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ARTICLE INFO ABSTRACT

Keywords: Objectives: Previous studies have reported various predictors for curve progression in braced adolescent idio-
Vertebra-disc ratio pathic scoliosis (AIS) patients. However, the reported predictors might be insufficient for patients with early AIS.
Predictor The aim was to investigate whether the initial vertebra-disc ratio (VDR) could serve as an effective predictor for
g:;’: progression curve progression in early thoracic AIS (premenarchal and Risser 0) undergoing brace treatment.

Patients and methods: This study reviewed a consecutive series of early thoracic AIS girls with thoracic curve. All
patients had accepted brace treatment and had regular follow-up. According to the bracing outcomes, patients
were divided into two groups: Group P (progressed, curve progressed over six degrees or indicated for surgery)
and Group NP (non-progressed).

Results: Totally 203 girls were included. There were 73 and 130 patients in Groups P and NP, respectively. The
patients in Group P had greater initial VDR (1.9 = 0.5 vs. 0.8 + 0.4, P < 0.01) than Group NP. During the
follow-up, it showed continuous higher values in Group P than Group NP. The logistic regression analysis re-
vealed that initial VDR had an effective value for predicting curve progression in the braced early AIS girls. The
ideal cut-off point of initial VDR was 1.5 for the prediction of curve progression.

Conclusion: The initial VDR could serve as an effective predictor for curve progression in braced early AIS girls.

Evaluation of this new parameter should be carefully performed at the bracing initiation.

1. Introduction

Brace treatment has been commonly used as an effective con-
servative management for adolescent idiopathic scoliosis (AIS) [1-4].
Among the braced candidates, early AIS (premenarchal and Risser 0)
patients have been reported to progress most rapidly during the pub-
ertal growth spurt [5,6]. The curve progression rate of non-treated early
AIS was up to 80%, and even to 90% [7,8]. Thus, early intervention for
this specific group is of great significance. Wiemann et al. [6] reported
that 71% of the early AIS patients treated with nighttime brace showed
curve progression during the follow-up. The high progression rate im-
plied that longer wearing hours of brace might be of benefit for these
patients [9]. Then, Sun et al. [5] conducted a study among the braced
early AIS patients, they found that a lower percentage (38%) of them
with longer wearing time demonstrated curve progression during the
follow-up.

To better understand the causes and mechanisms of the unfavorable
outcomes, several studies have investigated the predictors for curve

progression. Curve magnitude [3,10], growth potential [1,2,11-13],
curve pattern [14], initial Cobb angle reduction velocity [15], and
spinopelvic sagittal morphology [16] were identified as the predictors
contributing to curve progression during bracing period. Among the
braced early AIS girls with thoracic curve, Sun et al. [5] confirmed that
the rib-vertebral angle measurements could serve as valid factors in
predicting curve progression. However, for this specific group, it re-
mains unclear whether there are any other factors that possess the
predictive values for curve progression? Further insight into the in-
vestigation of effective predictors for curve progression in the early AIS
patients is of importance. Previously, Will et al. [17] investigated the
contributions of disc and vertebra wedging to curve progression in the
braced early AIS patients. They found that curve progression initially
increased from the disc wedging during the rapid growth spurt which
was stratified by the Digital Skeletal Age (DSA) score. Namely, the
aggravation of disc wedging took the major responsibility for curve
progression. Hence, we tried to establish a new parameter, the vertebra-
disc ratio (VDR), for predicting curve progression in the braced early
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AIS patients with a thoracic curve. VDR was computed as the ratio of
the cumulative vertebra wedging angle to the cumulative disc wedging
angle in the corresponding curve. If the VDR was greater than 1, the
contribution of vertebra wedging angle was higher than the disc wed-
ging angle, and vice versa.

After a series of pilot investigations, we hypothesized that the initial
VDR might have a predictive value in predicting curve progression of
braced early AIS patients. The aims of the present study were: (1) to
identify the predictive value of the initial VDR for curve progression in
braced early AIS patients; and (2) to evaluate the ideal cut-off value of
initial VDR for prediction of curve progression.

2. Materials and methods
2.1. Patients

This study was approved by the Ethics Committee of our Hospital. A
consecutive series of female patients who received brace treatment
between January 2006 and May 2016 were identified from our AIS
bracing database. The inclusion criteria were as follows: (1) aged from
8 to 12 years; (2) premenarchal with Risser grade of 0; (3) initial main
right thoracic curve with the Cobb angle between 20° and 40°; (4) ac-
cepted a custom-made Milwaukee or Boston-type brace; (5) with reg-
ular follow-up for at least 1 year beyond weaning of bracing, or when
the major curve progressed to > 40 °Cobb angle with indication for
surgery. Exclusion criteria were: (1) prior treatment before bracing; (2)
alteration in brace type; (3) compliance of brace treatment (calculated
as the ratio of the actual daily bracing time to the recommended daily
time [18,19]) beings less than 90%. In accordance with the protocol
described previously [18,19], a daily bracing time of 22h was pre-
scribed initially.

The follow-up visit was scheduled at 6 month intervals [18,19].
Bracing was discontinued with a cessation process when patients
reached skeletal maturity [18,19], which was defined as the growth
status characterized with height gain less than 1 cm on two consecutive
visits, Risser sign > 4 and 3 years after menarche [18,19]. According to
the bracing outcomes at the latest follow-up, patients were divided into
two groups: Group P (progressed, curve progressed over six degrees or
indicated for surgery) and Group NP (non-progressed) [20,21].

2.2. Radiographs measurements

Right before bracing initiation and at each visit during bracing
treatment, all girls were prescribed to take the posteroanterior radio-
graphs of the whole spine out of brace in a standing position, and
radiographs of the left hand and wrist.

All parameters were measured by two senior spinal surgeons (Z.C.
and X.C.), and the mean values were adapted for further analyses. The
following parameters were obtained from the anteroposterior radio-
graphs: (1) Cobb angle; (2) discs and vertebrae wedging angles were
measured according to the method described by Will et al. [17] (Fig. 1);
(3) VDR was computed as the ratio of the discs wedging angle to the
vertebrae wedging angle (Fig. 1); (4) the disc wedging percentage was
the percent of discs wedging angles to the corresponding Cobb angle;
The vertebrae wedging percentage was the percent of vertebrae wed-
ging angles to the corresponding Cobb angle; (5) the convex rib-ver-
tebral angle and rib-vertebral angle difference of the apex were mea-
sured with the methods described by Mehta et al. [5,22]; (6) the apical
vertebra translation was defined as the horizontal distance from the
center of the apical vertebra to the center sacral vertical line (CSVL). If
the apex was located at the intervertebral disc, the vertebra inferior to
the apical disc was chosen as the apical vertebra for the measurement;
(7) coronal balance was measured by the deviation of the C7 plumb line
from the CSVL; (8) sagittal vertical axis was measured as the distance
from the C7 plumb line to the perpendicular line drawn from the su-
perior posterior corner of the S1 vertebral body.
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Fig. 1. Illustration of the method for measuring the vertebra and disc wedging
angles as well as how the VDR was calculated. Cobb angle = Xa + Zf; VDR=
(Za)/(ZP). a Vertebra wedging angle, 3 Disc wedging angle, VDR Vertebra-disc
ratio, Za The sum of vertebra wedging angles in the corresponding curve, %3
The sum of disc wedging angles in the corresponding curve.

2.3. Skeletal age assessment

Skeletal age was evaluated on the radiograph of the left hand and
wrist using the Tanner and Whitehouse (Tanner-Whitehouse-III)
method [23]. The Tanner-Whitehouse-III method consisted of specifi-
cally scoring the individual bones with a letter correlated with a specific
weighted score. The scores were constituted by the carpal bones and the
radius, ulna, and small bones of the hand (RUS). As radius and ulna had
the lowest correlation with CAP of the RUS scores, the DSA score was
used in this study, which was defined as the RUS system without radius
and ulna [24]. As described by Will et al. [17], three main stages of
growth were defined by the DSA score: pre-growth spurt, growth spurt
and post-growth spurt. Four DSA measurements were selected to define
these three growth phases: less than 375 (pre-growth spurt), 375-450
(considered as the growth spurt period) and greater than 450 (post-
growth spurt) [17].

All parameters were carried out by Surgimap (Spine Software,
version 2.2.1, New York, NY). Two of the authors (Z.C. and X.C.)
completed the measurements individually. In addition, all parameters
were selected to determine the inter- and intra-observer variability of
the measurement. All the radiographic parameters were measured by
the authors and then repeated twice. There were strong inter-observer
and intra-observer agreements for all the parameters with all the kappa
correlation coefficients exceeding 0.8. Thus, the measured data were
highly reliable, and the mean values of the parameters measured by the
two investigators were used for further analyses.

2.4. Statistical analysis

Statistical analyses were performed using the SPSS software 19.0
(SPSS Inc., Chicago, IL). Paired-sample t-test was applied to compare
the bracing changes in each group. Additionally, independent-sample t-
test was used to compare the difference between the two groups. The
statistical significance was set at P < 0.05. Logistic regression analysis
of the selected variables from univariate analysis was performed to
identify the factors independently associated with curve progression.
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Fig. 2. A 10.1-year-old girl (premenarchal and Risser 0) accepted Boston brace treatment, however, the curve progressed. 1A The Cobb angle and VDR were 24.2°
and 1.85 at bracing initiation, respectively. 1B Details of vertebra wedging angle in the corresponding curve at bracing initiation. The Cobb angle and VDR were 28.3°
and 1.83 at 6 months (C); 31.4° and 1.77 at 12 months (D); 34.9° and 1.62 at 18 months (E); 37.2° and 1.3 at 24 months (F); 45.6° and 1.35 at 30 months (G),

respectively. Finally, she received correction surgery for cosmetic concerns.

3. Results

A total of 203 patients were finally included in this study. They had
a mean age of 10.1 *+ 1.3 yeas (range, 8.0-11.9 years) at bracing in-
itiation. They all had a right thoracic curve averaged 27.4° = 6.3°
(range, 20-40°). The apex located at T7 in 23, T7/8 disc in 21, T8 in 49,
T8/9 disc in 10, T9 in 24, T9/10 disc in 37, T10 in 23, and T10/11 disc
in sixteen cases. One hundred and nine patients had a compensatory left
thoracolumbar/lumbar curve. At the latest follow-up, the average pri-
mary curve magnitude was 32.4° = 7.9° (range, 15-56°). Thirty-four
girls eventually accepted posterior correction surgery while the
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remaining 169 cases were followed with a minimum of 1year after
brace weaning. Among the 169 cases, thirty-nine had worsening of the
main curve of greater than six degrees. Overall, 73 (36%) patients were
classified as Group P (Fig. 2), while the remaining 130 (64%) con-
stituted Group NP (Fig. 3).

3.1. Comparison between group P and group NP

The comparison analyses revealed no significant differences be-
tween the two groups in terms of the age, Cobb angle or DSA score at
the brace initiation (Table 1).
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Fig. 3. A 10.5-year-old girl (premenarchal and Risser 0) accepted Boston brace treatment and her curve remained stable after 38 months of bracing. 2 A The Cobb
angle and VDR were 26.8° and 0.82 at bracing initiation, respectively. 2B Details of vertebra wedging angle in the corresponding curve at bracing initiation. The Cobb
angle and VDR were 25.9° and 0.89 at 6 months (C); 27.2° and 0.81 at 12 months (D); 33.4° and 0.76 at 18 months (E); 32.7° and 0.82 at 38 months (F), respectively.

Then the brace was discontinued. One year later, the thoracic curve was 31.9°(G).

Prior to the growth spurt, the average initial VDR in Group P was
significantly greater than Group NP (1.9 = 0.5 vs. 0.8 = 0.4,
P < 0.01). During the growth spurt, the value of VDR decreased from
1.8 £ 0.6 to 1.2 + 0.6 in Group P (P < 0.01), then it increased
slightly from 1.2 + 0.6 to 1.4 = 0.6 after the growth spurt
(P = 0.152). When compared with the baseline value, the DVR in
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Group P slightly decreased at the time point of 375 (1.8 = 0.6 vs.
1.9 £ 0.5, P = 0.494), while it significantly decreased at the time
point of 450 (1.2 = 0.6 vs. 1.9 * 0.5, P < 0.01) and the end
(1.4 £ 0.6 vs. 1.9 = 0.5, P < 0.01). However, it remained relatively
stable in Group NP (Fig. 4). Besides, the VDR showed continuous higher
values in Group P than Group NP during the bracing period. Similarly,
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Table 1 Table 2
General data of patients in two groups ( * s). Differences in parameters between two groups ( =+ s).
Goup P Group NP DSA score Initial 375 450 End

Age (years) Cobb angle (°)

Brace initiation 10.1 = 1.2 10.2 £ 1.3 Group P 28.6 = 6.2 29.1 = 6.5 344 = 84 38.2 = 83
Latest FU 14.8 =+ 1.2 16.7 + 1.4 Group NP 26.2 + 6.3 249 * 6.3 26.2 = 6.5 26.5 £ 75

Cobb angle (°) P value 0.071 < 0.001 < 0.001" < 0.001
Brace initiation 28.6 = 6.2 26.2 + 6.3 VDR
Latest FU 38.2 = 83 26.5 £ 75 Group P 1.9 = 05 1.8 = 0.6 1.2 = 0.6 1.4 = 0.6

DSA score Group NP 0.8 = 0.4 0.8 = 0.5 0.8 = 0.6 0.9 = 0.5
Brace initiation 309 + 44 311 + 48 P value < 0.001 < 0.001" < 0.001" < 0.001"
Latest FU 523 + 52 599 + 7 Convex rib-vertebral angle (°)

Rsser sign Group P 68.3 = 7.2 66.1 = 7.3 62.7 = 7.8 61.5 = 7.1
Brace initiation 0 0 Group NP 73.4 £ 7.1 73.6 = 7.4 744 = 7.5 752 = 7.3
Latest FU 41 + 1.0 48 + 0.5 P value 0.009 < 0.001" <0.001 < 0.001°

Years since menarche Rib-vertebral angle difference (°)

Brace initiation 0 0 Group P 189 + 7.2 20.7 = 7.2 271 = 7.5 283 = 7.7
Latest FU 26 + 1.5 49 + 1.7 Group NP 14.2 + 6.7 13.6 + 6.2 12.3 + 6.1 13.1 + 6.2
P value 0.012 < 0.001" < 0.001 < 0.001"
DSA: Digital Skeletal Age. Apical vertebra translation (mm)
Group P 26.4 = 12.3 27.2 = 11.4 349 = 137 36.2 = 14.8
. . . L Group NP 21.6 + 10.9 21.3 + 10.5 22.6 + 11.1 23.9 + 125
the rib-vertebral ang?e difference an'd .a.plcal vertebra translation in PvalEe 0.045 < 0.001 < 0.001 = 0.001
Group P showed higher average initial values (18.9° = 7.2° wvs. Coronal balance (mm)
14.2° £ 6.7° and 26.4mm * 12.3mm vs. 21.6 mm = 10.9 mm, re- Group P 9.5 + 8.7 9.3 + 8.6 10.2 + 8.4 10.6 *+ 8.5
spectively; P < 0.05) than Group NP. At the same time, the initial Group NP~ 9.8 = 7.8 9.6 * 8.2 99 £ 79 101 = 81
convex rib-vertebral angle in Group P was significantly lower than P 'Value . 0'8,53 0.891 0819 0.742
e g . Sagittal vertical axis (mm)
Group NP. No significant differences were found between the two Group P 15.3 + 0.4 159 = 9.1 16.4 + 9.3 15.8 + 8.7
groups in terms of the coronal balance or sagittal vertical axis at brace Group NP 16.1 + 8.9 16.2 + 9.2 15.7 + 8.8 16.5 + 8.6
P value 0.537 0.712 0.511 0.626

initiation. (Table 2)

With regards to the contributions of vertebra and disc wedging to
curve evolution, the patients in Group P had greater initial vertebra
wedging angle and percentage (18.9° = 4.5° vs. 11.7° = 4.2° and
66.1% *+ 9.5% vs. 44.7% =+ 8.7%, respectively; P < 0.01) than Group
NP. During the follow-up, they showed continuous higher values in
Group P than Group NP. On the contrary, the disc wedging percentage
showed continuous lower values in Group P than Group NP. For the disc
wedging angle, it demonstrated an increasing trend in Group P, while it
was relatively stable in Group NP. (Table 3, Fig. 4)

Cobb angle

Angle(degrees)

Initial

mGroup P 2:Group NP

Vertebra wedging angle

Angle(degrees)

Initial 375

mGroup P 2:Group NP

B

VDR: vertebra-disc ratio; DSA: Digital Skeletal Age; DSA score: less than 375
(pre-growth spurt), 375-450 (growth spurt period), greater than 450 (post-
growth spurt).

* Statistically significant.

3.2. Logistic regression analysis of indicators for curve progression

The variables from the univariate analysis that were associated with
curve progression included the initial VDR, convex rib-vertebral angle,

Disc wedging angle

Angle(degrees)

375 End

uGroup P

Initial

1*Group NP

DVR

Disc-vertebra ratio

P P P

375 450 End

uGroup P 2:Group NP

Fig. 4. The graphic representation of the evolution for Cobb angle(A), vertebra wedging angle (B), disc wedging angle (C) and VDR(D) during the 3 maturity phases
stratified by DSA score. DSA score: less than 375 (pre-growth spurt), 375-450 (growth spurt period), greater than 450 (post-growth spurt).
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Table 3
Contributions of discs and vertebrae wedging to curve evolution at different
maturity points in the two groups.

DSA score Initial 375 450 End
Vertebra wedging angle (°)
Group P 189 + 45 18.7 + 4.4 18.1 + 4.8 22.3 * 5.7
Group NP 11.7 = 4.2 11.2 = 4.2 12.0 = 4.7 12.8 £ 4.7
P value < 0.001* < 0.001* < 0.001 < 0.001*
Disc wedging angle (°)
Group P 9.7 = 3.7 104 + 3.8 16.3 + 3.9 15.9 + 55
Group NP 145 = 3.8 13.7 = 3.9 14.2 = 4.1 141 = 4.8
P value < 0.001* 0 < 0.001* 0.012* 0.006*
Vertebra wedging percentage (%)
Group P 66.1 = 9.5 64.3 £ 10.4 52.6 * 10.6 58.4 £ 9.2
Group NP 44.7 = 8.7 449 * 10.1 458 £ 9.2 49.3 £ 89
P value < 0.001* < 0.001* < 0.001* < 0.001*
Disc wedging percentage (%)
Group P 339 £ 95 357 £ 10.4 47.4 £ 10.6 41.6 £ 9.2
Group NP 55.3 = 8.7 55.1 = 10.1 54.2 = 9.2 50.7 = 8.9
P value < 0.001* < 0.001* < 0.001* < 0.001*

DSA: Digital Skeletal Age; DSA score: less than 375 (pre-growth spurt), 375-450
(growth spurt period), greater than 450 (post-growth spurt).

Table 4
Multivariate logistic regression for curve progression after bracing.

Risk factors P value Odds Ratio (95% CI)
VDR < 0.001 5.132(2.673710.121)
Convex rib-vertebral angle 0.165 0.914(0.90271.086)
Rib-vertebral angle difference 0.082 1.035(0.92871.179)
Apical vertebra translation 0.154 1.033(0.98871.080)

VDR: vertebra-disc ratio; CI: confidence interval.
* Statistically significant.

rib-vertebral angle difference and apical vertebra translation. Logistic
regression analysis revealed that the initial VDR was an independent
factor predicting curve progression during bracing treatment (Table 4).
ROC curve analysis yielded good discrimination between the two
groups, with an area under the curve of 0.835 (95% confidence interval
0.753-0.913) for the initial VDR. Based on the clinical application and
the ROC curve analysis, the ideal cut-off value of the initial VDR pre-
dicting curve progression was determined at 1.5 finally. And at this
point, the sensitivity and the specificity for curve progression was
79.2% and 83.9%, respectively.

4. Discussion

Previous studies have reported the natural history of the early AIS
patients [7,8]. The high rate (80%-90%) of curve progression rendered
the brace as a conservative management for this specific group. Even
though, the unfavorable outcomes still could be observed in the braced
early AIS girls with the incidence ranged from 38%-71% [5,6]. The
current study revealed that the progression rate was 36% in the braced
early patients during the follow-up. This was similar to the study per-
formed by Sun et al. [5]. The unfavorable outcomes impelled the in-
vestigators to identify the factors of predicting curve progression among
the early AIS patients.

The current study identified that the initial VDR could be severed as
an effective predictor of the curve progression in the braced early
thoracic AIS patients. Predictive factors related to curve progression in
scoliosis have been reported in previous studies [2,3,5,10,14-16,25].
Although these factors shared the predicting significance in AIS pa-
tients, they were identified and investigated under various back-
grounds, such as different age range, bracing types and curve patterns.
For the early thoracic AIS patients, the associated predictive factors
have seldom been addressed. Sun et al. [5] confirmed that the rib-
vertebral angle measurements were predictive factors of curve
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progression in this population. Will et al. [17] demonstrated that the
aggravation of disc wedging was responsible for curve progression in
the braced early AIS patients. However, the relevant predictors were
not identified among this population. Hence, the present study pro-
posed such a new parameter, the VDR, to predict the curve progression
in the braced early AIS patients with thoracic curves.

The results (Table 4) of the current study illustrated that the braced
early thoracic AIS patients with a higher initial VDR were inclined to
have curve progression. This supported our hypothesis. The VDR was
calculated as the ratio of cumulative vertebrae wedging angle to cu-
mulative discs wedging angle in the corresponding curve. A higher
initial VDR indicated that the vertebra wedging in Group P was higher
than that in Group NP. Our results demonstrated that patients with such
an unfavorable baseline showed curve progression during bracing. A
possible explanation of this finding is asymmetrical growth of the spine.
According to the Hueter-Volkmann law [26,27], the unbalanced spinal
growth may be pronounced due to the asymmetrical loading between
the concave and convex side in the scoliosis. If the significant vertebra
wedging emerges, the curve tends to experience unbalanced loading
between the two sides despite of the bracing, which will result in
asymmetrical spinal growth. Subsequently, the disc wedging and
asymmetrical spinal growth aggravates in a vicious cycle especially
during the growth spurt, and the scoliosis progresses. Our results con-
firmed this explanation with the evidence that the initial VDR and
vertebra wedging angle were greater in Group P than Group NP. Thus,
the theory that a potential higher initial VDR could predict the fol-
lowing curve progression is reasonable to be comprehended. Similar to
many predictors, the cut-off point for initial VDR should be determined
to accurately stratify and prognosticate the bracing outcome. Based on
the clinical application and the ROC curve analysis, the present study
identified that the ideal cut-off point of initial VDR was 1.5, which had
the appropriate overall indicative value of predicting curve progression.
Hence, careful evaluation of the initial VDR is of great significance.
Besides, due to the higher progressive tendency among the early AIS
patients with higher VDR, more attention should be paid to them. After
a daily bracing time, exercise techniques for scoliosis such as Schroth
method [28] which aims to strengthen or lengthen the asymmetrical
muscles around the scoliosis may be benefit for reducing the likelihood
of curve progression for these patients.

Aside from the identification of predictor for curve progression in
the braced early thoracic AIS, the evolution of vertebra and disc wed-
ging was also evaluated during different growth phases which were
stratified by DSA score. For the vertebra wedging angle, it remained
stabilized in Group NP during the bracing period. This might be at-
tributed to the vertebra remodeling, which occurred mainly in the way
of increasing the vertebral height on the convexity and concavity while
not significantly changing the wedging angle. In Group P, the vertebra
wedging showed stable magnitude before and during the growth spurt.
However, it increased significantly after the growth spurt. This was in
accord with the results of Will et al. [17]. The tension of discs that
applied to the endplates on the convexity, thus triggered its growth or
remodeling [17]. This might take the major responsibility for ag-
gravation of vertebrae wedging. For the disc wedging angle, it showed
the similar status in Group NP during the bracing period. While in
Group P, the disc wedging demonstrated increasing trend especially
during the growth spurt. Although this supported the conclusion of Will
et al. [17] who reported that the disc wedging aggravation during the
growth spurt was responsible for curve progression among the braced
early AIS patients, our results further identified that the initial higher
deformation of vertebra wedging was the initiator of disc wedging and
curve progression for this specific group. Thus, as the explanation
above, a greater initial VDR does have a predictive value in predicting
curve progression among these patients.

This study has two limitations. First, since the patients were treated
with braces, the natural history of untreated early thoracic AIS might
not be accurately reflected. However, due to the ethical concerns, we
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were unable to evaluate the natural history for the early AIS patients.
Second, this study was limited by its retrospective nature. In the future,
a prospective study focusing on the early AIS patients would be valu-
able. Despite the limitations, this study is the first, to our knowledge, to
demonstrate that initial DVR could serve as one of the objective and
important predictors for curve progression in the braced early thoracic
AIS girls.

5. Conclusion

The clinical importance of the current study is that VDR may serve
as an additional objective quantitative measurement for predicting the
probability of curve progression and may help in selecting patients for
appropriate treatment.

Acknowledgements

This work was supported by the National Natural Science
Foundation of China (Grant No. 81772422) and Jiangsu Provincial Key
Medical Center (Grant No. YXZXA2016009).

References

[1] J. Guo, T.P. Lam, M.S. Wong, et al., A prospective randomized controlled study on
the treatment outcome of SpineCor brace versus rigid brace for adolescent idio-
pathic scoliosis with follow-up according to the SRS standardized criteria, Eur.
Spine J. 23 (2014) 2650-2657.

J.E. Lonstein, R.B. Winter, The Milwaukee brace for the treatment of adolescent
idiopathic scoliosis. A review of one thousand and twenty patients, J. Bone Joint
Surg. Am. 76 (1994) 1207-1221.

A.L. Nachemson, L.E. Peterson, Effectiveness of treatment with a brace in girls who
have adolescent idiopathic scoliosis. A prospective, controlled study based on data
from the Brace Study of the Scoliosis Research Society, J. Bone Joint Surg. Am. 77
(1995) 815-822.

J.0. Sanders, P.O. Newton, R.H. Browne, et al., Bracing for idiopathic scoliosis: how
many patients require treatment to prevent one surgery? J. Bone Joint Surg. Am. 96
(2014) 649-653.

X. Sun, Q. Ding, S. Sha, et al., Rib-vertebral angle measurements predict brace
treatment outcome in Risser grade 0 and premenarchal girls with adolescent idio-
pathic scoliosis, Eur. Spine J. 25 (2016) 3088-3094.

J.M. Wiemann, S.A. Shah, C.T. Price, Nighttime bracing versus observation for early
adolescent idiopathic scoliosis, J. Pediatr. Orthop. 34 (2014) 603-606.

L.E. Peterson, A.L. Nachemson, Prediction of progression of the curve in girls who
have adolescent idiopathic scoliosis of moderate severity. Logistic regression ana-
lysis based on data from the Brace Study of the Scoliosis Research Society, J. Bone
Joint Surg. Am. 77 (1995) 823-827.

J.E. Lonstein, J.M. Carlson, The prediction of curve progression in untreated

[2]

[3]

[4]

[5]

[6]

71

[8]

88

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

Clinical Neurology and Neurosurgery 181 (2019) 82-88

idiopathic scoliosis during growth, J. Bone Joint Surg. Am. 66 (1984) 1061-1071.
S.L. Weinstein, L.A. Dolan, J.G. Wright, et al., Effects of bracing in adolescents with
idiopathic scoliosis, N. Engl. J. Med. 369 (2013) 1512-1521.

D.E. Katz, A.A. Durrani, Factors that influence outcome in bracing large curves in
patients with adolescent idiopathic scoliosis, Spine (Phila Pa 1976) 26 (2001)
2354-2361.

1. Busscher, W.J. Gerver, I. Kingma, et al., The growth of different body length
dimensions is not predictive for the peak growth velocity of sitting height in the
individual child, Eur. Spine J. 20 (2011) 791-797.

1. Busscher, I. Kingma, R. De Bruin, et al., Predicting the peak growth velocity in the
individual child: validation of a new growth model, Eur. Spine J. 21 (2012) 71-76.
V. Vijvermans, G. Fabry, J. Nijs, Factors determining the final outcome of treatment
of idiopathic scoliosis with the Boston brace: a longitudinal study, J. Pediatr.
Orthop. B 13 (2004) 143-149.

L.A. Karol, Effectiveness of bracing in male patients with idiopathic scoliosis, Spine
(Phila Pa 1976) (26) (2001) 2001-2005.

S. Mao, B. Shi, L. Xu, et al., Initial Cobb angle reduction velocity following bracing
as a new predictor for curve progression in adolescent idiopathic scoliosis, Eur.
Spine J. 25 (2016) 500-505.

J. Guo, Z. Liu, F. Lv, et al., Pelvic tilt and trunk inclination: new predictive factors in
curve progression during the Milwaukee bracing for adolescent idiopathic scoliosis,
Eur. Spine J. 21 (10) (2012) 2050-2058.

R.E. Will, L.A. Stokes, X. Qiu, et al., Cobb angle progression in adolescent scoliosis
begins at the intervertebral disc, Spine (Phila Pa 1976) 34 (2009) 2782-2786.

Y. Qiu, X. Sun, J.C. Cheng, et al., Bone mineral accrual in osteopenic and non-
osteopenic girls with idiopathic scoliosis during bracing treatment, Spine (Phila Pa
1976) 33 (2008) 1682-1689.

X. Sun, T. Wu, Z. Liu, et al., Osteopenia predicts curve progression of adolescent
idiopathic scoliosis in girls treated with brace treatment, J. Pediatr. Orthop. 33
(2013) 366-371.

B.S. Richards, R.M. Bernstein, C.R. D’amato, et al., Standardization of criteria for
adolescent idiopathic scoliosis brace studies: SRS Committee on Bracing and
Nonoperative Management, Spine (Phila Pa 1976) (30) (2005) 2068-2075 discus-
sion 2076-7.

J.R. Schiller, N.A. Thakur, C.P. Eberson, Brace management in adolescent idio-
pathic scoliosis, Clin. Orthop. Relat. Res. 468 (2010) 670-678.

M.H. Mehta, The rib-vertebra angle in the early diagnosis between resolving and
progressive infantile scoliosis, J. Bone Joint Surg. Br. 54 (1972) 230-243.

A. Christoforidis, M. Badouraki, G. Katzos, et al., Bone age estimation and predic-
tion of final height in patients with beta-thalassaemia major: a comparison between
the two most common methods, Pediatr. Radiol. 37 (2007) 1241-1246.

J.O. Sanders, R.H. Browne, S.J. Mcconnell, et al., Maturity assessment and curve
progression in girls with idiopathic scoliosis, J. Bone Joint Surg. Am. 89 (2007)
64-73.

M.L. Nault, S. Parent, P. Phan, et al., A modified Risser grading system predicts the
curve acceleration phase of female adolescent idiopathic scoliosis, J. Bone Joint
Surg. Am. 92 (2010) 1073-1081.

I.A. Stokes, Mechanical modulation of spinal growth and progression of adolescent
scoliosis, Stud. Health Technol. Inform. 135 (2008) 75-83.

R. Roaf, Vertebral growth and its mechanical control, J. Bone Joint Surg. Br. (42-B)
(1960) 40-59.

Tugba Kuru, ipek Yeldan, E. Elgin Dereli, et al., The efficacy of three-dimensional
Schroth exercises in adolescent idiopathic scoliosis: a randomised controlled clinical
trial, Clin. Rehabil. 30 (2015) 181-190.


http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0005
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0005
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0005
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0005
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0010
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0010
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0010
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0015
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0015
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0015
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0015
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0020
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0020
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0020
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0025
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0025
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0025
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0030
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0030
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0035
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0035
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0035
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0035
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0040
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0040
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0045
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0045
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0050
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0050
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0050
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0055
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0055
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0055
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0060
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0060
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0065
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0065
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0065
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0070
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0070
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0075
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0075
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0075
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0080
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0080
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0080
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0085
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0085
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0090
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0090
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0090
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0095
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0095
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0095
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0100
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0100
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0100
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0100
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0105
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0105
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0110
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0110
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0115
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0115
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0115
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0120
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0120
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0120
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0125
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0125
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0125
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0130
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0130
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0135
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0135
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0140
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0140
http://refhub.elsevier.com/S0303-8467(19)30115-5/sbref0140

	Vertebra-disc ratio as a new predictor for curve progression in early thoracic AIS with bracing treatment
	Introduction
	Materials and methods
	Patients
	Radiographs measurements
	Skeletal age assessment
	Statistical analysis

	Results
	Comparison between group P and group NP
	Logistic regression analysis of indicators for curve progression

	Discussion
	Conclusion
	Acknowledgements
	References




