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Abstract
Background: Growing rods are increasingly used for treatment of early onset scoliosis (EOS) worldwide. Beside promising
outcomes, some authors are concerned about high rates of complications. In the current clinical trial, complications of EOS
surgery using dual growing rods were investigated.
Methods: Between June 2006 and February 2017, twenty-two consecutive patients with a coronal curve >45 degrees underwent
serial surgical correction using dual growing rods at Shafa Orthopedic hospital, Tehran, I.R. Iran. The rods were secured using
hooks or screws or both. The patients were followed for 5.2 ± 1.7 years on average. Wilcoxon test was utilized to compare the
pre- and post-operative values. P < 0.05 was considered significant.
Results: The scoliotic and kyphotic curves decreased significantly from 52 ± 24° to 38 ± 19° and from 78 ± 22° to 60 ± 17°,
respectively (P < 0.001). Total rate of implant-related complications (IRCs) and surgical site complications (SSCs) were 54.5% (12
patients) and 22.7% (5 patients), respectively. Malpositioned pedicular screw was found in 2 patients.
Conclusion: EOS can be effectively corrected using dual growing rods, however, considerable rates of IRC are of concern (54.5%).
It seems necessary to compare the efficacy and complication rate of newer devices with those of growing rods in future studies.
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Introduction
Early onset scoliosis (EOS) involves the growing spine in
children before complete lung development.1 Treatment
of growing children with EOS is challenging. When
nonoperative treatment is insufficient, spinal fusion is
used for deformity correction. However, spinal fusion at
this age has been shown to be inappropriate and can result
in pulmonary function disorders and other undesirable
outcomes.2-5 Therefore, fusionless instrumentation has been
introduced for treatment of EOS which is increasingly
used all over the world to prevent deformity progression
and delay the ultimate surgical fusion until complete spine
and lung growth.6 There are several techniques proposed to
apply fusionless instrumentation in this patient population
including a single growing rod, dual growing rods, hybrid
growing rod with proximal rib anchors and distal spinal
anchors, vertical expandable prosthetic titanium rib
(VEBTR) implant and H3S2 (3 hooks, 2 screws) construct;
each with its own advantages and disadvantages.6-13
Within these techniques, correction of EOS using double
growing rods is a prevalent technique with promising
outcomes. However, like any other invasive management,
this technique is also associated with some disadvantages.
Some authors investigated the complications following
surgical management of EOS with double growing rods with

promising outcomes.14-22 However, more prospective and
long-term studies are required to increase our knowledge
about the function and complications of this treatment
method and confirm the results of previous studies. In the
current study, we aimed to investigate clinical outcomes of
treating EOS using double growing rods with concentration
on rate and type of complications.
Materials and Methods
Between June 2006 and February 2017, 31 consecutive
patients with progressive EOS were treated with fusionless
fixation using double growing rods. In all of the patients,
treatment for EOS with growing rods was started at 10 years
of age or earlier. Indication for surgery included previous
failed nonoperative management, curve progression and
coronal curves >45 degrees. Patients with pulmonary
disorders, insufficient soft tissue coverage, history of other
additional procedures, severe proximal kyphosis and mental
retardation were excluded.
Based on the inclusion criteria, nine patients were
excluded and the study was completed with 22 patients. All
of the parents signed the informed consent and agreed with
publication of the data.
Preoperatively, clinical and radiologic evaluations were
performed. In clinical examination, the muscular force,
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abdominal reflexes and the presence of pelvic obliquity,
shoulder asymmetry and hump were evaluated. In addition,
echocardiography and ultrasound assessment of kidneys
were performed. Based on Cobb’s method, the magnitude of
the coronal curve and thoracic kyphosis were measured on
the posteroanterior and lateral spinal X-rays. MR imaging
showed tethered cord and diastematomyelia in 2 patients
which were treated before treating EOS with dual rods.
All of the patients were operated on by a single surgeon.
The surgical technique we used was based on the technique
described by Akbarnia et al.12 A midline incision was made
to expose the vertebrae. Four submuscular rods were used
for each patient (2 proximally and 2 distally) and contoured
appropriately. The rods were secured to the spinal column
using hooks and pedicular screws. The number and location
of the anchors were determined based on the location and
curve type. The diameter of rods, screws and hooks were
3.5 or 4 mm, 4.5 mm and 5 mm, respectively. All of the
implants were made of titanium. After the operation,
patients wore a rigid thoracolumbosacral orthosis for the
first 6 months. Soon after the first procedure, the sagittal
and coronal curves were measured. Construct lengthening
usually was performed in 6-month intervals.
Patients were followed for 5.2 ± 1.7 years on average
(range: 4 to 9 years). At the final visit, the coronal curve and
thoracic kyphosis were measured (Figures 1 and 2). Also,
the frequency of complications included implant-related
complications (IRCs) and surgical site complications (SSCs)
were recorded. IRC included screw pull-out (propulsion
from pedicle), screw cut-off (creation of crack or fracture
in any site of screw), and screw migration and rod cut-off
(creation of crack or fracture in any site of rod). Screw
migration was considered when the screw was placed
correctly at time of operation but moved after surgery.
Statistical analysis was performed using the SPSS statistical
software version 15.0. The magnitude of curves was reported
as mean ± standard deviation (SD). Based on the results of
the Kolmogorov-Smirnov test, some of the measurements
did not have a normal distribution. Then, the preoperative
and early post-operative curves and, also, preoperative and
final measurements were compared using the Wilcoxon test.
P<0.05 was considered significant.
Results
There were 9 males and 13 females aged 6.4 ± 2 years (range:
3–10 years) at time of first surgery. The characteristics of the
patients are presented in Table 1. There were three patients
with hook pull out. Rod cut-off occurred in 4 patients.
Further, screw cut-off and screw migration occurred in
three and 2 patients, respectively. IRCs were found in 12
patients (54.5%). Moreover, 5 patients developed surgical
wound dehiscence (22.7%). Screw malpositioning occurred
in 2 patients. In one of these patients, the screw entered the
intervertebral disk. However, malpositioning of the screw
was not accounted as IRC in the current study.
Both the coronal curve and thoracic kyphosis decreased
significantly early after the first operation and at the
last visit compared to the preoperative measurements
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Table 1. Characteristics of EOS Treated Patients With Growing Rods
Patient number

22

Age at 1st surgery (y)

6.4 ± 2 (3–10)

Gender
Male

9

Female

13

Patients with 2 scoliotic curves

2

Side of deformity
Right

11

Left

13

Type of scoliosis
Congenital

8

Infantile idiopathic scoliosis

6

Juvenile idiopathic scoliosis

5

Neuromuscular

3

(P < 0.001) (Table 2).
Discussion
The most important finding of the current study was
that treatment of EOS using dual growing rods is a useful
method to prevent progression of deformity and to correct
it until complete spinal growth. However, the technique is
associated with high risk of complications especially IRC.
When a patient with EOS is encountered, a spinal surgeon
aims to prevent the progressive spinal and chest wall
deformity while lung growth and function are preserved.10
Problems after fusion of EOS in the growing spine
(disturbed pulmonary function and decreased quality of life)
encouraged the authors to find and use alternative treatment
methods. For example, in a retrospective cohort of patients
with congenital scoliosis treated with early spinal fusion,
Vitale et al found that after 6.9 years, these patients had
A

B

C
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Figure 1. A 7-Year Old Patient With Early Onset Scoliosis Treated
Using Dual Growing Rods. (A & B) Preoperative posteroanterior and
lateral x-rays; (C & D) Posteroanterior and lateral x-rays taken 3 years
after the first procedure with no complication.

Complications of Dual Growing Rods for Early Onset Scoliosis
A

C

B

Figure 2. A 7-Year Old Patient With Early Onset Scoliosis Treated Using Dual Growing Rods. (A) Preoperative posteroanterior x-ray; (B & C)
Posteroanterior and lateral x-rays taken 1.5 years after the first procedure showing a rod pulled out.

worse pulmonary function tests and quality of life compared
to healthy peers. They suggested alternative methods such
as growing rods.3 Also, Karol et al investigated pulmonary
function in 28 patients who underwent early thoracic
fusion for treatment of non-neuromuscular scoliosis. They
demonstrated that these patients, especially those with
more than 4 segment fusion, are at the highest risk for
development of restrictive pulmonary disease.4 Goldberg et
al found that in situ fusion for congenital scoliosis surgery
effectively prevent progression of scoliosis in the fusion area
but is not appropriate for correction of the overall deformity
which is increased with spinal growth thus requiring a more
biologic approach.5
Fusionless instrumentation is performed with several
techniques and hardware but usually bears high risk
of complications such as implant failure, infection
and unintended autofusion.10,13,17,19,23, 24 Between these
techniques and instruments, growing rods (single or dual) are
commonly used worldwide with promising outcomes.7,25-27
Recently, it has been shown that treatment with a growing
rod can stimulate the growth of individual vertebral bodies
within the area of instrumentation.28 Also, Shah et al found
positive effect of growing rods on the sagittal vertical axis.
They demonstrated that this treatment can return the
patient to a more neutral alignment.29
However, the mechanics of the fusionless growing
rods and required serial surgeries can increase the risk of
complications. It has been reported that treatment with
single a growing rod is associated with rod breakage and
infection in 42% and 9% of the cases, respectively.30 With
regard to the limitations and drawbacks of single growing
rod, Akbarnia et al introduced the concept of correcting the
deformity using dual growing rods in 2005. They treated
23 patients with EOS between 1993–2001 and found

that scoliosis deformity was corrected significantly after
this treatment. Rate of complications was high (48%, 11
patients) consisting of implant failure in 22% and deep
infection in 9%.12
After the innovation of the dual growing rod technique,
several authors investigated the efficacy and complications
of this technique and some compared it with the single
rod technique. In a preliminary study, Thompson et al
compared the results of a single submuscular rod and
apical fusion, single growing rod and dual growing rods
and found that dual growing rods provide greater initial
correction and maintenance because they are stronger.
However, the rate of complications was lower in the single
growing rod technique.31 Zhao et al compared the results
of the single growing rod and the dual growing rods and
found no significant difference with regard to operating
time, intraoperative bleeding and rate of complications.
However, like the findings of Thompson et al., correction
of the coronal curve was significantly greater in patients
treated with dual growing rods.11 In a study by Caniklioglu
et al, IRCs occurred in 66% and 12.5% of patients treated
with single and dual rods, respectively. Furthermore,
medical complications were found in 22.2% and 12.5%,
respectively.27 Bess et al found a complication rate of
10% in the double rod technique compared with 27%
in the single rod technique.15 Akgül et al. reported better
deformity correction and stability with acceptable rate of
complications.32 Finally, in a recent meta-analysis, Xu et al
demonstrated that dual rods are associated with higher rate
of coronal correction and lengthening, fewer rate of IRC
and higher rate of SSC.33 These findings strongly encourage
using dual growing rods which can be associated with more
correction and lower rate of complications compared to the
single rod technique.

Table 2. Comparing the Preoperative, Early Postoperative and Postoperative Coronal Curves and Thoracic Kyphosis
Preoperative

Early Postoperative

P Valuea

Postoperative

P Valueb

Coronal curve (degree)

78 ± 22

52 ± 16

< 0.001

60 ± 17

< 0.001

Thoracic kyphosis (degree)

52 ± 24

34 ± 18

< 0.001

38 ± 19

< 0.001

Comparison of preoperative and early postoperative measures.
b
Comparison of preoperative and postoperative measures.
a
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Like previous studies, rate of IRC was high in our patients
(54.5%). In addition, medical complications developed in
5 patients (22.7%). Although the rate of curve correction
was acceptable according to the duration of the study, but
the high rate of complications and number of unplanned
surgeries are concerning. High rate of complications in
treatment of EOS is a consequence of long-lasting treatment
and the frequency of required surgical procedures.15
These results indicate the necessity of improving the
mechanism or structure of the growing rods or emphasizes
the necessity of finding more appropriate treatment
techniques and strategies. In a review of complications due to
growth-sparing surgery for treatment of EOS, Akbarnia and
Evans demonstrated that none of the available techniques
completely controls the deformity over the growth period.14
However, there are new devices introduced for fusionless
correction of EOS which were associated with some
promising outcomes. For example, Sankar et al showed that
the rate of complications in treatment of EOS with hybrid
growing rods is substantially less than dual growing rods
(2.3 vs. 0.86 per patient).19 In another study, recently Choi
et al used magnetically controlled growing rods and stated
that the new device was efficient in reducing the rate of
infection while there was no difference in term of hard-ware
failure.34 Like other studies, there were some limitations in
the current study. The number of patients were small and
there was no control group. Furthermore, long-term followup is required.
In conclusion, fusionless correction of EOS using dual
growing rods results in satisfactory outcomes, however, the
high rate of IRC was of concern (54.5%). It seems necessary
to investigate the efficacy and complications of newer devices
which may decrease the rate of complications in comparison
to growing rods in future studies.
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