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Introduction
Scoliosis is a three‑dimensional deformity that has anatomical 
lateral, anteroposterior, and rotational components. Early‑onset 
scoliosis  (EOS) accounts for 80% of all cases; males and 
females are equally affected with a female predominance in 
sever‑to‑moderate curves.[1] EOS is a description of curves that 
are more than 10° in pediatric patients younger than 10 years of 
age.[2‑5] The aim of treatment in EOS is to prevent the progression, 
allow growth, and achieve stability. Therefore, the treatment 
depends on the type, age, degree of curvature, and the presence 
of Risser sign.[6,7] Spinal implants were used in the last decade 
and became the preferred treatment method. Growth friendly 
spinal implants have been the gold standard surgical treatment 
in EOS as they provided internal bracing, delayed spinal fusion, 
and allowed growth.[6,8] It was purposely developed to overcome 
the limitations of EOS’s traditional management modalities.[8] 
Traditional growing rods (TGR), vertical expandable prosthetic 
titanium ribs, and magnetically controlled growing rods (MCGR) 
are all currently used as distraction‑based implants.[2] The TGR 

procedure will require patients to undergo distraction surgeries 
every 6 months under general anesthesia to lengthen the rods, 
sometimes reaching 15–18 operations until the final fusion at 
puberty.[6,8] This objectively high number of surgical interventions 
carries a surgical and anesthetic risk, and not to mention possible 
wound complications. General anesthesia risk on developing 
brains has been addressed in the literature, and warnings have 
been raised by the Food and Drug Administration; For children 
<4 years of age, recommendation against receiving general 
anesthesia or for children to have repeated procedures and 
those that would last  for >3 h.[9,10] Furthermore, socioeconomic 
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and psychological burdens on both the affected children and 
their parents cannot be understated.[8] MCGR are, as the name 
indicates, controlled magnetically with an external device; 
they are placed initially in the same method as the traditional 
growing system. However, they provide a noninvasive option 
of distraction that can be done in an outpatient setting.[6,8] 
Distraction can be done in fewer intervals and with conscious 
neurological monitoring during lengthening.[8] This new system 
was able to correct the deformities and enable the growth of 
children with fewer complications, pain, cost, and time compared 
to the traditional system.[6‑8] The magnetic system is currently 
recommended by the National Institute for Health and Care 
Excellence guidelines due to its effectiveness and benefit to 
childhood scoliosis treatment when compared to the traditional 
rod systems, although the system is not free from drawbacks, 
as increased radiation exposure during distraction is cited in 
the literature.[7] This study reports a single‑center experience 
with the MCGR system, including assessing hardware‑related 
complications, radiological improvement of curves, and need 
for revision surgeries.

Materials and Methods
A retrospective cohort of ten pediatric patients who underwent 
MCGR placement as a treatment of EOS was included in the 
study. All included patients were skeletally immature with 
flexible curves and required no additional magnetic resonance 
imaging. The surgeries were done by two board‑certified 
orthopedic spine surgeons in a single tertiary center. All 
patients followed the same protocol of clinic rod distraction, 
which was at 3‑month intervals. Each visit, the rods were 
distracted by 2–3 mm depending on the targeted growth and 
patients’ radiographic status. Patients who had <2 years of 
follow‑up were excluded from the study.

Data from 2011 to 2018 were reviewed, and a total of ten patients 
who underwent MCGR placement surgery met the inclusion 
criteria. Patient demographics, etiology, and preoperative, 
postoperative, and last clinic visit of sagittal and coronal plane 
radiographs and spinal growth measurements were collected. 
Patients’ follow‑up data such as the number of distractions, 
hardware length reached, postoperative complications, and the 

need for revision surgeries were all collected and reported. All 
images used for measurements were standing radiographs and 
were reviewed by a senior author (SS).

After acquiring the proper institutional review board approval, 
patients’ data were collected from the hospital’s database. 
Quantitative variables from patients’ data were described using 
mean, standard deviation, and frequency. The analysis was 
done using Microsoft Excel (Microsoft corporation, Redmond, 
WA, USA) and the Statistical Package for the Social Sciences 
(SPSS) version 23 (SPSS Inc., Chicago, IL, USA). Student’s 
t‑test was used to compare pre‑ and postoperative Cobb angle 
improvement with a confidence interval of 95%, and P ≤ 0.05 
was considered statistically significant.

Results
The ten patients included in the study were seven females and 
three males. The mean age at diagnosis was 50 ± 25.9 months. 
Two patients had idiopathic scoliosis, three had syndromic, 
four had neuromuscular, and one had congenital scoliosis. All 
patients were treated primarily with MCGR except one who 
had a conversion from TGR. All patients had dual growing 
rods; the instrumentation was done using proximal and distal 
screws except for two patients, in which proximal hooks 
were used. One patient had one rod removed after 2  years 
due to suspected infection. Two patients have completed the 
treatment course of MCGR placement, and the final fusion 
surgery was performed. The mean age at the initial surgery was 
5.1 ± 2.1 years, the mean height preoperatively was 99.4 ± 17.4 
cm, and the mean weight was 81.3 ± 14.7 kg.

Pre‑ and postoperative angle results in the coronal and sagittal 
planes are detailed in Tables 1‑3. On the coronal plane, the 
mean percentage of improvement was 47% in the main curve 
at the last visit [Table 1]. Immediate postoperative angles were 
significantly improved for the upper thoracic and lumbar sections 
of the curve P ≤ 0.01, whereas for the last follow‑up, curve 
improvement was only statistically significant for the thoracic 
and lumbar sections of the curve P < 0.01 [Table 2]. The sagittal 
plane results showed a statistically significant improvement only 
in the thoracic spine on the last follow‑up P = 0.01 [Table 2].

Table 1: Major curve change percentages for each patient shown in the coronal plane

Patient Major curve preoperatively Major curve postoperatively Major curve last follow‑up Percentage of improvement
1 91 52 50 45.1
2 73 35 65 11
3 67 46.9 40 40.3
4 77 75 37 52
5 84 50 26 69
6 50 30 26 48
7 60 26 21 65
8 100 33 45 55
9 74 25 46 37.8
10 73 40 36 50.7
Mean 74.9 41.2 39.2 47.4
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The mean follow‑up was 15.3 ± 5.4 visits over 3.8 ± 1.8 years; 
the mean lengthening per visit was 2.4  ±  1.0 mm in the 
right (RT) rod and 2.4 ± 0.8 mm lengthening in the left (LT) 
rod [Table 3].

Patient number 1 had poor follow‑up where her first clinic visit 
was 1 year after MCGR placement. At the time, her thoracic 
kyphosis worsened to 66°  (from 47° preoperatively). She 
eventually reached 22° in the last follow‑up visit, which is in 

the acceptable range for kyphosis. Patient number 2 [Figure 1] 
had her growth spurt in the period of the final fusion surgery 
arrangement, which led to marginal improvement in her 
kyphosis from −11° to −3° and further straightening of her 
lumbar spine from −1° to −6°. Patient number 3 [Figure 2] also 
showed straightening of her spine with lumbar lordosis measured 
at 71° preoperatively to 3° at her last visit. A similar trend was 
seen with patient number 9 [Figure 3] with thoracic kyphosis 
straightening from 20° to 1° only at the final visit [Table 4].

Table 3: The follow‑up data throughout treatment

Follow‑up data Minimum

Mean±SD Maximum
Number of follow‑ups 15.3±5.4 27 9
Lengthening in the right rod in mm 2.4±1.0 4 1
Lengthening in the left rod in mm 2.4±0.8 4 1
SD: Standard deviation

Table 2: Preoperative, postoperative, and last follow‑up spinal curve changes in the coronal plane for all patients

Patient Curve progression in the coronal plane

Preoperative Immediate postoperative Last follow‑up

Upper thoracic Thoracic Lumbar Upper thoracic Thoracic Lumbar Upper thoracic Thoracic Lumbar
1 12 91 72 5 52 37 0 50 38
2 30 73 54 24 35 30 52 65 56
3 57 67 33 25 46.9 20 27 40 20
4 0 47 77 0 25 75 0 55 37
5 25 84 52 9 50 22 9 26 15
6 22 50 23 15 30 6 26 26 1
7 35 60 0 19 26 0 10 21 0
8 13 100 83 8 33 27 10 45 41
9 0 74 56.7 0 25 8 0 46 29
10 35 73 28 27 40 12 17 36 10
Mean 22.9 71.9 47.8 13.2 36.2 23.7 15.1 41 24.7
P* 0.01 2.63 <0.01 5.37 <0.01 <0.01
*P value was considered significant if <0.05

Table 4: Preoperative, postoperative, and last follow‑up spinal curve changes in the sagittal plane for all patients

Patient Curve progression in the sagittal plane

Preoperative Postoperative Last follow‑up

Thoracic Lumbar Thoracic Lumbar Thoracic Lumbar
1 47 52 20 50 22 63
2 −11 −1 1 −3 3 −6
3 −3 71 16 10 21 3
4 47 53 30 30 34 34
5 55 41 14 30 23 28
6 2 29 12 56 17 53
7 21 73 25 40 15 46
8 −15 −4 −5 10 9 19
9 20 29 31 39 1 33
10 46 70 25 38 35 35
Mean 20.9 41.3 16.9 30 30.8 18
P* 0.55 0.26 0.01 0.21
*P value was considered clinically significant if <0.05
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Seven patients had complications, including, three rod 
malfunction, four screw pullout that was prominent 
in two patients. Three patients had revisions due to 
suspected infection and failure of expansion. Four 
patients had screw pullout, two patients complained of 
hardware prominence, and three patients had revision 
surgeries due to suspected infection and failure of 
expansion.

The mean height in the last follow‑up was 121.4  ±  18.2 
cm. The spinal growth over the years of treatment is 
demonstrated in Table 5. The first patient had a growth spurt 
with poor follow‑up, and her curve worsened after the 1st 
year postoperatively. Three patients reached maturity during 
follow‑up, and two had their final fusion surgery. Changes 
in the sagittal plane for the two patients that underwent their 
fusion surgery are shown in Table 6 (kyphosis and lordosis).

Table 5: Patients’ spinal growth throughout the treatment

Patient growth

Age Instrumentation T1‑S1 length in cm

Preoperative Postoperative Year 1 Year 2 Year 3 Year 4 Last follow‑up
1 6 T3‑T4/L3‑L4 25.6 28 31.5 34.4 33.7 33.7
2 7 T2‑T3/L3‑L4 36.2 39.8 40.9 42.3 42.3
3 2 L3‑L2/T3‑T2 23.9 25.8 27.7 28.7 28.7
4 5 T2T3/L4‑L5 28.4 30.4 29.1 31.7 31.7
5 6 T5‑T4/L3‑4 23.8 25.5 26 27.2 29 30.9 30.9
6 8 T2‑T3/L2‑L3 34.6 35 36 42.3 42.3
7 4 T3‑T5/L3‑L4 26.5 30.6 32.2 32.6 32.6
8 7 T2‑3/L4‑L5 28.5 30.4 32.2 32.2 32.2
9 4 T2*‑T2*/L2‑L3 26 28.4 30 31.6 31.6
10 2 T2*‑T3/L4‑L5 18.5 22 23.2 25 25
Mean 5.1 27.2 29.6 30.2 32.2 34.8 34.8 33.1
*Used T2 hooks

Table 6: Changes noted in thoracic kyphosis and lumbar lordosis in the sagittal plane after the final fusion for the two 
patients that underwent final fusion

Final fusion Patient number 2 
preoperative angles

Patient number 2 
postoperative angles

Patient number 8 
preoperative angles

Patient number 8 
postoperative angles

Thoracic kyphosis 3 5 9 12
Lumbar lordosis −6 −5.6 19 1

Figure 1:  Patient No. 2 had her growth spurt in the period of the final fusion surgery arrangement, which lead to marginal improvement in her kyphosis 
from −11° to 3° and further straightening of her lumbar spine from −1° to −6°
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Discussion
The challenge in the treatment of EOS mainly lies behind the 
nature of the disease and the technical difficulties. The treatment 
must target the deformity itself, maintain a balanced spine, and 
allow growth at the same time. Not to forget that the deformity 
is tridimensional, and the currently available treatment methods 
only target one or two dimensions at most. In this study, patients 
showed good improvement in their coronal plane of the major 
curve, with a mean of 47.4% improvement. Akbarnia et al. 
found in a comparative study between MCGR and TGR use 
that the coronal improvement in the last follow‑up was 32% 
with MCGR and 31% in TGR.[11] Similarly, Thompson et al. 
reviewed 19 patients over a mean of 22‑month period, and the 
coronal improvement was 29.6% at the final follow‑up.[12] The 
primary placement of MCGR and secondary placement results 
of clinical improvement have been studied by Wimmer et al., 
and they found that the coronal improvement was 51.3% and 
16%, respectively.[13] Furthermore, Keskinen et al. studied the 
difference between primary and conversion procedures; they 
found that the patients who had MCGR as their primary treatment 
have shown improvement by 38%, whereas the conversion 
group showed only 14.8% at 1‑year follow‑up.[14] MCGR 
instrumentation showed its effectiveness in the coronal deformity 

correction. However, in the sagittal plane, the patients tend to 
shift into a more straightened spine. This observation was seen in 
this study’s population, as well. The problem has been described 
by Cheung et al., where the usage of MCGR tends to straighten 
the spine, and the benefit of contouring can be relatively useful 
to a certain degree.[15] Patients in the current study showed some 
improvement in the thoracic and lumbar sagittal curves. However, 
this improvement has shifted to a straight curve in some of the 
patients. Knowing that normal thoracic kyphosis ranges from 
20° to 50° and the lumbar lordosis ranges from 31° to 79°,[16] the 
sample showed mixed results in the sagittal plane [Tables 4 and 
6]. As seen in our population, patient numbers 2, 3, and 9 showed 
good coronal curve improvements unlike in the sagittal plane. 
Such observation shows that patients do improve very well in 
the coronal plane while lagging behind in the sagittal plane. This 
phenomenon can be explained since the expansion occurs at the 
posterior column mainly, leading to the unintended straightening 
of the curve sagittally. Lebon et al. reported steady improvement 
in both the coronal and sagittal planes, and the final follow‑up 
curves were 48° in both thoracic kyphosis and lumbar lordosis.[17] 
Skov et al. have also reported similar good improvement in the 
mean sagittal plane; however, they had some outliers, with a range 
of 6°–65° in thoracic kyphosis and 19°–59° in lumbar lordosis at 
last follow‑up.[18] Keskinen et al. compared the sagittal balance in 

Figure 2: Patient No.3 also showed straightening of her spine with lumbar lordosis measured at 71 preoperatively to 3° at her last visit

Figure 3: A similar trend seen with patient No.9 with thoracic kyphosis straightening from 20° to 1° only at the final visit
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patients with conversion surgery to primary MCGR placement in 
EOS. They found that patients who had conversion surgery had 
significantly worse results than those who underwent a primary 
MCGR procedure.[14]

In this study, 70% of the patients had complications and 30% had 
revision surgeries. Moreover, 50% of the complications were due 
to hardware malfunction and screw pullout. These complications 
had been described in many case series; Figueiredo et al. found 
in a systematic review that the total complication rate in dual rod 
procedure is 30.9%. Nevertheless, the complications do not hold 
much of the burden when compared to TGR, since patients will 
need additional surgery down from multiple ones that have been 
avoided.[19] Proximal junctional kyphosis (PJK) has been observed 
by some authors such as Hickey et al., who reported it at 50% 
of their population.[6] Lebon et al. had it only in one out of thirty 
patients.[17] In our article, the analysis of PJK was not performed.

Patient compliance was a major issue in this population and 
was reflected in the results. However, the current study remains 
the first study recording the experience in using MCGR in the 
Middle East. Further research efforts should address population 
education and include more strict selection criteria. In addition, 
the small sample size, heterogeneity in the etiologies, and poor 
patients’ compliance, as well as the functional outcome scores 
with the psychological outcomes, were not reported in the 
current study and are acknowledged by the authors as limitations.

Conclusions
MCGR showed promising results where it enabled growth 
and showed acceptable improvement in the coronal plane with 
considerably fewer operations. The study reported the possible 
complications that come with MCGR. However, most patients 
had an alteration in the sagittal plane, where it shifted into a 
more straightened spine. Moreover, patient compliance proved 
to be monumental for success.

Recommendation
A multicenter study with a larger sample size and proper parent 
education with more strict selection criteria, addressing rod 
malfunction, sagittal balance, and spinal growth is needed to 
better assess MCGR as the gold standard treatment in EOS.
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