanned congenital scoliosis (with up-
per- and lower-end vertebrae involving at least eight seg-
ments) who underwent the distraction-based growth-
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friendly technique and posterior spinal fusion between
January 2009 and July 2017 were considered potentially
eligible for inclusion.

Treatment Algorithm and Surgical Procedures

During the study period, our general indications for using
distraction-based growth-friendly surgery, including
growing rod and vertical expandable prosthetic titanium rib
(VEPTR), were patients with open triradiate cartilage, a
major curve greater than 40°, and with a long-spanned
curve. Growing rods were preferentially used, but VEPTR
was selected for those patients with thoracic dysplasia.
Growth-friendly treatment included instrumentation im-
plantation at the index surgery and regular lengthening
procedures during follow-up. During the index surgical
procedure, each patient in the growth-friendly group un-
derwent placement of instrumentation, without any other
interventions that sought to address the congenital verte-
bral anomalies. Subsequent lengthening procedures at
intervals approximately 6 to 10 months apart. After several
lengthening procedures, definitive spinal fusion was rec-
ommended for patients with a Risser grade $ 4 or those
with limited growth remaining. During the final fusion
procedure, rib cradles in VEPTR systems were exchanged
with a pedicle screw or hook fixation at the spine. In most
patients, the proximal and distal foundation sites during the
distraction period were maintained for fusion in situ.
However, for patients with alignment-related complica-
tions or a relatively stiff spine, the fusion levels were ex-
tended, and multilevel Ponte osteotomies were performed
to achieve spinal balance.

For patients with open triradiate cartilage and a long-
spanned curve, growth-friendly treatment was recom-
mended. One-stage posterior spinal fusion was chosen
for patients whose parents did not allow their child to
undergo growth-friendly treatment. Our general indica-
tions for using one-stage posterior spinal fusion were
patients with a major curve greater than 40° and with
thoracic height (T1-T12 height) higher than 18 cm.
All these patients underwent segmental spinal in-
strumentation and fusion via a one-stage, posterior-only
approach.We chose the uppermost instrumented vertebra
at the upper end of the vertebrae or the supraadjacent
level and the lowest instrumented vertebra at the stable
vertebra or last touching vertebra by the central sacral
vertical line. Pedicle screws were preferably placed at
anchoring sites, but hooks were used otherwise. During
this period, we also used multilevel Ponte osteotomies at
the apex and at the superior and inferior adjacent levels.
We generally used these approaches when vertebral
anomalies with asymmetric growth potential located
around the apex.

Participants and Demographics

Between 2009 and 2017, one spinal center performed 212
spinal interventions in patients with scoliosis who were
between 9 years and 11 years old and who had open tri-
radiate cartilage; this included 40 patients with growth-
friendly approaches and 172 with one-stage posterior
spinal fusion. Twelve patients (this included seven males
and five females, median [range] age 9 years [9 to 11] at
the time of the index surgery; nine with a growing rod and
three with VEPTR) treated with growth-friendly surgery
met the following inclusion criteria: (1) had at least two
lengthening procedures before definitive spinal fusion
along with 2 years of follow-up after definitive spinal
fusion; (2) had been followed until skeletal maturity
[Risser grade $ 4]); and (3) with complete radiographic
and clinical data (HRQoL and pulmonary function test
results) preoperatively and at the latest follow-up.
According to the classification of congenital spinal
anomalies [17], six patients had Type 1 (formation fail-
ures), one had Type 2 (segmentation failures), and five
had Type 3 (mixed type, formation, and segmentation
failures).

A group of patients whose parents did not allow their
child to undergo the growth-friendly treatment and un-
derwent one-stage spinal fusion were selected from our
database of patients with congenital scoliosis. Sixty-two
patients who had open triradiate cartilage and had been
followed until skeletal maturity (Risser grade $ 4) with
complete radiographic and clinical data were accounted
for. In this retrospective, controlled study, we then matched
patients in the posterior spinal fusion group to those 12
patients who had growth-friendly surgery in a 2:1 ratio
based on age (within 10 months), sex, pathologic findings
(including the type of vertebral anomalies), major curve
size (within 10°), and location of the major curve’s apex
(within two vertebral bodies). Eventually, 24 patients (14
males and 10 females; (median [range] age 10 years [9 to
11]; median follow-up duration 7 years [5 to 8 years]) were
recruited and constituted the posterior spinal fusion group
(Fig. 1).

The growth-friendly and posterior spinal fusion groups
were well-matched for age, sex, open triradiate cartilage,
and pathologic findings (Table 1). In the growth-friendly
group, the median (range) number of lengthening proce-
dures was 4 (3 to 6) and the median age at the time of
definitive spinal fusion was 13 years (11 to 15). There was
no difference in follow-up interval from the initial surgery
to the latest follow-up evaluation between the two groups
(median [range] 7.2 years [5 to 9] for the growth-friendly
group versus median 6.8 years [5 to 8] for the posterior
spinal fusion group, difference of medians = 0.5; p = 0.14).
The fusion levels in the growth-friendly group were longer
than those in the posterior spinal fusion group (median 14.7
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[12 to 16] versus median 12.5 [10 to 15], difference of
medians = 1.9; p = 0.003).

Primary and Secondary Study Outcomes

Our primary study outcomes were the magnitude of cor-
rection and postoperative complications. Magnitude
of correction was measured on standing posteroanterior
and lateral radiographs, including the major curve and
its correction percentage. Postoperative correction per-
centage was calculated with (preoperative major curve –

postoperative major curve) * 100%/ Preoperative major
curve, and correction percentage at most recent follow-up
was calculated with (preoperative major curve –major
curve at most recent follow-up) * 100%/ Preoperative
major curve. Additionally, we evaluated the following
parameters: (1) trunk shift, which was the perpendicular
distance from the sacrum’s center to the plumb line drawn
from the midpoint of the C7 vertebra body; (2) T1-S1
height, which was the vertical distance between the mid-
points of the superior endplates of T1 and S1; (3) T1-T12
height, which was the vertical distance between the mid-
point of the superior endplate of T1 and the inferior

Fig. 1 This flowchart shows the inclusion process of the current study.

Table 1. Demographic data of patients in the growth-friendly and posterior spinal fusion groups

Parameters
Growth-friendly
group (n = 12)

Posterior spinal
fusion group (n = 24) p value

Vertebral anomalies I: formation failures 6 12

II: segmentation failures 1 2

III: mixed types 5 10

Age (years) At index surgery 9.3 (9 to 11) 9.8 (9 to 11) 0.61

At latest follow-up interval 16.9 (15 to 18) 16.4 (14 to 18) 0.33

Follow-up (years) Index surgery to definitive spinal
fusion

4.6 (2 to 6)

Definitive spinal fusion to latest
follow-up

2.8 (2 to 4)

Index surgery to follow-up 7.2 (5 to 9) 6.8 (5 to 8) 0.14

Fusion and spanned levels Distraction periods 13.8 (11 to 15)

Definitive spinal fusion 14.7 (12 to 16) 12.5 (10 to 15) 0.003

Data are presented as the median (range).
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endplate of T12; (4) space available for the lung, which was
the ratio of the height of the concave hemithorax (the dis-
tance from the middle of the most-cephalad rib down to the
center of the hemidiaphragm) to that of the convex hemi-
thorax [4]; (5) global kyphosis, which was defined as the
angle between the superior endplate of the most tilted
vertebra cranially and the inferior endplate of the most
tilted vertebra caudally; and (6) lumbar lordosis. In this
study, all radiographs were measured twice at an interval of
1 week by two well-trained senior residents who were not
involved in surgery, and the mean of both measurements
were adopted for analysis in this study. Intraclass correla-
tion coefficient method was calculated for inter- and
intraobserver variability. Intra- and interobserver correla-
tion coefficients for estimating the spinal parameters were
0.82 and 0.81, suggesting high reliability of these
measurements.

Surgical complications, including infection, implant-
related complications, and alignment-related complica-
tions, were recorded based on radiographs by an individual
resident who was not directly involved in patient care.
Implant-related complications included rod fracture and
failure of anchor fixation. With regard to alignment-related
complications, we mainly focused on coronal imbalance,
trunk shift (defined as the horizontal distance between the
C7 plumb line and the central sacral vertical line greater
than 20 mm); adding-on, which was defined as an increase
in the number of vertebrae in the measured curve either
proximally or distally, combined with a curve increase of
more than 6° from the first postoperative radiograph;
proximal junctional kyphosis (defined as a proximal or
distal junctional angle greater than 10° and an angle at least
10° greater than the preoperative measurement). The
complications were also evaluated using the surgical
complications grading system proposed by Smith et al.
[22], where severity refers to the level of care and urgency
needed to treat the complication, and can be classified as
follows: (1) Grade 1—does not result in unplanned surgery
and can be corrected at the next scheduled surgery; (2)
Grade 2—results in an unplanned surgery, with 2A
involving a single additional operation and 2B involving
multiple additional operations for resolution; (3) Grade
3—alters the planned course of treatment; and (4) Grade
4—death.

Our secondary study outcomes were pulmonary func-
tion tests and health-related quality of life scores.
Pulmonary function tests were performed at the same
center with a spirometer (Jaeger, Welzburg, Germany).
The percentage of the predicted value for each parameter
was calculated using Knudsen prediction equations. Arm
span was used instead of height to calculate body size-
adjusted predicted values because of the decreased spinal
height in patients with scoliosis. Here, forced vital capac-
ity, forced expired volume in 1 second, and forced expired

volume in 1 second/forced vital capacity were recorded,
and these values were further denoted by the percentage
ratio of the actual value to the predicted value. All partic-
ipants had complete pulmonary function test records before
the index surgery and at the latest follow-up examination.
HRQoL was assessed by questionnaire, including the 24-
item Early-onset Scoliosis questionnaire [6] for parent-
reported outcomes and the Scoliosis Research Society-22
questionnaire [7] for patient-reported outcomes. The 24-
item Early-onset Scoliosis questionnaire was completed by
the child’s parents before the index surgery and during
follow-up assessments. In contrast, SRS-22 questionnaire
was completed by the patients independently at the latest
follow-up examination. The evaluated scale scores range
between 0 and 100 (poor to excellent) for each domain in
24-item Early-onset Scoliosis questionnaires and between
0 to 5 (poor to excellent) for each domain in SRS-22
questionnaires.

Statistical Analyses

Statistical analyses were performed using SPSS software
(SPSS 22.0, SPSS Inc, Chicago IL, USA). The statistical
data are presented as the median and range. Statistical data
were compared between the groups by Mann-Whitney U
tests and within groups by a Wilcoxon Signed Rank test,
respectively. Chi-square tests were performed to compare
categorical variables between the two groups. p values <
0.05 were considered statistically significant.

Results

Spinal Deformity Correction

The posterior spinal fusion group achieved a greater cor-
rection magnitude after the initial surgery (median [range]
54% [38 to 72] versus median 40% [14 to 69], difference of
medians =15%; p = 0.005) as well as at latest follow-up
(median 46% [28 to 70] versus median 34% [9 to 58],
difference of medians = 11%; p < 0.001) than the growth-
friendly group (Fig. 2). In the sagittal plane, there was no
difference between two groups in terms of global kyphosis
after the initial surgery and at the latest follow-up (Table 2).
Additionally, the average spinal and thoracic height gain at
the latest follow-up were not different between the two
groups (Table 3).

Complications

A higher proportion of patients in the growth-friendly
group had complications than in the spinal fusion group (7
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of 12 versus 4 of 24; p = 0.03) (Fig. 3). In the growth-
friendly group, seven unplanned revision surgical proce-
dures were performed for seven implant-related compli-
cations, including one patient with rib cradle migration
during VEPTR treatment. In contrast, none of patients in
the posterior spinal fusion group underwent additional
surgery for postoperative complications. According to the
surgical complications grading system we used [22], 13
complications in the growth-friendly group and six in the
posterior spinal fusion group were evaluated as Grade 1. In
addition, seven complications in the growth-friendly group
were considered Grade 2A. No complication events
reached Grade 3 or 4 (Table 4).

Pulmonary Function Tests and HRQoL Scores

There were no between-group differences in the severity
of the baseline pulmonary function or the final outcomes
(Table 5). At the latest follow-up, few differences were
noted between the groups in terms of 24-item Early-onset
Scoliosis parental impact (median [range] 60 [44 to 83]
for the growth-friendly group versus median 71 [55 to 87]
for the posterior spinal fusion group, difference of
medians = 13; p = 0.001), financial burden (median 44 [30

to 55] for the growth-friendly group versus median 62 [53
to 75] for the posterior spinal fusion group, difference of
medians = 16; p < 0.001) and the Scoliosis Research
Society-22 self-image scores (median 3.8 [3.2 to 4.3] for
the growth-friendly group versus median 4.4 [4.1 to 4.6]
for the posterior spinal fusion group, difference of
medians = 0.5; p = 0.006), and those differences that were
observed all favored the posterior spinal fusion group
(Table 6).

Discussion

Growth-friendly treatment for young children with long-
spanned congenital scoliosis involves repetitive surgical
distraction across the unfused portion of a deformed spine
and final fusion when the spine is skeletally mature [10].
Pediatric orthopaedic surgeons generally accept the greater
complication risk associated with the additional procedures
used in a growth-friendly approach and choose the growth-
friendly treatment for children younger than 8 years. But in
patients who are 9 years to 11 years old, posterior spinal
fusion is an alternative, since some research suggests that
spinal fusion offers greater curve correction and involves
fewer surgical interventions than growth-friendly

Fig. 2 A-N (A-B) These radiographs are from a 9-year-old girl with congenital scoliosis in the growth-friendly group. (C-D) After
the index surgery, the major curve notably improved; however, (E, F) pedicle screw (L3) dislodgement occurred before the
second lengthening procedure and (G-H) the screw was replaced during the lengthening procedure. (I-J) During 5 years of
follow-up, the patient underwent four lengthening procedures. The major curve increased during the distraction period. (K-L)
This patient underwent definitive spinal fusion at 14 years old; themajor curve improved and (M-N) remained steady after 3 years
of follow-up.
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treatment in 9- to-11-year-old patients with idiopathic
scoliosis [18]. However, to our knowledge, no study has
compared these approaches for 9- to 11-year-old patients
with long-spanned congenital scoliosis. Therefore, we
compared growth-friendly scoliosis surgery and posterior
spinal fusion and asked which technique (1) provides
greater correction of spinal deformity, (2) is associated with
more surgical complications, and (3) results in greater
improvement in pulmonary function tests, HRQoL scores,
other patient-reported outcomes? We found that patients
who underwent posterior spinal fusion did not differ in
terms of spinal growth and pulmonary functional test out-
comes compared with those who underwent the growth-
friendly treatment but had better spinal deformity
correction.

Limitations

There are several limitations to this study. First, this was a
retrospective study, which raises the possibility of

selection bias, assessment bias, and transfer bias; however,
the two groups were well matched in terms of de-
mographics and radiographic characteristics, and both
groups were followed until Risser grade $ 4. The sample
size was small, but it was large enough to provide suffi-
cient power to detect differences in correction between
two surgical strategies. Second, surgical strategies for the
growth-friendly group included growing rods and
VEPTR. In our spine center, VEPTR were only selected
for patients with thoracic dysplasia. The two distraction-
based growth-friendly strategies have been shown to have
similar distraction principle during distraction periods.
Hence, we did not exclude patients who underwent
VEPTR in the growth-friendly group. Additionally, due to
the relatively small sample size in patients who underwent
VEPTR, the current study could not compare growing rods
and VEPTR. Third, the indications of posterior spinal
fusion in patients in this age group with congenital scoli-
osis are difficult to generalize to other age groups.
Therefore, we caution readers to consider this when
interpreting our findings. Finally, noninvasive lengthening

Table 2. Comparison of radiographic features between the growth-friendly and posterior spinal fusion groups

Parameters
Growth-friendly
group (n = 12)

Posterior spinal
fusion group (n = 24) p value

Major curve (°) Before index procedure 89 (64 to 122) 94 (63 to 125) 0.94

After index procedure 55 (38 to 78) 41 (24 to 71) 0.01

Correction percentage (%) 40 (14 to 69) 54 (38 to 72) 0.005

Before definitive spinal fusion 63(57 to 86)

After definitive spinal fusion 54 (40 to 82)

Latest follow-up 58 (44 to 82) 47 (26 to 70) 0.007

Correction percentage (%) 34 (9 to 58) 46 (28 to 70) < 0.001

Trunk shift (mm) Before index procedure 8 (-7 to 25) 11 (-7 to 17) 0.71

After index procedure 5 (-12 to 16) 8 (-10 to 18) 0.11

Before definitive spinal fusion 12 (3 to 28)

After definitive spinal fusion 15 (7 to 25)

Latest follow-up 14 (4 to 28) 8 (-5 to 15) 0.16

Global kyphosis (°) Before index procedure 55 (26 to 92) 61 (21 to 97) 0.55

After index procedure 43 (21 to 69) 36 (21 to 68) 0.33

Before definitive spinal fusion 41 (26 to 63)

After definitive spinal fusion 37 (21 to 61)

Latest follow-up 43 (24 to 67) 39 (19 to 64) 0.14

Lumbar lordosis (°) Before index procedure 42 (29 to 57) 47 (28 to 76) 0.58

After index procedure 38 (31 to 61) 37 (21 to 64) 0.21

Before definitive spinal fusion 41 (26 to 45)

After definitive spinal fusion 36 (23 to 41)

Latest follow-up 39 (21 to 54) 40 (23 to 72) 0.67

Data are presented as the median (range); postoperative correction percentage was calculated with (preoperative major curve –
postoperative major curve) * 100%/ Preoperative major curve; Correction percentage at most recent follow-up was calculated with
(preoperative major curve –major curve at most recent follow-up) * 100%/ Preoperative major curve; global kyphosis, the angle
between the superior endplate of the most tilted vertebra cranially and the inferior endplate of the most tilted vertebra caudally.
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using magnetic controlled growing rods has been used in
many spine centers. As reported previously, they may
decrease the risk of some complications, such as intra-
operative anesthesia-related complications and post-
operative wound-related complications [21]. Recently,
some centers have reported complications and limitations
of this technique [1]. However, this technique has not been
used in our spine center. Therefore, the current study did
not compare surgical outcomes between magnetic con-
trolled growing rod and posterior spinal fusion.

Correction of Deformity

We found that posterior spinal fusion resulted in greater
correction of deformity than did growth-friendly tech-
niques. The limited correction in the growth-friendly
group may be related to the characteristics of growth-
friendly instrumentation and postoperative complica-
tions. Because the growth-friendly system, either
growing rods or VEPTR, simply combines upper and
lower instrumentation with rods, a lack of apical control

Table 3. Comparison of spinal and thoracic growth between the growth-friendly and posterior spinal fusion

Parameters
Growth-friendly
group (n = 12)

Posterior spinal
fusion group (n = 24) p value

Space available for the lung Before index procedure 0.79 (0.64 to 0.90) 0.80 (0.67 to 0.89) 0.42

After index procedure 0.82 (0.79 to 0.94) 0.83 (0.76 to 0.94) 0.16

Before definitive spinal fusion 0.81 (0.76 to 0.92)

After definitive spinal fusion 0.82 (0.78 to 0.93)

Latest follow-up 0.82 (0.77 to 0.93) 0.83 (0.74 to 0.92) 0.47

T1-S1 height (cm) Before index procedure 28 (26 to 32) 29 (26 to 32) 0.34

After index procedure 31 (28 to 33) 33 (29 to 35) 0.001

Before definitive spinal fusion 36 (30 to 39)

After definitive spinal fusion 37 (31 to 40)

Latest follow-up 38 (32 to 42) 36 (32 to 40) 0.27

T1-S1 gain (%) 25 (19 to 31) 22 (13 to 27) 0.15

T1-T12 height (cm) Before index procedure 19 (17 to 21) 20 (18 to 22) 0.52

After index procedure 21 (19 to 22) 23 (22 to 25) 0.004

Before definitive spinal fusion 24 (22 to 25)

After definitive spinal fusion 24 (23 to 26)

Latest follow-up 25 (24 to 27) 24 (22 to 27) 0.136

T1-T12 gain (%) 22 (16 to 25) 19 (12 to 30) 0.101

Data are presented as the median (range); T1-S1 height gain was calculated with (T1-S1 value at the latest follow-up – T1-S1 value
before surgery) * 100%/ T1-S1 value at the latest follow-up; T1-T12 height gain was calculated with (T1-T12 value at the latest follow-
up – T1-T12 value before surgery) * 100%/ T1-T12 value at the latest follow-up.

Fig. 3 A-F (A-B) These radiographs are from a 9-year-old girl with congenital scoliosis in the
posterior spinal fusion group. (C-D) After the index surgery, the major curve notably im-
proved. (E-F) On radiographs taken at 8 years after the procedure, the major curve appeared
steady and no complications were noted.
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may lead to asymmetrical growth of congenital anoma-
lies and great correction loss during distraction periods
[23, 25]. In the current study, the magnitude of the major
curve in the growth-friendly group increased after the
index surgery, even when lengthening procedures were
performed regularly. Furthermore, autofusion of the
spinal segments spanned by instrumentation may also
influence deformity correction at the definitive spinal
fusion. Studies have suggested that a spine previously
instrumented with a solid device is stiffer than a pre-
viously unoperated vertebral column [9, 10, 20]. In a
retrospective study of evaluating the spinal mobility
among 58 patients who underwent lengthening proce-
dures, 81% (47 of 58) patients were found to have some
areas of autofusion and even a completely fused spine
[9]. Autofusion and rigid segments may lead to limited
correction of a spinal deformity during definitive spinal
fusion.

Complications

We saw fewer major complications in children treated
with posterior spinal fusion than those treated with

growth-friendly techniques. These complications in the
growth-friendly group, including rod fracture, pedicle
screw dislodgement, and alignment-related complica-
tions, mainly occurred during the distraction period. It
should be noted that coronal imbalance and the crank-
shaft phenomenon observed during the distraction pe-
riod could only minimally be improved because of rigid
spinal segments, even if instrumented levels were ex-
tended and multilevel Ponte osteotomies were per-
formed during the final fusion. In addition, repeated
lengthening procedures have been reported to increase
postoperative wound complications [1]. Our finding was
consistent with results reported in the that study. In a
retrospective study that compared young children who
underwent either growing rod treatment and posterior
spinal fusion, the authors reported that growing rod
treatment was an independent risk factor of
instrumentation-related complication [26]. They also
suggested that early definitive fusion may be preferable
in patients aged 9 years or older. Considering our results
and those of these other studies [1, 26], parents of
patients older than 9 years should be informed that
growth-friendly treatment may be associated with an
increased risk of complications.

Table 4. Comparison of postoperative complications between the growth-friendly and posterior spinal fusion groups

Type of complications

Growth-friendly group (n = 12)
Posterior spinal

fusion group (n = 24)Distraction periods Definitive spinal fusion

Rod fracture 4 (2 of 12) 0 0

Pedicle screw, hook, or rod
dislodgment

2 (2 of 12) 1 (1 of 12) 0

Proximal junctional kyphosis 4 (3 of 12) 0 2 (2 of 24)

Coronal imbalance 3 (3 of 12) 3 (3 of 12) 2 (1 of 24)

Adding-on 1 (1 of 12) 0 2 (2 of 24)

Superficial infection 2 (2 of 12) 0 0

Total adverse events 20 (7 of 12) 6 (4 of 24)

Data are presented as the number of complications (number of patients with at least one complication, proportion of patients with
at least one complication); adding-on was defined as an increase in the number of vertebrae in the measured curve either
proximally or distally, combined with a curve increase of more than 6° from the first postoperative radiograph.

Table 5. Comparison of pulmonary functional test results between the growth-friendly and posterior spinal fusion groups

Parameters
Growth-friendly
group (n = 12)

Posterior spinal
fusion group (n = 24) p value

Preoperative (%) FEV1 64 (49 to 79) 66 (48 to 82) 0.48

FVC 67 (51 to 82) 69 (52 to 79) 0.31

FEV1/FVC 80 (74 to 89) 79 (72 to 88) 0.43

Latest follow-up (%) FEV1 72 (57 to 82) 73 (58 to 86) 0.57

FVC 75 (58 to 88) 70 (56 to 87) 0.61

FEV1/FVC 82 (75 to 93) 81 (76 to 90) 0.44

Data are presented as the median (range). FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity.
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Pulmonary Function Tests and HRQoL Scores

We found no differences in pulmonary function test
results, and the few differences we observed in HRQoL
outcomes scores, including the 24-item Early-onset
Scoliosis parental impact, financial burden, and the
Scoliosis Research Society-22 self-image scores, gen-
erally favored the posterior spinal fusion group.
Pulmonary function development among young children
may be associated with a growth of thoracic height.
Spinal fusion across the thoracic spine at a young age
may result in a relatively short trunk [4, 14]. It has been
reported that thoracic growth in children who underwent
early spinal fusion before the age of 5 years was only half
of that of those who did not have early surgery [3]. In
contrast, for young children with idiopathic scoliosis
aged 9 years to 11 years, no differences in spinal height

gain were found between those who underwent posterior
spinal fusion compared with the growth-friendly treat-
ment [18]. Similarly, the current study also noted that 9-
to 11-year old patients with congenital scoliosis who
underwent posterior spinal fusion treatment had only
marginally less spinal height gain compared with those
who underwent the growth-friendly treatment. This may
have accounted for the absence of differences in pul-
monary function test results between two groups. Prior
research suggests that patients who undergo multiple
surgical procedures were found to have more psycho-
social stress and a poor quality of life [1]. In the current
study, comparison of HRQoL generally favored the
posterior spinal fusion group. The relatively poor out-
comes in HRQoL scores in the growth-friendly group
may be associated with multiple surgical procedures
during distraction periods.

Table 6. Comparison of healthy-related quality of life between the growth-friendly and posterior spinal fusion groups

Parameters
Growth-friendly
group (n = 12)

Posterior spinal
fusion group (n = 24) p value

EOSQ-24 scores before surgery General health 57 (42 to 68) 55 (47 to 71) 0.23

Pain/discomfort 61 (48 to 78) 63 (51 to 84) 0.33

Daily living 53 (44 to 66) 57 (47 to 73) 0.25

Fatigue/energy level 57 (42 to 69) 61 (48 to 79) 0.34

Transfer 64 (48 to 79) 62 (49 to 77) 0.81

Satisfaction 61 (52 to 74) 57 (50 to 61) 0.43

Emotion 69 (58 to 81) 66 (53 to 82) 0.37

Parental impact 45 (37 to 59) 47 (36 to 61) 0.39

Physical function 64 (55 to 79) 61 (51 to 77) 0.41

Pulmonary function 57 (47 to 70) 64 (49 to 76) 0.58

Financial burden 48 (36 to 59) 52 (38 to 63) 0.29

EOSQ-24 scores at the latest
follow-up examination

General health 62 (52 to 76) 68 (55 to 83) 0.27

Pain/discomfort 67 (56 to 82) 70 (59 to 84) 0.51

Daily living 70 (55 to 81) 76 (61 to 89) 0.31

Fatigue/energy level 72 (62 to 86) 74 (58 to 87) 0.57

Transfer 69 (57 to 81) 67 (55 to 81) 0.72

Satisfaction 69 (54 to 83) 71 (59 to 85) 0.42

Emotion 76 (63 to 87) 75 (63 to 85) 0.71

Parental impact 60 (44 to 83) 71 (55 to 87) 0.001

Physical function 76 (65 to 87) 73 (61 to 86) 0.34

Pulmonary function 72 (68 to 80) 74 (64 to 82) 0.45

Financial burden 44 (30 to 55) 62 (53 to 75) < 0.001

SRS-22 scores at the latest follow-up Function 4.2 (3.8 to 4.9) 4.6 (4.0 to 4.8) 0.13

Pain 4.4 (4.0 to 4.8) 4.7 (4.3 to 4.8) 0.34

Mental health 4.1 (3.9 to 4.5) 4.3 (4.0 to 4.7) 0.15

Self-image 3.8 (3.2 to 4.3) 4.4 (4.1 to 4.6) 0.006

Satisfaction 4.3 (3.8 to 4.7) 4.5 (3.7 to 4.9) 0.38

Data are presented as the median (range); EOSQ-24 = 24-item Early-onset Scoliosis questionnaires; SRS-22 = Scoliosis Research
Society-22 questionnaires.
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Conclusions

Considering the superior deformity correction and fewer
observed complications with posterior spinal fusion, and
the absence of important differences in validated outcomes
scores or pulmonary function tests, we suggest that pos-
terior spinal fusion might be a better choice for 9- to 11-
year-old children with long-spanned congenital scoliosis
and limited growth potential in the intended in-
strumentation area. Regardless of the technique chosen, we
believe it is essential to evaluate each patient’s preoperative
condition, including nutrition, spinal height, and pulmo-
nary function, and to consider (and discuss with families)
the risks and benefits of each strategy. For patients with
thoracic dysplasia syndrome, based on ample prior evi-
dence [15, 25]. we believe the growth-friendly treatment
is a better option to maintain spinal growth and allow the
child’s pulmonary system to develop to the greatest extent
possible. In contrast, for 9- to 11-year-old patients with
long-spanned congenital scoliosis and limited growth po-
tential in the intended instrumentation area, our study
suggests that posterior spinal fusion treatment seems to be
the better choice.
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