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Abstract

:

Background: The Sforzesco brace is a very rigid push-up brace effective in adolescent idiopathic scoliosis (AIS). We recently developed a new Sforzesco brace based on modularity (the Modular Italian brace—MI brace) that could allow standardization, facilitating global expertise diffusion, increased modifiability and adaptability, and cost savings due to longer brace life. We aimed to compare the short-term results of the two braces. Methods: The retrospective study included 231 consecutive AIS treated with a MI brace (N = 53) or Sforzesco brace (N = 178). The main outcome was the first 6-month follow-up out-of-brace radiograph Cobb angle change. Secondary outcomes included the in-brace Cobb degrees and aesthetics (TRACE), prominence (angle of trunk rotation and mm), kyphosis, and lordosis changes. Results: The two groups were similar at baseline, apart from more immature patients in MI brace. Both braces reduced the Cobb angle (−6° out-of-brace; −16° in-brace) without differences between groups. All secondary outcomes improved, apart from a statistically and clinically insignificant 3° kyphosis reduction. The MI brace participants were 4.9 times more likely to improve the Cobb angle than the Sforzesco brace (OR = 4.92; 95%CI 1.91–12.64; p = 0.001). Conclusions: These findings suggest that the MI-brace can be safely used instead of the classical Sforzesco brace. However, further studies of different designs and longer follow-ups are needed to confirm these findings.
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1. Introduction


Idiopathic scoliosis is a structural three-dimensional deformity of the spine and trunk [1,2,3], and it is the most common spinal deformity during growth. Braces are recommended for moderate to severe idiopathic scoliosis during growth [1]. Good quality studies showed the efficacy of bracing to treat adolescents with idiopathic scoliosis (AIS) [4,5,6,7,8,9], and a Cochrane review summarized the current evidence [10]. Which brace has the best biomechanical action on the scoliotic spine is still unknown, but experts often link biomechanics to different brace designs [11].



Brace efficacy is strongly related to dosage [12,13], but brace-wearing hours are also considered inversely correlated to demand on patients [1,4,14]. Materials, production methods, and personalization of the brace have all evolved in the last decades to improve efficacy and patient comfort [7,15,16,17,18,19,20,21]. It can be postulated that increased comfort could also improve compliance, which is one of the main factors of brace efficacy [15].



The Sforzesco (SfB) is a very rigid brace built according to the SPoRT concept (an acronym for symmetrical, patient-oriented, rigid, three-dimensional, active). It was introduced in the first decade of this millennium, and its effectiveness has been proven, especially in severe curves [10]. Recently, the “Free Pelvis” (FP) innovation has been introduced into the SfB [15]. The FP consists of semi-rigid material (ethylene vinyl acetate) on the pelvis connected to the main very rigid body of the brace (high-density polyethylene) on the trunk. It was found that this innovation, introduced to improve patient comfort and brace adaptability, does not change the in-brace and short-term results of classical very rigid braces and, consequently, can be safely applied [15].



The FP innovation allowed the Modular Italian brace (MI brace—MIB) to be developed. This brace combines the FP innovation with an adjustable posterior polyethylene bar (APB) that gives complete modularity to the brace (five modules: two valves, two FPs, and one APB) (Figure 1).



The MIB can be built and fully personalized directly on the patient, modifying the classical procedures of the brace construction through CAD-CAM or casting: body reconstruction, creation of a corrected positive, and moulding. Moreover, the MIB can be continuously adapted during treatment, giving full adaptability to the patient during changes due to growth or treatment.



On that regard, the MIB is an evolution of the Sf FP. The two braces share the semi-rigid material on the pelvis, a novelty that improves comfort and patient acceptability. On the other hand, Sf FP is built in a more traditional way [22], without the MIB modularity and the possibility to adapt the brace during treatment; with the Sf FP, if the patient changes due to growth, the brace must be changed altogether.



From a biomechanical point of view, the three braces share the same corrective principles, that is, the push-up action [11]. The FP does not change the biomechanical action on the spine, but simply offers freedom and comfort to the pelvis. It is possible that it could give a change in the sagittal plane, but this has not yet been explored. The MI brace, even if built in a different way, keeps the main characteristic of the Sf brace, that is, the overall symmetricity (with some asymmetries inserted in specific areas). In fact, it is the symmetricity that allowed the development of the MI brace, where it is possible to re-create the asymmetrical needs of the Sf brace through internal pads.



The current understanding on bracing [11] is that under the same name, it is possible to provide braces with different overall actions, and the (biomechanical) action does not depend on the name of the brace, but on the conception and consequent construction of it. Consequently, the braces considered in this paper share the same action according to the treating team—the question is if they also share the same results.



Before considering any other possible evolution, there is the need to check the MIB effectiveness compared to the original SfB, the current gold standard. This study aims to compare the results of the MIB with those of the SfB in the short term in the largest possible population from the same treating team: physicians, orthotist, and physiotherapist. We considered the first most significant outcome, that is, the first out-of-brace X-rays after 4–6 months of treatment; recent studies have shown that this X-ray allows us to precisely predict the final treatment results (mean difference 1.8 ± 5.2°) [23]. To achieve this aim, we performed a retrospective analysis of all data prospectively collected in a tertiary referral outpatient institute. We looked at the desired outcomes within a cohort of consecutive AIS patients with an SfB prescription, comparing those receiving the original SfB to those receiving the new MIB.




2. Materials and Methods


2.1. Design


This is a retrospective study of a prospective cohort of consecutive AIS patients. The data were collected in an outpatient referral institute specialized in conservative scoliosis treatment since the development of the SfB. The development of the MIB (Figure 1) gradually caused the discontinuation of the SfB. For this study, we considered only patients treated by the same physicians (AZ, SN) with the brace built by the same orthotist (FT) working in a team with the same physiotherapist (MT). The Local Ethics Committee approved the study (Ethics Committee Comitato Etico Milano Area 2, Via F. Sforza 28, 20122 Milan Italy—parere 466_2021, date of approval: 27 April 2021). Informed consent to the acquisition of anonymized clinical data for analysis was collected from the parents of all the patients involved. The study did not receive any external funding. The study was reported following the STROBE checklist indications [24].




2.2. Participants


We included consecutive adolescents according to the following inclusion criteria: diagnosis of AIS, aged 10 to 16, very rigid SfB prescription at the first consultation, frontal radiographs available at the three time points considered (baseline, in-brace, and out-of-brace at the first 5 ± 2-month medical follow-up). Exclusion criteria were any other previous or current pathology of the spine or neuromuscular and musculoskeletal systems and any disease possibly associated with scoliosis. We collected all the available data corresponding to the inclusion criteria up to 31 December 2022. We divided participants into the SfB and MIB groups, according to the brace prescribed and built, respectively. Figure 2 shows our cohort’s gradual transition from the SfB to the MIB. There are a few years of overlap during the first experimental cases.




2.3. Treatments


The SfB was built for every patient with a prescription for a very rigid brace until 2016, when the development of the MIB started with a gradual shift toward the new brace, finally completed in 2022 (Figure 2). The physician and orthotist did not make specific choices in favour of one or the other brace during the overlap period, where random factors like time availability, human resources, and external situations determined the construction of one or the other brace. Most patients performed scoliosis-specific exercises (PSSE) according to the SEAS (the acronym in everyday use for Scientific Exercises Approach to Scoliosis) School [25,26].



The SfB (Figure 3) has already been thoroughly described in previous publications [27]. According to the recently published classification of braces [11], it is a very rigid, push-up, three-dimensional, bivalve, ventral closure, thoraco–lumbo–sacral orthosis.



The MIB is modular (Figure 4), with five modules: the two valves on the trunk are the same as in the SfB, with a difference at the pelvis where the two FP modules substitute the classical rigid material; the 5th module is the APB (Corsetto ortopedico regolabile. Inventors Stefano Negrini and Fabrizio Tessadri. Owners ISICO srl and Fabrizio Tessadri. Patent Ita-102020000003991).



The orthotist chooses the dimensions of the five modules according to a specific series of measurements (lengths, diameters, and circumferences) acquired either through a laser body scanning or rulers and callipers. The orthotist combines the modules directly on the patient when they perform all final refinements according to the correction needs. At this stage, they usually also add internal Plastazote foam pushes. The anterior and posterior tightening and the dimensions of each single module are totally adjustable to provide a complete customization and individualization of the brace. Also, the final refinement of the FP on the pelvis are performed directly on the patient, heating the material on the donned brace. All adjustments are performed at different moments: while providing the final brace to the patient and at the medical brace checks and consultations. This makes the MIB much more flexible and continuously adjustable, compared to the SfB. Technically, also the MIB is a very rigid, push-up, three-dimensional, bivalve, ventral closure, thoraco–lumbo–sacral orthosis [11]. Hence, it remains a SfB, with more comfort at the pelvis (due to the FP), more adjustability (due to the APB), and possibly increased posterior rigidity (due to the superposition of APB on the two trunk modules). It could have reduced stability because the APB is not fixed like the hinges of the SfB and due to the FP. The latter has already been tested and does not negatively impact the short-term clinical results [15].




2.4. Outcomes


The main outcomes were the changes in the Cobb angle of the major curves measured on coronal radiographs. We had three observation times: at baseline (T0), while wearing the brace (T1), and after the brace was removed (T2). The T1 radiograph was prescribed to be performed one month after the treatment was started. The T2 radiograph was performed at the first consultation prescribed at six months after the brace prescription; the patient was asked to remove the brace immediately before the X-ray. The Cobb angle of lumbar lordosis and thoracic kyphosis were also evaluated. All radiological assessments were performed following the recommendation of SOSORT guidelines [1]. The reliability of the radiographic measurements was previously verified by clinicians at our institution (5° of inter-observer measurement error) [1,6,28]. The secondary outcomes were clinical assessments of the angle of trunk rotation (ATR) measured using a Bunnell Scoliometer and aesthetics using the Trunk Aesthetic Clinical Evaluation (TRACE) score [29]. Compliance was measured using a heat sensor (Thermobrace) [30]. The treating physicians collected all measurements at baseline and the first visit after six months from the brace prescription.




2.5. Potential Confounders


Compliance was measured using a heat sensor (Thermobrace) [30]. Exercise adherence was not measured. Risser at the start of the treatment was included in an appropriate sensitivity analysis.




2.6. Statistical Analysis


After checking the normal distribution of the data, we described participants for all clinical and radiographic parameters. Depending on the variable type, we used the unpaired t-tests and chi-square to check the differences between the two groups at baseline. We performed an unpaired t-test to evaluate the result differences between the two brace designs. We planned to check the odds ratio for improvement with logistic regression for all the differences found. Therefore, we tested the brace design as a predictor of results (change to >5° Cobb angle) with a logistic regression model with adjustment for clinical and radiographic parameters. After checking the univariate model, we tested the following variables in a multivariate model: Cobb angle at baseline, sagittal angles at baseline, clinical measures (TRACE, ATR, and prominence in mm) at baseline, and age at baseline. The alpha level of significance was set at 0.05. For the analysis, we used STATA 15 software (Copyright 1985–2017 StataCorp LLC, College Station, TX 77845, USA). Finally, we performed a sensitivity analysis using logistic regression including only younger patients starting brace treatment with a Risser of 0 to 2.





3. Results


This study included 231 patients, 178 in the SfB group and 53 in the MIB group. All clinical, radiological, and demographic data and comparisons between groups are presented in Table 1.



Most patients included in the study were female (85.4% in SfB and 75.5% in MIB), with a mean age at the start of treatment of 13.6 ± 1.7 years in SfB and 13.5 ± 1.9 years in MIB. The mean Cobb angle at the start of treatment was 40.9 ± 12.8° in SfB and 38.6 ± 11.2° in MIB. At baseline, most patients were skeletally immature (Risser 0–2) in both groups (percentage of patients with Risser 0–2 was 63.3% for SfB and 79.2% for MIB). The only difference between the two groups at T0 was in the proportion of skeletal immature (Risser 0–2) patients, which was significantly higher in the MIB group (chi-square: 14, 18).



In-brace correction was similar with 16.9 ± 7.5° in the SfB and 16.2 ± 6.5° in the MIB group (p = 0.82). At T2 (first out-of-brace X-ray), both groups had a mean improvement of about 6° in Cobb angles with no significant difference between the two groups (−6.6 ± 7.6° in the SfB and −6.0 ± 7.8° in the MIB; p = 0.58) (Figure 5 and Figure 6). There was no significant change between groups in thoracic kyphosis (TK), lumbar lordosis (LL), TRACE, and prominence, both in ATR degrees and mm at follow-up (Table 1).



The only difference found according to brace at T2 was the proportion of improved patients; in the MIB group, more patients improved than in the SfB group. We tested the likelihood of improvement in MIB compared to SfB: patients treated with MIB were 4.9 times more likely to improve than those treated with SfB (OR = 4.92, 95%CI 1.91–12.64; p = 0.001). We, therefore, tested other variables: gender, age at baseline, growth, Cobb, TRACE, ATR and prominence at baseline, and sagittal parameters. The only factor that influenced the odds of improvement was the Cobb angle at baseline. After adjustment for Cobb degrees at baseline, patients in the MIB group were 5.3 times more likely to improve, and the likelihood was increased by 0.90 for each Cobb degree less at baseline (OR = 5.32; 95%CI 1.93–14.84; p = 0.001).



The sensitivity analysis including only subjects with Risser 0–2 showed that there is no difference in all tested outcomes according to the brace design (Figure 7).




4. Discussion


The results of the present study suggest that the SfB and MIB can have similar positive short-term results on moderate-to-moderate, moderate-to-severe, and severe curves. A recent study has suggested that during bracing, the first out-of-brace radiograph could be a very strong predictor of end results [23]. For this reason, an improvement in the first out-of-brace X-ray can be considered clinically important. The MIB was prescribed with similar indications to the SfB in patients with severe scoliotic curves with the risk of becoming surgical candidates. The two compared historical groups were shown to be similar at the baseline, with the only difference being in the rate of immature patients, which was higher in the MIB group than in the SfB group. This result would suggest a more difficult population in the MIB group, even if the Cobb degrees were 2° lower than in the SfB (not significantly, either statistically or clinically). Nevertheless, we found that patients in the MIB group were 5.3 times more likely to improve and the odds of improvement were increased by 0.90 for each Cobb degree less at baseline. This suggests that the MIB may be more effective in patients with less severe scoliosis. This is an unexpected finding because the design brace is similar, with only construction differences. Hence, with this study, we were looking for similarity and not superiority of one brace. On the other hand, sensitivity analysis on younger skeletally immature patients (Risser 0–2) showed no differences between the MIB and SfB group, suggesting that the highest in odds of improvement in MIB were due to the higher number of skeletally immature patients. Further studies with different designs should clarify if this result is due to the brace or other factors. The biggest difference between the MIB and the SfB relies on its greater standardization, which could reduce the probability of mistakes from complete personalization.



Compliance was high and very similar between the two groups, with a mean of 21.7 ± 2.5 h of wearing for SfB and 21.2 ± 3.9 for MIB, and it cannot be considered a confounding factor in the present study. The high compliance for MIB is especially important; brace wearing in the first six months is strongly linked to compliance during the whole treatment [31], so the result suggests that MIB can be a well-tolerated brace.



The sagittal plane balance in spinal deformities is of the utmost importance, as misalignment can be a source of pain and disability in adult life [32,33,34]. The preservation of a balanced sagittal plane is considered one of the most important aims in AIS treatment, either conservative [11] or surgical [35,36]. According to in-brace X-rays, both brace types determine a reduction in the curvatures in the sagittal plane. Nevertheless, this reduction is temporary, and the curvature is restored after brace removal (T2). The variation is within the measurement error and is not meaningful from the clinical point of view. Furthermore, the variation was not statistically significant between the two braces. This can be related to the push-up effect, which is the correction mechanism of both braces. Studies with longer-term follow-up in larger groups will clarify if this was generated by chance or by a real difference in the sagittal action of the two braces.



The study presents some aspects of novelty and interest. Firstly, it shows the preliminary results of a different construction of a classical brace that can have many practical advantages. MIB modularity allows greater standardization, reducing the risk of mistakes and possibly allowing brace diffusion where competencies are less available for different reasons. The increased modifiability and adaptability of the brace can, on one side, allow improvement of the quality of intervention and, on the other, prolong the brace life span. All these aspects open the possibility of reducing costs and diffusing effective brace treatment in AIS patients [37]. Moreover, bracing is currently in the hands of expert orthotists, as required by SOSORT and bracing management guidelines [1]. While excellence will remain limited and required by most important and difficult cases, the modularity could facilitate the wider implementation of good bracing, reaching patients in need but currently excluded because of the unavailability of high expertise where they live. This possibility is especially important in countries of the global south, where cutting expenses is one of the most important priorities, and it can also increase compliance with treatment in patients with reduced economic means in the global north. Furthermore, the MIB personalization is less complex than building a traditional personalized brace like the SfB and requires less expertise from the technician. This can allow a faster and wider diffusion of effective braces for AIS. Finally, in the study, we present the real-life results of the treatment in an ecological context. We included more than 200 patients, reducing the possibility that the observed results are linked to random confounders. We also looked at both groups with the same treating team, reducing the source of variability due to individual choices in prescription, construction, and brace check.



Despite the study’s strengths, its conclusion should still be taken with caution. The study is retrospective, and patients treated with the SfB or MIB were not randomized. While the cohort is the same, the two groups have been treated differently in different time periods, which could lead to other factors influencing the results. The slow change from one brace to the other caused a superposition in the time of the prescriptions, and this could drive bias due to (not necessarily conscious) choices by the physician and orthotist. One possibility is that the MIB was initially prescribed more frequently in milder curves, thus introducing a selection bias, even if the baseline comparison seems to deny this possibility. Clinicians could feel less confident with the innovation and tend to protect patients with estimated higher risks by prescribing the brace they have used for longer. Nevertheless, at the baseline, the MIB was prescribed to more immature (and, consequently, at higher risk) patients. Furthermore, it should be noted that when analysing the likelihood of improvement using the MIB or SfB, the 95%CI is wide, highlighting that the variability in the sample was high, and the missing data (Table 1) could have affected these results. These findings are preliminary and should be tested in the future in larger cohorts with different study designs and longer follow-ups. Moreover, the fact that the same team treated all the patients while reducing the confounders could also lead to less generalizable results. Another potential weakness is the lack of precise data about compliance to SEAS. It is important to describe, in a detailed way, the treatment exposure of the included patients. On another hand, we decided not to consider the PSSE effect in the analysis, because PSSE has a small effect size, particularly when associated with brace treatment, as shown by Schreiber et al. comparing brace alone with brace associated with Schroth PSSE [38]. Furthermore, PSSE does not have a particularly significant effect in the short term and it is not recommended to report its effect in the short term [39]. Finally, the sample size is relatively small, particularly in the MIB group. Nevertheless, the time required to reach this sample size shows that it is not easy to gather a significant number of patients in this field, and these results should be regarded with attention due to feasibility issues.




5. Conclusions


In patients with severe AIS, the MIB seems to have similar, if not superior, short-term results to the SfB. These results can open up the possibility of effective brace treatment with modular braces that could lead to easier diffusion worldwide, even where there are reduced economical means and expertise on brace treatment. Before suggesting a generalized use of the MIB as a first-line rigid brace treatment, the results should be confirmed in studies with longer follow-ups. Nevertheless, it is now possible to safely substitute the SfB with the MIB without fearing reduced efficacy for patients.
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Figure 1. The 5 modules of the Modular Italian brace (MI brace). 
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Figure 2. Number and type of prescribed braces per year. SfB: Sforzesco Brace; MIB: Modular Italian brace (MI brace). 
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Figure 3. The Sforzesco brace. 






Figure 3. The Sforzesco brace.



[image: Jcm 13 02075 g003]







[image: Jcm 13 02075 g004] 





Figure 4. The Modular Italian brace (MI brace). 
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Figure 5. Cobb degrees of the primary curve at T0 (blue), T1 (red), and T2 (green) in the two compared groups. Sfo: Sforzesco brace; MIB: Modular Italian brace (MI brace). 
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Figure 6. Mean Cobb degree values of primary curves at T0, T1 and T2. SfB: Sforzesco brace; MIB: Modular Italian brace (MI brace). 
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Figure 7. Cobb degrees of the primary curve at T0 (blue), T1 (red), and T2 (green) in the two compared groups of the subgroup including only patients starting treatment with Risser 0–2. SfB: Sforzesco brace; MIB: Modular Italian brace (MI brace). 
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Table 1. Clinical and radiographical data of participants, and comparison between the two groups using unpaired T-test for continuous variables and chi-square for categorical variables. SfB: Sforzesco brace; MIB: Modular Italian brace (MI brace); SD: standard deviation; NS: not significant.
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Group Comparisons

	
SfB Group (Total 178)

	
MIB (Total 53)

	
p Value

(t-Test)




	
Mean (SD)

	
Number of Patients

	
Mean (SD)

	
Number of Patients






	
Age at start (years)

	
13.6 (1.7)

	
178

	
13.5 (1.9)

	
53

	
NS




	
Age at the end (years)

	
14.1 (1.7)

	
178

	
14.0 (2.0)

	
47

	
NS




	
Baseline Cobb angle (T0) (Cobb °)

	
40.9 (12.8)

	
178

	
38.6 (11.2)

	
53

	
NS




	
In-brace Cobb angle (T1) (Cobb °)

	
23.8 (10.8)

	
122

	
23.4 (10.7)

	
41

	
NS




	
First out-of-brace X-ray Cobb angle (T2) (Cobb °)

	
34.3 (11.5)

	
177

	
33.1 (11.2)

	
47

	
NS




	
In brace correction (Cobb °)

	
16.9 (7.5)

	
122

	
16.2 (6.5)

	
41

	
NS




	
Cobb change from baseline to short term follow up (Cobb °)

	
6.6 (7.5)

	
177

	
6.0 (7.8)

	
53

	
NS




	
Cobb angle loss from in-brace to out-of-brace (Cobb °)

	
9.6 (5.8)

	
122

	
9.3 (5.8)

	
38

	
NS




	
Thoracic kyphosis change (T1–T12) (Cobb °)

	
−6.6 (0.6)

	
177

	
−6.0 (7.8)

	
47

	
NS




	
Lumbar lordosis change (T12–L5) (Cobb °)

	
−3.1 (10.6)

	
69

	
−0.6 (8.6)

	
32

	
NS




	
Daily brace wear (hours)

	
21.7 (2.5)

	
178

	
21.2 (3.9)

	
44

	
NS




	
Baseline ATR (degrees)

	
11.4 (4.5)

	
177

	
10.9 (5.0)

	
53

	
NS




	
Baseline prominence (mm)

	
18.7 (8.7)

	
177

	
17.0 (8.5)

	
53

	
NS




	
Baseline TRACE

	
7.8 (2.2)

	
178

	
7.5 (1.9)

	
53

	
NS




	
ATR change (°)

	
−3.0 (3.7)

	
175

	
−2.9 (5.1)

	
48

	
NS




	
Prominence change (mm)

	
−4.7 (6.5)

	
175

	
−4.4 (7.7)

	
47

	
NS




	
TRACE change

	
−3.1 (2.3)

	
178

	
−3.0 (2.2)

	
47

	
NS




	
Growth (cm)

	
3.2 (8.3)

	
172

	
3.2 (2.0)

	
46

	
NS




	
Time of follow up (years)

	
1.2 (0.7)

	
178

	
1.4 (1.2)

	
47

	
NS




	

	
Number

	
Proportion

	
Number

	
Proportion

	
Chi-square (P)




	
Gender: male (n)

	
26

	
14.6%

	
13

	
24.5%

	
2.8649 (NS)




	
female

	
152

	
85.4%

	
40

	
75.5%




	
Risser: 0 (n)

	
51

	
28.8%

	
17

	
32.1%

	
6.071 (NS)




	
1

	
34

	
19.2%

	
17

	
32.1%




	
2

	
31

	
17.5%

	
8

	
15.1%




	
3

	
47

	
26.6%

	
9

	
17.0%




	
4–5

	
14

	
7.9%

	
2

	
3.8%




	
Improved (≥5 Cobb°) (n)

	
9

	
5.1%

	
11

	
20.7%

	
12.73 (p < 0.001)




	
Improved patients were significantly higher in MIB




	
Worsened ≥ 5 Cobb° (n)

	
75

	
42.1%

	
23

	
43.4%

	
0.0266 (NS)




	
Below 30 Cobb (n)

	
73

	
41.0%

	
22

	
41.5%

	
0.0042 (NS)




	
Above 45 Cobb (n)

	
29

	
16.3%

	
13

	
24.5%

	
1.86 (NS)
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