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Abstract

Background The introduction of magnetic expansion

control growth rods for the surgical management of EOS

has gained popularity. However, there are no published

studies on the incidence of proximal junctional kyphosis

(PJK) using this technique.

Purpose The aim of this study is to report the incidence of

PJK following treatment with magnetic growth rods in

EOS.

Methods Retrospective review of data from 21 cases (12

males, 9 females) over 3 years. PJK was obtained from

whole spine X-rays pre-op, immediate post-op and last

follow-up. Cobb angle was measured between the superior

end plate of vertebra two levels above the upper instru-

mented vertebra (UIV) and the inferior end plate of the

UIV. A difference of[10� between the pre-operative

x-rays and the last follow-up X-rays was recorded as PJK.

Results 6/21 (28.6 %) had proximal junctional kyphosis of

more than 10� at last follow-up. Average age was 5.3.

Average follow-up was 32.5 months. All the patients with

PJK were syndromic. Four out of these six patients were

males (66 %). Average PJK angle was 25.55�. Average
pre-operative kyphosis was 52.5�. Average number of

distractions was 7.4. All six patients had syndromic asso-

ciation. 3/6 patients (50 %) were conversion cases treated

with traditional growth rods previously (TGR). None of the

patients required unplanned surgery for PJK.

Conclusion The incidence of PJK in EOS patients treated

with magnetic rods is favourably comparable to that

reported with traditional growth rods. Also, children who

are male, syndromic, hyperkyphotic, and younger must be

monitored closely.

Keywords Scoliosis � Early onset scoliosis � Magnetically

controlled expansile growth rods � Traditional growth rods �
Proximal junctional kyphosis

Introduction

Goals of surgical treatment for early onset scoliosis (EOS)

include stabilization of the spinal deformity and opti-

mization of the space available for the lung until the child

reaches skeletal maturity and is ready for a definitive spinal

fusion. The growing rod technique has been successfully

used to treat spinal deformity and prevent cardiopulmonary

compromise in the children who suffer from EOS [1–3].

Several authors have described various techniques of

growing rod application, starting from Harrington (1962)

who described the use of a single rod on the concave side

of the major curve [4] to Akbarnia et al. [5] who popu-

larised the usage of dual rod technique for management of

EOS.

Recently, magnetically controlled expansile growth rods

(MCGR) are gaining popularity with good early results in

children suffering from EOS [6, 7]. This magnetically

controlled rod construct is a minimally invasive system

with noninvasive adjustment capabilities. It allows bi-di-

rectional axial adjustment as well as precision incremental

distraction.

With the new techniques and technology, we have been

able to overcome some of the problems and complications

associated with EOS but despite these improvements, the

complication rate remains relatively high [8–11]. Very

little literature is available on the incidence of proximal
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junctional kyphosis (PJK) in children treated with growing

rods for EOS [11, 12].

Our purpose is to report on the incidence of PJK fol-

lowing treatment with magnetic growth rods in EOS at our

centre. Contrary to previously documented distraction

techniques commonly associated with PJK, we have used a

new method known as the ‘Tail-Gating Technique’ which

uses the incremental distraction capabilities of the MCGR

to ‘shadow’ growth. Distractions were done 3 monthly.

The amount of distraction was calculated from the Dime-

glio 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 to

10 years—30 kg at 1.1 cm/year, and (3) 10 years to pub-

erty—[30 kg at 1.8 cm/year. These figures are then divi-

ded by 4 to give the incremental distance rounded to the

nearest figure by which the rod is distracted at each visit.

Materials and methods

We prospectively reviewed 21 patients with EOS who

underwent dualMCGR spinal instrumentation, over a period

of 3 years from 2011 to 2014. The inclusion criteria were:

1. Patients who the surgeon felt would benefit from the

use of the magnetic rods and

2. In whom parental consent was taken.

3. A minimum of two lengthening procedures.

Patient diagnosis, demographics, surgical information,

including levels of instrumentation, type of instrumenta-

tion, radiographical measurements and complications were

recorded. Radiographs were evaluated by two authors.

Three lateral view standing radiographs were evaluated as

follows:

1. Pre-operatively,

2. After index MCGR surgery (prior to the first formal

lengthening).

3. Latest follow-up.

Proximal junctional kyphosis was measured from the

superior endplate of two vertebral levels above the upper

instrumented vertebra (UIV) to the inferior endplate of the

upper instrumented vertebra [11, 14, 15]. A difference of

more than 10� between the pre-op X-rays and the last

follow-up X-rays was recorded as PJK Fig. 1.

Statistics

All analysis of raw data was performed using GraphPad

Prism Version 6 (GraphPad Software, Inc. San Diego

California, USA. A Kolmogorov–Smirnov test has been

used to assess normality. Results demonstrated that the data

did not fit a Gaussian distribution, and thus nonparametric

testing was performed. Paired data was analysed with

Wilcoxon matched-pairs signed-rank test and unpaired data

with Mann–Whitney U test. Correlation was assessed using

Spearman’s correlation co-efficient.

The following groups were analysed to assess if there

were significant differences:

– Pre-operative, immediate post-operative and last post-

operative follow-up kyphosis.

– Males and females with regard to PJK angle

– Syndromic vs idiopathic

– Age\5 vs[5

– History of previous growth rod surgery

Correlation analysis was performed with regard to age

and PJK angle and pre-op kyphosis and PJK angle.

Results

There were 12 male and 9 female patients with an average

age of 7.7 years at the time of surgery (range 3–12 years).

Average follow-up for all patients was 23.4 months.

Average number of distractions was 7.4. Three patients had

idiopathic scoliosis, three had visceral associations, two

had central core myopathy, and one patient each had a

neuromuscular disorder, congenital hemivertebra and

arthrogryposis. The remaining patients (10) were syn-

dromic. The visceral associations in the syndromic cases

were multi-systemic. Examples of some of the syndromic

cases were chromosome 17 disorder, Prader–Willi syn-

drome, Hurler syndrome, CHARGE syndrome, Stickler

syndrome, Smith–Lemli–Opitz syndrome, VACTERL

syndrome and Goldenhar syndrome. Some of the syn-

dromic cases had no known diagnosis.

More than half of the patients (11/21) had been treated

with traditional growing rod systems before being con-

verted to MCGR. All patients had screw anchors at the

upper instrumented level except one patient (hooks).

Tables 1, 2 shows the age, diagnosis, levels of instru-

mentation and whether the patients had primary surgery

previously.

The thoracic kyphosis values (pre-operative and post-

operative) from T4 to T12 were comparable in both the

groups, i.e. PJK and non-PJK groups. We compared the

pre- and post-operative values of thoracic kyphosis T4–T12

for both the groups as shown in Tables 3, 4.

Proximal junctional kyphosis—6/21 (28.6 %) had proxi-

mal junctional kyphosis of more than 10� at last follow-up.
Average age of these children was 5.3 (range 4–7 years).

Average follow-up was 32.5 months. Tables 5, 6, 7 sum-

marises the demographics and diagnosis of these six children.
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All the patients with PJK were syndromic. 4/6 patients

were males (66 %). Average PJK angle was 25.55 (range

10.6–35.1). The proximal fixation was the same, i.e.

screws, in all six children. All of them had long constructs

from proximal thoracic levels to lower lumbar levels (i.e.

T3, 4 to L4, 5) except one.

The average thoracic kyphosis (measured from T1 to

T12) in the whole cohort before surgery was 48.8� (range
16.9�–81.6�) and after surgery was 47.8� (range 15.1�–
86.4�). The six children with PJK had an average pre-op-

erative thoracic kyphosis of 52.5� (range 38.9�–67.5�)
compared to an average of 47.3� (range 16.9�–81.6�) in the

rest of the cohort. 3/6 children had been treated with

growing rods before conversion to MCGR.

Statistics

A Kolmogorov–Smirnov test on pre-op Kyphosis and PJK

angle demonstrated a non-Gaussian distribution (p = 0.12).

Analysis of pre-op and immediate post-op kyphosis

(Wilcoxon matched-pairs signed-rank test) demonstrated a

significant decrease in kyphosis (p = 0.0002) with the

median decreasing by 11 degrees. Similarly, there was a

significant increase in kyphosis between the immediate

post-operative and latest follow-up (p = 00035) with the

median increasing by eight. However, there was no dif-

ference between pre-operative and late post-operative

kyphosis (p = 0.89). The results suggest that the technique

itself had no significant long term effect on kyphosis

although in the short term kyphosis was decreased.

The median kyphosis angle in males was higher than

females (8.3 vs 2.1) but this failed to reach significance

(p = 0.24 Mann–Whitney U test) Fig. 2.

When PJK angles were compared between syndromic

and idiopathic curves, the angle appeared greater for syn-

dromic curves with a median of 5.2 vs 0.9 for idiopathic

curves. Again, this did not achieve significance (p = 0.15

Mann–Whitney U test) Fig. 3.

Fig. 1 Demonstration of PJK on radiograph
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Table 1 Coronal and sagittal

Cobb angles
Levels

evaluated

Pre-op Cobb

(scoliosis)

Scoliosis at

last follow-up

Levels

evaluated

Pre-op Cobb

(kyphosis)

Kyphosis at

last follow-up

1 T5–L1 56 52.3 T1–T12 39.1 23

2 T5–L1 66.2 34.1 T1–T12 46.1 41.5

3 T4–L1 47.6 22.1 T1–T12 17.7 7.3

4 T6–L3 59.5 64.8 T1–T12 45.2 43.5

5 T4–L3 63.4 18.6 T1–T12 31.6 33.3

6 T7–L3 75.6 54.6 T1–T12 81.6 66.9

7 T4–L1 35.5 26.8 T1–T12 33.5 24.9

8 T5–L3 69.1 27.3 T1–T12 66.7 86.4

9 T3–T11 57.1 51.2 T1–T12 38.9 68

10 T7–L3 54.3 36.4 T1–T12 52.4 77.3

11 T5–L1 76.8 52.4 T1–T12 68.8 35.6

12 T8–L4 98.8 51.5 T1–T12 67.5 85.7

13 T2–T9 91.3 88.4 T1–T12 50.9 59.5

14 T5–L2 52.6 60.8 T1–T12 45.7 22

15 T7–L2 50.7 6.7 T1–T12 23.9 15.1

16 T8–L5 43.4 28.4 T1–T12 43.5 57.5

17 T6–L2 38.9 36.6 T1–T12 67.5 63.3

18 T9–L4 50.8 46.8 T1–T12 50.9 37.3

19 T11–L5 59.8 46.9 T1–T12 46.2 31.5

20 T10–L5 31.1 30.6 T1–T12 80 89

21 T6–T12 24.4 21.3 T1–T12 16.9 23.4

Table 2 Diagnosis and levels of instrumentation

Age Sex Diagnosis Conversion to MCGR Levels of instrumentation

1 9 F ASD, non-functioning kidney T3, 4 and T11, 12

2 10 F Club hands, syrinx T3, 4 and L3, 4

3 9 F EOS idiopathic T3, 4 and L1, 2

4 11 F Neuromuscular Growth rods to MCGR T3, 4, 5 and L3, 4, 5

5 9 F Chromosome 17 disorder T3, 4 and L4, 5

6 7 F Syndromal Growth rods to MCGR T5, 6 and L1, 2

7 11 M Syndromal T3, 4 and T12, L1

8 4 F Syndromal T3, 4 and L4, 5

9 7 M Prader–Willi syndrome Growth rods to MCGR T3, 4 and L4, 5

10 7 M CHARGE syndrome T3, 4 and L4, 5

11 11 F Goldenhar syndrome T3, 4 and L1, 2, 3

12 11 M Syndromal Growth rods to MCGR T3, 4 and L3, 4, 5

13 7 M Smith–Lemli–Opitz syndrome Growth rods to MCGR T3, 4, 5 and L4, 5

14 3 M Idiopathic T3, 4 and L1, 2

15 4 M VACTERL VEPTR to MCGR T1, 3 and L5S1

16 4 M Syndromic Growth rods to MCGR T3, 4, 5 and L4, 5

17 4 F Stickler syndrome T3, 4 and L4, 5S1

18 6 M Central core myopathy Growth rods to MCGR T3, 4 and L4, 5S1

19 6 M Central core myopathy Growth rods to MCGR T3, 4 and T11, 12, S1

20 12 M Hemivertebra Posterior instrumentation to MCGR T2, 3 T11, 12 and L2, 3

21 10 M Arthrogryposis Growth rods to MCGR T4, 5 and T12L1
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Patients with an age at the initial surgery of less than

5 years had a median PJK angle of 24� vs 5� in those over

5 years (p = 0.54) Fig. 4.

This overall trend seems to be further illustrated when

correlation analysis was performed. Spearman’s test

demonstrated a correlation co-efficient of -0.19 suggesting

a negative correlation between age and PJK angle Fig. 5.

There was no significant difference between those who

had had previous growth rod treatment vs those who

underwent de novo surgery with regard to PJK angle

(p = 0.52 Mann–Whitney U test) Fig. 6.

There was a negative correlation between pre-op

kyphosis and PJK angle (Spearman’s test with a correlation

co-efficient of -0.225) suggesting that those already with

substantial kyphosis were not made any more kyphotic by

the procedure Fig. 7.

In summary, patients underwent a significant decrease in

kyphosis initially but there was no significant difference

between pre-op and last follow-up post-op kyphosis. Sev-

eral trends seemed apparent. There was a negative corre-

lation between age and PJK angle and Pre-op kyphosis and

PJK angle. Males appeared to have a higher PJK angle than

females as did syndromic patients vs idiopathic. Finally,

previous growth rod surgery did not make a difference with

regard to PJK angle. With larger numbers these trends may

reach significance.

Complications no reoperations were performed for PJK.

Discussion

Proximal junctional kyphosis is a major complication in the

management of spinal deformity. There is a paucity of

literature available on the incidence of PJK in the man-

agement of early onset scoliosis and we believe there is no

literature available on PJK in such patients treated with

MCGR. Our primary study aim was to report on the inci-

dence of PJK with a new device and distraction technique

and secondarily, look at the possible contributing factors.

This is the first study reporting on this complication in a

patient cohort treated with a standardised new distraction

technique performed by a single surgeon.

The tail-gating technique seeks to use charts of expected

spinal growth based on age and weight to control spinal

deformity and modulate growth of the spine in EOS.

MCGR distraction at each clinic visit is incremental and

does not seek to stimulate spinal growth by applying

Table 3 Kyphosis values for children with no PJK

T4–T12 pre-op T4–T12 last follow-up

1 19 0

2 38.4 34.7

3 13.8 2.5

4 31 31.1

5 25.2 24.9

6 74.3 61.7

7 23.9 5.8

11 63.9 25.5

12 57.5 77.4

13 44.2 47.6

14 39.3 15.4

15 15 10.1

18 34 19.9

20 83.6 84.6

21 10.3 9.1

39.55333333 31.97333333

Table 4 Kyphosis values for children with PJK

T4–T12 pre-op T4–T12 last follow-up

8 47.6 43.1

9 21.5 24

10 43.8 33.6

16 23.3 8.9

17 64.1 31.5

19 38.4 13.1

36.73333333 30.15

Table 5 PJK demographics, diagnosis, levels and type of fixation

Age Sex Diagnosis Conversion Levels of fixation Type of fixation

1 4 F Syndromic T3, 4 and L4, 5 Screws

2 7 M Prader–Willi syndrome Growth rods to MAGEC T3, 4 and L4, 5 Screws

3 7 M CHARGE syndrome T3, 4 and L4, 5 Screws

4 4 M Syndromic Growth rods to MAGEC T3, 4, 5 and L4, 5 Screws

5 4 F Stickler syndrome T3, 4 and L4, 5S1 Screws

6 6 M Central core myopathy Growth rods to MAGEC T3, 4 and T11, 12, S1 Screws
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maximum but safe distraction forces as in TGR treatment.

We believe the use of TGT minimises potential deforming

forces on both the spinal anchor sites and the spine itself

due to the minimalistic nature of the distraction. Also, the

fusion levels were selected on the basis of the proximal and

distal end vertebra of the curve. Once these landmarks had

been identified the adjacent neutral vertebra was chosen as

a second anchor site. This method, in the senior authors

(CN) experience, allows for good correction of the spinal

deformity.

Shah et al. [11] reported 45 % incidence of PJK in all

screw constructs in their study. Watanabe et al. [12]

reported 26 % incidence of PJK in their study but they

considered a proximal junction angle of 20� greater than

the pre-operative measurement as PJK. The incidence of

PJK (a difference of 10�) in our group (all screw proximal

foundation) was 28 % which is lesser than the incidence

reported by other authors [11, 12]. There were common

associations in the group of children with PJK in our

cohort, namely:

1. All the children with PJK were syndromic.

2. Higher incidence of males (4/6).

Table 6 PJK kyphosis pre and post-operative

No. of

distractions

Levels

evaluated

Pre-operative

kyphosis

Post-operative

kyphosis (last

follow-up)

1 8 T1–T12 66.7 86.4

2 12 T1–T12 38.9 68

3 10 T1–T12 52.4 77.3

4 12 T1–T12 43.5 57.5

5 9 T1–T12 67.5 63.3

6 12 T1–T12 46.2 31.5

Table 7 Proximal kyphosis pre- and post-operative

Levels

evaluated

Last follow-up

proximal junctional

kyphosis

Pre-operative

proximal

kyphosis

Difference

1 T1–T4 43.3 19.1 24.2

2 T1–T4 44 17.4 26.6

3 T1–T4 43.7 8.6 35.1

4 T1–T4 48.6 20.2 28.4

5 T1–T4 31.8 3.4 28.4

6 T1–T4 18.4 7.8 10.6

Fig. 2 Graph of gender vs PJK angle

Fig. 3 Syndromic vs non syndromic patients with regard to PJK

angle
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Fig. 5 Regression analysis of age and PJK angle
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3. Younger age group compared to rest of cohort

(5.3 years).

4. Higher number of distractions in the PJK group (avg.

10.5 compared to 6.3 in the rest of cohort).

5. Pre-operative hyperkyphosis (avg. 52.5�).

Thoracic hyperkyphosis has been reported to be an

important risk factor for PJK [11–13]. Watanabe et al. [12]

reported that a kyphosis of 60� or more is a significant risk

factor for PJK. In our cohort with PJK, only two patients

had thoracic kyphosis of more than 60�. The same study

found that the distal instrumented vertebra at L4 or distal

level reduced the chances of PJK, but in our study group,

all patients with PJK had their distal instrumented vertebra

at L4 or distal level.

Shah et al. [11] suggested that PJK in EOS patients

treated with mechanical growing rods, increases over time

but had no correlation to the number of distractions. Sim-

ilarly, in our patients treated with MCGR who had PJK, the

average follow-up period was longer but the number of

distractions was also higher than the rest of the cohort. It

stands to reason that the longer such patients are under

follow-up, higher the number of distractions they will have.

Shroerlucke et al. [13] suggested that syndromic chil-

dren are more prone to complications including PJK. All

our patients with PJK were syndromic. Of the six patients,

three had been previously subjected to a well recognised

kyphosing treatment in the form of traditional growth rods

(TGR). Although present in 6/21 patients, the magnitude of

PJK is lower when compared to previous reports [11, 12]

which would indicate a slower rate of progression of PJK

when using the TGT. The results also show that PJK was

commoner in the younger male patient with more

distractions.

The magnetically controlled rod is a hypokyphosis

inducing device due to its geometry. 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 diameter and 90 mm long. The sha-

peable rod section comes in diameter sizes of 4.5, 5.5 and

6 mm. The proximal rod end measures 256 mm and the

distal rod end measures 109 mm. The actuator portion of

the rod is placed over the thoracic spine and because of its

non-shapeable structure tends to push down on the thoracic

spine, thereby reducing the kyphosis. J Cheung et al. [16]

have pointed out this drawback with MCGR and are of the

opinion that distraction with MCGR causes flattening of

thoracic spine, predisposing to PJK. In our experience, the

shapeable proximal rod can be contoured into kyphosis and

with each incremental distraction kyphosis of the thoracic

spine is slowly regained as is seen with the last follow-up

measurements.

In their paper, Atici et al. [17] suggested that flatback,

proximal junctional kyphosis, distal junctional kyphosis,

fixed sagittal imbalance, implant related complications

may emerge due to the blocking effect of the implant in the

children, on the dynamic changes of spinal sagittal

parameters. However, planning and follow-up of the

treatment according to the normal paediatric spinal sagittal

parameters may help in preventing the complications. We

agree that treatment of these children should take normal

parameters into account for more predictable results.

El-Hawary et al. [18] conducted a nonconsecutive

multicentre study on EOS treated with TGR and had sim-

ilar conclusions that the spinal sagittal parameters strongly

influence the risk of PJK in there group of patients. In their

study, risk ratio for developing PJK was 2.8 with pre-op-

erative hyperkyphosis and 3.1 for patients with high pelvic

incidence.

Surgically treated EOS with MCGR has high compli-

cation rate. Hickey et al. [19], in their small series of six

patients treated with MCGR, reported one case of screw

pull out, one case of rod breakage and one case of proximal

junctional kyphosis at a minimum follow-up of 2 months.

As in other series, their complication rate in the manage-

ment of EOS is high but they concluded that MCGR

effectively controls early onset scoliosis when used as

either a primary or revision procedure.
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Fig. 6 Initial operation vs PJK angle
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3314 Eur Spine J (2016) 25:3308–3315

123



The main limitations to this study are the small number

of patients in the cohort and the relatively short follow-up.

Ideally, a larger group of patients and a longer follow-up

would be required to detect any device related complica-

tions or anchor site failures. However, we feel that in a

novel device such as the magnetic growth rod system, it is

important to highlight any well-established problems nor-

mally associated with traditional growing rod systems. This

can only enhance the evaluation of the safety and perfor-

mance of the new system and make it easier to benchmark

against predicate devices.

An advantage of the study is that the data has been

collected prospectively and independently of the senior

author (CN) by the members of a dedicated research team.

All radiographs were independently reviewed by two

experienced spinal surgeons. The distraction technique

(TGT) was standardised and performed by a single surgeon

(CN) using spinal growth charts [20]. This study also

represents the longest follow-up of a single centre cohort of

patients using this technique.

Conclusion

The incidence of PJK in EOS patients treated with MCGR

is favourably comparable to that reported with the use of

TGR. The use of the tail-gating technique appears to

reduce the magnitude and lower the rate of progression of

PJK when compared to previous reports.

Also, children who are male, syndromic, hyperkyphotic,

and younger must be monitored closely and parents should

be counselled regarding the higher incidence of PJK in this

group.
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