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Curve evolution during bracing in children with scoliosis secondary
to early-onset neurofibromatosis type 1: indicators of rapid curve
progression
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Abstract

Background: Scoliosis secondary to neurofibromatosis type 1 (NF1) in children aged <10 years is an important etiology of eQ
onset scoliosis (EOS). This study was performed to investigate the curve evolution of patients with EOS secondary to NF1
undergoing bracing treatment and to analyze high-risk indicators of rapid curve progression.

Methods: Children with EOS due to NF1 who underwent bracing treatment from 2010 to 2017 were retrospectively reviewed. The
angle velocity (AV) at each visit was calculated, and patients with rapid curve progression (AV of >10°year) were identified. The age
at modulation and the AV before and after modulation were obtained. Patients with (7 =18) and without rapid curve progression
(n=10) were statistically compared.

Results: Twenty-eight patients with a mean age of 6.5 + 1.9 years at the initial visit were reviewed. The mean Cobb angle of the main
curve was 41.7° + 2.4° at the initial visit and increased to 67.1° = 8.6° during a mean follow-up of 44.1 + 8.5 months. The overall AV
was 6.6° + 2.4°year for all patients. At the last follow-up, all patients presented curve progression of >5° and 20 (71 %) patients had
progressed by >20°. Rapid curve progression was observed in 18 (64 %) patients and was associated with younger age at the initial
visit and a higher incidence of modulation change during follow-up (#=2.868, P =0.008 and <0.001, respectively). The mean AV
was 4.4° + 1.2%year before modulation and 11.8° + 2.7°/year after modulation (¢=11.477, P < 0.010).

Conclusions: Curve progression of >10%year is associated with younger age at the initial visit, and modulation change indicated the
occurrence of the rapid curve progression phase.
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Introduction tion.*! Unfortunately, rapid curve progression is much more
common in patients with NF1-associated EOS even when
these patients have fully abided by the professional
instructions regarding brace-wearing, leading to a relatively
high risk of failed bracing treatment.!®! This has raised an
urgent query regarding the causes of this frustrating
prognosis. The current study was therefore designed (1)
to investigate the curve evolution of children with early-
onset NF1-associated scoliosis undergoing bracing treat-
ment and (2) to analyze the possible high-risk indicators of
rapid curve progression during bracing treatment.

Scoliosis secondary to neurofibromatosis type 1 (NF1) in
children aged <10 years, an important etiology of early-
onset scoliosis (EOS), is a great challenge for spine
surgeons."*! Non-fusion techniques such as growing rods
have been widely applied in this cohort with strong evidence
showing their benefits in continuous pulmonary and spinal
growth. However, the need for multiple surgical exposures
and the risks of infection, premature fusion, implant failure,
and other complications associated with these techniques
are significantly concerning to patients and their parents.!>>!

In clinical practice, non-operative techniques including  Methods

serial casting and bracing have been traditionally recom- )

mended for patients with EOS characterized by mild to  Ethical approval
moderate curves.!"* In addition, bracing treatment has
served as the only effective conservative strategy for patients
with moderate deformities who refuse surgical interven-
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was obtained from the Clinical Research Ethics Committee
of our university hospital (No. 2017-112-08). Written
informed consent was obtained from all patients or their
guardian before their enrolment in this study.

Patients

Patients with scoliosis who underwent bracing treatment
from 2010 to 2017 in our center were retrospectively
reviewed. The inclusion criteria were (1) satisfaction of the
diagnostic criteria for NF1 as established by the Consensus
Development Conference on Neurofibromatosis,!”! (2)
non-dystrophic scoliosis (with fewer than three dystrophic
features) at the initial visit, (3) age of <10 years, (4) >75%
compliance with bracing treatment as evaluated by the
patient’s recall of the average number of hours per day
during which the brace was worn, and (5) regular follow-
up for at least 2 years. The exclusion criteria were (1) any
previous spinal surgery and (2) abnormalities of matura-
tion, height, or both lower extremities.

Bracing strategy

At the initial visit, an individual file was created for each
patient, and his or her age, sex, Risser sign, and curve
magnitude were recorded. Initially, each patient was
instructed to wear a brace for 22 h/day with follow-up at
an advised interval of 6 months to monitor the change in
the curve magnitude. At each visit, all patients underwent a
full-length standard X-ray examination of the whole spine.
Adjustments in the brace size and wearing time and the
decision regarding whether to undergo brace weaning or
surgical intervention were made based on the dynamic
change in the Cobb angle of the main curve. When the
Cobb angle progressed by >50° and continuous rapid
curve progression was anticipated, surgical intervention
was recommended to the patients and their parents.
However, for patients who strongly refused surgical
treatment because of individual or financial consider-
ations, bracing treatment was continued. Brace weaning
was recommended for patients with a <1-cm change in
standing height between two consecutive measurements,
Risser stage >4, and >2 years post-menarche.

Radiographic measurements

The Cobb angle of the main curve at each visit was
measured, and the angle velocity (AV) (average progres-
sion of Cobb angle per year) and deformity angular ratio
(DAR)!®! were further calculated. Rapid curve progression
was defined as AV of >10%year in the current study. The
following dystrophic features were assessed on whole
spinal radiographs: (1) penciling of three or more ribs, (2)
grade 3+ vertebral rotation as measured by the Nash-Moe
method, (3) vertebral scalloping, (4) vertebral wedging, (5)
spindling of the transverse process, and (6) a focal, short-
segmented curve involving six or fewer vertebrae. Patients
with three or more of these features were considered to
have a dystrophic curve.”! In addition, the tendency to
acquire new dystrophic features during longitudinal
follow-up was defined as modulation change,!'” and the
age at modulation was recorded. The AV before and after
modulation was further calculated.
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Statistical analysis

SPSS software version 18.0 (SPSS, Inc., Chicago, IL, USA)
was applied for the statistical analysis. Descriptive results
are expressed as mean =+ standard deviation. Patients with
and without rapid curve progression were compared using
the Chi-square test and Fisher exact test or the indepen-
dent-sample #-test. Differences between pre-modulation
and post-modulation were investigated with the paired-
sample #-test. A statistically significant difference was
defined as P < 0.050.

Results

General data

Thirty-three patients were retrospectively identified,
among whom 28 patients (18 female and ten male
patients) with a mean age of 6.5 + 1.9 years at the initial
visit were finally included in this study. Five (15%) patients
were excluded from the analysis because of an insufficient
follow-up time or irregular bracing treatment. The age at
diagnosis was <7 years in 19 (68 %) patients. At the initial
visit, the Risser sign was 0 in all patients. No dystrophic
features were observed in nine (32%) patients, whereas 1
to 2 dystrophic features were observed in 19 (68%)
patients at the initial visit. During follow-up, 21 (75%)
patients presented modulation change (acquisition of >1
dystrophic features) at a mean age of 8.9+ 2.1 years,
including six patients before the age of 7 years. The most
common dystrophic features of modulation change were
rib penciling (79%), vertebral wedging (71%), and
rotation (68%); other dystrophic features were vertebral
scalloping (46%), spindling of the transverse process
(25%), and focal short-segmented curve (14%). At the last
follow-up, a dystrophic curve was observed in all 21
patients with modulation change, while the remaining
seven patients still had non-dystrophic curvature. A total
of 22 (79%) patients underwent posterior spinal correc-
tion and fusion surgery, and the mean age at surgery was
10.3 + 1.3 years (range, 8.5-12.5 years). Bracing treat-
ment with close observation was performed in the other six
patients.

Details of AV

The mean Cobb angle of the main curve was 41.7° +2.4°
(range, 35°-50°) at the initial visit and increased to
67.1° + 8.6° (range, 50°-88°) during a mean follow-up of
44.1 + 8.5 months (range, 24—-66 months). The overall AV
was 6.6° + 2.4%year for all patients. At the last follow-up,
all patients presented curve progression of >5° and 20
(71%) patients progressed by >20° (range, 21°-41°).
Rapid curve progression was observed in 18 (64%)
patients during the whole follow-up period.

Indicators of rapid curve progression

The comparison analysis demonstrated a significantly
younger age at the initial visit and a higher incidence of
modulation change during follow-up in patients with than
those without rapid curve progression (#=2.868,
P=0.008, and P < 0.001, respectively) [Table 1]. There
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Table 1: Comparison between patients with and without rapid curve progression.

With rapid Without rapid
curve curve

progression progression
Indicators (n=18) (n=10) Statistical P
Age at initial visit (years) 5.6+1.9 8.1+2.7 2.868" 0.008
Cobb angle of main curve at initial visit (°) 43.6 +6.6 38.3+6.8 2.015" 0.543
DAR at initial visit (*/level) 8.0+2.9 7.7+3.3 0.250" 0.812
Curve type (thoracic/thoracolumbar/lumbar) 11/5/2 6/2/2 0.512F 0.774
Number of patients with 1-2 dystrophic changes at initial visit 11 6 - 0.632*
Modulation during follow-up (with/without) 18/0 3/7 - <0.001*

. . . * . . . .
Data are presented as mean + standard deviation or number of patients. ¢ value. 'Chi-squared value. *Fisher exact test. DAR: Deformity angular ratio.

Figure 1: A 4.5-year-old girl was diagnosed with NF1-associated scoliosis. (A) The Cobb angle of the main curve was 44° at the initial visit, and bracing treatment was recommended. (B)
The main curve had slightly decreased to 42° at the 6-month follow-up. (C) However, it had gradually increased to 60° with the presence of rib penciling, vertebral rotation, and wedging at
the 2-year follow-up. (D) At the 4-year follow-up, the curve had rapidly progressed to 80°. (E) At the 4.5-year follow-up, the coronal curve had progressed to 85°. (F) The patient finally
underwent posterior spinal correction surgery at 9 years of age. NF1: Neurofibromatosis type 1.

Y A \ [
Figure 2: A 9-year-old boy was diagnosed with NF1-associated scoliosis. (A) The Cobb angle of the main curve was 46° at the initial visit, and bracing treatment was recommended. (B) The
main curve had slightly decreased to 40° at the 6-month follow-up. (C) Modulation change was observed with the presence of rib penciling and the main thoracic curve had gradually
increased to 52° at the 2.5-year follow-up. The main thoracic curve had progressed to (D) 58° at the 3-year follow-up and to (E) 62° at the 3.5-year follow-up. (F) The patient finally underwent
posterior spinal correction surgery at 13 years of age. NF1: Neurofibromatosis type 1.

was no significant difference in the Cobb angle at the initial
visit, DAR, curve type, number of patients with dystrophic
features at the initial visit, or Cobb angle at modulation
between the groups (P > 0.050 for all) [Table 1]. Among
the 21 patients with modulation change, the mean AV was
4.4° + 1.2°%year before modulation and 11.8°+2.7%year
after modulation (1=11.477, P < 0.010). Representative
cases are shown in Figures 1 and 2.

Discussion

The first 10 years of life is widely accepted as a critical
period for spinal growth and pulmonary development, and
spinal deformities secondary to multiple etiologies in this
younger population definitely have profound physiologic
effects on the patients. Considering the limitations of non-
fusion techniques,'! ! bracing treatment seems to be more
friendly to continuous spinal growth.[*! However, despite
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the relatively inspiring outcomes in patients with idiopath-
ic scoliosis,”*" ! bracing treatment seems to be less helpful
and more controversial in patients with NF1-associated
scoliosis.!®!

A few studies to date have focused on the curve evolution
of NF1-associated scoliosis in relatively small samples of
patients.!® %13 Winter ez all®! evaluated ten patients with
dystrophic curves undergoing Milwaukee brace treatment,
and the patients’ average age at brace prescription was
7.8 years. The average Cobb angle increased from 53° to
80° with a mean AV of 7.7%year during a 3.5-year follow-
up. Calvert et all'? reported that patients with severe
anterior vertebral scalloping showed scoliosis progression
of an average of 23°year. The current study involved 28
patients with NF1-associated non-dystrophic scoliosis at
the initial visit. Their mean age was 6.5 years and their
mean Cobb angle was 41.7° at the initial visit. During the
mean 44.1-month longitudinal follow-up, curve progres-
sion of >5° was observed in all patients, and the Cobb
angle of the main curve was 67.1° at the last follow-up.
These disappointing preliminary results imply that patients
with NF1-associated scoliosis have a significantly high risk
of curve progression; this is true even for patients with
idiopathic-like NF1-associated scoliosis, which is marked-
ly different from idiopathic scoliosis.

Previous studies!'*'®! have revealed that among patients
with idiopathic scoliosis, those with younger chronologic
age, Risser stage 0, and a larger curve magnitude have a
higher risk of failed bracing outcomes. In the current study,
rapid curve progression was defined as AV of >10%year,
and the comparison analysis demonstrated a significantly
younger age at the initial visit in patients with rapid curve
progression during follow-up (P = 0.008); these findings are
in accordance with the published results. Although the Cobb
angle of the main curve at the initial visit showed an
increasing trend in patients with rapid curve progression,
there was no significant difference between the groups
(P =0.543). We believe that the relatively small sample size
was likely responsible for the lack of a significant difference.

Modulation is a special phenomenon in patients with NF1-
associated scoliosis and is defined as the tendency to
acq[uire dystrophic features during longitudinal follow-
up.'% Durrani et al'” reported that the age of 7 years is
the watershed of modulation. Modulation change ulti-
mately occurred in 81% of patients with NF1-associated
scoliosis who were <7 years old during the natural history
of their disease condition, and those with penciling of three
or more ribs showed a mean annual progression of 12°
(compared with a mean annual progression of 5° in the
non-modulated group).!'®! In this study, 19 patients were
diagnosed with NF1-associated scoliosis before 7 years of
age, whereas only six (31.6%) patients exhibited modula-
tion before 7 years of age. The average AV of the main
curve was 4.4°year before modulation and 11.8%/year after
modulation, and a significant difference was observed
(P <0.010). Therefore, modulation change strongly
indicated the occurrence of rapid curve progression.
Notably, however, the causal relationship between
modulation and rapid curve progression should undergo
in-depth investigation in further studies. According to the
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natural history reported by Durrani et al,''°! we assume
that the age at the time of modulation change is delayed to
some extent presumably with the help of bracing, further
contributing to a slight hindrance of the curve progression.
Durrani et al''” also found that the rib penciling acquired
during the modulation period was the only indicator of
rapid curve progression, and clinical progression was
almost a certainty when a curve was accompanied by either
three penciled ribs or a combination of three dystrophic
features. They observed that the most common dystrophic
features were rib penciling (62 %), vertebral rotation (51 %g
and vertebral scalloping (41%). However, Lykissas et all i
investigated 56 patients with dystrophic NF1-associated
scoliosis and found that the most frequent dystrophic
features were paraspinal tumors (63 %), vertebral scalloping
(55%), and vertebral wedging (52%). In our study, the most
common dystrophic features during modulation were rib
penciling, vertebral wedging, and vertebral rotation, similar
to the results reported by Durrani et al.1'”

This study had several limitations. First, this study was
limited by the inherent shortcomings of retrospective
studies. Second, the relatively small sample size and lack of
a control group decrease the persuasiveness of the
conclusion. No further statistical analysis, such as
correction analysis or logistic regression analysis, was
performed because of the small sample size. Third, because
patients usually only underwent X-ray roentgenography
examinations at each follow-up, other dystrophic features
such as paraspinal tumors and dural ectasia as confirmed
by magnetic resonance imaging or computed tomography
were overlooked in this study. Thus, the boundary between
dystrophic and non-dystrophic pathology may be obscure.
Finally, the relatively high Cobb angle at the initial visit
indicated a higher risk of curve progression during follow-
up, leading to inextricable deviations in the results.

This study focus on the curve evolution of NF1-associated
EOS with bracing treatment. Although wearing a brace
was considered the only conservative option for patients
who strongly refused surgery, irreversible curve progres-
sion of >5° was observed in all patients, and 71.4% of
patients had progressed by >20° at the last follow-up.
Curve progression of >10°%year during follow-up was
associated with younger age at the initial visit, and
modulation highly indicated the occurrence of the rapid
curve progression phase. The main goal of bracing
treatment in patients with NF1-associated scoliosis is to
delay the performance of surgical intervention; however,
patients should be thoroughly informed of the potential
risks and anticipated failure of bracing treatment.
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