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Introduction: Magnetically controlled growing rods (MCGRs)
have become the current standard in the growth-friendly treat-
ment of patients with early-onset scoliosis (EOS). MCGRs allow
noninvasive lengthenings with external lengthening device and
reduce the need for surgical procedures. The association of pre-
operative body mass index (BMI) and the outcomes of the
MCGR treatment is not well known.

Methods: Prospectively collected international database was re-
viewed for EOS patients treated with MCGR. Patients without
preoperative BMI data or follow-up < 2 years were excluded.
Patients were classified as healthy weight, overweight, and un-
derweight using Centers for Disease Control and Prevention
(CDC) growth charts. Quality of life was assessed using EOSQ-
24. Results were analyzed from the 2-year follow-up.

Results: A total of 663 patients were categorized into under-
weight (n= 91), healthy weight (n= 417), and overweight
(n= 155) groups. There were no significant differences in major
curve correction or thoracic height increase among the BMI
groups, irrespective of etiology. Distribution of BMI categories

differed significantly by etiology (P= 0.009), with lower healthy
weight proportions in the syndromic group (92/167, 55%) com-
pared with idiopathic (131/177, 74%) (adjusted P= 0.004), and a
higher underweight proportion in neuromuscular (36/244, 15%)
compared with idiopathic (15/177, 8.5%) (adjusted P= 0.044).
Higher BMI z-scores were associated with an increased incidence
of complications, including implant-related complications (RR
1.1, 95% CI 1.0-1.3) and implant breakage (RR 1.3, 95% CI 1.1-
1.7). Healthy weight and underweight patients experienced lower
overall complication rates compared with overweight patients.
Implant-related complications were less common in underweight
patients compared with overweight patients (RR 0.45, 95% CI
0.20-0.90). Higher BMI z-score was a significant predictor of
implant breakage, whereas preoperative major curve, kyphosis,
and etiology were not. EOSQ-24 scores did not differ sig-
nificantly among BMI groups, and changes in scores were
comparable across groups during follow-up.

Conclusion: BMI status did not influence curve correction,
thoracic height increase, or EOSQ-24 outcomes in early-onset
scoliosis patients. However, the higher incidence of implant
breakage in overweight patients suggests that elevated BMI
should be carefully considered when planning treatment.

Level of Evidence: Level III.
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Early-onset scoliosis (EOS) refers to scoliosis diagnosed
9 years of age or younger and is further divided into

idiopathic, neuromuscular, syndromic, and congenital
scoliosis.1 EOS is frequently associated with comorbid-
ities, which may affect the development and growth of the
child. Certain syndromes like Prader-Willi syndrome are
linked to obesity, whereas complex neuromuscular dis-
orders can result in low BMI.2 Malnutrition in patients
with EOS can be multifactorial, arising from poor oral
intake, increased metabolic demands, and the mechanical
effects of severe spinal deformity on gastrointestinal
function. Complicated spinal deformity may lead to
thoracic insufficiency syndrome (TIS), which causes
increased work of breathing and increased energyDOI: 10.1097/BPO.0000000000002988

From the Departments of *Paediatric Orthopaedic Surgery; †Ortho-
paedics and Traumatology, University of Turku and Turku Uni-
versity Hospital, Turku; ‡Spine Surgery, Childrens’ Hospital Los
Angeles, Los Angeles, CA; §FOCOS Orthopedic Hospital Accra,
Accra, Ghana; ∥Department of Orthopaedic Surgery, Children’s
Hospital of Philadelphia, Philadelphia, PA; ¶Department of Ortho-
paedics, Gillette Children’s, St Paul, MN; #Department of Ortho-
pedic Surgery, Boston Children’s Hospital, Boston, MA; **Division
of Pediatric Orthopaedics, Johns Hopkins University, Baltimore,
MD; ††Cincinnati Children’s Hospital Medical Center, Cincinnati,
OH; and ‡‡Department of Orthopedics and Traumatology, Helsinki
University Hospital, Helsinki, Finland.

I.H. has received research grants from Medtronic, Stryker, and Globus,
and has received consulting fees from Medtronic and Globus. A.S.
has received financial support from Vappu Uuspää Foundation and
Päivikki and Sakari Sohlberg Foundation. The remaining authors
declare no conflicts of interest.

Reprints: Antti J. Saarinen, MD, PhD, University of Turku, Kiina-
myllynkatu 10, Turku 20520, Finland. E-mail: anjusaa@utu.fi.

Copyright © 2025 The Author(s). Published by Wolters Kluwer Health,
Inc. This is an open access article distributed under the Creative
Commons Attribution License 4.0 (CCBY), which permits unre-
stricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.

ORIGINAL ARTICLE

J Pediatr Orthop � Volume 00, Number 00, ’’ 2025 www.pedorthopaedics.com | 1

mailto:anjusaa@utu.fi
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


consumption, leading to decreased weight.3 Growth-
friendly treatment of EOS can increase patient weight in
underweight patients.4–7

Modern surgical treatment aims to prevent the
progression of the deformity while allowing the growth of
the thoracic spine. Magnetically controlled growing rods
(MCGRs) have become the current standard of surgical
treatment in recent years. MCGRs allow noninvasive
lengthening of the instrumentation using an external
lengthening device.8 It is hypothesized that increased soft
tissue depth may complicate the external lengthening of
the MCGR instrumentation in patients with obesity.9–11
Manufacturer guidelines recommend that MCGRs not be
implemented in patients with a BMI over 25 due to con-
cerns about effective distraction through thicker soft tis-
sue. MCGR implantation can also be challenging in
extremely thin patients due to the relatively large size of
the actuator component, which may lead to skin irritation
or prominence. The use of MCGRs in overweight patients
remains controversial, with no clear consensus on when
obesity should be considered a contraindication.12

This study aims to assess the association between
weight status and health-related quality of life in patients
with EOS. In addition, we examine the rate of complica-
tions, the degree of deformity correction, thoracic height
gain, and their relationship with BMI status. We hy-
pothesize that underweight patients may be more
susceptible to soft tissue-related complications and un-
planned revisions. In addition, we propose that MCGR
lengthening may be less effective, and the risk of implant-
related complications may be higher in overweight pa-
tients.

METHODS
Institutional review board approval was received

from the University of California, San Diego, USA
(no. 150962 R). A retrospective review of a prospectively
collected international database was performed for pa-
tients treated with bilateral MCGRs (Magec, NuVasive
Specialized Orthopedics, Inc., San Diego, CA) for EOS,
with a minimum follow-up of 2 years after the initial
surgery. Patients with conversion to MCGRs were ex-
cluded. Radiographic data was assessed preoperatively,
after the initial surgery, and at 2-year follow-up. Major
curves, kyphosis, thoracic height, weight and standing
height, arm span, age, sex, and etiology were collected and
analyzed. Complications and revision surgeries were as-
sessed from the 2-year follow-up. Complications included
implant-related, neurologic, and wound-related issues. A
local fusion over the proximal and distal foundations was
performed. Pseudoarthrosis refers to the lack of union
around these foundations.

BMI is a limited measure for pediatric weight status
as it does not account for age-specific and sex-specific
growth patterns, body composition differences, and de-
velopmental variations. Therefore, patient weight status
was assessed using the Centers for Disease Control and
Prevention (CDC) growth charts, incorporating age,

weight, height, and sex. Patients with a BMI Z-score be-
low −2 were classified as underweight, between −2 and 1
as healthy weight, and above 1 as overweight.13 A strong
positive correlation was observed between BMI z-scores
and BMI status groups (r= 0.86, 95% CI: 0.84-0.88,
P< 0.001). Statistical analysis was conducted in R 4.4.0
using the cdcanthro package (https://github.com/CDC-
DNPAO/CDCAnthro) Linear mixed-effects models were
used to assess the association between BMI status and the
difference between the planned and actual distraction
values over time, with BMI status and time since surgery
as fixed effects and patient as a random effect to account
for repeated measures. The incidence of complications and
revisions were analyzed using single and multivariate
Poisson regression models and reported using rate ratios
(RRs) with 95% CIs. Planned surgical interventions in-
cluded the exchange of magnetically controlled growing
rods (MCGRs) upon reaching their maximum distraction
capacity or performing a final fusion after completing the
distraction period. The planned revision procedures did
not include routine removal of the MCGRs according to
the manufacturer’s guidelines. Unplanned surgical inter-
ventions encompassed revisions for broken implants, fix-
ation point failures, replacement of MCGRs that failed to
lengthen, and irrigation and debridement for deep surgical
site infections.

Patient-reported outcome was assessed using the
Early Onset Scoliosis Questionnaire 24 (EOSQ-24) in-
strument preoperatively, at 6 months, and at 2 years after
the initial surgery. EOSQ-24 is a disease-specific outcome
measure.14 EOSQ-24 consists of Health-Related Quality
of Life, Parental Burden, Financial Burden, and Sat-
isfaction domains. Statistical analyses were conducted
across BMI status groups for each domain at all time
points, and for the change from preoperative to 2 years
postoperatively.

RESULTS
In all, 91 patients with underweight status (mean

BMI 12.3, SD 1.0), 417 patients with a healthy weight
status (mean BMI 15.5, SD 1.3), and 155 with overweight
status (mean BMI 20.3, SD 3.0) were identified from the
database (Table 1). There was no difference in major curve
correction between the healthy status group (mean 31%,
SD 20), underweight status group (mean 35%, SD 17), or
overweight status group (mean 31%, SD 18). Thoracic
height increase was median 5.0 mm (IQR 11 mm) in the
healthy weight group, median 3.9 mm (IQR 14 mm) in the
overweight group, and median 5.3 mm (IQR 8.3 mm) in
the underweight group (P= 0.450). When analyzed by
etiology, there were no differences between the BMI status
groups in the major curve correction or in the achieved
thoracic height increase during the follow-up (Table 1).
The linear mixed-effects models showed that time since
surgery was significantly associated with an increase in the
difference between planned and actual distraction values
for both rods (P< 0.001). However, BMI status was not
significantly associated with the distraction differences.
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In the idiopathic group, 131 patients (74%) were
classified as healthy weight, 15 patients (9%) as under-
weight, and 31 patients (18%) as overweight. Of all pa-
tients with neuromuscular EOS, 145 patients (59%) had
healthy weight status, 36 patients (15%) had underweight
status, and 63 patients (26%) had overweight status. In the
syndromic group, 92 patients (55%) had healthy weight
status, 32 patients (19%) had underweight status, and 43
patients (26%) had overweight status. In the congenital
group, 49 patients (65%) had healthy weight status, 8
patients (11%) had underweight status, and 18 patients
(24%) had overweight status. The relationship between
etiology and the distribution of the BMI status groups was
statistically significant [χ² (6, N= 663)= 17.12, P= 0.009].
Pairwise comparisons after Bonferroni correction revealed
significant differences in BMI category distributions be-
tween the idiopathic and syndromic groups (adjusted
P= 0.004), caused by a lower proportion of healthy weight
individuals in the syndromic group (92/167, 55%) com-
pared with the idiopathic group (131/177, 74%). In addi-
tion, significant differences were observed between the
idiopathic and neuromuscular groups (adjusted
P= 0.044), with the neuromuscular group showing a
higher proportion of underweight individuals (36/244,
15%) compared with the idiopathic group (15/177, 8.5%).

Higher BMI z-score was associated with increased
incidence of total number of complications (RR 1.1, 95%
CI 1.1-1.2), implant-related complications (RR 1.1, 95%
CI 1.0-1.3), and implant breakage (RR 1.3, 95% CI 1.1-
1.7) (Table 2). The total incidence of complications was

lower in healthy weight (RR 0.72, 95% CI 0.59-0.89) and
underweight patients (RR 0.65, 95% CI 0.47-0.89) when
compared with overweight patients (Fig. 1, Table 3). Im-
plant-related complications were more common in over-
weight patients when compared with underweight patients
(RR 0.45, 95% CI 0.20-0.90). Implant breakage was less
common in healthy weight (RR 0.37, 95% CI 0.18-0.79)
and underweight patients (RR 0.12, 95% CI 0.01-0.6)
when compared with overweight patients. In the healthy
weight group, the incidence of wound-related complica-

TABLE 1. Patient Characteristics
Healthy
weight Overweight Underweight

n 417 155 91
Age 7.0 (1.8) 6.5 (2.1) 7.0 (1.8)
Female, n (%) 245 (58.8) 89 (57.4) 55 (60.4)
Preoperative major curve
angle

74 (20) 77 (20) 72 (22)

Preoperative weight (kg) 20.0 (5.4) 24.5 (10.1) 16.5 (3.8)
Preoperative height (cm) 112.8 (13.5) 108.1 (17.8) 114.8 (13.1)
Preoperative arm span (cm) 114.2 (16.3) 117.9 (19.4) 110.1 (14.1)
Preoperative body mass
index (BMI)

15.5 (1.3) 20.4 (3.0) 12.3 (1.0)

Mean BMI Z-score −0.2 (0.8) 1.7 (0.7) −3.7 (1.6)
Idiopathic etiology, n (%) 131 (31.4) 31 (20.0) 15 (16.5)
Congenital etiology, n (%) 49 (11.8) 18 (11.6) 8 (8.8)
Syndromic etiology, n (%) 92 (22.1) 43 (27.7) 32 (35.2)
Neuromuscular etiology,
n (%)

145 (34.8) 63 (40.6) 36 (39.6)

Postoperative major curve
angle

41 (17) 42 (16) 38 (15)

Major Curve angle 2 y
postoperatively

42 (18) 46 (16) 38 (17)

Preoperative T1-T12
height (mm)

166 (30) 163 (31) 167 (27)

Postoperative T1-T12
height (mm)

191 (30) 192 (32) 191 (20)

T1-T12 height at 2-y
follow-up (mm)

201 (29) 197 (34) 200 (2)

All values given as means and SDs or sum and percentages.

TABLE 2. The Association of BMI Z-score and Complications
During the 2-year Follow-up

Complication
Rate
ratio Lower CI Upper CI Significance

Total complications 1.11 1.05 1.18 0.00
Implant related 1.13 1.01 1.27 0.03
Device migration 1.18 0.95 1.51 0.17
Implant break 1.33 1.05 1.69 0.02
Anchor prominence 1.08 0.91 1.3 0.41
MCGR actuator
malfunction

0.99 0.71 1.55 0.97

MCGR failure to
lengthen

0.97 0.75 1.35 0.86

Intraoperative
complications

0.95 0.74 1.31 0.74

Unexpected neurological
signal chance

0.86 0.65 1.3 0.40

Neurologic injury 0.93 0.75 1.25 0.60
Pain 1.16 0.96 1.43 0.14
Pseudoarthrosis* 2.23 0.69 6.27 0.16
Wound related 1.1 0.95 1.28 0.21
Deep wound infection 1.31 1 1.76 0.06
Superficial infection 1.13 0.88 1.51 0.37
Prolonged drainage 1.22 0.8 1.98 0.42
Dehiscence 1.29 1 1.68 0.06
Unplanned surgery 1.07 0.97 1.18 0.18
Planned surgery 0.94 0.85 1.06 0.30

*Pseudoarthrosis of the proximal or distal growing rod foundations.

FIGURE 1. Cumulative sum of total complications per patient
for each group during the 2-year follow-up.
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tions (RR 0.53, 95% CI 0.31-0.94), dehiscence (RR 0.33,
95% CI 0.14-0.80), and superficial wound infections (RR
0.33, 95% CI 0.11-0.91) were less common than in the
overweight patients. Device migration, anchor prom-
inence, MCGR actuator malfunction, MCGR failure to
lengthen, and neurological complications did not differ
between the BMI status groups. A multivariate analysis
was performed to further analyze potential predictors of
implant breakage using BMI z-score, preoperative major
curve, preoperative maximum sagittal kyphosis, and eti-

ology. The results showed that BMI z-score was a sig-
nificant predictor (P= 0.010), whereas other factors were
not statistically significant. There was no observed asso-
ciation between higher BMI z-score within the overweight
group and the incidence of complications.

The EOSQ-24 domains were compared pre-
operatively, at 6 months, and at 2-year follow-up between
the underweight, healthy, and overweight study groups
(Table 4). There were no statistical differences between the
study groups at any of these time points. We additionally

TABLE 3. The Association of BMI Status and Complications During the 2-year Follow-up
Variable BMI status group Total number Rate ratio Lower CI Upper CI

Implant related Underweight 9 0.45 0.20 0.90
Healthy weight 69 0.75 0.50 1.15
Overweight 34 Reference

Migration Underweight 1 0.21 0.01 1.16
Healthy weight 18 0.84 0.38 2.04
Overweight 8 Reference

Implant break Underweight 1 0.12 0.01 0.60
Healthy weight 14 0.37 0.18 0.79
Overweight 14 Reference

Anchor prominence Underweight 3 0.51 0.11 1.67
Healthy weight 28 1.04 0.52 2.25
Overweight 10 Reference

MCGR actuator malfunction Underweight 1 0.85 0.04 8.89
Healthy weight 4 0.74 0.15 5.36
Overweight 2 Reference

MCGR absolute failure to lengthen Underweight 3 1.70 0.32 9.20
Healthy weight 6 0.74 0.20 3.52
Overweight 3 Reference

Intraoperative complications Underweight 1 1.70 0.07 43.07
Healthy weight 10 3.72 0.71 68.22
Overweight 1 Reference

Unexpected neurological signal change Underweight 1 1.70 0.07 43.07
Healthy weight 4 1.49 0.22 29.09
Overweight 1 Reference

Neurologic injury/impairment Underweight 2 3.41 0.33 73.31
Healthy weight 11 4.09 0.80 74.74
Overweight 1 Reference

Pain Underweight 3 0.64 0.14 2.21
Healthy weight 26 1.21 0.57 2.86
Overweight 8 Reference

Pseudoarthrosis Underweight 0 NA
Healthy weight 0 NA
Overweight 1 NA

Wound related Underweight 12 0.97 0.46 1.95
Healthy weight 30 0.53 0.31 0.94
Overweight 21 Reference

Deep wound infection Underweight 2 0.43 0.06 1.70
Healthy weight 10 0.46 0.18 1.22
Overweight 8 Reference

Superficial infection Underweight 4 0.85 0.23 2.70
Healthy weight 7 0.33 0.11 0.91
Overweight 8 Reference

Prolonged drainage (> 7 d) Underweight 1 0.85 0.04 8.89
Healthy weight 4 0.74 0.15 5.36
Overweight 2 Reference

Dehiscence Underweight 3 0.46 0.11 1.49
Healthy weight 10 0.34 0.14 0.80
Overweight 11 Reference

Total number of complications Underweight 51 0.65 0.47 0.89
Healthy weight 260 0.72 0.59 0.89
Overweight 134 Reference

Unplanned surgical treatment Underweight 12 0.57 0.28 1.06
Healthy weight 89 0.92 0.63 1.37
Overweight 36 Reference
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TABLE 4. Patient Reported Outcome Measures using Early
Onset Scoliosis Questionnaire 24 (EOSQ-24)

Median IQR Significance

Preoperative
General health

Healthy weight (n= 281) 75 25 0.926
Overweight (n= 103) 75 25
Underweight (n= 58) 75 25

Pain and discomfort
Healthy weight (n= 281) 75 38 0.684
Overweight (n= 103) 75 50
Underweight (n= 58) 75 25

Pulmonary function
Healthy weight (n= 281) 100 25 0.826
Overweight (n= 103) 88 25
Underweight (n= 58) 100 34

Transfer
Healthy weight (n= 281) 75 50 0.552
Overweight (n= 103) 75 50
Underweight (n= 58) 75 50

Physical function
Healthy weight (n= 281) 75 67 0.151
Overweight (n= 103) 63 67
Underweight (n= 58) 71 67

Daily living
Healthy weight (n= 281) 50 100 0.492
Overweight (n= 103) 50 75
Underweight (n= 58) 50 63

Fatigue and energy level
Healthy weight (n= 281) 75 50 0.454
Overweight (n= 103) 75 50
Underweight (n= 58) 75 47

Emotion
Healthy weight (n= 281) 75 38 0.159
Overweight (n= 103) 75 38
Underweight (n= 58) 75 34

Parental impact
Healthy weight (n= 281) 55 25 0.443
Overweight (n= 103) 55 30
Underweight (n= 58) 60 25

Financial impact
Healthy weight (n= 281) 75 50 0.994
Overweight (n= 103) 75 50
Underweight (n= 58) 75 50

Child satisfaction
Healthy weight (n= 281) 75 25 0.487
Overweight (n= 103) 50 25
Underweight (n= 58) 75 25

Parent satisfaction
Healthy weight (n= 281) 75 25 0.879
Overweight (n= 103) 75 25
Underweight (n= 58) 75 25

6 mo
General health

Healthy weight (n= 221) 75 25 0.630
Overweight (n= 82) 75 25
Underweight (n= 45) 75 25

Pain and discomfort
Healthy weight (n= 221) 75 38 0.682
Overweight (n= 82) 75 38
Underweight (n= 45) 75 6

Pulmonary function
Healthy weight (n= 221) 100 25 0.858
Overweight (n= 82) 100 25
Underweight (n= 45) 100 25

Transfer
Healthy weight (n= 221) 75 50 0.568
Overweight (n= 82) 75 50
Underweight (n= 45) 75 50

TABLE 4. (continued)

Median IQR Significance

Physical function
Healthy weight (n= 221) 75 58 0.334
Overweight (n= 82) 67 58
Underweight (n= 45) 75 67

Daily living
Healthy weight (n= 221) 56 84 0.181
Overweight (n= 82) 50 75
Underweight (n= 45) 50 88

Fatigue and energy level
Healthy weight (n= 221) 75 50 0.359
Overweight (n= 82) 75 38
Underweight (n= 45) 75 50

Emotion
Healthy weight (n= 221) 75 38 0.218
Overweight (n= 82) 75 50
Underweight (n= 45) 88 28

Parental impact
Healthy weight (n= 221) 60 30 0.717
Overweight (n= 82) 60 30
Underweight (n= 45) 65 30

Financial impact
Healthy weight (n= 221) 75 50 0.472
Overweight (n= 82) 75 50
Underweight (n= 45) 75 25

Child satisfaction
Healthy weight (n= 221) 75 50 0.956
Overweight (n= 82) 75 25
Underweight (n= 45) 75 25

Parent satisfaction
Healthy weight (n= 221) 75 50 0.664
Overweight (n= 82) 75 50
Underweight (n= 45) 75 25

2-y follow-up
General health
Healthy weight (n= 206) 75 25 0.916
Overweight (n= 75) 75 25
Underweight (n= 37) 75 25

Pain and discomfort
Healthy weight (n= 206) 75 50 0.403
Overweight (n= 75) 75 38
Underweight (n= 37) 75 38

Pulmonary function
Healthy weight (n= 206) 100 25 0.346
Overweight (n= 75) 88 25
Underweight (n= 37) 100 25

Transfer
Healthy weight (n= 206) 75 50 0.625
Overweight (n= 75) 75 50
Underweight (n= 37) 75 50

Physical function
Healthy weight (n= 206) 83 58 0.252
Overweight (n= 75) 67 58
Underweight (n= 37) 75 75

Daily living
Healthy weight (n= 206) 50 78 0.769
Overweight (n= 75) 50 75
Underweight (n= 37) 50 88

Fatigue and energy level
Healthy weight (n= 206) 75 50 0.118
Overweight (n= 75) 75 38
Underweight (n= 37) 75 38

Emotion
Healthy weight (n= 206) 75 38 0.302
Overweight (n= 75) 75 50
Underweight (n= 37) 88 38

Parental impact
Healthy weight (n= 206) 60 25 0.712
Overweight (n= 75) 60 30
Underweight (n= 37) 60 30
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compared the changes in the domains over time showing
no differences between the weight categories.

DISCUSSION
Overweight significantly increased the risk of rod

breakage in children undergoing bilateral MCGRs im-
plantation for early-onset scoliosis. Preoperative curve
size, larger kyphosis, or etiology were not associated with
this risk. In contrast to previous studies,15 the gain in
thoracic height did not differ between the weight catego-
ries suggesting that a larger soft tissue envelope does not
interfere outpatient-based distraction of the magnetically
controlled growing rods.

The median gain in thoracic height over a 2-year
period was relatively modest compared with previous
studies utilizing traditional growing rods,16,17 with no
significant differences observed between the weight cate-
gories. The difference between planned and achieved dis-
traction increased over time, as shown by the linear mixed
model, confirming the law of diminishing returns in this
study. However, as this is a multicenter, register-based
investigation, neither the planned distraction amount nor
the distraction interval was standardized, which represents
a limitation to this conclusion.

The statistically significant differences in BMI cat-
egory distributions among the various etiological groups
highlight the diverse nutritional challenges faced by these
patients. Patients with neuromuscular and syndromic EOS
were more likely to be underweight, reflecting the impact
of their primary conditions on nutritional status and
growth. In contrast, the idiopathic group had a higher
proportion of healthy weight individuals, likely due to the
absence of complicating comorbidities. Earlier study of
287 patients did not find an association between EOS
etiology and weight percentile.4 Nutritional support
should be tailored according to the specific needs of each
patient to optimize overall health and surgical outcomes.

Patients with overweight BMI status had higher in-
cidence of implant breakage, which may be attributed to
the increased mechanical stress placed on the rods due to
higher body mass and potentially greater soft tissue re-
sistance during noninvasive lengthening procedures. This
aligns with earlier studies suggesting that greater forces are

required to achieve distraction in patients with increased
body mass.9,11 Stalling and failure to lengthen typically
lead to revision surgery, although overweight BMI status
was not associated with unplanned revision surgeries in
the present study. BMI status was not associated with
differences in planned and actual distraction, with only the
law of diminishing returns being observed.18

BMI status was not associated with EOSQ-24 scores
in this study, indicating that the overall perceived well-
being and function of patients and their families are not
markedly affected by weight status alone. Previous studies
have found etiology to be the main factor associated with
patient-reported quality of life in patients with EOS.19,20 A
previous study of 56 families and children did not find
patient weight to be associated with EOSQ-24 scores.20

We consider the large, prospectively collected sample
size of patients treated with bilateral MCGRs to be a sig-
nificant strength of this study. However, it is subject to
limitations inherent to all register-based studies. The study
lacked detailed information on the type of skin incisions,
the type of proximal anchors used, the diameter of the rods,
the number of surgeons performing the index surgeries, and
the specific versions of MCGRs used in this cohort. The
study did not include first-generation MCGR devices.
Outcomes were analyzed only for the first 2 years of treat-
ment. This register-based study included all patients treated
for early-onset scoliosis with bilateral MCGRs recorded in
the study database between 2013 and 2021. During this
period, multiple versions ofMAGEC rods were introduced,
which poses a limitation to the study. The limited statistical
power prevented an analysis based on scoliosis etiology or
specific individual diagnoses in the syndromic and neuro-
muscular groups. Although we examined the association of
BMI status with outcomes in patients treated withMCGRs,
other growth-friendly constructs were not evaluated. Fur-
ther research is needed to explore outcomes in other con-
structs. In addition, disease-specific growth charts were not
used for BMI calculation in syndromic or neuromuscular
patients, which represents another limitation of this study.
All patients did not have EOSQ-24 questionnaires at each
time point limiting the comparison of health-related quality
of life between the study groups.

In conclusion, although weight status does not seem
to significantly impact the primary surgical outcomes of
deformity correction and thoracic growth, it is associated
with an increased risk of implant-related complications in
overweight patients.
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