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Abstract

Background: Spinal deformity is the oldest disease known to humankind. Many types of treatment methods, including both conservative and surgical, are in use.

Objective: We aimed to validate a published guideline protocol based on the conservative treatment of spinal deformities.

Method: A modified Delphi technique was used with a questionnaire sent out to professionals worldwide regarding the conservative treatment of spinal deformities.

Results: Our study was completed after two rounds. A strong level of agreement of 80% and more (consensus cut-off point) was achieved in most questions in the first round. Some statements were below this margin, and they were sent to the participants via email in the second round for re-evaluation. Consensus was achieved in almost all of the statements in the second round. Only two items did not reach the cut-off point but were close to this value.

Conclusion: This proposed Guideline Protocol was approved by the participants using the Delphi method and can be used as a valid tool for the conservative treatment of spinal deformities.

Clinical implications: A conservative treatment guideline in spinal deformity management, will provide consistency in treatment and will facilitate comparability with surgery. It will be useful in determining the cost-effectiveness of treatment and in choosing the right patient for the right method of treatment. This guideline might help in this context, and may also create a systematic method for clinicians to use as a reference in both research and clinical practice.
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Introduction

Spinal deformity is the oldest disease known to humankind (Kostuik 2015) The deformity in the adult spine may be ongoing for a long time or it may be a sequel to a developmental deformity experienced in childhood. There may also be a variety of contributing factors seen in childhood or adolescence. Thus, there may be many types of deformity involving the spinal vertebrae such as adult and adolescent forms of scoliosis, kyphosis, and lordosis (Diebo et al. 2019). Various treatment methods, including both conservative and surgical, have been applied to spinal deformities. Spinal alignment is important for maintaining an upright posture, protection of neural elements, and stability of the axial skeleton (Kim et al. 2020).

Scoliosis is defined as lateral deviation, axial rotation, and abnormal sagittal curvature of the spine, and is one of the most common spinal deformities. Hyper-kyphosis and lordosis are other types of sagittal plane spinal deformities often seen in clinical practice. All of these spinal conditions may lead to cosmetic appearance problems (Goldberg et al. 2001; Marks & Qaimkhani 2009; Weiss & Moramarco 2017), pain (Achar & Yamanaka 2020), postural imbalance (Herman et al. 1985), biomechanical deterioration (Schultz 1984) and respiratory dysfunction (Johari et al. 2016).

Many types of therapeutic approaches are being investigated but it is unclear which treatment is superior. Conservative treatment consists of exercise, which is broadly used (Negrini et al. 2003; Rigo, Reiter & Weiss 2003; Rivett et al. 2014; Weiss 2011; Weiss, Weiss & Petermann 2003), and bracing (Rivett et al. 2014; Weinstein et al. 2013). There is promising evidence regarding the efficacy of conservative treatment, especially exercise, in various spinal deformities (Anwer et al. 2015; Gür, Ayhan & Yakut 2017; Li et al. 2021; Liu et al. 2020; Park, Jeon & Park 2017; Parveen et al. 2020), and despite the growing high-quality evidence, the heterogeneity of the study protocols limits the generalisability of the recommendations (Negrini et al. 2018).

Surgery is another option; however, the long-term effects of surgery should be further considered. This option is much more invasive, with increased risk and in the long-term might be more problematic, given it does not always provide better results than conservative methods (Bettany-Saltikov et al. 2015; Romano et al. 2013). There is no evidence-based consensus on the superiority of either one of these options, namely conservative or surgery options (Acaroglu et al. 2017; Bettany-Saltikov et al. 2017; Kaspiris et al. 2011). Some evidence describes the importance and beneficial effects of different exercises (Berdishevsky et al. 2016; Negrini et al. 2015), but exercise needs a high level of patient compliance and should be performed as a disciplined routine.

Bracing is the most common conservative treatment option in spinal deformities. High quality studies exist supporting brace treatment during growth in patients with scoliosis (Weinstein et al. 2013; Weiss & Turnbull 2020b) and there is some evidence that standardised Chêneau style braces may be more sucessful than the more symmetric Boston style braces (Minsk et al. 2017; Weiss et al. 2020). Compliance with brace wearing, especially wearing the brace for sufficent time for potential benefit, is a key point (Rivett et al. 2014), because the benefit increases with longer hours of brace wearing (Weinstein et al. 2013). This may be stressful for patients who have to wear a brace for extended periods (Kuru & Yilmaz 2012). Brace support for pain and deformity might be indicated in adult patients with spinal deformities (Weiss & Turnbull 2019). Soft braces are not reported useful enough for stiff deformities (Weiss & Turnbull 2020b). There is evidence that pain can be successfully reduced with these bracing approaches, mainly affecting the sagittal profile (Weiss & Turnbull 2019). Adult patients with scoliosis can be tested explicitly for postural pain before the prescription of braces. In patients with larger deformities and those aiming to reduce their deformity, pattern-specific scoliosis braces are successful. It has been reported that there is no high-quality evidence to support brace treatment in adult patients with spinal deformities; however, the available evidence appears to be promising (Weiss & Turnbull 2020b).

Because there is a lack of validated guidelines outlining the importance and beneficial effects of conservative methods (Day et al. 2019), we decided to undertake our study to motivate clinicians to choose and understand conservative management. Guidelines are accepted as important tools in evidence-based practice that can reduce healthcare variation and improve patient outcomes (Woolf et al. 1999). Clinical practice guidelines are systematically developed statements that intend to assist clinicians and patients in making decisions about appropriate healthcare in specific circumstances (Field & Lohr 1992). To date, there is no gold standard for the treatment of spinal deformities, because there are not many studies comparing the effects of therapeutic interventions, namely surgery, bracing, and conservative methods such as exercise that includes specific exercises. It is important to have validated guidelines to create a systematic conservative treatment methodology.

There are no adequate and suitable comparable studies that help us to make a choice between exercise and surgical applications. An accurate assessment should be made considering the suitability of surgery for patients, and the risks, long-term effects, and complications that may arise. A conservative treatment guideline, which includes systematic exercise and brace therapy, may provide consistency in treatment methods and facilitate comparisons with surgery. It will be of value to be able to compare the cost-effectiveness of these treatment options and this may help clinicians to choose the right patient for the most suitable treatment. Our questionnaire aimed to validate a published guideline protocol (Weiss & Turnbull 2020a) based on the conservative treatment of these types of deformities.

Method

To provide validated guidelines for therapists and patients, a questionnaire containing 46 questions was provided and emailed to professionals worldwide regarding the conservative treatment of spinal deformities. This questionnaire was intended to be evaluated and validated and is derived from the guideline protocol (see Appendix 1) published after a thorough evaluation by the Schroth Best Practice Experts (Weiss & Turnbull 2020a).

We aimed to test the guideline protocol by using a modified Delphi method. The Delphi method was developed in the 1950s by two researchers, Olaf Helmer and Norman Dalkey, working at RAND (an organization formed immediately after World War II to connect military planning with research and≈development decisions) (RAND Corporation, 2021) in the USA, specifically to provide predictions on military issues. This method is widely used and accepted for achieving convergence of opinion concerning real-world knowledge solicited from experts within specific topic areas (Dalkey & Helmer 1963). It is a method that systematically obtains expert opinions on the subject in the presence of a problem. Thus, using the≈Delphi method can enable individuals and groups who look at a problem or clinical situation from different angles to reconcile their opinions without coming face to face. The use of the Delphi method often includes questionnaires applied sequentially to experts on a particular topic. After each round, the results are communicated to the participants. The process continues in this manner until consensus is reached. The consensus that is then achieved is the end product of this process (Dalkey & Helmer 1963; Patton 2008).

The questionnaire based on the conservative treatment of spinal deformities, which was derived from a protocol, contained three parts, including 21 general statements, 15 statements regarding indications for scoliosis, and 10 statements regarding indications for kyphosis treatment. The participants were informed that they could decide whether they agreed with each statement or not, using a level of agreement or disagreement (measuring scale from 1 (little agreement or disagreement) to 7 (strongest agreement or disagreement). There was consensus for this Modified Delphi method, which was revealed by the fact that 80% of respondents indicated that they ‘Strongly Agree’ with the statement, which means ‘I support this recommendation very strongly’. Thus, we accepted 80% and this included levels of agreement 5, 6, and 7 as the cut-off point, which means that these statements reached consensus.

The participants included medical doctors, physiotherapists, orthotists, personal trainers and others with a special interest in spinal deformities. They were the ones working with patients with spinal deformity who had both theoretical and practical knowledge and experience in the field. All participants had at least 2 years or more experience in this field. One hundred and forty-five international participants were invited to complete the questionnaire.The number of participants in Delphi studies varies, as there is no agreement as to how many people should ideally be included in a Delphi study (Murphy et al. 1998).

Contacted individuals received an email, including written explanations about the completion of the questionnaire, two attached documents (the questionnaire was sent as a word document and as a portable document (PDF) format) and a link for online questionnaires with a 2-week deadline for completion and return. In theory, the Delphi method can be iterated continuously until consensus is reached. However, it is noted that two or three rounds are usually sufficient to gather the necessary information and, in most cases, to reach consensus (Brooks 1979; Custer, Scarcella & Stewart 1999; Fernández-Llamazares et al. 2013).

We implemented a two-round modified Delphi method. The participants were informed that the data derived from the answered questionnaires was anonymous. Quality assurance was ensured by two academic physiotherapists who reviewed the data.

Data analysis

Data analysis was performed after each Delphi round to provide statistical feedback to the participants and to determine whether consensus was reached. Data from each statement was collected using Microsoft Excel (Microsoft Corporation, Redmond, WA) and Statistical Package for the Social Sciences (SPSS) statistical software version 16.0 (SPSS Inc., Chicago, IL, USA) was used for the data analysis. Descriptive statistics, including means, standard deviations, medians, and percentages, were analysed for each statement.

Various methods and cut-off points have been determined to achieve consensus. In some studies, 51% of consensus is considered sufficient (Loughlin & Moore 1979); in some, 70% is accepted (Meshkat et al. 2014; Williams & Webb 1994) and in others 80% is accepted (Stewart et al. 2017; Veraar, Hasler & Schirmer 2018). The most common definition for consensus is 75% (Diamond et al. 2014). In our study, the consensus was defined as 80% or more of participants agreeing with certainty (at levels 5, 6, and 7).

Results

In the first round, 130 participants (from 14 different countries, namely Canada, China, Cuba, Denmark, France, Germany, Greece, Indonesia, Japan, Thailand, Turkey, the United Kingdom, Ukraine, Australia) returned the completed questionnaires. The study process including the number of participants in each round and the status of the statements is shown in the Flow Diagram (Figure 1). The professions of the participants are given in Table 1, and the mean years of experience was 7.35 ± 7.83 years.
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Most participants (67%) reported that they regularly treat all types of spinal deformities, including adult scoliosis, adolescent scoliosis, juvenile scoliosis, kyphosis, lordosis; and the rest of the participants reported that they regularly had contact with patients with at least one or more of these types of deformities. Ninety seven (75%) participants mentioned Schroth Therapy, 9 (7%) participants mentioned Schroth Best Practice, as therapy methods; 51 (39%) mentioned bracing and 41 (32%) mentioned the use of chiropractic techniques. Many other types of treatment models such as dry cupping, massage, sports rehabilitation, swimming, ‘Spiral Stabilization of the Spine (SPS)’, and acupuncture were reported by a small number of participants.

First round

The response rate for the first round was 130/145, that is 90% participation. A strong level of agreement 80% and above was achieved in most statements (33 out of 46) in the first round (Figure 2). However, some statements were below this margin, and these statements (Table 2) were prepared to be sent again via email to the participants for the re-evaluation process (Round 2).
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The results obtained in the first round and the questionnaire, were given to the participants for the second round of the Delphi process. They were asked to review their decisions in the first Delphi round and state any new decisions. Items that could not reach consensus within this period before the second round were re-examined. The Delphi method allows for participants to change their thoughts through written feedback. For this reason, details were requested from the authors who developed the proposed guideline for the items that were not agreed upon. Thus, more detailed explanations about the items were prepared by discussing them with the authors of the guideline from which the questionnaire was derived. Accordingly, the explanatory information (obtained from Schroth Best Practice Experts) for each statement that had not reached consensus was as follows (all of the statements are included in Table 1):


	Statement 8: The latest studies (randomised controlled studies) on exercise have been performed on an out-patient basis. Actually, there is no study on inpatient rehabilitation with the same or even better results.

	Statement 13: In daily practice, we regularly experience that a kyphosis can be easily mobilised with simple de-flexion / extension exercises.

	Statement 21: As currently no study exists using exercises the treatment option that demonstrates arresting curve progression in immature patients with Risser 0–2, Age 10 – 14, with Cobb angles of 25° – 40° followed until the end of growth. So exercises can be considered after the main growth spurt is over and treatment can primarily focus on bracing as long as the patients are at high growth velocity.

	Statements 22 – 25: These are patients with little growth where we usually try to avoid unnecessary effort at this stage in order to keep their motivation for the growth spurt.

	Statements 26, 27: With a calculated risk of < 40% I have good experience with only observation for 3 months periods and then adding physiotherapy with a calculated risk between 40% and 60% as well. We should keep in mind not to overload our patients, when it is not necessary, because we may need them to be motivated when their conditions are progressive.

	Statements 30, 31: Here we have little growth left which means little risk for progression and little chance to improve.

	Statements 44 and 45: Thoracic kyphoses in principle are more benign than scolioses. In the more mature patients as well as in adults physiotherpy approaches are sufficient and in my experience can contribute to improvement.



Second round

In the second round , feedback was obtained from 94 participants, and the response rate was 94/130 which was 72% of the first round participants. Although there were losses compared to the first round, the number of participants returning for the second round was still enough to manage the Delphi method.

As in the first round, 80% consensus was achieved at the agreement values of 5,6, and 7. Only items that did not reach consensus in the first round were considered, and the results of the second round are presented in Table 3. It is clear from the second round values shown in Table 3, that consensus was achieved in all; but two of the statements for which consensus was not reached in the 1st round. These two items (items 8 and 22) did not reach the specified cut-off value but were close to it.
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Discussion

A well-structured and easy to access conservative therapy protocol may be of great help for both patients and professionals. These protocols have been established to help find a pathway to the most appropriate way of managing individual cases. Thus patients can monitor prescriptions and proposals made by professionals and test whether these are appropriate. Within this context, overtreatment and undertreatment might be avoided for both patients and professionals (Weiss 2010). The main goal of our study was to provide the most appropriate, feasible, effective, and safe management that does not impact the lives of these patients by taking up their time and their health resources.

Currently, promising evidence shows that it might be possible to be successful in treating patients conservatively without surgery by taking into account the nature and type of the spinal deformity and the eligibility of the patient. This guideline highlights the importance of non-operative management for eligible patients, given that surgery is an invasive procedure that may be associated with more risks than the conservative options (Acaroglu et al. 2017). To date there is no specific outcomes to explain patient satisfaction post surgery (Menendez et al. 2019), and thus it may not be appropriate to be presented as the first and best option for patients.

There is no evidence that suggests that conservative management of scoliosis will have a worse outcome than surgery, (Weiss et al. 2016; Weiss & Moramarco 2013). Patients should first be treated with a conservative programme and not referred to a surgeon initially. Prescription and adherence to an early rehabilitation programme has the potential to result in successful treatment. Surgery should be considered only after reaching a situation where the symptoms cannot be managed conservatively, as it is associated with a number of long-term complications (Bettany-Saltikov et al. 2017).

Establishing proven guidelines for treatment will contribute to a more systematic approach in the conservative treatment of spinal deformities. The systematisation of conservative treatments applied in this way will serve to create a strong alternative to surgery that may have both short- and long-term risks. The guidelines may lead to further studies that will provide better levels of evidence.

There is no evidence that includes a detailed and systematic approach to the conservative treatment of spinal deformities, but related recommendations can be seen in The International Society on Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT) consensus articles (De Mauroy, et al. 2010; Negrini et al. 2018; Weiss et al. 2006). This Delphi method has enabled some consensus on the conservative treatment of spinal conditions.

Consensus was achieved for all of the 46 statements of the guideline during the two Delphi rounds. The first round resulted in a consensus, with the majority (33 of 46 statements, 72%) of the statements being accepted. For the statements that did not reach agreement (13 of 46 statements, 28%), more detailed explanations had to be added to minimise misunderstanding or misinterpretation and to clarify the statements. Evaluation and feedback were provided by the authors about the statements for which no consensus was reached, and they were forwarded to the participants again with the authors’ permission. In the second round, the majority (11 of 13 statements, 85%) of the remaining statements reached consensus. The remaining two statements (statements 8 and 22), which did not reach consensus (but were close to the cut-off point) can possibly be considered to have reached consensus because of their high acceptance levels (Stewart et al. 2017). Thus, it may be considered that all three parts of the guideline were accepted.

Based on the statements suggested by the guideline and the opinions of its authors the following needs to be considered. In scoliosis, at stages of low growth dynamics (patients between 6 and 10 years, before the onset of the first signs of maturation), the risk of the patient becoming progressive is low; however, at the same time, there are low expectations for a recovery. So at this stage, therapy intensity can be reduced and only observation of patients with smaller curves needs to be done. Before these guidelines were drawn up, patients with curves of 20° – 35° were treated with full-time brace treatment before the main growth spurt, and often no improvement was seen. Patients then treated in this way are not sufficiently motivated at the decisive stage of puberty growth and tend not to wear braces at a time when this is most important. As a result, their curves are greatly distorted. Therefore, it may be considered that it is better not to stress patients during the stages of low growth dynamics, thereby mentally preparing them for the main growth spurt, and thus maintaining motivation for optimal treatment with full brace-wearing when appropriate. This is also the time where a clinician has the best chance for improvements, provided patients are treated with effective high correction braces (Weiss et al. 2020). Patients with scoliosis presenting to a specialist clinician before the age of six are very rare. Although there is no guideline for these patients, it is suggested that these patients are treated like those in the pubertal growth spurt, provided they are still in the growth phase (< 6 years of age).

In addition, patients benefit psychologically from intensive rehabilitation in groups during the main growth spurt period (Weiss et al. 2015). Inpatient treatment is a preferred method for patients with painful or severe pulmonary dysfunction. However, for those who have a better prognosis, out-patient sessions determined by the clinician or short-term out-patient rehabilitation prepare the patient sufficiently for home exercises. If success can be achieved by changing daily postural habits after a short rehabilitation period, these behavioural patterns may become automatic, and further intensive physical rehabilitation may not be required. It is also reported by these authors that these measures, were designed in a way that would least interfere with the quality of life of patients. (Weiss & Turnbull 2020a).

Strengths and limitations

This is the first study to develop and validate a guideline on the conservative treatment of spinal deformities utilising the Delphi method. It includes contributions from a large number of international experts. However, the views of the Delphi panellists who agreed to participate in our study may differ from those who refused to participate and, therefore may not fully represent all expert views in the field. In addition, the decrease in the number of participants in the second Delphi round should be considered as a possible variant.

Conclusion

Whilst the level of evidence of conservative treatment is growing, there is still a lack of a comprehensive therapeutic guideline protocol for spinal deformities’ conservative management. As tested within our study, we believe that this guideline will create a systematic method for clinicians to use in both research and clinical practice. The expert views obtained in our Delphi study showed that most of the statements were accepted in the ‘strongly agree’ level, by most of the panellists. Thus, this proposed Guideline Protocol, derived from the Schroth Best Practice Experts’ publication (Weiss & Turnbull 2020a), was approved by the Delphi method to be used as a valid tool in the management of spinal deformities.
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APPENDIX 1

Delphi questionnaire

Guidelines for the conservative treatment of patients with spinal deformities

Name………………………………………..        Date…………………….

Email………………………………………

Affiliation …………………………………………………………………………………………..

……………………………………………………………………………………………………………        Country..……………..

What is your profession?………………………………..

How many years have you been working with patients with spinal deformities?

What type of patients do you see in your clinical practice?


	Scoliosis

	Adult scoliosis

	Adolescent scoliosis

	Juvenile scoliosis

	Kyphosis

	Lordosis



Which conservative treatment approaches do you use in clinical practice?

………………………………………………………………………………………………………………………………………

* Please indicate your degree of agreement or disagreement for each item (1 is little, 7 is strong Agreement/Dis agreement).
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Statements Your view on (please mark) Comments: Suggested
changes, arguments,

Agree Disagree

questions

1. The primary goal of scoliosis and kyphosis management in growing children of Risser 0 1234567 1234567 -
to Risser 3 is to stop curve progression and to try to improve curvature through growth.

2. The primary goal of scoliosis and kyphosis management in older adolescents with less 1234567 1234567 =
growth should be to improve cosmetic appearance and postural balance, whilst halting
any further curve progression.

3. Improving pulmonary function (vital capacity) and treating pain are also of major 1234567 1234567 -
importance.
Conservative scoliosis management is based on rehabilitative treatment and bracing. 1234567 1234567 B

5. Today there is evidence for the effectiveness of scoliosis treatment using physical 1234567 1234567 -
rehabilitation alone.
Therapy for scoliosis does not just consist of general exercises. 1234567 1234567 -
Methods specific to scoliosis requires that clinicians be specifically trained and certified 1234567 1234567 -
in these targeted conservative intervention methods.

8. Out-patient rehabilitation produces similar results to inpatient rehabilitation results and 1234567 1234567 -
are effective at improving the common signs and symptoms of scoliosis and impeding
curve progression.

9. Bracing is effective in preventing progression and improving curvature and in altering 1234567 1234567 -
the natural history of idiopathic scoliosis.

10.  Brace treatment may reduce the prevalence of surgery, restore the sagittal profile, 1234567 1234567 -
and influence vertebral rotation.

11.  Patient compliance is important for end-results of brace treatment. 1234567 1234567 -

12.  Rigid braces have superior end-results than soft braces. 1234567 1234567 B

13.  Simple deflection exercises can be performed in general to achieve a wider range of 1234567 1234567 -
motion in kyphosis treatment.

14.  Exercises and activities of daily living (ADLs) for patients with lumbar and thoracolumbar 1234567 1234567 =
kyphosis are effective.

15.  Bracing is effective in preventing curvature progression and thus in altering the natural 1234567 1234567 -
history of kyphosis.

16.  Each patient with scoliosis has their own natural history and must be considered on an 1234567 1234567 =
individual basis in the context of a thorough objective clinical evaluation, patient
subjective and on their past medical history.

17.  The risk of scoliosis progression highly correlates with the potential for growth. 1234567 1234567 -

18.  The progression factor should be calculated using the Lonstein and Carlson’s progression 1234567 1234567 =
estimation formula i patients with high growth velocity.

19. The treatment programme should be decided by calculating the progression risk according 1234567 1234567 -
to the age and Cobb angle in patients with lower growth velocity.

20.  The indication for physical rehabilitation during the main growth spurt depends upon the 1234567 1234567 =
individual and certain variables such as Cobb angle, apical curve location and Risser sign
regarding the predicted treatment outcome in adolescent idiopathic scoliosis (AIS).

21.  Brace treatment is indicated and paramount to conservative management during growth 1234567 1234567 -
and following the main growth spurt, physical rehabilitation can be effective independently
of brace treatment in AIS.

For Scoliosis

In children (no signs of maturity, age 6-10 years)

Type of treatment provision:

22. Cobb angle up to 15° observation (6-12-month intervals). 1234567 1234567

23, Cobb angle 15°— 20°: Physical rehabilitation with treatment-free intervals (6-12 weeks 1234567 1234567
without physical rehabilitation for those patients having low risk for curve progression
at the time).

24 Cobb angle 20°-25°: Physical rehabilitation. 1234567 1234567

25.  Cobb angle > 25°: Physical rehabilitation and brace wearing part-time 1234567 1234567

Il. In children and adolescents, Risser 0-3, first signs of maturation, less than 98% of mature

height (bone age <14 years ~ girls, <16 years — boys)2.

Type of treatment provision:

26.  Progression risk <40%: Observation (3-month intervals). 1234567 1234567

27.  Progression risk 40% — 60%: Physical rehabilitation. 1234567 1234567

28.  Progression risk 60% — 80%: Physical rehabilitation + part-time brace indication 1234567 1234567
(16 h—23 h [low risk]).

29.  Progression risk > 80%: Physical rehabilitation + full-time brace indication (22 h full 1234567 1234567
time — to reduce Cobb angle and improve cosmetic appearance through growth or
16 h—18 h part time to halt curve).

lll. In children and adolescents presenting with Risser 4 (more than 98% of mature height)

Type of treatment provision:

30.  Cobb angle up to 20°: Observation (6-12 monthly intervals). 1234567 1234567

31, Cobb angle 20° - 35°: Physical rehabilitation. 1234567 1234567

32, Cobb angle > 35°: Physical rehabilitation + brace (22 h full time with aim to improve 1234567 1234567
cosmetic appearance or 16 h— 18 h part time to halt curve — expectation is that the
part-time wearer is not likely to improve their cobb angle at these later stages of growth).

33 For brace weaning: Physical rehabilitation + brace with reduced wearing time. 1234567 1234567

IV. First presentation with Risser 4-5 (more than 99.5% of mature height before growth is

completed)

Type of treatment provision:

34.  Cobb angle 25° - 35°: Physical rehabilitation. 1234567 1234567

35.  Cobb angle > 35°: Physical rehabilitation + brace (22 h full time if wanting to improve 1234567 1234567

cosmetic appearance and or 16 h— 18 h part time to halt curve — expectation is that the
part-time wearer is not likely to improve their cobb angle at these later stages of growth).

V. Adults with Cobb angles > 30°
36.  Physical rehabilitation should be recommended. 1234567 1234567
VI. Adolescents and adults with scoliosis (of any degree) and chronic pain

37. Treatment programme should include physical rehabilitation, scoliosis rehabilitation 1234567 1234567
programme (multimodal pain concept/behavioural + physical concept) and brace
treatment.

For Kyphosis

38.  Brace treatment, like in other spinal deformities, is indicated when the curvature exceeds 1234567 1234567
a Cobb angle of 40° in the thoracic area and when lumbar or thoracolumbar lordosis has
vanished, and / or a kyphosis is visible in these areas.

I. Children and adolescents, Risser 0-3, first signs of maturation, less than 98% of mature

height

Type of treatment provision:

39. Ifthere is inhibition of extension thoracic, thoracolumbar or lumbar: Physical rehabilitation. 1234567 1234567

40.  Cobb angle > 40° thoracic, any kind of thoracolumbar or lumbar kyphosis: Physical 1234567 1234567
rehabilitation + brace (Minimum brace wear of 16 h per day).

41.  When weaning from brace: Physical rehabilitation + brace with reduced wearing time. 1234567 1234567

Il. Children and adolescents presenting with Risser 4 (more than 98% of mature height) 1234567 1234567

Type of treatment provision:

42.  Cobb angle is 40° — 50° thoracic, any kind of thoracolumbar or lumbar kyphosis: 1234567 1234567
Physical rehabilitation.

43.  Cobb angle > 50° thoracic, > 10° of kyphosis thoracolumbar or lumbar: Physical 1234567 1234567

rehabilitation + brace (16 h— 18 h part time if wanting to improve cosmetic appearance
and halt curve — expectation s that the part-time wearer is not likely to improve their
curvature at these later stages of growth).

lll. First presentation with Risser 4-5 (more than 99.5% of mature height before growth
is completed)
Type of treatment provision:

44.  Cobb angle > 50° thoracic, > 10° of kyphosis thoracolumbar or lumbar: Physical 1234567 1234567
rehabilitation.

IV. Adults with Cobb angles thoracic > 50°, > 10° of kyphosis thoracolumbar or lumbar
Type of treatment provision:

45.  Physical rehabilitation, inpatient rehabilitation. 1234567 1234567

V. Adolescents and adults with kyphosis (of any degree) and chronic pain
Type of treatment provision:

46.  Physical rehabilitation, scoliosis rehabilitation programme (multimodal pain concept/ 1234567 1234567
behavioural + physical concept), brace treatment when a positive effect has been proven
during specific testing.

Source: Weiss, H.R. & Turnbull, D., 2020a, ‘Best practice recommendations for the conservative treatment of patients with spinal deformities’, in M. Borysov, M. Moramarco, SY. Ng & Weiss, H.R.
(eds.), Schroth’s textbook of scoliosis and other spinal deformities, pp. 760-775, Cambridge Scholars Publishing, Newcastle upon Tyne
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TABLE 3: The statements of the guideline, mean, median values with standard deviations, and frequency of strong agreement levels and consensus situation in the second round.

The guideline statements that did not reach X Standard Median Frequency % of (5-7)  Second round consensus Situation

a consensus in the 1st round deviation very strong agreement

8. Out-patient rehabilitation produces similar 4.42 415 6 79.7+ Consensus was not reached.

results to inpatient rehabilitation results and are However this is a very close value, thus
effective at improving the common signs and accepted.

symptoms of scoliosis and impeding curve
progression.

13. Simple deflection exercises can be performed 4.89 361 6 84 Consensus was reached.
in general to achieve a wider range of motion in
kyphosis treatment.

21. Brace treatment is indicated and paramount to 5.20 3.74 7 85.1 Consensus was reached.
conservative management during growth and

following the main growth spurt, physical

rehabilitation can be effective independently of brace

treatment in adolescent idiopathic scoliosis (AIS).

22. Cobb angle up to 15° observation (6-12-month 438 451 6 78.8* Consensus was not reached.

intervals). However this is a very close value, thus
accepted.

23. Cobb angle 15° — 20°: Physical rehabilitation 5.44 298 6 87.3 Consensus was reached.

with treatment-free intervals (6-12 weeks without
physical rehabilitation for those patients having
low risk for curve progression at the time).

24. Cobb angle 20° - 25°: Physical rehabilitation. 5.03 3.95 7 84 Consensus was reached.

25. Cobb angle > 25°: Physical rehabilitation and 578 271 7 89.3 Consensus was reached.
brace wearing part-time

26. Progression risk <40%: Observation (3-month 473 383 6 82.9 Consensus was reached.
intervals).

27. Progression risk 40% — 60%: Physical 492 375 6 80.9 Consensus was reached.
rehabilitation.

30. Cobb angle up to 20°: Observation (6-12 466 4.02 6 81.8 Consensus was reached.
monthly intervals).

31. Cobb angle 20° - 35°: Physical rehabilitation. 567 267 6 87.3 Consensus was reached.
44. Cobb angle > 50° thoracic, > 10° of kyphosis 4.90 392 6 84 Consensus was reached.
thoracolumbar or lumbar: Physical rehabilitation.

45. Physical rehabilitation, inpatient rehabilitation. 528 324 6 86.1 Consensus was reached.

Source: Weiss, H.R. & Turnbull, D., 2020a, ‘Best practice recommendations for the conservative treatment of patients with spinal deformities’, in M. Borysov, M. Moramarco, S. Ng & Weiss, H.R.
(eds.), Schroth’s textbook of scoliosis and other spinal deformities, pp. 760~775, Cambridge Scholars Publishing, Newcastle upon Tyne

Note: Specific statements regarding scoliosis and kyphosis.
(1) For Scoliosis
« In children (no signs of maturity, age 6-10 years): 22-25
« In children and adolescents, Risser 0-3, first signs of maturation, less than 98% of mature height (bone age < 14 years — girls, < 16 years - boys) Type of Treatment provision: 26-29
« In children and adolescents presenting with Risser 4 (more than 98% of mature height): 30-33
« First presentation with Risser 4-5 (more than 99.5% of mature height before growth is completed): 34-35
« Adults with Cobb angles > 30°: 36
« Adolescents and adults with scoliosis (of any degree) and chronic pain: 37
(2) For Kyphosis:38
« Children and adolescents, Risser 0-3, first signs of maturation, less than 98% of mature height: 39-41
« Children and adolescents presenting with Risser 4 (more than 98% of mature height): 42-43
« First presentation with Risser 4-5 (more than 99.5% of mature height before growth is completed): 44
« Adults with Cobb angles thoracic > 50°, > 10° of kyphosis thoracolumbar or lumbar:45
« Adolescents and adults with kyphosis (of any degree) and chronic pain:46
These statements around 79% agreement were so close to the 80% cut-off that they were also deemed to have reached consensus.
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TABLE 2: The statements of the guideline, mean, median values with standart deviations, and frequency of strong agreement levels and consensus situation in the first
round

The guideline statements X Standard Median Frequency % of (5-7) very Consensus
deviation strong agreement
The primary goal of scoliosis and kyphosis management in growing 639 122 7 923 Consensus was reached.

children of Risser 0 to Risser 3 is to stop curve progression and to
try to improve curvature through growth.

The primary goal of scoliosis and kyphosis management in older 594 206 7 89.3 Consensus was reached.
adolescents with less growth should be to improve cosmetic

appearance and postural balance, whilst halting any further curve

progression.

Improving pulmonary function (vital capacity) and treating pain is 633 145 7 924 Consensus was reached.
also of major importance.

Conservative scoliosis management is based on rehabilitative 6.02 220 7 89.2 Consensus was reached.
treatment and bracing.

Today there is evidence for the effectiveness of scoliosis treatment 5.03 313 6 815 Consensus was reached.
using physical rehabilitation alone.

Therapy for scoliosis does not just consist of general exercises. 653 103 7 95.4 Consensus was reached.
Methods specific to scoliosis requires that clinicians be specifically 652 152 7 97 Consensus was reached.
trained and certified in these targeted conservative intervention

methods.

Out-patient rehabilitation produces similar results to inpatient 276 4.62 5 53.1 Consensus was not reached.

rehabilitation results and is effective at improving the common
signs and symptoms of scoliosis and impeding curve progression.

Bracing is effective in preventing progression and improving 595 1.88 7 87.7 Consensus was reached.
curvature and in altering the natural history of idiopathic scoliosis.

Brace treatment may reduce the prevalence of surgery, restore 595 202 7 853 Consensus was reached.

the sagittal profile, and influence vertebral rotation.

Patient compliance is important for end-results of brace 649 1.09 7 938 Consensus was reached.
treatment.

Rigid braces have superior end-results than soft braces. 579 287 7 86.2 Consensus was reached.
Simple deflection exercises can be performed in general to achieve 339 476 5 615 Consensus was not reached.

a wider range of motion in kyphosis treatment.

Exercises and activities of daily living (ADLs) for patients with 613 118 7 80.8 Consensus was reached.
lumbar and thoracolumbar kyphosis are effective.

Bracing is effective in preventing curvature progression and thus in 521 294 6 80 Consensus was reached.
altering the natural history of kyphosis.

Each patient with scoliosis has their own natural history and must 6.60 093 7 9.1 Consensus was reached.
be considered on an individual basis in the context of a thorough

objective clinical evaluation, patient subjective and on their past

medical history.

The risk of scoliosis progression highly correlates with the 629 1.88 7 93.9 Consensus was reached.
potential for growth.

The progression factor should be calculated using the Lonstein and 6.09 144 7 86.2 Consensus was reached.
Carlson’s progression estimation formula in patients with high
growth velocity.

The treatment programme should be decided by calculating the 6.10 175 7 89.2 Consensus was reached.
progression risk according to the age and Cobb angle in patients
with lower growth velocity.

The indication for physical rehabilitation during the main growth 627 165 7 916 Consensus was reached.
spurt depends upon the individual and certain variables such as

Cobb angle, apical curve location and Risser sign regarding the

predicted treatment outcome in adolescent idiopathic scoliosis (AIS).

Brace treatment is indicated and paramount to conservative 4.92 352 6 79.2 Consensus was not reached.
management during growth and following the main growth spurt,

physical rehabilitation can be effective independently of brace

treatment in AIS.

Cobb angle up to 15° observation (6-12-month intervals). 4.27 413 6 74.7 Consensus was not reached.
Cobb angle 15° — 20°: Physical rehabilitation with treatment-free 5.01 2820 6 76.9 Consensus was not reached.

intervals (6-12 weeks without physical rehabilitation for those
patients having low risk for curve progression at the time).

Cobb angle 20° - 25°; Physical rehabilitation. 453 4.00 6 746 Consensus was not reached.
Cobb angle > 25°; Physical rehabilitation and brace wearing part- 510 349 6 79.9 Consensus was not reached.
time

Progression risk < 40%: Observation (3-month intervals). 438 388 6 69.2 Consensus was not reached.
Progression risk 40% — 60%: Physical rehabilitation. 4.85 365 6 777 Consensus was not reached.
Progression risk 60% — 80%: Physical rehabilitation + part-time 5.64 274 7 88.4 Consensus was reached.
brace indication (16 h—23 h [low risk]).

Progression risk > 80%: Physical rehabilitation + full-time brace 630 130 7 915 Consensus was reached.

indication (22 h full time — to reduce Cobb angle and improve
cosmetic appearance through growth or 16 h — 18 h part time to

halt curve).

Cobb angle up to 20°; Observation (6-12 monthly intervals). 463 375 6 77.8 Consensus was not reached.
Cobb angle 20° - 35°; Physical rehabilitation. 515 336 6 79.9 Consensus was not reached.
Cobb angle > 35°: Physical rehabilitation + brace (22 h full time 592 221 7 90.8 Consensus was reached.

with aim to improve cosmetic appearance or 16 h— 18 h part time
to halt curve — expectation is that the part-time wearer is not
likely to improve their cobb angle at these later stages of growth).

For brace weaning: Physical rehabilitation + brace with reduced 637 1.09 7 9.6 Consensus was reached.
wearing time.

Cobb angle 25° - 35°; Physical rehabilitation. 520 3.28 6 84.7 Consensus was reached.
Cobb angle > 35° Physical rehabilitation + brace (22 h full time 5.55 267 6,5 84.6 Consensus was reached.

if wanting to improve cosmetic appearance and or 16 h - 18 h
part time to halt curve — expectation is that the part-time
wearer is not likely to improve their cobb angle at these later
stages of growth).

Physical rehabilitation should be recommended. 5.89 237 7 88.5 Consensus was reached.

Treatment programme should include Physical rehabilitation, 6.72 110 7 97.7 Consensus was reached.
scoliosis rehabilitation programme (multimodal pain concept/
behavioural + physical concept) and brace treatment.

Brace treatment, like in other spinal deformities, is indicated when 575 166 6 84.6 Consensus was reached.
the curvature exceeds a Cobb angle of 40° in the thoracic area and

when lumbar or thoracolumbar lordosis has vanished, and/or a

kyphosis is visible in these areas.

If there is inhibition of extension thoracic, thoracolumbar or 5.66 2151} 6 85.4 Consensus was reached.
lumbar: Physical rehabilitation.

Cobb angle > 40° thoracic, any kind of thoracolumbar or lumbar 5.76 245 7 86.9 Consensus was reached.
kyphosis: Physical rehabilitation + brace (Minimum brace wear of
16 h per day).

When weaning from brace: Physical rehabilitation + brace with 6.25 144 7 9.6 Consensus was reached.
reduced wearing time.

Cobb angle is 40° — 50° thoracic, any kind of thoracolumbar or 492 352 6 80.8 Consensus was reached.
lumbar kyphosis: Physical rehabilitation.

Cobb angle > 50° thoracic, > 10° of kyphosis thoracolumbar or 555 2.76 65 853 Consensus was reached.
lumbar: Physical rehabilitation + brace (16 h~18 h part time if

wanting to improve cosmetic appearance and halt curve —

expectation is that the part-time wearer is not likely to improve

their curvature at these later stages of growth).

Cobb angle > 50° thoracic, > 10° of kyphosis thoracolumbar or 4.86 3.67 6 77.7 Consensus was not reached.
lumbar: Physical rehabilitation.

Physical rehabilitation, inpatient rehabilitation. 4.98 3.40 6 76.9 Consensus was not reached.
Physical rehabilitation, scoliosis rehabilitation programme 5.86 2.26 7 88.4 Consensus was reached.

(multimodal pain concept/behavioural + physical concept), brace
treatment when a positive effect has been proven during specific
testing.
Note: Specific statements regarding scoliosis and kyphosis.
(1) For Scoliosis:
« In children (no signs of maturity, age 6-10 years): 22-25
« In children and adolescents, Risser 0-3, first signs of maturation, less than 98% of mature height (bone age < 14 years — girls, < 16 years - boys) Type of Treatment provision: 26-29
« In children and adolescents presenting with Risser 4 (more than 98% of mature height): 30-33
« First presentation with Risser 4-5 (more than 99.5% of mature height before growth is completed): 34-35
« Adults with Cobb angles > 30°: 36
« Adolescents and adults with scoliosis (of any degree) and chronic pain: 37
(2) For Kyphosis: 38
« Children and adolescents, Risser 0-3, first signs of maturation, less than 98% of mature height: 39-41
« Children and adolescents presenting with Risser 4 (more than 98% of mature height):42-43
« First presentation with Risser 4-5 (more than 99.5% of mature height before growth is completed):44
« Adults with Cobb angles thoracic > 50°, > 10° of kyphosis thoracolumbar or lumbar:45
Adolescents and adults with kyphosis (of any degree) and chronic pain: 46
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TABLE 1: Professions of the participants (7 30).

Profession of the Frequency %
participants

Physiotherapists 64 49.2
Medical doctors 30 231
Orthotists 18 13.8
Sports therapists 10 7.8
Chiropractors 6 46
Nurses 1 0.8
Osteopaths 1 0.8

Total 130 100.0
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FIGURE 2: Levels of agreement and disagreement for each statements after first
round.
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First step:

Reviewing a resource chapter regarding the
conservative management of spinal deformities
prepared by Schroth Best Practice experts based on
evidence based practice, and deriving the guideline
statements to prepare a Delphi questionnaire by
two academics.

Aguideline consisting of 46 statements is prepared.

Second step:

Start of first round: 46 statements were sent

to 146 experts.

One-hundred and thirty experts returned

statements.

Most of the statements (33 statements)
were agreed and consensus was reached;
however 13 statements were not agreed to.

End of first round: 33 statements were
approved by the experts and incorporated

to final guideline.

Third step:

This step was as follows:
Contacting the authors of the guideline protocol.

Preparing a detailed explanation for the statements
and returning the protocol to the experts with these
explanations for re-evaluation.

Fourth step:

Start of second round: sending the 13 statements
of which consensus was not achieved in the

guideline protocol.

Ninety four experts returned the 13 statements.
Eleven statements reached consensus.

The two remained statements were quite close

to reaching consensus.

End of second round: The 11 statements were
incorporated into the final guideline. The
remaining two statements were very close to

being accepted.

FIGURE 1: Flow diagram of our study.
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