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Abstract

Purpose Early-Onset Scoliosis (EOS) (defined as a curvature of the spine > 10° with onset before 10 years of age) if not
properly treated, can lead to increased morbidity and mortality. Traditionally Growing Rods (TGRs), implants fixated to the
spine and extended every 6—8 months by surgery, are considered the gold standard, but Magnetically Controlled Growing
Rods (MCGRs) avoid multiple surgeries. While the potential benefit of outpatient distraction procedure with MCGR is huge,
concerns still remain about its risks, up to the release of a Medical Device Alert (MDA) by the Medicines and Healthcare
Regulatory Agency (MHRA) advising not to implant MCGRs until further notice. The aim of this literature review is to (1)
give an overview on the use of MCGRs and (2) identify what is currently understood about the surgical, implant and patient
factors associated with the use of MCGRs.

Methods Systematic literature review.

Results Surgical factors such as use of single rod configuration or incorrect rod contouring might affect early failure of
MCGRs. Patient’s older age and higher BMI are correlated with rod slippage. Wear debris and distraction mechanism failure
may result from implant design and iteration.

Conclusion Despite the complications reported, this technology still offers one of the best solutions to spine surgeons deal-
ing with severe EOS. Lowering the complication rate by identifying risk factors for failure is possible and further studies
in this direction are required. Once the risk factors are well described, some of these can be addressed enabling a safer use
of MCGRs.

Keywords MCGR - MAGEC rods - EOS - Risk factors

Introduction

Magnetically Controlled Growing Rods (MCGRs) are dis-
traction-based devices intended to surgically treat patients
who suffer from Early-Onset Scoliosis (EOS). The aim of
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MCGRs is to control curve progression while allowing for
spinal growth until its full development potential has been
reached and conversion to final fusion is considered. The
MAGEC (MAGnetic Expansion Control; NuVasive, SanD-
iego, USA) system is currently the only available magneti-
cally controlled growing rod system, first licensed in Europe
in 2009 and then approved by the FDA in 2017 [1]. Until
then, Traditional Growing Rods (TGRs) were the gold stand-
ard for the treatment of severe EOS. MCGRs don’t need the
repeated rod distraction surgeries performed when a TGR is
implanted, whose risks and socio-economic burden has been
extensively debated in literature [2—6]. Recently, the benefits
compared to the risks associated with the use of MCGRs
have been questioned, leading to the Field Safety Notice
(FSN) published on April 1st, 2020 by the manufacturer sus-
pending the supply of MAGEC rods in the UK and Republic
of Ireland. This FSN was immediately followed by a Medical
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Device Alert (MDA) by the Medicines and Healthcare Regu-
latory Agency (MHRA) in the United Kingdom advising
not to implant MAGEC rods until further notice [7]. Prior
to this, NuVasive had suspended the supply of the latest
implant iteration, the MAGEC X [8].

Due to the complexity and heterogeneity of patients with
EOS, the difficulties in successfully treating these patients
are widely acknowledged. Many surgeons consider MCGRs
as one of the best surgical treatment options available to
them due to their less invasive approach. Nevertheless, the
reported complication profile requires further study in order
to better understand the underlying mechanisms of failure in
these devices. The aim of this literature review is to (1) give
an overview on the use of MCGRs and (2) identify what is
currently understood about the surgical, implant and patient
factors associated with the use of MCGRs.

EOS

EOS is defined as a curvature of the spine > 10° in the fron-
tal plane with onset before 10 years of age [9]. The main
risk associated with EOS in young children is impaired pul-
monary function, due to the high risk of progressive spinal
deformity and thoracic constraints at an early age, when
lungs are still developing [10].

Normal spine growth (T1-S1 vertebral segment growth)
is faster during the first 5 years, 2 cm/year on average,
whereas between 5 and 10 years of age the total spinal
growth is around 5 cm in total, on average [11]. From
10 years of age to adulthood, normal growth consists of
10 cm, including adolescent growth spurt (2 cm/year).
The majority of spinal curves are due to Adolescent Idi-
opathic Scoliosis (AIS), classified according to the curve
pattern only (Lenke classification [12]). The prevalence of
aetiologies in EOS is not known, but when compared to
AIS idiopathic infantile scoliosis accounts only for< 1%
of all cases while juvenile idiopathic scoliosis accounts for
12-21% of all cases of idiopathic scoliosis [13]. Other aeti-
ologies include neuromuscular, congenital and syndromic
EOS, which are often associated with comorbidities making
the management of EOS more challenging. For this reason
the most accredited classification system for EOS takes into
account 4 main aspects of the deformity: aetiology, major
curve magnitude, kyphosis and the annual rate of progres-
sion [14].

Treatment strategies and duration differ significantly
based on both aetiology and the amount of anticipated
growth remaining, which is higher in younger patients
(< 5 years old). Patients with EOS are likely to develop Tho-
racic Insufficiency Syndrome (TIS), defined as the inability
of the thorax to support normal respiratory function and lung
development in growing children [10]. A Swedish study
found twice the mortality rate in patients with untreated EOS
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by age 40 compared with that of general population [15].
In particular, the earlier the age of onset and the greater the
major curve, the higher the mortality risk. The increased
mortality in this study was almost exclusively due to respira-
tory failure.

Treatment strategies for EOS
Non-operative treatment

The two major non-operative treatments (Table 1) for spi-
nal deformity are casting and bracing [6]. Casting for up to
64 months has proved to be able to prevent or delay surgical
intervention [16]. Hence casting may be considered as an
alternative to operative treatment or as a first step before
growing rod surgery in patients with EOS, but it is not able
to achieve the same amount curve correction reached by
growing rod surgery [17]. If despite casting and/or bracing
the curve progresses, surgery may be required.

Guided growth and compression-based systems

Growth modulation techniques are based on the idea of
harnessing the growth potential of the patient’s vertebrae
while directing the spinal growth into a normal alignment.
Guided growth systems consist of rods attached (not rigidly)
to anchors placed at multiple vertebrae. Examples of guided
growth systems are Shilla growth guidance system (SGSS)
and modern Luque trolley (MLT). SGGS is a new technique
based on the use of pedicle screw fixation and dual rods, able
to slide in order to follow the spine growth [18, 19]. Few
studies are available on this technique, showing similar com-
plication rates when compared to TGR [20, 21]. In addition
to normal implant-related failure, when growth potential is
particularly high rods slippage from the screws is frequent,
leading to revision surgery [19]. Similar to SGGS, MLT is
not FDA approved and the effect of wear debris needs fur-
ther considerations. Compression-based systems like Ver-
tebral Body Stapling (VBS) and Vertebral Body Tethering
(VBT) on the other hand are based on the idea of inhibiting
spinal growth on the convex side of the curve while preserv-
ing the motion of the whole spine without fusion [22, 23].
Strict indications, limited applications and anterior surgery
causing bowel and pulmonary complications are the main
drawbacks of these two techniques, which are not yet in rou-
tinely used for EOS patients yet.

Distraction-based techniques

The most common surgical treatment for EOS is based on
the use of distraction rods [9]. These devices are aimed at
allowing spinal growth while correcting the major curve,
applying traction between proximal and distal anchors joined
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by expandable rods. As the child grows, rods must be length-
ened, approximately every 6 months, depending on the type
of device. There are three main types of growing rods: Verti-
cal Expansion Prosthetic Titanium Ribs (VEPTRs), TGRs,
MCGRs known also as MAGEC rods (Fig. 1).

VEPTRs are longitudinal rod distraction devices mainly
indicated for TIS [24] or for EOS patient at risk for second-
ary TIS [25]. Differently from TGRs and MCGRs, VEP-
TRs’ anchors are placed at the ribs and at the spine on the
concave side to maximize the thoracic volume and the sym-
metry of the deformed thorax. After insertion, the patient
has to undergo surgery every 4-6 months to perform rod
lengthening.

TGRs are considered the gold standard to which the other
operative treatments are usually compared [26]. These dis-
traction-based constructs provide stability and deformity
correction while allowing for growth of the spine. The rod
construct (or constructs, in case of dual rod) is fixated to
the spine using pedicle screws or hooks. As with VEPTRs,
lengthenings of the rod occur very 6-8 months, by surgery
under general anaesthesia.

Every surgery performed increases wound and anaes-
thesia complication probability [27, 28], in addition to a
higher morbidity and mortality risk. Repeated surgeries
may profoundly affect children psychologically [29], in addi-
tion to delaying children’s recovery time and have a huge
impact on the family’s finances [30]. Unlike VEPTRs and
TGRs, MCGRs use an external magnetic distraction system
aimed at avoiding repeated surgeries for rod lengthenings.
Distractions are performed in an outpatient environment,
virtually enabling more frequent rod distractions mimick-
ing physiological spinal growth [26]. While the potential
benefit of outpatient distraction procedure is huge, concerns
still remain about its risks. Recently, on April 1st 2020, the

MHRA released an MDA advising not to implant MAGEC
rods until further notice [7]. The MDA followed a previ-
ous FSN released by the manufacturer suspending the sup-
ply of all MAGEC rods in the UK and Republic of Ireland.
Previously, on February 13™ 2020, the manufacturer had
published an FSN regarding the latest design of MAGEC
rods (MAGEC X)), reporting on the risk of a separation of
the threaded end cap from the housing tube after implanta-
tion [8]. Prior to MAGEC X, six other design iterations have
been commercially used (Table 2, Fig. 2).

The clinical benefits of the use of these devices remain
clear, particularly in the fewer repeat operations required
and less exposure to anaesthesia. Being that MAGEC rods
have been extensively used in the UK and worldwide as a
treatment option for severe Early-Onset Scoliosis in young
patients, further considerations on the reasons for early fail-
ure of these implants must be made.

Methods

The paucity of manuscripts on risk factors affecting the
safety and efficacy of MCGRs, combined to the non-uni-
formity of reporting complications and early failure, make
meta-analysis of published literature on surgical, implant
and patient (SIP) factors impossible. For this reason, a sys-
tematic qualitative literature review was carried on in this
paper. The literature research was performed on Pubmed
using “magec rod” or “MCGR” as keywords, in order to
collect all of the available manuscripts on the topic. A total
of 152 papers were found. Since MCGRs were first licensed
in Europe in 2009, only papers published in the last 10 years
were considered for analysis. In addition, only papers writ-
ten in English were included. This first screening led to a

Fig.1 From left to right: VEPTR [28], TGR [61] and MCGR [48] constructs for distraction-based techniques for the treatment of Early-Onset

Scoliosis
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Table2 MAGEC rods design iterations and description of their design features, reported implant issue and clinical guidance

Guidance

Implant issue

Iteration Design features

Advise all patients about the possible complications resulting from

These rods have an increased risk of a fracture of the internal lock-

Initial launch design

1.0

the failure of components as described in previous FSNs. Each
patient should be assessed using own clinical judgement and

ing pin. There is also evidence of a failure of the O-ring seal in
some rods and the generation of titanium wear/corrosion debris

Keeper plate introduction

1.1
1.2

Welding process, 70 mm actuator

using X-ray imaging (rather than ultrasound) at least once every

6 months

Pin re-design

1.3

Weld-less Design, Anti-Jam, 6.0 mm Rod

2.0

Enhanced Seal, Sagittal Line, 5.0 mm Rod

Enhanced Seal

2.1

Anteroposterior X-ray imaging within 3 months of the original alert

Risk of a separation of the threaded end cap from the housing tube

on 18™ March 2020 to determine if cap separation has occurred

after implantation

total of 129 manuscripts. The search was performed twice at
1-month distance, giving the same results. Manuscripts per-
forming cost-analyses or reporting questionnaire results (out
of the scope of this literature review) were excluded from
examination. Papers without the full text available were also
excluded (Fig. 3). Finally, only papers analysing complica-
tions and failure associated with the use of MCGRs were
included, leading to a total of 30 papers included (Tables 3,
4).

Failure of MCGRs

Information on complication and revision rates of MAGEC
rods vary among authors, due to different adopted criteria
and disparate cohort sizes. A recent systematic review by
Hosseini et al. [31] showed MAGEC safety and efficacy
reported in literature highlighting that the majority of pub-
lished studies presented results in comparison with TGRs. In
order to perform an objective comparison in terms of safety
and efficacy of different treatments, their outcomes should
be reported in a standard way. On the contrary, the non-
uniformity of reporting complications makes an objective
comparison between different treatment techniques impos-
sible [31]. However, Thakar et al. [32] in a systematic review
identified the most reported complications in literature and
their rates for a total of 336 patients. The most commonly
reported complications were implant failure (defined as
permanent loss of distraction or failure to distract), rod or
rod foundation breakage and pull-out. The total unplanned
revision rate in this systematic review, comprehensive of 15
studies evaluating complications, was 33.3% at 29.7 months
of follow-up. More recent multicentre studies report similar
results (31.6% complication rate in a 2-year follow-up of
155 EOS patients) [33], least comparable to the revision and
complication rates observed in TGR patients [34].

Teoh et al. [30] performed a direct comparison between
TGRs and MCGRs complications, showing a lower com-
plication rate of both deep and superficial infections for
MCGRs, whereas metalwork problems and unplanned
return to theatre were higher. The failure of the distraction
mechanism represents a complication unique to the MCGR
construct, whose relatively high rates were confirmed in a
mean 6-year follow-up retrospective review [35]. Moreo-
ver, metallosis around failed constructs has been reported
[36]. The link between the reported increased blood levels of
Titanium in MCGRs and metallosis around failed implants
is yet unclear [37-39]. However, high levels of Titanium in
the blood serum have been considered nontoxic [40, 41] and
the effects of systemic exposure to Titanium are not clear
yet [42, 43].

@ Springer
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Fig.2 MAGEC 1.0 design
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Fig.3 Systematic review flow diagram
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Table 3 List of papers included in the systematic review and level of evidence. In case the number of patients included in the study was not
available, the number of papers included in the systematic review or the number of MCGRs analysed were reported

Author Design No of patients/ No of ~ Follow-up time Level of
papers included evidence
Hosseini et al. [31], 2020 Systematic review 39 papers \Y%
Thakar et al. [32], 2018 Systematic review 336 patients/15 papers Minimum 1 year \Y%
Meza et al. [33], 2020 Multicentre retrospective cohort study 155 Minimum 2 years ~ III
Choi et al. [34], 2017 Multicentre retrospective review of MCGR cases 54 19.4 months mean IV
Teoh et al. [30], 2016 Retrospective case control series 37 v
Cheung JPY et al. [35], 2019 Retrospective case control series 10 6 years or graduate IV
Teoh et al. [36], 2016 Case series 5 35 months mean VI
Joyce et al. [37], 2018 Retrieval study 18 v
Rushton et al. [38], 2017 Review viI
Yilgor et al. [39], 2018 Multicentre, prospective, cross-sectional case series 52 23 months I
Hosseini et al. [44], 2017 Review viI
Dannawi et al. [45], 2013 Prospective case series 34 15 months mean v
Cheung KMC et al. [3], 2012 Prospective case series 2 2 years minimum IV
La Rosa et al. [5], 2017 Prospective case series 10 27 months mean v
Subramanian et al. [46], 2018 Observational study 31 2 years minimum IV
Teoh et al. [47], 2016 Retrospective case series 8 4 years v
Cheung JPY et al. [26], 2019 Review viI
Akbarnia et al. [48], 2019 Review viI
Ridderbusch et al. [2], 2017 Retrospective nonrandomized objective study 35 1 year minimum v
Lebon et al. [4], 2017 Retrospective, consecutive, multicentre series 30 18.4 months mean IV
Kwan et al. [49], 2017 Retrospective review of prospectively collected data 30 2 years minimum IV
from a multicentred study
Cheung JPY et al. [50], 2018 Prospective study 22 I
Panagiotopoulou et al. [51], 2017 Retrieval analysis 9 rods v
Rushton et al. [52], 2020 Retrieval analysis 53 35 months mean v
Rushton et al. [53], 2019 Retrieval analysis 25 2.7 years mean v
Lampe et al. [54], 2019 Case series 24 42.3 months v
Poon et al. [56], 2018 Experimental study 12 rods v
Shaw et al. [57], 2019 Systematic review 20 papers Minimum 1 year v
Jenks et al. [58], 2014 Medical guidance Minimum 2 years ~ III
Ahmad et al. [59], 2017 Prospective study 35 19.4 months mean  1II

Factors affecting Early Failure of MCGRs

From the literature analysed in this review, some complica-
tions encountered in using MCGRs can be related to surgi-
cal, implant or patient risk factors which might be taken into
consideration for implantation procedure, implant design
and patient follow-up after implantation.

Surgical factors

As a first surgical factor that should be taken into consid-
eration, MCGRs can be implanted in single or double rod
configuration [44] (Fig. 4). Some surgeons might consider
using single rods to prevent prominent metalware in slim
patients [45], diversely increasing evidence suggests dual
rods are less prone to rod breakage and slippage [3, 5, 46,

47]. For this reason, recent reports suggest the use of dual
rods where possible [26, 38, 48].

Differently from TGRs, in MCGRs rod contouring is
limited to the proximal and distal regions of the rod, being
that it is not allowed in the distracting mechanism portion.
Accordingly, the actuator region is normally placed along
the straight thoracolumbar spine [26, 48]. Following rod dis-
tractions, the flat region of the MCGR construct becomes
even larger. This inability of following the sagittal curve
may be related to the higher prevalence in MCGR constructs
of Proximal Junctional Kyphosis (PJK) [2, 4]. On the other
hand, rod contouring performed too close to the actuator
region might affect its internal distracting mechanism lead-
ing to failure to achieve distraction [49] (Fig. 5).

Pedicle screws and hooks can be used to anchor the
MCGR to the spine, and no superior technique has yet been

@ Springer
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Table 4 Research questions

- R . Research question Paper Level of
addressed in this systematic evidence
review and papers supporting
the statements discussed with Failure of MCGRs Non-uniformity in reporting [31], 2020 \Y
levels of evidence Complication rate [32], 2018 \"

[33], 2020 I
[34],2017 v
[30],2016 v
Implant complication types [32], 2018 v
[35], 2019 v
Complication types—Metallosis [36],2016 VI
[37],2018 v
[38], 2017 VII
[39], 2018 11
Surgical risk factors Single versus double rod configuration [44], 2017 VII
[45], 2013 v
[3],2012 v
[5],2017 v
[46], 2018 v
[47], 2016 v
[26], 2019 VII
[38], 2017 VII
[48], 2019 VII
Rod contouring [26], 2019 VII
[48], 2019 VII
[2], 2017 v
[4],2017 v
[49], 2017 v
Rod anchoring [26], 2019 VII
[35], 2019 v
Magnets crosstalk [50], 2018 111
Rod lengthening [49], 2017 v
Implant risk factors Implant failure mechanisms [37], 2018 v
[51], 2017 v
[52], 2020 v
[53], 2019 v
Pin fracture [51], 2017 v
Corrosion [51], 2017 v
Wear debris [37],2018 v
[36], 2016 v
Law of diminishing returns [4], 2017 v
[54], 2019 v
[56], 2018 v
[52], 2020 v
Design iteration [57], 2019 \'%
Patient risk factors Age [58], 2014 111
Body habitus [50], 2018 11
[59], 2017 I

identified [26], nonetheless if pedicle screws are used  particularly severe curves, foundation failure is not uncom-
caution is needed when instrumenting additional levels. = mon and re-operation requires these levels to be fused [35].
While this choice might help achieving better balance in

@ Springer
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S 4

Fig.4 Patient 1 treated with single rod construct (superior sequence) latest follow-up (E, F) [3]. Both procedures were overall successful,
and patient 2 treated with double rod construct (inferior sequence). even considering a minor loss of distraction at the fourth distraction
Posteroanterior (A, C, E) and lateral (B, D, F) views of preoperative procedure in patient 1 (single rod), which did not happen again in
spine (A, B); immediately postoperative spine (C, D), and spine at subsequent visits

Fig.5 Example of MCGR and
its structure. The explanted
rod shows contouring on the
proximal and distal portions of
the rod
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Fig. 6 Examples of different wear patterns in explanted MAGEC rods

Fig. 7 Plain radiographs of three retrieved rods, two of them having
a fractured mechanism as indicated by the red arrows, while the third
(right) remains intact

Finally, in double rod configuration a minimum distance
between rods is necessary to avoid possible rod slippage due
to magnets crosstalk [50].

After rod implantation, the rod lengthening protocol is
likely to influence treatment’s success. Nevertheless, no con-
sensus on the best distraction frequency or technique has yet
been reached [49].

Implant factors
On the implant side, distraction mechanism failure might
be due to locking pin fracture, wear of the extending bar,

wear debris in the actuator region, damage to the radial bear-
ings or O’ ring seal failure [37]. Retrieval analysis of failed

@ Springer

components helped understanding some failure mechanisms
of MCGRs [37, 51-53].

The pattern of damaged surface differed from rods with
intact or fractured locking pin, suggesting pin fracture as a
risk factor for wear in the telescopic component of MCGRs
[51] (Figs. 6, 7). A fractured pin does not necessarily equate
to a loss of function in rods; normal distractions are still
known to occur in some instances where a pin may have
fractured. Analysing wear debris internal to the actuator
region, TiO,, iron, sulphur, phosphorus, calcium and bio-
logical tissue were found. This might indicate corrosion due
to fluid ingress inside the actuator, which could contribute to
pin fracture [51]. Besides, failure of the seal and unbalanced
loading might facilitate the exit of internally-generated wear
debris, whose high volume justify the reports on metallosis
around failed constructs [36, 37].

Some authors report on the applicability of the “law of
diminishing returns” on MCGRs [4, 54], already showed in
TGRs [55]. For MCGRs this might be linked to the dimin-
ishing distraction forces generated by the actuator as the rod
lengthens [52, 56].

Finally, implant design iterations prior to keeper plate
introduction significantly increase the probability of distrac-
tion failure [57].

Patient factors

Few patient risk factors have been proven to be linked to
higher rates of complications. NICE Medical Technology
Guidance recommends the use of MAGEC rods for patients
aged between 2 and 11 years old, with a BMI <25 [58].
An increased body habitus (weight, height, BMI) older age
(higher DRU grade and chronological age) and increased
preoperative and postoperative T1-12 and T1-S1 appeared
to be linked to rod slippage [50], described as the inability
of the magnet to perform a full revolution, leading to a slip-
page and an inability to distract the rod. No direct correla-
tion between the aetiology of EOS and the performance of
MCGRs was found in literature, probably also due to under-
reporting of clinical data in the evaluation of MCGRs. Some
of the results found by Cheung et al. [50] are presented in
Table 5. Consistently with these results, a study by Ahmad
et al. [59] reported a lower T/I ratio (True/Intended distrac-
tion ratio) as the age, weight or BMI of the patient increases.
It is believed that the difficulty in reaching the intended dis-
traction is due to increased soft-tissue thickness between the
External Remote Controller (ERC) and the actuator, which
prevents a correct translation of forces between the two mag-
nets, or to the generally larger bulk/mass making the distrac-
tions more challenging (Fig. 8).
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Table 5 Table summarizing

Parameter at
the results reported by Cheung

Mean=+SD (n=22)

Mean + SD (early
slippage, n=14)

Mean +SD (late or no rod p value
slippage, n=28)

implantati

et al. regarding the patient risk [mprantation

factors associated with early rod Height (cm) 137.5+16.3

slippage of MCGRs .
Weight (kg) 30.0+11.2
BMI (kg/m?) 149+4.7
T1-12 (mm) 203.7+£27.9
T1-S1 (mm) 333.3+43.1
Age (years) 102+34

146.4+12.2 106.4 8.5 0.001
35.6+102 17.7+£2.5 0.001
154+5.8 12.0+1.7 0.006

210.5+354 185.2+14.2 0.012

347.0+£50.8 298.3+22.0 0.003
12.1+1.9 72+29 0.003

36,0bicm.

Fig.8 Preoperative x-ray images of a patient with a high BMI and high Cobb angle (as shown on pictures a and b on the left), and postoperative
outcome after treatment with dual MCGR constructs (pictures a and b on the right) [62]

Discussion

Recent debate around the safety on MCGRs has led to the
suspension of the supply of MAGEC rods in the UK and
the Republic of Ireland. The complication profile of these
devices is, on the other hand, comparable with the one asso-
ciated with TGRs [34, 60] while lowering the number of
surgeries required for the treatment. A standardized way
to report on safety and efficacy of TGRs and MCGRs is
required to be able to draw any comparison between differ-
ent treatment modalities [26] and different studies as well.
MCGRs complications reporting should take into consid-
eration patient and treatment variables such as underlying
diagnosis, number of rods implanted, type of implantation,
anchorage technique, occurrence of complication by number
of lengthenings and use a clear system of classification of
complications [57].

From their first use, MAGEC rods have gone through
several design iterations but only few authors reported on the
relation between complication rate and rod iteration [32, 57].

While some surgical risk factors like the use of single
vs dual rod construct have already been debated [26, 38,
48], analysis on the role played by rod contouring, anchor-
ing technique and instrumented levels, rod lengthening fre-
quency and technique need further assessment. Retrieval
analysis offered a different angle from which analysing early
failure of MCGR constructs, being able to identify some
important implant risk factors which could be assessed by
the manufacturer [37, 51-53]. A more detailed reporting of
clinical data of the patients undergoing MCGRs treatment
might enable a better understanding of patient risk factors
associated with the use of these constructs. The relation-
ship between failed constructs, metallosis and raised blood
Titanium levels with MCGRs needs to be investigated. It
is difficult to draw conclusions about the mechanisms of
failure of MCGRs if all of potential surgeon, implant and
patient factors are not considered; indeed all interpretation
of retrieval findings must be done so with the clinical context
at the forefront. A key element of this is making clear the
distinction between rods that have been removed as planned
(e.g. to allow for final fusion) and rods that have had to be
revised (unplanned removal) due to a SIP related failure. It
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is the detailed comparison of retrieval findings, clinical and
imaging data between planned and unplanned removals that
will help us understand why failures occur.

Conclusions

Despite the complications reported on MCGRs, this technol-
ogy still offers one of the best treatment options to spine sur-
geons dealing with severe EOS. The predominant surgeon,
implant and patient risks factors for failure identified in this
review were single rod configuration, rod positioning and
contouring, locking pin fracture and patient’s BMI.

Lowering the complication rate by identifying more risk
factors for failure is possible through comparison of retrieval
findings with comprehensive clinical and imaging data; fur-
ther studies in this direction are required.
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