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ORIGINAL ARTICLE SPINE SURGERY AND RELATED RESEARCH
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Abstract:
Introduction: Recent literature identifies similar failure rates such as anchor pull-out and rod breakage, but a higher un-

planned revision surgery with MAGEC rods than with traditional growth rods. Besides known failure modes such as rod

fracture, infection, etc., failure to noninvasively distract the rods was cited as the main cause of such unplanned surgeries.

The source of these data ranges from multicenter cohort studies to singular case series. These studies included explanted

implants that had undergone failure in distraction mechanism, rod fracture, or infection, or had reached their maximum

length. Nevertheless, in addition to identifying the overall mode of failure, it is equally important to identify the large-scale

incidence of exclusive failures in comparison with standard instrumentation failure modes in spine surgery.

Methods: The US Food and Drug Administration (FDA) Manufacturer and User Facility Device Experience (MAUDE)

databases were searched for reports on MAGEC rods, and on standard instrumentation used for spinal fusion. The adverse

events were recorded, tabulated, and analyzed.

Results: A search of the US FDA MAUDE database yielded reports of 163 device-related adverse events. These included

distraction mechanism failure (n=129), rod fracture (n=24), and minor voluntary reports of infection and tissue discoloration

(n=10). For standard instrumentation usage in spine surgery, pedicle screw breakage post surgery (n=336), set screw damage

during surgery (n=257), rod breakage post surgery (n=175), interbody cage breakage during surgery (n=118), and pedicle

screw breakage during surgery (n=75) were identified as the top 5 failure modes.

Conclusions: The study identified the distraction mechanism failure as the most common and growing complication asso-

ciated with MAGEC rod usage in children with scoliosis, leading to unplanned invasive revision surgeries.

Keywords:
MAGEC rods, traditional growth rods, early onset scoliosis, distraction, rod fracture, complications

Spine Surg Relat Res 2020; 4(2): 148-151

dx.doi.org/10.22603/ssrr.2019-0041

Introduction

The noninvasive distraction mechanism of MAGEC rods

used to lengthen the spine in children with scoliosis have

made traditional growth rods (an invasive distraction mecha-

nism) a second choice, that is, used only for underprivileged

patients or healthcare systems1,2). Recent literature identifies

similar failure rates such as anchor pull-out (11.8%) and rod

breakage (10.6%), but a higher unplanned revision surgery

with MAGEC rods than with traditional growth rods3). Be-

sides known failure modes such as rod fracture, infection,

etc., failure to noninvasively distract the rods (mostly due to

breakage of actuator pin or reduced force generation) was

cited as the main cause (11.7%-50%) of such unplanned

surgeries3,4). A common observation among these implants

was the generation of titanium wear debris (leading to met-

allosis) due to off-axis loading4,5). This is further escalated

by failure of radial bearings and corrosion of underlying

components. The source of these data ranges from multicen-

ter cohort studies to singular case series4-7). These studies in-

cluded explanted implants that had undergone failure in dis-

traction mechanism, rod fracture, or infection, or had

reached their maximum length. Nevertheless, in addition to

identifying the overall mode of failure, it is equally impor-

tant to identify the large-scale incidence reporting of exclu-

sive failures in comparison with other standard failure
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Figure　1.　Adverse event reporting from the MAUDE database for MAGEC rod usage until June 2019.

modes in spine surgery. Therefore, the objective of the cur-

rent study is to search the Manufacturer and User Facility

Device Experience (MAUDE) database, which is a voluntary

reporting system of adverse events involving medical de-

vices since 1993, to identify the trend and frequency of ad-

verse events related to the usage of MAGEC rods and stan-

dard instrumentation in spine surgery.

Materials and Methods

The United States Food and Drug Administration (FDA)

of the Department of Human Services runs the MAUDE da-

tabase. Adverse events are defined as potential and actual

product use errors and product quality problems. The data-

base contains information on medical devices that may have

malfunctioned or caused a death or a serious injury. These

adverse events are reported by the manufacturer or a health-

care professional (an operating room nurse or a surgeon).

MAUDE may not include reports made according to exemp-

tions, variances, or alternative reporting requirements

granted under 21 Code of Federal Regulations 803.19. The

FDA website was last accessed in June 2019, in preparation

of data for this manuscript. The product code used was PGN

(identifier for MAGEC rods), and all the categorial data

based on event type were retrieved and analyzed to the date

specified above. It is important to note that MAUDE data

are not intended to be used either to evaluate absolute rates

of adverse events (due to underreporting) or to compare ad-

verse event occurrence rates between different devices (due

to discrepancy in reporting between two devices). In addi-

tion to MAGEC rods, we also retrieved MAUDE data on the

top 5 failure modes associated with standard instrumentation

usage in spinal fusion; this does not include MAGEC rod

failures, and may pertain to any possible diagnoses such as

degenerative disc disease, spondylolisthesis, trauma, scolio-

sis, etc.

Results

A total of 163 incidences were recorded for MAGEC rod-

related adverse events, until June 2019. Of these, 129 events

were failure of noninvasive distraction mechanism, 24 were

for rod fracture, and 10 for other medical complications

such as infection, tissue necrosis, wear particles, etc., (Fig.

1). The top 5 failure modes associated with standard instru-

mentation usage in spinal fusion included pedicle screw

breakage post surgery (n=336), set screw damage during

surgery (n=257), rod breakage post surgery (n=175), inter-

body cage breakage during surgery (n=118), and pedicle

screw breakage during surgery (n=75) (Fig. 2).

Discussion

The current study presents all the MAUDE reporting for

adverse events related to the usage of MAGEC rods in

growing children with scoliosis8). Rod fracture is a known

problem with all growth sparring systems; however, the fail-

ure to noninvasively distract the spine is exclusive to

MAGEC rods only9,10). MAGEC rod’s main benefit is that it

allows for the noninvasive distraction of the growth rods.

This benefit is realized by a drastic reduction in the number

of consecutive surgeries, and in some cases, the possibility

of reducing growth rod fracture and autofusion (caused due

to gradual trauma to the spine via excessive distraction in

traditional growth rod systems)11-16). However, the failure of

this attribute, noninvasive distraction mechanism, reduces the

overall efficacy of the device with newer studies even ques-

tioning if there is a real quality-of-life difference with use of

MAGEC rods17).

The results of the current study show that the most fre-

quent clinical problem associated with the MAGEC rod is

the failure of noninvasive distraction mechanism, which

leads to invasive revision surgeries required to replace the

device. These results also highlight the exponential increase
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Figure　2.　Adverse event reporting from the MAUDE database for the top 5 failure modes associated with standard instrumentation 

usage in spinal fusion until June 2019.

in such failure rates (Fig. 1). Furthermore, the MAUDE re-

port on the top 5 failure modes associated with standard in-

strumentation usage in spinal fusion proves that such fail-

ures are substantially underreported.

Although the MAGEC rod has not completely replaced

the traditional growth rod system, due to it unaffordability

in underprivileged patients, it is still much more advanta-

geous than its predecessor. The purpose of this study and

many other clinical trials, or case series, is only to improve

upon the existing noninvasive technology by thoroughly

identifying the failure modes. In the case of MAGEC rods,

it is the failure of its noninvasive distraction mechanism that

needs attention. Further immediate research and develop-

ment work should be undertaken to reduce these failure inci-

dences in a clinical scenario. The limitation of the current

study is that the patient demographics, surgical parameters,

and the total number of surgeries performed (using MAGEC

rods) in the United States within this period is unknown.

The voluntary nature of such reporting also presents a chal-

lenge against excluding infrequently reported complications

such as necrosis, which although is present in all cases (off-

axis loading and wear), has only been reported 10 times in

total. Despite these limitations, the type of adverse events

and relatively high frequency of these events when com-

pared to the top 5 failure modes associated with standard in-

strumentation usage in spinal fusion are a matter of great

concern. In conclusion, the result of this study suggests a

growing number of distraction mechanism failure associated

with MAGEC rods. Better technical and clinical controls

need to be set in place to avoid such adverse events, which

leads to unplanned open surgeries. A higher distraction mag-

nitude results in the generation of higher distraction forces,

and this in combination with off-axis loading (exemplified

by “growth marks”) result in wear and breakage of MAGEC

rod’s components. Therefore, one method to reduce the pro-

pensity of such failures would be to apply minimum distrac-

tion at higher frequency, for example, 1.5-2.0 mm every

month, instead of 4.5-6.0 mm every 3 months. This would

also reduce tissue trauma and its effects, such as autofu-

sion11-16). Other technical methods to reduce attrition could

include ceramic coating at wear generating surfaces, also ap-

plicable for growth guidance techniques18,20).
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