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Summary  The  diagnosis  of  uncomplicated  forms  of  thoracobrachial  outlet  syndrome  (TOS)
and brachial  plexus  stretching  syndrome  (BPSS)  is  imprecise  due  to  the  lack  of  clear  differen-
tiation between  dynamic  vascular  or  neurological  compression  and  brachial  plexus  stretching
without vascular  compression.  After  a  review  of  literature,  we  propose  and  describe  a  simple
way for  clinical  assessment  of  TOS,  BPSS  or  association  of  both  comprising  1  clinical  sign  and  2
manoeuvres.  This  clinical  assessment  can  be  performed  by  the  medical  doctor,  the  physiothera-
pist and  the  surgeon.  The  clinical  diagnosis  is  essential  because  it  will  dictate  the  rehabilitation
treatment.  We  propose  and  describe  also  a  rehabilitation  protocol  comprising  10  phases  with
modulation  of  exercises  according  to  clinical  form  (TOS,  BPSS  or  association)  and/or  severity
of symptoms.  The  physiotherapist  has  a  capital  role  and  is  the  guarantor  of  the  effectiveness

i An update to this article is included at the end
of the  medical  treatment.  In  Fra
development  for  diagnosis  and  t
an optimal  care  to  patients.
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nce,  a  training  is  now  available  thanks  to  personal  continuous
reatment  of  TOS  and  BPSS.  This  is  essential  in  order  to  propose
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ehabilitation  is  the  reference  treatment  for  Thora-
obrachial  Outlet  Syndrome  (TOS)  and  Brachial  Plexus
tretching  Syndrome  (BPSS)  in  the  absence  of  an  indica-
ion  for  urgent  surgery.  Rehabilitation  must  be  adapted  to
ach  patient  and  carried  out  rigorously  in  order  to  avoid
orsening  of  the  symptoms.  These  syndromes  are  frequent,
re  often  associated  with  pathologies  of  the  cervical  spine,
houlder,  elbow  and  wrist,  and  must  be  integrated  into  Mus-
uloskeletal  Disorders  inducing  a  significant  socio-economic
ost.  If  modern  medical  imaging  techniques  (ultrasound,
omputed  tomography  scan  (CTscan),  magnetic  resonance
maging  (MRI))  have  allowed  a  precise  expertise  of  vascular
orms,  it  is  not  the  same  for  sensitive  neurological  forms,
ven  though  they  are  the  most  common.  Based  on  these
ndings,  we  felt  it  was  important  to  make  a  new  focus  on
he  TOS  and  BPSS  with  the  help  of  modern  imaging  tech-
iques,  particularly  Colour  Doppler  Ultrasound  (CDU)  exam
ncluding  biomechanical  and  dynamic  analysis  of  movements
nd  postures.  We  propose  to  differentiate  the  vascular
ompression  syndrome  corresponding  to  TOS  from  the  sen-
itive  neurological  syndrome  by  stretching  of  the  brachial
lexus  corresponding  to  BPSS.  Our  original  and  innovative
pproach  permits  to  simplify  the  diagnosis  and  to  adapt
he  rehabilitation.  TOS  and  BPSS  can  be  differentiated  by

 precise  clinical  examination  (1  sign,  2  manœuvres,  3  enti-
ies).  This  clinical  examination,  easily  reproducible,  should
e  carried  out  by  every  health  actor  (medical  doctors,  sur-
eons,  physiotherapists)  to  allow  for  a  precise  diagnosis  and
n  objective  follow-up.  We  describe  also  an  adaptive  reha-
ilitation  protocol  with  10  phases  that  should  be  carried  out
ystematically.  This  protocol  should  be  adapted  to  the  clin-
cal  entity  and  the  severity  of  the  symptoms.  For  TOS  and
PSS,  the  physiotherapist  is  the  guarantee  of  an  efficient
edical  treatment.  This  explains  that  continue  formation

raining  is  necessary  for  medical  doctors  and  physiothera-
ists  in  order  to  contribute  to  an  optimal  patient  care  in
OS  and  BPSS.

eview of literature

ehabilitation  treatment

EET  [1]  was  the  first  to  propose  in  1956  a  rehabilita-
ion  treatment  for  morphodynamic  problems.  Rehabilitation
ncluded  a  muscular  strengthening  programme,  especially
f  the  scapula  elevators,  a  programme  of  specific  exer-
ises  for  postural  correction  to  do  at  home.  More  than
alf  a  century  later,  many  still  referred  to  this  Mayo
linic  protocol.  In  1979,  Smith  described  a  protocol  that
ombined  manual  mobilization  techniques,  stretching  exer-
ises  and  postural  rehabilitation  [2].  In  the  early  1980s,
uch  more  complex  rehabilitation  programs  were  pub-

ished  [3—8],  programs  still  based  on  the  PEET  method.
n  the  early  1990s,  the  theory  of  muscle  imbalances  with
elective  strengthening  and  relaxation  appeared  [9—15].

nitially,  a  multifactorial  approach  was  published  [2,16]
ombining  manual  techniques,  flexibility  and  coordination
xercises,  and  postural  correction  in  activities  of  daily
iving.  Other  authors  proposed  rehabilitation  exclusively

a
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o
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ased  on  postural  exercises,  diaphragmatic  breathing  [17]
nd  the  combination  of  massages  and  acupuncture  [18].
t  the  end  of  the  1990s,  techniques  for  mobilizing  the
ervico-thoracic,  sterno-clavicular,  acromioclavicular  and
ib-transverse  joints  were  associated  [19—21].  For  neurolog-
cal  forms,  rehabilitation  is  still  too  often  oriented  towards
he  best-known  vascular  compression  syndrome.  For  these
orms,  specific  techniques  such  as  neuro-meningeal  treat-
ent  [22—28]  were  integrated  in  rehabilitation  [29]  and,
ore  recently,  neuro-meningeal  mobilisation  [30—33]  and

pecific  neuro-dynamic  techniques  [34].
From  1991  a  new  original  therapeutic  approach  based  on

ersonalised  rehabilitation  has  been  proposed  [34],  directly
elated  to  static,  dynamic  and  biomechanical  clinical  diag-
osis  and  vascular  ultrasound  explorations.  This  approach
as  been  regularly  improved  by  Martin  JM,  Chave  E  and
ouzan  S  [31—38].

dvances  of  modern  medical  imaging

he  varied  and  complex  symptoms  of  TOS  and  BPSS  can
ead  to  late  misdiagnoses  that  often  lead  to  inappropriate
nd  ineffective  treatment.  CDU,  CT  scan,  MRI  are  tech-
iques  that  can  help  to  diagnose  TOS  and  BPSS  as  are
lectromyogram  (EMG),  electroneuromyogram  (ENMG)  and
omatosensory  evoked  potentials  (SEP).

Positive  diagnosis  of  vascular  compressions  (TOS)  and
ts  complications  can  be  accurately  diagnosed  by  static
nd  dynamic  CDU  [38],  angioCT  scan  [39]  and  angioMRI
40,41]. These  imaging  techniques  allow  a  high  quality
natomical  study.  Dynamic  manoeuvres  could  be  easily  per-
ormed  with  CDU  exam  to  show  deleterious  gestures  and
ostures  inducing  arterial  and/or  venous  compression.  The
ynamic  analysis  also  objectified  the  appropriate  gestures
nd  postures  not  provoking  vascular  compression  or  exces-
ive  tension  of  the  brachial  plexus.  This  is  valued  for  the
ducation  of  the  patients  who  are  able  to  integrate  right
nd  wrong  movements  and  postures  into  their  bodyscheme.
he  dynamic  study  using  angioCTscan  and  angioMRI  is  more
ifficult  and  less  relevant  because  often  carried  out  in  the
ying  position,  and  most  often  with  movements  limited  by
he  size  of  the  ring  or  tunnel  of  CTscan  or  MRI.

For  neurological  compressions,  the  contribution  of  EMG,
NMG  and  SEP  has  been  less  relevant  [42].  The  neurolog-
cal  complications  described  in  the  literature  (irreversible
otor  damage,  amyotrophy)  are  anecdotal  and  observed

n  case  of  serious  associated  pathology  or  long  diagnostic
elay.  For  sensitive  neurological  forms  without  compression
nd/or  stretching  of  the  upper  brachial  plexus  (roots,  pri-
ary  trunks  and  beginning  of  secondary  trunks),  there  is  no

eliable  imaging  or  paraclinical  technique.  These  uncompli-
ated  sensitive  forms  are  most  often  minor  or  moderate,
ntermittent  and  positional,  very  frequent  and  most  often
esponsible  for  a  chronic  and  disabling  symptomatology.
he  diagnosis  and  treatment  of  these  uncomplicated  and

solated  neurological  forms  are  largely  under-evaluated.
MG,  ENMG  and  SEP  are  mainly  interesting  for  forms  with

dvanced  motor  or  sensory  impairment.  The  amplitude
f  the  ulnar  nerve’s  sensory  evoked  potentials  and  the
mplitude  of  the  median  nerve’s  motor  evoked  potentials
btained  with  EMG  were  the  most  important  parameters
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S.  Couzan,  J.-M.  M

43].  The  amplitude  measurement  of  the  sensory  evoked
otentials  of  the  medial  cutaneous  brachial  nerve  [44—46]
as  been  recommended  for  the  diagnosis  of  early  involve-
ent  of  the  lower  brachial  plexus.  MRI  in  BPSS  provides

ew  diagnostic  evidence  as  distortion  or  deviation  of  nerve
oots  and  radiologically  invisible  fibrous  bands  [41,40]. MRI
ith  high  diffusion  field  and  diffusion  tensors  has  been  the

ubject  of  promising  studies  [47].  Despite  relevance  of  high-
esolution  ultrasound  exam  for  diagnosis  of  median  nerve
ompression  in  carpal  tunnel,  this  exam  is  less  accurate  for
iagnosis  of  BPSS  [48].

imits  of  modern  medical  imaging

t  is  important  to  be  aware  of  the  limits  of  modern  imag-
ng  techniques.  The  very  persuasive  aspect  of  vascular
ompression  with  stop  of  arterial  and/or  venous  flow  with-
ut  any  clinical  sign  of  complication  can  lead  to  non-adapted
ggressive  treatments,  either  inadequate  rehabilitation  or
nadequate  surgery.  On  another  hand,  dynamic  vascular
ompressions  with  stop  of  the  flows  in  extreme  positions
re  frequent  in  the  asymptomatic  or  pauci-symptomatic  TOS
nd  are  rarely  responsible  for  the  symptoms  because  these
xtreme  positions  are  unusual  in  the  life  of  every  day.  More-
ver,  even  if  they  are  exceptional,  the  possibility  of  serious
rterial  (aneurysm,  embolisation,  ischemia)  and  venous
deep  vein  thrombosis,  pulmonary  embolism)  complications
nfluence  the  therapist  and  the  patient.  EMG,  ENMG  and
EP  are  often  difficult  to  interpret,  as  are  plethysmogra-
hy  and  irrigraphy  for  venous  and  arterial  forms.  These
ascular  explorations  have  been  abandoned,  are  reserved
nly  for  research  purposes  and  have  been  replaced  by  ultra-
ound  exam,  angioCTscan  and  angioMRI.  EMG,  ENMG  and  SEP
ncluding  dynamic  study  did  not  provide  any  characteristic
igns  and  were  difficult  to  perform  and  interpret  [49]. MRI
ith  high  diffusion  field  or  diffusion  tensors,  tractography
nd  high-resolution  ultrasound  of  the  upper  brachial  plexus
roots,  primary  trunks  and  beginning  of  secondary  trunks)
ave  not  brought  the  hoped  progress  [50,51],  particularly
or  the  diagnosis  of  TOS  and  the  treatment  of  the  most  fre-
uent  sensitive  and  intermittent  neurological  forms  (BPSS).
inally,  EMG,  ENMG  and  SEP  have  no  direct  implications  for
ehabilitation.  Modern  medical  imaging  has  also  shown  that
he  ancient  classical  clinical  signs  (Adson  1927,  Eden  1929,
hright  1945,  Roos  1966,  Sanders  1979)  of  vascular  compres-

ion  syndrome  in  TOS  are  unsuitable  even  in  combination
ecause  they  are  not  enough  sensible,  not  enough  specific
nd  require  extreme  positions  which  don’t  correspond  to
he  movements  of  every-day  life  [52].  These  signs  should
o  longer  be  used.  To  conclude,  modern  medical  imaging
echniques  (CDU,  CTscan,  MRI,  EMG,  ENMG,  SEP)  enable  bet-
er  description  and  knowledge  of  vascular  forms  of  TOS,
ut  progress  has  been  less  relevant  and  less  convincing  for
eurological  forms.

evelopment  of  a  new  diagnostic  of  the
horaco-brachial  outlet  syndrome  and  brachial

lexus stretching  syndrome

his  development  has  been  carried  out  thanks  to  the  anal-
sis  and  also  the  mastery  of  knowledge  of  biomechanics,

23
Figure  1  The  sign  of  the  brachial  plexus  bell.

hysiotherapy,  pathophysiology  and  modern  static  and
ynamic  medical  imaging.  A  simple  and  specific  clinical
xamination  associated  with  a dynamic  CDU  exam  per-
itted  to  develop  a  specific  rehabilitation  and  a  specific
ostural  education  adapted  to  each  clinical  form.

Based  on  the  analysis  of  data  of  more  than  7000  patients,
he  Collège  d’Experts  Stéphanois  (C.E.S.  42*)  proposes

 new  simplified  diagnostic  approach  for  TOS  (vascular
ompression  syndrome)  and  BPSS  (neurological  compression
yndrome)  and  also  an  appropriate  rehabilitation.  This  new
iagnostic  approach  comprises  1  clinical  sign,  2  manoeuvres
nd  3  clinical  entities.  Appropriate  rehabilitation  consists  of

 specific  protocol  for  each  entity  including  a  set  of  adapted
echniques.  Rehabilitation  protocol  comprises  a  common
art  and  a specific  part  according  to  the  clinical  form  and  its
everity.  This  new  approach  is  original  and  innovative,  with
o  equivalent  in  the  literature.

First,  we  insist  on  the  analysis  of  the  patient’s  biome-
hanical  way  of  life  that  is  an  essential  part  of  the  diagnosis
n  addition  to  the  patient’s  questioning.  It  defines  the
ovements  and  postures  of  the  daily  gestures  inducing  a
ynamic  vascular  compression  at  the  level  of  the  thoraco-
rachial  outlet  and  those  inducing  stretching  of  the  brachial
lexus  but  no  dynamic  vascular  compression.  It  should  be
oted  that  movements  with  vascular  compression  are  rare
n  every-day  life  compared  to  movements  provoking  repeti-
ive  stretching  of  the  brachial  plexus  or  ‘‘sciatalgia’’  of  the
pper  limb.

The  clinical  diagnosis  of  TOS  and  BPSS  should  be  eas-
ly  carried  out  by  each  healthcare  player  (doctor,  surgeon,
hysiotherapist).  It  consists  in  a  clinical  examination  with  1
linical  sign  and  2  manoeuvres.  The  clinical  sign  is  the  sign  of
he  ‘‘brachial  plexus  bell’’:  it  determines  the  level  intensity
nd  the  topography  of  the  irritation  of  the  brachial  plexus
roots,  primary,  secondary  and  terminal  branches)  (Fig.  1).
he  2  manoeuvres  are  the  BP  stretching  manoeuvre  and  the
andlestick  manoeuvre:

 The  BP  stretching  manoeuvre  is  performed  until  50  move-
ments  maximum  (Fig.  2).  No  vessel  is  compressed  during

this  manoeuvre.  The  initial  stretching  has  been  modified
in  order  to  have  better  sensitivity  and  specificity:  the
patient  must  perform  an  anterior  elevation  towards  50◦

of  upper  limbs  with  slight  antepulsion  and  an  abduction
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Figure  2  The  Brachial  Plexus  stretching  manoeuvre.

•

c
p
t

r

•

•

•

o
a

C
s
t
a
o
t
a
r
t
b
t
a
m
p
e
p
D
m
w
t
t
c
o
a
t

D
r
t
p

I
s
p
p
e
e
c
a
p
d
t

S

T
g
a
a
r

2

•

Figure  3  The  candlestick  manoeuvre.

towards  40-50◦,  an  external  rotation  of  the  shoulders,  an
extension  of  the  elbows,  a  dorsal  flexion  of  the  wrists  and
movements  of  closing  and  opening  the  hands.  The  upper
trapezius  and  the  shoulders  should  be  relaxed  without
contracture;

 The  candlestick  manoeuvre  is  performed  until  50  move-
ments  maximum  (Fig.  3).  It  induces  a  dynamic  vascular
compression  in  case  of  the  TOS.  It  needs  retropulsion,
abduction  at  90◦ and  external  rotation  of  the  shoulders,
flexion  at  90◦ of  the  elbows,  neutral  rotation  of  the  fore-
arms,  relaxation  of  the  upper  trapezius  and  movements
of  closing  and  opening  of  the  hands.

A  clinical  examination  with  a  more  advanced  biome-
hanical  analysis  may  be  necessary  in  case  of  associated
athologies:  it  requires  a  high  level  of  expertise  and  a con-
inuous  personal  training  for  doctors  and  physiotherapists.

Three  specific  entities  were  defined  according  to  the
esults  of  clinical  examination  and  2  manoeuvres:

 association  of  BPSS  and  TOS:  brachial  plexus  stretching
manoeuvre  < 50  movements  and  candlestick  manoeu-
vre  <  50  movements,

 isolated  BPSS:  brachial  plexus  stretching  manoeuvre  < 50
movements  and  candlestick  manoeuvre  >  50  movements,

 isolated  TOS:  brachial  plexus  stretching  manoeuvre  >  50
movements  and  candlestick  manoeuvre  <  50  movements.
The  severity  of  BPSS  and  TOS  was  defined  by  the  number
f  performed  movements  during  brachial  plexus  stretching
nd  candlestick  manoeuvres  (severe  if  <  30  movements).

•
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First  line  complementary  exam  consists  in  a  dynamic
DU.  Dynamic  CDU  allows  the  diagnosis  of  vascular  compres-
ions  in  the  thoracic  outlet,  the  scalenes’  outlet,  between
he  tendons  of  the  small  pectoral  muscle  and  exceptionally
t  the  level  of  the  brachial  head.  It  evaluates  the  intensity
f  the  compression  (complete  or  not)  and  the  amplitude  of
he  movements  provoking  the  vascular  compression.  In  the
bsence  of  complication,  the  differentiation  between  arte-
ial  and  venous  compression  is  not  of  major  interest  because
he  rehabilitation  treatment  is  the  same.  CDU  is  carried  out
y  reproducing  the  2  clinical  manoeuvres.  It  is  also  possible
o  detect  complications  with  CDU,  complications  requiring

 surgical  treatment.  CDU  helps  to  do  diagnosis  of  TOS.  In  a
ore  expert  manner,  ultrasound  examination  of  the  roots,
rimary  and  secondary  trunks  of  the  brachial  plexus  has
nabled  us  to  define  the  ultrasound  bell  sign  of  the  brachial
lexus  in  relation  to  its  irritation  and/or  inflammation.
uring  CDU,  the  patient  can  see  and  understand  which  move-
ents  and  postures  with  or  without  vascular  compression,
ith  or  without  stretching  of  the  brachial  plexus  provoke

he  symptoms.  He  can  then  adapt  his  movements  and  pos-
ures  in  his  daily  personal  and  professional  life.  This  new
linical  approach  (1  sign,  2  manoeuvres,  dynamic  CDU)  is
f  particular  interest  and  should  also  be  integrated  into  the
ssessment  of  musculoskeletal  disorders,  which  is  not  yet
he  case  at  present.

evelopment of a new specific and  adaptive
ehabilitation management of the
horaco-brachial outlet syndrome and brachial
lexus stretching syndrome

t  is  essential  that  doctors  and  physiotherapists  speak  the
ame  language  for  clinical  diagnosis  and  rehabilitation.  We
ropose  a  program  of  rehabilitation  for  BPSS  and  TOS,  com-
rising  a  common  part  for  both  and  a  specific  part  for
ach.  Then  it  is  necessary  that  the  physiotherapists  have  an
ffective  training  in  order  to  guarantee  an  efficient  medi-
al  treatment.  That  necessitates  practical  training  courses
s  part  of  continuous  medical  formation  or  continuous
rofessional  development  reserved  to  physiotherapists  and
octors.  This  training  was  validated  and  started  for  physio-
herapists  at  the  end  of  2019  in  France.

pecific  rehabilitation

he  role  of  the  physiotherapist  is  essential  because  he  is  the
uarantor  of  the  efficiency  of  the  medical  treatment.  He  is
ble  to  adapt  the  rehabilitation  and  take  into  account  the
ssociated  pathologies  in  order  to  propose  the  most  adapted
ehabilitation  program.

This  rehabilitation  is  difficult  for  the  physiotherapist  for
 reasons:

 the  lack  of  experience  because  of  the  small  number  of

patients  diagnosed  and  treated  specifically  for  these  syn-
dromes,  especially  in  the  case  of  associated  pathologies;

 the  low  remuneration  of  long  sessions  which  can  lead  to
incomplete  management.
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Figure  4  Techniques  of  rehabilitation.
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Figure  5  Neuro

The  long  duration  of  the  rehabilitation  (4  to  6  months)  is
lso  one  of  the  reasons  for  the  difficulty  in  providing  com-
lete  care  for  the  patient.  The  rehabilitation  is  carried  out
hanks  to  protocols  adapted  to  the  different  clinical  enti-
ies.  It  is  also  necessary  to  adapt  regularly  the  rehabilitation
rogram  to  the  clinical  signs.

The  common  rehabilitation  protocol  consists  of  10
hases,  all  of  which  must  be  carried  out  systematically.
n  important  and  severe  forms  of  TOS  and  BPSS  or  in  spe-
ific  forms  (scalene’s  outlet,  small  pectoral  syndrome,  upper
rapezius  syndrome,  post-operative  period),  the  techniques
f  physiotherapy  must  be  adapted  regularly.

The  common  rehabilitation  protocol  proposed  for  TOS
nd  BPSS  by  the  College  of  experts  from  Saint  Etienne  (Col-
ège  d’Experts  Stéphanois  -  C.E.S.  42:  Jean-  Michel  MARTIN
nd  Éric  CHAVE  as  physiotherapists,  Pr.  Claire  LE  HELLO  and
r.  Serge  COUZAN  as  medical  vascular  doctors)  is  described
elow.  In  important  to  severe  or  specific  forms  of  thoraco-
rachial  syndromes,  the  10  phases  of  the  protocol  must
mperatively  be  carried  out.  Adapted  physiotherapy  tech-
iques  can  be  associated.

ommon  rehabilitation  protocol  (to  be  carried  out
rom 1  to  10)

RAH]  =  Reproducible  at  home.
1.  The  patient  lies  on  his  or  her  back  with  the  applica-

ion  of  heat  and  electrotherapy  (Tens)  via  electrodes  to  the
ainful  muscles  of  the  entire  cervico-dorsal  and  shoulder
egions.

2.  Learning  of  abdominal-diaphragmatic  respiration  lying
own,  sitting  and  standing  [RAH].

3.  Extended  manual  massages  of  the  entire  cervico-

capular  region  and  shoulders.

4.  Search  for  increasing  of  amplitudes  in  cervical,
orsal,  omo-thoracic,  sterno-costo-clavicular,  acromioclav-
cular  joint;  mobilization  of  the  first  5  ribs  [RAH].  If

a
t
r
p

23
amic  techniques.

ecessary,  a  joint  release  by  osteopathic  method  will  be
erformed  (Fig.  4).

5.  Stretching  of  scalene  muscles,  sternocleidomastoid
uscles,  upper  and  middle  trapezius,  pectoral  mus-

les,  shoulder  fixator  muscles  and  para-vertebral  muscles.
yotensive  techniques  are  associated  and,  alternately,
yotherapy  techniques  (Fig.  4).
6.  Passive  and  active  neuro-dynamic  techniques  (Fig.  5),

voiding  amplitudes  that  trigger  painful  symptoms.  It  is
mportant  to  insist  on  stretching  of  the  brachial  plexus  with
equences  of  7  periods.  During  these  different  stages,  it  is
ssential  to  carry  out  rhythmic,  proximal  and  distal  neuroslip
echniques  which  allow  the  release  of  possible  tractions
round  the  nervous  system.  Rest  phases  can  be  integrated
nto  the  neuro-dynamic  mobilisations.  The  ulnar  and  median
erves  can  also  be  tested  and  treated  more  specifically
ccording  to  the  same  principles.

7.  Proprioceptive  rehabilitation  and  spinal  postural  cor-
ection.

8.  Patient’s  postural  education  with  advice  on  good
ovements  for  joints  (to  avoid  repeated  abduction  and

etropulsion  movements  of  the  shoulder  and  to  favour
ll  movements  with  the  elbows  close  to  the  body).  Some
elps  are  recommended  at  home,  such  as  ergonomic  night
ushions,  heated  cervical  collars,  and  the  wearing  of
apRelax®.  CapRelax® is  a  textile  that  allows,  by  supporting
he  forearms,  to  relax  the  muscles  of  the  scapular  belt  and
he  cervical  spine  while  preserving  and  facilitating  freedom
f  movements  of  everyday  life.

9.  Muscular  strengthening  is  generally  to  be  avoided,
xcept  for  all  the  para-vertebral  muscles,  for  serratus
nd  small  pectoralis  muscles  (the  muscles  that  open  the
osto-clavicular  interspace).  This  active  work  is  carried  out
ccording  to  the  patient’s  favourable  evolution  and  must  not

rigger  pain  or  dysesthetic  sensations.  These  movements  are
eproducible  at  home  in  case  of  favourable  opinion  of  the
hysiotherapist.
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10.  Other  rehabilitation  techniques  can  complete
his  program:  Mézières-type  global  stretching,  temporo-
andibular  rehabilitation,  application  of  suction  cups

r  magnets  to  painful  muscles,  manual  therapies  such
s  osteopathy  and  all  relaxation  techniques  (sophrology,
oga..).

daptive  rehabilitation  program  for  important  and
evere  forms

he  important  and  severe  forms  of  BPSS  are  defined  by  a
ign  of  BP  bell  accompanied  by  radiating  discomfort  in  the
pper  limb  and  a  BP  stretching  manoeuvre  stopped  before
0  movements.

In  these  cases,  rehabilitation  must  resume  the  10  phases
f  the  protocol.  Phase  6  becomes  primordial  and  must
e  adapted  with  techniques  of  proximal  and  distal  rhyth-
ic  neurologic  slidings  that  are  essential.  It  must  respect

he  proposed  chronology  (7  periods)  but  without  trigger-
ng  dysesthesias.  It  is  preferable  to  ‘‘know  how  to  wait  for
etter  progress’’.

Active  self-rehabilitation  is  only  carried  out  after  the
cquisition  of  the  first  beneficial  results.  It  must  be  very  cau-
ious,  progressive  and  without  triggering  neurological  signs.

The  important  and  severe  forms  of  the  TOS  are  defined
y  the  candlestick  manoeuvre  stopped  before  30  movements
nd  interruption  of  arterial  and/or  venous  flow  during  CDU.

Rehabilitation  must  resume  the  10  phases  of  the  proto-
ol.  Phases  4  and  5  become  essential  and  are  to  be  adapted.
he  rehabilitation  must  be  carried  out  with  amplitude’s
ovements  inferior  to  those  provoking  compression  of

he  vessels  (CDU).  In  these  forms,  muscular  strengthening
f  the  large  serratus  and  small  pectoral  muscles  is  not
ecommended.  Strengthening  of  the  para-vertebral  muscles
emains  possible.

daptive  rehabilitation  program  for  specific  forms

ompression  syndrome  at  the  level  of  the  scalene’s
utlet
ehabilitation  must  resume  the  10  phases  of  the  protocol.
hases  4  and  5  must  get  alternation  between  stretching  and
hortening  of  the  scalene  muscles  and  sternocleidomastoid
uscle.  Stretching  can  be  followed  by  a  relaxation  phase

sing  myotherapy.

ompression  syndrome  in  the  small  pectoral  muscle
ehabilitation  must  resume  the  10  phases  of  the  protocol.
hases  4,  5  and  6  should  be  adapted  to  avoid  hyper-
bduction  of  the  shoulder,  to  favour  antepulsion  of  the
rachial  head  and  to  insist  on  palpating-rolling  and  myoten-
ive  techniques  on  the  small  pectoral  muscle.

pper  trapezius  syndrome
he  permanent  contracture  of  the  upper  trapezius  muscle
nbalances  the  whole  biomechanics  of  the  cervico-scapular
egion  and  is  a  main  aggravating  factor.  It  can  participate

n  venous  compression  at  the  level  of  the  costo-clavicular
nterspace.  This  compression  can  be  stopped  by  relaxing  the
pper  trapezius  muscle.  Whatever  the  movements  of  the
houlder,  the  contracture  of  the  upper  trapezius  muscle  can

i
c
r
a
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nduce  tension  on  the  BP  and  provoke  the  symptomatology
f  BPSS.

It  is  imperative  to  relax  and  release  the  upper  trapez-
us  muscle  by  methods  such  as  heat,  deep  massage,
alpating-rolling,  tens,  suction  cups,  magnets,  infrared,
yotherapy.  . ..

ost-operative  rehabilitation  of  the  thoraco-brachial
utlet  syndrome
OS  surgery  can  lead  to  or  aggravate  biomechanical  imbal-
nces,  particularly  in  the  case  of  associated  pathologies
cervical  spine,  shoulder..).  In  such  cases,  post-operative
ehabilitation  is  necessary.  Rehabilitation  must  resume  the
0  phases  of  the  protocol  but  phase  6  must  be  carried  out
ith  caution  depending  on  the  performed  surgery  and  the
ssociated  pathologies.

asic  principles  of  rehabilitation

he  basic  principles  of  rehabilitation  are:

 do  not  trigger  pain;
 do  not  repeat  movements  and  postures  closing  the

costo-clavicular  interspace  (abduction  of  the  arm  and
retropulsion  of  the  brachial  head)  or  inducing  excessive
tension  on  the  BP  (abduction  of  the  shoulder  with  exten-
sion  of  the  elbow  and  wrist);

 do  not  strengthen  the  ‘‘biomechanically  aggravat-
ing’’  muscles  of  the  cervico-dorsal  and  scapular  spine
(scalenes,  sternocleidomastoid  muscle,  upper  and  middle
trapezius,  scapula  fixators  and  deltoids).

The  rhythm  of  the  sessions  will  be  2  to  3  per  week  and
hen,  the  rhythm  will  depend  on  the  evolution  of  the  symp-
oms.  During  the  maintenance  phase,  the  rhythm  will  be  1
ession  every  15  days.  Twenty  to  40  sessions  are  most  often
ecessary  but  sometimes  more  sessions  are  necessary  for
xample  in  complicated  and  complex  cases  (4  to  6  months).

herapeutic  and  preventive  postural  education

ur  care  associates  rehabilitation  and  therapeutic  and  pre-
entive  postural  education.  Postural  education  is  explained
y  the  doctor  and  then  systematically  shown  and  explained
o  the  patient  by  the  physiotherapist.  This  postural  edu-
ation  is  indispensable  so  that  the  movements  performed
y  the  patient  are  right  (the  right  treatment  consists  on
ovements  but  above  all  the  right  movements!).  A  docu-
ent  (Fig.  6) is  given  to  the  patient  in  order  to  facilitate

he  assimilation  of  the  right  movements  and  postures.
A  new  concept  of  textile  (CapRelax®)  is  also  proposed

Fig.  7)  to  some  patients.  The  CapRelax® supports  the  fore-
rms,  corrects  postures  and  facilitates  good  movements.  It

s  a  complement  to  treatments  such  as  surgery,  infiltrations,
omplex  rehabilitation.  It  can  be  used  during  the  period  of
esumption  of  activity  but  also  as  a preventive  treatment  to
void  relapse.

7
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Figure  6  Postural  education.
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Figure  7

onclusion

ptimal  management  of  TOS  and  BPSS  requires  accurate  and
igorous  clinical  and  paraclinical  evaluation.  Modern  medi-
al  imaging  and  particularly  the  dynamic  CDU  have  improved
ur  knowledge  of  vascular  and  neurological  biomechanics
nd  pathophysiology  of  TOS  and  BPSS.  In  order  to  obtain

 precise  diagnosis,  we  describe  a  baseline  clinical  assess-
ent  that  is  easily  reproducible  by  the  medical  doctors,

he  physiotherapists  and  the  surgeons.  This  clinical  assess-
ent  includes  1  clinical  sign  and  2  manoeuvres  and  allows  to
ifferentiate  3  clinical  entities:  TOS  with  vascular  compres-
ion,  BPSS  without  vascular  compression,  association  of  TOS
nd  BPSS.  In  the  absence  of  complications,  rehabilitation  is
he  reference  treatment  for  TOS  and  BPSS.  This  rehabilita-
ion  has  to  be  adapted  according  to  the  clinical  entities  and
o  be  carried  out  rigorously.  We  describe  a  rehabilitation
rotocol  comprising  10  phases:  this  common  protocol  has

o  be  adapted  with  specific  techniques  according  to  each
linical  form  (TOS,  BPSS,  association  of  both)  and  to  the
everity  of  the  symptoms.  Rehabilitation  treatment  needs
lso  systematic  association  of  therapeutic  and  preventive

T
c
a
h

23
pRelax.

ostural  education.  The  role  of  the  physiotherapist  is  essen-
ial  because  he  acts  as  guarantor  of  the  effectiveness  of  the
edical  treatment.  Training  for  diagnosis  and  rehabilitation

f  TOS  and  BPSS  has  been  set  up  in  France  in  2019  thanks
o  validated  continuous  medical  formation  for  doctors  and
hysiotherapists.  It  is  essential  for  doctors,  physiotherapists
nd  surgeons  to  speak  the  same  language  and  to  have  the
ame  diagnostic  and  therapeutic  tools  in  order  to  provide
he  most  efficient  care  for  the  patients.

uman and animal rights

he  authors  declare  that  the  work  described  has  not  involved
xperimentation  on  humans  or  animals.

nformed consent and patient details
he  authors  declare  that  they  obtained  a  written  informed
onsent  from  the  patients  included  in  the  article.  The
uthors  also  confirm  that  the  personal  details  of  the  patients
ave  been  removed.
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