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Abstract
Purpose To define the risk of curve progression of idiopathic scoliosis (IS) to 35°, 40°, 45°, and 50° based on current curve 
magnitude and Sanders stage for boys and girls, using a large cohort of patients and encounters, to improve granularity and 
allow more accurate estimations to guide treatment.
Methods Retrospective analysis of a prospectively collected scoliosis database. Generalized estimation equation logistic 
regression models estimated probabilities of curve progression to 35°, 40°, 45°, and 50° based on starting curve size and 
Sanders stage. Probabilities and their 95% confidence intervals were calculated for each combination of variables to each 
endpoint separately for boys and girls.
Results A total of 309 patients (80% girls) were included. Starting curve size and Sanders stage were significant predictors 
for progression in both sexes (all P ≤ 0.04). Higher starting curve sizes and lower Sanders stages were associated with greater 
odds of progression. Risk of progression was still present even at higher Sanders stages.
Conclusion IS curves follow a predictable pattern, having more risk for progression when curves are larger and Sanders 
stages are smaller. Risk of curve progression is a spectrum based on these factors, indicating some risk of progression exists 
even for many smaller curves with higher Sanders stages. The improved granularity of this analysis compared to prior efforts 
may be useful for counseling patients about the risks of curve progression to various curve size endpoints and may aid shared 
decision-making regarding treatments.
Level of evidence or clinical relevance Level III: retrospective cohort study.

Keywords Idiopathic scoliosis · Curve progression · Natural history · Sanders stage · Prediction model

Introduction

The most important factors which predict the risk of idi-
opathic scoliosis (IS) progression are curve size and remain-
ing growth [1]. The major risk of curve progression hap-
pens during peak height velocity of the adolescent growth 
spurt [2]. Predictors of peak height velocity can include 
chronologic age, Tanner staging, serial height measure-
ments, hormone levels, and various radiographic markers, 
with the most accurate being a modification of the Tanner-
Whitehouse-III RUS (radius, ulna, short bones) score, also 
known as the Sanders score (SS) [3].

Sanders et al. assessed the risk of progression of IS to 
50° or larger based on the current curve size and SS for girls 
[4]. They used regression analysis on a longitudinal series 
of 22 patients who had 161 encounters with radiographs 
throughout their adolescent growth spurt and created a pre-
dictive model for the risk of progression to 50° based on the 
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SS. Despite their important work, the small sample size, 
exclusion of male patients, and limitation of their cohort to 
Lenke I and III curves, may make their risk calculator less 
applicable to the general population. Sitoula et al. performed 
a similar analysis, but included a cohort of 161 patients, 
including boys and girls with all Lenke type curves [5]. 
However, both studies only assessed the risk of progression 
to 50° since there is general agreement that curves greater 
than 50° after skeletal maturity are more likely to progress 
and lead to surgical intervention.

This study seeks to improve on the accuracy of the previ-
ous regression analyses of Sanders et al. [4] and Sitoula et al. 
[5] by including a larger cohort of patients and encounters 
and to distinguish risk separately for boys and girls. Addi-
tionally, because curves less than 50° at skeletal maturity 
still have some risk of progression [1, 6, 7], this study also 
seeks to define the risk of curve progression to various curve 
endpoints 35°, 40°, 45°, and 50°, based on current curve 
magnitude and Sanders stage, which may have implications 
for the goals of treatment and protocols for bracing.

Methods

Institutional review board approval was obtained to retro-
spectively analyze data from a preexisting, prospectively col-
lected, institutional nonoperative IS database. The database 
included all IS scoliosis patient encounters from a single 
practice from 2014 to 2021 and had over 3500 encounters 
at the time of data analysis. Patients included in this analysis 
had an initial visit with a scoliosis radiograph and a left-
hand radiograph, and subsequent follow-up either to skeletal 
maturity or to documentation of progression to the desired 
ending curve size. Maturity was accepted when patients 
reached SS7 when a left-hand radiograph was available or 
Risser 4 when a hand radiograph was not obtained. Similar 
to Sanders et al.’s methodology, patients could have several 
encounters as they naturally progressed through the Sanders 
stages, and all encounters were eligible for inclusion in our 
analysis [4]. Separate data sets were created for boys and 
girls, and separate analyses were performed for progression 
to 35°, 40°, 45°, and 50°. All curve size, Risser, and SS 
measurements in the database were performed by a single 
surgeon. Similar to prior studies, patients were not separated 
based on treatment, and were braced according to surgeon 
and patient preference, guided by routine Scoliosis Research 
Society protocols [8].

Statistical analysis

Summary statistics were performed for variables cor-
responding to the first patient visit. Continuous variables 
were summarized as median (range) and mean (standard 

deviation), while categorical variables were reported as 
frequency (percentage). Since there were patients with 
multiple encounters documented, generalized estimation 
equation logistic regression models were used to estimate 
probabilities of curve progression to 35°, 40°, 45°, and 50°. 
Variables used in the models were starting curve size (°) 
and SS1 to SS8. Odds ratio (OR) estimates and 95% confi-
dence intervals (CI) were calculated from the fitted models 
and can be interpretated as the multiplicative increase in the 
odds of curve progression for the given curve size outcome. 
Probabilities and their 95% CIs were calculated for the dif-
ferent levels of progression for each combination of starting 
curve size and SS. All analyses were performed separately 
for boys and girls. P values less than 0.05 were considered 
as statistically significant, and all statistical tests were two 
sided. Statistical analyses were performed using R Statistical 
Software (version 4.0.3; R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

A total of 309 patients, 246 girls (80%) and 63 boys (20%), 
were included in this retrospective cohort study. Patient 
characteristics from the first visit are summarized in Table 1. 
The median age for girls was 12.4 years and the median age 
for boys was 13.5 years. The median follow-up time until 
skeletal maturity was 23.5 months for girls and 23 months 
for boys.

Odds ratios corresponding to curve progression to 35°, 
40°, 45°, and 50° are displayed by sex in Table 2. Starting 
curve size and SS were statistically significant predictors for 
all progression outcomes in both sexes (all P ≤ 0.04). Higher 
values of starting curve size were associated with greater 
odds of curve progression, whereas higher values for SS 
were associated with lower odds of curve progression. The 
estimated probabilities of curve progression are shown in 
Table 3 for girls and Table 4 for boys.

Discussion

Predicting curve progression based on current curve size 
and remaining growth has been the primary method to guide 
treatment for patients with IS, with supporting evidence 
strengthened by the natural history studies of Weinstein 
et al. and Lonstein et al. [1, 6]. Though they clearly showed 
an association of curve progression with larger curves and 
younger patients, determining risk for individual patients has 
remained difficult due to inconsistent methods for determin-
ing the curve acceleration phase (CAP) of growth. Multiple 
radiographic markers are useful to assess skeletal maturity, 
including scoring systems from the pelvis and proximal 
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humerus [9, 10]. Sanders et  al. demonstrated excellent 
accuracy of the left-hand X-Ray for determining the CAP 
compared to chronologic age, the Risser sign, menarche, 
and various hormones, and since then, the SS has been a 
commonly used method [3, 4]. Despite Sanders’ important 
contribution, the predictive ability of the SS was developed 
using data from a small series of patients, making accurate 
prediction more difficult. Additionally, his data included 
only girls with primary thoracic scoliosis (Lenke I and III 
curves).

Several other studies have expanded on Sanders’ work. 
Sitoula et al. used similar methodology using a cohort of 

116 patients and included boys and girls with all curve types 
[5]. They confirmed the general pattern of larger curves with 
lower SS having more risk of progression. However, instead 
of using regression analysis to predict progression for all 
categories, they reported curve size/SMS combinations only 
for categories where they had data, many with small num-
bers of patients.

Dolan et al. created a predictive calculator based on SS 
and curve size using 115 untreated patients from the BrA-
IST study [11, 12]. They also differentiated between lum-
bar/thoracolumbar curves (Lenke 5) and all other curves 
that included a thoracic component. They analyzed the 

Table 1  First visit patient 
characteristics

a obs = observation
b SD = standard deviation

Girls (N = 246) Boys (N = 63) Total (N = 309)

Age (years)
 Median (range) 12.4 (8.2, 16.6) 13.5 (8.8, 16.9) 12.6 (8.2, 16.9)
 Mean (SD) 12.5 (1.6) 13.6 (1.5) 12.7 (1.6)

Risser stage
 − 2 (wide open triradiate cartilage) 22 (9%) 14 (22%) 36 (12%)
 − 1 (slightly open triradiate cartilage) 45 (18%) 13 (21%) 58 (19%)
 0 (closed triradiate cartilage) 53 (22%) 6 (10%) 59 (19%)
 1 28 (11%) 3 (5%) 31 (10%)
 2 30 (12%) 10 (16%) 40 (13%)
 3 20 (8%) 12 (19%) 32 (10%)
 4 42 (17%) 4 (6%) 46 (15%)
 5 6 (2%) 1 (2%) 7 (2%)

Sanders stage
 1 7 (3%) 4 (6%) 11 (4%)
 2 44 (18%) 18 (29%) 62 (20%)
 3 45 (18%) 22 (35%) 67 (22%)
 4 32 (13%) 6 (10%) 38 (12%)
 5 20 (8%) 2 (3%) 22 (7%)
 6 40 (16%) 3 (5%) 43 (14%)
 7 50 (20%) 7 (11%) 57 (18%)
 8 8 (3%) 1 (2%) 9 (3%)

Start curve size (°)
 0 1 (0%) 0 (0%) 1 (0%)
 5 1 (0%) 0 (0%) 1 (0%)
 10 12 (5%) 6 (10%) 18 (6%)
 15 16 (7%) 9 (14%) 25 (8%)
 20 36 (15%) 8 (13%) 44 (14%)
 25 52 (21%) 9 (14%) 61 (20%)
 30 47 (19%) 17 (27%) 64 (21%)
 35 36 (15%) 8 (13%) 44 (14%)
 40 27 (11%) 3 (5%) 30 (10%)
 45 18 (7%) 3 (5%) 21 (7%)

Follow-up time (months)
 Median (range) 23.5 (3.0, 73.0) 23.0 (4.0, 88.0) 23.0 (3.0, 88.0)
 Mean  (SDb) 25.6 (15.4) 24.1 (14.6) 25.3 (15.3)
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risk of progression to 45° for patients in three categories: 
SMS 1–2, SMS 3, and SMS 4 + . Their conclusions agreed 
with our study and with previous work, noting a higher risk 
of progression in less mature patients with larger curves, 
but did not have granularity based on the specific stage of 
the SS. Their ability to report on an untreated population 
is somewhat unique and is a methodology that is difficult 
to repeat. We did not have the option to include untreated 
patients in our study. Similar to the Sanders [4] and Sitoula 
[5] studies, our patients were typically treated according to 
standard bracing algorithms and did not include any rand-
omization into a nontreatment group. Because we did not 
withhold treatment, several combinations of curve sizes and 
SS in our study included only treated or untreated patients. 
For example, all SS3 patients with 30° curves were treated 
with braces, while all SS7 patients with 15° curves were 
observed. Considering the results of the BrAIST study [12] 
which showed less risk of progression to surgery for patients 
treated with braces, it is unlikely that a study with untreated 
controls could be feasible and receive approval from an insti-
tutional review board. Additionally, compliance data were 
not available in our study for patients who were braced. 
Despite these limitations, we feel that our analysis of all 
patients regardless of treatment may be more generalizable.

Johnson et al. used the largest series of patients avail-
able to predict the chances of nonoperative treatment suc-
cess [13]. They followed 609 boys and girls with scolio-
sis and defined success as reaching skeletal maturity with 
a curve < 50°. They divided their categories into skeletal 
immaturity (SMS 1–2), peak height velocity (SMS 3–4), 
late adolescence (SMS 5–6), and early maturity (SMS 7–8). 
Their findings also corroborated the general pattern of 
older patients with smaller curves having a greater chance 

of successful nonoperative management. Our study differs 
from Johnson, et al. by including separate analyses of the 
results for boys and girls and by defining endpoints other 
than 50°. Unlike their study, our study did not consider other 
factors which might contribute to curve progression, such as 
curve classifications or body mass index.

Our study agrees with these previous efforts, and again 
demonstrates the clear pattern of an increased risk of curve 
progression for less mature patients with larger curves. 
We were able to expand on prior efforts by including pre-
dictive models for multiple endpoints (35°, 40°, 45°, and 
50°) and by including separate models for boys and girls. 
Despite these advances, our study still has some limitations. 
Though we included larger cohorts of encounters for boys 
and girls, we still did not have enough patients in each cat-
egory to completely minimize the 95% CI. In his original 
study, Sanders predicted that 36 patients would need to be 
followed through maturity for each category to decrease 
all 95% CI to ± 10%, which would require more than 2000 
encounters for the table with a 50° endpoint [4]. This is 
likely beyond the scope of even multicenter efforts. Because 
many of the predicted risks for progression continue to have 
wide 95% CI, it is important that this information is shared 
transparently with patients and their families when discuss-
ing treatment options. All measurements were done by a 
single surgeon, so there was no analysis of intra-observer 
error. Although Cobb angles and SS both have some inherent 
measurement error, it is unlikely that some variability would 
change the overall pattern seen in the regression analysis that 
reinforces the findings seen in prior studies.

We followed patients through their CAP until they 
reached Risser 4 or SS7, but did not require minimum 
2-year follow-up. We feel this was practical in most cases, 

Table 2  Prediction of curve 
progression

Sex Outcome Variable Odds ratio (95% CI) P-value

Girls  Curve progression to 35° Start curve size (°) 1.325 (1.231, 1.427)  < 0.001
Sanders stage 0.452 (0.371, 0.551)  < 0.001

 Curve progression to 40° Start curve size (°) 1.265 (1.189, 1.347)  < 0.001
Sanders stage 0.480 (0.399, 0.579)  < 0.001

 Curve progression to 45° Start curve size (°) 1.280 (1.209, 1.355)  < 0.001
Sanders stage 0.481 (0.384, 0.603)  < 0.001

 Curve progression to 50° Start curve size (°) 1.237 (1.180, 1.296)  < 0.001
Sanders stage 0.580 (0.467, 0.720)  < 0.001

Boys  Curve progression to 35° Start curve size (°) 1.254 (1.115, 1.410)  < 0.001
Sanders stage 0.584 (0.417, 0.817) 0.002

 Curve progression to 40° Start curve size (°) 1.384 (1.189, 1.612)  < 0.001
Sanders stage 0.419 (0.233, 0.753) 0.004

 Curve progression to 45° Start curve size (°) 1.192 (1.079, 1.317) 0.001
Sanders stage 0.380 (0.151, 0.955) 0.04

 Curve progression to 50° Start curve size (°) 1.241 (1.112, 1.386)  < 0.001
Sanders stage 0.427 (0.255, 0.712) 0.001
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as patients who progressed significantly in a shorter time 
period would be valuable to include. Similarly, patients 
with smaller curves who reach skeletal maturity were often 
not be required to follow-up for additional radiographs. For 
example, a patient followed for 12 months with a nonpro-
gressive 15° curve who achieved Risser 4, Sanders 7 status 
would likely not return for another appointment, but it would 
still be reasonable to project that they would never progress 
to 35° and include them in the data. If followed long after 
skeletal maturity, some patients with larger curves might 
have progressed further. Grothaus et al. showed 58% of the 
patients who were 40° or larger at SS7 progressed to at least 
50° [7]. Therefore, our limited follow up could have under-
estimated the actual risk of progression for some categories. 

We were not able to separate patients based on treatment, 
curve type, or body mass index because recommendations 
for bracing were based on traditional indications, so most 
patients with significant curves and growth remaining were 
braced. Our institution also does not routinely employ tem-
perature sensors in braces, so our results can only be inter-
preted as the risk of progression regardless of treatment or 
compliance.

We used the original Sanders classification, but more 
recently subclassifications have been proposed including 
Sanders 3A, 3B, and 7b categories [14, 15]. Our data did 
not account for these subclassifications, which might pro-
vide even more granularity for prediction of curve progres-
sion. Our study evaluated progression based only on curve 

Table 3  Girls predictive 
probabilities (%) (95% CI). 
Numbers are reported as the 
probability (%) of progression 
(with 95% confidence intervals)

Risk of Progression to 35° (with 95% CIs)
1 2 3 4 5 6 7,8

44% 31% 19% 6% 0% 0% 0%
10°

(0%-65%) (0%-56%) (0%-46%) (0%-37%) (0%-27%) (0%-18%) (0%-8%)
61% 49% 36% 23% 10% 0% 0%

15°
(17%-90%) (2%-81%) (0%-71%) (0%-62%) (0%-52%) (0%-43%) (0%-33%)

79% 66% 53% 41% 28% 15% 2%
20° (34%-

100%)
(19%-
100%) (4%-96%) (0%-87%) (0%-77%) (0%-68%) (0%-58%)

96% 84% 71% 58% 45% 33% 20%
25° (50%-

100%)
(36%-
100%)

(21%-
100%) (6%-100%) (0%-

100%) (0%-93%) (0%-83%)

100% 100% 88% 75% 63% 50% 37%
30° (67%-

100%)
(52%-
100%)

(37%-
100%)

(22%-
100%)

(8%-
100%)

(0%-
100%)

(0%-
100%)

Risk of Progression to 40° (with 95% CIs)
1 2 3 4 5 6 7,8

25% 14% 2% 0% 0% 0% 0%
10°

(0%-53%) (0%-44%) (0%-35%) (0%-26%) (0%-17%) (0%-8%) (0%-0%)
42% 30% 19% 7% 0% 0% 0%

15°
(10%-73%) (0%-64%) (0%-55%) (0%-46%) (0%-37%) (0%-28%) (0%-

19%)
58% 47% 35% 24% 13% 1% 0%

20°
(23%-93%) (10%-84%) (0%-75%) (0%-66%) (0%-57%) (0%-48%) (0%-

39%)
75% 63% 52% 41% 29% 18% 6%

25° (37%-
100%)

(23%-
100%) (9%-95%) (0%-86%) (0%-77%) (0%-68%) (0%-

59%)
91% 80% 68% 57% 46% 34% 23%

30° (50%-
100%)

(36%-
100%)

(22%-
100%) (8%-100%) (0%-97%) (0%-88%) (0%-

79%)
100% 96% 85% 74% 62% 51% 40%

35° (63%-
100%)

(49%-
100%)

(35%-
100%)

(22%-
100%)

(8%-
100%)

(0%-
100%)

(0%-
99%)
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Table 3  (continued)
Risk of Progression to 45° (with 95% CIs)

1 2 3 4 5 6 7,8
11% 2% 0% 0% 0% 0% 0%

10°
(0%-35%) (0%-28%) (0%-20%) (0%-13%) (0%-6%) (0%-0%) (0%-

0%)
26% 17% 7% 0% 0% 0% 0%

15°
(0%-52%) (0%-45%) (0%-38%) (0%-31%) (0%-24%) (0%-16%) (0%-

9%)
41% 32% 22% 13% 3% 0% 0%

20°
(12%-70%) (1%-63%) (0%-56%) (0%-48%) (0%-41%) (0%-34%) (0%-

27%)
56% 47% 37% 28% 18% 9% 0%

25°
(25%-88%) (13%-80%) (1%-73%) (0%-66%) (0%-59%) (0%-52%) (0%-

44%)
71% 62% 52% 43% 33% 24% 14%

30° (37%-
100%) (25%-98%) (14%-91%) (2%-84%) (0%-76%) (0%-69%) (0%-

62%)
86% 77% 67% 58% 48% 39% 29%

35° (50%-
100%)

(38%-
100%)

(26%-
100%)

(14%-
100%) (2%-94%) (0%-87%) (0%-

79%)
100% 92% 82% 73% 63% 54% 44%

40° (62%-
100%)

(50%-
100%)

(38%-
100%)

(27%-
100%)

(15%-
100%)

(3%-
100%)

(0%-
97%)

Risk of Progression to 50° (with 95% CIs)
1 2 3 4 5 6 7,8
0% 0% 0% 0% 0% 0% 0%

10°
(0%-21%) (0%-17%) (0%-13%) (0%-9%) (0%-5%) (0%-1%) (0%-0%)

12% 6% 0% 0% 0% 0% 0%
15°

(0%-35%) (0%-31%) (0%-27%) (0%-23%) (0%-19%) (0%-
15%)

(0%-
11%)

24% 18% 11% 5% 0% 0% 0%
20°

(0%-49%) (0%-45%) (0%-41%) (0%-37%) (0%-33%) (0%-
29%)

(0%-
25%)

36% 30% 23% 17% 11% 4% 0%
25°

(8%-63%) (0%-59%) (0%-55%) (0%-51%) (0%-47%) (0%-
43%)

(0%-
39%)

48% 41% 35% 29% 22% 16% 10%
30°

(18%-77%) (10%-73%) (1%-69%) (0%-65%) (0%-61%) (0%-
57%)

(0%-
53%)

59% 53% 47% 41% 34% 28% 22%
35°

(28%-91%) (19%-87%) (11%-83%) (2%-79%) (0%-75%) (0%-
71%)

(0%-
67%)

71% 65% 59% 52% 46% 40% 33%
40° (37%-

100%)
(29%-
100%) (20%-97%) (12%-93%) (3%-89%) (0%-

85%)
(0%-
80%)

83% 77% 70% 64% 58% 52% 45%
45° (47%-

100%)
(38%-
100%)

(30%-
100%)

(21%-
100%)

(13%-
100%)

(4%-
99%)

(0%-
94%)
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size and SS. A more accurate model might be achieved by 
including other factors, such as treatment, the Risser sign, 
height velocity, curve classification, body mass index, and 
menarche (girls). Finally, because idiopathic scoliosis likely 
represents a polygenic disorder, our study has the same limi-
tation of multiple previous studies that have attempted to 
predict curve progression based on phenotypic markers. Pre-
dicting curve progression for any individual patient may not 
correspond to the means and confidence intervals predicted 

by regression analysis, and so these models should be used 
with appropriate caution.

Adolescent IS curves follow a predictable pattern, hav-
ing more risk for progression when curves are larger, and 
the Sanders stage is smaller. Considering curve progression 
risk as a spectrum based on these factors indicates some 
small risk of progression exists even for many smaller curves 
with higher SS. This analysis may be useful for counseling 
patients about the risks of curve progression to various curve 

Table 4  Boys predictive probabilities (%) (95% CI). Numbers are reported as the probability (%) of progression (with 95% confidence intervals)

Risk of Progression to 35° (with 95% CIs)
1 2 3 4 5 6 7,8

44% 31% 19% 6% 0% 0% 0%
10°

(0%-80%) (0%-76%) (0%-73%) (0%-69%) (0%-66%) (0%-63%) (0%-59%)
61% 49% 36% 23% 10% 0% 0%

15° (0%-
100%)

(0%-
100%)

(0%-
100%) (0%-97%) (0%-93%) (0%-90%) (0%-87%)

79% 66% 53% 41% 28% 15% 2%
20° (0%-

100%)
(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

96% 84% 71% 58% 45% 33% 20%
25° (0%-

100%)
(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

100% 100% 88% 75% 63% 50% 37%
30° (5%-

100%)
(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

Risk of Progression to 40° (with 95% CIs)
1 2 3 4 5 6 7,8
6% 0% 0% 0% 0% 0% 0%

10°
(0%-57%) (0%-51%) (0%-45%) (0%-38%) (0%-32%) (0%-26%) (0%-20%)

25% 14% 3% 0% 0% 0% 0%
15°

(0%-81%) (0%-75%) (0%-69%) (0%-63%) (0%-56%) (0%-50%) (0%-44%)
43% 32% 21% 10% 0% 0% 0%

20°
(0%-100%) (0%-99%) (0%-93%) (0%-87%) (0%-80%) (0%-74%) (0%-68%)

62% 51% 40% 29% 18% 7% 0%
25°

(0%-100%) (0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%) (0%-98%) (0%-92%)

80% 69% 58% 47% 36% 26% 15%
30°

(7%-100%) (0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

99% 88% 77% 66% 55% 44% 33%
35° (20%-

100%)
(4%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)
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Table 4  (continued)

Risk of Progression to 45° (with 95% CIs)
 1 2 3 4 5 6 7,8

14% 4% 0% 0% 0% 0% 0%
10°

(0%-64%) (0%-59%) (0%-54%) (0%-49%) (0%-44%) (0%-39%) (0%-34%)
25% 15% 5% 0% 0% 0% 0%

15°
(0%-80%) (0%-75%) (0%-71%) (0%-66%) (0%-61%) (0%-56%) (0%-51%)

37% 27% 17% 7% 0% 0% 0%
20°

(0%-97%) (0%-92%) (0%-87%) (0%-82%) (0%-77%) (0%-73%) (0%-68%)
48% 38% 28% 18% 8% 0% 0%

25° (0%-
100%)

(0%-
100%)

(0%-
100%) (0%-99%) (0%-94%) (0%-89%) (0%-84%)

60% 50% 40% 30% 20% 10% 0%
30° (0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
71% 61% 51% 41% 31% 21% 11%

35° (0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

83% 73% 63% 53% 43% 33% 23%
40° (1%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)

Risk of Progression to 50° (with 95% CIs)
1 2 3 4 5 6 7,8

8% 0% 0% 0% 0% 0% 0%
10°

(0%-52%) (0%-47%) (0%-41%) (0%-36%) (0%-31%) (0%-25%) (0%-20%)
21% 11% 1% 0% 0% 0% 0%

15°
(0%-69%) (0%-64%) (0%-59%) (0%-53%) (0%-48%) (0%-42%) (0%-37%)

34% 24% 14% 3% 0% 0% 0%
20°

(0%-86%) (0%-81%) (0%-76%) (0%-70%) (0%-65%) (0%-60%) (0%-54%)
47% 36% 26% 16% 6% 0% 0%

25°
(0%-100%) (0%-98%) (0%-93%) (0%-88%) (0%-82%) (0%-77%) (0%-71%)

59% 49% 39% 29% 19% 9% 0%
30°

(0%-100%) (0%-
100%)

(0%-
100%)

(0%-
100%) (0%-99%) (0%-94%) (0%-89%)

72% 62% 52% 42% 32% 22% 12%
35°

(6%-100%) (0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

85% 75% 65% 55% 45% 34% 24%
40° (15%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
(0%-

100%)
98% 88% 78% 68% 57% 47% 37%

45° (23%-
100%)

(9%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)

(0%-
100%)
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size endpoints and may aid shared decision-making regard-
ing treatments.
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