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Abstract

Background: Studies investigating the outcome of conservative scoliosis treatment differ widely with respect to

the inclusion criteria used. This study has been performed to investigate the possibility to find useful inclusion

criteria for future prospective studies on physiotherapy (PT).

Materials and methods: A PubMed search for outcome papers on PT was performed in order to detect study
designs and inclusion criteria used.

Results: Real outcome papers (start of treatment in immature samples/end results after the end of growth;

controlled studies in adults with scoliosis with a follow-up of more than 5 years) have not been found. Some

papers investigated mid-term effects of exercises, most were retrospective, few prospective and many included

patient samples with questionable treatment indications.

Conclusion: There is no outcome paper on PT in scoliosis with a patient sample at risk for being progressive in

adults or in adolescents followed from premenarchial status until skeletal maturity. However, papers on bracing are

more frequently found and bracing can be regarded as evidence-based in the conservative management and

rehabilitation of idiopathic scoliosis in adolescents.

Background
Scoliosis is a three dimensional deformity of the spine

and trunk, which may deteriorate quickly during periods

of rapid growth [1-3]. Although scoliosis may be the

expression or a symptom of certain diseases, eg. neuro-

muscular, congenital, due to certain syndromes or

tumors, the majority of the patients with scoliosis (80-

90%) are called ‚Idiopathic’ because a certain underlying

cause still has not been found. The treatment of the

symptomatic scoliosis may primarily be determined by

the underlying cause. The treatment of the so-called idio-

pathic scoliosis is determined by the deformity itself. As

most of the scoliosis progress during growth, some also

in later life, the main aim of any intervention is to stop

curvature progression [1,2].

While children grow until they have fully matured,

there are certain times with more or less growth during

childhood and adolescence and curvature progression is

more or less probable during different phases of growth

[1,2] (Figure 1). The ‚baby spurt’ ends at the age of five

and a half to six years followed by a ‚flat phase,’ which

lasts until the first signs of maturation. With the first

signs of breast development or pubic hair, the pubertal

growth spurt begins (P1) and in its ascending phase 2/3

of progression may occur [1]. Shortly after the growth

peak (P3) menarche in girls/voice change in boys

appears to indicate the onset of the descending phase of

growth up to its cessation (P5).

In patients with idiopathic scoliosis during adolescence,

the risk for being progressive can be calculated using the

formula by Lonstein and Carlson [4]. Based on this for-

mula the treatment indications of scoliosis patients dur-

ing growth are determined [5] (Figure 2). The guidelines

derived from this knowledge have been established by

leading members of the SOSORT (International Society

on Scoliosis Orthopaedic and Rehabilitation Treatment)

in order to avoid over- and under- treatment as well. The

formula, Cobb angle-(3 × Risser stage) divided by the
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chronological age is established to calculate the progres-

sion factor indicating the treatment indications during

growth as demonstrated in the SOSORT guidelines [5].

While premenarchial girls at average have Risser 0, the

Risser sign arises after the onset of menarche/voice change

(in boys). A 14 year old girl usually has Risser 3, some-

times 4, a 15 year old girl usually has 4, sometimes 5.

A 10 year old girl with 20° and the first signs of

maturation before the onset of menarche is usually Ris-

ser 0. Therefore, the progression factor is 2, indicating a

risk for being progressive of 90%.

A 15 year old girl with 20° usually is 2.6 years postme-

narchial with Risser 4. Therefore, the progression factor

in this case is 0.53, indicating there is no more risk for

being progressive and that there is no more indication

for further treatment.

Physiotherapy, corrective bracing and spinal fusion

surgery are the treatment modules currently applied in

the treatment of scoliosis [6]. While there are prospec-

tive controlled studies for the use of the Boston [7,8]

(Figure 3) and the Chêneau brace [9] and also one RCT

on physiotherapy [10], no papers have been found to

support spinal fusion surgery on a higher level [11].

Few prospective controlled studies (Level II) on bracing

started in immature patient samples and ended after ces-

sation of growth [7-9] the studies on physiotherapy pub-

lished so far seem to have variable study designs.

Purpose of this Pub Med review was to analyze the

data provided by Pub Med on physiotherapy in patients

with scoliosis as well as the materials already presented

in systematic reviews [10,12] focusing more closely on

the maturity and treatment indication of an average

patient from the various studies in order to explore as

to whether physiotherapy in the treatment of scoliosis

really can be regarded as being evidence based or not?

Materials and methods
A PubMed (and hand search of papers cited in previous

reviews) for outcome papers on PT was performed in

order to detect study designs and inclusion criteria used

for studies on physiotherapy. Retrospective controlled

studies (Level III), prospective controlled studies (Level

Figure 1 Growth rate (body length) as estimated for girls. This figure shows that immature individuals experience two phases of growth

with higher velocity. One may be called the baby spurt with a descended characteristic (0 to approx. 6 years of age). The other is the pubertal

growth spurt (approx. 10 to 13 years). Between these two phases with higher growth velocity, a flat phase of growth with little risk for

progression occurs (Figure modified from Weiss and Weiss 2005). The distribution of the average patients from the studies as presented in Table

1 is demonstrated (blue spots). With kind permission of Pflaum, Munich (Weiss HR: Best practice in conservative scoliosis care. 4th edition in

press).
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II) and randomized controlled studies (Level I) with

untreated controls having scoliosis were taken into

account, but also other study designs were recorded.

The search (October 24th, 2011) was performed for

manuscripts using the mesh terms “scoliosis AND phy-

siotherapy/exercises/exercise. The inclusion criteria were

as follows:

- Patients: Diagnosis of AIS (Adolescent Idiopathic

Scoliosis) in adolescence and adulthood, confirmed

through X-rays; we focused on patients in growing age;

- Experimental intervention: patients treated exclu-

sively with physiotherapy, without any other associated

intervention;

- Control group: any kind of scoliosis patients with

observation only;

- Outcome measures: only Cobb degrees: results could

be reported in absolute terms or as percentage of

patients improved/worsened;

- Study design: any study design to be able to find

hidden controlled trials.

Previously published reviews (10,12) were scrutinized.

Targeting at a proper treatment indication the risk for

being progressive of the average patient from the studies

was calculated according to the formula published by

Lonstein and Carlson [4], whenever Cobb angle, Risser

stage and age of the average patient was documented.

In case the Risser stage of the average patient was not

available, an estimation of the Risser was performed

according to the average age of the group using the data

available in literature [13-15]. As there is a clear correla-

tion between Risser sign (stage) and chronological age

[15] this estimation can be regarded as being meaningful

in larger samples, but not necessarily in individual cases.

For adult patients with scoliosis, the focus was laid

upon controlled studies with an untreated control group

with a follow-up of > 5 years as the slow progression in

Figure 2 Incidence (risk) of progression can be calculated according to the formula by Lonstein and Carlson (1984). According to the

indication guidelines (Weiss et al. 2008) we have to distinguish between an-Indication for observation only (Incidence (risk) of progression-40%),-

Indication for physiotherapy (Incidence (risk) of progression 40-60%),-indication for bracing (Incidence (risk) of progression 60% and more); The

average patient from the majority of the papers on physical therapy found in Table 1 have no indication for treatment but for observation, only

(blue spots). With kind permission of Pflaum, Munich (Weiss HR: Best practice in conservative scoliosis care. 4th edition in press).
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adulthood will usually not exceed the margins of the

technical error of 5° usually calculated for Cobb angle

measurements [2].

Results
193 papers displayed when the terms ‚Idiopathic Scolio-

sis AND physiotherapy’ were entered. 167 papers dis-

played when the terms ‚Idiopathic Scoliosis AND

exercises’ were entered and 139 papers displayed when

the terms ‚Idiopathic Scoliosis AND exercise’ were

entered. In the majority of the papers physiotherapy was

not the main or only treatment. Many papers were

found on bracing, other papers did not account for the

Cobb angle as an outcome parameter.

Hand search was performed for studies mentioned in

papers, especially on the review papers found [10,12].

Real outcome papers (start of treatment in immature

samples/end results after the end of growth) have not

been found. Some papers investigated mid-term effects

of exercises, most were retrospective, few prospective

and many included patient samples with questionable

treatment indications.

Most of the studies had patient samples not meeting

the treatment indications as proposed within the guide-

lines (see Table 1). Sample sizes ranged from 9 to 591

with 75% of the samples as described in the various stu-

dies exceeding the number of 50 [10].

Some studies investigated immature patient samples

with curvatures of less than 15° not yet in the range of

requiring treatment (Figure 1), many of them were

already mature at the start of the study, and not needing

any treatment at all (Figure 2).

One study (n = 74) compared two different unproven

concepts against each other [16].

There was no paper with an adult sample of patients

treated by physiotherapy compared to untreated controls.

One study [17], questions the value of non-operative

treatment commonly used for adult scoliosis patients.

Figure 3 Graph of the survival analysis as presented by Nachemson and Peterson (1995). Per definition every patient being progressive is

eliminated from the count of the study and therefore has not survived. At the start of the observation period therefore we have 100% of

patients in the study and at the end of the observation period there are 30% left (non progressive) in the observation group and 70% left (non

progressive) in the patient group treated with a Boston brace (Figure modified according to Nachemson and Peterson 1995). With kind

permission of Pflaum, Munich (Weiss HR: Best practice in conservative scoliosis care. 4th edition in press).
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The authors state that documented costs are substantial

and no improvement in health status was observed

within 2 years.

Two other short-term controlled studies have been

published, stating that surgical treatment was superior

to conservative treatment [18,19] and claims have been

made that these studies are reaching Level II evidence.

Other studies published recently did not study the

change of Cobb angle [20-22].

Discussion
No paper was found concerning patients at risk for

being progressive, followed to skeletal maturity under

physiotherapy treatment alone. Claims made to regard

physiotherapy as an evidence based method of treat-

ment, are therefore, scientifically unjustified [[10,12]

Romano et al. Cochrane Review in press].

The only evidence on Level II is found in the imma-

ture sample (n = 94) from the prospective controlled

study from our group [23]. However, this group of

patients was not followed up to skeletal maturity.

Another paper comparing two unproven groups of

physiotherapy (general exercises vs. SEAS [Scientific

Exercise Approach to Scoliosis], described in [12]

against each other) does not seem to provide any evi-

dence as this study design does not make sense [16]

because the differences found between the two groups

cannot necessarily be regarded as leading to the conclu-

sion that one of the therapies might be of any benefit to

the patients treated:

When one method is not effective and has no better

results than observation only, the other method

could also lead to deterioration and therefore be sta-

tistically different (Figure 4). This is the cause why

only controlled studies with an untreated control

group can be regarded as a valid source of scientific

information.

Nevertheless, the authors claim in their conclusion:

This data confirms the effectiveness of exercises in

patients with scoliosis who are at high risk of progression.

Compared with non-adapted exercises, a specific and

personalized treatment (SEAS) appears to be more effec-

tive [16].

This study included seventy-four consecutive outpati-

ents with adolescent idiopathic scoliosis, mean 15

degrees (standard deviation 6) Cobb angle, 12.4 (stan-

dard deviation 2.2) years old, at risk of bracing who had

not been treated previously [16].

Italian girls with an average age of 12.4 years surely

can be estimated as being postmenarchial with a Risser

1 at least. When calculating the average patient from

this sample using the Lonstein and Carlson formula

[4,5] with a curvature of 15 degrees one can estimate a

risk factor of < 1 and therefore this patient sample is

not at risk, but is a benign sample of not needing any

treatment because the risk for progression does not

exceed (actually is < 15%) 40%, which according to the

guidelines would be the indication for physical treat-

ment. But even if the Risser sign is assumed as unlikely

to be 0, there was no indication for treatment as the

progression factor would still be 1.2, only, thus still

below 40%. So also this calculation would lead to the

conclusion of clear unnecessary overtreatment and in no

way the patient sample is at risk of needing a brace as

stated in the paper.

This study is only one example of documented mal-

practice and unfortunately literature is full of samples

not needing any treatment, but claims have been made

from these studies that physiotherapy would be of

benefit.

Table 1 Papers on the outcome of physiotherapy in

patients with scoliosis sorted by age.

Age Cobb degrees Risk of Progression

Author Year Average Average Estimated

Weiss 2003§ 10 21 90%

Ducongé 2002 10, 1 15,6 50%

Mollon 1986 10,8 16 50%

Klisic 1985 11 14 35%

Ferraro 1998 11,6 14,9 35%

Rigo 1991 12 19,5 35%

Negrini 2006a 12,4 15,1 15%

Weiss 1997 12,7 27 60%

Weiss 2003$ 13 29,5 60%

Mooney 2000 13,1 33,5 85%

Negrini 2006b 13,4 30,9 60%

Stone 1979 13,5 10 0%

den Boer 1999 13,6 26 27%

McIntire 2006 14 29 20%

Otman 2005 14, 1 26,1 5%*

Mamyama 2002 16,3 31,5 25%*

Maruyama 2003a 16,3 33,3 25%*

Weiss 1992 21,6 43 **

As can be seen, only 7 out of 19 samples published at average had a risk of

progression exceeding 40% and by this had an indication for treatment (38%).

One study had a pre- post design and should be excluded**. Three other

papers were with a patient sample that was (nearly) outgrown and would not

need any treatment*. The studies by Weiss 2003, Mollon and Rodot 1986 and

Ducongé 2002 had a wide range of materials and included also many

prepubertal patients not yet at risk. The patient sample from Weiss, Weiss and

Petermann (2003) was subdivided into an immature (§) and a more mature

sample ($)

(* Patients nearly outgrown/outgrown; ** Patients outgrown/pre-/post

intervention study)
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The authors have also published a retrospective study

[24] including a „worst case analysis “with a patient

sample (n = 112) of 13.2 years and a Cobb angle of 23.4

degrees. Also this sample lacks any indication for treat-

ment (23.4-3 × Risser 2 (estimated benign, because

many Mediterranean girls have Risser 3 at the age of >

13 years, as have German girls too)/13.2 = 1.32, which

makes less than 40% chance for progression with a clear

indication for observation, only) As these girls surely are

in the descendent phase, the prognosis is getting better

every day and as a curve of < 30° is very unlikely to pro-

gress after cessation of growth, there is surely no urgent

indication for treatment and no real risk for the need of

brace treatment).

The Chinese RCT [25] has a patient sample (n = 80)

with an average age of 15 years at the start of the fol-

low-up period and a follow-up time of 6 months at an

average. 15 year old girls (girls are the main population

in samples with AIS) usually do not have significant

residual growth left and do not necessarily need any

treatment. So this study, even with the most important

study design (RCT) cannot contribute to the search for

evidence for PT in scoliosis (Table 1). Additionally there

is no evidence that the curvature does not return to the

initial value after the period of physiotherapy.

The problem of treating mature patients and claiming

beneficial outcomes is also evident in bracing [26]

(Figure 5).

As can be seen in Table 1, only 7 out of 19 samples of

patients published [23-25,27-41] had a risk of progres-

sion exceeding 40% and by way of this had an indication

for treatment (38%). One study had a short-term pre-

post design and should be excluded [27]. Three other

papers were with patient samples (n = 80 [25], n = 69

[31], n = 53 [32]) that were (nearly) outgrown and

would not need any treatment [25,31,32].

The studies by Weiss 2003, Mollon and Rodot 1986

and Ducongé 2002 [23,29,34] with respect to the

Figure 4 Fictitious survival analyses explaining why a comparison of two different treatments without an untreated control group

does not make sense: When one group of patients undergoing the ‚nuts’ treatment does not benefit from this, but is compared to

the ‚plums’ treatment group increasing the curvature angle, there surely may be differences in controlled studies (randomized or

not). But it does not show one of the interventions is really beneficial to the patient (’orange’). So, a controlled study design without an

untreated control group is not providing any evidence for an intervention as investigated with the help of this study design [as demonstrated in

16]. With kind permission of Pflaum, Munich (Weiss HR: Best practice in conservative scoliosis care. 4th edition in press).
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materials included were not homogenous, had a wide

range of materials and included also many prepubertal

patients not yet at risk. Therefore finally only 4 out of

the 19 samples [23,35,37,41] can strictly be regarded as

having had an indication for physical therapy. However,

all these 4 samples were postmenarchial when the

observation started at the descendent part of the puber-

tal growth spurt.

No controlled paper with adult patients at risk for

progression (curvatures exceeding 35°) [2] has been

found.

According to the findings from this review, studies on

physiotherapy in idiopathic scoliosis patients have the

following shortcomings:

- wrong treatment indications

- lack of risk for progression

- lack of comparability

- lack of homogeneity

Prospective study designs should not be overestimated

when the material within the study can be inappropriate

[42]. In studies on scoliosis this is the case when mature

samples without any treatment indications are studied

using prospective controlled or even randomized designs

(e.g. [25]). Maybe there is a benefit also for this popula-

tion from applying PT, but only a patient sample at risk

for being progressive in the well renown range of proper

treatment indications can be accepted and can contri-

bute to evidence in this field. This may also be the pro-

blem within some Cochrane reviews [43].

It is also important to see the current evidence for phy-

siotherapy during growth within the context of the other

module of conservative treatment such as bracing. The

Figure 5 A sample of figures demonstrating that also in bracing it is not uncommon to treat mature individuals. The female patient on

the upper left clearly is mature (Breast staging: Tanner 5). The x-rays as published within the same figure together with the clinical picture [26]

on the first glance seem to show a drastical improvement of the curve as claimed by the authors. First of all, a permanent result like this cannot

be achieved in a mature patient and is therefore not credible (on the left side x-ray a Risser 4 was estimated with fusion of the right iliac crest

apophysis). Secondly, the Risser sign on the right x-ray seems more immature when compared to the left which could lead to the assumption

that the right x-ray was the first and the left one was the last one and by this demonstrates a drastical curve progression. With kind permission

of Pflaum, Munich (Weiss HR: Best practice in conservative scoliosis care. 4th edition in press).
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only paper presenting at least some evidence for phy-

siotherapy is the prospective controlled paper from my

previous working group [23], however, this patient sam-

ple was not followed up to the end of growth (maturity).

Within this study we find a subsample of patients at

higher risk for being progressive. The controls from this

study were non progressive in 30% without any treatment

which compares well to the controls in the SRS brace

study [7]. In immature patients intensive inpatient phy-

siotherapy can halt progression in 50%, however the Bos-

ton brace without PT will be effective in 70% [7]. The

Chêneau brace of the 1999 standard is effective in 80%

[9] while today effectiveness has increased to > 90% [44].

Therefore, bracing seems to be the most important

approach in the conservative management of patients

with scoliosis during growth (Figure 6).

Recent papers present samples not followed up by x-

ray investigations and therefore could not be compared

to other studies from this review [20-22]. However, in at

least two of these studies [21,22] mature patient samples

were studied (and in part treated as in-patients for

many weeks), who were not at risk for deterioration.

Thus overtreatment seems to be an important issue in

the studies on conservative management of scoliosis.

There are a few studies on conservative treatment of

adult scoliosis patients published recently [17-19], but

no studies with an untreated control group. Although

the limitations of these studies were discussed, the

authors draw conclusions even though their studies

have major shortcomings. In one of the studies the

authors [17] state themselves: An important caveat of

this study was that the treatment was not randomized

Figure 6 Synopsis of the survival proportions of the different studies available for comparison. For the treatment of an immature patient

in the pubertal growth spurt the SpineCor seems worthless with a survival rate (8%) of less than observation, only (30%). The immature Schroth

(physiotherapy) sample has a survival rate of 50% (estimated from the premature end results as the sample was not followed up to skeletal

maturity), the Boston brace 70% and the Chêneau brace of the 1999 standard 80%. As the Schroth sample was not followed up to skeletal

maturity (> 30 months only) this graph for physiotherapy is fictitious as it shows a follow-up of 4 years. The other limitation of the Schroth

sample is the lack of homogeneity, also including patients not at actual risk. On the other hand, the prospective controlled study on Schroth

seems to be the one providing the highest evidence for PT at this stage. With kind permission of Pflaum, Munich (Weiss HR: Best practice in

conservative scoliosis care. 4th edition in Press).
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and therefore the treatment group might have deterio-

rated if not for the treatment they received. Bridwell et

al. [18] had drop-out rates of more than 50% in the

non-operative group, so no conclusions are justified

from this paper, because a ‚worst case’ analysis would

possibly lead to the opposite conclusions.

A similar paper, published in 1995 [45] was also

accepted for publication in the American edition of the

Journal of Bone and Joint Surgery, although the conser-

vative sample had a return rate of 50% only. Scientifi-

cally these papers do not merit being published as their

material is poor and the conclusions drawn, invalid.

Study design may be prospective controlled, however

as the problems (complications) of spinal surgery arise

after many years, mostly with a lifetime risk of 40-50%

[2,46], a follow-up of two years seems very questionable

and therefore these papers comparing surgery to conser-

vative treatment of scoliosis seem no valid source of

information.

An agreement of the scientific community on com-

mon inclusion criteria for future studies on PT seems

necessary. We suggest the following: (1) girls only, (2)

age 10 to 13 at the first signs of maturation (Tanner II),

(3) Risser 0-2, (4) risk for progression 40-60% according

to Lonstein and Carlson.

It would be even better to only include patients from

the ascendant phase of the pubertal growth spurt: (1)

girls only, (2) age 10 to 12 at the first signs of matura-

tion (Tanner II), (3) Risser 0, (4) risk for progression 40-

60% according to Lonstein and Carlson.

However, the problem would be that the number of

the patients included would be very limited as has been

shown in a prospective controlled paper on bracing

using this kind of inclusion criteria [9]. Usually scoliosis

in adolescent girls is detected after the onset of

menarche and therefore the suggestion also including

patients with Risser 1 or 2 seems to be more reasonable.

The postural correction plays a major role in phy-

siotherapy like in bracing [7-9,47] treatment and can be

achieved for instance by side shift exercises or the recent

developments of the Schroth method [31,32,48,49]. The

methods for exercising (Yoga, Pilates, SEAS, DOBO

MED) presented in the review by Fusco et al. [12] are not

sufficiently evaluated and should be questioned.

There is still no evidence that physiotherapy exercises

can decrease the progression of scoliosis in immature

samples with idiopathic scoliosis (with significant Cobb

angles > 15 degrees) and thus the correction by braces

is emphasized. However, physiotherapy exercises should

be regarded as a complement to bracing concerning

postural control during activities of daily living (ADL)

[49]. Postural experience and postural correction are

important to stimulate a good posture in grown-up indi-

viduals. A specific method of teaching the patient to

achieve an optimal postural control was introduced by

Schroth and optimized recently [49]. The positive effect

of physical exercise on peak bone mass and on balance

performance/coordination in growing children/adoles-

cents should of course not be underestimated [50,51].

PT may have a beneficial effect on the patient with

idiopathic scoliosis as this has been demonstrated in

many pre-/post cohort studies [12], however during the

most vulnerable period of the pubertal growth spurt PT

should never be regarded as the only meaningful mode

of treatment [52].

Conclusions
- Most of the studies included patients not yet or no

more at risk for being progressive.

- Additionally, the papers on adults with scoliosis

(conservative vs. surgical) have a follow-up period too

short to draw any conclusions as complications of sur-

gery in most of the cases appear more than 5 years after

surgery.

- There was no outcome paper on PT in patients with

idiopathic scoliosis at risk for being progressive followed

from the premenarchial status until skeletal maturity.

Therefore, only bracing can be regarded as being evi-

dence based in the management of scoliosis patients

during growth.

- There is little evidence that PT might have beneficial

effects on spinal curvatures. Specific exercises like Side

Shift or Schroth could be favoured.

- Future studies on physiotherapy in idiopathic scolio-

sis should only be accepted when they follow the inclu-

sion criteria as presented within this paper.

Acknowledgements

I wish to thank Pflaum Company for permitting the publication of pictures
taken or modified from the book with the title Weiss HR: Best practice in
conservative scoliosis care. 4th edition in press.
Thanks to Lesley Schneider for copyediting my paper and for correcting my
non-native English.

Author details
1Gesundheitsforum Nahetal, Alzeyer Str. 23, D-55457 Gensingen, Germany.
2Following a paper presented at the 8th annual meeting of the SOSORT,
Barcelona 2011: Hans-Rudolf Weiss, MD, Elisabete Santos Leal, OMT, Ulrike
Hammelbeck BSc.: Proposal for the SOSORT inclusion criteria for studies on
physiotherapy.

Competing interests

The author is advisor of Koob-Scolitech, Abtweiler, Germany.

Received: 30 October 2011 Accepted: 25 January 2012

Published: 25 January 2012

References

1. Goldberg CJ, Moore DP, Fogarty EE, Dowling FE: Adolescent idiopathic
scoliosis: natural history and prognosis. Stud Health Technol Inform 2002,
91:59-63.

2. Asher MA, Burton DC: Adolescent idiopathic scoliosis: natural history and

long term treatment effects. Scoliosis 2006, 1(1):2.

Weiss Scoliosis 2012, 7:4

http://www.scoliosisjournal.com/content/7/1/4

Page 9 of 11

http://www.ncbi.nlm.nih.gov/pubmed/15457694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15457694?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16759428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16759428?dopt=Abstract


3. Hawes MC, O’Brien JP: The transformation of spinal curvature into spinal

deformity: pathological processes and implications for treatment.

Scoliosis 2006, 1:3.
4. Lonstein JE, Carlson JM: The prediction of curve progression in untreated

idiopathic scoliosis during growth. J Bone Joint Surg Am 1984,

66(7):1061-71.
5. Weiss HR, Negrini S, Rigo M, Kotwicki T, Hawes MC, Grivas TB, Maruyama T,

Landauer F: Indications for conservative management of scoliosis

(SOSORT guidelines). Stud Health Technol Inform 2008, 135:164-70.
6. Hawes MC: The use of exercises in the treatment of scoliosis: an

evidence-based critical review of the literature. Pediatr Rehabil 2003, 6(3-

4):171-182.
7. Nachemson AL, Peterson LE: Effectiveness of treatment with a brace in

girls who have adolescent idiopathic scoliosis. A prospective, controlled

study based on data from the Brace Study of the Scoliosis Research

Society. J Bone Joint Surg Am 1995, 77:815-812.
8. Danielsson AJ, Hasserius R, Ohlin A, Nachemson AL: A prospective study of

brace treatment versus observation alone in adolescent idiopathic

scoliosis: a follow-up mean of 16 years after maturity. Spine 2007,
32:2198-2207.

9. Weiss HR, Weiss GM: Brace treatment during pubertal growth spurt in

girls with idiopathic scoliosis (IS): a prospective trial comparing two

different concepts. Pediatr Rehabil 2005, 8(3):199-206.
10. Negrini S, Fusco C, Minozzi S, Atanasio S, Zaina F, Romano M: Exercises

reduce the progression rate of adolescent idiopathic scoliosis: results of

a comprehensive systematic review of the literature. Disabil Rehabil 2008,
30(10):772-785.

11. Weiss HR, Goodall D: The treatment of adolescent idiopathic scoliosis

(AIS) according to present evidence. A systematic review. Eur J Phys

Rehabil Med 2008, 44:177-193.

12. Fusco C, Zaina F, Atanasio S, Romano M, Negrini A, Negrini S: Physical
exercises in the treatment of adolescent idiopathic scoliosis: an updated

systematic review. Physiother Theory Pract 2011, 27(1):80-114.
13. Sanders JO, Browne RH, Cooney TE, Finegold DN, McConnell SJ, Margraf SA:

Correlates of the peak height velocity in girls with idiopathic scoliosis.

Spine (Phila Pa 1976) 2006, 31(20):2289-2295.
14. Sanders JO, Browne RH, McConnell SJ, Margraf SA, Cooney TE, Finegold DN:

Maturity assessment and curve progression in girls with idiopathic

scoliosis. J Bone Joint Surg Am 2007, 89(1):64-73.
15. Modi HN, Modi CH, Suh SW, Yang JH, Hong JY: Correlation and

comparison of Risser sign versus bone age determination (TW3)

between children with and without scoliosis in Korean population. J

Orthop Surg Res 2009, 4:36.

16. Negrini S, Zaina F, Romano M, Negrini A, Parzini S: Specific exercises

reduce brace prescription in adolescent idiopathic scoliosis: a

prospective controlled cohort study with worst-case analysis. J Rehabil

Med 2008, 40:451-455.
17. Glassman SD, Carreon LY, Shaffrey CI, Polly DW, Ondra SL, Berven SH,

Bridwell KH: The costs and benefits of nonoperative management for

adult scoliosis. Spine (Phila Pa 1976) 2010, 35(5):578-582.

18. Bridwell KH, Glassman S, Horton W, Shaffrey C, Schwab F, Zebala LP,
Lenke LG, Hilton JF, Shainline M, Baldus C, Wootten D: Does treatment

(nonoperative and operative) improve the two-year quality of life in

patients with adult symptomatic lumbar scoliosis: a prospective

multicenter evidence-based medicine study. Spine (Phila Pa 1976) 2009,
34(20):2171-2178.

19. Li G, Passias P, Kozanek M, Fu E, Wang S, Xia Q, Li G, Rand FE, Wood KB:
Adult scoliosis in patients over sixty-five years of age: outcomes of

operative versus nonoperative treatment at a minimum two-year follow-

up. Spine (Phila Pa 1976) 2009, 34(20):2165-2170.
20. Hundozi-Hysenaj H, Dallku IB, Murtezani A, Rrecaj S: Treatment of the

idiopathic scoliosis with brace and physiotherapy. Niger J Med 2009,
18(3):256-9.

21. Lunes DH, Cecílio MB, Dozza MA, Almeida PR: Quantitative
photogrammetric analysis of the Klapp method for treating idiopathic

scoliosis. Rev Bras Fisioter 2010, 14(2):133-40, Epub 2010 May 14. English,
Portuguese.

22. Fabian KM: Evaluation of lung function, chest mobility, and physical

fitness during rehabilitation of scoliotic girls. Ortop Traumatol Rehabil

2010, 12(4):301-9.

23. Weiss HR, Weiss G, Petermann F: Incidence of curvature progression in

idiopathic scoliosis patients treated with scoliosis in-patient

rehabilitation (SIR): an age- and sex-matched controlled study. Pediatr

Rehabil 2003, 6(1):23-30.
24. Negrini S, Atanasio S, Zaina F, Romano M, Parzini S, Negrini A: End-growth

results of bracing and exercises for adolescent idiopathic scoliosis.

Prospective worst-case analysis. Stud Health Technol Inform 2008,
135:395-408.

25. Wan L, Wang G-X, Bian R: Exercise therapy in treatment of essential S-

shaped scoliosis: evaluation of cobb angle in breast and lumbar

segment through a follow-up of half a year. Chinese J Clin Rehabil 2005,

9:82-84.
26. Negrini S, Atanasio S, Negrini F, Zaina F, Marchini G: The Sforzesco brace

can replace cast in the correction of adolescent idiopathic scoliosis: a

controlled prospective cohort study. Scoliosis 2008, 3:15.
27. Weiss HR: Influence of an in-patient exercise program on scoliotic curve.

Ital J Orthop Traumatol 1992, 18(3):395-406.

28. den Boer WA, Anderson PG, Limbeek J, Kooijman MA: Treatment of

idiopathic scoliosis with side-shift therapy: an initial comparison with a

brace treatment historical cohort. Eur Spine J 1999, 8:406-410.
29. Duconge P: La rèèducation de la scoliose. Mythè ou rèalitè? Rèsonance

Europeennes Du Rachis 2002, 1229-1236.
30. Ferraro C, Masiero S, Venturin A: Effect of exercise therapy on mild

idiopathic scoliosis. Europa Medicophysica 1998, 34:25-31.

31. Mamyama T, Kitagawal T, Takeshita K, Nakainura K: Side shift exercise for

idiopathic scoliosis after skeletal maturity. Stud Health Technol Inform

2002, 91:361-364.
32. Maruyama T, Matsushita T, Takeshita K, Kitagawa K, Nakamura K,

Kurokawa T: Side shift exercises for idiopathic scoliosis after skeletal

maturity. J Bone Joint Surg (Br) 2003, 85B(Supp 1):89.

33. McIntire K, Asher M, Burton D, Liu W: Trunk rotational strength training

for the management of adolescent idiopathic scoliosis (AIS). Stud Health

Technol Inform 2006, 123:273-280.
34. Mollon G, Rodot J: Scolioses structurales mineures et kinèsitherapie.

Etude statistique compareative des rèsultas. Kinesithérapie Scientifique

1986, 15:47-56.
35. Mooney V, Gulick J, Pozos R: A preliminary report on the effect of

measured strength training in adolescent idiopathic scoliosis. J Spinal

Disord 2000, 13(2):102-107.
36. Negrini S, Negrini A, Romano M, Verzini N, Negrini A, Parzini S: A controlled

prospective study on the efficacy of SEAS.02 exercises in preventing

progression and bracing in mild idiopathic scoliosis. Stud Health Technol

Inform 2006, 123:523-526.

37. Negrini S, Negrini A, Romano M, Verzini N, Parzini S: A controlled

prospective study on the efficacy of SEAS.02 exercises in preparation to

bracing for idiopathic scoliosis. Stud Health Technol Inform 2006,
123:519-522.

38. Otman S, Kose N, Yakut Y: The efficacy of Schroth s 3-dimensional

exercise therapy in the treatment of adolescent idiopathic scoliosis in

Turkey. Saudi Med J 2005, 26:1429-1435.

39. Rigo M, Quera-Salva G, Puigdevall N: Effect of the exclusive employment

of physiotherapy in patients with idiopathic scoliosis. Proceedings Book of

the 11th International Congress of the World Confederation for Physical

Therapy London; 1991, 1319-1321.
40. Stone B, Beekman C, Hall V, Guess V, Brooks HL: The effect of an exercise

program on change in curve in adolescents with minimal idiopathic

scoliosis. A preliminary study. Physical Therapy 1979, 59:759-763.
41. Weiss HR, Lohschmidt K, el-Obeidi N, Verres C: Preliminary results and

worst-case analysis of in-patient scoliosis rehabilitation. Pediatr Rehabil

1997, 1(1):35-40.
42. Weiss HR, Leal ES, Hammelbeck U: Proposal for the SOSORT inclusion

criteria for studies on physiotherapy. Scoliosis 2011, 7 Suppl 1:O54, Paper
presented at the 8th annual meeting of the SOSORT.

43. Weiss HR, Turnbull D: Commentary on ‘Braces for idiopathic scoliosis in

adolescents’ Evid-Based Chil. Health 2010, 5:1723-1725.
44. Werkmann M, Weiss H: Rate of surgey in patients under treatment with a

Chêneau light brace using the SRS inclusion criteria. Scoliosis 2011, 7
Suppl 1:O45.

45. Dickson JH, Mirkovic S, Noble PC, Nalty T, Erwin WD: Results of operative

treatment of idiopathic scoliosis in adults. J Bone Joint Surg Am 1995,
77(4):513-23.

Weiss Scoliosis 2012, 7:4

http://www.scoliosisjournal.com/content/7/1/4

Page 10 of 11

http://www.ncbi.nlm.nih.gov/pubmed/16759413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16759413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6480635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6480635?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18401089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18401089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14713583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14713583?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7782353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7782353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7782353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7782353?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17873811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17873811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17873811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16087554?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16087554?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16087554?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18432435?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18432435?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18432435?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18418338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18418338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21198407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21198407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21198407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16985455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17272424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17272424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19765319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19765319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19765319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18509560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18509560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18509560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20118843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20118843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19752703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19752703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19752703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19752703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19713875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19713875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19713875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20120640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20464171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20464171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20464171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20876923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20876923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12745892?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12745892?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12745892?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18401107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18401107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18401107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18976485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18976485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18976485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1308886?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10552325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10552325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10552325?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22384458?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15457756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15457756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10780683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10780683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17108479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16155663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/441121?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/441121?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/441121?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9689236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9689236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22376704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22376704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22376393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22376393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7713967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7713967?dopt=Abstract


46. Weiss HR, Goodall D: Rate of complications in scoliosis surgery-a

systematic review of the Pub Med literature. Scoliosis 2008, 3:9, 5 August
2008.

47. Landauer F, Wimmer C, Behensky H: Estimating the final outcome of

brace treatment for idiopathic thoracic scoliosis at 6-month follow-up.

Pediatr Rehabil 2003, 6(3-4):201-207.
48. Maruyama T, Kitagawa T, Takeshita K, Mochizuki K, Nakamura K:

Conservative treatment for adolescent idiopathic scoliosis: can it reduce

the incidence of surgical treatment? Pediatr Rehabil 2003, 6(3-4):215-219.
49. Weiss HR: The method of Katharina Schroth-history, principles and

current development. Scoliosis 2011, 6:17.

50. MacKelvie KJ, Khan KM, McKay HA: Is there a critical period for bone

response to weight-bearing exercise in children and adolescents? A

systematic review. Br J Sports Med 2002, 36:250-7.
51. Gunter K, Baxter-Jones AD, Mirwald RL, et al: Impact exercise increases

BMC during growth: an 8-year longitudinal study. J Bone Miner Res 2008,
23:986-93.

52. Lehnert-Schroth C: Three-Dimensional Treatment for Scoliosis. A

Physiotherapeutic Method to Improve Deformities of the Spine. Palo

Alto, CA: The Martindale Press 2007.

doi:10.1186/1748-7161-7-4
Cite this article as: Weiss: Physical therapy intervention studies on
idiopathic scoliosis-review with the focus on inclusion criteria1. Scoliosis
2012 7:4.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Weiss Scoliosis 2012, 7:4

http://www.scoliosisjournal.com/content/7/1/4

Page 11 of 11

http://www.ncbi.nlm.nih.gov/pubmed/18681956?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18681956?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14713586?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14713586?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14713588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14713588?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21878114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21878114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12145113?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12145113?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12145113?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18072874?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18072874?dopt=Abstract

	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Background
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Competing interests
	References

