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Background: Magnetically controlled growing rods (MCGR) represent the most used implant for the treatment 

of early onset scoliosis (EOS). These implants lengthen through the application of a remote magnetic field but 

distraction force generation has been negatively correlated with increasing soft tissue depth. Given the high rate 

of MCGR stalling, we proposed to investigate the impact of preoperative soft tissue depth on the rate of MCGR 

stalling at a minimum of 2 years following implantation. 

Methods: A single-center, retrospective review of prospectively enrolled children with EOS treated with MCGR 

was performed. Children were included if they had a minimum of 2-years follow-up after implantation and 

underwent advanced spinal imaging (MRI or CT) preoperatively within a year of implantation. The primary 

outcome was the development of MCGR stall. Additional measures included radiographic deformity parameters 

and gain in MCGR actuator length. 

Results: About 55 patients were identified with 18 having preoperative advanced imaging allowing tissue depth 

measurement (Mean 5.99 ± 1.9 years, 83.3% female, mean Cobb 68.6 ± 13.8°). At a mean follow-up of 46.1 ± 
11.9 months, 7 patients (38.9%) experienced stalling. MCGR stalling was associated with increased preoperative 

soft tissue depth (21.5 ± 4.4 mm vs. 16.5 ± 4.1 mm; p = .025) and increased BMI (16.3 ± 1.6 vs. 14.5 ± 0.9; 

p = .007). 

Conclusions: Greater preoperative soft tissue depth and BMI were associated with the development of MCGR 

stalling. This data supports previous studies showing that the distraction capacity of MCGR diminishes with 

increased soft tissue depth. Further research is needed to validate these findings and their implications on the 

indications for MCGR implantation. 
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Magnetically controlled growing rods (MCGR) allow for noninva-

ive distraction of the spine in patients with early onset scoliosis (EOS).

hough they only received full Food and Drug Administration (FDA) ap-

roval in 2014, they have become the predominant implant of choice

or growth-friendly scoliosis surgeries [1] . Compared to other growth-

riendly implants, MCGRs have been shown to maintain adequate curve

orrection and allow for generally similar spine growth [2–4] . How-

ver, in 11% to 30% of patients with MCGR, the rods prematurely fail

o lengthen, known as “stalling ” [5–7] . 

Numerous factors, including those related to the surgical technique,

he implant itself, and the patient, are thought to contribute to MCGR

talling [8] . In particular, a number of studies have found that increased
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ody-mass index (BMI) is associated with failure to lengthen MCGR [8–

1] . This is thought to be due to the increased distractive force required

o lengthen the rods in patients with a high BMI, as well as the patient’s

ncreased soft tissue envelope preventing the external remote control

ERC) from lengthening the rod [ 9 , 12–14 ]. However, to our knowl-

dge, only 2 studies, both at the same institution, have sought to test

he latter hypothesis that increased soft tissue depth is associated with

CGR stalling, both found that increasing depth was associated with

ess MCGR distraction [ 12 , 13 ]. 

The purpose of this study was to determine the effect that preoper-

tive spinal soft tissue thickness on the development of MCGR stalling.

e hypothesized that increased tissue depth would be associated with

igher rates of MCGR stalling and less distraction achieved at the time

he rods stalled. 
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Figure 1. Example image for measurement of soft tissue depth. The measurements were all performed on axial images, measuring the depth of tissues from the skin 

to the convex lamina at T12. 
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Table 1 

Summary of patient and radiographic variable for children undergoing MCGR 

implantation for EOS. 

Preoperative variable Value ∗ Range 

Patient Age (yr) 6.0 ± 1.9 2.8–8.8 

Weight (kg) 18.3 ± 4.0 11–29.2 

Height (cm) 107.8 ± 14.6 80.5–137.6 

Body Mass Index 15.2 ± 1.5 12.9–16.7 

Preoperative Coronal Cobb ( °) 68.6 ± 13.8 46.9–93.7 

Preoperative T2-T12 Kyphosis ( °) 44.7 ± 11.6 24.8–62.4 

Preoperative Sagittal Balance (mm) 21.6 ± 33.7 -71 to 91 

Independently Ambulatory 64.6% (N = 31) 

∗ Values are listed as mean ± standard deviation for continuous variables and 

percentage for dichotomous variables. 
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After obtaining institutional review board approval, a single-center,

etrospective review of a prospectively-enrolled database was performed

o identify all children with EOS undergoing surgical intervention be-

ween January 2014 and December 2020 by 4 fellowship-trained pedi-

tric orthopedic surgeons. Inclusion criteria consisted of children under-

oing primary MCGR implantation with subsequent lengthening proce-

ures performed at the study institution, and who had a minimum of

-years clinical follow-up. Children were excluded if they had their im-

lantation or subsequent lengthening procedures performed at an out-

ide hospital, had < 2-years clinical follow-up, lacked a CT or MRI scan

ithin 1 year of surgery to measure soft tissue depth, or underwent

CGR conversion from traditional growing rods. 

Clinical and radiographic variables were collected, consisting of pa-

ient demographic variables as well as deformity parameters. Clini-

al variables analyzed included preoperative age at MCGR placement,

eight, weight, and diagnosis, and occurrence of any prior surgical

reatment with subsequent conversion to MCGR. Intraoperative data in-

luded implant size, and number of vertebral levels spanned by the con-

truct. Duration of lengthening and total attempted lengthening’s until

nal treatment or stall were also recorded. Actuator length achieved

t final follow-up was measured radiographically, as well as calculated

s the percentage of maximal actuator length based upon the maximal

xpansion of a 70- or 90-mm actuator. 

The primary endpoint for this study was to characterize the occur-

ence and time to occurrence of MCGR stalling as previously described

7] . Stall was defined as failure to lengthen on 3 consecutive lengthen-

ng session spaced at 4-month intervals according to our institutional

engthening protocol. Preoperative advanced imaging (MRI or CT scan)

as used to measure soft tissue depth. Depth was measured at T12,

orresponding to the most common location for placement of a MCGR

ctuator. To standardize depth measurement, all measurements were

erformed on the convexity, measured from the lamina to the skin,

igure 1 . 

tatistical analysis 

Statistical analysis was performed using IBM SPSS 27 Software (IBM

orp) and SAS 9.4 (SAS Institute). Descriptive statistics were generated.

atients were subdivided according to the functionality of their MCGR

ctuator (Stall or Functioning). The tissue depth was compared between
2 
ohorts using paired student t tests. Statistical significance was prede-

ermined at p < .05. 

esults 

Over the study period, a total of 67 children were treated with MCGR

or EOS by 1 of 4 pediatric orthopedic surgeons. Of these, 12 children

ere excluded (6 converted to MCGR from TGR/VEPTR and 6 under-

ent MCGR implantation at an outside hospital) leaving 55 children

or study inclusion (mean age 6.3 ± 1.8 years, 64.6% female). Of these,

nly 18 children (Mean 5.99 ± 1.9 years, 83.3% female, mean Cobb

8.6 ± 13.8°) presented with preoperative advanced imaging obtained

ithin 1 year of MCGR implantation for soft tissue depth assessment. A

ummary of preoperative patient demographics and deformity parame-

ers is provided in Table 1 . These included 5 congenital, 6 idiopathic,

 neuromuscular, and 6 syndromic curve etiologies with 83.3% being

mbulatory at the time of treatment (N = 15/18). 

At a mean follow-up of 46.1 ± 11.9 months, 7 of the 18 patients

38.9%) experienced MCGR stalling, all being ambulatory patients with

1.4% of the stall cohort having congenital or idiopathic curve etiolo-

ies (N = 5/7). MCGR stall occurred at a mean of 26.9 months (range

0–37.9) following implantation with the implants achieving a mean

f 44% ( ± 26.6%) of maximal actuator length. The stall cohort demon-

trated a similar final coronal Cobb magnitude to the lengthening co-

ort (43.1 ± 16.1° vs. 44.1 ± 13.4°; p = .89). The mean preoperative

issue depth was significantly larger in the Stall cohort (21.5 ± 4.4 mm

s. 16.5 ± 4.1 mm; p = .025). Additionally, the preoperative BMI was
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Table 2 

Summary of between group variables based upon MCGR Functionality at final follow-up. 

Variable Functioning MCGR (N = 11) Stalled MCGR (N = 7) 

Mean StDev Mean StDev t test 

Age at MCGR Implantation (yr) 6.3 1.9 5.5 2.1 0.4 

Preoperative height (cm) 108.5 17.1 106.9 10.9 0.8 

Preoperative weight (kg) 17.9 5.1 18.8 4.9 0.7 

Preoperative BMI 14.5 0.9 16.3 1.6 0.007 

Preoperative soft tissue depth (mm) 16.5 4.1 21.5 4.4 0.02 

Preoperative T2–12 Kyphosis (°) 45.6 12.7 43.2 10.2 0.7 

Levels spanned with MCGR 9.3 1.4 9.1 1.6 0.8 

# of Lengthening’s 8.3 3.3 6.7 2.6 0.3 

Follow-up since surgery (months) 44.2 11.9 49.1 12.3 0.4 

Final coronal cobb (°) 44.1 13.4 43.1 16.1 0.9 

Coronal cobb correction Postimplantation (°) 37.2 22.6 42.5 12.2 0.6 

Coronal cobb correction Postimplantation to Final (°) -13.5 28.5 -7.6 36.0 0.7 

Bold Text indicated statistical significance p < .05. 

h  

0  

fi

D

 

s  

p  

o  

a  

t  

w  

d  

n  

c  

±
 

n  

M  

n  

h  

t  

u  

[  

f  

p  

w  

p  

d  

c  

t  

H  

i  

t

 

u  

a  

t  

d  

[  

5  

a  

t  

t  

m  

a  

H  

s  

T  

g  

c  

d  

w  

t  

m

 

p  

i  

o  

[  

s  

5  

t  

t  

t  

n  

d  

l  

c

 

t  

l  

t  

c  

t  

c  

s  

t  

i

C

 

w  

d  

o  

i  

w  

a  

o  

a  

t  

outcomes. 
igher in children who developed MCGR stalling (16.3 ± 1.6 vs. 14.5 ±
.9; p = .007). There were no significant differences in preoperative or

nal follow-up deformity parameters, Table 2 . 

iscussion 

Although magnetically-controlled growing rods (MCGR) have been

hown to provide deformity control while limiting the anesthetic ex-

osure for children with early onset scoliosis, the technology has its

wn unique complication profile. Actuator stall and distraction failure

re a distinctive complication in MCGR treatment, ranging from 10%

o nearly 50% [ 2–4 , 7 ]. In this series of 18 children with EOS treated

ith MCGR, we identified stalling in 38.9% of the cohort (N = 7/18),

eveloping at a mean of 26.9 months postimplantation. There was a sig-

ificant difference in the preoperative mean soft tissue depth between

hildren who developed stall and those with functioning implants (21.5

 4.4 mm vs. 16.5 ± 4.1 mm; p = .025). 

The introduction of MCGR instrumentation was heralded as a sig-

ificant advance in the surgical treatment outcomes for EOS. Although

CGR has many benefits over more traditional instrumentation tech-

iques, studies have shown that it is not the magic bullet for EOS and

as several uniquely inherent complications. One such complication is

he phenomena of MCGR stalling and distraction failure, with reports of

pwards of 50% of treated children developing stall distraction failure

 6 , 15 , 16 ]. What remains to be described is the mechanistic rationale

or why MCGR stalling and distraction failure occurs, and whether any

reoperative patient-specific variables can be identified to determine

hich patients may be more prone to stalling. Previous studies have

roposed progressive stiffening of the spine, referred to as the “law of

iminishing returns ” [ 10 , 17 , 18 ]. This hypothesis is supported by clini-

al reports showing a diminished yield in lengthening achieved relative

o programmed lengthening over successive lengthening’s [ 10 , 17–19 ].

owever, explant analyses have shown that MCGR force generation is

nversely correlated with duration of implantation [ 20 , 21 ], indicating

hat, at best, this is a multifactorial problem. 

These reasons, however, do not account for the acute distraction fail-

res within a year of implantation. In the current series, we identified

 stall rate of 38.9% with 2/7 stalls occurring within 1 year of implan-

ation (10 months and 10.6 months). Cheung et al. [9] identified early

istraction failure in 45% of treated patients (N = 13/41). Shaw et al.

7] reported that the development of stalling is time dependent with

0% of implants stalling by 2 years postimplantation, increasing to 80%

t 4 years. One proposed mechanism for these early failures is related

o the depth of the soft tissue envelope between the MCGR actuator and

he external remote controller (ERC) used to noninvasively lengthen the

agnet [9] . MCGR lengthening, as implied with it name, relies upon

 magnetic force produced by the ERC to effect implant lengthening.
3 
owever, it is well known that there is a negative nonlinear relation-

hip between increasing distance and magnetic force generation [22] .

his has been shown to account for differences in achieved versus pro-

rammed lengthening with previous studies reporting 1.4% to 2.1% de-

rease in achieve lengthening per additional millimeter of soft tissue

epth [ 12 , 13 ]. This was supported in the current series where children

ho developed MCGR stalling and significantly larger preoperative soft

issue envelopes than children with functioning implants (21.5 ± 4.4

m vs. 16.5 ± 4.1mm; p = .025). 

The impact of a patient body habitus on MCGR outcomes has been

reviously investigated [ 8 , 9 ]. In addition to soft tissue depth, we also

dentified that the preoperative BMI was higher in children who devel-

ped MCGR stalling (16.3 ± 1.6 vs. 14.5 ± 0.9; p = .007). Cheung et al.

9] reported a significantly higher BMI in children who developed rod

lippage compared to those with uncomplicated lengthening’s (15.4 ±
.8 vs. 12.0 ± 1.7, p = .006). Furthermore, the UK based National Insti-

ute of Health and Care Excellence (NICE) recommends that in addition

o patient age, BMI < 25 kg/m 

2 be included as a variable for MCGR

reatment selection [8] . However, Seidel et al. [12] found that BMI did

ot serve as a correlate for soft tissue depth and that BMI was not in-

ependently predictive of lengthening percentage. Body mass index has

ong been shown to be a poor predictor of obesity as it is significantly

orrelated with both body fat percentage and lean body mass [23] . 

This manuscript cannot be viewed without recognition of its limita-

ions. As a single center, retrospective review, there are certain inherent

imitations in the study design. Although our series included patients

reated by 1 of 4 fellowship-trained pediatric orthopedic surgeons, all

hildren followed a standardized lengthening protocol which minimizes

reatment effects. Additionally, with the small sample size and high ex-

lusion rate, there is the potential for selection bias and the data pre-

ented may not sufficiently represented the total treated cohort. Addi-

ionally, the children were not followed to skeletal maturity so the true

mpact of soft tissue depth on treatment outcomes remains unclear. 

onclusion 

In conclusion, we identified that the preoperative soft tissue depth

as a significant risk factor for the development of MCCR stalling. This

ata supports current literature which suggests the careful consideration

f preoperative or postoperative soft tissue depth and body habitus be

ncluded in the selection of implants for the treatment of EOS. Children

ith larger body habitus and paraspinal soft tissue envelopes may be at

 higher risk of developing MCGR actuator stalling and the development

f additional complications over their treatment course which should be

ccounted for in the decision-making process. Further research is needed

o validate these findings and assess their long-term impact on patient
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