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�Case Presentation

�History and Physical Examination

The patient was a 6-month-old male with a known diagnosis 
of Prader-Willi syndrome. He presented with a thoracolum-
bar curvature of 31°. On serial examination, the curvature 
was noted to be increasing in magnitude. Despite custom 
TLSO bracing, it continued to progress over a 2-year time 
interval to 78°. At 2 years and 7 months, he was treated with 
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Risser casts which corrected his curvature to 41° in cast. After 
6 months, he could not tolerate casting any longer. He then 
returned to bracing and had continued progression of his 
kyphoscoliosis until the age of 4.

At the time of preoperative evaluation, the patient was 
4 years and 6 months of age, 102 cm, and 20.3 kg and had a 
BMI of 19.1 kg/m2. On examination, he was hypotonic, devel-
opmentally delayed, nonverbal, and unable to ambulate. He 
had pronounced, fairly flexible thoracolumbar kyphosis, an 
asymmetric waist with a deep crease on the right, and a high 
left shoulder. Outside of his hypotonia and inability to coop-
erate with examination, he is otherwise neurovascularly 
intact.

�Diagnostic Studies

Initial preoperative radiographic analysis prior to growing 
rod insertion demonstrated a left thoracolumbar curvature of 
109° and kyphosis of 67° (Fig. 8.1). An MRI was completed 
with no evidence of spinal dysraphism. We typically do not 
encourage the use of MRI once the MCGR is implanted. 
Although studies of a 0.3 T MRI indicate that it may be pos-
sible, it is against manufacturer’s recommendations due to 
concerns of a higher-strength MRI’s effect on the rare earth 
magnets found within the MCGR [1].

�Management Chosen

Surgical management for this patient was initiated prior to 
the availability of magnetically controlled growing rods in the 
United States. Secondary to his progression, lack of ability to 
tolerate more non-operative management, it was decided 
that his scoliosis would best be treated with “growth-friendly” 
spinal instrumentation. At the age of 4 years and 6 months, he 
had traditional spine-based growing rods inserted from T3–
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T4 to L5–L6 (with six lumbar vertebrae). He subsequently 
underwent open distraction five times over 2.5 years with no 
subsequent complications.

Three years after placement of the original growth-
friendly construct, the patient underwent conversion to mag-
netically controlled growing rods. This was 4 months after the 
implant’s introduction to the United States. At the time of his 
conversion, the curvature was a 52° left thoracolumbar curve 
with 60° of kyphosis. The lead authors of this chapter believe 
that conversions are indicated in patients that still have 
potential for growth, in order to save subsequent surgeries 
and anesthetic events prior to final fusion. If the patient has 
reached or is close to maximum potential chest size and lung 
maturity, then we would recommend continuation of man-
agement with TGR until final fusion is recommended.

a b

Figure 8.1  Preoperative posteroanterior (a) lateral (b) radiographs 
at 4 years and 6 months of age demonstrating progressive coronal 
left 109° thoracolumbar curve and 67° of kyphosis
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�Surgical Procedure

The patient was placed prone on the Jackson table in the stan-
dard fashion. No traction was applied during the procedure. 
Using prior incisions, localized to the upper thoracic levels 
(T3–T4) and the lumbar levels (L5–L6 with six lumbar verte-
brae), we exposed and removed the prior traditional growing 
rods. The prior fusion masses and instrumentation at the upper 
and lower instrumented segments were explored and found to 
be stable. The magnetically controlled growing rods were mea-
sured, cut, and contoured appropriately. We tested each rod’s 
actuator individually prior to insertion to confirm their func-
tion. Of note, the contouring of the rods should be done prior 
to testing the actuator to be sure that the mechanism has not 
been damaged during contouring. The subfascial tunnels from 
the prior growing rods were utilized for placement of the new 
magnetically controlled growing rods into the previous fused 
proximal and distal level’s pedicle instrumentation. New set 
screws were placed. Gentle distraction was placed distally 
across the base after the proximal set screws were tightened. We 
then tightened the distal set screws and completed final tighten-
ing. A proximal cross connector was applied between the rods. 
Final irrigation, topical vancomycin powder, and a standard 
closure were then completed. No complications occurred. Pre- 
and postoperative images are provided in (Fig. 8.2).

Some technical points about the abovementioned proce-
dure should be noted. The MCGR should not be used in 
patients less than 2 years of age or less than 25 lbs. (11.4 kg). 
Rod selection should be based off of the patient’s weight. 
Please consult the company’s insert for this detailed informa-
tion. With contouring each rod, it is crucial that no contour be 
placed through the actuator or within 10 mm of the actuator 
on either side. This translates to maintaining a 90 mm flat seg-
ment of MCGR for the 70 mm actuator or 110 mm for the 
90 mm actuator. By doing so it may damage the mechanism 
by which the MCGR distracts. It is important to note that 
when using a dual rod construct, the actuators should be 
placed at the same height. We recommend that at least one 
cross connector be used between the rods either proximally 
or distally if there is poor bone quality or question of 
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a b

Figure 8.2  Preoperative and postoperative imaging of TGR to 
MCGR conversion shown respectively (a–d) with thoracolumbar 
curve of 52° with 60° of kyphosis prior to conversion and improved 
postoperative curvature of 40° with 50° of kyphosis

foundation strength. Cross connectors are added to these 
constructs to help add rigidity to an inherently less stable 
construct than traditional pedicle-based posterior spinal 
instrumented fusion. We recommend doing this at the upper 
foundation. It is important to not use cross connectors proxi-
mally and distally, as this will lock the device and not allow 
distraction.

�Subsequent Steps

Over 3 years following the MCGR insertion, 12 lengthenings 
were completed. During each office-based distraction, we 
gained 1–2.5 mm of length with each rod. It should be noted 
that earlier lengthenings yielded greater results.
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During the lengthening visits, the magnetic portion of the 
MCGR is found by the use of ultrasound or a magnet locator. 
An electrically powered, motor driver called an external 
remote control (ERC) is held over the back with the patient 
prone on the exam table (Fig.  8.3). This position allows for 
maximum lengthening as it decreases the force required to 
lengthen the rod by removing the effect of gravity and weight 
of the upper thoracic cavity. If difficulties arise during length-
ening, the first course of action is to reposition the patient. 
There are multiple positions that may allow for further 
lengthenings of the rod when other positions have failed. 
Some options to try include placing a pillow under the abdo-
men, traction, lateral decubitus position, or even sitting.

Figure 8.2  (continued)

c d
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If none of these techniques work, the surgeon may need to 
wait a few months to attempt lengthening again as there may 
not have been adequate spinal growth in the interim to allow 
for distraction of the MCGR. The ERC activates the magnet 
within the rods causing them to rotate and lengthen the rod. If 
the magnet and the ERC are not at the same level, the ERC 
will not be able to engage the actuator, and no lengthening will 
occur. Lengthenings can be scheduled as often as desired by the 
treating surgeon. We personally recommend lengthenings every 
2–3 months. To determine the amount of lengthening per dis-
traction, calculations based on Dimeglio’s work should be per-
formed. On average, T1–S1 increases 1 cm per year from the 
ages of 5–10 [2]. Then divide this by spinal segments included 
and the length of time between distractions. On average, this 
calculation ends up being 3 mm per lengthening if attempting 
lengthening in 3-month intervals. The preferred method for 
checking the magnet’s length pre- and post-lengthening is with 
the use of ultrasound (Fig. 8.4) [3]. If ultrasound is not available 
or radiographic imaging is needed, we prefer the use of micro-
dose EOS to reduce overall radiation to the patient. If EOS 
were to be used, we would recommend taking one image per 
clinic visit prior to lengthening. We then compare the images 
from the subsequent visit to measure the length gained from 
the prior visit. This also helps to minimize radiation exposure to 
the patient.

a b

Figure 8.3  External remote control used to distract the MCGR (a) and 
an example of an external remote control being used on a patient (b)
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�Clinical Course and Outcome

Our patient has had no complications and no further opera-
tive interventions since the conversion to magnetically 
controlled growing rods. The obvious benefits to this method 
include more frequent, smaller lengthenings without the risk, 
morbidity, and cost of surgery. At last follow-up, the patient 
had a 30° curve from T10 to L2 and 46° of kyphosis from T2 
to T7. Of note, the majority of the kyphosis is in the proximal 
portion of the construct. The T1–T12 and T1–S1 height 
gained from initial growing rod insertion to final magneti-
cally controlled growing rod length was 5.6 and 11.9  cm, 
respectively. Please reference Table  8.1 for measurements 
completed at significant treatment intervals. During the last 

ROD ROD
ACTUATOR BODY

LENGTH OF DISTRACTION

a

b

Figure 8.4  Representation of MCGR and the distractible segment 
(a) and an ultrasound image demonstrating measurement of the 
MCGR distractible segment after an office-based lengthening (b)
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3  years, there has been an increase in the axial rotation 
around the magnetically controlled growing rods as can be 
seen in Fig. 8.5. We are nearing the age of final fusion, which 
is typically after the age of 10 at our institution.

�Clinical Pearls and Pitfalls

•	 This technique should be used in young patients with 
increasing deformity, who have significant chest and lung 
development remaining.

•	 Magnetically controlled growing rods are able to maintain 
deformity correction and be growth friendly through a 
noninvasive method.

•	 Noninvasive lengthening procedures have decreased com-
plication rates, avoidance of anesthetic events, and 
decreased overall cost, despite the up-front cost of implants.

a b

Figure 8.5  Latest follow-up, posteroanterior (a) lateral (b) radiographs 
with the magnified image showing the actuator demonstrating correc-
tion of the left thoracolumbar curve to 30° with 46° of kyphosis
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•	 Office-based lengthening helps the patient and family to 
avoid social stigma to decrease the pressures of missed 
school and work days and overall helps the patient from a 
psychological standpoint.

•	 It is unclear if magnetically controlled growing rods will be 
subject to diminishing returns as seen with traditional 
spine-based growing rods.

•	 There is a risk of high radiation exposure through serial 
imaging with this treatment as treatment intervals are 
typically shorter than traditional growing rods.

•	 By using ultrasound technology to measure the magnet 
pre- and post-lengthening, the surgeon can monitor the 
distraction while minimizing the radiation risk.

�Literature Review and Discussion

Early onset scoliosis is a challenge for both the patient and 
treating surgeon. The greatest issue is managing the magni-
tude of curvature, while attempting to allow the thoracic cav-
ity and therefore pulmonary system to develop and grow [4]. 
This technique is one that should be considered in EOS 
patients younger than 10 years of age, with significant growth 
remaining and curve progression despite conservative mea-
sures. Extensive exposure, instrumentation, and fusion of the 
spine at this young age would result in a short trunk, 
decreased thoracic growth, and pulmonary insufficiency [5, 6]. 
Significantly reduced pulmonary function has been shown in 
comparison to a normal age-matched cohort, for patients that 
undergo posterior spinal fusion prior to the age of 9. Patients 
with fusion prior to this age had an average FVC of <60% of 
their age-matched cohort. The reason for this dramatic differ-
ence is that the alveolar number per terminal lung unit 
increases from approximately 1370 at 22  months of age to 
2630 alveoli by age 10 [7]. It has been shown that a thoracic 
height, which can be correlated to lung maturity, of 18 cm is 
required to avoid severe respiratory insufficiency [8]. For this 
reason, it is recommended to strive for a thoracic height (T1–
T12) of 22  cm. When this thoracic height is achieved, it is 
reasonable to proceed to final spinal fusion.

Chapter 8.  Early Onset Scoliosis Treated with Magnetically
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Multiple treatment strategies have been developed for this 
disease process. Harrington described attempting to preserve 
growth with internal fixation without fusion through subperios-
teal dissection with rod placement against the bony posterior 
spinal elements. Moe described the first subcutaneous Harrington 
rod placement technique to control severe curves in young 
patients [9–11]. Since that time these techniques have been 
refined. TGR, Shilla, VEPTR, and now MCGR have been cre-
ated as an attempt to improve growth preservation, curve con-
trol, and lung development and decrease complications [12].

The MCGR was created and initially marketed in Europe 
in October of 2009. By 2014, when the FDA approved the use 
of MCGR, it had been used in more than 500 patients in 20 
countries worldwide [13]. In most published reports, it has 
shown favorable results with much less morbidity than tradi-
tional growing rod techniques. In 2014, Akbarnia et al. com-
pared 12 matched patients who were treated with TGR 
(follow-up of 4.1 years) to 12 patients treated with the MCGR 
technique (follow-up of 2.5 years). There were 57 fewer opera-
tive procedures in the MCGR group, which is an average of 
4.75 fewer procedures per patient [14]. Due to the replace-
ment of surgical lengthenings with office-based lengthenings, 
it appears that surgical complications such as infection (3.7% 
vs. 11.1%), anesthetic complications, blood loss, and wound 
complications are all decreased with MCGR [15]. Despite this, 
the MGCR patient population is still at risk of infection, rod 
breakage, implant pullout, prominent implants, or junctional 
kyphosis inherent in patients with growth-friendly treatment 
[16–18]. One article found that all patients with single rod 
constructs required revision procedures and therefore con-
cluded that these constructs should not be used [16]. Inaparthy 
et  al. looked at a cohort of 21 patients with MCGR and 
showed the incidence of PJK (>10° increase of kyphosis) to be 
28.6% at final follow-up of 33 months [17].

Aside from the diminished surgical complications and num-
ber of subsequent procedures, there are many other benefits 
that must be considered when discussing MCGR vs. TGR 
constructs. The most significant from a patient perspective is 
most likely psychosocial in nature [19]. With less surgery loom-
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ing in the near future, there are significantly less psychosocial 
stressors, including decreased time out of school for the patient 
and time out of work for the parents. It can be psychologically 
difficult to be away from social networks and support as well 
as financially detrimental for the entire family unit. When tak-
ing all of these variables into consideration, it is apparent that 
having frequent surgery decreases quality of life.

Finally, treating surgeons need to evaluate and keep in mind 
the cost to the healthcare system. In a study by The National 
Institute for Health and Care Excellence in the United Kingdom, 
a cost analysis was completed. This research showed that after 
6 years of treatment with MCGR vs. TGR, that overall cost sav-
ings per patient is around £12,000 (~$15,000) for patients treated 
with MCGR [20]. Since the United Kingdom is a socialized 
healthcare system, there may be doubts as to its applicability to 
a U.S. market. Polly et al. looked further into this issue in 2016 
by constructing an economic model of cumulative costs of 
MCGR vs. TGR. They concluded that cost offsets accrue over 
time and that in order to achieve cost neutrality, the patient 
needs to be treated for 6 years [21]. In either model, it appears 
that the up-front cost of MCGR should not be a hindrance to its 
use, as it is at least economically neutral in the long term.

Early onset scoliosis is a difficult problem that has many 
potential treatment modalities. Magnetically controlled grow-
ing rods are a recent technological advancement and appear 
to have a promising future in the care for these complex 
patients. Deformity control, while permitting continued 
growth of the spine, is the goal of treating this disease process. 
With current short-term follow-up, MCGR has demonstrated 
that it can accomplish these goals without requiring serial 
operative procedures [10, 22–26].
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