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Key Points

e Dual traditional growing rods have superior results to
single rod constructs.

* Outcomes with TGR have been similar to those obtained
with MCGR.

e Unplanned re-operation rates are similar between TGR
and MCGR.

* TGR can be used for revision surgery after failed MCGR
lengthening.

* TGR may be a better option for obese patients, hyperky-
photic patients, or patients too small for a magnetic
actuator.

R. Koehler
Children’s Healthcare of Atlanta, Atlanta, GA, USA

J. S. Murphy (b<)

Children’s Physician Group — Orthopaedics, Children’s Healthcare
of Atlanta, Atlanta, GA, USA

e-mail: joshua.murphy @choa.org

N. D. Fletcher
Children’s Healthcare of Atlanta — Egleston Campus,
Atlanta, GA, USA

B. Yaszay
Department of Pediatric Orthopedics, Rady Children’s Hospital
San Diego, San Diego, CA, USA

© Springer Nature Switzerland AG 2022

............................................................................................................ . 587

e Patients who require frequent magnetic resonance imag-
ing (MRI) of the chest or abdomen may be better candi-
dates for TGR due to image artifact scatter produced by
the MCGR actuator.

38.1 Background

Patients with early onset scoliosis (EOS) represent a chal-
lenge for any pediatric spinal surgeon due to their often
severe deformities, small stature, and years of remaining
growth. Historically, the goals of pediatric spinal deformity
surgery have been to attain a three-dimensional deformity
correction that is well balanced. Achieving this with an all
posterior fusion in young children can result in a crankshaft
phenomenon secondary to the remaining growth of the ante-
rior spine [1, 2]. Additionally, spinal fusions performed at a
young age whether approached from posterior, anterior, or
both decrease chest and spinal growth and lead to diminished
pulmonary function [3]. As the understanding of spinal and
chest wall growth has evolved, so too have implant designs
and surgical techniques.

Surgical options for EOS fall into three categories: dis-
traction based, compression based, or guided growth [4].
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Paul Harrington [5] is credited with describing the first
fusionless instrumentation for the growing spine. He placed
a single distraction rod on the concave side of the deformity
with subperiosteal dissection using hooks as anchor points.
This technique was modified by Moe et al. [6] to create a
distraction-based approach with limited dissection at the
anchor sites and submuscular passage of the distraction rod.
They performed lengthening if there was greater than 10°
loss of correction of the major curve. However, the compli-
cation rate with both of these early techniques approached
50% [6].

Over the last 30 years, distraction-based techniques con-
tinued to evolve as did the understanding of the growing
spine. Due to a high rate of instrumentation-related compli-
cations with early single rod constructs, the use of modern
distraction-based growing rod techniques developed. A sin-
gle traditional growing rod (TGR) technique can be utilized
in cases where the patients are small, the skin tenuous, or the
rod may be too prominent over the convexity of the curve.
However, dual rod fixation is our preferred technique when-
ever possible. The modern distraction-based technique using
dual TGR was popularized by Akbarnia et al. in 2005 [7]. In
their initial series of 23 patients, they showed maintained
curve correction as well as spinal growth in patients with
EOS of various etiologies [7]. However, the complication
rate with this technique has been shown to range from 48%
to 58% [7, 8]. The use of TGR has been mainly used in EOS
patients with idiopathic, neuromuscular, and syndromic eti-
ologies. Elsebai et al. [9] showed that TGR was also effective
for treating EOS patients with congenital deformity. When
the uses of single and dual TGR were compared there was
improved deformity correction and less catastrophic implant
related complications with dual TGR [10]. However, due to
higher implant density and prominence with dual TGR there
is a higher wound complication rate associated with their use
[8, 10, 11].

TGR techniques were widely adopted until recently when
magnetically controlled growing rods (MCGR) were devel-
oped [12, 13]. Direct comparisons between TGR and MCGR
have shown similar results with regard to maintained curve
correction and continued chest and spine growth [14, 15].
The main differences between the two are the higher upfront
cost for the MCGR implants and greater surgical burden with
TGR. The initial cost associated with MCGR is substantially
greater than TGR but becomes more cost effective after
4-6 years by avoiding the need for repeat trips to the operat-
ing room for lengthening procedures with TGR [16-19].
Even with the use of MCGR there remains a high rate of
unplanned return to the operating room for implant related
complications and failed lengthening of the implant [20-23].
Studies of explanted first generation magnetic rods have
shown metallosis and reduced ability to lengthen over time
[24-26]. With these findings, the utility of MCGR implants

as the “magic bullet” to treat all EOS deformities has been
called into question. Therefore, even with expanded use of
MCGR both single and dual TGR techniques remain viable
options as primary or revision surgical approaches to EOS of
various etiologies (neuromuscular, congenital, idiopathic,
and syndromic). The purpose of this chapter is to outline the
indications as well as techniques for both single and dual
TGR.

Indications for Traditional
Growing Rods

38.2

The indications for surgical intervention in EOS are simi-
lar whether using TGR or MCGR implants. MCGR back-
ground and surgical techniques are covered in greater
detail in Chap. 44. Growth-friendly implants should be
considered for EOS patients younger than 10 years old
(9 years of age or less) with significant remaining chest
and spine growth and who meet indications for surgical
intervention. In our practice, we discuss surgery when
there is evidence of progression of the major curve beyond
50°, stiffening of the curve, and consideration for remain-
ing growth. Early surgical intervention is considered in
patients with who have had progressive deformity despite
active nonoperative treatment such as bracing or casting.
We typically utilize a dual TGR construct unless the
patient’s size or deformity only allows for use of a single
rod. We consider dual TGR as a primary surgical technique
in patients with obesity, small stature, severe kyphotic
deformities, difficulty with frequency of MCGR follow-
up, or patients requiring frequent magnetic resonance
imaging. Conversion to either a single or dual TGR also
remains a viable revision option for patients who have
failed MCGR.

38.2.1 Obesity

Childhood obesity presents a risk for implant failure in
patients with EOS. Patients with Prader—Willi syndrome
are at a particular risk for this because the syndrome is
characterized by excessive weight gain, hypotonia, and
progressive scoliosis at an early age. Treating the spinal
deformity in this patient population can be challenging due
to their body habitus. Casting or bracing may not be as
effective at improving or holding spinal alignment due to
increased adipose tissue. In any pediatric patient with EOS
and obesity the depth of their soft tissues is important to
consider when determining how to proceed once the indica-
tions for surgical intervention are met. Obesity may lead to
treatment failure for MCGR if the external magnet is unable
to penetrate the soft tissue envelope. Patients with Prader—
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Fig.38.1 A 3-year-old male with Prader—Willi syndrome whose proxi-
mal thoracic and main thoracic curves progressed from 36° and 32° to
53° and 49°. He initially underwent MCGR placement at 3 years of age
after curve progression despite elongation derotation flexion casting (a).

Willi syndrome have increased risk of rapid weight gain
and can go from an average body mass index (BMI) to an
elevated BMI in a short period of time (Fig. 38.1). In these
patients either the initial use of TGR or conversion from
MCGR after they have failed to lengthen will allow for
continued distraction-based lengthening of the growing
spine (Fig. 38.2).

At age 6 years, MCGR failed to lengthen on two subsequent clinic
lengthening. His posterior soft tissue depth to the rod had increased
from 30 mm to 50 mm (b)

38.2.2 Small Stature

In patients with EOS, their small stature and severe progres-
sive scoliosis often prompt the need for surgical invention
prior to skeletal maturity. When considering surgical options
the prominence of the implants in these patients must be
taken into consideration. For MCGR the smallest actuator is
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a PA STANDING

Fig.38.2 Patient in Fig. 38.1 who was a 6-year-old male with Prader—
Willi syndrome and converted to TGR from MCGR. At the time of
MCGR removal, the rod appeared to be functioning contributing to the

70 mm in length and can be quite bulky if not placed into an
area with adequate soft tissue coverage. This actuator seg-
ment cannot be contoured to the patient and some small stat-
ure patients may not be able to accommodate the actuator
without an increased risk of wound complications and hard-
ware prominence. In these patients the use of either a single
or dual TGR may be a more versatile option due to the ability
to better contour the rod and optimize placement of the rod
connector. A recent study evaluating the use of TGR in the
MCGR era found that TGR patients on average had an 8 cm
shorter spinal length (192 mm vs. 273 mm) compared to
those that had an initial MCGR inserted [27]. Reducing the
size of the implant or actuator can reduce the risk of hard-

hypothesis that the increased soft tissue contributed to failed MCGR
[TG1]. After revision to TGR, his curve magnitude remains unchanged

ware prominence and potential wound complications.
However, in very small patients the use of TGR in a spine-to-
spine fashion may also not be feasible due to their anatomy.
In these cases, hybrid techniques using proximal rib fixation
with distal spine or pelvic anchors may be a better option for
distraction-based lengthening.

38.2.3 Severe Kyphotic Deformity
Similar to patients with small stature, those with severe

kyphotic deformities may not be able to tolerate placement
of MCGR due to the lack of a straight segment of spine avail-
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able to accommodate the 70 mm or 90 mm actuator.
Additionally, the lack of ability to contour the rods to match
or correct some of the patient’s sagittal plane deformity
places them at additional risk for developing proximal anchor
failure or proximal junctional kyphosis as greater kyphotic
forces are created with posterior lengthening of the straight
actuator. In these patients, TGR can be a more versatile
option due to the ability to customize the implants to match
the patient’s sagittal plane deformity and reduce the risk of
proximal anchor failure and soft tissue necrosis (Fig. 38.3).
In a recent series of 25 patients who had MCGR available,
surgeons chose to use TGR in 11 because of concern for the
patients’ sagittal profile [27].

38.2.4 Patient Compliance with MCGR

The interval for lengthening MCGR is frequently much
shorter than what is typically used with TGR. In families
who are unable to comply with postoperative commitment of
more frequent lengthening with MCGR due to travel from a
distance or socioeconomic factors, then alternative treatment
options such as TGR or guided spinal growth may be a better
option due to the reduced frequency of follow-up needed for
treatment success.

38.2.5 Frequent Magnetic Resonance Imaging

Patients who require frequent magnetic resonance imaging
(MRI) of the chest or abdomen may be better candidates for
TGR. MCGR are considered to be MRI-conditional
implants by the manufacturer and they recommend scan-
ning with a magnetic field strength of 1.5 Tesla and a maxi-
mum spatial field gradient of 3000 gauss/cm (30 T/m) to
limit increase in temperature greater than 3.7 °C [28]. Woon
et al. [29] found that MCGR are safe for MRI and found no
inadvertent lengthening or collapse. Cadaveric and in vivo
studies have found little risk of thermal injury or failure of
the MCGR implant to lengthen after MRI [29, 30].
However, both studies found the MCGR implant generates
significant artifact making images of the thoracic and lum-
bar spine less interpretable [29, 30]. According to the man-
ufacturer: “the image artifact caused by the MAGEC®
system extends beyond the imaging field of view when
imaged with a gradient-echo pulse sequence in a 1.5 T MRI
system. However, imaging in locations approximately
20cm away from the actuator of the MAGEC System may
produce images in which anatomical features may be dis-
cerned” [28].

The use of TGR in patients with ongoing medical care
that requires frequent MRI comes with the same risk of
implant heating and artifact generation. For these reasons,

the use of TGR can be considered in these patients with the
use of titanium rods to reduce the MRI artifact [31].

38.2.6 Failed MCGR

The use of TGR can also be considered as a revision tech-
nique for failed MCGR. The most common complications
seen with MCGR are failure to lengthen, proximal anchor
failure, and rod fracture [20]. In cases where the rod has
failed to lengthen, the conversion to a TGR construct is an
option for revision surgery in patients with significant growth
remaining (Fig. 38.4). If the proximal anchor sites remain
intact, a TGR construct can be created using the cephalad
portion of the MCGR rods left in place by cutting just above
the taper of the actuator avoiding disruption of the fragile
proximal soft tissue envelope (see Fig. 38.4).

38.3 Conclusion

Over the last 15 years, the use of single and dual TGR has
declined as pediatric spinal surgeons have shifted to using
MCGR as the primary distraction-based method for treating
EOS. However, understanding the indications and surgical
techniques for both single and dual TGR remains an impor-
tant adjunct for pediatric spinal surgeons. This technique has
been proven to be an effective primary distraction-based
approach to treating EOS. Additionally, the use of TGR can
be used as a revision technique if other growth-friendly tech-
niques have failed. When compared with MCGR, the results
for curve correction and increased thoracic height are the
same or better with TGR [14, 15].

Despite advances in technology and techniques, the com-
plication rate with TGR remains high due to the inherent
challenges of this patient population. As long-term results
have returned on the use of MCGR, some of the early enthu-
siasm for this technique to significantly reduce the number of
complications has been tempered due to a similar rate of
hardware complications and unplanned return to the operat-
ing room [20-22]. One of the proposed benefits to children
with EOS undergoing MCGR is reduced physical and psy-
chologic stress from the limited number of the surgical pro-
cedures with MCGR compared to TGR. However, several
authors have shown that the reduced burden of surgery with
MCGR has not translated into improved patient reported out-
come scores or reduced psychologic stress [32—34].

In conclusion, TGR remains a steadfast option in treating
patients with EOS. As techniques and technology continue
to evolve, there remains a patient population who can benefit
from TGR as opposed to MCGR. It is pertinent for EOS spi-
nal surgeons to understand the indications and contraindica-
tions for both devices and techniques.
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Fig. 38.3 (a, b) Dual growing rods in a patient with severe kyphosis
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Fig. 38.4 An example of conversion from MCGR to TGR for failure
of rods to lengthen for the patient in Fig. 38.1. (a) MCGR rods had
failed to lengthen over two consecutive in-office lengthening procedure
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