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thesis.1 they involve 3-4% of the population during 
growth.1, 2 they can be secondary to another pathology 
(neurological, syndromic, congenital bone malforma-
tion, and others).2, 3 the so-called conservative treat-
ment (rehabilitation and orthopedic not surgical) are in 

Introduction

the main spinal deformities during growth include 
scoliosis, sagittal curves changes (increased or 

reduced kyphosis and/or lordosis), and spondylolis-
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a b s t r a c t
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EVidENcE acQuisitioN: a systematic review of the literature and a consensus procedure with 26 recommendations by means of a delphi 
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EVidENcE syNthEsis: the systematic literature review is reported together with 26 recommendations coming from the consensus delphi 
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coNclusioNs: the professional role of prM physicians in spinal deformities during growth is to propose a complete prM treatment for the 
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surgeons, but the evolution of that specialty toward sur-
gery reduced the attention to the so called conservative 
treatment.4 in 2004 started an international effort of the 
conservative community that gave rise to a new scientif-
ic society, sosort (international society on scoliosis 
orthopedic and rehabilitation treatment), whose name 
clearly states the importance of PRM in this field. More-
over, treatment of spinal deformities during growth is 
based on a team approach,9, 10 and most of the allied 
professionals involved are in the field of PRM: physio-
therapists and orthotists mainly, but also psychologist 
and, according to the country, chiropractors, trainers 
etc.10, 11

the goal of prM physicians should be in the diagno-
sis, prognosis, treatment and management of the team, 
including patients and parents.8 they should accurately 
determine which curves are at risk of worsening and 
which of these can be influenced by treatment, versus 
those curves that are at high risk of requiring surgery. 
today possible treatments include:11

 — physiotherapeutic scoliosis-specific exercises 
(pssE);

 — bracing;
 — surgery.

it is today accepted that these treatments are not al-
ternative one to the other, but complimentary and have 
to be offered to different patients, or to the same patient 
in different moments.11 the alternative used for years 
in some countries, the so-called “wait and see” strategy 
(i.e., observation and eventual surgery), has now been 
mostly abandoned due to the new strong evidence on 
the effectiveness of braces.5, 12 Electrostimulation, trac-
tion and manual therapy have also been used, but there 
is no evidence of the effectiveness of those methods.11 
once accepted that evidence-based clinical practice 
comes from the best evidence, combined with clinical 
expertise and patient preferences,13, 14 the patient should 
be made aware of the possible options. The final choice 
should come from a multidisciplinary shared decision 
making discussion, because both surgery and bracing 
require specific clinical expertise.

Most of the papers we found focus on adolescent 
idiopathic scoliosis (supplementary appendix i), 
with one exception on secondary scoliosis,15 two on 
kyphosis 16, 17 and one on spondylolisthesis.18 conse-
quently research in these understudied fields is to be 
supported.

the field of competence of physical and rehabilitation 
medicine (prM) physicians. this is even more true in 
patients with pathologies that give raise to a secondary 
spinal deformity, that are usually followed-up by prM 
specialists during growth. Nowadays there is no uni-
formity among different countries across Europe and 
in the world in the prM approach.4-6 for these reasons 
the European union of Medical specialists (uEMs) - 
prM section decided to develop one of its evidence 
based position papers, representing the official position 
of the European union. the aim of the paper was to 
improve prM specialists’ professional practice for pa-
tients with spinal deformities during growth.

Evidence acquisition

this paper has been developed according to the 
Methodology defined by the Professional Practice 
committee of the uEMs-prM section.7 the system-
atic review of the literature has been performed in 
pubMed the 24th of November 2014. the string used 
for the first selection has been “(“scoliosis”[MeSH 
Terms]) OR (“kyphosis”[MeSH Terms]) OR 
(“spondylolisthesis”[MeSH Terms])”, activating the 
filters: “Filters activated: Systematic Reviews, Meta-
analysis, randomized controlled trial, child: birth-18 
years”. the selection process is reported in the supple-
mentary figure 1, online content only. the only crite-
rion for including the studies has been the professional 
relevance for prM physicians as judged by at least two 
of the authors, with the main author resolving conflicts. 
the strengh of evidence (soE) and the strength of rec-
ommendation (sor) are given according to the meth-
odology paper. the consensus with delphi procedure 
has followed the 4 steps proposed by the methodology 
paper.7

Evidence synthesis

Systematic review

all paper found in the systematic review are listed 
in the supplementary appendix i, online content only.

the professional role of the prM physician in the 
diagnosis and assessment of patients with idiopathic de-
formities during growth as a member of a multiprofes-
sional working-group is essential.8 historically, these 
pathologies have been followed mainly by orthopedic 
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Surgery

No strong evidence has been found in terms of pro-
spective controlled studies to support surgical interven-
tion from the medical point of view,32, 33 even if the 
methodological and ethical difficulty to perform these 
studies must be recognized. Surgery has been defined as 
the failure of conservative treatment,34 meaning that it 
should be applied only when everything before fails: in 
fact it creates a problem (loss of movement function due 
to fusion of the spine) to avoid another one (progression 
of the curve). actual indications during growth include 
very high degree curves (mainly secondary) with possi-
ble impact on cardiorespiratory functions, and cosmetic 
reasons, only if the patient and the family agree.

Recommendations

the results of the consensus procedure are reported 
in supplementary tables i, ii, online content only.

Overall general recommendation

 1. the professional role of prM physicians in spinal 
deformities during growth is to propose a complete 
prM treatment for the patients considering all con-
curring diseases and pathologies, impairments, ac-
tivity limitations and participation restrictions. the 
prM physician’s role is to coordinate the individual 
prM project developed in team with other health 
professionals and medical specialists, in agreement 
with the patient and family, according to the specific 
medical diagnoses. (soE: iV; sor: a)

Idiopathic spinal deformities

Recommendations on PRM physicians’ role in medical 
diagnosis according to ICD

 2. it is recommended that prM physicians dealing 
with spinal deformities gain specific and wide ex-
pertise in the specific medical diagnosis and treat-
ment approaches of these patients. if this is not 
possible, they should work in team with spinal de-
formities experts of other specialties to develop the 
required prM treatments. (soE: iV; sor: b)

 3. it is recommended that prM physicians start the 
PRM process with a definite expert medical diagno-
sis of the spinal deformity. (soE: iV; sor: b)

Bracing

Scientific evidence support bracing, but even if all 
good quality papers are in favor, the epidemiological 
quality of evidence is low.1, 5, 12 historically two kind of 
braces have been used to curb progression of the patho-
logical curves: the rigid spinal orthosis and the elastic 
orthosis.1, 5 One RCT showed the efficacy of rigid,12 and 
another of elastic bracing over natural history;11 another 
demonstrated that rigid braces are more effective than 
elastic ones.19 a new super-rigid generation of braces 
has been developed, with promising results also in high 
degree surgical curves.20 Nevertheless there is no evi-
dence in favor of any particular rigid brace over anoth-
er.5 brace treatment for adolescent idiopathic scoliosis 
continues to be frequently used, and the number of brace 
types has increased. predicting progressive curves and 
refining indications requires additional investigation. 
choosing the best possible intervention for each patient 
demands good knowledge of the alternatives and dis-
cussion about the possible effects that can be reached. 
in-depth discussion with the patient and possibly with 
the family is unconditional. also very important is to 
follow up the benefit of the intervention and to identify 
the need of change of intervention, especially the need 
of surgery in case of worsening of the situation.

PSSe

the aim of pssE is to affect cobb angles and also 
secondary outcomes, such as strength, mobility, and 
balance.6, 21 the present evidence is enough to consider 
pssE as an appropriate intervention for ais, even if it is 
not possible to support a specific exercise regimen.6, 21 
Experts 22 and two good quality prospective studies 23-25 
support the importance of Scoliosis-Specific Exercises 
based on autocorrection. Nevertheless, we presently do 
not know which approach is more effective between in-
patient or outpatient, intrinsic or extrinsic autocorrection 
exercise, and symmetric or asymmetric exercise. three 
rcts showed effectiveness of pssE at 6 months 26, 27 
and at the end of growth.24, 25 other studies have con-
firmed the efficacy of exercises in reducing the progres-
sion rate (mainly in early puberty) and/or improving the 
cobb angles (around the end of growth).28-31 Exercises 
have been shown to be effective in reducing brace pre-
scription.23
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Team work (ProfeSSionalS involved and SPecific 
modaliTieS of Team work)

 9. it is recommended that a coordinated and organized 
team follow the patient, including at least a prM 
physician, a medical specialist expert in spinal de-
formities (usually an orthopaedic surgeon, or an-
other prM physician consultant) in case the prM 
physician has not a specific expertise, an orthotist, 
and a physiotherapist. the patient and his family are 
part of the team. for the possible surgical choices, 
an orthopaedic surgeon must be part of the team as 
well. (soE: iV; sor: b)

Prm inTervenTionS

10. it is recommended that prM interventions are de-
veloped according to the actual Guidelines produced 
by the international society on scoliosis ortho-
paedic and rehabilitation treatment (sosort),1 
including mainly specific exercises and/or bracing, 
as well as recommendations on activities of daily 
living. (soE: iV; sor: a)

ouTcome criTeria

11. it is recommended to use the classical main out-
come criteria, including cobb degrees thresholds 
as described in the literature, aesthetics and overall 
spinal balance on the frontal and sagittal plane. it 
is recommended that also patient-centred outcomes 
(quality of life, activity limitations, participation 
restrictions, impact of treatments) are monitored 
regularly together with the usual impairment and 
disease-centred parameters. (soE: iV; sor: b)

lengTh/duraTion/inTenSiTy of TreaTmenT (overall 
PracTical Prm aPProach)

12. it is recommended that treatment (bracing and/or 
exercises according to the actual sosort Guide-
lines) is continued until the impairments (pain, 
aesthetic impact...) are resolved and/or the risk of 
progression is finished (enough bone maturity ac-
cording to the quantity of deformity), so to grant to 
the patient the best possible future in terms of activ-
ity and participation according to the actual prog-
nostic instruments. (soE: iV; sor: a)

Recommendations on PRM physicians’ role in PRM di-
agnosis according to ICF

 4. it is recommended that spinal deformities patients 
requiring a prM intervention (so-called conserva-
tive treatment: mainly bracing and/or exercises) 
are evaluated by prM physicians to diagnose their 
impairments, activity limitations and participation 
restrictions so to better focus a complete prM ap-
proach. (soE: iV; sor: a)

Recommendations on PRM physicians’ role in PRM as-
sessment according to ICF

 5. it is recommended that prM treatment is proposed 
and regularly monitored through a complete prM 
assessment including evaluation of disease and im-
pairment (classical radiographic and clinical param-
eters), but also activity limitations and participation 
restrictions due to health condition and/or treat-
ments. (soE: iV; sor: b)

Recommendations on PRM management and process

incluSion criTeria (e.g. when and why PreScriBe 
Prm inTervenTionS)

 6. it is recommended that prM interventions are pro-6. it is recommended that prM interventions are pro-
posed to spinal deformity patients with an actual 
impairment, activity limitation or participation re-
striction, or with a possible or proven progression 
that could drive to a future activity limitation or par-
ticipation restriction in adulthood. (soE: iV; sor: 
a)

ProjecT definiTion (definiTion of The overall aimS 
and STraTegy of Prm inTervenTionS)

 7. it is recommended that the prM projects are pro-7. it is recommended that the prM projects are pro-
posed in prM centres specialised in spinal deformi-
ties treatment where all the team is present (prM 
doctor, physiotherapist, orthotist, trainer, eventually 
psychologist and others) and an adequate expertise 
is granted to patients (prM structure project). (soE: 
iV; sor: b)

 �. �t is recommended that the pro�ect is defi ned on a to-�. �t is recommended that the pro�ect is defined on a to-
tally individualised basis in agreement with patient 
and family. (soE: iV; sor: a)
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Recommendations on PRM physicians’ role in PRM di-
agnosis according to ICF

18. it is recommended that patients with secondary 
spinal deformities requiring a prM intervention 
are evaluated by prM physicians to diagnose their 
impairments, activity limitations and participation 
restrictions so as to have a complete prM approach. 
(soE: iV; sor: a)

Recommendations on PRM physicians’ role in PRM as-
sessment according to ICF

19. it is recommended that, before and during prM 
treatment of patients with secondary spinal defor-
mities, the prM assessment includes the evaluation 
of the spinal disease and impairment (classical ra-
diographic and clinical parameters) together with 
those of the main pathology. (soE: iV; sor: a)

Recommendations on PRM management and process

incluSion criTeria (e.g. when and why PreScriBe 
Prm inTervenTionS)

20. it is recommended that prM interventions include 
an approach to the spinal deformity as soon as it 
is discovered, due to the high risk of progression, 
possibly leading with time to a big impairment of 
trunk statics (and consequently gait and/or posture) 
and even cardiopulmonary dysfunctions. (soE: iV; 
sor: a)

ProjecT definiTion (definiTion of The overall aimS 
and STraTegy of Prm inTervenTionS)

21. it is recommended that, in case of spinal deformi-
ties, the PRM pro�ects include also specific treat-
ments of the spine (such as bracing, and/or exercis-
es to improve spinal posture and control) according 
to individual needs. (soE: iV; sor: a)

Team work (ProfeSSionalS involved and SPecific 
modaliTieS of Team work)

22. it is recommended that a coordinated and organized 
team follow the patient, including at least: a prM 
physician; a medical specialist expert in spinal de-

diScharge criTeria (e.g. when and why end Prm in-
TervenTionS)

13. it is recommended that patients are followed up un-
til any further progression of the deformity is not 
expected anymore (stabilization) and/or impair-
ments (pain, aesthetic impact...) have been resolved 
as far as possible. (soE: iV; sor: a)

Recommendations on future research on PRM profes-
sional practice

14. it is recommended to develop icf compatible eval-
uation instruments for spinal deformities during 
growth. (soE: iV; sor: b)

Secondary spinal deformities

literature search yielded a few research related with 
secondary deformities. so most of the recommen-
dations in secondary spinal deformities are based 
on evidence extrapolated from Evidence, research 
and recommendations of idiopathic spinal deform-
ities and is therefore supported by expert opinion in 
secondary spinal deformities.

Recommendations on PRM physicians’ role in Medical 
Diagnosis according to ICD

15. it is recommended that prM physicians dealing with 
pathologies that can give rise to secondary spinal de-
formities monitor regularly patients to immediately 
screen any spinal pathology. (soE: iV; sor: a)

16. it is recommended that prM physicians dealing 
with pathologies that can give rise to secondary spi-
nal deformities gain specific expertise also in the di-
agnosis of spinal secondary disorders and treatment 
approached to integrate them in the overall approach 
to the main pathology. if this is not possible, they 
should work in team with another medical specialist 
expert in secondary spinal deformities (usually an 
orthopaedic surgeon or a neurosurgeon) to develop 
the required prM treatments. (soE: iV; sor: a)

17. it is recommended that prM physicians dealing with 
pathologies that can give rise to secondary spinal de-
formities plan the prM process approaching also the 
spinal deformity eventually present according to a 
definite expert medical diagnosis. (SoE: �V; SoR: A)
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treatment for patients considering all the concurring 
diseases and pathologies, impairments, activity limi-
tations and participation restrictions. the prM physi-
cian’s role is to coordinate the individual prM projects 
developed in team with other health professionals and 
medical specialists, in agreement with the patient and 
family, according to the specific medical diagnoses.
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formities in case the prM physician is not an expert 
(usually an orthopaedic surgeon, a neurosurgeon, or 
another prM physician consultant); an expert in the 
original pathology (e.g. paediatrician, neuropaedia-
trician, neurologist, syndromes expert, orthopaedic 
surgeon, neurosurgeon etc) causing the spinal de-
formity; an orthotist; a physiotherapist. the patient 
and his family are part of the team. (soE: iV; sor: b)

Prm inTervenTionS, ouTcome criTeria and overall 
PracTical Prm aPProach

23. it is recommended that prM interventions are de-
veloped according to the actual Guidelines produced 
by the international society on scoliosis ortho-
paedic and rehabilitation treatment (sosort),1 
including mainly specific exercises and/or bracing, 
as well as recommendations on activities of daily 
living, but they have to be modified according to 
the underlying cause of secondary spinal deformity. 
(soE: iV; sor: a)

diScharge criTeria (e.g. when and why To end Prm 
inTervenTionS)

24. it is recommended that patients with secondary spi-
nal deformities are followed up until any further 
progression of the deformity is not expected any-
more (stabilization). (soE: iV; sor: b)

Recommendations on future research on PRM profes-
sional practice

25. it is recommended to start systematic research on 
the epidemiology of secondary spinal deformities 
and possible conservative rehabilitation approach 
to patients with secondary spinal deformities during 
growth. (soE: iV; sor: b)

26. it is recommended to start a systematic research to 
identify the best prM interventions, their length/
duration/intensity, and the correct outcome crite-
ria for secondary spinal deformities during growth. 
(soE: iV; sor: b)

Conclusions

the professional role of prM physicians in spinal de-
formities during growth is to propose a complete prM 
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supplementary figure 1.—flow chart of papers selection.

SuPPlemenTary TaBle i.—� Results of the Consensus procedure.
round Number of recommendations accept accept with suggestions reject

1 26 57.7% 42.3% 0
2 26 92.3% 7.7% 0
3 26 100% 0 0
4 26 100% 0 0

SuPPlemenTary TaBle ii.—� Overall view of the recommendations.

content
Number of recommendations strength of recommendations strength of Evidence

Number a b c d i ii iii iV

overall recommendation 1 100% 0 0 0 0 0 0 100%
prM physicians’ role in medical diagnosis - icd 5 60% 40% 0 0 0 0 0 100%
prM diagnosis and assessment- icf 4 75% 25% 0 0 0 0 0 100%
prM management and process 13 61.5% 38.5% 0 0 0 0 0 100%
future research on prM professional practice 3 0 100% 0 0 0 0 0 100%
total 26 57.7% 42.3% 0 0 0 0 0 100%
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