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Introduction 
 

Spinal deformities may express themselves as scoliotic, lordotic and 
kyphotic deformities. While scoliosis is a 3D deformity with deviations in 
all three planes, whereas lordotic and kyphotic deformities are regarded as 
being single plane deformities (sagittal plane) without any significant 
deviations in frontal and or coronal plane. Single lordotic deformities are 
relatively rare while scoliosis and kyphosis are diagnoses with a body of 
literature describing the conditions and with evidence supporting 
conservative treatment with physical rehabilitation and brace treatment. 
Lordotic deformities being rare and reliant on other causes, are not 
included within the following indication guidelines but we will distinguish 
between scoliosis and kyphosis only. 

                                                
1 Consensus Paper of the Schroth Best Practice Academy 2018 with participation 
of: Josette Bettany-Salticov, UK; Borysov M, Ukraine; Elliott L, Denmark; 
Ishihara C, Japan; Lee SG, South Korea; Moramarco M, United States; Nan XF, 
China; Ng SY, Hong Kong; Shiraishi Y, Japan; Taheri F, Canada; Widjaja B, 
Indonesia; Wied P, Denmark.  
* Consensus Coordinator. 
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The Scoliosis guideline herein is a further development of the guideline 
‘Indication for the Conservative Treatment of Scoliosis’ described below 
[1], adapted for the German AWMF (Arbeitsgemeinschaft der 
Wissenschaftlichen Medizinischen Fachgesellschaften e.V.) [2], and stems 
from detailed discussions of experienced international specialists in the 
field of conservative scoliosis treatment, from highlighted discussions 
presented during the SOSORT Conference in Milan, Italy 2005 and the 
original work first published in 2006 [1]. 

The subsequent review in the 2011 SOSORT guidelines resulted in 
more complexity and detail, but without significant changes to the content 
[3]. The aim of this new endeavor is to establish guidelines (1) that include 
the current knowledge, (2) to extend the former guideline on scoliosis to 
‘spinal deformities’ including kyphosis and (3) to provide a clear 
presentation of the results in order to make it easy for professionals and for 
laypersons to find the appropriate approach for an individual patient 
easily. 
 
 

Participants of the Consensus procedure 
 

Specialized physicians, physiotherapists, orthotists and occupational 
therapists as well as Cochrane authors will be invited to rate the suggested 
new form of the guideline in a 3-step Delphi process. Specialists involved 
are from Europe, North America and Asia (Denmark, Canada, China, 
Greece, Hong Kong, Indonesia, Japan, Korea, Russia, UK, USA and 
Ukraine). The coordination of the Delphi process will be provided by 
Deborah Turnbull, UK.  
 
 

Methods 
 

Initially, an agreed protocol was established. This protocol was the 
basis for future elaboration and final agreement among all authors aiming 
at a high-quality evidence-based end result (S3-Guidelines). According to 
the AWMF system, guidelines are developed and classified in three 
development stages from S1 to S3, with S3 being the highest quality level 
of the development methodology. All authors have agreed on this protocol 
and will contribute to the final paper during the Delphi process as planned. 
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In a 3-step process a consensus of international experts in the treatment 
of spinal deformities has been achieved for a 2018 indications guideline 
for the treatment of spinal deformities, based on the guidelines previously 
released [1-3]. 
 
 

Identification of international panel of experts 
 

Experts in the field of conservative management of spinal deformities 
have been identified from committees of international education 
associations in the field of physical therapy, rehabilitation and orthotics. 
These included representation from the the International Research Society 
of Spinal Deformities (IRSSD), the Society on Scoliosis Orthopedic 
Rehabilitation and Treatment (SOSORT), the World Confederation for 
Physical Therapy (WCPT), Chartered society of physiotherapists UK, 
Maltese association of physiotherapists, College of physiotherapists of 
Ontario, Danske Fysioterapeuter, The Japanese Academy for Health and 
Medical treatment, The Japanese Association for the study of Pain, The 
Japanese Society of Judo Therapy, The Japanese society of Bone and 
Muscle Ultrasound, UAPT and the Hong Kong Chiropractic College 
Foundation. 
 
 

Definition 
 

Scoliosis: Scoliosis may be caused by alterations of the neuromuscular 
system (neuromuscular scoliosis), alterations of soft tissue (e.g., Marfan's 
syndrome and Ehlers-Danlos syndrome), alterations of the nervous system 
(neurofibromatosis), failure of formation/segmentation of vertebrae and 
ribs (congenital scoliosis), and other causes [4]. The majority of patients 
with scoliosis are idiopathic scoliosis [5,6]. 

Adolescent idiopathic scoliosis (AIS) is the most common form of 
scoliosis (80%–90% of the scoliosis population) [7]. AIS is also 
sometimes referred to as “late-onset scoliosis” when it occurs at the age of 
10 or later in adolescence [7]. In contrast, early-onset idiopathic scoliosis 
(EOS) has a far lower prevalence (11%–15% of all idiopathic scoliosis 
cases) [7]. EOS can be subdivided into two groups: infantile idiopathic 
scoliosis, which develops before the age of 3, and juvenile idiopathic 
scoliosis, which has its onset after the fourth year of life [7].  

While AIS may be regarded as being rather benign, EOS may progress 
to more than 100° after growth leading to severe health problems. 
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Idiopathic scoliosis will therefore be the focus of the guidelines, as in 
the very rare symptomatic or syndromatic scoliosis of other origin, 
treatment indications are mainly dependent on the underlying cause.  
 

Kyphosis: Kyphosis is a more uniform condition than scoliosis. In 
contrary to poor posture kyphosis is a rigid deformity. The origin of 
kyphosis may be Scheuermanns disease, idiopathic (rigid kyphosis without 
any signs of M. Scheuermann), congenital, neurofibromatosis, 
arthrogryposis multiplex congenita and others [4]. Kyphosis may appear in 
the thoracic, thoracolumbar and lumbar region, rarely in the cervical 
region of the spine [4]. 

Scheuermann's disease is the most common form of kyphosis and 
initially was described as a rigid kyphosis associated with wedged 
vertebral bodies occurring in late childhood [8]. It usually is defined as a 
kyphosis with two or more wedged vertebra [9,10], or 'characteristic' 
radiographic findings (kyphosis, wedging of vertebral bodies, endplate 
irregularities, Schmorl's nodes). Unlike scoliosis, where any significant 
lateral deviation in the coronal plane is abnormal, the sagittal alignment of 
the spine has a normal range of thoracic kyphosis. The Scoliosis Research 
Society has defined this range from 20° to 40° in the growing adolescent 
[11]. Little is written on the subject of the lumbar or thoracolumbar 
patterns of Scheuermann's disease. The Schmorl's nodes and endplate 
irregularity may be so severe that the lower lumbar Scheuermann's disease 
has been confused with infection, tumor, or other conditions [11]. 

The normal range of kyphosis in the thoracolumbar region until now is 
not defined well and the normal range of lumbar lordosis is not yet 
described. Therefore, we may assume any degree of a rigid kyphosis in the 
lumbar and thoracolumbar spine to be a pathogenic condition. 

The guideline will therefore focus on Scheuermann's disease kyphosis, 
as in the other very rare symptomatic or syndromatic kyphosis of other 
origin [4], treatment indications are again mainly dependent on the 
underlying cause. Kyphoscoliosis is a combination of both, scoliosis and 
kyphosis. To include the rare case of kyphoscoliosis in these guidelines we 
would not have enough evidence based information. 

 
 

Etiology 
 

Scoliosis: Idiopathic scoliosis is the most common of all the forms of 
lateral deviation of the spine. By definition; idiopathic scoliosis is a lateral 
curvature of the spine in an otherwise healthy child for which a 
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recognizable cause has not been found [4-7]. Recent investigations have 
focused on a functional tethering of the spinal cord [12] or neuro-osseus 
disturbance, which may result in a ventral overgrowth [13]; however, loss 
of lumbar lordosis has not yet been clearly explained. Less common but 
more clearly defined etiologies of the disorder include scoliosis of 
neuromuscular origin, congenital scoliosis, scoliosis in neurofibromatosis, 
Prader Willi syndrome, and mesenchymal disorders such as Marfan’s 
syndrome [4]. 

Kyphosis: Scheuermann's kyphosis is the most common form of all 
kyphosis conditions [4], however, the etiology of Scheuermann's kyphosis 
is still not clear. The etiology of lumbar Scheuermann's kyphosis is 
unknown, but strong associations with repetitive activities involving axial 
loading of the immature spine favor a mechanical cause [11]. Although the 
radiographic appearance may be similar, lumbar Scheuermann's kyphosis 
is regarded as a different entity than thoracic Scheuermann's kyphosis 
[11]. 
 
 

Epidemiology 
 

Scoliosis: The prevalence of adolescent idiopathic scoliosis (AIS), 
when defined as a curvature greater than 10° according to Cobb, is 2 to 3% 
of the population. The prevalence of curvatures greater than 20° are 
between 0.3 and 0.5%, while curvatures greater than 40° according to 
Cobb are found in less than 0.1% of the population. All etiologies of 
scoliosis other than AIS are encountered more rarely [4-7]. 

 
Kyphosis: According to Wenger and Frick [11] the incidence of 

Scheuermann's disease has been estimated at 1 to 8% of the population 
[11,14]. The typical presentation is in the late juvenile age period from 8 
to 12 years, with the more severe fixed form commonly appearing between 
age 12 and 16 years. Patients with thoracic roundback, who have classic 
type I Scheuermann's disease, may have pain in the thoracic spine area, 
but more frequently present because of patient and parental concerns 
related to trunk deformity [11,15].  
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Classifications 
 

Scoliosis: The anatomical level of the deformity has received attention 
from clinicians as a basis for scoliosis classification. The level of the apex 
vertebra (i.e. thoracic, thoracolumbar, lumbar, or double major) forms a 
simple basis for description. In 1988 King et al. [16] classified different 
curvature patterns by the extent of spinal fusion; however, recent reports 
have suggested that these classifications lack reliability. Another approach 
developed by Lenke et al. [17] calls for clinical assessment of scoliosis 
and kyphosis with respect to sagittal profile and curvature components. 
Systems designed for conservative Schroth-based management include the 
classifications by Lehnert-Schroth [18] (functional three-curve and 
functional four-curve scoliosis) and Weiss [18] (brace construction and 
application). 

 
Kyphosis: Kyphosis may appear in the thoracic, thoracolumbar and 

lumbar region, rarely in the cervical region of the spine. The level of the 
apex vertebra (i.e. thoracic, thoracolumbar, lumbar, or cervical) forms a 
simple basis for the description of kyphotic conditions [11,15].  
 
 

Objectives of conservative management 
 

The primary goal of scoliosis and kyphosis management is to stop 
curvature progression. Improving pulmonary function (vital capacity) and 
treating pain are also of major importance, as is improving postural 
appearance [1-3]. 

Scoliosis: Conservative scoliosis management is based on 
rehabilitative treatment and bracing. Therapy methods include: Méthode 
Lyonaise, Side Shift, Schroth, Schroth Best Practice, and others [18]. 
Although discussed from contrasting viewpoints in the international 
literature, today there is evidence for the effectiveness of scoliosis 
treatment using physical rehabilitation alone [19-22]. It should be made 
clear that (1) therapy for scoliosis does not just consist of general 
exercises, but rather one of the cited methods specific to scoliosis designed 
to address the particular nuances of spinal deformity, and (2) the 
application of such methods requires that clinicians be specifically trained 
and certified in these targeted conservative intervention methods [18]. 
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For quite some time, inpatient rehabilitation produced short-term 
results which were effective regarding many of the signs and symptoms of 
scoliosis and its ability to impede curve progression. Today, however, 
advances in methodologies allow for outpatient rehabilitation which 
produces similar results quite effectively. In the past, a six-week intensive 
inpatient program was investigated with documented results, yet recently 
there has been no documentation of results for inpatient therapies, whereas 
outpatient practices are gaining momentum [18]. 

The second mode of conservative management is brace treatment. 
Bracing has been found to be effective in preventing curvature progression 
[23] and thus in altering the natural history of idiopathic scoliosis (IS). It 
appears that brace treatment may reduce the prevalence of surgery, restore 
the sagittal profile, and influence vertebral rotation. There are also 
indications that the end result of brace treatment is predictable with patient 
compliance. This conclusion applies to rigid braces only since independent 
studies on soft bracing have shown inferiority to the TLSO [24,25].  

Kyphosis: Simple deflexion exercises can be performed in general to 
achieve a wider range of motion. Systematically physical rehabilitation of 
patients with thoracic kyphosis has been described by Lehnert-Schroth 
[26]. Exercises and activities of daily living (ADLs) for patients with 
lumbar and thoracolumbar kyphosis conditions have been described in a 
recent textbook [18]. Some of these exercises described for kyphosis 
treatment could be considered too simplified, considering this condition 
requires a specialized rehabilitation designed by a specialist in order to 
avoid hypermobility of the adjacent sections of the spine. 

Bracing has been found to be effective in preventing curvature 
progression and thus in altering the natural history of kyphosis [11,15,27]. 
There are different braces available for the treatment of the specific 
location of kyphosis - thoracic, thoracolumbar and lumbar kyphosis [15]. 
 

Evidence 
 

Scoliosis: High quality evidence (Level I) has been achieved for 
conservative management of scoliosis [19-23]. There are Cochrane 
reviews supporting physical rehabilitation and brace treatment [28,29]. 
Randomized controlled trials also support physical rehabilitation and brace 
treatment (grade A recommendation) [20-23].  

No high-quality evidence exists for spinal fusion surgery [30,31].  
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Kyphosis: There is low quality evidence (Level III) for the 
conservative management of kyphotic deformities [11,15]. Conservative 
management is accepted as ‘good practice’ worldwide and – unlike spinal 
fusion surgery [32,33] – does not lead to severe side effects or long-term 
complications. Therefore, a clear indication for treatment can be derived 
from the body of literature [11,15, 27] (grade C recommendation). 
 
 
 

Systematic application of conservative treatment with 
respect to Cobb angle and maturity 

 
Scoliosis: The Guidelines for conservative intervention are based on 

current information regarding the risk for significant curvature progression 
within a given period. 

Each patient with scoliosis has their own natural history and must be 
considered on an individual basis in the context of a thorough objective 
clinical evaluation and patient subjective and past medical history. The 
estimation of risk for progression is based on epidemiological surveys in 
which children diagnosed with scoliosis were radiographed periodically to 
quantify changes in curvature magnitude over time. Such surveys support 
the premise that, among populations of children with a diagnosis of 
idiopathic scoliosis, the risk of progression is highly correlated with 
potential for growth over the period of observation. In males the prognosis 
for progression is more favorable, with relatively fewer individuals having 
curves that progress to 40° [5-7]. 

For the German guidelines, prognostic risk estimation during the 
growth spurt (see II.) is based on the calculation of Lonstein and Carlson 
[34]. This calculation is based on curvature progression observed among 
727 patients (575 female, 152 male) diagnosed between 1974 and 1979 in 
school screening programs in the Minnesota (United States) who were 
followed until they reached skeletal maturity. 
  
I. Children (no signs of maturity, age 6 – 10 years) 
a. Cobb angle up to 15°: Observation (6–12-month intervals). 
b. Cobb angle 15–20°: Physical rehabilitation with treatment-free intervals 

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

c. Cobb angle 20–25°: Physical rehabilitation. 
d. Cobb angle >25°: Physical rehabilitation and brace wearing part-time 

(12–16 hours). 
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Fig. 25.1. The estimation of the prognostic risk to be used during the pubertal 
growth spurt (modified from Lonstein and Carlson [34]). The numbers in the 
figure indicate the number of cases that each data point is based on. Lonstein and 
Carlson's progression estimation formula is originally based on curves between 20 
and 29 degrees. The progression factor is calculated using the formula outlined at 
the bottom. With the help of this factor the prognostic risk can be derived from the 
graph. 
 
II. Children and adolescents, Risser 0–3, first signs of maturation, less 
than 98% of mature height (bone age < 14 years in girls / < 16 years in 
boys) 
The following section is based on progression risk rather than on Cobb 
angle measurement because of the changing risk profiles for deformity as 
the skeleton matures. For the purposes of this study, progression risk is 
calculated by the formula shown in Fig. 1. 
a. Progression risk <40%: Observation (3-month intervals). 
b. Progression risk 40-60%: Physical rehabilitation. 
c. Progression risk 60-80%: Physical rehabilitation + part-time brace 

indication (16-23 hours [low risk]). 
d. Progression risk >80%: Physical rehabilitation + full-time brace 

indication (23 hours [high risk]). 
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III. Children and adolescents presenting with Risser 4 (more than 98% of 
mature height) 
a. Cobb angle up to 20°: Observation (6–12 monthly intervals). 
b. Cobb angle 20-35°: Physical rehabilitation. 
c. Cobb angle >35°: Physical rehabilitation + brace (part-time, about 

16hours). 
d. For brace weaning: Physical rehabilitation + brace with reduced 

wearing time. 
 
IV. First presentation with Risser 4–5 (more than 99.5% of mature height 
before growth is completed) 
a. Cobb angle 25-35°: Physical rehabilitation. 
b. Cobb angle >35°: Physical rehabilitation + brace (part-time, about 16 

hours are sufficient in cosmetic indication only, when surgery can be 
avoided). 

 
V. Adults with Cobb angles >30° 

Physical rehabilitation, in-patient rehabilitation. 
 
VI. Adolescents and adults with scoliosis (of any degree) and chronic pain 

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

The prognostic estimation and corresponding indications for treatment 
apply to the most prevalent condition—idiopathic scoliosis. For other 
types of scoliosis, a similar procedure can be applied. Exceptions include 
cases where the prognosis is clearly unfavorable, for example in 
neuromuscular scoliosis where a functional ability and mobility can be 
significantly affected (surgery for maintaining sitting capability may be 
required). Other reasons for considering alternative treatments include: 
- Severe decompensation 
- Severe sagittal deviations with structural lumbar kyphosis (“flat-back 
- Lumbar, thoracolumbar, and caudal component of double curvatures 

with a disproportionate rotation compared to the Cobb angle and with a 
high risk of future instability at the caudal junctional zone 

- Severe contractures and muscle shortening 
- Reduced mobility of the spine, especially in the sagittal plane 
- Others to be individually considered. 
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Kyphosis: kyphosis occurs in the thoracic, thoracolumbar and lumbar 
regions of the spine, but rarely in the cervical region of the spine [4,11,15]. 
During spinal bone growth any worsening in mobility, increase in 
stiffness, in these regions may benefit from physical out-patient 
rehabilitation, in order to prevent curvature progression.  

Brace treatment, like in other spinal deformities, is indicated when the 
curvature exceeds a Cobb angle of 40° in the thoracic area and when 
lumbar or thoracolumbar lordosis has vanished and a kyphosis is visible in 
these areas. Taking into account that loss of lumbar lordosis is a clear 
predictor of low back pains in adulthood [35,36] the reason to treat seems 
clear. In the thoracic region cosmetic issues and prevention of deformity 
related dyspnea are the main reasons, besides occasional pains [11,15]. 

Although there is no high level evidence for any kind of kyphosis 
treatment, at least conservative treatment worldwide is fully accepted and 
recommended on grade C (Level III evidence). 

With the exception of congenital kyphosis, neurofibromatosis, 
arthrogryposis multiplex congenita (AMC) and other very rare conditions 
kyphosis [4] onset is mainly during the adolescence [11]. Therefore, these 
rare cases are not included within this guideline as the underlying cause of 
the deformity determines the treatment indications. The indications for 
kyphosis treatment is according to the maturity of the patient and where 
they are within pubertal growth. 

 
 
I. Children and adolescents, Risser 0–3, first signs of maturation, less than 
98% of mature height 
a. Any inhibition of extension thoracic, thoracolumbar or lumbar: Physical 

rehabilitation. 
b. Cobb angle >40° thoracic, any kind of thoracolumbar or lumbar 

kyphosis: Physical rehabilitation + brace (part-time, about 16 hours are 
sufficient). 

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

 
II. Children and adolescents presenting with Risser 4 (more than 98% of 
mature height) 
a. Cobb angle 40-50° thoracic, any kind of thoracolumbar or lumbar 

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

Physical rehabilitation + brace (part-time, about 16 hours). 
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III. First presentation with Risser 4–5 (more than 99.5% of mature height 
before growth is completed) 

Cobb angle >50° thoracic, > 10° of kyphosis thoracolumbar or lumbar: 
Physical rehabilitation. 
 
IV. Adults with Cobb angles thoracic >50°, > 10° of kyphosis thoraco-
lumbar or lumbar 

Physical rehabilitation, in-patient rehabilitation. 
 
V. Adolescents and adults with kyphosis (of any degree) and chronic pain 

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

 
 

Predicted Treatment Outcomes 
 
       The indication of physical rehabilitation during the main growth spurt 
depends upon the individual, and certain variables such as Cobb angle, 
apical location, Risser sign and patient compliance. These are factors, 
which play a role in conservative treatment outcomes. In the case of 
patients with AIS who have not received treatment during the main growth 
spurt, approximately 30% remain unchanged, 50% stabilized (or 
improved) after Schroth-based inpatient treatments (results from the 
1980s), 70% stabilized using the symmetric Boston brace without physical 
rehabilitation, and 80% stabilized with a previous version of the 
asymmetric Chêneau brace. Today with the recent standardized computer 
aided designed developments of the Chêneau brace around 90% of the 
patients stabilize or improve [18,37,38]. This illustrates that brace 
treatment is indicated and paramount to conservative management during 
growth and following the main growth spurt, physical rehabilitation can be 
effective independently of brace treatment. 

In kyphosis treatment the Milwaukee brace was once popular and was 
proven effective (Level III) in the US [27], while in Europe other braces 
with 3-point pressure systems are used [15].  
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There are psychological benefits for intensive rehabilitation during the 
main growth spurt [18]. In-patient rehabilitation measures are the preferred 
method for patients with pain or severe lung function impairment. But for 
those with a more favorable prognosis, finite out-patient sessions as 
determined by the clinician or one short out-patient rehabilitation of 
several days are often all that is necessary for acquiring the skills needed 
for the home exercise program.  Outcomes will depend on curve severity 
and ability to incorporate the concepts learned. The exercise treatments are 
evolving along with their relative effectiveness.  

For the very latest concepts that utilize the daily routine known as 
ADL’s (Activities of Daily Living) [18], it is more a matter of changing 
the postural habits in everyday life than prolonged intensive rehabilitation. 
If this is successful after a short rehabilitation period and if the newly 
corrected postural patterns can become automatic, adapting the natural 
posture, then it’s feasible that no further intensive physical rehabilitation 
should be necessary in the long-term. These conservative measures are 
designed for the least interference in a patient’s quality of life. 
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