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Abstract

Introduction Adolescent idiopathic scoliosis (AlS), a prevalent condition among teenagers, is often accompanied by
osteopenia. However, the impact of brace treatment on bone density in AlS patients remains a matter of debate. The

Vertebral bone quality (VBQ) score, derived from MRI signal intensity, has been shown to correlate with bone mineral

density (BMD). Yet, no studies to date have drawn comparisons between VBQ scores in preoperative AlS patients who
had brace treatment history and those who have not received brace treatment.

Objective This study aims to elucidate the influence of brace treatment on bone density in AlS patients using VBQ
score.

Methods A retrospective analysis was conducted on 243 AlS patients, each with Cobb angles ranging from 50-70°,
who had undergone preoperative MRI scans. The patients were segregated into two cohorts: those who received
brace treatment (n=174) and those who did not (n=69). Through propensity score matching, a total of 53 matched
pairs were selected for further analysis. VBQ scores were extracted from T1-weighted MRI scans.

Results Post-matching, no significant baseline discrepancies were observed between the two groups. Interestingly,
brace-treated patients exhibited lower average VBQ scores than their non-brace-treated counterparts (2.43+0.11 vs.
2.55+0.12, p<0.01), suggesting a higher bone density. Furthermore, a negative correlation was observed between
VBQ scores and the duration of brace usage (R?=0.3853, p<0.01).
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Conclusion Brace treatment may potentially enhance bone density in AlS patients by mitigating vertebral fat
infiltration. The utilization of VBQ scores presents an alternative, potentially robust approach to assessing bone quality.

Keywords Adolescent idiopathic scoliosis, Vertebral bone quality score, Brace, BMD

Introduction

AIS is a three-dimensional spinal deformity with a prev-
alence of 2—4% in the general population [1]. The etiol-
ogy of AIS is unknown, but it is likely multifactorial,
involving genetic, environmental, hormonal, and biome-
chanical factors [2, 3]. Brace treatment is one of the non-
surgical options for AIS patients with mild to moderate
curves (20—40°) or progressive curves (=5° increase in 6
months) [4, 5]. Brace treatment involves wearing a rigid
or semi-rigid device that applies corrective forces to the
spine and reduces the mechanical load on the vertebrae.
The effectiveness of brace treatment depends on several
factors, such as curve type, magnitude, flexibility, skeletal
maturity, and compliance [4, 6].

However, the majority of AIS patients were reported
to be osteopenia [7-11]. The effect of brace treatment
on bone density in AIS patients was controversial. Most
studies have found no significant difference in BMD
between brace-treated and non-brace-treated AIS
patients [12, 13], while others have reported lower BMD
in brace-treated patients [14] or higher BMD in brace-
treated patients [15]. The discrepancy may be due to dif-
ferent methods of measuring BMD. BMD measurements
by dual-energy X-ray absorptiometry (DXA) may not
reflect the true bone quality of AIS patients, as they are
influenced by factors such as spinal rotation and verte-
bral wedging [16, 17].

T1-weighted MRI-measured bone marrow adipose tis-
sue signal intensity has been validated to exhibit a sig-
nificant negative correlation with bone mineral density as
assessed by DXA [18]. In light of these findings, a novel
MRI-based vertebral bone quality (VBQ) score has been
proposed to evaluate bone mineral density [19]. The VBQ
score has demonstrated a strong correlation with BMD
measurements obtained via DXA. An elevated VBQ score
could potentially indicate increased fat infiltration within
the vertebral body, suggestive of osteoporotic bone char-
acterized by trabecular atrophy and local adipocyte
replacement [19]. In addition, Chen et al. established the
VBQ cut-off scores for diagnosing osteopenia and osteo-
porosis as 2.6 and 2.8, respectively [20]. Furthermore,
Aynaszyan et al. found that the VBQ score is influenced
by HDL levels and exhibits a relationship with BMI [21].
However, to the best of our knowledge, no known studies
have compared VBQ scores between brace-treated and
non-brace-treated preoperative AIS patients. Hence, this
study aimed to evaluate the influence of brace treatment
on bone quality in AIS patients by using the VBQ score.

Methods

Patient selection

A retrospective study design was conducted to inves-
tigate the effect of brace treatment on bone density in
AIS patients using VBQ score. In our department, pre-
operative MRI examinations were only administered
to patients with AIS who require surgical intervention.
We collected inpatient records from February 2012 to
March 2018 in our department. To ensure a homoge-
neous baseline for this study, our analysis solely focused
on AIS patients with moderate scoliosis (Cobb angle
ranging from 50 to 70 degrees). The inclusion criteria
for this study were as follows: (1) the age of the patients
ranged from 11 to 18 years; (2) possession of a preopera-
tive T1-weighted non-contrast-enhanced MRI scan with-
out any prior lumbar instrumentation. And the exclusion
criteria included: 1) patients who underwent surgi-
cal intervention for conditions other than AIS, such as
malignancies, infections, trauma, or diagnoses of chronic
liver disease, renal failure, and metabolic bone diseases;2)
patients diagnosed with other types of scoliosis, such as
neuromuscular, congenital, or neurofibromatosis-asso-
ciated;3) patients with incomplete medical records. All
procedures and methods were approved by the research
ethics committee of the West China hospital and pro-
vided informed consent. All protocols were conducted in
accordance with the research principles set forth in the
Declaration of Helsinki.

Data collection

We collected patient demographics and general charac-
teristics, such as age, sex, weight, height, body mass index
(BMI) and brace treatment history. Additionally, we also
measured the Cobb angle of main curve in standing full-
length posteroanterior plain radiographs and the VBQ
scores in T1-weighted MRI. One week after one author
assessed the parameters, he repeated the measurements
to evaluate intraobserver reliability. Another author also
measured the parameters to assess interobserver reli-
ability. The intraclass correlation coefficients (ICCs) for
intraobserver and interobserver reliability were 0.891 and
0.903, respectively.

Brace treatment

According to previous literature [22], AIS patients who
had undergone brace treatment included in this study
were provided with a Chéneau-type brace, which was
prescribed and regularly monitored by an experienced
physician. The recommended wearing schedule for the
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brace during the first year was 21-23 h per day. Compli-
ance with brace usage and the maximum daily wearing
time achieved were assessed by the treatment team and
recorded. As patients progressed to Risser stage 4, the
daily wearing time was gradually reduced by two hours
per month. Once the wearing time reached 10-12 h per
day, the brace was transitioned to nighttime use only for
a period of 6 months before discontinuation of brace
treatment. If the patient’s Cobb angle reached the surgi-
cal threshold during follow-up, it was recommended that
the patient underwent inpatient surgical treatment.

VBQ score calculation

Building upon prior research [19], the VBQ score was
assessed based on the signal intensity (SI) extracted from
non-contrast-enhanced T1-weighted MRI scans of the
midsagittal plane of the lumbar spine. An initial step

Fig. 1 The signal intensity of regions of interest (red circles) utilized for the
computation of VBQ score is demonstrated through sagittal non-contrast-
enhanced T1-weighted MRI
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involved manually positioning a region of interest (ROI)
within the medullary bone of the L1-L4 vertebral bodies
and within the cerebrospinal fluid (CSF) at the L3 level
(Fig. 1).

To exclude cortical bone influence, a concentric ROI
was strategically positioned approximately 3 mm from
the vertebral body’s perimeter. Special attention was
aimed at maintaining ROI size consistency to reduce
measurement variability. Following this, SI values for the
L1-L4 vertebral bodies were computed and subsequently
normalized by dividing these by the mean SI value of the
CSF at L3.

Slpi—ra

VBQ Score = ———
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Statistical analysis

All analyses were performed using SPSS 23.0 (SPSS, IBM
Analytics, New York, USA) and the figures were cre-
ated by GraphPad Prism version 9.3.0 (GraphPad Soft-
ware, San Diego, California USA). Continuous variables
were reported as meantstandard deviation (SD), and
differences between groups were assessed using Stu-
dent’s t-test for statistical significance. Propensity score
matching(PSM) analysis used the greedy nearest neigh-
bor method for data matching, with ratio=1:1 and cali-
per=0.04. Age, sex, height, weight, BMI, Cobb angle,
curve types and Risser sign were included as confound-
ing variables in the matching process. P<0.05 was con-
sidered statistically significant.

Results

Study population

A total of 256 patients diagnosed with AIS were initially
enrolled in the study. Of these, 7 patients who under-
went surgical intervention for conditions other than AIS
,3 patients diagnosed with other types of scoliosis and 3
patients with incomplete medical records were excluded.
This left a total of 243 patients for analysis, including 42
males and 201 females with a mean age of 14.1+2.2 years
(range 11-18 years). Among the enrolled AIS patients,
69 had not received brace treatment prior to the study.
After propensity score matching, 53 matched pairs of
patients were selected from each group for further analy-
sis (Fig. 2).

Comparison of general characteristic between patients
with and without brace treatment history

The characteristics of the patients with and without brace
treatment history before propensity score matching were
summarized in Table 1. There were no significant dif-
ferences between the non-brace treated group and the
brace treated group in terms of age, sex distribution,
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Consecutive patients diagnosed with AIS from February
2012 to March 2018
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Excluded (n=13)

1. Patients with underwent surgical intervention other than AIS(n =7)
2. Patients diagnosed with other types of scoliosis (n =3)
3. Patients with incomplete medical records (n =3)

Included (n=243) ‘

y

Patients with brace Patients without brace
treatment history treatment history
(n=69) (n=174)

| |
‘ Propensity score matching ‘

y

Patients with brace Patients without brace
treatment history treatment history
(n=53) (n=53)

Figs. 2 The flow diagram of patients through this study

Table 1 Characteristics of the patients with and without brace treatment history before propensity score matching

Variable Non-brace treated group (N=69) Brace treated group (N=174) Pvalue
Age(years) 143+2.1 141423 0.54
Height(m) 1.57+0.10 1.58+£0.09 0.39
Sex

Male 11(15.9%) 31(17.8%)

Female 58(84.1%) 145(83.2%) 085
Weight(kg) 490+£53 4740+43 0.02*
BMI(Kg/m?) 201434 191427 0.01*
Curve types

Thoracic 37(53.6%) 90(51.7%)

Double 20(29.0%) 61(35.1%)

Thoracolumbar/lumbar 12(2.4%) 23(13.2%) 0.55
Risser sign 26+13 26+1.2 0.69
Cobb angle of main curve(®) 582+88 575459 0.46

BMI, Body Mass Index. * P<0.05
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Table 2 Characteristics of the patients with and without brace treatment history after propensity score matching

Variable Non-brace treated group (N=53) Brace treated group (N=53) Pvalue
Age(years) 142+20 143+25 1.00
Height(m) 1.59+0.09 1.59+0.10 1.00

Sex

Male 10(18.9%) 9(17.0%)

Female 43(81.1%) 44(83.0%) 1.00
Weight(kg) 485+53 48.7+4.6 1.00
BMI(Kg/m?) 193429 197429 1.00
Curve types

Thoracic 28(52.8%) 31(58.5%)

Double 16(30.2%) 14(26.4%)

Thoracolumbar/lumbar 9(17.0%) 8(15.1%) 0.84
Risser sign 2713 27+12 1.00
Cobb angle of main curve(®) 5904+6.2 578+64 0.11

3.0

2.8

2.6

VBQ scores

Fig. 3 Violin plot illustrating the VBQ scores within the brace treated and
non-brace treated groups

height, curve types, risser sign and cobb angle of main
curve. However, significant differences were observed in
weight and BMI between the two groups. The average
weight of the patients in the non-brace treated group was
significantly higher than that in the brace treated group
(49.0+5.3 vs. 47.40%4.3, P=0.02). Likewise, the average
BMI of the patients in the non-brace treated group was
also higher than that in the brace treated group (20.1+3.4
vs. 19.14+2.7, P=0.01). In order to mitigate the effects
of baseline imbalances, we conducted propensity score
matching between the two groups. After propensity score
matching, no significant differences were observed in

all the baseline characteristics between the two groups
(Table 2).

VBQ scores between patients with and without brace
treatment history

After conducting a propensity score-matching proce-
dure, we compared the VBQ scores between the brace
treated group and the non-brace treated group. As shown
in Fig. 3, it was observed that the brace treated group
exhibited significantly lower VBQ scores compared to
the non-brace-treated group (2.43+0.11 vs. 2.55+0.12,
P<0.01).

Discussion

In this study, we investigated the effect of brace treatment
on bone density in preoperative AIS patients by using
VBQ score, which is a novel method to assess vertebral
bone quality based on MRI signal intensity. This is the
first study to utilize the VBQ score to explore the impact
of bracing on bone quality in AIS patients undergoing
surgery.

We found that patients with brace treatment had signif-
icantly lower weight and BMI than those without brace
treatment at baseline before propensity score matching,
which might be explained by the fact that early detec-
tion of external bodily deformities tends to be challeng-
ing in overweight patients. To eliminate the confounding
effect of BMI, we matched the two groups by propensity
score and obtained a 1:1 matched cohort. After match-
ing, we observed that patients with brace treatment still
had significantly lower VBQ score than those without
brace treatment, suggesting that they might have better
bone quality. This finding was contrary to most previous
studies using DXA to measure BMD in brace-treated AIS
patients, which showed no difference in BMD between
braced and non-braced groups [12, 13]. Interestingly,
as Chen et al. suggested VBQ cut-off values of 2.6 for
osteopenia diagnosis and 2.8 for osteoporosis [20], the
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percentage of patients with VBQ score above 2.6 was
markedly lower in the brace-treated group compared to
the non-brace treated group in our study as shown in
Fig. 3, which indicated a potential association between
brace treatment and bone quality in AIS patients.

The divergence in our findings from those of prior
research may be attributed to the distinct methodolo-
gies employed to evaluate bone quality. DXA quantified
bone mineral amount to yield a two-dimensional areal
bone mineral density (aBMD) rather than a true three-
dimensional volumetric bone mineral density (vBMD)
[17]. This measurement was susceptible to alterations
resulting from spinal rotation and vertebral wedging
in AIS. Furthermore, DXA lacked the capacity to eluci-
date the microarchitecture or composition of bone tis-
sue [23]. In contrast, MRI can furnish data on fat content
and its distribution within the vertebral body, which has
been corroborated to closely align with the BMD. Prior
investigations have suggested a connection between fat
infiltration in bone marrow and diminished bone for-
mation, augmented bone resorption, and compromised
bone mechanical properties [24]. The employment of
VBQ score as a bone density indicator offered several
benefits over DXA in AIS. Primarily, the VBQ score was
extrapolated from MRI, which could spare patients from
ionizing radiation exposure and boasted a higher spatial
resolution than DXA. Secondly, the VBQ score effectively
mitigated potential confounding factors, such as verte-
bral rotation and wedging, as well as posterior soft tissue
interference like adipose tissue, which DXA was suscepti-
ble to, due to its inherent two-dimensional measurement
limitations [17]. Lastly, the VBQ score could be conve-
niently computed from existing MRI images, obviating
the need for additional scans or specialized software.

While dynamic hyperextension brace was reported to
improve BMD in postmenopausal osteoporotic women
[15], no study before showed that the brace might help
prevent osteopenia in AIS patients. We were the first
study to report the brace treatment history mayinfluence
the VBQ score in AIS patients undergoing surgery. The
possible mechanism for our findings was that brace treat-
ment provides external mechanical stress to the spine,
which may stimulate bone formation and calcium depo-
sition in patients with AIS [25]. Previous studies have
shown that mechanical stress can activate osteogenic
genes such as OCN and OPN, which are involved in bone
matrix synthesis and mineralization [26—28]. Moreover,
mechanical stress can also inhibit adipogenic genes such
as PPARy and C/EBPa, which are responsible for fat dif-
ferentiation and accumulation in bone marrow [29].
Therefore, brace treatment may modulate the balance
between osteogenesis and adipogenesis in the vertebrae
of patients with AIS.
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Our study had some limitations that need to be
addressed. Firstly, our study was a single-center, retro-
spective investigation with a relatively limited sample
size, which may limit the statistical power and definitive
conclusions on the cause-effect relationship between
brace treatment and VBQ scores. And our findings
were limited to the analyzed AIS population undergo-
ing surgery. Second, we did not include other serologi-
cal indicators, such as 25-hydroxy vitamin D and alkaline
phosphatase (ALP), which are emblematic of osteogenic
capability. Third, given that our department only con-
ducted MRI examinations for hospitalized patients, we
only measured VBQ score at one time point before sur-
gery, and did not have longitudinal data on the changes
of VBQ score. Thus, more detailed and controlled studies
with more patients and a longitudinal follow-up period
need to be conducted in the future.

Conclusion

In conclusion, our study demonstrated significantly
lower VBQ scores in brace-treated AIS patients com-
pared to non-brace-treated patients undergoing surgery.
These findings suggest that brace treatment may have
an impact on VBQ in AIS patients. However, the exact
mechanisms underlying this relationship remain unclear.
Further longitudinal studies with larger sample sizes may
be required to elucidate the potential mechanisms and
quantify the impact of brace treatment on bone quality in
AIS patients.

Abbreviations

AlS Adolescent idiopathic scoliosis
VBQ Vertebral bone quality

BMD  Bone mineral density

DXA Dual-energy X-ray absorptiometry
BMI Body mass index
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