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Abstract
In this part we try to listen to the science, that has and still do over the whole world investigation by stroke
patients over the walking aspect and the best way to get the best recovery or compensation. Recovery is only for
an group possible, that had an “minor” stroke and there we see that the old system is not too much damaged
and recovery is possible. But with greater damage of the brain individual after an stroke must go another way to
get his independently and that is compensation. That compensation start with the first movement in bed and
will also affect the diagonal. The science has reported that the walking pattern on the EMG don’t change very
much after an short period and they said that this pattern are fixed within in certain period. We have our doubt
and have search to other forms of training and learning and see that changes is well possible but to be sure the
science must investigated that. Here is an problem because science gives another interpretation of the word
intensity. For the scientist this is “more time” to do the exercises and in our view, it is the heaviness of the
exercises and that can be done by an individual with an stroke an certain time before he is fatigue.
In the treatment we start with the individual with an severe stroke that need all assistance to get him on his feet
and will have need of an splint on his knee because the power in the knee muscle is to limited, to hold the knee.
Regrettable an individual after an stroke that the scientist never investigate because this is too difficult. From
this starting point we walk through all the steps, we must make to get independent walking individual when
possible and what the problem were when that goal cannot fully reached.
And we discuss other forms, approach or new development to get walking possible with the use of the diagonals.
Part 8 will discuss other casus with an severe stroke. (Jan van de Rakt, Steve McCarthy-Grunwald - Diagonals Part 7
Stroke 5 Walking: What say the scientist and what is best practice. Ita. J. Sports Reh. Po. 2018; 5; 2 ; 1013 – 1062 ; ISSN
2385-1988 [online] IBSN 007-111-19-55 ; CGI J OAJI :0,101 )
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Diagonals Part Seven pathology
The Stroke patient, how we can train the diagonals to create an better result.
Introduction.
Every individual after an stroke will ask :”When will I be able to walk independent again ? ”
Therefore every therapist will attend much of his time on the walking abilities.
In rehabilitation center the apparatus that there appear are mostly for walking and balance
training and an very big part of investigation goes to that part of research –walking and
balance. It is good that we start with walking abilities so soon as possible and by individuals
who has an outcome after stroke that is called the ‘Pusher-Syndrome”, it is even the only way
1014 to get progression. Pusher syndrome will be done in an separated part.
But independently is not only the possibility to walk. To get on your feet you must be able to
standup and therefore make always time to exercise the movement in an out bed, the ability
to stand up and sit down, to train the possibilities of the arms and the implementation in the
A.D.L.
Normal walking.
Normal walking ask for an good balance and selectivity of both side. That means that the
diagonal must be intact and the keypoint /the homolateral structure.
The symmetry of our walking pattern is never entirely equal, that can we see on the swing of
the arm when we walk. But that shows, that we compensated with the arm movement to
reached the most perfect symmetrical movement of the leg. Problems in the trunk /hip etc.
were compensated by the rotation of the upper trunk and that we see back in the difference
of the swing in the arm.
An short ( less than 2 cm) leg will not be see in the movement of the leg but in the movement
of the arm!
Only when the upper trunk cannot compensated, than we see differences between the
movement of the two leg. Rotation of the trunk is needed amongst other things to
compensated the endo- and exorotation that take place in the hip. When we swing the foot
to the front, is that in the hip an flexion /exorotation movement. When the heel touch the
ground ( heel strike) on that moment the extension of the hip start ( this also the moment that
the hip extensor is most active ( M.gluteus maximus). The exorotation will be lesser and when
the hip stand under the body ( mid stance) there is no rotation in the hip. Now the last part of
the stand phase start , the goes further in extension with endorotation. This until the heel
comes from the floor and the push-off start. This endorotation will in the first part of the swing
(pre swing ) with the flexion go to zero and then ( mid swing) goes in flexion and exorotation.
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Figure 1. Walking phases

This rotation is the greatest when one foot touch the ground(heel strike) and the other is in
the push-off phase, you see than also the greatest swing of the arms. The arm on other side
of the swing leg is on his maximum to the front and that ask for an protraction movement of
the upper trunk ( protraction will rotated the vertebrae turn to that side ) . On that side is the
leg on his maximum in extension /endorotation ( push-off ) and the arm on the other side is
also on his maximum in his movement to the back and ask for an retraction of the upper trunk
(Retraction will turn the vertebrae to the other side). On thoracic level the turn in the
vertebrae is toward the arm that swings to the front.
The back diagonal of the arm and the other leg is on his maximum of shortening and the other
side swing leg and other arm have an front diagonal that is now also short .The rotation in the
spine is therefore on high thoracic level to the swing arm but on the lumbar level this also the
case but opposite. Here (lumbar) we see that the vertebrae turn to the swing side and that is
opposite of the thoracic level. Again extension in the hip gives an turning of the vertebrae to
the other side and the flexion will turn the vertebrae to that side and therefore allowing the
rotation in the hip.
We can feel this by feeling the muscle contraction that occur in the erector trunci muscle.
You will feel that the tone of the muscle lumbar change from the push-off side to the heel
strike side. In the same time you feel on thorax level in the m. erector trunci an change of
muscle tension to the opposite side as the lumbar action. We feel therefore the action of the
back diagonal on thoracic level and the same time the action of the back diagonal on lumbar
level on the other side. The rotation of the upper trunk to the back and the rotation from the
lower trunk to the back together with rotation in hip ( less exorotation ) makes, that the whole
movement gives its force to move over the foot that stand on the ground with the lowest
energy cost there. It is this action of the trunk that gives us by normal walking the power for
propulsion. Investigation of walking with restriction of the arm swing gives always higher
energy cost. Even walking with your hand on the back cost more energy or there must be an
problem with stability or balance. The back diagonal that will be use in the stand phase is also
the fixation of the trunk and gives the front diagonal an central fixation point.
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The core stability makes it possible to shorten the front diagonal and swing the leg to the front.
Core stability means the integration of all muscle of the trunk and the homolateral structure
that gives fixation in which the diagonals can do their job.
The push –off is not necessary for propulsion to the front but by normal walking more for
bending the knee and release the stretch of hip flexor for the swing phase. The amount of
energy that is stored in muscle by asking action when the muscle is on his longest stand is an
1016 system that works with releasing energy in the structures within the muscles
Observe people when they walk.
With an slow speed the movement of the arms are less. That means not that the diagonals are
not working but that there is no need. When the speed is increased the central system of the
front and back diagonal gives the energy to walk with an higher speed but the muscle activity
of the legs is still less. The heel strike is almost enough to walk, the rest will do the energy
restore and release by the stretch muscle and we see that muscles in the leg has an different
function.
The quadriceps is being used to soften the heel strike, the gastrocnemius will be use to bend
the knee and not necessary to give an push –off. That will be need when the speed is
increasing.
Walking with the diagonal principle has an great advantage because great pattern create
energy that will release when we are walking and gives us the possibility walk far with low
cost.
Normal walking is “not dependent” of the floor, we have already an “movement system
including walking “ through the core stability and diagonals, we need the floor to have an fixed
point on which the system can propels our body in any direction.
The rotation of trunk is the movement of the back diagonal - shoulder left-- hip right to each
other – that gives an extension rotation in spine on both side and makes it endorotation in the
hip possible , and the front diagonal – shoulder right – left leg to each other- gives an flexion
rotation on both end and makes an exorotation in the hip possible.
The diagonals with the core stability is the center of our walking ability and the leg do what
this center told.
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Photo 1.
An men walking on the boulevard
with an cane.
The balance and his left leg are not
so good anymore.
But is step length is left and right the
same, but on the right side there
must be more activity of the arm
and through the arm/hand also on
the cane.
The problem left is that the
extension in the left leg isn’t so good
and that he compensated with his
right arm with the aid of the cane.
That result in an extension rotation
of the upper trunk that goes further
than normal because on this way he
can longer push on the cane.
And keep the step length left and
right equal.
The cane makes the back diagonal
longer and in the upper trunk
stronger !!

Compensation of the walking pattern on this way is very common and shows us, that not the
legs are the commando centre but the brain through the use of the diagonals. The centre of
the diagonals in the stomach ( rectus femoris) and the fascia lumbo-sacralis on the back are
the points where this compensation take place and that need core stability.
By the men on photo 1, there is too little power on the lower side of the diagonal ( back ) left
and therefore create the upper part ( back) right an higher tone and an longer rotation and
created an walking pattern that is the same as before. This base of this system lies low in the
brain, maybe not in the brain but in the brain-stem or even also in the spinal cord.
Scientist speaks about walking generators and this is the most important one. And it is an pity
that never they put EMG- on this important spot. Prof. Duysens ( Leuven) has investigated
the stomach but only on one side but he reports that the m. abdomen internus does the
opposite as the externus and that suggest that the internus is part of an front diagonal with
the externus on the same side. Regrettably there is only interest for the muscle of the leg and
mostly under the hip and that gives an outcome, that is important to understand the walking
performance, but gives never an total view We see that the quadriceps has an more eccentric
function on the end of the swing phase and that stays in the stand-phase, that the
gastrocnemius and hamstring (in normal walking) has an function in knee bending and in the
swing phase.
This walk generator must be capable to restore an part of the walking capacity of an individual
after an stroke. But individuals with an very severe stroke will have great difficulties to reach
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this level of walking without support of others and the opportunity to use the diagonal system.
The double innervation of the diagonal and maybe also the keypoints ( hip and shoulder) by
an individual after an severe stroke will be present , maybe not complete but an great part. It
is therefore rare when this will not come back and therefore it is also strange that science not
investigated this.
Balance.
What science has investigated is the balance restoration of individuals after an stroke. The
only point of criticism is that this is only done by 10% of the stroke survivors ( the amount of
individuals that has his rehabilitation done in an rehabilitation centre and that is about 10%
1018 of the stroke survivors), thus we don’t know of this is also the case by the other 90% (Stroke
survivors that are going home after the hospitalisation and about 33% that is dependent for
the rehabilitation in an geriatric rehabilitation centre often an department of an Nursing
Home) . The balance investigation has done with static platforms, dynamic treadmill with or
without obstacles and dynamic walk mat . To determined what the balance is in stand (static)
and when the individual is walking (dynamic). The EMG by the m. gluteus medius is often
recorded and that is the muscle that plays an major role in the homolateral structure (keypoint
hip) and is very important part in the stand phase and in controlling the balance. Often we see
an lower activity of that muscle through the EMG and that means that the diagonal has an
angle that is more than 45ᵒ. Than the diagonals ( front and back together) end in the adductor
muscle and walk the individual not “over” his affected hip but “beside’ it and thus on the inside
of the hip joint.
Static balance
Figure 2.
Static balance Test.
The individual stand on an
platform, that record two
elements of balance;
1. Where is the most
pressure of the foot.
And that is on the notaffected foot under the
heel and on the affected
foot under the fore foot.
2. And where the weight
was between the two
feet.
The upper gives an view
in the beginning and the
lower part after 3
months.

Remember that this is an investigation done by individuals that are in an rehabilitation center
and that is about 10 % of the stroke population.
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Therefore there will be individuals that are so good that the difference is not so big but there
will be an large group, about 33% that goes to an nursing home rehabilitation center and they
will show greater deficit and certainly not this recovery after 3 month.
On the upper part of picture 2 we see that weight between the feet is almost always on the
not-affected foot and the pressure on the not-affected foot stand on the heel.
The pressure on the affected foot is lesser and here stay the pressure on the forefoot.
After 3 month ( the lower part of picture 2) there is an change in the weight bearing , certainly
closer to the centre but the most of the lines lies on the not-affected side.
The pressure on the not-affected foot stand still on the heel and the pressure on the affected
foot stand still on the forefoot. There is an change but this shows that there is more control
1019 on the not-affected side than from the affected side and the investigators suggest that this
will not further change after 3-6 month. When the individual stand more on his not-affected
leg than his affected leg, what will happen in the diagonal and especially in the back diagonal
from the not-affected arm to the affected leg. The diagonal that start in the not- affected arm
goes to the affected leg and the angle is greater than 45ᵒ. Normally the diagonal will start in
the leg but in this case often the not-affected arm has more “control” and will determined
more the weight shift than the affected leg and will start with the shift to the not-affected side
together with the not-affected leg.
Picture 1.
The angle of 45ᵒ.
The first line start in the glenohumeral joint and
ended in the trochanter major.
The other line start in the glenohumeral joint on
the other side and ended also in the trochanter
major.
The last line is an line from the trochanter major
with an angle of 90ᵒ on the last line .
The angle between de last line and the line of the
back diagonal must be about 45ᵒ.
When this angle is greater than there must be an
change in the position of the lines.
And that means that the diagonal is run between
the two keypoints –hip and shoulder – and this
keypoint are the moving parts of the diagonals
(front and back ) in which they can participated
together and created together an homolateral
structure .
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Picture 2.
The angle is greater than 45ᵒ .
In the picture about 60ᵒ and now we see that the
back diagonal cannot end in the trochanter
major but ended in the trochanter minor.
That means that the muscles that lay on the
other side of the diagonal line (between the red
and blue line) will have no influence in the
muscle pattern that now develop.
Of course will also the function of the hip joint
be different because little muscle that influence
the hip movement cannot do his job through the
“dominancy” of the back diagonal that ended on
the inside. The influence of the adductors and
the semi-muscles will be much bigger and this
also through the loss of selectivity and
perception.
The homolateral structure has no cohesion with
the walking or standing posture.

1020

Therefore there is certainly an shift after 3 month, but often the diagonal lies still on the inside
of the upper leg and when there is an synergy than will this be further active through the back
diagonal. The muscle outside the line will be weaker and inhibited by the agonist, the
adductors.
Dynamic balance ( Dr. J.Buurke)
When individuals after an stroke are walking the balance will change dramatically and that
gives this individuals more risk to fall frequently. Is in the standing position the different
between the not-affected leg and the affected leg is about 60% – 40 % with the forefoot
weight bearing, in walking condition is that 90%-10%. And forefoot ( striker foot) bearing gives
an rotation of the pelvis to the back and that makes that angle of the diagonal will increase.
The back diagonal line will when stroke patient walk dramatically changed and the muscle of
the inside of the affected leg will take over the bearing function but never the balance
function.
Again this investigation is only done by individuals after an stroke from rehabilitation centre
and there will be some difference . There will be individuals that has not so great deficit but
there are also individual that have much more difference.
The main reason of this difference is the loss of perception in the affected side, therefore it
is from the greatest importance that we find an solution to train the perception.
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Figure 3.
Dynamic Balance. (SA =Static asymm. DA= Dynamic asymm.)
The difference between static balance and dynamic balance is extreme great. By static we see an
difference of 60% -40% , when this individual walk the difference is 90%-10% on weight bearing
on the not-affected leg and the affected leg and that makes that the balance is very poor and
almost totally dependent from the not-affected leg and that can never lead to an good balance
and good balance reactions.

Perception.
Loss of perception on the affected side is very important factor and perception is the
activation of the brain with the right input from the whole leg including the foot.
The centre in the brain need this Continu information to instruct the balance and walking
generators. But often is this centre in the brain damaged and is the information to brain is
intact certainly at the beginning but cannot reach the brain.
That means that the brain cannot inform on an normal way the muscle pattern and must go
to an lower projection that will used synergy or part of the synergy to get an weight bearing
in the affected foot. Because of that damage in the brain will other information (visual,
auditory, labyrinth, vestibular, receptor of the neck) have lesser or an different influence and
will also not work so well.
Try to hold an Rani pink ball up with badge , looking in the mirror and ask
someone to hold an board for you , so that you can only see in the mirror
where the ball is.

One of the most important information source are the muscle spindle. And that can also not
be use well because the tone is not normal.
This will lead to an lesser different information and makes the walking pattern more rigid and
therefore less opportunity to react good an balance disturbances. (Degrees of freedom N.
Bernstein 1967) In training there must be always an great amount of stimuli on the agenda
that stimulated the brain to functioning on his highest level.
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Two examples;
1. Often therapist ask the individual after an stroke to control his attitude and walking
with his eyes. Looking to an wall give you the opportunity to calculated the distance and when
the distance is shorter you are falling to the front thus react but is that true for individual after
an stroke ? When the wall has structure and not move, than it is an possibility but when I walk
the wall move. Some therapist tried this with an mirror and of course the better individual
can do this but it is very difficult to control your “mirror image”!!
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Picture 3.
The test of Sveistrup and
Savelsbergh.
The wall is moving to the child
and the child will fall
backwards.
Till the age of 12 this will
happen but after that there
will be on the EMG an signal
that the reaction is still there
but we manages to inhibited
that. Can this the individual
after an stroke also?

By individual after an stroke but also individuals with dementia will give this test an fall
backwards as the wall moves to the person and an fall forward when the wall moves away.
That means that moving items makes it difficult for individuals to hold their balance. Still this
can be an training but be sure that this is possible. The eyes can help, but also make it difficult
and Prof. Denier van de Gon say that the correction that goes via the eyes is to slow for good
balancing, information of the eyes will be good when it register how the situation is on the
front not when an person is out of balance.
2. There is great evidence (Sato) that walking in water increase the information of the brain.
Standing in water has also an effect but walking much more. The activity of the input channels
is increase and the activity in the brain is also increase. But the brain is damage and that means
that there is an limit what that brain can do. But there is another advantage the up thrust of
the water has an inhibition effect on the tone of the individual after an stroke. This decreasing
from the tone makes movement easy and give the muscle spindles the opportunity to do their
job better. Dr. Tripp has evidence that rehabilitation in water for individual after an stroke is
positive, better than on land.
That because through the increase input and perception in the brain and because through the
decrease of the tone and the possibilities of the muscle spindles but also because moving in
water looks easy but you must always work in the water, when you are walking, lying or sitting,
the water will ask that you control your body.
That gives the possibilities with lower tone to build up an better selectivity and that will
changes the projection in the brain.
Water therapy such as Halliwick can stimulated the recovery of the stroke patient and should
be have an placed in the rehabilitation of the stroke patient for 2-3 times a week. That means
that the patient 3 times a week an hour constantly is moving on different level of difficulty,
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we can give task-specific resistance therapy in the water and the situation is never the same ,
that means that brain must search for solution.
Task-specific resistance training can be given also for the muscle pattern – diagonals- front
and back and the homolateral structures .

1023

Photo 2.
Task-specific resistance treatment for the back diagonal of the affected side by giving resistance
on the front diagonal of the not-affected side. Resistance to the not-affected foot to push this
foot up , will need an stabilization by the back diagonal on the other –affected side.
The patient is floating in water and if necessary we can give what support.

The therapist had his hand on the front of the not-affected foot and the other on the heel of
the affected foot.
Now he ask to lift the not-affected foot and he experience the power she had without an
movement. That is the 1 R.M. (Repetition Maximum ).
But he will feel that the heel of the affected side will push downward and he is now capable
to give an exercise with an R.M. of 75%, till there is muscle fatigue and that is an stimulus for
an better coordination and muscle power in both diagonals and homolateral structures
(keypoints) . The best movement we can get is an movement of extension on the affected side
that gives an great muscle contraction in the m.gluteus maximus and that is often the missing
link in the back diagonal. Be aware that when the foot makes plantar flexion with inversion
(striker foot) that this is the extensor synergy and then often will this be done by the adductors
and semi muscle and not by the gluteal muscle.
Stroke walking- pattern.
Many investigator have found that the walking pattern of an individual after an stroke have
little difference when they start and several months later.
Everyone see the individual walk better and with more speed, confidence and over all kinds
of ground, but the pattern that they see on the EMG didn’t changes.
That give them the believe, that the walking pattern are settled pretty fast after the stroke
and that therapy cannot change that. In other words when the brain have create an new
pattern with the remaining perception and muscle pattern than will that be the highest
possible level that this individual can get according the EMG results.
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Figure 4.
This is out the work of Dr.J.Buurke and show that the EMG values not changes over an period
from 3 weeks till 24 weeks.
But the remark is here again on his place, this is an investigation with patient out rehabilitation
centre and that is 10 % of the total of stroke patient. There can be better EMG result but also
much worse results by the other 90%.

In figure 4 we see in left axis the muscle that were investigated with EMG .
Gastroc – Gastronemicus, Tib.Ant. -Tibialis anterior, Sem.Ten.-Semitendinosis, Vast.lat.Vastus lateralis, Rect.Fem. – Rectus femoris, Glut.Max. – Gluteus maximus, Glut.med. –
Gluteus medius, Erect. Tr – Erector trunci.
On the top stand the moment that this EMG investigation take place; 3 weeks after the stroke,
5, 8, 12, 24 weeks. That means that the group that cannot walk after 3 weeks didn’t
participate.
And the EMG values are drawn in the walking cycle with an black balk how long and the curve
how much. The light line on 3 / 4, marks the moment that the swing phase start.
1. The m. gastronemicus start to early , his is active in the swing phase. An the change is little
there is an increase in time that this muscle works. ( striker foot)
2.The m. tibialis anterior works before the toe off moment but not on the heel strike moment.
That seem to be equal in time and the height.
3. The m. semitendinosus is active after the toe off and this stay in time equal but in height
there is an decrease.
4. The m. vastus lateralis stay active through the stand phase qua time and height.
5.The m. rectus femoris is active on the moment that the swing phase will start and that means
that the knee bending isn’t possible and this stay the same qua time and height.
6. The m. gluteus maximus, now there is difference with all other muscle. In the 9 weeks we
see an height increase and an little increase in time that is gone or decrease after 24 weeks.
Nobody has given there an answer or explanation for.
7. The m. gluteus medius does the same as the gluteus maximus, in week 9 an increase in
height and little in time but this is gone after 24 weeks, how is that possible ?
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8. The erector Trunci is in 3 weeks prominent present in height and time active also in the
period that the toe goes off the floor and that is normally the moment that the other side
comes in action and is this side “still”, that on and off system isn’t working anymore or working
on an lower level.
There is thus an great similarity between the period and the height and the moment of action
of the leg muscle that explain the walking pattern that we see. No flexion of the knee , the
forefoot first on the ground , no clearance of the forefoot on the end of the swing phase and
no relaxation of the spine muscle after the stand phase but…..
The action that the gluteus muscle makes indicated that there is an moment of action of this
two muscle but that this lost , but why?
1025 One explanation for this phenomena could be :
The muscles were not used by the individual !
How is that possible? The use of the 4-leg cane makes that they back diagonal goes not
through the buttock. The extension synergy makes it impossible to create an extension action
of the affected leg on the moment that the individual must move over his hip. Now he stay
behind his affected hip and makes an small step with the not-affected leg. And he makes an
flexion of the trunk of get more weight to the front and create so an optimal balance. Now
the gluteus medius is not need anymore and the gluteus maximus will only react when the
muscle is on at most greatest length. That action is action on spine level and no brain or walk
generators action.
But can we change this ?
I think so, make alteration and then the pattern will change not the whole EMG picture but
we are capable by an number of individuals to get more hip extension by using an therapy that
listen to the diagonals.
How teach and train an stroke patient to walk again? Casus Mister R.
This individual cannot walk after 24 weeks in rehabilitation centre but was able to learn it in
an nursing home after that 24 weeks and go to his home within 1 year after his stroke.
Main problem: - no extension in his affected leg especially in the buttock and the perception
was very poor. In the rehabilitation centre he goes in the Lokomat, an apparatus that can take
over the walking abilities but can also when the individual can do something, give that ability
access, very nice but very expensive apparatus. But walking at this apparatus will increase the
walking speed because what the individual cannot, the apparatus will assist. But still there is
an support moment on the not-affected side and the diagonal angle isn’t optimal and the
action of the buttock muscle is not directly necessary. The action of this muscle is there but
not great enough to get the stimulus to increase the power and coordination and see it back
in his walking abilities over the ground. Then he walks with an 4- point cane and was the
action of the buttock muscle not present
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Photo 3 Lokomat.
See the support that
he makes with his
right arm and that
will give an increase
of the angle at hipheight and give
more action of the
adductors as an hip
extensor muscle !
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The movements in bed and in and out bed need assistance and he was capable to do the low
transfer on A.D.L. level . Standing up and stand for the bed was possible, but the affected knee
must be support by two knee of the therapist. Further there was an little plantar flexion with
inversion stand in his foot therefore the dorsal flexion was decrease and the mobility of the
hip was increase in the exorotation direction ( about 10ᵒ with no end resistance ).
Important is that from day one the level of A.D.L. is known on the ward and how much
assistance he need. Than it is possible to functioned on his level and that is not the training
level because that will mean that he does the whole day everything on his highest level and
that will give complaints. Most of shoulder complains will occur when the individual is focusing
on an job and that job is very difficult. Than his focus cannot be also on his shoulder and when
he is doing this on his own, we have an situation in which complaints can occur but also the
feeling of failing.
Another example, he has in the rehabilitation center much complaints about his shoulder after
the exercise in the Lokomat. The speed of the apparatus was so height that the affected
shoulder goes in complete flexion synergy and the head of the humerus push against the roof
of the shoulder joint. Normally by him, the scapula stand was in an retraction and the head
of the humerus was subluxation inferior. Pain was there only in the morning by the A.D.L.
when he of someone else move his affected arm, without releasing the tone of the scapula.
Therefore one of the first therapy we did from day one is an bed attitude on his affected side
with the shoulder blade in the right position. Every morning he lie on this way and learn to
move over the scapula and release the tone and had an better experience by the washing and
dressing after that.
The front diagonal was heavily affected , there was no flexion in the affected leg when we give
resistance to the not- affected arm in the direction of the affected leg ( see also Part 2), there
was only a little bit endorotation of the affected leg.
Lifting the not-affected leg was possible but not with an knee in extension and resistance on
the not-affected leg was almost zero. In the affected leg was some extension but no heel
pressure but well an increase in tone of the plantar flexion with inversion ( striker foot) and
an reaction in the upper part of the leg; some adduction with endorotation. The shoulder on
the affected side goes in retraction when he lift his not-affected leg even his head goes in
extension. He must find his fixation in the upper trunk to be able and lift the not-affected leg.
That means that the back diagonal (the stabilization on the other side) is very weak and has
an angle from more than 60ᵒ.
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Extension will come back only when we stimulated the body to make an dynamic extensionan muscle contraction! An standing table is often not dynamic but static and will give an
extinction or the not-affected leg will overreact and then we have an cross stretch-flex
reaction ( static segmental reaction) .
Start with an fixation of the foot and the knee. The knee with an back- splint that placed the
knee in extension and with an bandage fixated the foot in dorsal flexion with eversion.
Picture 4
First inhibited the tone of the plantar flexor and
search for the greatest mobility in the ankle.
Often is the movement between the talus and
the furca malleoli of the ankle not correct. Than
is an manipulation necessary to overcome that
problem.
Mostly this is tone, because the high tone of
the plantar flexor places the talus too much to
the lateral side. You can feel that because the
space between the talus and the furca malleoli
medial and lateral is not equal. That must be
equal will the dorsal flexion movement can take
place. Is the space equal and the Achilles
tendon is tight , than it is only the tone that
restricted the dorsal flexion.
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Bandage.
Now take an bandage and turn that on an good shoe with an firm leather sole, pull the lateral
side up and wrap around the under leg. Around the foot we fixated the bandage every time,
but never around the under leg because this will pinch off the circulation to the foot.
We place an Bobath bench on the wright height and asking to stand up with his not-affected
arm on the bench supporting on his elbow. Upper trunk forward movement and we assisted
this movement because his affected leg is in extension through the back-splint and he can
make the standing up movement only with his not-affected leg. He stand for the bench with
his upper trunk in flexion supporting on his not –affected elbow and his affected arm is on
the bench or hanging in front of the bench.
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Picture 5
Standing for the bench with the backsplint and support on the bench with
the not-affected arm on the elbow.
Let no movement occur with the upper
trunk backward because that can
evoke the S.T.N.R. static reaction that
caused an flexion in the affected leg.
That cannot occur because the leg is an
back-splint but will always give an fear
– reaction. Therefore ask him to look to
the bench and hold the pressure on the
elbow.
Important is the pressure on the
treatment bench and that he try to
push the bench away so that this bench
is riding on his wheel. That will
stimulated the walk movement.

The individual ( photo 3) was very afraid that he will fall because he experience that he was
according his perception, too far to the front. That means that he has already an wrong sensomotor track and must now learn to create an better one.
He was unable to lift his affected leg to the front and pushing the Bobath bench to the front
thus we started with walking sideways in the not-affected direction. Lifting his not-affected
foot and placed it sideways gave him the experience that he can hold his weight on his affected
leg and stimulated the back diagonal. This diagonal is now very long and all muscle of the trunk
and buttock are elongated and often an stretch is enough to get an contraction, an contraction
on spine level, but an contraction. He was able to placed his affected foot against the notaffected foot by making an upper trunk sideway to the not-affected side, than will the affected
foot come free and with his adductor, he can place his foot and so he walk around the bench.
On the end we try to go back that means upper trunk side way on the not-affected foot and
try to kick the affected foot away , there was movement but not enough thus assistance was
needed.. Now we train backward walking support on the small end of the bench and the bench
on his wheels . He hold the support on his elbow now he try first to kick the affected leg to the
back, therefore he make the attitude upper trunk forward greater and elongated the back
muscle and was able to place the affected foot to the back and placed after that his notaffected leg.
This are all exercises against the border of the R.M. and after 10 steps the muscle fatigue was
great and an stop was necessary.
We did this 3 times on a day, 5 times in an week and of course the exercises ( movementtransfers in, and in and out bed, chair , toilet etc. ) on the ward were continuing 5 days an
week. The amount of time that was necessary, was on the ward 20 minute and in the therapy
room in total 25 minute thus each day 45 minute. That is not much, that means that still the
greatest benefit for the recovery or compensation was obtain by the A.D.L. through the day
on the ward by the nurses.
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After 14 days there was an increase of extension in the knee but not enough to exercise
without the back- splint but we lose the bandage and stimulate the knee extensor and make
than 10 steps. Again an exercise on the maximal R.M. level , further his was capable to place
his affected foot to the front by making an upper trunk sideways to clear the affected foot and
by pushing the bench to the front.
But in this stage an volunteer is often necessary to ride and control the bench. Pushing the
bench gives an stimulation of the front diagonal starting on the not-affected side and that can
increase the tone of the stomach and make it able for the hip flexor to react. But start than
with the not-affected leg, make with that leg an step forward and push the bench to the front,
now we create an elongation in the hip flexor and an increase of tone and the hip flexor need
1029 little effort to place the leg to the front with an upper trunk sideways because the leg is in
extension through the back- splint. When the affected leg is on the ground ask again for an
pressure –an support- that will active the back diagonal and will give an movement over the
hip joint thus an m. gluteus action.

Picture 6 and 7.
Pushing and lifting the affected leg and with pressure on the bench and created an
contraction in the affected leg in the stand phase.

Pushing and swing the affected leg to the front and pushing with pressure and make an step
with the not-affected leg. Pushing gives in the not-affected leg an flexion in the knee, there
we can see that the patient push the bench away and activated both diagonals.
After 3 months the behind splint was not necessary anymore and was the extension in the leg
enough to hold the weight of the body with support on the not-affected arm. Thus the back
diagonal must have an fixation on the two endpoints. That means that his homolateral
structure is only exercise when he walks sideways thus this must be trained –Task-specific –
and also in side lying exercises on the bed and the bench. Now we can give resistance on the
not-affected leg to increase the muscles of the affected leg in their stabilizing function and
that can exercises with an 75% R.M. 10 rehearsal, 3 times an day 2-3 times an week every time
till we have muscle fatigue.
Shoulder pain.
In this period the pain complains in the shoulder was decreased. The subluxation was the same
but the shoulder blade has more mobility and the tone decreased faster after he has done his
walking exercise. Furthermore every time he has work on his walking ability the retraction of
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the shoulder blade was inhibited and the protraction was stimulated by support training in
sitting position. The influence especially of the back diagonal starting in the not-affected leg is
very great. Not only is he active in stand phase on the not-affected leg , but also has he great
influence on the swing phase of the affected leg. To get that leg to the front he will use upper
trunk movements sideway and lift the affected leg from the floor ( Circumduction movement).
But there are other technique to get the affected leg to the front ; - shifting the pelvis to the
back with the not-affected leg and created an swing in the affected leg or – turning on his notaffected in endorotation and that create and swing in the affected leg or- an combination of
all three. But this gives so much tension in the last part of the back diagonal that the upper
trunk on the affected side stand continue in an retraction stand with an increase of tone in an
1030 flexor synergy and by associated reaction. Often is the affected arm in an sling but there is an
negative aspect on wearing an sling. When people are exercise the balance and walking, the
burden of the arm must be carried through upper part of the back diagonal on the affected
side. We see often patient walk with the trunk in flexion ( upper trunk forward) but that is an
eccentric contraction of the back diagonal upper part affected side. The retraction will still
there and the humeral joint is not align and can sub luxate and by movement of the shoulder
the structures between head and cave can be impressed. When after the walking no relaxation
is possible than will the tone further increase and make things worse and will give shoulder
complains and pain.

Photo 4,5 and 6.
This are sling but on the photo are no individuals with an stroke. How we see that ?
They all stand symmetrical and that will the individual with an stroke never perform so nice.
This slings were designed to get support for an atone arm and inhibition of the subluxation
but and especially photo 6 will be an disaster to wear and will push the stroke patient to
shortening the neck and spine on the not-affected side and will created an greater
subluxation in the humeral joint through the amount of abduction in shoulder.

Wearing an sling is of course an possibility but after the exercises (walking or balance) that
will always create more tone in the upper part of the back diagonal on the affected side, there
must be inhibition and stimulation of the arm in support training.
Further the upper trunk must able to relaxed in sitting position and that can only by remove
the sling and lay the arm on an pillow in front of him. By the exercises with the “bench walking
“ the arm where put on the bench and when that was not possible in front of the bench.
Chair.
The treatment behind the bench was now leave and replaced with walking behind a chair but
often there was the question to walk with an 4-leg stick. When it was possible we don’t used
the 4-leg stick because the diagonal from the affected leg had an bad angle that was much
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bigger than with an chair. On the ward was standing up with an chair common and walking
and especially walking sideways, back ways and turning where practice with an chair and
mostly nobody ask for an 4 leg stick, only when people go home in the weekend that there
were some individuals that needed that stick to move safely at home.
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Photo 7 and 8.
Walking with an chair.
This pictures are taking on the end of
the rehabilitation-period, walking
with an chair seems so easy but ask
power to push the chair to the front .
In the beginning he pushed the chair
and then used him as an support.
Support as he stand on his affected
leg and the push to get the affected
leg to the front.
That means that he had than not the
power to do and the pushing and the
walking together.
That gives an moment, that ask for
more than 100% 1 R.M. and by
helping him with pushing the chair
and facilitation /stimulation of the
tone in the affected leg, we create an
75% R.M. situation and we get an
muscle fatigue and an improvement
of coordination and muscle power .

Photo 7. Swing phase.
He push the chair away and on the same time he swing his foot to the front. Because he push
the chair the tone in the front diagonal will increase and makes it easy for the hip flexor to
make his action. Furthermore he makes an little upper trunk sideways and lift the pelvis on
the not-affected side and make it so easy to free the affected foot.
Photo 8. Stand phase and the loading moment.
There is an increase in weight on the affected leg but still there is weight on the not-affected
arm, the trunk is flexed and the muscle of the back and buttock are in an elongation position.
But still there is an lot of weight on the not-affected leg and we see that there is still an
moment of seeking. That means, that the perception is still an problem and that he increase
the weight slower because he is still not total sure that the affected leg hold it. The
homolateral structure of the affected leg isn’t working optimal and he has no control about
this situation. Furthermore observe the shoulder on the affected side and we see that the
retraction is increasing.
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Photo 9. End of the stand-phase.
His weight is back on his not-affected leg but we can
see what the affected leg has performed.
On photo 8 we see that the pelvis is horizontal and that
is on photo 9 almost equal but that pelvis was dropped
when the not-affected foot was in the air. The
homolateral structure is poor. And we see that his notaffected foot isn’t far to the front and the affected hip
is still standing in the same position. There is no active
hip extension that created an big step of the notaffected leg
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There is also an slight difference of the extra- rotation of the affected hip and that comes
through the hypermobility of the affected hip.
What is the great difference with the 4-leg stick.
Photo 10.
An lady with an stroke on the right side.
She is walking with an 4-leg cane. Using that cane
can only when you lean on him with the 4 legs
equal on the ground.
That means that you must come with the notaffected arm exactly on top of the stich.
She do this with here elbow moving sideways.
She is feeling or her affected leg will hold the
weight, that means that the movement is slowing
down, exactly the same as with the chair ( photo
8) Perception problem.
But she has her weight still on the not-affected
side. Now you can see that the homolateral
structure will be not capable to hold the pelvis in
the right position.
That because the 4-leg stick makes it impossible to
decrease the angle of the back diagonal and
therefore goes the diagonal through the adductors
and never through the abductors .
That will be never be possible when an individual
support his body on an 4-leg stick.
The affected arm ? Is this extension synergy of
flexion synergy? You cannot feel it, but it is an
flexion synergy with much retraction in scapula
and therefore an wrong alignment between head
and cave of here shoulder.

Observe the fingers and thumb around the grip of the cane! This we see when individuals after
stroke try to use the cane to pull their body over the affected hip. But with an 4-stick cane this
is far more difficult than with an normal cane.
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What will happen when this patient learn to walk with this cane ?
And on many places in the world this stick is the only support that many stroke patient receive.
That means an lot of repetition without variation. Bad for the brains they must search for
solutions! And the abductor will be never used, therefore no restoration of the homolateral
structure.
When walking with an chair is possible and goes in the ADL program, than it is on the time to
get further strengthening of the paretic leg. Because so walking is now less than 70% R.M. and
the individual is capable with the not-affected arm and leg to keep that R.M. so low as possible,
because that will walk the best. Thus we must create more coordination and power in the
1033 affected leg to get this leg stronger and the program must increase and with more variation
by walk faster with the chair or with another support and with more load- resistance until with
no cane but with facilitation.
Task specific resistance Treatment .
That means that we must exercise with resistance that part of the walking phase that need
more coordination and power ( power = Strength × speed). In this case that is active concentric
hip extension in the standing phase. Therefore it is necessary, that he learn to stand on the
affected leg and when that is possible we can give this movement resistance. Therefore we
will start with lifting the not-affected leg and put this on an small bench and that will in the
beginning about 100% R.M. but it is often an very small moment with little muscle activity. It
is than almost 100% R.M. but when the not-affected foot is standing up the bench almost all
muscle activity is gone in the affected leg.
Picture 8.
Start with lifting the not-affected leg on an small
bench.
Be aware how difficult this is and ask of the
patient will support himself by his not-affected
hand on your shoulder, than you feel also how
much support he used to get the job done.
Further will the patient try to get the weight of his
body on his not - affected leg and sometimes the
patient will “extend” his not-affected leg ( he try
to get his weight on the not-affected leg ) and
evoke an cross extension –flexion reaction.
Then will the extension in the affected leg
suddenly disappear and when he started, the
individual with an severe stroke will not be
capable to stop that reaction and an total collapse
will occur .
Therefore this appearances of this static reaction
give us the sign that this is to heavy, maybe to
early or you must fixated the affected leg that the
extension in the not-affected leg isn’t necessary.
Therefore work in this stage with an back splint .
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When this is possible , we know now how much the patient support and we can now exercise
in the diagonal ( chair or table picture 9) and create an better – longer- stand phase but also
an stand phase that isn’t only stabilization but also an movement. Photo 9 shows that the
not-affected leg cannot go so far to the front because the affected hip is only capable to give
some stabilization, no concentric extension in this joint that makes the step of the not-affected
leg greater.
This exercise will give not only an increase in power but also in coordination and that is the
important part of the perception that gives information through the muscle –spindle.
Therefore the next step must be pushing away the small bench to the front , back or to the
side ( homolateral structure ). Then will the affected leg be do more than only stabilization,
1034 but be sure that you know what exactly 100% R.M. and then you can calculated how many
times , how many repetition and how many times in an week .
Picture 9.
Exercise the weight bearing and task
specific resistance treatment with the
affected leg in an back splint.
In this case no standing up exercise on an
small bench but an resistance against the
not-affected leg.
The direction of the resistance is very
great. In this case to the front –straightbut it can also with endorotation
/exorotation /adduction and abduction or
an combination even from the front to the
back is possible. But every time the
affected leg must build up the best
stabilisation and also help the movement
of the not-affected leg to the end spot. An
great step ask from the affected leg more
hip extension to get the not-affected so far
to the front.
In this case the not-affected arm support
on an table and is there the possibility that
the back-diagonal angle is to large ( more
than 45 degrees) . Than try to correct with
your legs the stand of the affected leg or
increase the height of the table.

When I started 20 years ago to gives this task-specific resistance treatment, was told to me
that is was impossible. Change an eccentric or maybe only an stretch reaction of an muscle
(the buttock muscle ) in an concentric contraction, because the eccentric contraction lies
lower in the Brain than an concentric contraction ( according to Dr. Lieber 1990).
But I got an concentric contraction by almost every individual after an stroke, an individual
that was able to lift his not-affected leg and most individuals create an walking pattern in
which the not –affected leg passed the affected leg and increase step length and speed.
Still are there people that don’t believe that this is possible by stroke patients.
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And what Dr. Lieber said , isn’t true at all. Eccentric control ask more from the brain ( nerve
system) than concentric but not in an direct way to the muscle contraction but in controlling
the contraction eccentric and concentric.
This task; controlling the concentric contraction is very important and ask an lot of the brain
and the other nerve system on spinal cord and motor unit level .
And despite the damage in the brain this coordination is still possible and can be evoked in
the brain and therefore in the muscle again.
But it ask that this is used by the individual in his way of walking or moving.
Figure 5 gives an image what happen on motor unit level , spinal cord and brain between
eccentric and concentric muscle activity.
1035

Figure 5.
Concentric is red and eccentric are blue action in the nerve system.

The action of the buttock muscle to make more stability and on the same time more
movement in and over the hip is to train through an task specific resistance treatment, in
which the not-affected leg must be placed further to the front against resistance.
And the reaction in the buttock can be feel and convinced us that this is an concentric
contraction.
This can also when the individual is walking by giving the swing of the not-affected leg an
load !
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Photo 11, 12, 13 and 14 .
Task-specific resistance treatment.
First, we must know how many resistance there must be to get no movement from the notaffected leg ( swing phase from back to the front. That is 100% R.M. for the affected leg in the
stand phase. Decreasing the resistance to 75% R.M., we make the movement possible. This is
than an stabilization but also an movement in the hip joint almost to the end of the hip
extension.
We can create muscle fatigue with an proper rehearsal and frequency and will created an
increase in coordination and power of the muscle pattern.
And feel the buttock, because this is the weaker part of the back diagonal. That part must work
otherwise the hip goes to the back and that means an hip flexion. And we want to see an hip
movement to the front because that is an hip extension movement.
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Photo 11 : The measurement of 100% R.M. , you see the reaction of the affected leg there is
flexion in knee and hip. More is not possible.
Now 75 % ( photo 12) and now the extension of the hip is there, an concentric contraction of
the whole back diagonal with in the center the M. Gluteus Maximus.
Photo 13 and 14 gives the movement two times behind each other, never is the movement
1037 exactly the same and that means variation and fatigue is also an variation !
When we see the movement of his not-affected leg and affected arm, it is obvious that are
some possibilities in that arm. This looks still an flexion synergy but the front diagonal from
the not-affected leg to the affected arm/shoulder build up the tone an created an protraction
in scapula but an increase of tone in the arm /and elbow. That isn’t an flexion synergy- secbecause there are dissociations of the synergy. There is protraction and action in the upper
part of the front diagonal in the upper trunk. In the shoulder is anteflexion with abduction,
but anteflexion is part of the extension synergy and therefore the remark that in this arm
/shoulder more is possible. What is possible in the hand, is another story because that is
dependent from the present of the cortico spinal track. There are three important aspect
that we must see and control to get this movement in the affected hip joint also in the walking
performance later on.
1. There is often no push-off and that isn’t necessary but the push off has also an function
in bending the leg in the beginning of the swing phase, that means that this part will
not occur when this push-off isn’t there.
2. The foot must be stable. An movement over the hip is only possible when the foot is
carried the weight without loss of stability. When that occur, stop the movement over
the hip . And this movement will also stopped when there is an restriction in the ankle
or to many tone in the calf muscle, that ask for adjustments.
3. The movement in the hip has often need for an fixed point and everybody thinks on
the affected foot but there is often less perception and therefore it is maybe better to
give this “perception” to the not-affected arm and that ask often for an point from the
arm/hand to the floor. On the photo we use, to learn this, an chair but other aid are
possible to create the back diagonal starting in the not-affected arm/hand. The
amount of force must lead that the movement and stability are both there. That asked
for an co-contraction with movement in and over the hip and that we see on photo 13
and 14.
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Picture 10.
An example of an exercise task-specific
for the homolateral structure around
the affected hip.
Be aware that this is very heavy and the
patient will not have much power and
will thus search for an compensation to
“win” from the therapist !!
The foot must be held straight forward ,
no rotation may occur in the hip
especially exorotation will immediately
lower the pelvis on the other side.
By holding the not-affected foot straight
to the front there will be an lift of the
pelvis on the not-affected side and
when the upper trunk stays in the same
position, we have an co-contraction that
involves the whole homolateral
structure including the front and back
diagonal on the affected side.
The keypoint hip is stable and moving !
Look to the photo 13 and 14.
There we see that part of the pelvis goes
up and there is an elongation of the
trunk on the affected side, thus there is
an co-contraction and movement

1038

Task-specific resistance treatment alone is never enough. There must be an variation with all
kinds of walk pattern exercise and selective exercises with and without load, to get the brain
stimulated to search for solution and that solution can again an task-specific exercise .
In the corridor using the railing there.
Starting with walking along an railing in the corridor and then not only an support but an
pulling movement when he is standing on his affected leg and by pulling and swinging the notaffected leg so far as possible to the front with or without load can be an very good start.
Other examples are following in the next part about the diagonals and walking .
Co-contraction.
R. M. of 100% is determined by the co-contraction, that occur in the affected hip. And that
asked for re-assessment every time to get the right amount of resistance or load to create an
increasing of the power and coordination.
Resistance asked for an progression in resistance according the performance of the individual.
An important aspect in rehabilitation to get an increase. Still there must be also and learning
aspect and that is only be possible by much variation and rehearsal – Rehearsal through
variation Differential learning ( Prof.W. Schöllhorn )
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Photo 15 and 16.
Look to the white line and the movement of the upper trunk. Is that correct than we
have an perfect task-specific resistance exercise. But variation is very important
therefore work on other forms of stability and dynamic of the affected leg and make
from that, when it is possible, a task-specific resistance exercise !

Variation of movement over the affected hip.
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Photo 17 till 21. Variations with the not-affected leg to get active rotation in the affected leg.
Photo 17 gives the picture with the affected leg on the knee of the therapist but this was an
exercise in which the individual must change every time with his leg. On the photo stand now
the affected leg and the next step is the not-affected leg on the other leg of the therapist. In
this example with no load or resistance. Al the other example are without load but all are
possible with load or resistance and resistance is very easy because the hand that now gives
assistance , can also give resistance.

When you facilitated that means that this is difficult without an little and good assistance,
than you create through the assistance an movement with less than 100% R.M. The next step,
before resistance , can be more speed. Than the R.M. will increase and at the end this can be
an resistance treatment , task specific , and there is also the possibility to use the speed again
but then with resistance or load.
The variation is endless and that will stimulates the brain in his search for solution, on this 4
photo’s ( 15.16.17.18) there you see exercises for balance but also for rotation in the affected
hip and the step to do exercises on the stair are simple because going up and down the stair
is easy in comparing with the exercises on the photos.
Photo 18 this lady was capable to place the not-affected foot on my right upper leg, but now
she must try to put that leg on the bench and then in one time on my left knee with little
resistance .
Active Rotation training of the not-affected hip.

.
In the guideline Stroke we find task-specific exercise but often this is an exercise
in the task or context or an combination.
That means that learning is the goal, not an increase of coordination and power.
Investigation of the combination task-specific resistance therapy and differential
learning is still very poor.
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Walking – differences- training
Walk forward with increasing speed , backward and sideways , first with no crossing but then
with crossing. Walk with different support tools that will increase the variation and stimulated
the brain. Take the stairs and go outside in the park but also in the city. Now we can train in
endurance and make his walking abilities greater and every time we have an new movement,
that we can make in an task-specific resistance treatment.
1041

Photo 22 and 23.
Crossing the not-affected leg over the affected leg.
Be aware that there must be an active elongation of the homolateral structure of the affected
side, otherwise the not-affected leg cannot cross, but goes to the other side . When the weight
is on the not-affected leg (Photo 23) now shortening on that side and we have an abduction –
an kicking away movement and can create an good, firm support area.
Facilitation is done in the centre of the front and back diagonal.
Learning technique and search for variation and possibilities to increase the load or speed or
both.

The achievement of this man is remarkable, certainly when you know his age – 90 years old !
Learning walking starting with an behind splint and an bandage around his foot behind an
bench. First walking sideways and then backwards and then forward along the bench, after
that pushing the bench and so create more power in his diagonals.
Than the moment that the behind splint was not necessary anymore, the exercise to create
more power and coordination in the paretic leg and learn to walk behind an chair and this also
in the A.D.L.
Walking behind an chair was replaced with walking behind an frame rollator with an cross rod,
so he can managed him with one hand and at the end walking with normal cane and even with
an nordic walking cane.
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But without support was possible but makes his walking pattern stay poor.
He had extension in his affected leg, he was able to stretch his knee and even had an little
push-off but that had no use because his was not able to endorotated his hip when the hip
goes in extension. With an support he can compensated but without not.
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Photo 24. See below.
Crossing the affected leg over the not-affected leg and take weight on the leg and that need
an elongation of the not-affected side and after that the kicking away movement with an
shortening of the trunk on the affected side .
Photo 25. Stand in the push-off phase with the not-affected foot in the front on the heel. The
therapist hold his weight on the paretic limb and ask the patient to push his heel up. That he
can but only one time the first time. That means with assistance an R.M. exercise of 100% ,
with an little bit more weight on the leg in front now we have 75% R.M.
But be aware that the strength that he can create in his not-affected leg in this position of
the foot is very great.
Therefore it is important that you feel that the extension in the hip is increasing and that the
heel of the affected foot is from the floor.
When this occur than the knee will always hold his light amount of flexion. And that is
important part of the function of the m. gastronemicus in the push-off phase of normal
speed walking.
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Photo 26.
He tried to make the step so big as
possible without an support but
much further as this he can’t.
You see that he is also landed on
his fore foot instead of his heel.
Further there is decline of the
pelvis and an rotation of the hip
backward and an upper trunk
sideways. And the affected foot
stand firm on the floor in
exorotation.
The extension in combination with
and endorotation wasn’t possible.
The reason for this has two
reason; The first lies in the hip and
the second in the impossibility of
an transfer of his weight to the
fore foot on the affected side.

When we give him an chair and he push that chair throw the department , he was faster, the
chair stop never and the step are better but the heel stand still firm on the floor and the heel
don’t get free of the floor.
That means that that the extension of the hip can go on because there wasn’t the possibility
to get the heel more to the outside by endorotation of the hip.
The reason of this problem lay in the first day of his hospital stay after the stroke, maybe all in
the first day and that occur by the loss of tone and the extreme exorotation that occur in that
first days.
That will give an stretch on paretic muscles that have no “connection” with the damage brain
but apparently also little with other lower nerve system because the leg was after hours of
lying on the back not changes from position.
Individuals after an stroke can therefore suffer from an loss on muscle power in the
endorotator of the hip through the forced elongation and loss of sarcomeres.
To restore that we must be able to get :
1. Power and tone back in the muscle group.
2. But also it is necessary that the muscle is contracted for more than 12 hours (
Tardieu) to get sarcomeres out of the muscle and create the original length.
It is clear that this is an task that cannot be done.
Till now it is never succeed to create an situation that sarcomeres are removed out. The only
success that we achieved, was that the movement exorotation in the hip wasn’t so far and
wasn’t so light .
Far, often the exorotation in the hip was 10-15° more than the other side and
Light , there was no resistance against this movement and often its hurt on the end of the
movement and when we test this on the not-affected side there was an normal resistance and
no pain.
Light , the resistance was an little bit increase but still far below the level of the not-affected
leg.
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Photo 27.
An photo out the article about the occurrence
of the striker foot.
This attitude of the affected leg for several
hours ( Tardieu say more than 12 hour) can
created an muscle elongation through placing in
of several sarcomeres.
That means that active endorotation is almost
impossible and normal extension/endorotation
in walking in this hip cannot occur. And the
border of the movement in the hip has no
protection.

Photo 28 .
Now in action with the chair, no
pelvis drop and also lesser upper
trunk sideways.
All possible through the
compensation of an chair in front
of him, compensation for the
balance but also an fast point for
his not-affected arm to create an
base for the diagonals.
On the front for the swing of the
affected leg and for the back
diagonal for the stand phase .
But the whole hip extension was
not possible because of lack of
power in the calf muscle and lack
of power in the endo rotators in
the affected hip. Despite the
increasing of the coordination and
power in the muscles of the knee
and ankle, the hip remain the
weakest point.
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With an chair he was faster and the hip was stable and the step of the not-affected leg was
increased but still not with the full extension over the affected hip. And the reason is, that the
transferring of the weight to the fore foot is too little and that means that there isn’t no
endorotation in the affected hip to give more extension in the hip.
1045 The whole chain of care for individuals with an stroke must be alert on all this parts, that can
make recovery very difficult, maybe impossible.
And it is so important that the people working on different places in an Brain ( Stroke ) Chain talk with each other to prevent this increased exorotation, because it will affect the
outcome of the rehabilitation!
New developments and “old” treatment possibilities in an new Jacket to stimulated the
diagonals. New developments to teach people after an stroke to walk again and scientific
research gives signals that walking with the Lokomat or with treadmill with an support that
preventing from falling but also lift the body has not that effect she taught .
But there is now an new design that will cope with the limitations of that apparatus and makes
walking an challenge that will push the individual to his limits and we teach him how to hold
balance and how to walk in all different directions.
And the exercises will have the right intensity, is task specific with an very great variation.
Variation in all direction but also walking with obstacles and even stair climbing is possible.
That will give the individuals the opportunity to exercise much often and created every time
new situations.
And the combination with task-specific resistance therapy is easy and we can exercise on
that two pillars ;
- Differential motoric learning ,: rehearsal with variation
- Task specific resistance therapy ! Creating more power and coordination.
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Photo 29.
To see the difference between the old and the new approach.
Here first an photo of an individual with an partial spinal cord damage .
He is capable to walk with two crutch and he use his crutch as an part of his diagonals. But he
need this two crutch also to stabilized his posture and get control over his balance.
Too much control is needed through the arms/crutch for balance, makes it very difficult to restore
the diagonal impact on the propulsion and the speed of walking. The walking pattern and speed
isn’t now the first priority, balance is.
That means that the crutch must stand wide and you see on the photo that the right arm with the
crutch stand far from the left foot and almost on toe level. The back diagonal activity can
therefore not start in the arm by moving the crutch to the back and can therefore give no
activation of the back diagonal to get an propulsion.
Therefore the whole back diagonal will put the joints on the end and we see an extension knee,
elongation hip extension and an little retroflexion in the shoulder.
The angle in the back diagonal will be greater than 45° and that means that the contribution of
the homolateral structure around the left hip isn’t working .
In photo 34- till 37 we see the same person walking in an new system and now the arms have an
great contribution in the walking performance, speed and balance all together.
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Figure 5 and 6
Gives an picture how the support is established.
There is an connection with the sealing that can lower the body weight and give the certainty
that falling is impossible. That means that the person can exercises on the borders of his capacity
and when he makes an mistake that will this system preventing from falling on the floor but he
will experience the fall and the mistake !!
But there is also an system that helps with forward movement and that will help the individual to
hold his upper trunk in an slight flexion.
This is also very important for backward walking and sideways walking.
Stair climbing and obstacle avoiding . (Jean Baptiste Mignardot )
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Backward walking ask for the possibility to place the free leg to the back and then it is
important that there is an slight flexion of the upper trunk especially by individuals with stroke
because there selectivity is less in the affected leg and this leg will react faster on an wrong
trunk attitude.
Sideways is also the slight upper trunk important because than is the crossing of the leg in the
front easier.
Obstacle avoiding need the eyes and again is than an slight flexion important .
Stair climbing is an trunk flexion very important to get the body weight good on the leg that
1048 stand an step higher. Only downstairs the trunk must be erect and still eyes must can see
where the next step is but never with an lower trunk to the back because than there is to
many weight behind the feet that carried the weight.
Another great advantage is that the feet stand on the ground and that the hip with the feet
must “push” the ground away to get walking possible.
This in contradiction with the Lokomat, Treadmill, Grail , CAREN where the floor is moving and
forced the individual to follow.
Now the floor is an balance point as at home or elsewhere and to get walking the body must
push the ground away. And this can be done with aids but also without. We can also train
individuals with an cane to stimulated the back diagonal starting in the arms or we ask to swing
the arms to the back to stimulated the back diagonal and make the movement over the hip
better.
The same is possible for the swing phase of the leg faster to the front by an early arm swing.
More swing of the not-affected arm will stimulated the affected leg in the stand – and
swing phase !! Photo below:
Compare the two photos than it is obvious that the swing of the arm and the movement over
the affected hip is almost symmetrical and that this is also the case with the affected arm and
not-affected leg ( swing not-affected leg) but the difference with swing of the not-affected
arm and the swing of the affected leg is very asymmetrical.
Still the movement of the not-affected arm when the affected leg stay within the stand phase
is also asymmetrical because at the end of the swing phase of the affected leg start the notaffected hand immediately with the movement to the back.
He start than with the stand phase with an the start point that is far away and the arm start
first and that means that the back diagonal is brought on tone through the wide of the swing
to the front and the return with more speed to the back. That the not-affected arm is more in
abduction is an control over his balance and his trunk stability that is lesser on the affected
side.
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Photo 30 and 31.
On photo 30 this person with an hemiplegic side on the right side has his left arm/hand far in the
front but his affected leg is still not passing his not-affected foot. This swing of the not-affected
arm increase the length of the front diagonal and help him to create an greater swing with his
affected leg.
In this case the arm swing increase the tone and muscle power of the front diagonal to the
affected leg.
On photo 31 we see the not- affected arm goes far to the back and create so an higher tone in
the whole back diagonal to get an good movement over the affected leg .

Van de Rakt J. - Ita. J. Sports Reh. Po. 2018; 5; 2 ; 1013 – 1062 ; ISSN 2385-1988 [online] IBSN 007-111-19-55 ; CGI J OAJI :0,101

1050

Photo 32 and 33
Photo 32 the affected foot is on the floor but with little load but his not-affected arm is on the
way back.
Photo 33 he is standing on his affected leg in almost mid stance and the not-affected arm is not
so far but his speed of movement is higher because at the end of stand phase this arm ( photo
31) is far to the back almost symmetrical with the movement of the affected leg.

Therefore is it important to look of an new apparatus give people with an stroke the possibility
to use this movement control .
Not the leg movement will create the swing of the arm , but arm swing ( to the front and back)
makes it possible to improve the walking pattern and the speed/ stability!!

Photo 34.
Gives an impression from the search that
people make to combined the search to
balance and the power of the arm to get more
control over the swing - and stand phase of the
affected leg. Searching for an combination that
makes walking under their own control
possible. And here we see that this is possible
in this new apparatus.
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Photo 35 and 36.
We see progression , on photo 34 was the movement of the upper trunk to the front to big and
ended in hanging in the harness. We see that both arm go to the front an indication that his is out
of balance and makes an attempt to brace the fall with his arms.
But after an while the position changed and now we see still wide arms but the arm are moving
to the front and back in the opposite way and he has discovery the possibility to create an better
an stable walking pattern by using the diagonals but now initiated from the arms.
Look at the difference with the walking with the crutch;
More flexion in the knee, that means more dynamic and using of freedom degrees to get more
speed .
The heel of left foot is of the floor and he use active extension in his hip right.
The swing of the left arm ( photo 36) is on the front but is making an movement to back to get
the hip movement over his right leg.
He use the arms as an propeller to stimulated the diagonals and is also searching for the balance
situation.
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Photo 37.
On this photo we see the
contribution of the arm
better.
The left arm is still in the
front but he stand on his right
leg and that looks like mid
stance. That isn’t so because
his hip is behind his heel and
that means that there is still
weight on the other leg. The
opposite arm is still back and
wide. The stabilisation on the
right leg isn’t complete.
Now will the left arm goes
with an higher speed to the
back and push the hipextensor to an higher tone
and the person will move
over the hip.

This is rehabilitation of the highest form, because here the individual can search within his
possibilities for the best way to deal with balance and walking activities and that walking
activities can be varied endless.
That is motoric learning and we can give an task specific resistance treatment to increase the
power and the coordination but this learn us also that we must do something with the power
of the arm, especially by the individual with an stroke .
When we give the not-affected arm an rigid point that this individual will use that point to
control all movement or diagonals. When that is an fixed point, this is good when he is
standing and search for balance in standing position but….. not for balance and movement
/walking.
Even when the floor is moving but the not-affected arm/hand is still an fixed point the
individual isn’t learning to search for balance and walking within his capacities.
He is learning how to perform on the Lokomat or Treadmill !
At the moment that he use his arms – his total body – to control the balance and walking ,
than we have achieve where he is searching for.
Therefore this apparatus makes more possible!
But is this the only way possibility ?
NO !!!
The cane /Nordic walker / railing in the corridor can be used to increase the diagonals and
makes walking and balance better possible and …. with variation - rehearsal - therefore
learning and training.
But individuals with an severe stroke will need an fixed point because the balance is to weak?
Yes and No !
Yes , there amount of freedom degrees in their body must be lower and mostly we give an
support on the not-affected side but we can differ that support.
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Not always an 4-point cane but an support of an chair, an bench that can be push away is
something total different that the 4-point cane .
That cane ( 4 –point) can only be change to another position when we stand still. Then he can
take support on this cane to place his feet to the front and then there must be an stop to
change the 4-cane. With an chair or bench he can walk through without stopping every time !
An better possibility is to minimized the freedom possibilities in the affected leg. By giving an
back splint for the affected knee and an splint to stabilized the foot .
That change the balance and the movement, but still there are possibilities to search FOR
1053 BALANCE AND WALKING with great variation and good rehearsal . Both learning and training
is again possible.
In the next part we discuss other individual after an stroke to give explanation how to change
something and created an learning and training environment.
But an last remark , this amazing apparatus on the ceiling and walking over the floor can also
be done in an swimming pool when the water level is below thoracic 11.
Photo 38.
Control on the body but
the arms are free. That
means that he must
search for the good
balance and walking
pattern in the diagonals.
The hands-on approach
makes it possible to
facilitated the movement
over the hip in the stand
phase but can also give
resistance.

Variation through rehearsal is endless because all different forms of walking and obstacle
avoiding is possible and that means again an perfect learning environment and the possibility
to give task specific resistance therapy.
Of course is it possible to place the hands on the edge of the pool but the balance is than done
by the arms and not through the whole body to get the weight perfect on and over the feet.
And the search to the border of the balance is than immediately different as this is when he is
walking without aids.
But near to the edge is always possible , here an example when he is trying to stand on one
leg.
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Photo 39.
Balance exercise standing
on one leg. The
environment is without
danger for damage and
the step to resistance is
easy . Let the swing leg
move faster and we have
resistance in water or give
resistance against the
swing leg.
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Photo 40.
An great moment ! He walks
through the pool without assistance
and his strategy was:
Hold his both hand to the back and
move little with his shoulders and
had now an good control over his
balance and was able to walk in the
turbulence of the therapist.
Control of the balance on total
different way he did on land,
because there he had an rollator
frame that give him the stability and
balance control.
His damage brain has find an
solution !!

An further advance of the water was that the chorea- athetosis movement he had in his legs
and arms were decreased by the resistance of the water, but when we lower the water level
than he must deal with this movement especially in his arms.
There is still an lot of unbelieve that exercises in water are equal or better than exercises on
land, still Dr. Tripp prove this by an investigation with individuals with stroke but beside this
prove, this environment makes it possible to walk and exercise people for an long period
without sitting and learn this people to search for solution.
The positive effect of water is that this is an environment that always changes and that makes
it so easy to create variation. People with an severe stroke that can walk with an 4-leg cane or
between the walking – bars can do that for short time. In water this people stand and walk for
an half hour and the whole time the brain must find solutions.
Of course we use aids on land to create an environment that give this people freedom but
learning and training has the purpose to create an even better walking pattern and an higher
level of freedom.
That ask for training of the balance but also for more power and speed and endurance and
that is this new apparatus or the swimming pool an perfect tool.
Too often is the walking performance almost equal with what the individual can and then
there is no learning and no training aspect in that treatment.
Walking in an walking –bar is nice but the solution individuals after an stroke find in their arm
especially what the balance in walking concerns and will lead to an form of walking with an
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rollator frame . The level must be higher the whole body must search for an balance and
walking control and then must the environment be so that the whole body can act .
Especially the diagonals are than very important and the most important part are the 4
keypoints .
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Photo 41 and 42.
The same individual as in the swimming
pool but now exercising in the walking –bar.
Still he has only one hand on the bar when
he is walking through the bar but when he
must turn he use both.
The difference is great, he is now much
more acting with thinking how he must
perform and in water he is acting and
reacting on the changes that occur.
Still he use his left arm to pull on the bar
and make the movement over the hip by
activating the back diagonal possible but
the therapist must be aware that the angle
is correct or so correct as possible and that
the hip extensor is act. When that is
minimal than resistance will give more
perception, increasing the power and the
coordination when this is done with the
good structure and training impulse.
42. Sideways walking ask for an balance
moment on one leg in which the other leg
can go away and that is shortening of that
side and on the photo this is correct done
but he isn’t capable to do this without an
support when we only give this kind of
exercises. Before that leg is setting sideway,
this leg must be free and that asked of the
other leg an elongation of the trunk and
standing on one leg and after that the
shortening can take place because the
balance in going to the free leg.
Now the arm hold the trunk the whole time
in an shortening position and he will not
experience what it means elongation and
free the other leg. Angle diagonal isn’t 45°,
therefore no right homolateral muscle
performance.
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Photo 43.
Another approach now the facilitation is
done on hip level and that can be
assistance but also resistance as
facilitation. Again the arms are free and
we see immediately that he lift his arms
up and away.
He is search for balance in walking and
set more power on the back diagonal in
the upper body ( photo 40).
Now he use his total pattern of the trunk
( 4 diagonals and 4 keypoints together )
to control the balance in walking in this
case forward.

My great teacher Jacques van der Meer said always;
“Walking will individuals after an stroke only learn through walking at
his highest level !”
This remain true forever and every apparatus can give an contribution
to restore the walking performance but be aware of the rules there are
to get the highest level.
When we use the arms to control the balance than the legs and the
trunk will learn little or nothing.
When we do always the same the brain has no stimulus and will not
learn.
When we don’t have the right intensity , the power and coordination
will not increase.
When we exercise isolated muscle the transfer to an better walking
performance will be very late and sometimes not there.
When exercise only in one context , the individual will perform there
on his best , but elsewhere ?
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End of part 7. Part 8 will discuss other individuals after an stroke and their problems
regarding walking and what is the best therapy.

1057

Correspondence for author.:
Jan van de Rakt e mail : jan@vanderakt.nl

Van de Rakt J. - Ita. J. Sports Reh. Po. 2018; 5; 2 ; 1013 – 1062 ; ISSN 2385-1988 [online] IBSN 007-111-19-55 ; CGI J OAJI :0,101

References;
201. An Investigation of geriatrie Nursing Problems in Hospital. D.Norton,R.Melaren, A.N.Exon
Smith.uitgever: Churchill Livingston
202. Fysiotherapeutische behandeling van decubitus. A.Zwaanonderdeel van: Decubitus: een
probleem. uitgever: door N.V.F.V.
203. De behandeling van decubitus. I.R.E.Haalboom, N.G.F. 12/ 1978.
204. Oorzaken, preventie en behandeling van decubitus. Prof.H,Bakker Medifo nr.l. november
1985.
1058 205. Prevention of pressure sores. Exon-Smith A.N. en Sherwin R.W. Lancet 18 november 1961
11-24
206. The problem of the treatment of pressure sores in spinal paraplegies. Guttman L.
(1955/1956). Brit.:J.Plast.Surg. nr. 8.
207. Pressure sores.Husain T.J.Path Baet LX.V.T. 347 1953.
208. Pressure sores.Trumble H.C.Medical Dournal (Australia) 11-724 1930.
209. Scales 3.T. en Hoptuns L.A.Lancet 23 oktober 1971 885.
210. Scales 3.T., Lunn H.F., 3eneid P.A., Gillingham H.E. en Redfern.Paraplegia, 12 (2) 118-31
1974.
211. Bed sore biomechanics.R.M.Kenedi, 3.M.Crowden, en 3.T.Scales 1976.uitgever:
Macmillan Press Ltd.
212. De interactie van de patient en zijn ondersteuning. P.C.Kragten, mg. fysiotherapeut.
uit: Decubitus: een probleem. 213. Welman, A. (1974).
213.
Klinische neuropsychologie. Utrecht:
Bohn, Scheltema & Holkema.
214-216 Aantekeningen en cursusmateriaal van de
N.D.T. cursus, Amsterdam 1982
N.D.T. cursus, Nijmegen 1984
N.D.T. refresher course, Hoensbroek 1985.
217. Het Raadsel pijn Ronald Melzack Spectrum 1975
218. Neurofysiologie van pijn. A. Stuppier S imulus 82 23 31
219 Controle over m.b.v. TENS Frampton Stimulus 83 83 91
220 Tens vergeleken met placebo Tens bij vermindering van acute aangezichtpijn Hansson/
Eleblom St imulus 85 38
221. TENS bij chronische pijn Frud, Johnson & Mc Cracken Stimulus 86 140
222. Pijn bestrijding door TENS Wolf Stimulus 87 174 191
223. Vos & Brinkhorst, De Tijdstroom, 1971 . De fysiologie van de lichamelijkeinspanning.
224. NDT-cursus voor verpleging/ verzorgenden, Nijmegen.Onderdelen: normale motoriek,
transfers in/uit bed.Onder leiding van Jacques van de Meer, 1984 - 1992.
225.Affolter, F.D. Perception, interaction and language. Springer Verlag, Berlin 1987.
226. De functie van het zenuwstelsel. Dr. J.P. Schade. Het Spectrum, Antwerpen, 1 973.
227. Schluckstörungen und Facialislöhmung. Friedel Schalch. Gustav FischerVerlag, Stuttgart,
1983.
228. Als je goed luistert hoor je ze huilen. Mia Duijnstee. Intro Nijkerk, 1983.
229. De behandeling van de volwassen hemiplegiepatiënt volgens het NDT concept(een
handleiding voor verpleging en verzorging). A.T. Lettinga. Beatrxoord, Haren, Groningen, 1
987.
230. Zenuwweefsel: Groei en herstel. Beverly Bishop. Bohn, Scheltema & Holkema, 1984.
Van de Rakt J. - Ita. J. Sports Reh. Po. 2018; 5; 2 ; 1013 – 1062 ; ISSN 2385-1988 [online] IBSN 007-111-19-55 ; CGI J OAJI :0,101

231. Motorische ontwikkeling bij cerebrale verlamming. Bertha en Karl Bobath. Bohn,
Scheltema & Holkema, 1978.
232. Abnormale houdingsreflexen bij hersenbeschadigingen. Bertha Bobath. Bohn, Scheltema
& Holkema, 1978.
233. Behandeling van cerebrale parese op neurofysiologische grondslag. KarlBobath. Bohn,
Scheltema & Holkema, 1982.
234. Gaskell B.V. en Webber B.A.. Longziekten, The Brompton Hospital, Guide to Chest
Physiotherapy. Oxford Blackwell Scientific Publications 1980.
235. Kalenda Z., Acute posttraumatische respiratoire insufficiëntie, Kon. Ned.Genootschap
voor Fysiotherapie, Nr. 5 mei 1980 (vol. 90) pag. 158-177
1059 236. Verboon J.M.L. en Sterk P.J. Positieve Expiratory Pressure, Kon. Ned. Genootschap voor
Fysiotherapie, Nr 2 febr. 1987. (vol.97) pag. 32-3 5
237. Andersen J.B.,Grist J. en Kalm T., Recruiting collapsed lung trough collateral channels with
positive end-exspiratory pressure. Scand. Joumal 1979, Pag.260-266
238. Bruins-Strassen M.J.P.. Het gebruik van luchtbevochtigers, Intensive care Revieuw, Vol.2
Jan.1987 pag.21
239. Welling J.. Tel.Info hygiene rel.vochtigheid. Rijnstate ziekenhuis, Arnhem 1993
240. Tonissen P. en Strovring. Positive expiratory pressure as lung physiotherapy in cystic
fibrosis;a pilot study, Europ. ourna1 Respir., 1984, 65, pag. 4 19-422.
241. Literatuur onderzoek 1987, Onderzoek naar de rel.vochtigheid in de huiskamer, 19901993. Afd.Fysiol.herapie, Verpleeghuis Waelwick te Ewijk.
242.The organisation of central control of micturition in cats and humans. Blok.
Proefschrift.Groningen. 1998.
243.Brain plasticity and central programming of movement. Cools. Uitgave NDT-Cursus
Hoensbroek.1990
244.Gangbeelden en vrijheidsgraden.Huson. Uitgave van Uni.Twente . 1985.
245.Der hemiplegische patiënt. Perfetti Pflaum. 1997
246 .The brain and behaviorArnadottirMosby .1990.
247.Coupling of fingertip somatosensory informatie to head and body. Jeka Brain.3 ,475-483
1997.
248. Can sensory stimulation improve the functional outcome in stroke pat. Johannson.
Lit.Abstracts. 1994
249 .Sensory stimulation promotes normalisation of postural control. Magnusson Lit.Abstracts
1994
250.Sensory ataxic hemiparesis in thalamic hemorrhage. DobatoLit. Abstracts .1993
251. A controlled trail of retraining sensory loss function of the hand.Yekutiel.
Lit.Abstracts.1994
252. Karnath H.O.,The origin of contraversive pushing, Neurology, Nov.2000 1298-1304
253. Smits-Engelsman B.C.M. en Halfens J.H.G., Bewegingsprogramma s bij mensen met
centraal neurologische aandoeningen,Jaarboekfysiotherapie 2000 , 97-137
254. Barnes M.P.& Johnson G.R. , Upper Motor Neurone Syndrome 2001 Cambrigde University
Press.
255. Verschueren S.M.P. , Spiervibratie 2002 Jaarboek Fysiotherapie blz.14- 44
256. Kwakkel G. De CVA patient in evenwicht jaarboek Fysiotherapie 2002blz.45-58
257. Brumagne S. Het sensomotorische systeem Jaarboek Fysiotherapie 2002 Blz.108-143
258. Laufer Y. The effect of Walking aids on balance and Weight-Bearing patterns of patients
with hemiparesis in various stance positions 2003 /2 Physical Therapy Volume 83 blz.112-122
Van de Rakt J. - Ita. J. Sports Reh. Po. 2018; 5; 2 ; 1013 – 1062 ; ISSN 2385-1988 [online] IBSN 007-111-19-55 ; CGI J OAJI :0,101

259. Hettinger T. Isometrische Muskeltraining 1983 Georg Thieme Verlag
260. Neumann D.A. Proefpersonen met een heupprothese die op verschillende manieren
lopen met een stok; Spieractiviteit van de heupabductoren.1999 Stimulus nr.4 Blz.387-394
261.Seelen H.A.M & Wiggen van K.L.& Halfens J.H.G. & Kurvers J.J.G.M. Lower limb postural
responses during sit-to-stand transfer in stroke patients during neurorehabilitation 2001 Fysio
&Ouderenzorg n2. 2 blz. 14-16.
262. Lambeck J. Hydrotherapie 2001 NPI Blz 88-105
263. Gamper U. Wasserspecifische bewegungs threrapie und Training "Gustav Fisher 1995
264. Lambeck J, SÍanat FC & Kinnaird Dril The Halliwick Concept.. ln: Cole, AJ. & Becker, BM
(Eds). Comprehensive AquaticTherapy. (2004).Butterworth-Heinemann
1060 265. McMillan J in Halliwick in 1986 Stichting NDT Nijmegen Congresreader 1986
266. Reid-Campion M. Hydrotherapy Principles and practice Butterworth & Heinemann1998
267. Olney SJ, Richards C. Hemiparetic gait following stroke. Part 1: Characteristics. Gait &
Posture 1996;4:136-148.
268. Hebert P, von Schroeder MP, Richard D. Coutts, MD; Patrick D. Lyden, MD; Edmund
Billings Jr., MD; Vernon L. Nickel, MD: Gait parameters following stroke: A practical
assessment. Journal of Rehabilitation Research and Development 1995;32:25-31.
269. Turnbull GI, Charteris J, Wall JC: A comparison of the range of walking speeds between
normal and hemiplegic subject. Scandinavian Journal of Rehabilitation Medicine 1995;27:175182.
270. Titianova EB, Tarkka IM: Assymetry in walking performance and postural sway in patients
with chronic unilateral cerebral infarction. Journal of Rehabilitation Research and
Development 1995;32:236-244.
271. Nadeau S, Arsenault AB, Gravel D, Bourbonnais D. Analysis of the clinical factors
determining natural and maximal gait speeds in adult with stroke. Am J Phys Med & Reh
1999;123-130.
272. Richard W, Bohannon A, Willams-Andrews BS. Correlation of knee extensor muscle
torque and spasticity with gait speed in patients with stroke. Arch Phys Med Rehabil
1990;71:330-333.
273. Hirose D, Ishida K, Nagano Y, Takahashi T, Yamamoto H. Posture of the trunk in the
sagittal plane is associated with gait in community-dwelling elderly population. Clin. Biomed
(Bristol,Avon) 2004 jan; 19(1): 57-63.
274. Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test performance in
community-dwelling elderly people: Six-Minute Walk Test, Berg Balance Scale, Timed Up & Go
Test, and gait speeds. Physical Therapy 2002 feb.; 82(2):128-137.
275. Alizadeh RI, Eckhoff DG, Samson MM, Doucette TK, Hogan CA, Bach JM. Axial and
rotational alignment of the leg. Biomed Sci Instrum 2004; 40: 290-296.
276. Guichet JM, Javed A, Russell J, Saleh M. Effect of the foot on the mechanical alignment of
the lower limbs. Clin Orthop 2003 okt.; (415): 193-201.
277. Fridman A, Ona I, Isakov E. The influence of prosthetic foot alignment on trans-tibial
amputee gait. Prosthet Orthot Int2003 apr.; 27(1): 17-22.
278. Heller MO, Taylor WR, Perka C, Duda GN. Influence of alignment on the musculo-skeletal
loading conditions at the at the knee. Langenbecks Arch Surg 2003 okt; 388(5): 291-297.
279. Podsiadlo D et al. Timed up & go: a test of basic functional mobility for frail elderly
persons. Journal of American geriatrics society, 1991; 39, 2:142-148.

Van de Rakt J. - Ita. J. Sports Reh. Po. 2018; 5; 2 ; 1013 – 1062 ; ISSN 2385-1988 [online] IBSN 007-111-19-55 ; CGI J OAJI :0,101

280,. Wall JC, Bell C, Campbell S, Davis J. The Timed Get-up-and-go Test Revisited:
Measurement of the Component Tasks. Journal of Rehabilitation Research and Development,
2000; 37 No. 1, January/February 2000
281. Medley A, Thompson M. The effect of assistive devices on the performance of community
dwelling elderly on the timed up and go test. Issues Aging 1997;20:3-7.
282. Hastings JD, Fanucchi ER, Burns SP. Wheelchair configuration and postural alignment in
persons with spinal cord injury. Arch Phys Med Rehabil; 2003 apr., 84(4):528-534.
283. Washington K, Deitz JC, White OR, Schwartz IS. The effects on a contoured foam seat on
postural alignment and upper-extremity function in infants with neuromotor impairments.
Physical Therapy, nov. 2002, 82.
1061 284. Basale stimulation Fröhlich Verlag Selbstbestimmtes Leben 1998
285.Inverted prisms and visually gait deviation , Jahn, Control Posture &Gait 2001 blz. 448
286. Risk factors for hip impact during real life falls captured on video in long term care S.
Robinovitch and others Osteoporos Int 2015
287. The incidence and determinants of Sleep Apnea Syndrome in patients with spinal cord
injury and stroke. Tijs van Bezeij, Hans Slootman, Judithvan Velzen. Respi Care, RC Heliomare,
Wijk aan Zee, Netherlands 2009
288.Prevalence of neuroendocriene dysfunction in patients recovering from traumatic brain
injury”
Journal of clinical Endocrienology and Metabolism 2001/86/p. 2752-2756
289. Pre - specified dose response analysis for A Very Early Rehabilitation Trial AVERT
Bernhardt vJ.et all Neurology 2016.
290. Eccentric contraction induced injury to type 1, 2a, and 2a /2X muscle fibers of elderly
adults S.Choi, J, lim, E, Nibaldi, E, Philips,W, Frontera, R, Fielding , J, Widrick Age 2012 34. 215226.
291. Biomechanical Analysis of Abdominal injury in Tennis Serves. A Case Report F.Tubez, B
.Forthomme, J .Croisier , C.Cordonnier, O.Bruls, V. Denoel, G. Berwart, M.Joris, S. Grosdent and
C. Schwartz. Journal of Sport Science and Medicine 2015 14 402-412
292. Richard Maddicksa, Sarah L. Marzilliera & Gabrielle Parkera. Rehabilitation of unilateral
neglect in the acute recovery stage: The efficacy of limb activation therapy.
Neuropsychological Rehabilitation: An International Journal Volume 13, Issue 3, 2003
293.Roberson I and Hawkins K. Limb activation and unilateral neglect Neurocase 1999 Vol. 5
pag.153-160.
294. www.EBRSR.com
295. K.van Kammen and others The combine effects of guidance force, bodyweight support
and gait speed on muscle activity during able bodies walking in the Lokomat Clinical
Biomechanics 36(2016)65-73
296.Effects of implantable peroneal nerve stimulation on gait quality, energy, expenditure
,participation and user satisfaction in patients with post-stroke drop foot using an ankle –foot
orthosis. S. Schiemanck and others Rest. Neuro.and neurosciences 2015
297. Yamato T. The TiDier Checklist will benefit the physical therapy Profession
Journal of Orthopaedic & sports physical therapy June 2016 volume 46 number 6
298. Template for Intervention Description and Replication Checklist 2016
299. Hoffman T and others Better reporting of interventions BMJ 2014 238.
300. Beerenpoot C. Circuittraining voor de arm en hand na een NAH Keypoint 2016 juni
nummer
Van de Rakt J. - Ita. J. Sports Reh. Po. 2018; 5; 2 ; 1013 – 1062 ; ISSN 2385-1988 [online] IBSN 007-111-19-55 ; CGI J OAJI :0,101

1062

Van de Rakt J. - Ita. J. Sports Reh. Po. 2018; 5; 2 ; 1013 – 1062 ; ISSN 2385-1988 [online] IBSN 007-111-19-55 ; CGI J OAJI :0,101

-

Web: www. oaji.net/ - ww.facebook.com/Ita.J.Sports.Reh.Po -

