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Abstract
Purpose Early-onset scoliosis (EOS) has always been a challenging situation for spine surgeons. The aim of treatment is to 
control the direction of curve progression to allow for the complete development of lungs. Among all the growth constructs 
available, traditional growth rods (TGR) and magnetically controlled growth rods (MCGR) are most widely used. The MCGR 
has been introduced a few years back and there is a dearth of long-term follow-up studies. The purpose of this study is to 
compare the effectiveness of TGR and MCGR for the treatment of EOS.
Methods All patients of EOS managed with either TGR or MCGR were included in the study. The patients managed with 
other methods or having follow-up < 2-years were excluded from the study. A total of 20 patients were recruited in the MCGR 
group and 28 patients were recruited in the TGR group. Both groups were matched by etiology, gender, pre-operative radio-
logical parameters, and complications including unplanned surgeries.
Results The mean age in our study was 7.90 years in the MCGR group and 7.46 years in the TGR group. The mean dura-
tion of follow-up in the MCGR group was 50.89 months and in the TGR group 94.2 months. Pre-operative cobb’s angle 
in the coronal plane and T1–S1 were comparable in both groups with a mean cobb’s angle of 65.4 in MCGR and 70.5 in 
TGR. The mean T1–S1 length in the MCGR group was 36.1cms and in the TGR group was 35.2 cms (p = 0.18). The aver-
age increase in T1–S1 length was 1.3 cm/year in the TGR group and 1.1 cm/year in the MCGR group (p > 0.05). The TGR 
patients underwent 186 open lengthening surgeries and 11 unplanned surgeries for various complications. The MCGR group 
has 180 non-invasive lengthening with only 4 unplanned returns to OT for various causes.
Conclusion The curve correction was similar in both TGR and MCGR groups. The average T1–S1 length achieved on final 
follow-up was similar in both groups. The MCGR patients have attained similar correction with fewer invasive procedures 
and lesser complications compared to the TGR group.

Keywords TGR  · MCGR  · Early onset scoliosis · Growth rods · Congenital scoliosis · Distraction

 * Anuj Gupta 
 anuj.toto123@gmail.com

 Abhishek Srivastava 
 abhisheksri@yahoo.com

 Naveen Pandita 
 naveenpandita1986@gmail.com

 Ankur Goswami 
 ankurinspine@gmail.com

 Govindaraja Perumal Vijayaraghavan 
 vijayaraghavg@gmail.com

 Arvind Jayaswal 
 jayaswalarvind@gmail.com

1 Department of Spine Surgery, Max Superspeciality Hospital, 
Vaishali, Ghaziabad, India

2 Department of Spine Surgery, Max Superspeciality Hospital, 
Vaishali, Ghaziabad, India

3 Cambridge University Hospital, Cambridge, UK
4 Department of Spine Surgery, Queens Medical 

Center. Nottingham University Hospitals, Nottingham, UK
5 Department of Spine Surgery, MGM Hospital, Chennai, 

India

http://orcid.org/0000-0001-6816-2995
http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-024-08301-x&domain=pdf


2705European Spine Journal (2024) 33:2704–2712 

Introduction

Early onset scoliosis (EOS) is defined as curvature of 
spine > 10 degrees with onset before the age of 10 years 
[1]. The deformity in spine could be congenital or is the 
result of bone dysplasias, neuromuscular conditions, syn-
dromes or any idiopathic condition with no gross visible 
defects.

EOS, if progressive, needs early intervention to reduce 
or stop the progression of curve, allowing the chest wall 
& lungs to develop adequately. Various treatment options 
were proposed with time. Before the introduction of 
implants, casting and bracing were used which had a high 
percentage of failure and compliance issues [2]. Paul Har-
rington introduced spinal implants in which the Harrington 
rod was used to distract on the concave side of deform-
ity repeatedly and no fusion was done. But it had high 
rates of implant failure which made its use limited [3]. 
Few surgeons even tried fusion surgery at an early age of 
4.1 years but there were high rates of reported crank-shaft 
phenomenon and progression of deformity [4].

The surgical treatment of EOS has evolved to a great 
extent with the introduction of growth friendly spinal 
implant systems. These systems allow spine and thorax 
to develop and grow without much progression of the 
curve. These implants are of 3 types: distraction based, 
guided growth and compression based [5]. The distraction-
based systems are most commonly and widely used which 
include Traditional growing rods (TGR) and Magnetically 
controlled growing rods (MCGR). The MCGR has man-
aged to overcome the biggest limitation of TGR, repeated 
open lengthening of the growth rods, due to which it 
became the implant of choice among spine surgeons. 
Moreover, the lengthening intervals are more frequent 
with MCGR which mimics the natural growth of spine. 
However, in certain group of patients like severe sagittal 
plane deformity or short stature, the use of MCGR is lim-
ited [6]. Hence, long-term follow-up with results compar-
ing the two are required to appropriately define the indica-
tions and give optimum results to the patients.

This study aims to compare TGR and MCGR in the 
treatment of EOS.

Materials and methods

This is a multi-centre, single surgeon, retrospective cohort 
study for Early Onset Scoliosis (EOS). All patients with 
EOS of any aetiology, managed with growing rods, age at 
the time of index surgery < 10 years, and minimum fol-
low-up of 2 years were included in the study. The patients 

with follow-up of less than 2 years were excluded from 
the study. The indications of both TGR and MCGR were 
same which includes all patients with age < 10 years, Cobb 
angle > 30˚ and thoracic height < 22 cms. All the patients 
were given option for both the procedures and the pros and 
cons of the procedures explained.

Surgical technique

The initial steps in the surgical technique for both the pro-
cedures were the same. As described by Akbarnia et al. [7], 
pre-decided upper and lower instrumented vertebrae was 
marked on the skin using fluoroscopy, after anaesthesia 
and positioning. Sub-periosteal exposure was done at the 
proximal level using midline incision and for the distal level, 
exposure was done using Wiltse approach [8]. Thereafter, 
pedicle screws were put at the lower instrumented vertebrae 
and hooks or pedicle screws were used for the upper verte-
brae. No exposure was done in between to avoid periosteal 
stripping and spontaneous fusion. Then upper and lower 
anchors were connected by passing the rods- TGR/MCGR 
sub-fascially/intra-muscularly on both the sides. The spi-
nal cord neuromonitoring was used in all cases. Wound was 
properly irrigated and closed in layers (Figs. 1, 2).

Post-operatively, in TGR, distractions were done at 
6 months interval and 3 months interval in cases of MCGR.

Patient data collection

For all patients included in our study, we have collected fol-
lowing parameters: aetiology, age, sex, pre-op Cobb angle 
in coronal plane, pre-op thoracic kyphosis, Sagittal balance, 
Pre-op T1–S1 length on AP whole spine roentgenogram. 
Then coronal Cobb angle, thoracic kyphosis, Sagittal bal-
ance, T1–S1 length was collected at immediate post-op and 
at final follow-up. Also, number of distraction and compli-
cations during the surgery and during follow-up were noted 
which also includes unplanned return to operation theatre.

Aetiologies were classified as per standard classification 
[9] of EOS as congenital, idiopathic, neuromuscular and 
syndromic. The Cobb angle was measured on AP radio-
graph of whole spine between cephalad end plate of upper 
end vertebrae and caudal end plate of lower end vertebrae 
of the curve. The kyphosis angle was measured on lateral 
radiographs between superior end-plate of T1 vertebrae and 
inferior end-plate of T12 vertebrae. The Sagittal balance was 
measured as the distance between postero-superior part of 
S1 vertebrae and C7 plumb line. T1–S1 length was also 
measured on AP radiograph, from mid-point at cephalad 
end plate of T1 vertebrae and mid-point at cephalad end 
plate of S1 vertebrae. Annual T1–S1 growth was measured 
as difference between average T1–S1 length at immediate 
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post-op and at final follow-up which is divided by duration 
of time in years.

Final follow-up is defined as either the recent follow-up in 
cases where final fusion has not been done or follow-up just 
before fusion in cases where final fusion is done.

Appropriate statistical methods were used to compare 
the 2 groups. Paired t test was used for quantitative vari-
ables in the 2 groups. Statistical analysis was performed 
with SPSS for Windows, version 21.0.

(a)

(b)

(c) (e) (g)

(d) (f) (h)
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46 42

Cobb 12
10

28
16

Fig. 1  A case of Traditional growing rod. a, b AP & lateral radiographs of pre-index surgery, c, d AP & lateral radiographs post-index surgery, 
e, f AP & lateral radiographs after 1 year follow-up, g, h AP & lateral radiographs after 7 years follow-up
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Results

Our study population was sequential population with over-
lap (the TGR patients were enrolled from 2007 to 2018 
and MCGR from 2013 to 2021). The MCGR group had 
20 patients of EOS which includes 14 cases of congenital, 
3 syndromic, and 3 idiopathic. The TGR group had 28 
patients and it consists of 24 congenital, and 4 idiopathic. 
The MCGR group had 16 females and 4 males whereas 
TGR group had 19 females and 9 males. The mean pre-
operative age in MCGR group was 7.9 ± 1.6 years (range, 

5–10 years) and in TGR group 7.5 ± 2.5 years (range, 
3–10 years) which was statistically similar (p = 0.49). 
The mean post-operative follow-up in MCGR patients was 
50.9 months (range, 24–72 months) and in TGR group 
94.2 months (range, 35–132 months). The demographic 
data is summarized in Table 1.

All the constructs in MCGR and TGR group were dual 
rod construct except one patient in MCGR where only sin-
gle rod was put. The upper foundation levels lie between 
T1–T4 and lower foundation levels were between L1–L3 
both the groups. One patient in MCGR group required 

(a) (c) (e) (g) (i)

(b) (d) (f) (h) (j)

Cobb 52
36

36
32

Cobb 18

16
10 5

22

5

Fig. 2  A case of congenital EOS managed with MCGR. a, b AP & 
lateral radiographs of pre-index surgery, c, d AP & lateral radio-
graphs post-index surgery, e, f AP & lateral radiographs after 2 year 

follow-up, g, h AP & lateral radiographs after 5 years follow-up, i, j 
AP & lateral radiographs after growth rod graduation
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lower level at Ilium as the pedicles were hypoplastic in 
Lumbar spine.

Cobb correction

The mean pre-operative Cobb angle in coronal plane was 
65.4° (range, 42°–91°) in MCGR group and 70.5° (range, 
28°–103°) in TGR group. The pre-operative Cobb angle was 
comparable in both groups (p = 0.38). The percentage cor-
rection after index surgery was 51.6% in MCGR and 58% 
in TGR group. On analysis, there was no statistical differ-
ence in percentage correction among the 2 groups due to 
index surgery (p = 0.11). On final follow-up, the percentage 
correction was 43% in MCGR group and 40.4% in TGR 
group. Though the correction obtained at final follow-up in 
MCGR appears to be slightly more but there was no statisti-
cal difference between 2 groups (p = 0.90). There was loss 
of correction in both groups between index surgery and final 
follow-up, but more in TGR group which can be explained 
with more frequent lengthening with MCGR (Table 2).

Kyphosis correction

The mean pre-operative kyphosis was 35.3° (range, 
5°–87°) in TGR group and 39.2° (18°–72°) in MCGR 
group. The pre-operative values were comparable with 
no statistical difference (p = 0.22). The mean kyphosis 
angle in TGR group at immediate post-op and at final 

follow-up was 23.4° and 38.1° respectively. The differ-
ence within the group was found to be statistically sig-
nificant (p = 0.0004). In MCGR group, these values were 
22.1° and 10.2° respectively and was statistically signifi-
cant (p < 0.00001). Hence, the difference in kyphosis at 
final follow-up between both groups were statistically 
significant.

Sagittal balance

The mean pre-op Sagittal balance in TGR group 
was + 1.5 cm (range, + 4.8 cm–1.3 cm). Then immedi-
ate post-op and at final follow-up, they were + 0.6 cm 
and + 0.9 cm.

(range, + 2.7  cm–0  cm) respectively. Similarly, in 
MCGR group, the mean pre-op value was + 2.9  cm 
(range, + 7.0  cm– − 2.8  cm). The mean immediate 
and final follow-up value were + 0.7  cm and + 1.1  cm 
(range, + 3.8  cm– − 2.4  cm) respectively. In both the 
groups, the overall sagittal balance tends to improve at 
final follow-up, better seen in TGR as compared to MCGR.

T1–S1 length

The mean pre-operative T1-S1 length in MCGR group was 
25.8 cms and in TGR group was 27.6 cms (p = 0.22). When 
this is compared immediately after index surgery, the 
mean length was 30.6 cms in MCGR group and 31.6 cms 
in TGR group (p = 0.46). This length was again compared 
at final follow-up. The final follow-up is taken when the 
distraction of growth rods was stopped. It was 36.1 cms in 
MCGR and 35.2 cms in TGR (p = 0.18). The annual T1–S1 
growth (obtained for the duration in which lengthening is 
done) was 1.1 cm/year in MCGR and 1.3 cm/year in TGR 
with p value > 0.05.

Table 1  Demographics of patients of MCGR and TGR group

MCGR TGR p value

Number of patients 20 28
M: F 4:16 9:19
Mean age (Years) 7.90 (5–10) 7.46 (3–10) 0.49
Mean follow-up (months) 50.85 (24–72) 94.21 (35–132)

Table 2  Comparison of mean 
Cobb angle and T1–S1 length in 
2 groups

Pre-operative (p value, 
TGR vs MCGR)

After index surgery (p 
value, TGR vs MCGR)

At final follow-up 
(p value, TGR vs 
MCGR)

MCGR Cobb angle 65.35˚ 33.73˚ 28.06˚
T1–S1 (cms) 25.84 30.64 36.1
Kyphosis 39.2° 22.1° 10.15°
Sagittal Balance  + 2.85  + 0.72  + 1.12

TGR Cobb angle 70.50˚
(0.38)

40.85˚
(0.11)

28.53˚
(0.90)

T1–S1 (cm) 27.6
(0.22)

31.63
(0.46)

35.2
(0.18)

Kyphosis 35.28°
(0.22)

23.35°
(0.0004)

38.14°
(< 0.00001)

Sagittal Balance  + 1.45  + 0.59  + 0.9
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Unplanned return to OT and complications

At final follow-up, the 20 MCGR patients have under-
gone 20 index surgeries and 180 non-invasive length-
ening (Table 3). Overall, there were 7 complications in 
MCGR group. These include 4 proximal anchor pull-outs 
in 3 patients, 1 distal anchor failure, and 1 patient had 
intra-operative respiratory complication due to which the 
procedure was aborted and implant was applied on an elec-
tive basis after the patient became medically fit. 1 patient 
had failure to distract the MCGR by the External Remote 
Controller. Out of these 7, there were only 4 unplanned 
returns to OT. In 1 patient with Neurofibromatosis, the 
proximal anchor was revised twice. One other patient with 
congenital aetiology required proximal anchor revision 
due to pull-out and 1 patient was taken to OT for distrac-
tion under general anaesthesia as there was failure to dis-
tract with external remote controller in OPD. Out of the 
3 patients developed proximal anchor pull-out, there was 
development of PJK in one patient. Second patient is still 
under follow-up, distractions are stopped and planned for 
final fusion and in third patient, as mentioned above, the 
proximal screws were repositioned and no PJK was noticed 
on follow-up radiographs.

In TGR group with 28 patients, there were a total of 214 
surgeries including 28 index surgeries and 186 lengthening 
procedures. Most of the complications were managed at 
the time of open lengthening. Twenty out of 28 patients 
experienced at least 1 complication. These include 6 proxi-
mal or distal anchor failure, 1 patient having breakage of 
both rods and 2 patients developing superficial infection 
at the proximal screw site. Two patients developed wound 
dehiscence and one of which required multiple plastic sur-
gery procedures and was finally converted to Magnetic rod 
to avoid scar related complications (not included in MCGR 
group). Though most of the implant related complications 
were addressed during routine lengthening, there were 11 
unplanned returns to OT in this group. These include 3 
plastic surgery procedures in a single patient. 6 proce-
dures were done to change or reinforce the anchors, and 
2 patients required superficial debridement for infection.

Discussion

The MCGR was introduced outside USA in 2009 and was 
later on cleared by Food and Drug Administration (FDA) in 
2014 after successful pre-clinical trials [7]. The principles of 
application in MCGR were same as of TGR with an advan-
tage that the distraction can be done as an OPD procedure on 
awake patient without need of repeated anaesthesia. There-
fore, MCGR became the choice of implant among surgeons 
and patients for treatment of EOS [10].

The first study of MCGR comprising of 2 cases was pub-
lished by Cheung et al [11] in 2012. In it, single MCGR 
was applied to one patient and dual MCGR to the second. 
The duration of follow-up was 24 months. The cobb angle 
improved from 74° to 26° in first patient and 60° to 31° in 
second patient. The mean monthly increase in T1–T12 and 
T1–S1 was more than predicted natural growth. There was 
no intra-operative complication noted. The patient with sin-
gle MCGR had loss of distraction which was attributed to 
implant design. Later in 2021, Cheung et al. [12] published 
the final outcome of same case. The patient underwent dual 
MCGR implantation at the age of 9 years due to suboptimal 
overall balance. Thereafter, successful distractions were 
done but she developed distal add-on in lumbar spine and 
final fusion was done at the age of 15 years.

Bouthors et al. [13] in 2019 published long-term results 
of TGR in 34 patients. The median follow-up was 6.5 years 
and children of idiopathic (n = 15), congenital (n = 5) and 
syndromic (n = 9), neuromuscular (n = 4) and dystrophic 
(n = 1) aetiologies were included. Only single rod was 
applied in all children. There was increase in T1–S1 dis-
tance by 116 mm and mean Cobb angle corrected from 55° 
pre-operatively to 30° at final follow-up. Since, single rod 
was used in all cases, hence number of complications were 
more in their study which includes 26 cases of rod fracture, 
4 proximal junctional kyphosis, 2 proximal hook dislodge-
ments, 2 wound infections and 1 implant prominence.

In 2014, Akbarnia et al. [14] compared 2-year follow-up 
of MCGR and TGR. They included 12 case matched patients 
in each group with neuromuscular, syndromic, idiopathic 
and congenital aetiology. The mean Cobb angle, T1–S1 
height and T1–T12 height in MCGR group was 59°, 270 mm 

Table 3  Summary of complications in both procedures

MCGR TGR 

Total number of procedures 20 index surgeries
180 Non-invasive lengthening

28 index surgeries
186 invasive lengthening

Complications Proximal anchor pull-out (4), Distal anchor pull-out (1), 
Intra-operative respiratory complication (1), Failure to 
distract (1)

Proximal or distal anchor pull-out (6), Rod breakage 
(1), Superficial infection (2), Wound dehiscence 
(2)

Unplanned return to OT 4 11
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and 158 mm respectively which was corrected to 38° (32% 
correction), 307 mm and 189 mm. Similarly, in TGR group, 
pre-operative values were 64°, 257 mm and 158 mm which 
was corrected to 42° (31% correction), 342 mm and 210 mm 
respectively. There was no statistical difference between 2 
groups pre-operatively and post-operatively (Table 4).

Our study includes 20 patients in MCGR group and 28 
patients in TGR group. The patients included were sequen-
tial with overlap. Initially when MCGR was not available, all 
patients were managed with TGR. But later on, all patients 
were given options of both TGR and MCGR considering 
the limitations of MCGR in short stature and severe sagittal 
plane deformity. The mean pre-operative Cobb angle and 
T1–S1 length in MCGR group was 65.4° and 25.8 cms. The 
values in TGR group were 70.5° and 27.6 cms respectively. 
The aetiology included in our study were congenital, syn-
dromic and idiopathic and both the groups were comparable. 
The mean follow-up in our study was 50.9 months (approx. 
4.2 years) in MCGR and 94.2 months (approx. 7.9 years) in 
TGR group. The long duration of follow-up of TGR is obvi-
ous as we have been doing TGR even before the inception 
of MCGR. To the best of our knowledge, not many studies 
[14, 15] are available in the literature comparing the out-
comes of these distraction-based techniques. The mean Cobb 
angle at final follow-up in MCGR group was 28.1° which is 
43% correction compared to initial Cobb and in TGR it was 

28.5° which amounts to 40.4% correction. The correction 
obtained after index surgery was 51.6% in MCGR and 58% 
in TGR. The possible explanation for better correction after 
index surgery in our series is our novel technique of using 
Harrington Outrigger for internal spine distraction [16]. The 
final mean T1–S1 length in MGCR group was 36.1 cms and 
in TGR was 35.2 cms. The annual T1–S1 growth in MCGR 
was 1.1 cm/year and in TGR 1.3 cm/year. The results were 
comparable in both groups.

Our study had an annual growth of 1.1 cm/year as com-
pared to 0.81 cm/year mentioned in the study by Akbarnia 
et al. [14] in MCGR group. Similarly, it was 1.3 cm/year in 
our study and 0.97 cm/year in Akbarnia study in TGR group. 
Our study has growth rate similar to natural growth of spine 
as mentioned by Dimeglio et al. [17] which is 1 cm/year 
from 5 to 10 years age group. The correction achieved in 
TGR group in our study was lower as compared to Bouthors 
et al. [13]. The possible explanation could be inclusion of 
more congenital cases in our study which are considered 
stiffer compared to rest of the aetiologies. This is evident 
with the study published by Cengiz et al. [18] (2021) which 
has 14 congenital cases (Total number of cases included 
were 27) and the growth rate during distraction phase was 
similar as our study.

The sagittal parameters in growth rod implantation and 
during lengthening is not adequately mentioned in the 

Table 4  Review of literature summarising the results of MCGR & TGR 

Authors Procedure studied Number of patients Mean follow-up duration Results Remarks

Akbarnia et al. [15] MCGR vs TGR 12 (MCGR)
12 (TGR)

2.5 years (MCGR)
4.1 years (TGR)

MCGR-32% Cobb cor-
rection, 0.81 cm/year 
gain in length

TGR-31% Cobb correc-
tion, 0.97 cm/year gain 
in length

No statistical difference 
between two

Bouthors et al. [14] TGR 34 6.5 years Cobb correction- 55° to 
30°

116 mm increase in 
T1–S1

More complications due to 
single rod usage

Cengiz et al. [19] TGR 27 46.3 months 69.5% Cobb correction, 
68.8 mm gain in T1–S1 
length

4 unplanned returns to OT

Lampe et al. [27] MCGR 24 2 years 31° Cobb correction and 
25 mm gain in T1–S1 
length during distrac-
tion period

MCGR only maintains the 
correction achieved after 
index surgery

Obid et al. [28] MCGR 22 47.6 months Cobb correction from 57° 
to 29°

MCGR has no negative 
impact on Spino-pelvic 
parameters

Our study MCGR vs TGR 20 (MCGR)
28 (TGR)

4.23 years (MCGR)
7.85 years (TGR)

MCGR-43% Cobb cor-
rection, 1.1 cm/year 
gain in length

TGR-40.4% Cobb correc-
tion, 1.3 cm/year gain 
in length

No statistical difference 
between two
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literature. In study of Shah et al. [19] (2014), 43 patients 
were included with single or dual TGR and thoracic kypho-
sis and sagittal parameters were included at pre-op, after 
index surgery and at 2-years follow-up. The mean thoracic 
kyphosis pre-op was 59° which improved to 36° after index 
surgery. The kyphosis again increased to 51° after distrac-
tion at 2 years follow-up. There was improvement in Sagittal 
balance in most of the patients in the study.

Similarly, in a comparative study by Ilharreborde et al. 
[20] (2022), effect of MCGR on sagittal alignment was 
studied in 37 patients. Maximum thoracic kyphosis (− 17°, 
p = 0.02) and maximum lumbar lordosis (− 15°, p = 0.001) 
have significantly reduced. In their study, there was 40.5% 
incidence of mechanical failure and radiological PJK was 
observed in 43% of patients. They concluded that overall 
MCGR flattened the spine in EOS and rate of complication 
remained high.

Our study is concordant with literature, the mean tho-
racic kyphosis in pre-op was comparable in both groups. 
After index surgery, the mean thoracic kyphosis was reduced 
in both groups. Thereafter, the kyphosis was increased in 
TGR group and reduced significantly in MCGR group at 
final follow-up. In our TGR cases, we use small domino 
connector on each side at thoracolumbar region, where 
repeated lengthening is done. On the other hand, the MCGR 
has long actuator spanning more length of thoracic/thora-
columbar region (compared to dominos in TGR). There-
fore, kyphosis of thoracic spine is better achieved in TGR 
as compared to MCGR after repeated lengthening. Similar 
results were expected with sagittal balance, but in the grow-
ing spine, the lumbar lordosis balances the thoracic kypho-
sis, resulting in shifting of sagittal balance to normal. Our 
results are concordant with the current literature, as seen 
in study by Erdogan et al. [21] (2019) comparing effects 
of sagittal parameters among TGR and MCGR where they 
concluded MCGR causes hypokyphosis and PJK in their 
2-year follow-up.

Most of the complications in our study were implant 
related and by virtue of its technique, many of them were 
handled during planned lengthening in TGR group. Out of 
28 patients in TGR, 20 patients developed at least 1 compli-
cation at the last follow-up. Majority of the complications 
were anchor failures, other complications being breakage 
of rods, superficial infection and wound related complica-
tions. There were 11 unplanned returns to OT in which one 
patient required multiple plastic surgery procedure to man-
age wound dehiscence. In MCGR group, anchor failures too 
make the majority of overall complications. Wound dehis-
cence seen in TGR was not seen in MCGR. There were 4 
unplanned returns to OT of which 1 patient had distraction 
failure. Due to high BMI of the patient, distraction was tried 
under general anaesthesia so that External Remote Control-
ler can be applied with extra force against the back. The 

distraction was not achieved even after that possibly due to 
actuator pin fracture [22, 23] or failure of internal magnet 
to rotate [24]. The patient was kept in regular follow-up and 
was converted to final fusion at skeletal maturity.

The lengthening in TGR is done mechanically because of 
which ‘law of diminishing results’ is valid to it. The reason 
behind this is that the spine becomes stiffer between proxi-
mal and distal anchor which could be because of 6-monthly 
lengthening protocol [25]. In MCGR, the ‘law of diminish-
ing results’ do not apply significantly, as the lengthening 
frequency is more in a year which mimics the natural growth 
of the spine [26] Though we haven’t included data of follow-
ups during lengthening period, but we observed more length 
gain during the initial phase in TGR which subsequently 
reduced on future lengthening. Whereas, the length gain in 
MCGR was more constant throughout which is concordant 
with ‘Law of diminishing results’.

There are several limitations in our study due to its retro-
spective nature. There is disparity in the duration of follow-
up between the two groups. The overall complications are 
more in TGR group which may be due to its long duration 
of follow-up. The T1–T12 height was not taken into con-
sideration which is a measurement for thoracic height. The 
sample size is also small in both the groups as this is the 
single surgeon study. There are more congenital cases in 
TGR group which may have impact when comparing final 
outcomes between 2 groups.

Conclusion

The MCGR and TGR can be used to manage EOS effectively 
and long-term results of both the techniques are comparable. 
The advantage of MCGR is non-invasive lengthening which 
reduces the need for repeated surgery on the child and has 
less implant related complications and less unplanned return 
to OT when compared to TGR. However, the MCGR causes 
reduction in thoracic kyphosis which results in poor sagittal 
balance when compared to TGR.
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