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Abstract 

Background  Early Onset Scoliosis (EOS) is a progressive spinal deformity in children, and a potentially life-threaten-
ing disease. “Growth-friendly” surgical techniques aim to control the deformity, while allowing the spine and trunk to 
maintain growth. Current “growth-friendly” systems such as the traditional growing rod (TGR) and magnetically con-
trolled growing rod (MCGR) have limitations that reduce their efficacy and cost-effectiveness. Recently, two “growth-
friendly” systems have been developed that mitigate many of these limitations, the Spring Distraction System (SDS) 
and the One Way Self-Expanding Rod (OWSER). The purpose of the multicenter BiPOWR trial is to investigate, describe 
and compare the 1-year limited-efficacy and -safety of both strategies in the treatment of neuromuscular EOS.

Methods  After informed consent, 28 neuromuscular EOS patients will be randomized to receive either the SDS or 
the OWSER. Patients and caregivers will be blinded to allocation until after surgery. Primary outcomes will be mainte-
nance of coronal curve correction and the occurrence of serious adverse events. In addition, spinal growth, implant 
lengthening, and perioperative findings are recorded systematically. At each follow-up moment, the Early Onset 
Scoliosis Questionnaire (EOSQ-24) will be used to assess health-related quality of life. All outcomes will be compared 
between groups.

Discussion  The BiPOWR trial is the first randomized controlled trial that compares two specific “growth-friendly” 
implants in a specified EOS population. It will determine the 1-year limited-efficacy and safety of the SDS and OWSER 
implants.

Trial registration  Clinicaltrials.gov: NCT04021784 (13–06-2019). CCMO registry: NL64018.041.17 (06–05-2019).
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Background
Early Onset Scoliosis (EOS) is a complex three-dimen-
sional deformity of the spine and trunk, which, if left 
untreated, can result in severe cardiopulmonary com-
promise or even death [1, 2]. The early onset of the 
deformity carries with it a high risk of progression, 
which places importance on early treatment to pre-
serve pulmonary function. This is even more impor-
tant in patients with neuromuscular diseases such as 
spinal muscular atrophy or Duchenne muscular dys-
trophy. In these patients, respiratory muscles that are 
necessary for normal in- and expiration weaken, which, 
together with altered chest wall compliance, leads to 
further respiratory compromise [3, 4]. Whilst a spinal 
fusion is able to correct the deformity, doing this in the 
growing spine arrests all further growth, which limits 
pulmonary function even more [5]. In addition, contin-
ued anterior spinal growth after posterior fusion may 
result in worsening of the curve, a phenomenon known 
as crankshafting [6]. To circumvent these problems, 
“growth-friendly” techniques have been developed, 
which control curve progression while allowing for the 
spine and trunk to grow. Currently, the most common 
“growth-friendly” systems are the traditional growing 
rod (TGR) and the magnetically controlled growing 
rod (MCGR) [7, 8]. While both systems can control the 
scoliotic deformity, they have important limitations. 
For the TGR, the most obvious limitation is the need 
for repetitive surgical lengthenings (generally every 
6  months), which exposes patients to high anesthetic 
stress at a young age, which may negatively influence 
neurodevelopment [9]. For the MCGR, lengthenings 
are non-invasive, but they still require patients to come 
to the outpatient clinic on a regular basis, more often 
than in TGR, which imposes a psychological burden on 
these patients and their parents [10]. In addition, both 
TGR and MCGR have a high mechanical (i.e. implant-
related) complication rate which results in reopera-
tions and diminished length gain [11–16]. The high 
rate of MCGR dysfunction recently resulted in a tem-
porary suspension of CE certification and the advice 
to limit MCGR implantation in several countries [17, 
18]. To overcome these limitations, two new systems 
were developed: the Spring Distraction System (SDS), 
which uses a compressed spring around standard rods 
to generate distraction, and the One Way Self-Expand-
ing Rod (OWSER, CE-marked as Nemost®; Euros, SAS, 
La Ciotat, France), which is a one-way sliding rod with 
split retaining ring system. Both systems are designed 
to facilitate growth of the spine without interventions, 
while maintaining curve correction. Previous pub-
lications have shown the feasibility of both systems 
[19, 20]. However, patient populations and surgical 

strategies were heterogeneous, and the case series 
design could have led to selection bias. To determine 
clinical efficacy, identify early mechanical failures, and 
to generate level 1 evidence for potential differences 
between the techniques, a single-blinded, prospective 
randomized trial was considered the ideal strategy.

Methods
Study aims
The primary aim of the BiPOWR trial is to prospec-
tively describe and compare efficacy (coronal and sagittal 
curve maintenance) and –safety (occurrence of Serious 
Adverse Events; SAEs) of two innovative implant systems 
in neuromuscular EOS patients. Due to the relatively 
short follow-up of participants (1 year), with intermedi-
ate instead of final outcomes, the study is regarded as a 
limited-efficacy and -safety study [21]. A secondary aim 
is to describe and compare spinal- and implant growth, 
peri-operative parameters and Health-Related Quality of 
Life (HRQoL).

Study design
The BiPOWR trial is a prospective, multicenter, rand-
omized, surgical trial with two parallel groups and a 1:1 
allocation ratio. Ethical approval was provided by the 
Institutional Review Board of the UMC Utrecht (METC 
18–179). Following inclusion, patients undergo “growth-
friendly” scoliosis surgery with one of two implants, 
the SDS or the OWSER. Which implant they receive 
is decided by randomization. Following implantation, 
the patients are followed until 12  months post-oper-
atively, during which their radiographic- and clinical 
outcomes will be described and compared. The analy-
sis at 12 months provides a point for interim analysis in 
the short follow-up, to determine whether one or both 
implants show short-term technical malfunctions, and 
to ascertain whether early detectable differences are pre-
sent in other outcome domains. After the 1  year analy-
sis, both patient cohorts are followed bi-yearly for several 
more years, until after skeletal maturity, to show efficacy 
and safety in the long-term. A SPIRIT table showing a 
detailed follow-up timeline for the first year of follow-up 
is shown in Table 1.

Eligibility criteria
Inclusion criteria are:

•	 Neuromuscular or syndromic EOS (i.e. diagnosis 
before age 10).

•	 Progressive EOS with an indication for bipolar fixa-
tion extending to the pelvis.

•	 Non-ambulant patients.
•	 Age < 12 years.
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Exclusion criteria are:

•	 Closed triradiate cartilage.
•	 Main curve proximal end vertebra at or above T3.
•	 Presence of skeletal dysplasia affecting growth.
•	 Presence of disease that severely influences bone 

quality or is associated with soft tissue weakness.
•	 Presence of active systemic disease (other than neu-

romuscular disease).
•	 Congenital spinal anomaly of  > 5 vertebrae.
•	 Previous instrumented spinal surgery.
•	 Patients who cannot be followed for 1  year post-

operatively.

Recruitment and informed consent
The treating physician identifies potential eligible patients, 
and asks the patient and their caregiver(s) whether they 
would like to receive additional study information. Upon 
agreement, the principal investigator is consulted for 
approval and the research team subsequently sends the 
study information. After at least two weeks, a consulta-
tion with the research team takes place where the in- and 
exclusion criteria are assessed, the study is explained in 
detail and patients’ questions are answered. Care is taken 
to ensure that the study design (in particular blinding and 
randomization) and the similarities and differences of the 
two treatment arms are understood. If willing to partici-
pate, the informed consent form is signed in duplicate and 
the consent is noted in the electronic patient record.

Randomization and blinding
After inclusion, the patient is randomized into one of two 
treatment groups. Before the start of the trial, a randomi-
zation sequence was created using a computer-generated 
random number sequence, which was used to create a 
permuted block design with random block sizes. A ran-
dom number of blocks with random block sizes of 2, 4, 6 
and 8 created the final sequence containing 28 randomized 
patients. The sequence was converted into allocation notes, 
which were stored in opaque, sealed envelopes. Each allo-
cation envelope was sealed into a second, sequentially 
numbered, opaque envelope. The use of two envelopes 
prevents the use of trans-illumination to unblind alloca-
tion. Two weeks before surgery, the next numbered study 
envelope is retrieved by two members of the study team. 
The envelopes, the seals in particular, are visibly examined 
for tampering. The allocation is confirmed by both research 
team members, and the pseudonymized patient number is 
written on the allocation note and the study envelopes. The 
treating physician is then notified of the outcome of the 
allocation, to order the required implants.

The patient and caregiver(s) remain blinded to the 
result of allocation until after surgery to prevent selection 

bias through termination from the study before surgery 
commences, which is a possibility if they have a strong 
preference for one treatment arm [22]. After surgery 
has taken place, the allocation outcome is shared with 
the patient and caregiver(s). While blinding patients 
during the entire study period is theoretically possible, 
enforcing this would require extreme effort, as it would 
preclude the treating physician of showing any of the 
follow-up radiographs to the patient and caregiver(s) 
as these clearly show the different implants. Since these 
radiographs often provide a wealth of information to the 
patient and caregiver(s), denying them these raises ethi-
cal concerns and would likely decrease enrolment rate.

Surgical procedure and treatment arms
All surgical procedures will be performed using a less 
invasive bipolar posterior approach with somatosensory 
and motor-evoked potential monitoring [23]. The distal 
anchor is created with iliosacral screws (Tanit®; Euros, 
SAS, La Ciotat, France). The proximal anchor for SDS 
consists of bilateral pedicle screws at 3 consecutive levels, 
typically T2-T4. For the OWSER, a series of laminar- and 
pedicle hooks spanning 5 vertebrae is applied (T2-T6).

The SDS (Fig. 1) is an adjunct to standard 5.5 mm cobalt-
chromium (CoCr) rods. It consists of three components: 
(1) a titanium (Ti6Al4V) spring placed over the rod, (2) 
two stacked oversized parallel connectors and (3) a but-
tress used to tension the springs (Stryker, Leesburg, VI, 
USA). In neuromuscular EOS, the SDS is placed bilaterally. 
The concave rod receives a strong 100  N spring (spring 
constant (k) = 1.32  N/mm), the convex rod receives a 
weaker 50 N spring (k = 0.68 N/mm). Around 6–7 cm of 
residual rod length is left for growth. The parallel connec-
tors are secured to the distal anchor rods and the rod con-
taining the spring is allowed to slide in the connector.

The OWSER (Fig.  2) consists of two titanium com-
ponents: (1) a 5.5 mm titanium long rod with a notched 
end, and (2) a sliding domino that passively migrates only 
one way across the notched rod segment. The long rod is 
connected to the proximal anchor with the notched end 
facing distally. The connector is fixated with a short rod 
to the distal anchor. Implant growth potential (i.e. the 
notched segment of the long rod) can be 50 or 80 mm. In 
neuromuscular EOS, the OWSER is also placed bilaterally.

The implant configurations are shown radiographically 
in Fig.  3. All patients treated by either SDS or OWSER 
are allowed unrestricted physical activities postopera-
tively. We do not routinely perform manual axial trunk 
traction in the outpatient clinic for these most vulnerable 
of OWSER patients. For OWSER implant lengthening, 
we instead rely only on passive lengthening due to spinal 
growth, in combination with normal traction and bend-
ing generated through daily activities.
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Outcomes
The primary outcomes include coronal Cobb angle – 
measured on radiographs – and occurrence of SAEs 
(defined as unplanned medical events which (could) 
result in permanent disability/damage, or which requires 
(lengthening of ) hospitalization, a re-operation, or inpa-
tient medical managing). SAEs will be categorized as 
either device/surgery related (e.g. rod fracture, post-
operative neurological deficit), or as disease-related (e.g. 
pneumonia, pain) according to a previously created com-
plication classification system for use in EOS treatment 
[24]. In addition to SAEs, complications that do not meet 
the criteria for an SAE, but which are device/surgery 
related (e.g. superficial infections, proximal junctional 
kyphosis) will also be recorded.

Secondary radiographic measurements include param-
eters such as T1-T12, T1-S1 and instrumented height, 
T5-T12 kyphosis, L1-S1 lordosis, and pelvic obliquity. 
In addition, implant length will be calculated at each 
timepoint for both groups (SDS: Spring length, OWSER: 
Notched rod length) so that implant growth velocity over 
time can be graphed and calculated. The number of out-
patient axial traction events of OWSER patients, if these 
are performed, will also be reported. All radiographic 
measurements will be performed by a trained assessor. 
To ensure data quality, radiographic measurements are 
performed semi-automatically in Surgimap v2.3.2.1 soft-
ware (Nemaris, New York, USA), after which all meas-
urements are audited by the assessor. At the end of the 
data collection phase, all radiographic measurements are 

Fig. 1  Spring Distraction System. The SDS consists of three components that are added to standard growing rods. It provides a continuous 
distraction force during follow-up, without the need for repeated lengthenings. In the BiPOWR trial, the distal anchors are iliosacral screws instead of 
pedicle screws. Green: A side-to-side connector with one oversized hole through which a CoCr rod can slide freely. Gold: Ti6Al4V springs which can 
be compressed over the rod. Blue: The buttress compresses the spring against the side-to-side connector
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re-assessed by a second trained assessor who is blinded 
to the first assessors’ measurements. Measurements are 
compared and disputed measurements are discussed 
until consensus is reached. If differences are believed to 
be caused by random measurement variation, the arith-
metic mean of both assessors’ measurement is taken.

HRQoL will be measured with the validated Dutch ver-
sion of the EOSQ-24 which consists of 24 questions in 10 
domains, from which a domain- and total score is calcu-
lated [25, 26]. All outcome parameters are measured pre-
operatively, immediately post-operatively, and at 1, 3, 6, 
and 12 months follow-up.

Sample size calculation and statistical methods
The sample size calculation is based on potential differences 
between groups in maintenance of the coronal curve between 
the post-operative situation and 1-year follow-up. A differ-
ence in Cobb angle ≥ 5˚ is considered clinically relevant and 
can be reliably measured [27]. In our previous MCGR cohort 
studies, we found a change in Cobb angle between post-oper-
atively and 1 year follow-up of 1˚ (SD 5.1˚) [28]. To determine 
differences in curve maintenance between groups ≥ 5˚ with 
a power (1-β) of 0.8, α = 0.05, and SD = 5.1˚, we calculated 
a sample size of n = 28, with a repeated measures ANOVA 
between factors design (comparing 2 timepoints). With an 

allocation ratio of 1:1, this means that 14 patients have to be 
included in each experimental group.

If all assumptions for performing repeated measures 
ANOVA are met, both systems will be compared with 
respect to coronal curve maintenance; age and sex will 
be included as covariates. For the other continuous vari-
ables, repeated measures ANOVA will be used, with the 
same covariates, but including all evaluated time points. 
If the assumptions for performing repeated measures 
ANOVA are not met (e.g. due to missing data), repeated 
measurement multilevel modelling will instead be per-
formed, with patient, age, sex and treatment group as 
level 2 variables, and follow-up time as a level 1 variable.

A Kaplan–Meier survival analysis will be performed 
comparing both groups. The survival curves show-
ing SAE-free survival of both groups will be statistically 
compared with the Log-Rank test. Analysis of EOSQ-
24 scores will be performed using repeated measures 
ANOVA. In case there are missing EOSQ-24 item scores 
or questionnaires, multiple imputation with parcel sum-
mary scores will be performed using a previously pub-
lished statistical method [29]. For all statistical tests, 
statistical significance will be set at p < 0.05. All statisti-
cal analyses will be performed in IBM SPSS statistics 
v.26.0.0.1 (Chicago, USA).

Fig. 2  One Way Self-Expanding Rod. The OWSER is a growing rod that passively lengthens one way as the spine grows. In the BiPOWR trial, the 
distal anchors are iliosacral screws instead of pedicle screws. Blue: The proximal fixation consists of hooks positioned in a claw configuration. Two 
crosslinks are added for torsional stability (green). Red: The growing domino, combined with a rod that is serrated across its distal length, allows for 
lengthening. The reserve length can be 50 mm or 80 mm long. Movement in the other direction is prevented by a split retaining ring system inside 
the domino
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Discussion
Current treatment of EOS is largely based on opinion 
and physician’s experience. This low level of evidence 
has many reasons, which start with the broad definition 

of EOS. Currently, any scoliosis that initiated before age 
10 is regarded as EOS. Since many curves only become 
problematic during the growth spurt, these can often be 
treated through spinal fusion and do not require “growth-
friendly” surgery. Patients that may be eligible for 

Fig. 3  Implant configuration. Representative implant configurations of the SDS (top) and the OWSER (bottom) are shown. Top. A proximal 
foundation of 3 pedicle screws is placed (blue). The distal foundation consists of iliosacral screws. CoCr rods are placed through open side-to side 
connectors (green). Around these rods, 2 springs (orange) are positioned, which push against these connectors and a proximal locking buttress. 
The gliding parts of the rods (red) become shorter as the spine grows. Bottom: Here, the proximal foundation consists of 2 claws (blue), created 
with hooks. The distal foundation consists of iliosacral screws. The Ti6Al4V OWSER rods are inserted with the dominos placed distally (purple). The 
notched part of the rods (red) can only lengthen one-way through the domino’s
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“growth-friendly” surgery likely had a curve onset much 
earlier and therefore are a distinct subgroup. Another 
issue is that most data comes from combined registries 
which include patients with heterogeneous etiologies 
(varying from severely disabled children to completely 
heathy), surgical indications and implant types. In addi-
tion, most treatment strategies are just being discovered 
and promising techniques such as MCGR appear much 
more vulnerable to failure than expected [12]. Therefore, 
long-term follow-up of large groups is simply absent. 
Finally, if results are reported, these studies are often 
inconsistent, incomparable, and of poor methodological 
quality, as reflected in a previous systematic review [30].

To investigate “growth-friendly” implants or strate-
gies that are typically used in small numbers, we believe 
a prospective study on a specific population with a spe-
cific technique is essential, preferably with follow-up 
until after final fusion. Such a design demands a lot of 
effort, even before including patients, starting with a rig-
orous protocol, installation of a dedicated research team 
and IRB approval. The BiPOWR trial is the first surgical 
randomized trial to be performed in children with EOS, 
designed to investigate the limited-efficacy and safety of 
two novel “growth-friendly” systems.

Although the study will generate high level evidence, 
there are several limitations to consider. First, this study 
does not investigate if growth friendly surgery is actu-
ally better than continuing conservative treatment, as we 
only compare surgical treatments. Also, this study does 
not have a control group, as we compare the SDS with 
the OWSER, instead of a ‘gold standard’ surgical treat-
ment – i.e., TGRs and/or MCGRs. We chose this design 
deliberately as we experienced many problems with cur-
rent standard therapies, from which we conclude that 
there simply is no accepted ‘gold standard’. In fact, many 
of our patients are referred to our center because we have 
the possibility to offer these novel treatments. It would 
be unethical to ask these patients to be randomized to 
a treatment of which we know it has serious disadvan-
tages. Obviously, the patient can always choose not to 
be included in the study and opt for conventional treat-
ments such as TGR or MCGR that we perform regularly.

Second, the primary endpoint is at only one year fol-
low-up. It is possible and likely that complications mani-
fest after this period as is also seen with conventional 
“growth-friendly” systems [11, 12, 31]. The primary 
endpoint is, in that sense, a short-term interim analy-
sis to look at early mechanical failures and short-term 
efficacy, hence the limited-efficacy nature of the study. 
After completion of the 1-year analysis, both cohorts of 
patients will be followed for several years until (and even 
after) skeletal maturity. Only at that point, definitive con-
clusions regarding efficacy can be drawn. For practical 

reasons, we did not incorporate the long-term analysis 
into the primary aim of the BiPOWR trial.

Third, although randomization is obviously a strong 
method to minimize bias in comparative studies, this 
carries the risk of being too artificial and not representa-
tive [32–34]. One way to mitigate this, is a multicenter 
approach and sufficient learning curve for both treat-
ments. We recognize, however, that the investigated 
techniques are new, and only practiced by a selective 
group of surgeons. This means that the outcomes of the 
BiPOWR trial should only be used as an initial indication 
of efficacy and safety. These findings should be confirmed 
with larger observational studies and registry data.

Abbreviations
ANOVA	� Analysis of Variance
BiPOWR	� Bilateral Posterior One-Way Rod
CCMO	� Central Committee on Research Involving Human Subjects
CE	� Conformité Européenne
CoCr	� Cobalt-Chromium
EOS	� Early Onset Scoliosis
EOSQ-24	� Early Onset Scoliosis Questionnaire
HRQoL	� Health-Related Quality of Life
MCGR​	� Magnetically Controlled Growing Rod
OWSER	� One Way Self-Expanding Rod
SAE	� Serious Adverse Event
SD	� Standard Deviation
SDS	� Spring Distraction System
TGR​	� Traditional Growing Rod
Ti6Al4V	� ASTM Grade 5 titanium (medical grade)

Acknowledgements
Not applicable.

Authors’ contributions
MCK is the principal investigator, he conceived the study and led the protocol 
development. JVCL, CST, EPS, HWS, RMC and MCK were involved in the study 
design and in developing the protocol. JVCL, CST, EPS and HWS wrote the first 
draft of the current manuscript. All authors performed critical revisions and 
provided consent for submission of the manuscript in the current form. JVCL 
and CST contributed equally and are therefore co-first author. All author(s) 
read and approved the final manuscript.

Funding
This is an investigator initiated study. The UMC Utrecht is responsible for the 
initiation and management of the clinical trial and is owner of the research 
data. This study was partially funded by Euros (La Ciotat, France). The funder 
had no influence on the design of the study, collection, analysis and interpre-
tation of the data, writing of the manuscript, nor on the decision to publish.

Availability of data and materials
Access to BiPOWR study data is limited to the research team, study monitors, 
and the DSMB. However, the full protocol, participant-level dataset, and 
statistical code are available upon reasonable request after consultation with 
the principal investigator.

Declarations

Ethics approval and consent to participate
Ethical approval was provided by the Institutional Review Board of the UMC 
Utrecht (METC 18–179). Written, informed consent to participate will be 
obtained from all participants 12 years and older. In addition, written informed 
consent will be obtained from both parents or guardians for participants 
under 16 years old.



Page 9 of 9Lemans et al. BMC Musculoskeletal Disorders           (2023) 24:20 	

Consent for publication
Not applicable: No details, images or videos relating to an individual person 
are present in the current manuscript.

Competing interests
MCK and RMC are the co-inventors of the SDS, the patent of which is currently 
held by UMC Utrecht Holding B.V. Both authors have the intention to valorise 
the SDS. LTM is the inventor of the OWSER (which was CE-marked in 2013).The 
remaining authors declare that they have no competing interests.

Received: 28 March 2022   Accepted: 30 November 2022

References
	1.	 Pehrsson K, Larsson S, Oden A, Nachemson A. Long-term follow-up of 

patients with untreated scoliosis: A study of mortality, causes of death, 
and symptoms. Spine (Phila Pa 1976). 1992;17(9):1091.

	2.	 Campbell RM, Smith MD, Mayes TC, Mangos JA, Willey-Courand DB, Kose 
N, et al. The characteristics of thoracic insufficiency syndrome associ-
ated with fused ribs and congenital scoliosis. J Bone Jt Surg - Ser A. 
2003;85(3):399–408.

	3.	 Papastamelos C, Panitch HB, Allen JL. Chest wall compliance in infants 
and children with neuromuscular disease. Am J Respir Crit Care Med. 
1996;154(4I):1045–8.

	4.	 Redding GJ, Praud JP, Mayer OH. Pulmonary function testing in children 
with restrictive chest wall disorders. Pediatric Allergy Immunol Pulmonol. 
2011;24:89.

	5.	 Karol LA, Johnston C, Mladenov K, Schochet P, Walters P, Browne RH. Pul-
monary function following early thoracic fusion in non-neuromuscular 
scoliosis. J Bone Jt Surg Ser A. 2008;90(6):1272–81.

	6.	 Dubousset J, Herring JA, Shufflebarger H. The crankshaft phenomenon. J 
Pediatr Orthop. 1989;9(5):541–50.

	7.	 Akbarnia BA, Marks DS, Boachie-Adjei O, Thompson AG, Asher MA. Dual 
growing rod technique for the treatment of progressive early-onset 
scoliosis: a multicenter study. Spine. 2005;30:S46.

	8.	 Cheung JPY, Yiu K, Kwan K, Cheung KMC. Mean 6-year follow-up 
of magnetically controlled growing rod patients with early onset 
scoliosis: A glimpse of what happens to graduates. Neurosurgery. 
2019;84(5):1112–23.

	9.	 U.S. FDA. FDA review results in new warnings about using general anes-
thetics and sedation drugs in young children and pregnant women. US 
Food Drug Adm Drug Saf Commun. 2016;1–11. Available from: https://​
www.​fda.​gov/​Drugs/​DrugS​afety/​ucm53​2356.​htm.

	10.	 Aslan C, Olgun ZD, Ayik G, Karaokur R, Ozusta S, Demirkiran GH, et al. 
Does decreased surgical stress really improve the psychosocial health of 
early-onset scoliosis patients? A comparison of traditional growing rods 
and magnetically-controlled growing rods patients reveals disappointing 
results. Spine (Phila Pa 1976). 2019;44(11):E656-63.

	11.	 Bess S, Akbarnia BA, Thompson GH, Sponseller PD, Shah SA, El Sebaie H, 
et al. Complications of growing-rod treatment for early-onset scolio-
sis: analysis of one hundred and forty patients. J Bone Jt Surg Ser A. 
2010;92:2533.

	12.	 Thakar C, Kieser DC, Mardare M, Haleem S, Fairbank J, Nnadi C. Systematic 
review of the complications associated with magnetically controlled 
growing rods for the treatment of early onset scoliosis. Eur Spine J. 
2018;27(9):2062–71.

	13.	 Teoh KH, Winson DMG, James SH, Jones A, Howes J, Davies PR, et al. Do 
magnetic growing rods have lower complication rates compared with 
conventional growing rods? Spine J. 2016;16(4):S40–4.

	14.	 Doany ME, Deniz Olgun Z, Kinikli GI, Bekmez S, Kocyigit A, Demirkiran G, 
et al. Health-related quality of life in early-onset scoliosis patients treated 
surgically: EOSQ scores in traditional growing rod versus magnetically 
controlled growing rods. Spine (Phila Pa 1976). 2018;43(2):148–53.

	15.	 Sankar WN, Skaggs DL, Yazici M, Johnston CE, Shah SA, Javidan P, et al. 
Lengthening of dual growing rods and the law of diminishing returns. 
Spine (Phila Pa 1976). 2011;36(10):806–9.

	16.	 Ahmad A, Subramanian T, Wilson-Macdonald J, Rothenfluh DA, Nnadi C, 
Panteliadis P. Quantifying the ‘law of diminishing returns’ in magnetically 
controlled growing rods. Bone Jt J. 2017;99-B:1658.

	17.	 Medicines and Healthcare products Regulatory Agency. Targeted com-
munication: CE mark suspended for all MAGEC systems manufactured by 
NuVasive Specialized Orthopedics, Inc. (DSI/2021/007). 2021. Available 
from: https://​www.​gov.​uk/​drug-​device-​alerts/​targe​ted-​commu​nicat​
ion-​ce-​mark-​suspe​nded-​for-​all-​magec-​syste​ms-​manuf​actur​ed-​by-​nuvas​
ive-​speci​alized-​ortho​pedics-​inc. [Cited 24 Nov 2021].

	18.	 U.S. FDA. Potential Concerns with NuVasive MAGEC System Implants - 
FDA Safety Communication. 2021. Available from: https://​www.​fda.​gov/​
medic​al-​devic​es/​safety-​commu​nicat​ions/​poten​tial-​conce​rns-​nuvas​ive-​
magec-​system-​impla​nts-​fda-​safety-​commu​nicat​ion. [Cited 24 Nov 2021].

	19.	 Lemans JVC, Wijdicks SPJ, Castelein RM, Kruyt MC. Spring distraction 
system for dynamic growth guidance of early onset scoliosis: 2 year 
prospective follow-up of 24 patients. Spine J. 2021;21(4):671–81.

	20.	 Miladi L, Khouri N, Pradon J, Elie C, Treluyer JM. One-way self-expanding 
rod for early-onset scoliosis: early results of a clinical trial of 20 patients. 
Eur Spine J. 2021;30(3):749.

	21.	 Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D, et al. 
How we design feasibility studies. Am J Prev Med. 2009;36:452.

	22.	 McPherson K, Britton A. Preferences and understanding their effects on 
health. Qual Saf Heal Care. 2001;10(Supplement 1):i61–6.

	23.	 Miladi L, Gaume M, Khouri N, Johnson M, Topouchian V, Glorion C. Mini-
mally invasive surgery for neuromuscular scoliosis. Spine. 2018;43:E968.

	24.	 Smith JT, Johnston C, Skaggs D, Flynn J, Vitale M. A new classification 
system to report complications in growing spine surgery: a multicenter 
consensus study. J Pediatr Orthop. 2015;35:798–803.

	25.	 Matsumoto H, Williams B, Park HY, Yoshimachi JY, Roye BD, Roye DP, et al. 
The final 24-item early onset scoliosis questionnaires (EOSQ-24): validity 
reliability and responsiveness. J Pediatr Orthop. 2018;38(3):144–51.

	26.	 Wijdicks SPJ, Dompeling SD, De Reuver S, Kempen DHR, Castelein RM, 
Kruyt MC. Reliability and validity of the adapted dutch version of the 
early-onset scoliosis-24-item questionnaire (EOSQ-24). Spine (Phila Pa 
1976). 2019;44(16):E965-73.

	27.	 Morrissy RT, Goldsmith GS, Hall EC, Kehl D, Cowie GH. Measurement of 
the Cobb angle on radiographs of patients who have scoliosis. Evaluation 
of intrinsic error. J Bone Jt Surg Ser A. 1990;72(3):320.

	28.	 Skov ST, Wijdicks SPJ, Bünger C, Castelein RM, Li H, Kruyt MC. Treatment 
of early-onset scoliosis with a hybrid of a concave magnetic driver 
(magnetic controlled growth rod) and a contralateral passive sliding rod 
construct with apical control: preliminary report on 17 cases. Spine J. 
2018;18(1):122–9.

	29.	 Eekhout I, de Vet HCW, de Boer MR, Twisk JW, Heymans MW. Passive 
imputation and parcel summaries are both valid to handle missing 
items in studies with many multi-item scales. Stat Methods Med Res. 
2018;27(4):1128–40.

	30.	 Wijdicks SPJ, Tromp IN, Yazici M, Kempen DHR, Castelein RM, Kruyt MC. 
A comparison of growth among growth-friendly systems for scoliosis: a 
systematic review. Spine J. 2019;19:789–99.

	31.	 Lemans JVC, Tabeling CS, Castelein RM, Kruyt MC. Identifying complica-
tions and failure modes of innovative growing rod configurations using 
the (hybrid) magnetically controlled growing rod and the spring distrac-
tion system. Spine Deform. 2021;9:1679–89.

	32.	 Black N. Why we need observational studies to evaluate the effectiveness 
of health care. BMJ. 1996;312:1215–8.

	33.	 Abraham NS, Byrne CJ, Young JM, Solomon MJ. Meta-analysis of 
well-designed nonrandomized comparative studies of surgical pro-
cedures is as good as randomized controlled trials. J Clin Epidemiol. 
2010;63(3):238–45.

	34.	 Jacobs WCH, Kruyt MC, Verbout AJ, Oner FC. Spine surgery research: on 
and beyond current strategies. Spine J. 2012;12(8):706–13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.fda.gov/Drugs/DrugSafety/ucm532356.htm
https://www.fda.gov/Drugs/DrugSafety/ucm532356.htm
https://www.gov.uk/drug-device-alerts/targeted-communication-ce-mark-suspended-for-all-magec-systems-manufactured-by-nuvasive-specialized-orthopedics-inc
https://www.gov.uk/drug-device-alerts/targeted-communication-ce-mark-suspended-for-all-magec-systems-manufactured-by-nuvasive-specialized-orthopedics-inc
https://www.gov.uk/drug-device-alerts/targeted-communication-ce-mark-suspended-for-all-magec-systems-manufactured-by-nuvasive-specialized-orthopedics-inc
https://www.fda.gov/medical-devices/safety-communications/potential-concerns-nuvasive-magec-system-implants-fda-safety-communication
https://www.fda.gov/medical-devices/safety-communications/potential-concerns-nuvasive-magec-system-implants-fda-safety-communication
https://www.fda.gov/medical-devices/safety-communications/potential-concerns-nuvasive-magec-system-implants-fda-safety-communication

	Surgical treatment of neuromuscular Early Onset Scoliosis with a bilateral posterior one-way rod compared to the Spring Distraction System: study protocol for a limited-efficacy Randomized Controlled Trial (BiPOWR)
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methods
	Study aims
	Study design
	Eligibility criteria
	Recruitment and informed consent
	Randomization and blinding
	Surgical procedure and treatment arms
	Outcomes
	Sample size calculation and statistical methods

	Discussion
	Acknowledgements
	References


