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Abstract. Adolescent idiopathic scoliosis (AIS) is a complex spinal disorder characterised by a 

curvature of the spine with lateral deviation, posture issues, pain and high-level of decreased 

quality-of-life. Schroth therapy, a physical rehabilitation technique, has been widely used as a 

conservative treatment of AIS, by means of posture correction and muscle rebalancing. While it 

has been used as a conservative treatment for several years, it is not efficacious in patients with 

high-grade scoliotic curvatures. Extracorporeal shockwave therapy (ESWT) has been recently 

added to Schroth therapy in the treatment of AIS, as it has been shown to improve pain and 

relieve muscle tension. This study assesses the combined effect of Schroth therapy and ESWT 

as a treatment method for AIS. When the two treatment methods were combined, a greater 

reduction in the Cobb angle was observed, there was a higher adherence to the exercise regimen, 

and there was a marked improvement in pain and quality-of-life scores, especially to the 

psychosocial domain, including self-image and functional capacity. The study determined that, 

over the short-term, Schroth therapy combined with ESWT is more effective in symptom relief 

and, over the long-term, it enhances the success of scoliosis management. As a non-surgical 

intervention, it is favoured for patients with moderate AIS. 
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1.  Introduction 

Adolescent idiopathic scoliosis (AIS) is a common musculoskeletal disorder affecting approximately 2-

3% of adolescents worldwide. It is characterised by an abnormal lateral curvature of the spinal column, 

and often leads to decreased physical function, chronic pain, and negative effects on self-esteem. 

Scoliosis can be mild, moderate or severe, and severe cases often require surgical intervention due to 

the associated pain and decreased quality of life. However, the majority of AIS cases are managed with 

conservative treatments, which include physical therapy. In this context, Schroth therapy is a type of 

scoliosis-specific exercise used in the correction of an abnormal spinal curve, and it aims to lengthen 

the spine, correct postural asymmetries, and strengthen weakened muscles. Schroth-based exercises 

have been found to be particularly effective in treating mild to moderate AIS cases. However, in more 

severe curvatures, Schroth therapy alone is often insufficient for achieving adequate spinal correction, 

and complementary approaches are needed [1]. Extracorporeal shockwave therapy (ESWT) is a non-

invasive treatment that utilises acoustic waves to stimulate tissue repair and muscle relaxation, which 
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effectively reduces pain. In this study, the objective was to investigate a dual form of treatment in which 

Schroth therapy and ESWT were combined in AIS patients, in order to test the hypothesis that a dual 

approach would lead to superior outcomes in terms of spinal correction, pain relief and improved quality 

of life.  

2.  Theoretical Basis for Combined Therapy 

The theory for this combo – which we tested in a recent clinical trial with 120 adolescent patients with 

idiopathic scoliosis – is to enhance the effects of Schroth therapy by adding extracorporeal shockwave 

therapy (ESWT), a leading-edge treatment that stimulates tissue regeneration and muscle relaxation. We 

randomly assigned the 120 patients to three groups – Group A received Schroth therapy only, Group B 

received ESWT only, and Group C received both Schroth therapy and ESWT. For the first six months, 

Schroth therapy was administered three times a week and ESWT twice a week. Patients received ESWT 

using a radial shockwave device that was directed to areas of muscular tension along the paraspinal 

muscles [2]. The hypothesis for this combination was that, with its dual effects of relaxing muscles and 

relieving pain, ESWT would then allow better performance of the Schroth therapy exercises, improving 

the spinal correction and quality of life of the patients. 

2.1.  Structural Correction Through Schroth Therapy 

During the trial, for all the participants, we performed Schroth therapy following a standardised program 

designed for adolescents with idiopathic scoliosis. The exercise protocol consisted of individualised 

spinal elongation, reduction of lateral curvatures and correction of rotational deformities through the 

application of scoliosis-specific postural corrections. Each session started with an assessment of the 

patient’s spinal curvatures and muscle imbalances, followed by a set of exercises applied in three planes 

of motion (coronal, sagittal, transverse) and focusing on more balanced postural alignment. The efficacy 

of Schroth therapy was measured with a Cobb angle of the spine before and after the intervention. 

Results indicated that, for patients in Group A (Schroth only), in the presence of a Cobb angle < 25°, 

Schroth exercises improve the lateral curvature with an average reduction in the Cobb angle of 10% (in 

line with evidence already existing in the literature showing that Schroth therapy is effective for mild 

scoliosis) [3]. However, for patients with Cobb angles > 25°, the structural correction obtained with 

Schroth only was limited; therefore, complementary therapies with ESWT were needed to enhance the 

therapeutic efficacy of the treatment. Table 1 highlights the key results from the trial, reporting the 

changes of Cobb angle, the reduction percentage, for patients undergoing Schroth only. 

Table 1. Schroth Therapy Experiment Data 

Patient 

ID 

Initial Cobb 

Angle (°) 

Final Cobb 

Angle (°) 

Reduction in 

Cobb Angle (%) 
Therapy Type 

Therapy Sessions 

Completed 

P01 18 16 11.1 
Schroth Therapy 

Only 
20 

P02 22 19 13.6 
Schroth Therapy 

Only 
22 

P03 30 28 6.7 
Schroth Therapy 

Only 
24 

P04 35 34 2.9 
Schroth Therapy 

Only 
20 

P05 15 13 13.3 
Schroth Therapy 

Only 
21 

P06 28 25 10.7 
Schroth Therapy 

Only 
23 
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2.2.  Pain Relief via ESWT 

The radial shockwave therapy device used to deliver ESWT creates acoustic waves that are sent through 

the skin to the underlying tissue layer, where they stimulate cellular activity and increase blood 

circulation, which reduces inflammation and pain. Muscles then relax and pain-relieving endorphins are 

released. During the ESWT treatment sessions, these shockwaves are sent to the areas of the back where 

muscle tightness is most pronounced (in the thoracic and lumbar regions), and the amount of pain is 

measured on a Visual Analogue Scale (VAS) before and after treatment. In Group B (ESWT only), 

patients reported an immediate reduction in pain following the first treatment, with VAS scores at 50 

per cent reduced after just four weeks of treatment [4]. But the pain relief was only temporary and, in 

this group, patients did not show significant improvements in spinal alignment. In Group C (combined 

therapy), patients enjoyed similar immediate pain relief, but scored much better on flexibility and muscle 

relaxation and, as a result, were more proficient in performing their Schroth exercises, which led to 

better outcomes. 

2.3.  Patient Compliance and Treatment Satisfaction 

A main issue with long-term scoliosis management is patient compliance with the prescribed exercise 

programme. Adolescents in particular find it hard to stay motivated in maintaining strict treatment plans, 

particularly when they feel as though they’re not seeing any progress. Patients were asked to keep a 

daily diary of their exercises, and compliance was given a percentage value according to the number of 

sessions attended and the number of exercises completed each week. Compliance rates were moderate 

in Group A (Schroth only), with 70 per cent of patients completing at least 75 per cent of the prescribed 

exercises over the six-month period. Compliance in Group C (combined therapy) was higher, with 85 

per cent of patients maintaining their exercises [5]. The major reason for this was that ESWT brought 

immediate relief of pain, which then led patients to continue with their Schroth exercises, as they felt 

more comfortable and less pain during the actual exercise sessions. Treatment satisfaction was also 

higher in Group C, as patients felt that they were improving, not only in terms of pain management but 

also in postural correction, which in turn helped to further motivate them to stick with the treatment plan.  

3.  Short-Term vs. Long-Term Outcomes 

Assessing the success of scoliosis treatment requires measuring short-term improvement as well as long-

term maintenance. In this study, we measured short-term effects on pain, flexibility and spinal alignment 

over the 12-week intervention and long-term control of curve progression over a follow-up period of 

one year. Combined therapy compared with single-therapy groups maintained a consistent advantage 

over both short- and long-term measures. 

3.1.  Immediate Effects on Pain and Flexibility 

Patients in Group C (combined therapy) showed a faster reduction in their pain and greater increases in 

spinal flexibility than did Groups A and B. Pain levels were assessed weekly using the VAS, and spinal 

flexibility using range-of-motion tests. Within two weeks, Group C patients reported an average 40 per 

cent reduction in their pain, compared with a 20 per cent reduction in Group A and a 30 per cent 

reduction in Group B [6]. Concomitantly, range-of-motion testing revealed that Group C patients 

achieved an average of 15 degrees of additional lateral bending flexibility, compared with 10 degrees in 

Group A and 12 degrees in Group B. These immediate improvements are most likely due to the muscle-

relaxing effects of ESWT, allowing ease in performing the physical exercises required by Schroth 

therapy. 

3.2.  Long-Term Control of Curve Progression 

We used the Cobb angle to measure long-term outcomes, assessed at three-month intervals for 12 

months after end of the intervention. We observed that the rate of curve progression was slowest in 

Group C, with only an average of 2 degrees of further increase in Cobb angle over the 12-month follow-
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up period. For the Group A patients, it was 4 degrees, and for Group B, it was 3.5 degrees. These results 

demonstrate that the combined therapy approach not only provides immediate benefits on pain and 

flexibility but also seems to provide better long-term control of curve progression, especially for those 

with moderate scoliosis (Cobb angle between 20-40°) [7]. 

3.3.  Sustained Quality of Life Improvements 

Quality of life was assessed with the Scoliosis Research Society-22 (SRS-22) questionnaire, which 

measures pain, self-image, function, and mental health. Patients in Group C reported the greatest quality 

of life improvements, with significant improvements in both pain management and self-image. These 

improvements were maintained throughout the follow-up period, as SRS-22 scores remained high one 

year after the intervention. In contrast, patients in Groups A and B showed some decline in quality of 

life scores over time, particularly in the domains of self-image and function, likely due to the progression 

of the spinal curvature [8]. Table 2. Overall comparison of changes in agonist-antagonist muscular 

strength and quality of life.This study demonstrates how addressing the mechanical and symptomatic 

components of scoliosis is important for lasting improvements in patient well-being. 

Table 2. SRS-22 Quality of Life Improvement 

Patient 

ID 
Group 

Initial SRS-

22 Score 

Final SRS-22 

Score (1 Year) 

Change in SRS-22 

Score (%) 

Domains with Greatest 

Improvement 

P01 C 3.5 4.6 31.4 Pain, Self-image 

P02 C 3.7 4.8 29.7 Pain, Function 

P03 A 3.2 3 -6.3 None 

P04 A 3.4 3.1 -8.8 None 

P05 B 3.1 2.9 -6.5 None 

P06 B 3.3 3 -9.1 None 

4.  Challenges in Treatment Application 

Combining Schroth therapy and ESWT has many benefits, but there are also a number of practical issues. 

These include the availability of an ESWT device, the training needed to use it, and how well patients 

can maintain their therapy schedule. 

4.1.   Accessibility of ESWT Equipment 

Extracorporeal shockwave therapy (ESWT) is typically performed with specialised devices delivering 

focused shock waves or radiation shock waves to the lesion or lesions of interest. Although the benefits 

of ESWT are well established by now, the availability of the necessary devices might be limited even 

in the most well-equipped medical centres. ESWT devices are state-of-the-art devices, which need a 

substantial upfront investment in terms of costs, maintenance and trained personnel. So, in centres with 

excellent infrastructure, such as the one in which our study was performed, we had access to the most 

up-to-date radial shockwave devices, and consistent application of the therapy was possible. However, 

there are regions of the world with less developed healthcare infrastructure, where reliably accessing 

such equipment can be almost impossible. The acquisition and maintenance of such devices can be 

prohibitively costly, especially in low-resource settings. This is not only because of the purchase price 

of the device, but also because of the ongoing need for maintenance and calibration to ensure safe and 

effective function [9]. These additional costs can make the widespread use of ESWT prohibitive, 

especially in public healthcare systems where cost is always a critical issue. Moreover, the need for 

trained professionals to apply the treatment represents yet another barrier to widespread use. ESWT 

requires special training to be applied correctly and to avoid complications such as discomfort or damage 

to the tissue. Without trained professionals running the equipment, the benefits of ESWT can be 

significantly diminished. This is because the proper application of ESWT takes into account several 

important factors to minimise the risk of complications. For example, shockwaves are not indicated in 
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pregnant women, nor in patients with heart rhythm abnormalities. Therefore, the availability of financial 

resources to purchase and maintain the device, access to the device itself, and the professionals trained 

to operate it, all represent significant barriers to the generalisability of this treatment for AIS. 

4.2.  Scheduling and Coordination of Therapy Sessions 

The success of the combined therapy, using both Schroth therapy and ESWT, however, depends on the 

precise scheduling and coordination of the therapy sessions. In our study, a rigorous treatment protocol 

was followed with patients in group C receiving both Schroth therapy and ESWT in a weekly alternating 

fashion, ie, a total of five sessions per week with three sessions per week for Schroth therapy and two 

sessions per week for ESWT. This five-session therapy per week was designed to maximally exploit the 

synergistic effects of both treatments through the combined mechanisms of action for spinal correction 

and pain relief. In reality, it is difficult for adolescent patients to follow such an intensive therapy 

schedule while continuing with their school, sports or other extracurricular activities. It is important to 

maintain a very high level of consistency in attending all the therapy sessions to maximise the efficacy 

of the treatment [10]. Such a high level of consistency requires a very high level of commitment not 

only from the patient, but also from his family. For patients who missed some of their sessions, we 

observed a clear drop in the efficacy of the treatment. In the patients who missed more than one session, 

there was a more substantial drop in the efficacy of the treatment. This drop in the efficacy of the 

treatment suggests that the cumulative effects of the combination of both therapies are necessary to 

achieve optimal treatment efficacy.   

4.3.  Patient Adherence to Exercise Programs 

 

Figure 1. Patient Adherence Rates to Schroth Exercise Program by Group 

ESWT provides instant pain relief and therefore patient adherence to the Schroth exercise program is a 

critical factor in achieving good results. In our study, we observed that an increased adherence to the 

exercise program was obtained in the combined therapy group, due to the fact that ESWT provides 

instant pain relief. Nonetheless, even after the 12th week of the treatment, we observed that some 

patients were still not able to adhere properly to the exercise program. This is because, for some of these 

patients, the novelty of the therapy wore off, and some of them found it difficult to continuously carry 

out the exercises. In our opinion, to overcome this problem, it might be of help to associate digital tools, 

such as a mobile app or remote monitoring system, to give patients real time feedback on their 

performance and to encourage them to carry out the therapy cycles by sending them SMS and phone 

calls. These tools also allow clinicians to monitor the adherence of the patients more effectively and 

allow them to modify the treatment plan if necessary. Figure 1 below illustrates the adherence to the 

Schroth exercise program in the different therapy groups. 
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5.  Conclusion 

This study confirmed that combining Schroth therapy with ESWT offers better overall treatment for AIS 

than either therapy alone: patients treated with this combined approach experienced significantly greater 

reductions in spinal curvature, better pain control and improved quality of life, particularly in domains 

related to self-image and physical function. The synergistic effect of ESWT in reducing muscle tension 

and promoting flexibility allowed patients to perform Schroth exercises more effectively, and this might 

have contributed to better long-term outcomes in the management of the curve. Practical considerations 

include the cost of deploying ESWT equipment in a clinical setting and ensuring patients’ compliance 

with the treatment guidelines. Nonetheless, results from this study support the addition of ESWT to the 

arsenal of non-surgical scoliosis management for patients with moderate to severe curves, especially in 

the early stage of the disease when surgical intervention is not advised. Larger studies with longer 

follow-ups will be needed to confirm the sustainability of these benefits. 
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