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Abstract

Purpose Adolescent idiopathic scoliosis (AIS) is characterized by coronal scoliosis and often a sagittal hypokyphosis. The
effect of bracing on the sagittal profile is not well understood. The aim of this study is to assess the effect of night-time brac-
ing on the sagittal profile in patients with AIS.

Methods We retrospectively included AIS patients with a main curve of 25-45° treated with a night-time brace in our
institution between 2005 and 2018. Patients with estimated growth potential based on either Risser stage, hand X-rays, or
menarchal status were included. Coronal and sagittal radiographic parameters were recorded at both brace- initiation and
-termination. Patients were followed until surgery or one year after brace termination. Results were compared to a published
cohort of full-time braced patients.

Results One hundred forty-six patients were included. Maximum thoracic kyphosis (TK) increased 2.5° (+£9.7) (p=0.003),
corresponding to a 3.5-fold relative risk increase post bracing in TK compared to a full-time brace cohort. Twenty-seven
percent (n=36) of the patients were hypokyphotic (T4/T12 <20°) at brace initiation compared with 19% (n=26) at brace
termination (p=0.134). All other sagittal parameters remained the same at follow-up. We found no association between
progression in the coronal plane and change in sagittal parameters.

Conclusion This is the first study to indicate that night-time bracing of AIS does not induce hypokyphosis. We found a small
increase in TK, with a substantially lower risk of developing flat back deformity compared to full-time bracing. The coronal
curve progression was not coupled to a change in TK.
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Introduction

Bracing is considered the standard treatment for skeletally
immature patients with adolescent idiopathic scoliosis
(AIS) and curves >20° [1]. Full- and part-time braces are
both viable treatment options in terms of coronal correc-
tion and to some extent derotation [2]. In AIS, a relative
sagittal hypokyphosis is often present that is not addressed
in the design of the brace [3]. The effect of bracing on the
hypokyphosis is not well described, but a few recent stud-
ies have suggested that full-time bracing (Boston, Cheneau,
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Milwaukee, Lyonnais braces) can lead to flat back deform-
ity [4, 5]. In 2016, Cheung et al. conducted a retrospective
cohort study on 265 AIS patients demonstrating the hypoky-
photic effect of the full-time brace [4]. A linked mechanism
between the coronal, axial and sagittal deformities is well
described [6-8]. Luk et al. observed a natural coupling
between coronal correction and kyphosis restoration on
fulcrum bending radiographs [9]. An association between
abnormal pre-brace sagittal spinopelvic parameters and
coronal curve progression has been found but no studies
have previously assessed the sagittal profile following night-
time brace treatment [10]. The sagittal profile has shown
significant clinical importance in the adult population and
kyphosis restoration, after surgical treatment of AIS, has
gained increased attention in recent years [11].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-024-08186-w&domain=pdf
http://orcid.org/0000-0002-2566-4634
http://orcid.org/0000-0002-5833-6207
http://orcid.org/0000-0001-5769-6959
http://orcid.org/0000-0001-5523-2763
http://orcid.org/0000-0002-8234-9948

1658

European Spine Journal (2024) 33:1657-1664

The aim of the study was to assess the sagittal profile
along with the coupling between coronal correction and sag-
ittal restoration after Providence night-time bracing.

Materials and methods
Subjects and radiographs

This retrospective cohort study was approved by The
National Health and Medical Authority and The National
Data Protection Agency (May 20, 2020 #31-1521-327;
Oct 21, 2021 #P-2021-779). “All AIS patients treated with
a night-time brace from January 1, 2005—December 31,
2018 at a single center were identified. Indications for
bracing were:

1. Main curve between 25-45°

2. Risser stage <3 or Risser stage 3—4 with signs of pro-
gression.

3. Sanders stage <5 or Sanders stage 5—6 with signs of
progression.

4. <two years post-menarche

Patients with noncompliance or missing sagittal radio-
graphs were hereafter excluded (Fig. 1). Patient demo-
graphics were obtained using electronic medical records.
We gathered the following standing anteroposterior radio-
graphic parameters: Risser stage, Cobb angle and Lenke
curve type. We assessed sagittal parameters and Abelin-
Genevois curve type on standing whole spine X-rays before
and after brace treatment. Absolute change in maximum
thoracic kyphosis (TK) post bracing was defined as > 6°
and were stratified in groups of increased, unchanged
or decreased. All radiographic images were taken after
one night out-of-brace and analyzed using the validated
software system KEOPS (SMAIO, France) [12]. Patients
wore the night-time brace until either skeletal maturity or
surgery and had a minimum of one-year follow-up post-
brace. Skeletal maturity was defined as either two-year
post-menarche, less than 1 cm height change at in-hospital
visits with more than six months apart or closed ulnar
epiphyseal plate on wrist radiographs (Sanders stage 7).

Fig. 1 Flowchart of patient
selection

n=458

Identified patients

Exclusion criteria at brace initiation:
Main curve >45° n=218

»{ Younger than 10 years of age n=5
Treated with full-time brace or no brace n=16
Eligible for inclusion
n=219
— No sagittal post-brace radiographs n=57
Major compliance issues n=16
\ 4

n=146

Included for final analysis
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The Abelin-Genevois sagittal AlS types

Patients were grouped into four sagittal AIS spine types
according to Abelin-Genevois et al. [13]. The four spine
types were categorized as: Type 1 — normal kyphosis (T10/
L2>—-10° and T4/T12>20°); Type 2A — hypokyphosis
(T10/L2 —10° to 10° and T4/T12 <20°); Type 2B — hypoky-
phosis (T10/L2 > 10° and T4/T12 <20°); Type 3 — cervico-
thoracic kyphosis and long thoracolumbar lordosis (T10/
L2 <—10°). The current study categorized Abelin-Genevois
spine types into two groups of either normal kyphosis (Type
1) or hypokyphosis (Type 2A +2B). Proportions of spine
type 3 was not assessed.

The Providence night-time brace

All patients were treated with the Providence night-time
brace, which is classified as a rigid brace with its primary
action focused on bending [14]. The primary corrective
plane is frontal, and the brace is constructed as a monocot
with ventral closure [14]. Described by Amato et al. the
Providence night-time brace applies direct correction, as
controlled, lateral, and rotational forces are applied to the
trunk to move the spine toward the midline [15]. Rotational
correction is assessed in two different ways depending on
curve location. For lumbar curves, a wedged pressure pad
between the iliac crest and lowest rib creates a posterolateral
pressure. For thoracic curves, a computerized model exclu-
sively rotates the thoracic part of the brace.

Statistical analysis

All statistical analysis were assessed using R, Version 4.2.2
(R Development Core Team, Vienna, Austria, 2020). Data
are reported as either means (+ SD), medians [IQR], counts
(%), coefficient [95% CI] or relative risk (RR). Normal dis-
tribution was assessed using histograms and Q-Q-plots.
Paired r-test were used to compare normal distributed mean
differences in radiographic parameters. We used Wilcoxon
rank-sum test for non-normally distributed data. Pearson’s
X? were used to compare binary categorical data. Linear
model analysis was used to compare association between
radiographic parameters.

Results

One hundred forty-six patients were included for final analy-
sis (Fig. 1 and Table 1). Overall, TK increased by a mean of
2.5° (p=0.003) (Fig. 2) during bracing and the sagittal verti-
cal axis (SVA) decreased 8.5 mm (p =0.025) (Table 2). In
our cohort, 38% of patients increased in TK, 42% remained
unchanged and 20% decreased (absolute change > 6°). We
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Table 1 Patient demographics on entire cohort (n=146)
Age (years) 13.4 (1.6)
Brace treatment (months) 25 [17-36]
Female 127 (87%)
Premenarchal status, n=114 48 (33%)
Pre-brace Cobb angle (°) 37 [31-42]
Post-brace Cobb angle (°) 49 [40-57]
Progression >45° at skeletal maturity 83 (57%)
Fusion surgery performed at skeletal maturity 65 (45%)
Lenke curve type
1 80 (55%)
2 11 (8%)
3 9 (6%)
4 2 (1%)
5 36 (25%)
6 8 (5%)

Data are means (+ SD), medians [IQR] or counts (%)

found a 3.5-fold (38% vs. 11%) increase in RR in patients
with TK increase compared with the full-time brace cohort
(Fig. 3). In the unchanged and decreased TK group, the
full-time brace cohort exhibited a higher proportion, cor-
responding to a 1.1-fold (47% vs. 42%) and 2.1-fold (42%
vs. 20%) RR, respectively (Fig. 3). There were no other
significant differences in sagittal parameters at follow-up
(Table 2). We found no significant differences in distribu-
tion of Abelin-Genevois spine types (p = 1.000) although we
found hypokyphosis (Type 2A +B) in 27% vs 19% before
and after bracing (p=0.134).

Stratified by coronal curve correction, we found no sig-
nificant differences in sagittal parameters pre- or post-brace
(Table 3). In the linear regression model there was no associ-
ation between Cobb angle change and TK, SVA, sacral slope
or pelvic incidence (PI) (Fig. 4 and Table 4). Maximum lum-
bar lordosis (LL) increased 0.21° [95%CI 0.01; 0.42] with
every degree of Cobb angle progression (Table 4). We found
no association between magnitude of coronal curve progres-
sion and change in TK.

Discussion

The current study aimed to describe the sagittal profile after
night-time brace treatment in AIS patients. We observed a
slight mean increase in TK, along with a 3.5-fold RR in
patients increasing TK, ultimately lowering the risk of flat
back development compared to full-time bracing [4]. We
found a decrease in the number of patients with hypokypho-
sis post bracing. Patients had decreased SVA measurements
but remained within normal sagittal balance of + 50 mm [4,
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Fig.2 Change in maximum thoracic kyphosis after night-time brace treatment. Gray-lines: Individual patients. Blue-line: Trendline. Dashed-

red-line: Zero-degree change

Table 2 Radiographic sagittal parameters on entire cohort (n=146)

Pre-brace Post-brace ~ p-value
Pelvic incidence (°) 46.3 (12.8) 46.3(12.5)  0.757
Pelvic tilt (°) 5.4 (10.9) 6.7 (7.5) 0.131
Sacral slope (°) 41.1(10.8)  39.5(9.5) 0.054
Maximum lumbar lordosis 63.0 (12.4) 62.5(11.8) 0.520
©)*
L1-S1 lordosis (°) 58.6 (14.4) 57.8(14.4) 0.709
Maximum thoracic kyphosis ~ 36.8 (14.3) 394 (15.1)  0.003
(O)%*
T1-T12 kyphosis (°) 30.3(14.0)0 33.1(154) 0.009
T10-L2 (°) -0.6 (9.9) —-1.8(11.9) 0.242
SVA (mm) —19.0(39.7) -28.1(32.4) 0.025

Data are means (SD) or medians [IQR]. SVA sagittal vertical axis
“Calculated as the largest lordotic angle between any two vertebrae
“*Calculated as the largest kyphotic angle between any two vertebrae

16]. We found no association between coronal correction
and sagittal radiographic parameters.

Pre-brace sagittal profile

While AIS patients often present with a relative hypoky-

phosis and increased pelvic tilt (PT), this is not the case for
all AIS patients [3, 17]. Our patient population exhibited

@ Springer

radiographic sagittal parameters (TK and PT) closer to that
of normal adolescents, similar to previous studies [16, 18,
and19]. The sagittal profile is influenced by both coronal
curve magnitude and curve apex which may explain differ-
ences between studies [3, 4, 13, 17, and20]. The distribution
of Abelin-Genevois spine types in our cohort were similar
to previous studies [13, 21].

Night-time versus fulltime brace treatment

Very few studies have previously assessed the sagittal pro-
file post bracing [4, 22]. Cheung et al. recently found that
full-time brace treatment leads to thoracic hypokyphosis
and lumbar hypolordosis in AIS patients [4]. This study is
one of the largest of its kind and was used for comparison
to our results. The main finding of our study is that night-
time bracing does not induce hypokyphosis as it is seen in
full-time bracing. We found a marginal mean increase in
TK and a substantially lower proportion of patients with a
decrease in TK post night-time bracing compared with full-
time bracing [4]. The two studies are comparable in terms of
sex and curve type distribution, but our patients were older
(A0.9 years) and more often post-menarchal (77% vs. 49%).
Radiographically, we found a larger pre bracing TK in our
cohort (A15), which could be explained by a higher Cobb
angle (A18°) and a greater skeletal maturity. For this reason,
we focused on changes in TK in our comparison rather than
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Fig. 3 Distribution of change 50%
in maximum thoracic kyphosis
after night-time bracing (146 45%
AIS patients) compared with
Cheung et al.’s full-time brace 40% 38%
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Table 3 Sagittal parameters stratified by Cobb angle curve progression> 5° and no progression

Pre-brace

Post-brace

No progression (n=54) Progression (n=92) p-value

No progression (n=54) Progression (n=92) p-value

Pelvic incidence (°) 46.2 (12.6) 46.4 (13.1)

Pelvic tilt (°) 599 5.1 (12)

Sacral slope (°) 40.8 (10.3) 41.2(11.2)

Maximum lumbar lordosis 63.5 (12.9) 62.7 (12.1)
©)*

L1-S1 lordosis (°) 57.8 (14.3) 59.1 (14.6)

Maximum thoracic kyphosis ~ 37.5 (12.5) 36.4 (15.4)
(0)**

T1-T12 kyphosis (°) 30.7 (13.4) 30.1 (14.5)

T10-L2 (°) —1.7 (10.2) 0.1 (9.8)

SVA (mm) —27.1 (38.8) —13.3(39.6)

0.923  46.1 (12.5) 46.4 (12.6) 0.892
0.644  7.5(5.8) 6.3 (8.4) 0.320
0.821 38.7(9.7) 40 (9.4) 0.434
0.749  61.4(12.5) 63.1 (11.4) 0.404
0.614 57(14) 58.3 (14.7) 0.585
0.623 39 (14.6) 39.7 (15.4) 0.788
0.817 32.7 (14.6) 33.3(15.9) 0.804
0317  =2(10.6) -1.7(12.7) 0.905
0.052 —28.1(33.5) -28.1 (31.9) 0.997

Data are means (SD) or medians [IQR]. SVA sagittal vertical axis
*Calculated as the largest lordotic angle between any two vertebrae
**Calculated as the largest kyphotic angle between any two vertebrae

absolute post bracing values. Cil et al. and Mac-Thiong et al.
found TK to increase with age in pediatric asymptomatic
subjects suggesting natural evolution of sagittal alignment
during childhood [18, 23]. Cil et al. found a TK decrease
in age group 10-12 years explained by anterior vertebral
growth exceeding posterior growth leading to a decrease in
TK [23]. These findings imply that at least two factors sig-
nificantly contribute to the variation in TK observed between
night-time and full-time brace treatments. Firstly, the later
brace initiation allows for a more natural kyphosis evolu-
tion, hence less hypokyphotic patients. We do not ascribe the
later initiation to be solely responsible for the differences in

TK between the two treatment modalities. Hence, the sec-
ond significant factor we consider is the variation in brace
designs and treatment intensity. We propose that the utiliza-
tion of a night-time brace, as opposed to a full-time brace,
entails a gentler treatment approach, potentially reducing the
likelihood of patients developing flat back deformity.

Coupled motion
The strong association between coronal- and sagittal param-

eters have been suggested in previous studies [10, 17]. In
particular, abnormal sagittal parameters were associated
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Fig.4 A 13-year old girl suffering from adolescent idiopathic scolio-
sis with a coronal curve and thoracic kyphosis of 32° (a). Night-time
bracing was initiated and at two-year follow-up, skeletal maturity was

achieved with unchanged coronal curve (33°), but thoracic kyphosis
had increased slightly to 39° (b)

Table 4 Linear regression

Ivsis of b anel. Univariable coef- p-value Multivariable coef- p-value

analysis of Cobb angle ficient [95% CI] ficient [95% CI]

change and change in sagittal

parameters Maximum lumbar lordosis (°)* 0.21 [0.01; 0.42] 0.045 0.11 [-0.27; 0.49] 0.558
Maximum thoracic kyphosis (°)**  0.10 [-0.06; 0.25] 0.217 0.20 [-0.06; 0.46] 0.131
SVA (mm) —0.03 [-0.09; 0.02]  0.232 —0.04 [-0.11; 0.04]  0.333
Pelvic tilt (°) —0.08 [-0.33; 0.16]  0.496 0.06 [-0.39; 0.51] 0.802
Sacral slope (°) 0.14 [-0.09; 0.37] 0.232 0.15[-0.41;0.71] 0.601

CI confidence interval

*Calculated as the largest lordotic angle between any two vertebrae

**Calculated as the largest kyphotic angle between any two vertebrae

with coronal curve progression. These findings support the
idea of coupled motion. In the current study, we did not
find an association between coronal curve correction and
increased kyphosis. Mak et al. found similar hypokyphotic
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curves in nonbraced patients regardless of coronal curve
magnitude, curve location and PI [3]. In full-time braced
AIS patients, Cheung et al. found no association between
TK change and coronal Cobb angle change [4]. Matsumoto
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found that AIS patients with pre-brace LL below 40° had
three times increased risk of curve progression [10]. We
found LL to increase with Cobb angle progression likely due
to the small increase in TK post-brace.

Our findings question the correlation between coronal
deformity and sagittal parameters. We do acknowledge that
some abnormal pre-brace sagittal measurements might cor-
relate with coronal curve progression. This is important to
keep in mind when initiating brace treatment.

Strengths and limitations

There are some limitations to the current study. There are no
school screening programs in Denmark and patients are typi-
cally referred in cases of more advanced scoliosis. Patients
therefore tend to have bigger curves and be more skeletally
mature [24]. As this was not a study on bracing efficacy on
coronal curve progression, we chose to include patients out-
side the SRS and SOSORT guidelines to reflect daily clini-
cal practice [1, 25]. We included patients with curves <45°
with an estimated growth potential based upon Risser stage,
hand x-rays, or menarchal status. This might influence the
sagittal profile towards fewer hypokyphotic patients, since
our patients follow the natural history of AIS for a longer
period before brace initiation. The main limitation of the
current study is the lack of a control group consisting of
observational AIS patients. The group of noncompliant
patients was considered as a control group, but the small
sample size (16 patients) and the heterogeneity of the treat-
ment duration negated this. It remains unclear whether the
observed changes in the sagittal profile are attributed to the
brace or the natural progression in AIS patients. Nonethe-
less, our findings do indicate potential disparities between
full-time and night-time braces. In our study, AIS patients
were included over a period of 14 years (January 1, 2005
through December 31, 2018). Possible changes in diagnos-
tics, awareness in society and brace initiation/termination
should be considered. We ascribe this to be a minor cofactor
due to maintained principles of diagnostics and treatment
of our AIS patients. The night-time brace did not undergo
any design alterations. One-fourth of patients were excluded,
due to missing sagittal radiographs increasing the risk of
selection bias.

Overall, we find our results of significance to both clinicians
and patients. This is one of the largest night-time brace stud-
ies to date and the first to assess the sagittal profile following
night-time bracing. In light of our discoveries, we argue that
selecting a night-time brace, in contrast to a full-time brace,
facilitates a more natural progression of kyphosis, conse-
quently reducing the probability of AIS patients developing

flat back deformities. To further investigate, we suggest look-
ing into changes of the sagittal profile amongst different brace
types in AIS patients. Preferably with matched cohorts on
parameters such as: age, menarchal status, Cobb angle.

Conclusion

Night-time bracing of AIS did not lead to hypokyphosis. We
observed a slight increase in TK, with a substantially lower
risk of developing flat back deformity compared to full-time
bracing. We hypothesize that the night-time brace allows for a
natural kyphosis evolution, which is not coupled to the coro-
nal corrective effect of the brace. Whether night-time bracing
provides better restoration/maintenance of sagittal param-
eters compared to full-time bracing could be a focus for future
studies.
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