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Lancet. 2012 May 26; 379(9830):1967-74. doi: 10.1016/S0140-6736(12)60112-3. Epub 2012 Apr 19. 

Magnetically controlled growing rods for severe spinal curvature in young 
children: a prospective case series. 

Cheung KM, Cheung JP, Samartzis D, Mak KC, Wong YW, Cheung WY, Akbarnia BA, Luk KD. 

Source 

Department of Orthopaedics and Traumatology, The University of Hong Kong, Queen Mary Hospital, 
Pokfulam, Hong Kong Special Administrative Region, China. cheungmc@hku.hk 

Abstract 

BACKGROUND: 
Scoliosis in skeletally immature children is often treated by implantation of a rod to straighten the 
spine. Rods can be distracted (lengthened) as the spine grows, but patients need many invasive 
operations under general anaesthesia. Such operations are costly and associated with negative 
psychosocial outcomes. We assessed the effectiveness and safety of a 
new magnetically controlled growing rod (MCGR) for non-invasive outpatient distractions. 

METHODS: 
We implanted the MCGR in five patients, two of whom have now reached 24 months' follow-up. Each 
patient underwent monthly outpatient distractions. We used radiography to measure the magnitude of 
the spinal curvature, rod distraction length, and spinal length. We assessed clinical outcome by 
measuring the degree of pain, function, mental health, satisfaction with treatment, and procedure-
related complications. 

FINDINGS: 
In the two patients with 24 months' follow-up, the mean degree of scoliosis, measured by Cobb angle, 
was 67° (SD 10°) before implantation and 29° (4°) at 24 months. Length of the instrumented segment of 
the spine increased by a mean of 1·9 mm (0·4 mm) with each distraction. Mean predicted versus actual 
rod distraction lengths were 2·3 mm (1·2 mm) versus 1·4 mm (0·7 mm) for patient 1, and 2·0 mm (0·2 
mm) and 2·1 mm (0·7 mm) versus 1·9 mm (0·6 mm) and 1·7 mm (0·8 mm) for patient 2's right and 
left rods, respectively. Throughout follow-up, both patients had no pain, had good functional outcome, 
and were satisfied with the procedure. No MCGR-related complications were noted. 

INTERPRETATION: 
The MCGR procedure can be safely and effectively used in outpatient settings, and minimises surgical 
scarring and psychological distress, improves quality of life, and is more cost-effective than is the 
traditional growing rod procedure. The technique could be used for non-invasive correction of 
abnormalities in other disorders. 

FUNDING: 
Ellipse Technologies. 
 
Copyright © 2012 Elsevier Ltd. All rights reserved. 
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Spine (Phila Pa 1976). 2012 Jun 1; 37(13):1109-14. doi: 10.1097/BRS.0b013e318240ff67. 

Innovation in growing rod technique: a study of safety and efficacy of a 
magnetically controlled growing rod in a porcine model. 

Akbarnia BA, Mundis GM Jr, Salari P, Yaszay B, Pawelek JB. 

Source 

San Diego Center for Spinal Disorders, La Jolla, CA, USA. akbarnia@ucsd.edu 

Abstract 

STUDY DESIGN:  
Prospective in vivo randomized study.  

OBJECTIVE:  
To evaluate the safety and efficacy of a distraction-based magnetically controlled growing rod (MCGR) in 
a porcine model.  

SUMMARY OF BACKGROUND DATA:  
A high number of complications related to frequent surgical rod lengthenings has been a generally 
accepted outcome in growing rod surgery for early-onset scoliosis. A potentially safer technique is a 
system that does not require repetitive surgery.  

METHODS:  
Seven-month-old pigs were randomly assigned to an experiment group (EG; n = 6) and a sham group 
(SG; n = 3). One animal in the EG became paralyzed because of a misplaced pedicle screw and was killed 
per the study protocol. Therefore, a total of 8 animals completed the study. The EG underwent weekly 
spine distraction using the MCGR. Spinal height was assessed by vertebral unit height measurements on 
weekly lateral radiographs.  

RESULTS:  
A total of 49 mm of distraction across the unfused vertebral levels was planned during a 7-week period 
(7 mm per wk). Radiographical analysis of the MCGR device revealed an average distraction of 39 mm 
(range, 32-46 mm), resulting in achievement of 80% of predicted spinal height. Prior to removal of 
implants, spinal height for the EG was similar to the SG. However, accelerated increase in vertebral unit 
height was noted in the EG during the 3-week period after implant removal, which resulted in 
significantly greater overall spinal height in the EG (32.2% vs. 11.7%, P ≤ 0.05). No MCGR-related 
complications occurred.  

CONCLUSION:  
The MCGR provided 80% of predicted spinal height by noninvasive remote distraction in this animal 
model. The accelerated increase in spinal height of the experimental animals after implant removal was 
an unexpected finding which requires additional research to better understand the effect of distraction 
on spinal growth. This study establishes a foundation for future research in an attempt to use a less 
invasive technique in distraction-based correction of early-onset scoliosis. 
 
PMID: 22146279 [PubMed - indexed for MEDLINE] 
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Bone Joint J. 2013 Jan; 95-B(1):75-80. doi: 10.1302/0301-620X.95B1.29565. 

Early results of a remotely-operated magnetic growth rod in early-onset 
scoliosis. 

Dannawi Z, Altaf F, Harshavardhana NS, El Sebaie H, Noordeen H. 

Source 

Royal National Orthopaedic Hospital, Brockley Hill, Stanmore, Middlesex HA7 4LP, UK. 

Abstract 

Conventional growing rods are the most commonly used distraction-based devices in the treatment of 
progressive early-onset scoliosis. This technique requires repeated lengthenings with the patient 
anaesthetised in the operating theatre. We describe the outcomes and complications of using a non-
invasive magnetically controlled growing rod (MCGR) in children with early-onset scoliosis. Lengthening 
is performed on an outpatient basis using an external remote control with the patient awake. Between 
November 2009 and March 2011, 34 children with a mean age of eight years (5 to 12) underwent 
treatment. The mean length of follow-up was 15 months (12 to 18). In total, 22 children were treated 
with dual rod constructs and 12 with a single rod. The mean number of distractions per patient was 4.8 
(3 to 6). The mean pre-operative Cobb angle was 69° (46° to 108°); this was corrected to a mean 47° (28° 
to 91°) post-operatively. The mean Cobb angle at final review was 41° (27° to 86°). The mean pre-
operative distance from T1 to S1 was 304 mm (243 to 380) and increased to 335 mm (253 to 400) in the 
immediate post-operative period. At final review the mean distance from T1 to S1 had increased to 348 
mm (260 to 420).Two patients developed a superficial wound infection and a further two patients in the 
single rod group developed a loss of distraction. In the dual rod group, one patient had pull-out of a 
hook and one developed prominent metalwork. Two patients had a rod breakage; one patient in the 
single rod group and one patient in the dual rod group. Our early results show that the MCGR is safe and 
effective in the treatment of progressive early-onset scoliosis with the avoidance of repeated surgical 
lengthenings. 
 
PMID: 23307677 [PubMed - indexed for MEDLINE] 
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Spine (Phila Pa 1976). 2013 Apr 15; 38(8):665-70. doi: 10.1097/BRS.0b013e3182773560. 

Next generation of growth-sparing techniques: preliminary clinical results of 
a magnetically controlled growing rod in 14 patients with early-onset scoliosis. 

Akbarnia BA, Cheung K, Noordeen H, Elsebaie H, Yazici M, Dannawi Z, Kabirian N. 

Source 

Department of Orthopaedic Surgery, San Diego Center for Spinal Disorders, La Jolla, CA 92037, USA. 

Abstract 

STUDY DESIGN: 
Prospective nonrandomized study. 

OBJECTIVE: 
To report the preliminary results of magnetically controlled growing rod (MCGR) technique in children 
with progressive early-onset scoliosis. 

SUMMARY OF BACKGROUND DATA: 
The growing rod (GR) technique is a viable alternative for treatment of early-onset scoliosis. High 
complication rate is attributed to frequent surgical lengthening. The safety and efficacy of MCGR were 
recently reported in a porcine model. 

METHODS: 
Multicenter study of clinical and radiographical data of patients who underwent MCGR surgery and at 
least 3 distractions. Distractions were performed in clinic without anesthesia/analgesics. T1-T12 and T1-
S1 heights and the distraction distance inside the actuator were measured after lengthening. 

RESULTS: 
Fourteen patients (7 girls, 7 boys) with a mean age of 8 years, 10 months (3 yr, 6 mo to 12 yr, 7 mo) 
had 14 index surgical procedures. Of the 14, 5 had single-rod (SR) surgery and 9 had dual-rod (DR) 
surgery, with overall 68 distractions. Diagnoses were idiopathic (N = 5), neuromuscular (N = 4), 
congenital (N = 2), syndromic (N = 2), and neurofibromatosis (N = 1). Mean follow-up was 10 months 
(5.8-18.2). The Cobb angle changed from 60° to 34° after initial surgery and 31° at latest follow-up. 
During distraction period, T1-T12 height increased by 7.6 mm for SR (1.09 mm/mo) and 12.12 mm for 
DR (1.97 mm/mo). T1-S1 height gain was 9.1 mm for SR (1.27 mm/mo) and 20.3 mm for DR (3.09 
mm/mo). Complications included superficial infection in 1 SR, prominent implant in 1 DR, and minimal 
loss of initial distraction in 3 SR after index. Partial distraction loss observed after 14 of the 68 
distractions (1 DR and 13 SR) but regained in subsequent distractions. There was no neurological deficit 
or implant failure. 

CONCLUSION: 
Preliminary results indicated MCGR was safe and provided adequate distraction similar to standard GR. 
DR achieved better initial curve correction and greater spinal height during distraction compared with 
SR. No major complications were observed during the follow-up. 
 
PMID: 23060057 [PubMed - indexed for MEDLINE] 
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Eur Spine J. 2014 Jan 11. [Epub ahead of print] 

Early experience of MAGEC magnetic growing rods in the treatment of early 
onset scoliosis. 

Hickey BA, Towriss C, Baxter G, Yasso S, James S, Jones A, Howes J, Davies P, Ahuja S. 

Abstract 

PURPOSE: 
Magnetically controlled growing rod systems have been introduced over recent years as an alternative 
to traditional growing rods for management of early onset scoliosis. The purpose of this paper is to 
report our early experience of a magnetically controlled growing rod system (MAGEC, Ellipse). 

METHODS: 
Review of pre-operative, postoperative and follow-up Cobb angles and spinal growth in case series of 
eight patients with a minimum 23 months' follow-up (23-36 months). 

RESULTS: 
A total of six patients had dual rod constructs implanted and two patients received single-rod 
constructs. Four patients had MAGEC rods as a primary procedure. Four were revisions from other 
systems. Mean age at surgery in the primary group was 4.5 years (range 3.9-6.9). In patients who 
had MAGEC as a primary procedure, mean pre-operative Cobb angle was 74° (63-94), with 
postoperative Cobb angle of 42° (32-56) p ≤ 0.001 (43 % correction). Mean Cobb angle at follow-up was 
42° (35-50). Spinal growth rate was 6 mm/year. One sustained proximal screw pull out. A final patient 
sustained a rod fracture. Mean age at surgery in the revision group was 10.9 years (range 9-12.6). Mean 
pre-operative Cobb angle was 45° (34-69). Postoperative Cobb angle was 42° (33-63) (2 % correction). 
Mean Cobb angle at follow-up was 44° (28-67). Mean spinal growth rate was 12 mm/year. Two patients 
developed loss of distraction. 

CONCLUSION: 
MAGEC growing rod system effectively controls early onset scoliosis when used as either a primary or 
revision procedure. Although implant-related complications are not uncommon, the avoidance of 
multiple surgeries following implantation is beneficial compared with traditional growing rod systems. 
 
PMID: 24413746 [PubMed - as supplied by publisher] 
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Spine J. 2014 Jan 30. pii: S1529-9430(14)00116-8. doi: 10.1016/j.spinee.2014.01.039. [Epub ahead of print] 

Reducing radiation exposure in early-onset scoliosis surgery patients: novel use 
of ultrasonography to measure lengthening in magnetically-controlled growing 
rods. 

Stokes OM, O'Donovan EJ, Samartzis D, Bow CH, Luk KD, Cheung KM. 

Abstract 

BACKGROUND CONTEXT:  
Magnetically-controlled growing rod (MCGR) technology has been reported for the treatment of early-
onset scoliosis (EOS). Such technology allows for regular and frequent outpatient rod distractions 
without the need for additional surgery. However, pre- and post-distraction spine radiographs are 
required to verify the amount of lengthening. This increased exposure to ionizing radiation in the 
developing child significantly increases their risk profile for radiation-induced cancer and non-cancerous 
morbidity. 

PURPOSE:  
This study addressed the first and novel application and reliability of the use of ultrasonography, which 
has no ionizing radiation exposure, as an alternative to plain radiographs in the visualizing and 
confirming of rod distractions. 

STUDY DESIGN:  
A prospective study. 

PATIENT SAMPLE:  
Six EOS patients who underwent surgical treatment with MCGRs were prospectively recruited. 

OUTCOME MEASURES:  
Imaging measurements based on ultrasound and plain radiographs. 

METHODS:  
All patients were imaged via ultrasound, ease of rod identification was established and the reliability and 
reproducibility of optimal reference point selection assessed blindly by three individuals. The clinical 
algorithm, using ultrasound was subsequently implemented. Plain radiographs served as controls. 

RESULTS:  
Assessment of the rod's neck distance on ultrasound demonstrated a high degree of inter-rater 
reliability (a=0.99; p<0.001). Intra-rater reliability remained high on repeat measurements at different 
time intervals (a=1.00; p<0.001). Satisfactory inter-rater reliability was noted when measuring the rod's 
neck (a=0.73; p=0.010) and high reliability was noted in assessing the housing of the rod (a=0.85; 
p=0.01) on plain radiographs. Under blinded conditions 2mm rod distraction measured on radiographs 
corresponded to 1.7mm distraction on ultrasound (SD: 0.24mm; p<0.001). Subsequently the clinical 
algorithm using ultrasound, instead of radiographs, has been successfully implemented. 

CONCLUSIONS:  
This is the first study to report the use of a novel technique using non-invasive, non-ionizing ultrasound 
to reliably document rod distractions in EOS patients. A high-level of inter- and intra-rater reliability was 
noted. More importantly, the use of ultrasonography may result in fewer whole spine radiographs from 
being taken in patients who have had MCGRs implanted for EOS; thereby decreasing their exposure to 
ionizing radiation and the potential risk of future radiation-induced diseases. 
 
PMID: 24486476 [PubMed - as supplied by publisher]  
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Spine J. 2014 Jul 1;14(7):e7-e13. doi: 10.1016/j.spinee.2014.01.046. Epub 2014 Feb 2. 

A novel approach to gradual correction of severe spinal deformity in a pediatric 
patient using the magnetically-controlled growing rod. 

Cheung JP, Samartzis D, Cheung KM. 

Abstract 

BACKGROUND CONTEXT:  
Acute correction of severe spinal deformities significantly increases the risk of neurologic complications. 
Previously used methods to safely correct these deformities include halo-traction devices and internal 
distraction rods. 

PURPOSE:  
This report introduces a novel method for gradual correction of severe spinal deformity by using the 
magnetically controlled growing rod (MCGR). 

STUDY DESIGN:  
This is a case report. 

METHODS:  
A 12-year-old girl with severe kyphoscoliosis and concurrent syringomyelia and Arnold-Chiari Type I 
malformation underwent implantation of the MCGR. After implantation of the device, daily distractions 
of the implant were performed over the course of 2.5 months. 

RESULTS:  
The patient underwent MCGR implantation without acute correction of her left-sided thoracic scoliosis 
(109° from T6 to T11) and upper thoracic kyphosis (72°). After 2.5 months of daily distractions in the 
ward, the scoliosis improved to 66° and the kyphosis to 62°. Final fusion was performed without 
problems, and her overall truncal balance was much improved. 

CONCLUSIONS:  
This report is the first to note the safety and efficacy of the MCGR in treating young patients with severe 
spinal deformities. This technique allows correction of the deformity while the patient is awake so that 
neurology can be continuously monitored. The patient is also ambulatory throughout the distraction 
process and can be distracted on an outpatient basis. Repeated surgery can be avoided, and the MCGR 
has been shown to be safe and effective with this case illustration. 
 
Copyright © 2014 Elsevier Inc. All rights reserved.  PMID: 24495992 [PubMed - in process]  
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Improvement of Pulmonary Function in Children With Early Onset Scoliosis 
Using Magnetic Growth Rods. 

Yoon WW, Sedra F, Shah S, Wallis C, Muntoni F, Noordeen H. 

Abstract 

STUDY DESIGN:  
Case Series. 

OBJECTIVE: 
To determine whether there is improvement in pulmonary function in children with early onset scoliosis 
(EOS) using magnetic growth rods (MGR). 

SUMMARY OF BACKGROUND DATA: 
EOS deformities have large impacts on lung function and volumes. Deterioration of pulmonary function 
in scoliosis is multifactorial including severity, location of apex vertebra and medical co-morbidities. 
MGR insertion has benefits including reduction in operative procedures with repeated anesthetics, cost 
effectiveness and minimizing surgical and psychological distress. Pulmonary function tests (PFT) provide 
objective and quantitative information about functional impairment caused by scoliosis. This is the first 
study looking at magnetic growth rod lengthening and changes in pulmonary function over minimum of 
2.2 Years (Y). 

METHODS: 
Six cases of EOS secondary to neuromuscular disease (NMD) were identified. Mean age at diagnosis was 
2.8 Y (2.1-4.9), mean age at surgery was 7.5 Y (5-10) and mean follow-up was 2.5 Y (2.2-2.8). PFT (FVC + 
FEV1 both %Predicted) were measured pre and post insertion of MGR and at every lengthening clinic 
subsequently for a minimum 2Y. Coronal and sagittal Cobb angles were measured pre and 
postoperatively as were length extension of growth rods. All except one patient had dual magnetic 
growth rods inserted (the other had a single rod). Lengthening was commenced and data collected at 6 
monthly intervals. 

RESULTS: 
Average correction for Cobb angles were 34±18° and 36±15° for coronal and sagittal Cobb angles 
respectively. Mean lengthening achieved was 24.9mm. Mean improvement in postoperative FVC and 
FEV1 was 14.1% and 17.2% respectively. There was significant difference between the median 
preoperative and postoperative Cobb angle, p = 0.028. 

CONCLUSION: 
This study demonstrates early intervention using MGR in patients with early onset scoliosis is associated 
with significant improvement in postoperative PFT's; and significant improvement in deformity 
correction with use of MGR with added benefits of reduction in repeat anesthesia, reduction in surgical 
and psychological distress and cost effectiveness. 
 
PMID: 24825149 [PubMed - as supplied by publisher]  
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