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Abstract
Purpose The purpose of the study was to assess the changes in flexibility during night-time bracing in skeletally immature 
adolescent idiopathic scoliosis (AIS) with curves in the surgical range.
Materials and methods We included a consecutive cohort of 89 AIS patients with curves ≥ 45° and an estimated growth 
potential. All patients were eventually treated with fusion surgery, and all patients had side-bending radiographs prior to 
both bracing and surgery. Curves were classified as structural or non-structural curves according to Lenke at both timepoints.
Results The main curve progressed by a mean of 12 ± 10° and the secondary curve by 8 ± 8°. Flexibility of the main curve 
decreased from 50 ± 19% to 44 ± 19% (p = 0.001) and the underlying curve from 85 ± 21% to 77 ± 22% (p = 0.005). In 69 
patients (79%), the Lenke category did not progress during bracing. In 14 patients (15%), the progression in Lenke type 
occurred in the thoracic region (i.e., Lenke type 1 to type 2), while six patients (7%) progressed in the lumbar region (i.e., 
type 1 to type 3).
In the 69 patients that did not progress, we found that the last touched vertebra moved distally by one or two levels in 26 
patients.
Conclusions This is the first study to describe that curve flexibility decreases during bracing in severe AIS. However, this 
had only a modest impact on the surgical strategy. Bracing as a holding strategy can be applied, but the risk of losing flex-
ibility in the lumbar spine should be outweighed against the risks of premature fusion surgery.
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Introduction

Bracing in adolescent idiopathic scoliosis (AIS) is a well-
established treatment modality [1]. Traditional bracing indi-
cations are skeletally immature patients with curves between 
25° and 40° [2, 3]. The effect of bracing in larger curves is 
questionable, although there are reports of efficacy in curves 
more than 40° [4, 5]. Surgical management of AIS may be 
indicated when curves exceed 45° or 50° [1, 2]. Instrumented 
fusion has shown satisfactory results in terms of curve cor-
rection and achieving a stable solid fusion. However, the 
decision to perform fusion surgery in skeletally immature 
patients carries inherent risks, including the development 

of the crankshaft phenomenon, distal adding-on, and pro-
gression in the uninstrumented curves [6–8]. Ideally, fusion 
surgery should be avoided in skeletally immature patients, 
but the consequences of a conservative treatment approach 
in this high-risk period are unknown. The current literature 
does not guide the appropriate management of skeletally 
immature AIS patients with curves in the surgical range. In 
early-onset scoliosis, the principle of casting and bracing as 
a delay tactic prior to surgery is established [9] but is not 
well described in AIS patients. The theoretical risks involved 
with bracing are further curve progression, a larger extend of 
the main curve, and progression of flexible secondary curves 
to stiff, structural curves that require fusion.

The aim of the study was to assess the changes in flexibil-
ity during night-time bracing in skeletally immature patients 
with curves in the surgical range. * Søren Ohrt-Nissen 
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Materials and methods

This was a retrospective study on a consecutive cohort of 
AIS patients treated with a night-time Providence brace from 
2008 through 2017. Inclusion criteria were curves ≥ 45° 
and an estimated growth potential. Estimation of growth 
potential was not standardized. As these were all progres-
sive curves, generally, patients would be advised to brace 
if there was a suspected growth potential based on either 
Risser grading, menarchal status, Sanders stage, or observed 
continued height growth.

We included only patients who were eventually treated 
with fusion surgery. Exclusion criteria were syndromic or 
congenital scoliosis, prior brace treatment or failure to com-
ply with brace treatment. We reviewed the medical chart to 
verify the diagnosis and compliance with treatment.

We analyzed coronal and sagittal radiographs at brace 
initiation and before surgery. All patients had prone side-
bending radiographs prior to both bracing and surgery. From 
this, we calculated flexibility of the main curve and for the 
overlying and underlying if applicable. We applied the crite-
ria for structural curves as defined by Lenke and categorized 
patients in Lenke type before and after bracing [10].

For each coronal radiograph, we defined the lower-end 
vertebra of the main curve, the neutral vertebra, and the last 
touched vertebra (LTV). LTV was defined as the most cra-
nial vertebra touched by the central sacral vertical line.

Statistical analysis

The primary outcome was progression in Lenke category, 
requiring a more extensive fusion selection after bracing. 
Data were reported as proportions (%), mean with standard 
deviation, or median with interquartile range. For the univar-
iate comparative analysis, continuous data were compared 
between groups using unpaired, two-tailed t test, or Wil-
coxon rank sum test. Categorical variables were compared 
using Pearson’s chi-squared test. We conducted a post-hoc 
analysis on patients that progressed in curve type by univari-
ate analysis on age, curve size, and curve type as this was 
hypothesized to predict progression. The significance level 
was set at 0.05.

Results

A total of 89 patients were included. Mean age at brace 
initiation was 13.4 ± 1.5 years, and median time in brace 
was 19 months (IQR: 13–19) (Table 1). The main curve 
progressed by a mean of 12 ± 10° and the lumbar curve 
by 8 ± 8°. Flexibility of the main curve decreased from 

50 ± 19% to 44 ± 19% (p = 0.001) and the underlying curve 
from 85 ± 21% to 77 ± 22% (p = 0.005). In 69 patients (78%), 
the Lenke type did not progress during bracing (Figs. 1 and 
2). In 14 patients (15%), the progression in Lenke type 
occurred in the thoracic region (i.e., Lenke type 1 to type 2), 
while six patients (7%) progressed in the lumbar region (i.e., 
type 1 to type 3) (Fig. 3). Mean age in the progression group 
was 12.7 years (SD: 1.6) vs. 13.6 ± 1.4 in the non-progres-
sion group (p = 0.021) (Table 2). There were no significant 
differences between progression and non-progression groups 
in terms of curve size, curve type, and curve flexibility at the 
start of brace treatment (Table 2).

In the 69 patients that did not progress, we found that 
the last touched vertebra moved distally by one level in 21 
(30%) patients and by two levels in five cases (7%) (Fig. 4).

Discussion

The concept of bracing as a holding strategy in large AIS 
curves for patients with substantial growth potential remain-
ing has not been well-documented in the literature. This 
study addresses this gap by retrospectively analyzing a 
cohort of AIS patients with severe curves treated with night-
time bracing. We found curve progression in both the main 
and secondary curves, and that curves became less flexible 
during bracing. However, in the vast majority of patients 
(79%), the Lenke curve type did not progress during bracing. 
Notably, in those who did progress, the majority progressed 

Table 1  Demographic and radiographic parameters before and after 
night-time bracing

Data are mean (standard deviation) unless otherwise specified

Before bracing Before surgery p value

Female sex, no. 82 (92%) NA NA
Age, yr 13.4 (1.5) 15.5 (1.8) NA
Main curve, ° 53 (9) 65 (13)  < 0.001
Overlying curve, ° 27 (9) 31 (10)  < 0.001
Underlying curve ° 32 (10) 40 (12)  < 0.001
Flexibility, main curve, % 50 (19) 44 (19) 0.002
Flexibility, overlying 

curve, %
52 (33) 39 (32) 0.001

Flexibility, underlying 
curve, %

85 (21) 77 (22) 0.005

C7 plumb line, mm 10 (11) 18 (15)  < 0.001
T1 tilt, ° 4(4) 5 (4) 0.06
Thoracic kyphosis, ° 37 (13) 37 (15) 0.515
Lumbar lordosis, ° 65 (12) 63 (13) 0.223
Sagittal vertical axis, mm -35 (34) -29 (35) 0.345
Pelvic incidence, ° 49 (13) 49 (13) 0.647
Pelvic tilt, ° 8 (10) 7 (9) 0.836
Sacral slope, ° 42 (10) 41 (9) 0.645
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Fig. 1  The distribution of Lenke curve types before bracing and before surgery

Fig. 2  A 12-year-old patient with a Lenke 1C curve before night-time 
bracing was initiated. The thoracic curve is 54°, and the lumbar curve 
is 45°. At follow-up before surgery, the thoracic curve has progressed 

to 75°, but the end vertebra has not changed. The lumbar curve is 
unchanged and remains flexible
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in the proximal thoracic which was expected, since bracing 
of the proximal thoracic curve is challenging [11]. Also, 
this region is of less concern since fusion of the proximal 
curve is not likely to significantly affect the patient’s quality 
of life. Looking at the lumbar curve, six patients (7%) pro-
gressed from a non-structural to a structural curve, which 
would typically mean an indication for fusion of the lumbar 
curve. Fusion of the lumbar curve can result in early lum-
bar degenerative changes and decreased patient satisfaction 
[12]. In our study, age at brace initiation was identified as a 
significant factor associated with progression, with younger 
patients at a slightly higher risk (p = 0.01). However, there 
were no significant differences in terms of curve size, curve 
type, or curve flexibility at the start of brace treatment 

between the progression and non-progression groups. Our 
study does not assess the optimal time for surgical interven-
tion. Historical data have suggested that crankshaft phenom-
enon can be avoided by waiting for closure of the triradiate 
cartilage [13, 14], while distal adding-on seems to occur 
significantly more frequent in Risser grade 2 or less at the 
time of surgery [6].

This is the first study to report on changes in flexibil-
ity during bracing, and as such, there are no comparable 
data in the literature. Vertebral body tethering may provide 
an alternative to bracing for treating skeletally immature 
scoliosis patient, either as a stand-alone procedure or as 
a hybrid (lumbar tethering and thoracic fusion) [15–17]. 
The available data suggest that the lumbar unfused curve 

Fig. 3  A 45-degree Lenke 1A curve before bracing. At the time of surgery, both curves have progressed, and the lumbar curve is now structural 
with a lumbar Cobb angle on bending films of 33°

Table 2  Univariate analysis 
between curves that progressed 
to involve more structural 
curves according to Lenke and 
those that did not change curve 
type

Variable at brace initiation Progression Non-progression p value

Age 12.7 (1.6) 13.6 (1.4) 0.011
Main curve size 55 (12) 52 (8) 0.351
Main curve location
Thoracic 14 (70) 49 (71)
Thoracolumbar/lumbar 4 (20) 11 (16)
Double major 2 (10) 9 (13) 0.873
Flexibility of the secondary curve 68 (22) 70 (32) 0.693
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also corrects in most cases [16, 18]. While these techniques 
have shown good results in carefully selected patients, they 
require a substantial amount of growth potential and are not 
suitable for patients who have completed the growth spurt 
[19]. Bracing could be a better alternative in these patients. 
To our knowledge, no study has examined curve flexibility 
before and after tethering, and a complication rate of more 
than 20% and low efficacy in moderate skeletal immaturity 
should be taken into consideration [20]. Physiotherapeutic 
scoliosis-specific exercises in combination with bracing have 
gained popularity in some centers, but whether this can limit 
curve progression and maintain flexibility in severe curves 
is unknown [21].

In the group of patients who did not progress with regard 
to Lenke type, a subset (38%) exhibited changes in the LTV, 
which moved distally by one or two levels. The LTV has 
gained increased focus as a suitable selection for the lowest 
instrumented vertebra in selective thoracic fusion [22–24]. 
As such, the distalization of the LTV has the potential impli-
cation of an added final fusion by one or two levels. In the 
lower lumbar area, this can have substantial impact on the 
surgical outcome [25, 26], while the available data do not 
show a deleterious effect of an added fusion level in the 

lower thoracic/upper lumbar area [27]. However, the risk of 
adding-on is increased from 12% to 19% (Risser stages 0–5) 
and 13% to 43% in patients with open versus closed triradi-
ate cartilage [28]. These considerations may favor bracing as 
a holding strategy until relative skeletal maturity. While this 
study provides insights into the potential benefits of night-
time bracing in skeletally immature AIS patients with surgi-
cal-range curves, several limitations should be considered. 
The main limitation is the lack of a control group. We can-
not address the fundamental question of whether the brace 
treatment changed the natural course of the severe deform-
ity. Also, this study focused on flexibility changes during 
bracing, not on efficacy of bracing in terms of preventing 
curve progression. Patients were only included if they had 
undergone surgical treatment (including a second set of flex-
ibility radiographs), while patients with large curves that 
decided not to undergo surgical treatment were not included. 
Also, the indications for bracing were not standardized, and 
maturity assessment was based on a variety of factors. This 
may influence the external validity, although we consider our 
approach to reflect real-life clinical practice.

Conclusion

This is the first study to describe that curve flexibility 
decreases during bracing in severe AIS. However, in our 
cohort, this rarely had a substantial impact on the surgical 
strategy. We regard bracing as a holding strategy that can be 
applied, and the risk of losing flexibility in the lumbar spine 
is outweighed against the risks of premature fusion surgery.
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changed, the last touched vertebra has moved distally
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