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Abstract

Purposes Magnetically controlled growing rods (MCGR)

allow controlled distraction of the immature spine for the

treatment of early onset scoliosis. This study’s primary aim

was to determine the disparity between ‘true’ (TD) and

‘intended’ (ID) distraction. The secondary aim was to

assess truncal growth and development during sequential

lengthening.

Methods Twenty-one patients with a maximum follow up

of 37 months were included in the study. Patients in the

study underwent three monthly distractions. The amount of

TD was determined by measuring the expansion gap on

dedicated fluoroscopic images of the actuator. The total TD

to date was compared to the ID measurement reported on

the external adjustment device (EAD). Weight, sitting and

standing heights were recorded at each distraction.

Results The average number of three monthly distrac-

tions was 8. The true to intended distraction ratio was

calculated as 0.33. Patients who had undergone previous

surgery gained less distraction with a ratio of 0.30 com-

pared to patients undergoing MCGR as a primary proce-

dure with a ratio of 0.35. Weight, sitting and standing

heights increased in all patients by an average of 3.1 kg,

2.3 and 5.2 cm per year. The Cobb angle following surgical

correction was maintained in 19 of 21 patients at the latest

follow-up.

Conclusions The TI ratio of 0.33 suggests that for every

unit of distraction registered on the EAD approximately

33 % of true distraction occurs in vivo. Increases in sitting

and standing heights were observed in all patients in the

study.
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Introduction

Magnetically controlled growing rods (MCGR) for the

treatment of early onset scoliosis (EOS) are gaining pop-

ularity. This new device has presented spinal surgeons with

a method of correcting spinal deformity, preventing pro-

gression and allowing repeated non-invasive lengthening.

Traditionally growing rods have required repeated surgical

procedures to manually distract the rods at six monthly

intervals. This subjects a young population, often with

coexisting comorbidities, to repeated invasive procedures

and general anesthesia. There is a high complication rate

with this method [1]. With each manual distraction the

degree of lengthening achieved has been shown to reduce

whilst the surgical complications and force required to

achieve distraction have increased [1–3]. The new remotely

expandable rods allow the operator to control the amount

of distraction to each rod to the nearest 0.1 mm. The dis-

traction rod is capable of up to 48 mm of lengthening and

can generate a maximum distraction force of 270 N at

which point the actuator cuts out. The current external

adjustment device (EAD) available does not recognise

when the rod has stopped distracting once the maximum

force has been reached.

The ability to remotely control the degree of distraction

to each rod theoretically allows clinicians to mirror the

child’s spinal growth without the need for repeated surgical

procedures. Our group has used a protocol (‘Tail-gating’
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Scoliosis, Dublin 2012) for regular remote distractions

based on Dimeglio’s age determined spinal growth modi-

fiers [4–7]. The first published reports for MCGR show

encouraging results for the first 2 years of follow up;

however, there are limited data on formal evaluation of the

ability of the implant to lengthen in human subjects as the

implant is designed to remain in situ for up to 4 years

before the maximum distraction has been achieved [5, 6].

The aim of this study was to radiographically evaluate the

true amount of remote distraction achieved with repeated

distractions up to 3 years post-implantation and correlate

this with clinical growth parameters.

Methods

Scoliosis patients aged between 2 and 12 with potential

spinal growth and able to regularly attend lengthenings

were considered for the study. Patients with active infec-

tion and malignancy were excluded. Twenty-one consec-

utive patients undergoing insertion of the Magec System

(MagecTM Ellipse Technologies) by two surgeons in a

single centre were prospectively reviewed. Patients

underwent implantation from December 2011 to May

2014. Ten were primary cases and 11 were conversion

cases from traditional growing rod systems. The new sys-

tem comprises two implantable titanium distraction rods

and an EAD. Each distraction rod has a non-shapeable

actuator section which houses the internal magnets and a

shapeable rod section. The actuator section is 9 mm in

Table 1 Patient demographics

Patient number Gender Age Diagnosis Conversion from other instrumentation Level of instrumentation

1 Female 9 ASD, non-functioning kidney No T3, 4 and T11, 12

2 Female 10 Sydromal No T3, 4 and L3, 4

3 Female 9 Idiopathic No T3, 4 and L1, 2

4 Female 9 Chromosome 17 disorder No T3, 4 and L4, 5

5 Male 11 Syndromal No T3, 4 and T12, L1

6 Female 4 Syndromal No T3, 4 and L4, 5

7 Male 7 Charge syndrome No T3, 4 and L4, 5

8 Female 11 Golden har syndrome No T3, 4 and L1, 2, 3

9 Male 3 Idiopathic No T3, 4 and L1, 2

10 Female 4 Stickler syndrome No T3, 4 and L4, 5S1

11 Female 6 Syndromal Growth rod and VEPTR to MAGEC T5, 6 and L1, 2

12 Female 11 Neuromuscular Growth rods to MAGEC T3, 4, 5 and L3, 4, 5

13 Male 7 Prader-willi syndrome Growth rods to MAGEC T3, 4 and L4, 5

14 Male 11 Syndromal Growth rods to MAGEC T3, 4 and L3, 4, 5

15 Male 7 Smith lemli opitz syndrome Growth rods to MAGEC T3, 4, 5 and L4, 5

16 Male 4 Idiopathic Growth rods to MAGEC T3, 4, 5 and L4, 5

17 Male 6 Central core myopathy Growth rods to MAGEC T3, 4 and L4, 5S1

18 Male 6 Central core myopathy Growth rods to MAGEC T3, 4 and T11, 12, S1

19 Male 12 Hemivertebra Posterior instrumentation to MAGEC T2, 3 T11, 12 and L2, 3

20 Female 4 Hurler’s syndrome Selective fusion to MAGEC L4, L5, L1 T12, T2, 3

21 Male 4 VACTERL VEPTR to MAGEC T1, 3 and L5S1

Fig. 1 a Left fluoroscopic view of the actuator prior to distraction.

b Right actuator post-distraction. The true distraction gap can be

measured and calculated using the width of the rod (9 mm) to allow

for magnification. True gap = 9/width of rod measured on fluo-

roscopy 9 distraction gap measured on fluoroscopy
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diameter and 90 mm long. The shapeable rod section

comes in diameter sizes of 4.5, 5.5 and 6 mm. The proxi-

mal rod end measures 256 mm and the distal rod end

measures 109 mm. The rod ends are usually cut and con-

toured before insertion. They are attached to the spine with

rods or hooks. The anchor points were fused in all of our

patient group. The EAD is a handheld device which con-

tains permanent magnets that retract or distract the

implanted rods when placed against the skin over the rods.

The average age was 7.8 years (3–12 years). Average

follow up was 24 months (7–37 months). Nineteen patients

had dual rod constructs and two patients had a single rod.

After insertion of the rods patients underwent remote dis-

traction at three monthly intervals. The demographics,

diagnoses, and levels instrumented for the patient popula-

tion are shown in Table 1.

At distraction each rod was expanded by a predeter-

mined amount as displayed on the EAD. This measurement

was taken as the intended distraction. The amount of dis-

traction was determined from Dimeglio’s age-based annual

growth chart. Incremental distraction of the MAGEC rods

was performed at three monthly intervals (4 distractions/

year) by the senior author using the EAD. At each visit

measurements for weight were taken. The amount of dis-

traction was calculated from the Dimeglio growth charts

which describe the relationship between annual growth

velocity (AGV) of T1–L5 spinal segments and expected

weight for chronological age of the child: (1) birth to

5 years: 20 kg with AGV of 2.2 cm/year (2) 5–10 years:

30 kg at 1.1 cm/year and (3) 10 years to puberty:[30 kg

at 1.8 cm/year. These figures are then divided by four to

give the incremental distance rounded to the nearest figure

by which the rod is distracted at each visit. A ‘catch up’

distraction is performed at the fourth visit. For instance, a

patient weighing 20 kg can expect an increment of 4 mm

for three visits and then 6 mm at the fourth visit to make up

the distraction applied for the year to 22 mm. Weight,

standing and sitting heights were recorded preoperatively

and before each distraction. On even numbered distraction

visits (2nd, 4th, etc.) a full-length spine radiograph was

taken to determine the Cobb angle. On odd numbered visits

fluoroscopic images of the screws, rods and actuator were

taken to assess the integrity of the construct.

During lengthening an expansion gap within the actuator

increases demonstrating that the rod has lengthened

(Fig. 1). The true distraction gap (TD) can then be deter-

mined using the width of the rod as a conversion factor to

allow for magnification. Fluoroscopy allows a focused true

image of the distraction gap. The TD was measured from

the most recent fluoroscopic image of the actuator and

Table 2 Differences between

ID and TD in each rod and

percentage of distraction

achieved

Patient Number of

distractions

ID-TD right

rod (mm)

Percentage of distraction

achieved % (right)

ID-TD left rod

(mm)

Percentage of distraction

achieved % (left)

1 5 18 19 20 10

2 3 11 18 9 28

3 6 13 41 12 45

4 9 19 51 12 70

5 6 16 30 20 13

6 9 17 59 14 67

7 11 17 66 27 47

8 5 20 4 15 28

9 11 41 13 41 13

10 9 21 43 21 42

11 9 33 8

12 5 13 36 13 34

13 12 44 14 16 67

14 6 25 5

15 10 35 20 39 14

16 13 42 30 44 28

17 12 30 32 32 27

18 12 37 12 34 20

19 2 4 49 2 70

20 3 12 3 10 15

21 11 16 62 16 60

Mean 8 23 29 21 37

ID intended distraction, TD true distraction)
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compared with the ID calculated by the cumulative total of

lengthenings displayed on the EAD.

Statistical analysis of the Cobb angles was made using a

Student’s t test.

Results

The mean ID for each rod measured on the EAD was

28.1 mm. The mean TD achieved as measured on the flu-

oroscopic images was 10.1 mm. This gives a TD to ID

ratio of 0.36. The difference between the ID and true TD

varied from 2 to 44 mm. Conversion patients gained 30 %

of predicted distraction compared with 35 % achieved in

those having magnetic expansion controlled growth rods as

their primary procedure. Table 2 shows the differences

between ID on the EAD and TD with the percentage of

distraction achieved for each patient. All patients were

under distracted. The mean Cobb angle improved from 54�
to 39� (p\ 0.05) postoperatively which was maintained at

the most recent follow up (35� p = 0.01) (Table 3). All

patients showed an increase in weight and height (standing/

sitting) during treatment (Table 4). The average rate of

increase in standing height, sitting height and weight per

year was 5.2, 2.3 cm/year and 3.1 kg/year, respectively.

Six patients experienced complications that required

unplanned surgery: three for failure of fixation at an anchor

point, two for rod breakage and one for skin break down

over a prominent metalwork.

Discussion

MCGR works on the principle of controlled distraction to

maintain spinal deformity correction in EOS. We have

taken advantage of this principle in an attempt to approx-

imate anticipated spinal growth more closely. The tail-

gating technique relies on controlled distraction to effect

correction of spinal deformity. The difficulty lies in

ensuring harmony between the distraction seen on the EAD

and that which actually occurs in vivo. The TD achieved by

each rod cannot be truly determined until each rod is

explanted and compared with its original length. Akbarnia

et al. demonstrated from radiographs in a porcine model

that 80 % of the intended distraction was achieved [8]. Our

results indicate that this figure may be less. The only study

Table 3 Cobb angles before surgery, following surgery and at most

recent follow up (*p =\0.05 before surgery vs after surgery,

**p = 0.01 before surgery vs most recent follow up)

Patient Pre-op Post-op* Most recent follow up**

1 56 37 52

2 66 33 34

3 48 22 22

4 63 28 19

5 36 15 27

6 69 49 27

7 54 46 36

8 77 68 52

9 51 17 7

10 51 49 47

11 76 48 55

12 60 50 65

13 57 58 51

14 99 76 52

15 53 54 61

16 39 35 37

17 60 54 47

18 31 18 31

19 24 18 3

20 19 4 8

21 43 38 28

Mean 54 39 35

Table 4 Rate of change on height and weight

Patient Rate of change in

sitting height

(cm/year)

Rate of change in

standing height

(cm/year)

Rate of change

in weight

(kg/year)

1 0.3 3.9 1.1

2 5.6 6.8 11.1

3 3.0 6.4 4.9

4 1.1 3.2 2.1

5 1.3 3.0 1.3

6 1.8 5.7 1.7

7 1.8 5.3 1.4

8 3.2 5.4 5.9

9 1.8 7.1 1.5

10 1.7 5.0 0.9

11 1.1 3.7 1.6

12 1.4 3.7 7.9

13 3.8 6.8 3.1

14 1.7 4.2 1.2

15 1.3 4.6 2.3

16 4.3 8.3 2.4

17 2.0 7.4 3.8

18 2.3 4.5 2.8

19 5.0 5.4 5.0

20 0.5 1.2 0.4

21 2.8 7.6 2.3

Mean 2.3 5.2 3.1
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to date to comment on the amount of distraction achieved

was by Cheung et al. Their study looked at whole spine

radiographs taken pre and post-distraction in a bid to detect

measurements of less than 2 mm. However, the views may

not have been orthogonal to the rod which would impact on

the accuracy of measurements [5]. Our method is the first

to utilise fluoroscopy to obtain orthogonal views of the

actuator so that the true amount of distraction can be cal-

culated. This method also minimises the amount of radia-

tion exposure to a fraction of that encountered with whole

spine radiographs [9].

Our study protocol aimed to distract the spine by the

growth parameters set out by Dimeglio. The average amount

of TD achieved was 33 % of that indicated on the EAD. Our

study cohort includes a number of patients with significant

comorbidities (Table 1) who would not necessarily be

expected to achieve the average physiological spinal growth

as set out by Dimeglio. Half of our patient group have

undergone previous spinal procedures including traditional

growth rods (TGR) and VEPTR. Sankar et al. have shown a

‘law of diminishing returns’ with repeated surgery as the

spine becomes stiffer and the amount of lengthening reduces

[3]. This is hypothesized to be a result of autofusion of the

spine due to repeated surgery, forceful manual distractions or

prolonged instrumentation. In our study the percentage of

true lengthening to intended lengthening was greater in the

patients who have not had previous instrumentation (30 vs

35 %). This disparity could be a result of stiffness induced by

repeated surgery, invasive lengthenings or prolonged

instrumentation. The resulting stiffness would cause the

actuator to fail to achieve the intended distraction cutting out

at the maximum force. Two of the conversion patients in the

study were noted to have slight worsening of their Cobb

angle postoperatively. This could also be due stiffness and

inability to achieve further correction at the time MCGR

implantation.

Of the few studies that have reported on the early results

from the MCGR systems, few have formally commented on

the amount of true distraction achieved with respect to the

rod. Cheung et al. obtained pre- and post-distraction whole

spine radiographs at one monthly intervals in two patients

with 24 months follow up [5]. The three rods distracted had

an ID vs TD distraction ratio of 0.60, 0.95 and 0.81. The

lower values presented in our study may represent a differ-

ence in initial diagnosis and previous surgery.

All of the patients in our cohort increased in standing

height and weight. The measurement of these clinical

variables is of more significance and importance to the

patient and their family than arbitrary radiographic

parameters. This study is the first to comment on weight

and height gain through the course of this treatment. A

significant number of children in our study have complex

needs and comorbidities which make replicating the

posture and position of their whole spine radiographs

extremely challenging. The ability to demonstrate on

height and weight centile charts that the child is main-

taining their rate of growth and in many cases increasing

their centile value during the key developmental years is

reassuring in evaluating their response to this novel tech-

nique. One child with VACTER syndrome in our group

required repeated surgical procedures due to recurrent

implant failure with VEPTR. After implantation of MCGR

his rate of growth rose steeply without the need for repe-

ated hospital admissions and invasive procedures.

This study includes a relatively small number of patients

with a number of different primary pathologies and pre-

vious treatment modalities. As the length of follow

increases and the number of patients in our cohort climbs

we hope to gain more information about the individual

success and failures experienced with this technique.

The introduction of any new implant or technique

requires close follow up for complications such as anchor

or implant related failure. Our group has incorporated

fluoroscopy as part of the diagnostic follow up. This allows

us to obtain orthogonal views of the actuator to quantify the

amount of distraction achieved and to formally evaluate the

implant for problems. Regular distractions every 3 months

have the potential to expose a young population to high

levels of ionising radiation with regular radiographs. The

radiation dose from fluoroscopy is a fraction of the amount

from plain radiographs. We have managed to reduce the

number of whole spine radiographs performed on each

patient to one every 6 months and the radiation dose by a

factor of over 20 [9].

Conclusion

Our study demonstrates that the MCGR system success-

fully lengthens by an average of 0.5 of the intended mea-

surement on the EAD. The amount of distraction appears to

be reduced in those patients who have undergone previous

instrumentation. The Tail-Gating method takes into

account the expected spinal growth rates and attempts to

mirror physiological growth. It does not aim to stimulate

growth by maximal distraction as with TGR. The afflicted

spines have inherent growth potential which is what

exacerbates the deformity in the first place. Despite the

disparity between ID and TD all patients in this study

demonstrated height and weight gains with the mainte-

nance of the Cobb angle correction through the course of

follow up.
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