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treatment of early onset scoliosis
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Abstract: Objective: The aim of the current study was to investigate the influence of different time intervals between
lengthening of growing rods on effectiveness levels in the treatment of early onset scoliosis. Method: A retrospective
study of patients undergoing GR treatment, from July 2002 to February 2016, was conducted. This study defined
lengthening at a 12-month interval as a research event in group A and two continuous lengthenings at 6-month in-
tervals as a research event in group B. Therapeutic outcomes at the end of the events were compared between the
two groups. The impact of different factors on therapeutic outcomes was analyzed using multiple linear regression
analysis. Present findings were confirmed by independent sample t-tests and covariance. Result: Multiple linear
regression analysis showed that different time intervals between lengthenings were the only factors of improvement
of T,-S, length and sitting heights. In addition, both preoperative Cobb angles (starting point) and gender could af-
fect changes in the Cobb angle and standing heights (P=0). Further analysis by ANCOVA and independent sample
ttests showed that the cobb angle change in group A was 12.04° + 1.08°. T,-S, increased by 1.05 + 0.72 cm
and the sitting height increased by 2.52 + 1.40 cm. Standing height increased by 5.64 + 1.84 cm. In group B, the
change in the cobb angle was 23.49° + 1.16°. T,-S, increased by 1.97 + 0.88 cm and the sitting height increased
by 3.84 + 1.82 cm. Standing height increased by 7.72 + 2.99 cm. A total of 10 implant-related complications oc-
curred in group A. No implant-related complications occurred in group B. Differences between group A and group B
were statistically significant (P<0.05). Conclusion: There was greater growth and correction, as well as fewer compli-
cations, in those lengthened at 6 months, compared with those lengthened at 12 months.
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Introduction emerged as an effective choice for children

with early onset scoliosis [6, 9, 10]. This meth-

Scoliosis is a three-dimensional spinal defor-
mity. It involves the thorax, ribs, and pelvis,
including coronal, sagittal, and axial anomali-
es [1, 2]. It can influence the growth of the
spine and lungs, development of cardiopulmo-
nary function, and neurological function [3, 4].
Scoliosis is common in adolescence, but also
frequently in children under 10 years old. It is
characterized by early onset, rapid progress,
and severe deformities, causing serious harm
to children’s physical and mental health [5].
Treatment of early onset scoliosis, with long
and severe curves, has been a problem [6, 7].
Conservative treatment, such as wearing a br-
ace, has been less efficient. Spinal fusion sur-
gery may limit the growth and development of
children [8]. Growing rods (GR), however, have

od can achieve deformity correction, to a cer-
tain degree, maintaining the growth potential
of the spine and improving thoracic develop-
ment [11, 12]. This method can buy time for
these children, waiting to perform spinal fusi-
ons at an appropriate age. The GR technique is
different from other fusion techniques. It re-
quires continuous lengthening to reduce im-
plant restriction on growth [13]. Concerning
time intervals between lengthening, the con-
sensus has been to lengthen every 6 to 12
months. However, controversy still remains re-
garding which one is better, 6 or 12 months.
Therefore, the current study analyzed influenc-
es of different intervals on clinical effects, aim-
ing to identify the ideal lengthening interval for
GR.
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Figure 1. Selection of research events and time points. O: initial surgery; O,: pre-operation; O,: post-operation; P:
outset of research events; P, : pre-operation; P,: post-operation; Q: destination of research events; Q,: pre-operation;
Q,: post-operation; R: a distraction of group B at 6th months; R;: pre-operation; R,: post-operation.

Materials and methods
General materials

From July 2002 to February 2016, 56 pediatric
patients with early-onset scoliosis underwent
GR treatment. Radiological tests were complet-
ed within one week, preoperatively and postop-
eratively. Indications for GR orthopedic surgery
for all patients were as follows [14]: (I) Cobb
angle was over 50° and progressed in spite of
conservative treatment; (2) Age of onset was
less than 10 years old, with an obvious longitu-
dinal spinal growth potential (Risser sign | or
less); and (3) Spinal flexibility was over 30%.

A retrospective review of clinical and radiologi-
cal data of the 56 patients was performed.
Clinical information included gender, diagnosis,
age at each surgery, and lengthening intervals,
as well as preoperative and postoperative sit-
ting heights and standing heights. Radiographic
data included T-S, length, Cobb angle, and
implant-related complications, such as rod br-
eakage, hook dislodgement, and screw pull-
outs. Data was collected and measured by two
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physicians, independently. All perioperative co-
mplications and related treatments were re-
corded.

Methods

Based on statistical analysis of clinical data,
due to Chinese patient noncompliance, eco-
nomic conditions, lack of transportation, and
other unexpected factors, lengthening intervals
were not consistently 6 or 12 months. There-
fore, this study defined study subjects as thera-
peutic segments whose lengthening interval
were exactly 6 or 12 months. Except for the
initial surgery, lengthening, at 12 month inter-
vals, was defined as a research event and
placed into group A. Two continuous lengthen-
ing events, at 6-month intervals, were defined
as the other research event and placed into
group B (Figure 1). Related data at different
time points of every research events in the two
groups was recorded (Table 1).

In this study, one patient may have any num-
bers of A and (or) B events, respectively, during
the entire lengthening process. First, the cur-
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Table 1. Required data in research events

Time point Required data

0, Sex Age Cobb angle Risser

P, Age Length of T-S,  Sitting height ~ Standing height ~ Risser The number of distractions before
R, Cobb angle

R, Cobb angle

Q, Cobb angle

Q, Cobb angle  Length of T,-S,  Sitting height ~ Standing height

Table 2. Possible affecting factors on outcomes and indicators of
therapeutic effects

Possible affecting factors on outcomes Indicators of therapeutic effect
Independent variables Dependent variables

Sex Change of cobb angle

Age at O, Added length of T -S,
Cobb angle at O, Added length of sitting height
Risser at P, Added length of standing height
Cobb angle at R,

Cobb angle at Q,

Number of distractions before P,
Number of distractions in research event

Change of Cobb angle in group A = Cobb angle at Q,-Cobb angle at Q,; Change

of Cobb angle in group B = (Cobb angle at R,-Cobb angle at R,) + (Cobb angle at
Q,-Cobb angle at Q,); Gained length of T,-S =T, -S at Q,- T,-S, at P,; Gained length
of sitting height = sitting height at Q_-sitting height at P,; Gained length of standing

was 3.2 years (range, 2.1-5.5
years). Lengthening intervals
with exactly two continuous
6-month periods or one 12-
month period were included
in this study. There were 25
females and 9 males, with ini-
tial orthopedic surgery occur-
ring at an average age of 6.30
+ 2.56 years (range, 3-10 ye-
ars). Diagnoses included 32
cases of congenital scoliosis,
1 case of idiopathic scoliosis,
and 1 case of neuromuscular
scoliosis.

height = standing height at Q,-standing height at P,,.

rent study analyzed potential factors that may
influence therapeutic outcomes (Table 2), in
which the number of lengthening in the re-
search event was of primary interest. With th-
ose factors as independent variables and the
two main indicators of therapeutic effects (Co-
bb angle change and T,-S, length elongation)
and two secondary indicators (sitting height
and standing height) as dependent variables,
multiple linear regression analysis was con-
ducted (Table 2). Based on results of multiple
linear regression, this study further explored
the impact of different numbers of lengthening
events on therapeutic outcomes using inde-
pendent sample t-tests and covariance.

The current study was approved by the Ethical
Committee of Peking Union Medical College
Hospital. All patients provided written informed
consent for the study and surgery.

Results
All patients

A total of 34 patients, containing 69 research
events, were observed. The average follow-up
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Of those 69 research events,
the average Cobb angle ch-
ange per year was 17.35°
8.675, while T-S, lengths increased from
30.95 £ 4.29 cm to 32.46 = 4.52 cm. Paired
sample t-tests showed that significant correctio
n and spinal growth were achieved after one
year of lengthening (P<0.001).

Multiple linear regression results

Taking four indicators of therapeutic effects as
dependent variables, respectively, and the dif-
ferent numbers of lengthening events and ot-
her factors as independent variables, stepwise
multiple linear regression analysis was per-
formed (inclusion criteria: P<0.05) (Table 3).

Multiple linear regression analysis showed that
different numbers of lengthening events was
the only factor affecting added length of T.-S,
and sitting height. Therefore, independent sam-
ple t-tests were performed with different num-
bers of lengthening in the research event as a
grouping variable. Regarding changes in Cobb
angles and standing heights, Cobb angle at O,
point and gender differences influenced both
separately. Thus, taking Cobb angle at O, point
and gender as covariates and different num-
bers of lengthening events as a grouping vari-
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Table 3. Result of multiple linear regression analysis

Cobb angle TS, Sitting height ~ Standing height

B P B P B P B P
Sex 0.255 0.615 0.913 1.969 0.015
Age at O, 0.688 0.34 0.588 0.824
Cobb angle at O, 0.095 0.043 0.602 0.438 0.349
Risser at P, 0.914 0.528 0.199 0.739
Cobb angle at Q, 0.534 0.912 0.571 0.808
Number of distractions before P, 0.091 0.058 0.921 0.362
Number of distractions in research events 10.017 <0.001 1.077 <0.001 1.563 0.001 1.566 0.031
Model R? 0.44 0.326 0.214 0.242

Because the Cobb angle of R, only exists in group B, multiple linear regression could not be performed. However, the results of
simple single variable linear regression showed that the independent variable had no statistical significance (P>0.1).

Table 4. Comparisons between Group A and Group B

Method Group A Group B P
Change of cobb angle (°) Covariance 12.04 +1.08 23.49+1.16 <0.001
Added length of T,-S, (cm) Independent samples T test 1.05+0.72 1.97 £0.88 <0.001
Added length of sitting (cm) Independent samples T test 2.52+1.40 3.84+1.82 0.003
Added length of standing height (cm) Covariance 5.64 +1.84 7.72 +2.99 0.002
able, covariance analysis (ANCOVA) was per- rate of implant-related complications in group A
formed. was 27%, including patients that underwent

revisions and implant replacement operations.
Group A vs. group B

There were no implant-related complications in

There were 37 research events in group A and Group B, but there was 1 poor wound healing
32 research events in group B, respectively. case. No other complications, including death,
Results from analysis of ANCOVA and indepen- deep wound infections, spontaneous fusion,
dent sample t-tests showed that, after one year obvious crankshaft phenomenon, distal proxi-
of lengthening, for group A, the change of Cobb mal junctional kyphosis, and severe spinal cord
angle was 12.04° + 1.08°. For Group A, gained injuries, occurred. Differences in implant-relat-
lengths of T-S , sitting heights, and standing ed complications, analyzed by Fisher’s exact
heights were 1.05 + 0.72 cm, 2.52 + 1.40 cm, test, were statistically significant (P=0.001).
and 5.64 + 1.84 cm, respectively. For group B,

the change of Cobb angle was 23.49° + 1.16°. Discussion

Gained lengths of T-S,, sitting heights, and o _
standing heights were 1.97 + 0.88 cm, 3.84 + Treatment for scoliosis includes conservative
1.82 cm and 7.72 + 2.99 cm, respectively. Th- management and spinal fusion surgery. Exer-
ese four indicators of therapeutic effects in cise, massages, electrical stimulation, and br-

ace treatments are common non-surgical tre-

group B were better than those in group A.
atments. Previous studies have shown that, ex-

Differences were statistically significant (P<

0.05) (Table 4). cept for wearing a brace, other conservative

therapies have been unable to inhibit the pro-
Complications gression of scoliosis. However, even brace tr-

eatment cannot prevent the natural progres-
There were 10 research events with implant- sion of curvature and achieve correction. Thus,
related complications in group A. Hooks pulled the effects of conservative treatment are often
outin 4 cases, screws loosened in 5 cases, and limited [15]. For adolescent patients with se-
2 rods broke (there was one case in which both vere scoliosis, satisfactory correction can be
screws loosened and hooks pulled out). The obtained without compromising spine and car-
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diopulmonary function, via spinal fusion opera-
tions. For young children with longer and more
severe deformities, however, spinal fusion sur-
gery could restrict their growth potential. This
could cause various problems, such as spine
shortening and unbalanced trunk ratios and
chest development. It could even resulting in
functional disorders of other organs.

To solve this problem, in the 1960s, Dr. Har-
rington took lead in putting forward a kind of
spinal orthopedic operation by implanting a
single GR [16]. Based on that idea, John Moe et
al. performed corrective operations for young
patients, achieving strong results [17]. Later,
according to the characteristics of pediatric
spinal deformities, Pediatric ISOLA Scoliosis
Implant System applied innovative dual rod
implants in the treatment of early onset scolio-
sis. Today, this is called the GR technique. Du-
ring the initial surgery, patients can achieve a
certain degree of deformity correcting without
too much paraspinal muscle and subperiosteal
stripping, leading to less trauma [18, 19]. After
surgery, they continue to wear a brace and
undergo lengthening once every 6-12 months.
Distraction surgery can be completed at the
connector site with a small incision and short
operative times. Thus, patients can recover
quickly. When the patients finish growing, final
spinal fusion can be carried out. Clinical appli-
cations have shown that, through regular dis-
traction, the GR technique is able to control the
progression of scoliosis and improve coronal
and sagittal balance without disturbing the
growth and development of the spine and tho-
rax. Therefore, this is an ideal method for chil-
dren with early onset scoliosis [19, 20].

The current study further proved that the GR
technique can achieve satisfactory results in
maintaining correction of the curve and keep-
ing up with the growth of spine. After one year
of lengthening treatment, the average change
of Cobb angle in the 69 research events was
17.35°. Spinal deformities were improved gre-
atly. The gained length of T-S, averaged 1.5
cm. This plays a significant role in promoting
patient height growth, protecting the ability of
spinal development, and maintaining the bal-
ance between the limbs and trunk.

Because of the ongoing growth of children, the
GR technique requires continuous distractions.
Most researchers have recommended length-
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ening once every 6-12 months. However, the
ideal distraction interval remains inconclusive.
It has been suggested that repeated distrac-
tions may destroy the periosteum and cortical
bone and increase incidence of spinal sponta-
neous fusions, making the spine stiffer and
reducing growth potential [21, 22]. More sur-
geries, bringing higher costs, produces a heavi-
er economic burden for families, affecting sub-
sequent treatment [23]. Therefore, some have
recommended minimizing the distractions be-
fore the final fusion, aiming to reduce surgical
trauma and medical expenses. This means
lengthening once every 12 months. Another
view is that more frequent distractions can
help doctors follow patient conditions, examin-
ing the progression of scoliosis more closely.
This method may take advantage of the flexi-
ble and controllable GR technique to improve
deformities and promote the growth of the
spine. This view supports lengthening once
every 6 months.

Therefore, controversy remains regarding which
is better for patient therapeutic outcomes. The
current study transformed the study subjects
from patients to therapeutic segments, con-
forming to inclusion criteria as mentioned pre-
viously. The result was two groups of research
events, one group consisting of distraction
every 12 months and one group consisting of
two continuous distractions every 6 months,
with each research event lasting for one year.
This study compared therapeutic results of
both groups after one year of lengthening tre-
atment. First, this study analyzed the factors
which may have influenced therapeutic out-
comes of these research events, including de-
velopmental differences between male and
female patients (sex), severity of the deformity
before primary Orthopedic surgery (Cobb angle
at 0,), the time when children began to accept
surgical intervention (the age at O,), growth
potential of the spine (the Risser sign at P,),
and numbers of distractions before every re-
search event (multiple distractions may lead to
spinal spontaneously fusion and adhesion of
scar-tissue, making lengthening more difficult).
Finally, the effects of different distraction inter-
vals (once or twice in one year) were examin-
ed.

Multiple linear regression analysis showed th-

at, in addition to different distraction intervals,
Cobb angles prior to the initial surgery had sig-
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nificant influence on changes of Cobb angle
(possibly because the correction potential is
greater when the Cobb angle before treatment
is higher). At the same time, the standing height
of male patients increased more obviously than
female patients. Before stepping into puberty,
the growth of boys, with long limbs but narrow-
er trunks, is faster than girls. Girls have cha-
racteristics of shorter limbs but longer trunks.
Therefore, this study compared the lengths of
T,-S, and sitting heights, as well as the standing
height, which includes extent of limbs. In multi-
ple linear regression analysis with gained le-
ngth of T-S, and sitting heights as dependent
variables, a different number of distractions
was the only factor influencing outcomes.

Based on the above analysis, further investiga-
tions were conducted, aiming to compare dif-
ferences of therapeutic effects between two
groups using covariance analysis and indepen-
dent sample t-tests, respectively. Although spi-
nal deformities had been corrected and the
length of the body was improved in both groups,
changes of Cobb angle, gained lengths of T-S,
sitting heights, and standing heights in group B
were significantly better than those therapeu-
tic indicators in group A. Results indicated that
distractions once every 6 month had more ad-
vantages in preventing progression of scoliosis,
stimulating spinal growing potential, and pro-
moting physical development, compared to dis-
tractions once every 12 months.

Most complications of the GR technique were
associated with implants, mainly including ho-
oks that pulled out, screws that loosened, and
rod breakages [24-26]. There are some possi-
ble reasons for these complications: 1) Loos-
ened rods led to rotation and dislocation of the
hooks and vertebral plate fractures were ca-
used by hook blades cutting into where the
hooks were placed; 2) Physical growth can loos-
en the connection between the spine and in-
struments; 3) Incorrect placement of internal
implants and implant defects; and 4) Pediatric
patient incompliance, as excessive activity can
cause displacement of the hooks and screws.
Once internal fixation complications happen,
patients always require revision surgery. This
has a great influence on the physical and men-
tal health of the children.

Comparing the data of group A and group B, the
internal fixation complication rate of group B

11743

was lower than that of group A. The reasons
may be the following: 1) Prolonged stress can
lead to excessive concentrations, causing de-
coupling and broken nails, broken rods, and
other complications. As the spine has been
actually locked between the two distraction
surgeries, it cannot be released until the next
operation [27]; and 2) The stability of fixation
depends on the protection of the brace. Be-
cause of children’s relatively poor therapeutic
compliance, if they are not seen medically for a
long time, the protective effects of the brace
are greatly reduced. However, current statisti-
cal analysis did not indicate absolutely that the
relatively longer interval is a risk factor for inter-
nal fixation complications. Although each of the
complications happened in group A, internal
fixation complications that occur over relatively
long periods can be due to many factors. Thus,
it is not accurate to conclude that those length-
ened twice a year have lower rates of complica-
tions than those lengthened once a year. More
in-depth research is necessary to answer this
question. It can be assumed that distractions
at appropriate times can release pressure on
hooks and rods from spinal growth, as well as
assist in finding and removing loosened im-
plants. These factors can reduce incidence ra-
tes of implant-related complications.

The appropriate interval for the GR technique is
a comprehensive problem which involves many
factors, including orthopedic correction effects,
surgical trauma, patient growth and develop-
ment, and economic status [28]. According to
the current investigation, it seems better to
improve the deformity of scoliosis, promote the
growth of the spine, and reduce incidence of
complications from a purely clinical perspec-
tive. Present results suggest that patients sh-
ould perform lengthening operations twice a
year, if possible. Electromagnetic GR has de-
veloped rapidly with distinct advantages. No
distraction surgeries are needed and it can be
remotely controlled. However, the lengthening
interval is still at the exploration stage. Current
results and methods may provide important
reference for this new technique. At the same
time, the application experience of electromag-
netic growth rods can give further insight into
appropriate lengthening intervals. It is hoped
that more advanced orthopedic technology can
be developed through more research, bringing
more benefits for children with scoliosis.

Int J Clin Exp Med 2019;12(9):11738-11745
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In conclusion, the current study showed that
the GR technique can improve spinal deformi-
ties without disturbing the growth and deve-
lopment of the spine and thorax. Distractions
every 6 months showed more advantages in
preventing progression of scoliosis and pro-
moting spinal growing and physical develop-
ment, compared to distractions every 12 mon-
ths. Distractions, at the appropriate time, can
reduce incidence rates of implant-related com-
plications, timely releasing pressure on hooks
and rods from spinal growth.
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