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Neurological disabi lity is multi-dimensional. These
includ e mobi l i ty l im it at ions, uppe r l imb dys funct ion,
swa l low ing, speech, vision, hearing, cont inence, cogni-
t ion and behavioura l issues. Out of a ll these, rega ining
mobi lity is of paramount importance to most pat ients.
Rega ining mobi lity is vita l for pat ients not only to wa lk
but also get back to normal life as much as possible, to
m a in t a in fa m i ly, w ork  a nd soc i a l  respons i b i l i t i es as
w e l l as to l ive independent ly as possible. Addit iona lly,
th ere  a re psycho logica l and phys iolog ica l b ene f i ts of
ma int a ining bip eda l mobi l ity.

Normal ga it requires that many systems, including
s tre ngth, se nsat ion a nd coord in at ion funct ion in a n
integrated fashion. Locomot ion in humans is based on
spinal pattern generators, which are regulated by supra-
sp ina l con tro l. Cort icofuga l, basa l  ga ng l ia , cere be l la r,
ve s t ib u losp in a l  a n d r e t icu losp in a l  co n tro ls a r e  a l l
impor ta nt  in norma l bipe da l  w a l k ing. The  con trol  o f
w a lk ing must thus invo lve motor cortex (possibly the
supplementary motor area on the medial surface of the
fron t a l lob e w h ich g ives rise  to d iagon a l ly opposi t e
movements of arms or legs when stimulated), the cere-
be l lum, sub th a l amic region, m idbr a in, noradre ne rg ic
re t icu lospina l tr act  a nd th e sp in a l locomo tor cen tr e.
Neurological mobility disorders could be due to isolated
mo tor w ea kness, para lys is, spas t ic ity, at axia , sensory
d e f ic i ts, dysk in e t ic m ove m e n ts , co ord i n a t i on a nd
balance disturbances or a combination of many factors.

From a  R eh ab i l it at ion M e dicine  m an agem en t of
neuro-mobi lity, many facets need to be addressed in order
to optimise mobi lity. Observing how patient is mobi lising
is the most important part of neurological examination.
Typ es o f  ga i t  d isord e rs a re  h e m ip l e g ic or d ip l e g ic
sc issor ing ga i t in spast ic condi t ions, fes t inen t ga i t in
Park insons, Trende lenburg or w add ling ga it or lordot ic
ga it in muscle disorders, high stepping ga it in sensory
disord ers, broad based atax ia in cereb e l lar disorders,
chor e iform ga i t in hyperk ine t ic ga it  d isord ers. Wh en
observing their gait, it is important to look at the speed,
stride length and cadence. Beyond this you need to look
at spasticity related altered body postures, bed and wheel
chair seat ing postures, seating ba lance, abil ity to stand
from se at ing posture, tr ansf e ra b i l i ty and t echnique,
a bi l i ty to re m a in s ta nd ing a nd th e  s ta nding pos ture.
A wide base may indicate cerebe llar or propriocept ive
loss.
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 There are many mobility related scales we use such
as Rivermead Mobi l ity Index which is a 15-point sca le
which assesses the abil ity to turn in bed to running 10
meters. Depending on the condit ion of the pat ient, w e
cou ld use  many other simpl er sca les such as 6-me ter
timed walk test or Timed up and Go (TUG) test or other
mob i l ity associa ted sca l es such as Be rg ba lance sca le
looking at the balance of the patient. At the higher end of
the spectrum, we could use facilities such as Gait analysis
to opt im iz e a nd f in e tun e mobi l ity of  some  p at ie nts.
B eyond th is, w e a lso n ee d to loo k  a t  soc i a l  mobi l ity
including gett ing back to driving.

Any improvem ent  in the ladde r o f such mobi l i ty
scales will improve the quality of life and independence.
Hence a patient who could not turn in bed independently
(Rivermead 1) to improve up to be ing able to sit at the
e dge  o f  b e d ind e p e nd e n t l y (R ive rm e a d 3) cou ld b e
considered signif icant progress. Such improvement w il l
also reduce the patient getting pressure sores, ability to
eat seated as we ll as improving lung functions. Similarly
if a patient improves from being able to wa lk 10 meters
(Rivermead 7) to walking on uneven ground (Rivermead
12) is a significant improvement though overall mobility
is much less than if they previously had normal mobi lity.

For  a  succe ss fu l  mo b i l i ty n e uro -r e h a b i l i t a t ion
progr am, it  should have  access to not  only to mul t i-
disciplinary teams but a lso many other faci lities. These
inc lud e  or tho t ics (sp l int ing), w a l k ing a ids, sp ec i a l is t
wheelchair services, medications and spasticity services,
a  g a i t  l a b, fun ct ion a l  e l ec tr ica l  s t imu l a t ion  se rv i ce,
access to orthopae dic a nd neurosurgica l  serv ices and
disabi l ity driving assessment service. Such faci l it ies are
very important to maximize the potential of the patients,
which is the overall goal in Rehabilitation Medicine. It is
a lso v it a l  to r ecogn ize  the  environme n ta l l im it a t ions
patients have which could limit their mobi lity. It is routine
for our occupat iona l therapists to look at home as we ll
as w ork  e nv i ronm e n ts i f  n e e d e d to m a x im i z e  th e ir
poten t ia l.

It is import an t  to recogniz e th at  any und er ly ing
condit ion causing mobi l ity problem needs appropriate
ma nage ment  whe re poss ible  – such as in spina l cord
compr ess ion, Gu i l l a in B a rr e  Syndrom e or P a rk inson
dise ase.
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Therapy

In ne uro-re habi l it at ion, mu lt idiscip l ina ry input is
essent ia l at  a l l stages for hol ist ic manageme nt wh ich
includes mobi l ity disorders.

For mobility issues, this MDT team should generally
cons ist  of  a  phys io th e ra p is t, occup a t iona l  th e ra p ist,
orthotist and the Rehabil itation M edicine consultant. At
t i m es d e p e nd in g on  th e  issu es,  o th e rs h ave  to b e
incorporated such as the orthopa edic surgeon, whee l
cha ir OT/ t echno log is t, psycho log ist  and ga i t  a n a lysis
t e am m e mbe rs. Sp ec i f ic ach ieva b l e go a ls shou ld b e
planned and discussed within the MDT team as wel l as
with the patient. Many patients need long term follow up
by the Rehabi l itat ion Consultant  who may in turn get
either the MDT or individua l therapy members involved
depending on the specif ic issues. For many long term
condit ions, pat ients cannot  be given l ife long therapy
input due to limited resources. Such pat ients are given
therapy exercises for them to maintain their potential. If
pat ients deteriorate due to natura l progression of the
condi t ion or du e to a ny othe r f actors, the n p at ie nts
should be able to access top up therapy.

Drug management

Drug m an ageme nt  o f mobi l ity issu es ar e pr edo-
m i n a n t ly r e l a t ed t o m a n age m e n t  o f  sp as t ic i ty. In
genera l ized spast icity affect ing mobi l ity, w e would use
many ant ispast ic agents such as Baclofen, Gabapent in,
Tizanidine, Danthrolene and Diazepam. It is important
to remember that spasticity in some circumstances wi ll
help the patient to ma inta in mobil ity and hence needs
careful eva luat ion.

Botul inum toxin is used for foca l spast ic ity. Com-
monly in lower l imbs, the adductor, hamstrings, gastro-
soleus muscle and posterior t ibial muscles are injected.
These most often need to be used in combination with
suitable splint ing. Some patients may have troublesome
s tr i a t a l  to e  or to e  c l a w i ng w h ic h n e e ds tr e a tm e n t.
Botulinum toxin is expensive and hence it is vital to make
sure  goa ls a r e  c l a r if i e d a nd m e t for con t inu at ion o f
tr e atm e n t. For p a t i e n ts w ho a r e w h e e lch a ir bound,
Botul inum toxin injections can he lp to improve seat ing
pos tur e, preven t  pr essur e  sores a nd h ence improve
overall quality of life.  Injecting the upper limbs too could
potentially help mobi lity. An example is, if we could help
the m to ext e nd th e ir fore a rm by in ject ing b iceps or
brachio-radialis, it may help them to use a Z immer frame.

There is a sma ll group of patients w ith condit ions
such as spina l injuries or mult iple sclerosis where it is
d i f f icu l t  to m a n age  th e ir sp as t ic i ty w i t h e i th e r or a l
medicat ions or Botulinum toxin injections. They have to
be considered for intrathecal baclofen pump (ITB) which
is highly effective in controll ing underlying spasticity. It
is very expensive and usually they need a test dose before
implanting the pump. Few patients can get back to bipedal
mobil ity but for majority of patients, ITB w il l he lp w ith
the ir wh e e l  ch a ir se at ing and mob i l i ty. Troub lesom e
spasms or postures could be some of the reasons where
they cannot sit out for a long time, which could be well
controlled w ith ITB pump (as below). These pumps are
not only very effective but also could give hourly varying
doses to f ine tune their management. Once stable, side
effects are minimal, however they need regular filling of
the ir pump port which is usual ly placed in the anterior
abdom ina l w a l l.

Before ITB

  After ITB
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Gait analysis

Th is is an import an t tool  in the  m an agem en t of
comp lex mobi l ity prob le ms such as in ce re br a l  p a lsy
pat ients. About 85% of cerebra l pa lsy pat ients do have
spast ic ity re la te d ga it  d isord ers. In othe rs w ho h ave
cerebral palsy re lated dyskinesia or ataxia, complex ga it
ana lysis is less useful. Ga it ana lysis is t ime consuming,
but we could get multiple data from dynamic force plate,
3D motion analysis, surface EMG, joint angles and pedar
pr essu r e  m on i t or in g. F rom ga i t  a n a lys is w e  cou ld
objective ly assess the deviation from normal mobility at
al l leve ls. A typical ga it cycle is broadly divided into the
sw ing phase and the stance phase. Walking requires an
up r igh t  pos i t i on w i th fu l l y fu nct i on in g a n t i-g r av i ty
muscles and intact postura l reflexes. A greater amount
of time is spent in the stance phase with the stance phase
contributing to about 60% of the gait cycle and the swing
phase contributing to 40%.

Gait analysis is a very important tool for assessment
of complex gait, to monitor progress, plan treatment and
intervent ions, monitor effect iveness of treatment and
prevent complicat ions. The intervent ions follow ing gait
ana lysis, may include injections for spasticity, Functional
El ectr ica l  St imu la t ion (FES), ortho t ics, phys io th erapy,
surgical interventions or a combinat ion of the above.

Functional Electrical Stimulation

This is a technique which is now being widely used
in reha bi l i tat ion. M any pat i ents who are mobi le w ith
underlying spast icity may have spast ic foot drop. Such
pa tte rn is typica l ly see n in stroke  p at i ents w ho have
hemiplegic ga it w ith sp ast ic foot drop, circumduct ion
and hip hiking. If you fail to control with simple AFO and
other therapeut ic measures, they could be considered
for single channel FES where the common peroneal nerve
is st imu lat ed using a sw itch in the insole  to produce
dorsiflexion of the foot during sw ing phase of the gait
cyc le.

 In some patients it could have a dramatic effect. In
general, in stroke patients, FES improves wa lking speed
by 16%, reduces the effort of walking by 29%, improves
con f idence and reduces fa l ls. Bi l atera l  FES a nd mul t i-
channe l FES systems are also in use but they are more
complicated to use and need a lot of determination by
the patient. Advanced systems are being implanted, which
have more user friendly versions and they give better
results.

Orthotics

Orthotics play a key role in the overall management
of most pat ien ts, in both acute and chronic stages as
w e l l  as in upper or low er motor n eurone lesions and
myopathies. Hence it is vita l to have the back up of a
good orthot ic department. They could be used alone in
low er motor lesions such as foot drop due to common
peroneal nerve pa lsy or in combination w ith botul inum
tox in or oth e r m e dica t ions in upp er motor n e uron e
l es ions.

Or t ho t i c pr escr ip t i on w i l l  b e  d e t e r m in e d by  a
discussion w ith the pat ient and an assessment of ga it
k in e t ics, m a nu a l  musc l e  t es t ing  a nd  jo i n t  r a nge  o f
mot ion. There is a huge range of orthot ics, from simple
foot insoles to complex reciprocating gait orthosis where
w he n on e  f l exes w h i l e  oth er kne e  exte nds, use d by
cerebral palsy patients. More extensive orthosis such as
Knee Ankle Foot Orthosis (KAFO) or Hip Knee AFOs (HKAFO)
a r e use d by pos t-po l io p a t i en ts, p a t i en ts w i th myo-
pathies, spina bif ida, spina l lesions and cerebra l pa lsy.
M os t  o f  th ese  a r e  ind i v idu a l ise d o r thos is a nd th ey
somet imes need perfect ing over many sitt ings due to
co mp l ex b i om ec h a n i cs o f  m ob i l i ty.  M a ny us e rs o f
exte nded orthosis d epend to ta l ly on the ir orthosis to
ma inta in the ir l imited mobi l ity.

Commonest form of orthosis is Ankle Foot Orthosis
(AFO) used for patients having foot drop. A range of these
are ava ilable to address differing biomechanics of these
patients.  Some need regular tweaking from the orthotists
to make sure they fit we ll. In acute stages, orthosis also
have a critical role in the prevention of contractures and
many patients are given night spl ints such as ‘foot up’
spl ints as a preventat ive measure. Some pat ients may
a lso id e n t i fy t h e ir w a l k i ng prob l e m  as du e  to  kn e e
instabi l ity. This may be due to the knee giving w ay or
re lated to hyperextension, which can cause pain. There
is a lack of evidence on orthotics for the management of
knee instabil ity re lated to neuromuscular disorders on
pain and falls but control of knee alignment through use
of rigid AFOs or through knee braces can be successful.

Pat ients w ith polyneuropathy commonly present
with changes to the al ignment of joints, which can lead
to pa in, instabil ity or ca l lous bui ld ups under the feet.
Custom insoles are an effective treatment of cavus foot

FES system
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pain and its associated limitation in function by reducing
and redistributing abnorma l ground reaction forces.

Wheelchairs and specialist seating

Wheelcha irs are very important for many patients.
Most spinal injury patients are totally dependent on them
while others do use it intermittently for indoor or outdoor
mobi lity. There are many categories of wheel chairs and
most individua ls w ith good seat ing ba lance and upper
l imb funct ion can use a standard se lf-prope l led whee l
chair. Others who are dependent on wheelcha irs all day,
need many other modifications to keep them comfortable
and prevent pressure sores. Uncomfortable whee lcha irs
also could precipitate troublesome spasms. This is where
sp e c i a l is t  se a t ing sys t e ms a r e  n e e d e d. H e nc e  i t  is
absolutely vital for a Neuro-rehabilitation service to have
access to a sp eci a l is t  w he e lch a ir serv ice. On e of  my
patients, who has Duchenne’s Muscular Dystrophy with
severe weakness and could easily have been bed bound,
has a well-adapted pow er chair for his needs. With this
he goes a l l over UK conduct ing inspirat iona l talks and
also been to the parliament to lobby ministers. None of
this would have been possible, if he did not have his
accommodat ing powered whee lcha ir which he controls
by head movements. Within l imitations, his wheelchair
a llows him to maximize his qual ity of l iving.

For a quadriplegic spinal injury patient, he may need
head, trunk, pe lvic and foot supports. Addit iona l ly, he
will need a suitable pressure relieving cushion to prevent
pressure sores. For a severe cerebral pa lsy pat ient with
scol iosis, he will need to moulded wheelcha ir to accom-
mod ate posture, if it  canno t be corrected by surge ry.
Addit ional ly, to improve qual ity of l ife, for patients who
do not have good upper l imb funct ion to se lf prope l,
po w e r e d w h e e lc h a irs a r e  ava i l a b l e  w h ich cou ld  b e
operated by either a joystick or other means.

Surgery

Surge ry p l ays a  v i t a l  ro l e  in a  sm a l l  numb e r o f
pat ients with mobi l ity disorders. Surgica l intervent ions
could involve bone, muscle, joints, l igaments, tendons
or nerves. The goals of surgery may be to improve pain,
m in im iz e  imp a irm en t  a nd m ax im ize  motor funct ion,
increase muscle  stre ngth and con trol tone  as w e l l  as
spasticity and to promote self-care. Some are to improve
bipe da l mobi l ity where as othe rs cou ld be to improve
w h e e lc h a ir  mob i l i t y by  imp rov i ng s e a t i ng such as
scol iosis correct ive surgery. Implantat ion of ITB pump
a lso fa l ls into surgica l intervent ion category. In severe
sp as t ici ty, som e are referred for dorsa l rhizo tomy. In
many complex mobi l ity disorders such as cerebral palsy,
surgica l interventions are done e ither over many years
as new problems deve lop or somet imes done as single
event. Surgery needs to be fol low ed by therapy inputHead, trunk and pelvic supports

Moulded seating
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includ ing sp l int ing to opt im iz e be ne f i ts. Exampl es o f
low er l imb surgica l interve nt ions inc lude femor a l and
t ibia l derotational surgery, osteotomy, tendon re leases,
tendon transfer /  lengthening, arthrodesis as w el l as a
variety of foot surgeries particularly in condit ions such
as Charcot M arie Tooth Syndrome.

Mobility and other aids

Most bipedal patients use a wide variety of mobility
a i ds d e p e n d ing  in th e i r ov e r a l l  m ob i l i ty as w e l l  as
b a l a nce . Th ese  h ave  to b e  i d e a l ly a ssesse d by t h e
therapists. These include a simple walking stick to a gutter
frame. Most he lp mobi lity by widening the base to give
s t a b i l i ty w h en w a l k ing. Add i t ion a l ly, for p a t i e n ts to
function at home, some patients need hoists or stair lifts.
Hence it is important for an occupat iona l therapist to
visit patients at home to make suitable recommendations.

Driving adaptations

Getting back to driving is also an important goal for
many who may have had an acute disabi lity. Hence it is a
vital part of disability assessments. They are referred to
disa bl ed driving services to m ak e recomm enda t ions.
There are multiple driving adaptations avai lable direct ly
r e f lect ing on th e ir n e uro log ica l  d isa b i l i ty as w e l l  as
various other transfer and storage adaptations for wheel
chair bound drivers. All these help them to improve their
quality of living by helping them to get back to work or
earn a l iving or by giving better social mobi l ity.

Environmental adaptations

Environment itse lf d isables many pat ients w i thin
their home as we ll as outside. Once again occupational
therapist w ill have a huge role to play by assessing the
home environment. For a person in a wheelchair even a
small step will be a huge challenge. They may recommend
simple ramps and grab rails to overcome some of these
problems.

Conclusion

Mob i l ity in ne uro-r ehabi l itat ion r anges from bed
mobility to high end activities such as running. For some,
du e to l i fe long disa bl ing condit ions and for oth ers it
could be following an acute event. Multiple interventional
modalities from simple to complex ones are ava ilable in
isolation or in combinat ion which should be de livered
w ithin a MDT team taking hol ist ic needs into conside-
ration. Such a service delivery should be able to optimise
mobi l ity w ithin the limitat ions of pat ient ’s background
pathology.
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