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Abstract
Locomotor control requires a spatiotemporal coordination of passive and active forces across the
movement system. Both anticipatory and reactive strategies operate in locomotor control. Mammalian
locomotion is based on a rhythmic, pacemaker activity of spinal stepping generators. Reflex modification of the gait cycle is task-, context- and especially phase-dependent. In spasticity, together with
disturbed supraspinal control, the phase-dependent reflex modulation of the gait cycle is severely
impaired and there is altered modulation and timing of muscle activation and relaxation during voluntary movement. There is also a poor correlation between EMG activity and tension development in
the spastic muscle. The tension increases without sufficient muscle activation and disconnection and
dyscoordination between muscle activation, tension development and motor performance develops.
The pattern of muscle activation and the development of increased muscle tone in patients with spasticity may be dramatically different in active movement from that observed in clinical testing of the
passive muscles. Strategies used in the functional treatment of spasticity should be aimed at training
and activating residual motor function, suppression of pathological and unfavourable movement and
postural patterns and preventing secondary complications. In the 1990s a number of new specific
instrumental methods and technical equipment supporting gait rehabilitation in patients with CNS
lesions were developed: rhythmic auditory stimulation and other types of rhythmic stimulation, partial body support, usually with treadmill walking, complex orthotic support of bipedal locomotion,
multichannel functional electrical stimulation, usually with programmable computer control, and advanced gait trainers. In therapy of spastic gait, the functional goals should be clearly determined from
the kinesiological point of view of the impairment, and the impact on disability and handicap should
be considered and a multidisciplinary approach is essential. (Ref. 139.)
Key words: gait, kinesiology, neurophysiology, spasticity, therapy.
The human gait can be described as bipedal, orthograde,
and plantigrade. It is unique among the mammals and only humanoid primates and partially beards can use similar patterns
(although the quadruped gait is energetically much effective
for these species). The fossil remnants and fossil tracks indicate that this type of humanoid gait developed about 1.5 million years ago. It is interesting, that in the phylogenesis the
development of orthograde gait preceded the growth of the
human brain. This fact may be related among other things (increased inflow to the telereceptors located on the head) to releasing the wrist-lock, which is essential for effective quadruped locomotion in primates. This wrist locking mechanism interferes with effective radial opposition of the thumb and with
differentiated hand movements.
The term plantigradity of human gait reflects the fact that
the main propulsive power of the normal gait in healthy adult

humans is generated by the foot plantar flexors. Beside the shift
of ground reaction forces from the heel to the toe (heel strike/
toe off) the shift of ground reaction forces from lateral (fibular) part of the sole to the anteromedial part of the sole occurs
during the stance phase. This mechanism is phylogenetically
and ontogenetically young, and is extremely demanding on
perfect reflex and supraspinal control. And it is also the most
critical and fragile part of the gait cycle both from the biome-
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chanical and the neurophysiological points of view (Sutherland et al, 1998; McFayden and Bélanger, 1997; Forssberg
1985).
Basic principles of the neuronal control of human gait
In neuromechanical terms, locomotor control requires a spatiotemporal coordination of passive and active forces across the
movement system. These forces must dynamically maintain the
integrity of the intended displacement within the plane of progression together with maintenance of equilibrium in all directions (McFayden and Bélanger, 1997; Massion and Viallet, 1990).
Both anticipatory and reactive strategies operate in locomotor
control. Mammalian locomotion is based on a rhythmic, pacemaker activity of spinal stepping generators.
There are at least four groups of spinal locomotor generators, one for each limb. The generator for nondominant lower
limb appears to be the dominant pacemaker. There is some evidence that within each generator a distinctive half-centre of flexors and extensors, respectively, exists (Leblond, 2001). Human
walking is a complex activity involving a large number of cyclical moving, not only of the legs, but also of the pelvis, trunk, arms
and head. The normal 1:1 coupling between arms and legs occurs typically at normal velocities. The arm swing begins with
paradoxical activation of posterior deltoideus and it is synchronised with ground contact of the foot. At lower velocities (below
2.5 km/h) in some persons a less stabile and less consistent 2:1
frequency coordination appears. The arm swing is synchronised
with knee flexion and no posterior deltoideus can be observed
(Donker et al, 2001; Wagenaar and Van Emmerik, 2000).
Functioning of the locomotor generators appears to be to a
great extent autonomous. The motor program controlling complex movement including gait is, however, organised on multilevel, parallel, holographic principles (Sutherland et al, 1988;
Morris et al, 1994; Johansson, 2000). Thus, for effective bipedal
gait in humans, complex interactions of the rhythmic spinal activity, supraspinal influences, polysynaptic processing within the
spinal cord and reflex spinal mechanisms are required.
Reflex modification of the gait cycle is task-, context- and
especially phase-dependent. The same stimuli elicit different and
even oposite (phase-reversed) response depending on the phase of
the gait cycle. Supraspinal structures involved in human gait control are represented in particular by the brain stem reticular formation, basal ganglia, motor, premotor and supplementary motor area
of the motor cortex, cerebellum (Zehr et al, 1998; Zehr and Stein,
1999; Barbeau and Rossignol, 1994; Dietz, 1997; Dietz and Wirt,
1997; Forssberg et al, 1975; Duysens and Van de Crommert, 1998).
It is worth emphasising that the spinal cord is not a rigid
hardware structure but that it posseses great potential of neuroplasticity and motor learning (Barbeau and Rossignol, 1994;
Dietz, 1977; Dietz and Wirt, 1997). Further, research into the
neurophysiological background of locomotion has questioned the
traditional principles of motor control. Namely, the basic terms
reflex, automatic or voluntary need to be revised (Prochazka et al, 2000; Zehr and Stein, 1999).

Pathophysiology of spasticity
The key structures involved in the pathogenesis of spasticity
are extrapyramidal (or nonpyramidal) projections, such as rubrospinal, tectospinal, reticulospinal and vestibulospinal tracts.
These structures have not only functional but also anatomical
relations to the corticospinal tract. Selective destruction of the
corticospinal tract is thus rare and when it occurs results in hypotonia (Bucy and Keplinger, 1994; Braun, 1994; Young, 1994).
In spinal cord lesions, a direct lesion of spinal interneuronal pool
may further substantially contribute to the development of spasticity (Braun, 1994; Katz and Rymer, 1989; Young, 1994; Dietz
and Wirt, 1997; Chapman and Wiesendanger, 1982; Braun, 1994;
Gilman et al, 1974). An important current view states that spasticity is caused by long-term reductions in inhibition. Synaptic
input is reduced (recurrent Renshaw cell inhibition, presynaptic
inhibition on Ia fibres, reciprocal Ia inhibitory interneurons, noreciprocal inhibition by Ib afferent fibres, especially Ib nonreciprocal inhibition). Further, gamma efferents are described as being hyperactive, and denervation hypersensitivity and sprouting
can contribute. A decrease in presynaptic inhibition has been
described by some authors. Motoneurons may have, for a number of reasons, increased intrinsic excitability. Polysynaptic connections mediating the flexor reflex afferents and nociceptive
reflexes are disturbed and up-regulated (Delwaide and Pennisi,
1994; Young, 1994; Braun, 1994; Katz and Rymer, 1989; Cheney,
1997). The loss of control over presynaptic inhibition of the motor
neuron pools is one of the most obvious neurophysiological
mechanisms underlying spasticity (Stein, 1995). This corresponds
well to the lambda model of motor control suggesting that the
motor neuron threshold properties play an important role in the
regulation of active movement (Feldman and Levin, 1995).
Some studies indicate, in contrast to classical concepts
(Lance, 1980), no preference for dynamic or static reactivity (Katz
and Rymer, 1989; Sinkjaer et al, 1993; Ada et al, 1998).
Moreover, the phenomenon of phasic, velocity-dependent
spasticity (Lance, 1980), cannot be sharply delineated and separated, especially from the clinical point of view, from other consequences of central nervous system lesion (Young, 1994; Katz
and Rymer, 1989; Dietz et al, 1981; Given et al, 1995; Barnes,
1998). In most cases, the motor performance in spasticity is usually further worsened by factors resulting from central nervous
lesions  hemineglect, anosognosia, apraxia, aphasia, senzoric
impairment and altered senzoric, especially proprioceptive and
visuomotor processing (Piek and Coleman-Carman, 1995).
From the neurobiomechanical point of view, there is a poor
correlation between EMG activity and tension development in
spastic muscle. The tension increases without sufficient muscle
activation and the disconnection and dyscoordination between
muscle activation, tension development and motor performance
develops (Berger et al, 1984; Dietz, 1997; Tang and Rymer, 1983).
Moreover, the muscle is maximally activated away from the optimal angle of the segment (Katz and Rymer, 1989).
Abnormal muscle coactivation instead of fluent inhibitionactivation interplay includes cocontractions of agonists and an-
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tagonists, coactivation of limb proximal and distal muscles) the
inability to perform isolated movements and to control the correct timing of muscle (Woollacot and Burtner, 1996; Katz and
Rymer, 1989; Carmick, 1995; Yokochi et al, 1991). It is worth
mentioning that a pathologic increase of cocontraction patterns
is not typical only for spasticity. In low back pain patients an
increase in the trunk flexor/extensor coactivation pattern has been
reported. It is questionable whether this increased coactivation
represents a desirable stabilisation phenomenon or it reflects simply impaired motor control in these patients (Radebold et al,
2000).
The phase-dependent reflex modulation of the gait cycle is
severely impaired and altered modulation and timing of muscle
activation and relaxation during voluntary movement occurs
(Zehr and Stein, 1999; Zehr et al, 1998; Carmick 1993). The
pattern of muscle activation and the development of increased
muscle tone in patients with spasticity may be dramatically different in active movement from that observed in clinical testing
of the passive muscles (Dietz and Wirt 1997; Thilmann et al,
1991). Moreover, the same muscle groups may be both hypertonic and hypotonic depending on the movement pattern. In this
regard, the term spastic dystonia instead of spastic hypertonia
seems to be here more appropriate (Young, 1994).
Disturbances of the reciprocal control of eccentric and concentric movements of antagonists is another important factor in
spastic neurophysiology. In healthy subjects, the level of activation of the quadriceps muscle in concentric knee extension increases with velocity, and this may be due to smaller afferent
inflow from tendon organs at slower velocities (Komi et al, 1987;
Westing et al, 1991). In spastic patients, there is no increase in
the quadriceps EMG activity in concentric knee extension at fast
speeds. Instead, the agonist activity is decreased with increasing
velocity. This fall in agonist EMG activity may be due to inhibitory interneurons activated by Ia afferents from spastic antagonists (Ashby and Wins, 1989; Knutsson et al, 1997; Berbayer
and Ashby, 1990).
On the other hand, the physiological reciprocal inhibition
from agonist to antagonist motorneurons, which is controlled in
parallel by Ia afferents and supraspinal commands, is reduced in
spastic patients especially during voluntary dynamic action of
high effort. In contrast, reciprocal inhibition in the opposite direction (i.e. from spastic antagonist to voluntary activated agonist motor neuron), seems to be preserved in spastic patients.
This is one cause of the suppression of voluntary activation, at
least in spinal spasticity. The above mentioned mechanism probably underlies the asymmetry of muscle activation during concentric and eccentric movement in these patients. The dynamic
motor capacity is severely compromised in concentric movements, especially at high velocities. On the other hand, voluntary strength may be relatively well preserved in eccentric movements (Knutsson et al, 1997). The asymmetry of the reciprocal
inhibition may be related to the finding that co-contraction of
antagonists in spasticity in stroke is greater during knee extension than flexion (Newham and Hsiao, 2001).
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Spatiotemporal (time-distance), kinematic and kinetic characteristics of spastic gait
The detailed kinesiological characteristics depends naturally on the type and localisation of the CNS lesion(s), on the course
and severity of underlying disease or trauma and on many other
factors (intensity and quality of rehabilitation, complicating conditions, psychosocial background etc). There are great walking
differences between hemiparetic, paraparetic or quadruparetic
subjects. The gait disturbances are different in patients with focal, multifocal, and diffuse CNS lesions. Even in patients with
the same diagnosis, such as in cerebral palsy, several distinctive
and kinesiologicaly different types of gait patterns can be distinguished (Sutherland et al, 1969; Sutherland and Davids, 1993;
Lin et al, 2000). Despite great variability of spastic gait patterns
some common features and problems can be observed and pointed
out. Attributes of normal locomotion are characterised by smooth
forward progression of the centre of gravity and by coordinated
and controlled intralimb and interlimb movement and phasing
(Giuliani, 1990). In spastic patients, this is replaced by mass
limb movement patterns and by altered phasing between limbs.
Particular components of the gait cycle are dissociated.
Hemiparetic gait
Hemiparetic gait in stroke survivors is among the most investigated neurological gait disorders.
A pronounced asymmetrical deficit is typical for hemiparetic gait. Perry et al (1978) gave a description of hemiparetic gait
and the authors conclusions have been confirmed by later studies. One of the basic problems here is poor single-limb balance
and difficulties of controlling forward movement. The gait asymmetry includes decreased stance time and prolonged swing period of the involved lower limb. Stance phase does not prepare the
body for forward progression. Weight distribution biases toward
the noinvolved lower limb.
Subjects with hemiparesis have a slower walking speed, shorter stride length and cycle duration. Stance phase is shortened
and the swing phase lengthened in the paretic limb compared to
healthy individuals. To compensate these changes, the uninvolved
limb has an increased stance and decreased swing phase. Periods of double-limb support are longer in the hemiplegic than in
normal subjects. The paretic limb has a shorter stance time and
step length than the non-involved leg (Wall and Turnbull, 1986;
Dettmann et al, 1987; Roth et al, 1997; Mizrahi et al, 1982; Branstater et al, 1983; Knutsson, 1981; Guiliani, 1990; Olney et al,
1990, 1994).
When investigating the spatiotemporal dynamics of ground
reacting forces, transfer of the initial foot contact from hindfoot
(heel strike) to forefoot, increased lateral plantar support, limited rolling-over, reduced or absent push-off have been found on
the hemiplegic side. The maximal anteromedial force tends to
decrease and the anterior force difference tends to increase. This
finding reflects abnormalities of propulsion dynamics. The normally occuring medial force shift from the fifth to the first meta-
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tarsal head (corresponding to pronation of the forefoot at the end
of propulsion) is absent or inverted (Gaviria et al, 1996).
As mentioned above, abnormal movement behaviour can also
be found in the non-hemiplegic (non-involved) side. There are
longer intervals of support associated with generally greater
ground reacting forces. The flat foot contact interval tends to
increase and cover the whole stance phase on both sides, but
more on the non-hemiplegic side. The above-mentioned impairment of the medial force shift (forefoot transfer) seen on the
hemiplegic side can be observed on the non-hemiplegic side,
too. Ground contact is usually shorter on the hemiplegic than on
the non-hemiplegic side. On both sides, a reduction of weight
acceptance at the end of the stance phase has been described
(Gaviria et al, 1996).
The finding of kinesiological abnormalities on the non-involved side are related to a great extent to compensatory and
adaptative mechanisms, although the direct effect of impaired
motor control can also be considered (Gaviria et al, 1996; Roth
et al, 1997).
Gait in other diseases and injuries of CNS
There are great variations in the patterns of basic temporospatial characteristics of gait in subjects with other CNS disease
and lesions. In hemiparetic gait in traumatic brain injury significant differences compared to hemiparesis resulting from stroke
can be found. Ochi et al (1999) reports faster walking speed and
longer step length in traumatic brain injury patients compared to
ambulatory stroke survivors. The stance period is prolonged for
the unaffected limb, without a longer stance period for the affected limb.
The gait parameters in subjects with spinal cord injury depend on the level of the injury. Subjects with thoracic lesions
demonstrate reduced cadence, forward velocity and knee angular velocity while patients injured in the lumbar region have reduced stride length and ankle velocities (Krawetz and Nance,
1996; Kerrigan et al, 1999).
Children with cerebral palsy may demonstrate gate velocities comparable with those of healthy children. However, the
inefficient gait biomechanics leads to a significant increase in
energy costs and to increased cardiorespiratory workload (McNevim et al, 2000; Unithan et al, 1996). When the lesion is acquired before maturation of normal gait, the basic reciprocal
pattern of muscle activation during locomotion does not develop
or is severely impaired. The main and most cumbersome feature
of an early immature gait pattern consists in coactivation of all
leg muscles during the stance phase (Dietz and Berger, 1995;
Dietz, 1997; Cheney, 1997). Stepping generators are active in
neonates. However, the pattern of newborn stepping is quite different from mature human independent ambulation. Marked hip
flexion, digitigrade strike pattern, and coactivation of antagonistic muscles lead to kinesiologically ineffective synchronisation of particular segment movement. External support is needed to initiate the gait cycle and maintain postural control. Independent walking is characterised by a more vertical posture, with

decreased flexion of the hip and knee, increased step length,
desynchronisation of the hip, knee, and ankle joint. Transformation to this pattern occurrs relatively rapidly prior to age 3 and
then more slowly until age of 5 years, when the mature pattern is
almost complete (Thelen and Cooke, 1987; Forssberg, 1985;
Leonard, 1990; Riach and Hayes, 1987; Rang et al, 1986; Winter et al, 1987; Berger et al, 1984).
Axial motor system
The importance of the axial motor system including abdominal muscles and mechanisms of head stabilisation for execution
of effective gait has been increasingly recognised. In patients
with spasticity, alterations in axial kinesiology are studied mostly in nonambulatory situations (stance balance, sitting balance,
reaching tasks, stand sway, sit-to stand tasks (Burtner et al, 1998;
Seelen et al, 1998; Hadders-Algra et al, 1999; Hodges et Richardson, 1997; Woollacot and Burtner, 1996). It is worth mentioning the poly EMG study of Dickenstein et al (1999) of trunk
muscles in hemiparetic and hemiplegic patients during dynamic
symmetric voluntary activities. Compared to controls, hemiparetic patients displayed lower levels of activation of trunk extensors, while the activity of recti abdominis were comparable
between both groups. For both muscles, EMG activation on the
paretic side was not lower than the nonparetic side.
Less is known about the behaviour of the axial motor system
in spastic gait. Erectores spinae show two crests of activity occurring in the interval of 020 % and 5070 % of the gait
cycle. Their function is to diminish the forward and the lateral
movement during the initial terminal double support phases. In
hemiparetic subjects, the reduction of the first peak on the treadmill with the partial body support can be beneficial by impending the trunk movement in the sagital plane (Hesse et al, 1999;
Thorstenson et al, 1984).
The location of several sensory systems in the head implies
that maintenance of head stability may be a potentially important part of locomotor activity (Pozzo et al, 1990). Maintaining
dynamic stability of the head is an important task in preventing
falls during locomotion (Holt et al, 1995). Holt et al (1999) found
increase in mean head fluctuations in period of the head during
treadmill walking in children with cerebral palsy in comparison
to healthy children and healthy adults. This finding reflects decreased dynamic stability of the head trajectory during locomotion.
Implications for therapy
The problem of spasticity requires a multidisciplinary approach and a complex scope. One of the main messages ensuing
from the modern neurophysiological and kinesiological research
is that the spastic muscles should be activated and facilitated, as
much as physiological phasic and postural patterns are. Suppression of spastic muscle groups by nerve blocks, botulotoxin, surgery etc should be done only after careful and cautious interdisciplinary analysis. Modern tools of gait analysis have signifi-
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cantly improved our understanding of physiologic and pathologic gait and they allow an evaluation of motor performance on
a case-by case basis and provide great support for choosing an
optimal treatment strategy.
Therapeutic strategies used in the functional treatment of
spasticity should be aimed at training and activating residual
motor functions, suppression of pathological and unfavourable
movement and postural patterns and preventing secondary complications. Traditionally, a number of complex physiotherapeutic strategies worked out on an empirical basis and based on experimental neurophysiological background are widely used in
patients with spasticity (Brunstrom, 1970; Barry, 1996; Hastings-Smith and Sharp, 1994; Knott and Voss, 1968; Bobath, 1978;
Vojta, 1984). In general, the intended aim of these techniques is
to normalise the postural and reflex backgrounds, provide a
framework, for more normal locomotor activity, and to suppress the pathological movement and undesirable tonic and postural patterns. This should enable the paretic and spastic muscle
group to work in a kinesiologicaly more effective manner. Novel
concepts of rehabilitation include a goal oriented and task specific approach (Carr and Shepperd, 1989; Seif-Naraghi and Herman, 1999; Dean et al, 2000). Emotional wellness, motivation,
and appropriate social context all should support therapy. There
is an increasing effort to evaluate the effectivity of these approaches in controlled trials (Hesse et al, 1998; Girolami and
Campbell, 1994).
In the 1990s, a number of new specific instrumental methods and technical equipment supporting gait rehabilitation in
patients with CNS lesions have been introduced into clinical practice and their beneficial effect is partially documented in controlled clinical studies. They are as follows:
 rhythmic auditory stimulation and other types of rhythmic stimulation,
 partial body support, usually with treadmill walking,
 complex orthotic support of bipedal locomotion,
 multichannel functional electric stimulation, usually with
programmable computer support,
 advanced gait trainers.
There is an interesting dynamic parallel between the temporal nature of auditory information and movement performance.
Rhythmic auditory stimulation has a direct tuning, phase-anticipatory effect on the gait cycle via reticulospinal afferents. Auditory rhythmic patterns exert a strong magnet effect on the timing of the motor response. The effect is immediate and can persist several weeks following termination of the therapy. The efficacy of this method in the support of gait rehabilitation has
been proven in cases of stroke, Parkinson,s disease, traumatic
brain injury, Huntingtons disease (Prassas et al, 1997; Thaut et
al, 1997; Thaut et al, 1999; McIntosh et al, 1998; Hurt et al,
1998). Other types of rhythmic stimulation have been reported.
For example, in less impaired patients, a strong rhythmic effect
of running or even jumping can be used (Schallow and Zäch,
2000 a). Important means of rhythmic stimulation of gait cycle
is represented by synchronisation with rhythmic activity of the
therapist. Interindividual coordination of the rhythmic movement
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belongs to basic movement phenomena. Typical examples are
marching, dancing, horse riding (and hippotherapy). It is phylogenetically very old mechanism, related to defence and migration (herds of fishes, great herbivora, birds). Perfect step synchronisation occurs during prey hunting, especially by feline
predators. Interindividual tuning reduces energy costs and allows the predator to optimise the starting point for the final attack. Fossil footprints demonstrate, that similar tuning tactics
were used by the great carnivore dinosaurs (Thomas and Farlow,
1997; Schalow and Zäch, 2000 b). Using this approach one must
be aware that not only a transfer of the therapists rhythm to the
patient but also an undesirable transfer of the patients rhythm to
the therapist may occur (Schalow and Zäch, 2000 b).
Synchronisation in locomotion appears to be more general
phenomenon. During running, the locomotor rhythm approximates to the cardiac rhythm (at frequencies around 2.5 Hz) and
synchronisation between them has been reported. The question
is whether the synchronisation relates to a neurophysiological
mechanism or occurs by chance. The results of Nomura et al
(2001) indicate, that this phenomenon might represent rhythmic
entrainment.
The unweighting  partial body support with parachute
harness activates the gait stepping generators, leads to a more
regular gait pattern, reduces spasticity of the plantar flexors, and
improves gait symmetry in hemiparetic subjects. External assistance of the gait cycle is usually required during the transition
from stance to swing. Knee and hip joints should be fully extend
during the stance phase to optimally support body weight. Hyperextension of the knee joint should be avoided. The pelvis
should be kept fixed, so that loading of the knee and ankle occurs in a physiological manner. Optimal velocity and rhytmicity
must be grasp, tuned. Increase in the velocity of the spastic
gait should be achieved by reducing the duration of the stance
phase rather than the swing phase (Gardner et al, 1998, Dietz
and Wirt, 1997; Hesse et al, 1999 a; Wernig et al, 1999).
The idea of functional electric stimulation is not new (Liberson et al, 1961). Recently, multichannel, computer-aided stimulation, sometimes using biofeedback controlled artificial intelligence, has been used for some patients. However, there are some
limitations such as time variance and non-linear characteristics
of the response and technical problems with standardisation of
the stimulation. Therapists using multichannel stimulation in gait
rehabilitation in spastic patients must be aware of the possibility
of abnormal and even inverted responses to stimulation (e.g.
withdrawal flexor activation during quadriceps stimulation (Stein,
1999; Dimitrijevic, 1994; Tong and Granat, 1999; Gallien et al,
1995; Moynahan et al, 1996; Zehr and Stein, 1999).
A well-designed gait trainer device should permit performance of gait-like activity in physiological proportions as much
as possible, especially with regard to the optimal ratio of swing
and stance phases. Further it should assist weight-shifting, to
control the vertical and horizontal displacement of the centre
of mass and maintain trunk erection. An important contribution of this approach is to save the energy cost of both patients
and the therapist, which allows a focusing of the therapeutic
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effort on qualitative improvement of particular gait phases
(Hesse et al, 1999 b).
A combined (hybrid) approach usually includes various combinations of partial body support, treadmill walking and multichannel functional electrical stimulation, sometimes combined
with advanced orthotic support and walking trainers. There is
increasing effort to use complex walking support in otherwise
nonambulatory patients (Ferguson et al, 1999; Hesse et al, 1995;
Ijzerman et al, 1999; Wieler et al, 1999).
The outer tuning of the gait cycle and involuntary or reflex
techniques can improve the kinesiological background, but effective motor learning requires active participation (Van der Weel
et al, 1991). Electromyographic or goniometric biofeedback can
contribute to restoring the physiological pattern of gait (Olney
et al, 1989; Brown and DeNacher, 1987).
The role of the pharmacotherapy (including intrathecal application of the antispastic drugs) in complex rehabilitation of
spastic gait disorders is unquestioned. Integral parts of multidisciplinary approach to gait rehabilitation may include pharmacological support focused on spasticity reduction, neuroprotection
and neuroplasticity, and activation of spinal stepping generators.
There is a real perspective that the pharmacotherapy will be used
not only to reduce the spasticity, but also for stimulation of the
stepping locomotor generators (Leblond et al, 2001).
It should be emphasised that the effectiveness of antispastic
therapy should be evaluated not in terms of reduced muscle tone
or in improved muscular strength in the static situation but rather
according improvement of gait performance (Barnes, 1998; Orsnes
et al, 2000; Delwaide and Pennisi, 1994; Dietz, 1997; Barnes, 1998;
Kirschblum, 1999; Nance and Young, 1999; Penn et al, 1995).
Splitting, casting, orthotics, phenol nerve blocks, botulotoxin
application other modalities can, after careful and complex analysis, further significantly improve the results of gait therapy
(Barnes, 1998; Bentivoglio and Albanese, 1999; Barry, 1996;
Young, 1994; Botte et al, 1985; Dietz, 1977; Kirschblum, 1999).
The indications for partially or completely irreversible surgical procedures such as neurotomies, root and dorsal root entry
zone lesion (DREZ-tomy) lesion, tendotomies and tendon transpositions, muscle lengthening, osteotomies, must be considered
after careful, thorough and multidisciplinary analysis respecting
the above delineated complexity of gait neurophysiology and
biomechanics in spasticity. The functional goals should be clearly
determined from the kinesiological point of view reflecting the
impairment and the impact on disability and handicap must also
be considered (Barnes, 1998; Smyth and Peacock, 2000; Dietz,
1977; Kirschblum, 1999; Hoffer, 1986; Sutherland et al, 1990).
References
Abdulhadi HM, Kerrigan DC, Laraia PJ: Contralateral shoe-lift: effect on oxygen cost of walking with an immobilized knee. Arch Phys
Med Rehabil 1996; 77: 670672.
Ada L, Vattanasilp W, Odwyer NJ, Crosbie J: Does spasticity contribute to walking dysfunction after stroke. J Neurol Neurosurg Psychiat
1998 77: 670672; 64: 628635.

Ashby P, Wins M: Reciprocal inhibition following lesions of the spinal
cord in man. J Physiol 1989; 414: 145157.
Barbeau H, Rossignol S: Enhancement of locomotor recovery following
spinal cord injury. Curr Opin Neurol 1994; 7: 517524.
Barnes MP: Management of spasticity. Age Ageing 1998; 27: 239245.
Barry MJ: Physical therapy interventions for patients with movement disorders due to cerebral palsy. J Child Neurol 1966; 11 (Suppl 1): S51S60.
Bentivoglio AR, Albanese A: Botulinum toxin in motor disorders. Curr
Opin Neurol 1999; 12: 447456.
Berbayer D, Ashby P: Reciprocal inhibition in cerebral palsy. Neurology 1990; 40: 635636.
Berger W, Quintern J, Dietz V: Tension development and muscle activation in the leg during gait in spastic hemiparesis: the independence of
muscle hypertonia and exaggerated stretch reflexes. J Neurol Neurosurg
Psychiat 1984; 47: 10291033.
Berger W, Altenmueller E, Dietz V: Normal and impaired development of childrens gait. Human Neurobiol 1984; 3: 163170.
Bobath B: Adult Hemiplegia. Evaluation and Trea tment. Spottiswoode
Ballantyne, London, 1978.
Botte MJ, Abrams RA, Bodine-Fowler SC: Treatment of acquired
muscle spasticity using phenol peripheral nerve blocks. Orthopedics 1985;
18: 151159.
Brandstater ME, Debruin H, Gowland C, Clark BM: Hemiplegic gait:
analysis of temporal variables. Arch Phys Med Rehabil 1983; 64: 583
587.
Braun P: Pathophysiology of spasticity. J Neurol Neurosurg Psychiat
1994; 57: 773777.
Brown DA, Denacher GA: Bicycle ergometer and electromyographic
feedback for treatment of muscle imbalance in patients with spastic hemiparesis. Phys Therapy 1987; 67: 17151719.
Bucy PC, Keplinger J: Destruction of the pyramidal tract in man. J
Neurosurg 1994; 21: 385389.
Burtner PA, Qualls C, Woollacott MH: Muscle activation characteristics of stance balance control in children with spastic cerebral palsy.
Gait Posture 1998; 8: 164174.
Brunnstrom S: Movement therapy in hemiplegia. 1970; New York:
Harper and Reow.
Carmick J: Clinical use of neuromuscular electrical stimulation for children with cerebral palsy, part 1: Lower extremity. Phys Therapy 1993;
73: 505513.
Carmick J: Managing equinus in children with cerebral palsy: electrical stimulation to strenghten the triceps surae muscle. Develop Med Child
Neurol 1995; 37: 965975.
Carr JH, Shepherd RB: A motor relearning programme for stroke. 1989;
London: Heinemann Physiotherapy.
Cheney PD: Pathophysiology of the corticospinal system and basal
ganglia in cerebral palsy. Ment Retardation Develop Disabilities Res
Rev 1997; 3: 153167.
Chapman CE, Wiesendanger M: Physiological and anatomical basis
of spasticity: Review. Physioter Can 1982; 34: 125126.
Dean CM, Richards CL, Malouin F: Task-related circuit training improves performance of locomotor tasks in chronic stroke: A randomized, controlled pilot trial. Arch Phys Med Rehabil 2000; 81: 409417.

Mayer M: Clinical neurokinesiology of spastic gait

9

Delwaide PJ, Pennisi G: Tizanidine and electrophysiologic analysis of
spinal contropl mechanisms in humans with spasticity. Neurology 1994;
44 (Suppl 9): S21-S28.

Hadders-Algra M, van der Fits IB, Stremmelaar EF, Touwen BC.
Development of postural adjustments during reaching in infants with
CP. Develop Med Child Neurol 1999; 41: 766776.

Dettmann MA, Linder MT, Sepic SB: Relationship among walking
performance, postural stability and functional assessment of the hemiplegic patient. Amer J Phys Med 1987; 66: 7790.

Hastings-Smith R, Sharpe M: Brunstrom therapy: It is still relevant to
stroke rehabilitation. Physio Theory Pract 1994; 10: 8794.

Dickstein R, Heffes Y, Laufer Y, Ben-Haim Z:Activation of selected
trunk muscles during symmetric functional activities in poststroke hemiparetic and hemiplegic patients. J Neurol Neurosurg Psychiat 1999;
66: 218221.
Dietz V, Quintern J, Berger W: Electrophysiological studies of gait in
spasticity and rigidity: Evidence that altered mechanical properties of
muscle contribute to hypertonia. Brain 1981; 104: 431449.
Dietz V, Berger W: Cerebral palsy and muscle transformation. Develop
Med Clin Neurol 1995; 37: 180184.
Dietz V, Wirz M, Jensen L: Locomotion in patients with spinal cord
injuries. Phys Therapy 1997; 77: 508516.
Dietz V: Neurophysiology of gait disorders: present and future applications. Elecroenceephal Clin Neurophysiol 1997; 103: 333355.
Dimitrievic MR: Motor control in chronic spinal cord injury patients.
Scand J Rehab Med 1994; 30 (Suppl): 5362.
Donker SF, Beek PJ, Wagenaar RC: Coordination between arm and leg
movements during locomotion. J Motor Behaviour 2001; 33: 86102.
Duysens J, Van De Crommert Hwaa: Neural control of locomotion;
Part 1: The central pattern generator from cats to humans. Gait Posture
1998; 7: 131141.
Feldman AG, Levin MF: The origin and use of positional frames of
reference in motor control. Behav Brain Sci 1995; 18: 723806.
Ferguson KA, Polando G, R Kobetic, RJ Triolo, EB Marsolais: Walking with a hybrid orthosis system. Spinal Cord 1999; 37: 800804.
Forssberg H: Ontogeny of human locomotor control. I. Infant stepping,
supported locomotion, and transition to independent locomotion. Exp
Brain Res 1985; 57: 480491.
Forssberg H, Grillner S, Rossignol S: Phase depenedent reflex reversal
during walking in chronic spinal cats. Brain Res 1975; 85: 103107.
Gallien P, Brissot R, Eysette M, Tell L, Barat M, Wiart L, Petit H:
Restoration of gait by functional electrical stimulation for spinal cord
injured patients. Paraplegia 1995; 33: 660664.
Gardner MB, Holden MK, Leikauskas JM, Richard RL: Partial body
support with treadmill locomotion to improve gait after incomplete spinal cord injury: A single-subject experimental design. Phys Ther 1998;
78: 361374.
Gaviria M, DAngeli M, Chavet P, Pelissier J, Peruchon E, Rabischong P: Plantar dynamics of hemiplegic gait: a methodological approach. Gait Posture 1996; 4: 297305.
Gilman S, Liberman JS, Marco LA: Spinal mechanisms underlying
effects of unilateral ablation of areas 4 and 6 in monkeys. Brain 1974;
97: 4964.
Girolami GL, Camobell SK: Efficiancy of a neuro- developmental treatment program to improve motor controls in infants born prematurely.
Pediatr Phys Ther 1994; 6: 175184.
Giuliani CA: Adult hemiplegic gait. In: Smith GL, ed. Gait in rehabilitation. New York, Edinburgh, London, Melbour: Churchil Livingtsone,
253266, 1990.

Hesse S, Malezic M, Schaffrin A, Mauritz KH: Restoration of gait by
combined treadmill training and multichannel electrical stimulation in
non-ambulatory hemiparetic patients. Scand J Rehabil Med 1995; 27:
199204.
Hesse S, Jahnke MT, Schaffrin A, Lucke D, Reiter F, Konrad M:
Immediate effects of therapeutic facilitation on the gait of hemiparetic
patients as compared with walking with and without a cane. Electroencephal Clin Neurophysiol 1998; 109: 515522.
Hesse S, Konrad M, Uhlenbrock D: Treadmill walking with partial
body weight support versus floor walking in hemiparetic subjects. Arch
Phys Med Rehabil 1999 a; 80: 421427.
Hesse S, Sarkodie-Gyan TH, Uhlenbrock D: Development of an advanced mechanised gait trainer, controlling movement of the centre of mass,
for restoring gait in non-ambulant subjects. Biomed Technik 1999 b; 44:
194201.
Hodges PW, Richardson CA. Contraction of the abdominal muscles
associated with movement of the lower limb. Phys Therapy 1997; 77:
132141.
Hoffer MM: Management of the hip in cerebral palsy. J Bone Joint Surgery 1986; 68A: 629631.
Holt KG, Jeng SF, Ratcliffe R, Hamill J. Energetic cost and stability
in preffered human walking. J Motor Behaviour 1995; 27: 164179.
Holt KG, Ratcliffe R, Jeng S-F: Head stability in walking in children
with cerebral palsy and in children and adults without neurological impairment. Phys Ther 1999; 79: 11531162.
Hurt CP, Rice RR, Mc Intosh GC, Thaut MH: Rhytmic auditory stimulation in gait training for patients with traumatic brain injury. J Music
Ther 1998; 35: 228291.
Ijzerman MJ, Baardman G, Hermens HJ, Veltink PH, Boom HBK,
Zillvold G: Comparative trials on hybrid walking systems for people
with paraplegia: an analysis of study methodology. Prosthet Orthot Int
1998; 23: 260273.
Janssen-Potten YJM, Seelen HAM, Drukker J, Reulen JPH: Chair
configuration and balance control in person with spinal cord injury. Arch
Phys Med Rehabil 2000; 81: 401408.
Johansson BB: Brain plasticity and stroke reahabilitation. The Willis
lecture. Stroke 2000; 31: 223230.
Katz RT, Rymer ZW: Spastic hypertonia: Mechanisms and measurement. Arch Phys Med Rehabil 1989; 70: 144155.
Kerrigan DC, Bang M-S, Burke DT: An algorithm to assess stiff-legged gait in traumatic brain injury. J Head Trauma Rehabil 1999; 14: 136
145.
Kirschblum S: Treatment alternatives for spinal cord injury related spasticity. J Spinal Cord Med 1999; 22: 199217.
Knott M, Voss DE: Proprioceptive neuromuscular facilitation. 1968;
Harper and Row, New York.
Komi PV, Kaneko M, Aura O: EMG activity of the leg extensor muscles
with special reference to mechanical efficiency in concentric and eccentric exercise. Int J Sports Med 1987; 8 (Suppl 1): 22291.

10

Bratisl Lek Listy 2002; 103 (1): 3-11

Knutsson E: Gait in hemiparesis. Scand J Rehabil Med 1981; 13: 101
109.
Knutsson E, Martensson A, Gransberg L: Influences of muscle stretch
reflexes on voluntary, velocity-controlled movements in spastic paraparesis. Brain 1997; 120: 16211633.
Krawetz P, Nance P: Gait analysis of spinal cord injured subjects: Effects of injury level and spasticity. Arch Phys Med Rehabil 1996; 77:
635638.
Lance JW: Symposion synopsis. In: Feldman RG, Young RR, Koella
WP (Eds). Spasticity: Disordered motor control. Chicago, Chicago Year
Book Publishing Co inc., 1980; 485495.

Ochi F, Esquenazi A, Hirai B, Talaty M: Temporal-spatial feature of
gait after traumatic brain injury. J Head Trauma Rehabil 1999; 14: 105
115.
Olney SJ, Colborne GR, Martin CS: Joint angle feedback and biocmechanical gait analysis in stroke patients. A case report. Phys Ther
1989; 69: 863870.
Olney SJ, Griffin MP, Mc Bride ID: Temporal, kinematic and kinetic
variables related to gait speed in subjects with hemiplegia: A regression
approach. Phys Therapy 1994; 74: 872885.
Olney SJ, Mac Phail HEA, Hedden DM, Boyce WF: Work and power
in hemiplegic cerebral palsy gait. Phys Therapy 1990; 7O: 431438.

Leblond H, Menard A, Gossard JP: Corticospinal control of locomotor pathways generating extensor activities in the cat. Exp Brain Res
2001; 138: 173184.

Orsnes GB, Sorensen PS, Larsen TK, Ravenborg M: Effect of baclofen on gait in spastic MS patients. Acta Neurol Scand 2000; 101: 244
248.

Leonard EL: Early motor development and control: Foundations for
independent walking. In: Smidt GL, ed. Gait in rehabilitation. New York,
Edinburgh, London, Melbourne, Churchil Livingstone 1990; 121136..

Penn RD, Gianino JM, York MM: Intrathecal Baclofen for motor disorders. Movement Disorders 1995; 10: 675677.

Liberson WT, Holmquest HJ, Scott D, Dow M: Functional eletrotherapy, stimulation of the peroneal nerve synchronised with the swing phahe
of the gait of hemiplegic patients. Arch Phys Med 1961; 42: 101105.
Lin CH-J, Gou L-Y, Su F-CH, Choiu Y-L, Cheng R-J: Common abnormal kinetic patterns of the knee in gait in spastic diplegia of cerebral
palsy. Gait Posture 2000; 11: 224232.
Massion J, Viallet F: Posture et préparation du mouvement. Rev Neurol 1990; 146: 536542.
Mc Fayden B, Bélanger M: Neuromechanical concepts for the assessment of the control of human gait. In: Three-dimensional analysis of
human locomotion. Allard P, Capponzo A, Lundberg A, Vaughan C (Eds).
John Willey and sons, Toronto, 1997; 5066.
Mc Intosh GC, Rice RR, Hurt CP, Thaut MH: Long-term training
effects of rhytmic auditory stimulation in gait training with Parkinsons
disease. Movement Disorders 1998; 13 (Suppl 2): 212.
Mc Nevim NH, Coracil, Schafer J: Gait in adolescent cerebral palsy:
The effect of partial unweighting. Arch Phys Med Rehabil 2000; 81:
525528.
Mizrahi J, Susak Z, Heller L, Najeson T: Variation of time  distance
parameters of the stride as related to clinical gait improvement in hemiplegic. Scand J Rehabil Med 1982; 14: 133140.
Morris ME, Summers JJ, Matyas TA, Iansek R: Current status of the
motor program. Phys Therapy 1994; 74: 738752.
Moynahan M, Mullin C, Cohn J, Burns CA, Halden EE, Triolo RJ,
Betz RR: Home use of a functional electrical stimulation system for
standing and mobility in adolescents with spinal cord injury. Arch Phys
Med Rehabil 1966; 77: 10051013.
Nance PW, Young RR: Antispasticity medications. Phys Med Rehabil
Clin North Amer 1999; 10: 337355.
Newham DJ, Hsiao SF: Knee muscle isometric strenght, voluntary activation and antagonist co-contraction in the first six months after stroke. Disabil Rehabilitation 2001; 23: 379386.

Perry J, Giovan P, Harris L: The determinants of muscle action in the
hemiparetic lower extremity. Clin Orthop 1978; 131: 7182.
Piek JP, Coleman-Carman R: Kinaestethic sensitivity and motor performance of children with developmental co-ordination disorder. Develop Med Child Neurol 1995; 37: 976984.
Pozzo T, Bertholz A, Lefort L: Head stabilization during various locomotor tasks in humans: I. Normal subjects. Exp Brain Res 1990; 82:
97106.
Prassas SG, Thaut MH, Mc Intosh GC, Rice RR: Effect of auditory
rhytmic cuing on gait kienmatic parametres in hemiparetic stroke patients. Gait Posture 1997; 6: 218223.
Prochazka A, Clarac F, Loeb GE, Rothwell JC, Wolpaw JR: What
do reflex and voluntary mean? Modern views on an ancient debate. Exp
Brain Res 2000; 130: 417432.
Radebold A, Cholewicki J, Pnajabi MM, Patel Tushar Ch: Muscle
Response Pattern to Sudden trunk loading in healthy individuals and in
patients with chronic low back pain. Spine 2000; 25: 947954.
Rang M, Silver R, De La Garza J: Cerebral palsy. In: Lovel WW, Winter RB (Eds.) Pediatric Orthopaedics Vol 2, 5th Edition, JB Lippincott,
Philadelphia,1986; 345390.
Riach CL, Hayes KC: Maturation of postural sway in young children.
Develop Med Child Neurol 1987; 29: 650658.
Roth EJ, Merbitz CH, Moroczek K, Digan SA, Su WW: Hemiplegic
gait. Relationship between walking speed and other temporal parameters. Amer J Phys Med Rehabil 1997; 76: 128133.
Schalow G, Zäch GAH: Reorganization of the human CNS. Gen Physiol Biophys 2000 a; 19 (Suppl 1): 110117.
Schalow G, Zäch GA.: Reorganization of the human CNS. Neurophysiologic measurements on the coordination dynamics of the lesioned human brain and spinal cord. Gen Physiol Biophys 2000 b; 19 (Suppl 1):
118119.
Seif-Naraghi AH, Herman RM: A novel method for locomotor training. J Head Trauma Rehabil 199; 14: 146162.

Nomura K, Takei Y, Yanagid Y: Analysing entrainment of cardiac and
locomotor rhytms in humans using the surrogate data technique. Europ J
Appl Physiol 2001; 84, 373378.

Sinkjaer T, Toft E, Larse K, Sanderssen A, Hansen HJ: Non-reflex
and reflex mediated ankle joint stiffness in multiple sclerosis patients
with spasticicty. Muscle Nerv 1993; 16: 6976.

ODwyer NJ, Ada L, Nielson PD: Spasticity and muscle contracture
following stroke. Brain 1996; 119: 17371749.

Smyth MD, Peacock WJ: The surgical treatment of spasticity. Muscle
Nerve 2000; 23: 153163.

Mayer M: Clinical neurokinesiology of spastic gait
Stein RB: Presynapic inhibition in humans. Prog Neurobil 1995; 47:
533544.
Stein RB: Functional electrical stimulation after spinal cord injury. J.
Neurotrauma 1999; 8: 713717.
Sutherland DH, Schottstaedt ER, Larsen LJ, Ashley RK, Callander
JN, James PM: Clinical and electromyographic study of seven spastic
children with internal rotation gait. J Bone Joint Surg 1969; 51A: 1070
1082.
Sutherland DH, Olshen RA, Biden EN, Wyatt MP: Relationship of
neuronal development and walking. In: Sutherland DH (Ed.) The development of mature walking. (Clinics in developmental Medicine vol. 104/
105) Oxford: Mac Keith Press, Blackwell Scinetific publications Ltd.,
J.B. Lippincott, Philadelphia:1988; 183187.
Sutherland DH, Santi M, Abel MF: Treatment of stiff-knee gait in
cerebral palsy: A comparison by gait analysis of distal rectus femoris
transfer versus proximal rectus release. J Pediat Orthop 1990; 10: 433
441.
Sutherland DH, Davids JR: Common gait abnormalities of the knee in
cerebral palsy. Clin Orthop Relat Res 1993; 288: 139147.
Tang A, Rymer WZ: Abnormal force-EMG relation in paretic limbs of
hemiparetic human subjects. J Neurol Neurosurg Psychiat 1983; 46:
521524.
Thaut MH, Rice RR, Mc Intosh GC: Rhytmic facilitation of gait training in hemiparetic stroke rehabilitation. J Neurol Sci 1997; 151: 207
215.
Thaut MH, Kenyon GP, Schauer ML, Mc Intosh GC: The connection between rhytmicity and brain function. Implications for therapy of
movement disorders. IEEE Engineering in Medicine and Biology March/
April: 1999; 101108.
Thilmann AF, Fellows SJ, Garms E: The mechanism of spastic muscle
hypertonus: variation in reflex gain over the time course spasticity. Brain 1991; 114: 233234.
Thelen E, Cooke DW: Relationship between newborn stepping and later walking. A new interpretation. Develop Med Child Neurol 1987; 29:
380386.
Thomas DA, Farlow JO: Tracking a dinosaur attack. Sci Amer Dec
1997, 4853.
Thorstensson A, Nilsson J, Carlson H, Zomlefer MR: Trunk movements in human locomotion. Acta Physiol Scand 1984; 121: 922.
Tong KY, Granat MH: Gait control system for functional electrical stimulation using neural networks. Med Biol Eng Comput 1999; 37: 3541.

11

Unithan VB, Dowling JJ, Frost G, Bar-Or O: Role of cocontractions
in the O2 costs of walking in children with cerebral palsy. Med Sci Sports
Exerc 1996; 28: 14981504.
Van Der Weel FRM, Van Der Meer ALH, Lee DN: Effect of task on
movement control in cerebral palsy: Implications for assesment and therapy. Develop Med Child Neurol 1991; 33: 419426.
Vojta V: The basic elements of treatment according to Vojta. In: Scruton
D (Ed.) Management of motor disorders of children with cerebral palsy.(Clinics in developemntal medicine vol. 90). Blackwell, Oxford, 1984;
7585.
Wagenaar RC, Van Emmerik REA: Resonance frequencees of arms
and legs identify different walking patterns. J Biomechanics 2000; 33,
853861.
Wall JC, Turbull GL: Gait asymmetries in residual hemiplegia. Arch
Phys Med Rehabil 1986; 67: 550553.
Wernig A, Nanassy A, Müller S: Laufband (treadmill) therapy in incomplete paraplegia and tetraplegia. J Neurotrauma 1999; 16: 719726.
Westing SH, Cresswell AG, Thorstensson A: Muscle activation during maximal voluntary eccentric and concentric knee extension. Europ
J Appl Physiol 1991; 62: 104108.
Wieler M, Stein RB, Ladoucer M, Whittaker M, Smith AW, Naaman S, Barbeau H, Bugaresti J, Aimone Eiele: Multicenter evaluation
of electrical stimulation systems for walking. Arch Phys Med Rehabil
1999; 80: 495500.
Winter TF JR, Gage JR, Hicks R: Gait patterns in spastic hemiplegia
in children and young adults. J Bone Joint Surgery 1987; 69A: 437
441.
Woollacot MH, Burtner P: Neural and musculoskeletal contributions
to the development of stance balance control in typical children and in
children with cerebral palsy. Acta Paediat Suppl 1996; 416: 5862.
Yokochi K, Inukai K, Hosoe A, Shimabukuro S, Kitazumi E, Kodama K: Leg movements in the supine position of infants with spastic
diplegia. Develop Med Child Neurol 1991; 33: 903907.
Young RR: Spasticity: A review. Neurology 1994; 44 (Suppl 9): S12
S20.
Zehr EP, Fujita K, Stein RB: Reflexes from the supreficial peroneal
nerve during walking in stroke subjects. J Neurophysiol 1998; 72: 848
858.
Zehr EP, Stein RB: What functions do reflexes serve during human
locomotion? Progress Neurol 1999; 58: 185205.
Received October 26, 2001.
Accepted December 7, 2001.

Neurophysiological mechanisms of hypertonia and hypotonia in children with spastic cerebral palsy: surgical implications. Child's
Nervous System, Vol. 36, Issue. 9, p. 1919.Â Gait disturbances in paraspastic patients. In: Delwaide, P. J. & Young, R. R. (eds.),
Clinical Neurophysiology in Spasticity. Amsterdam: Elsevier Science Publishers BV, pp. 155â€“74. Corcos, D. M.., Penn, R. D.,
Myklebust, B. & Agarwal, G. C. (1986). Table I - Paradoxes in the neurokinesiology of spastic gait. summarises some of the paradoxes
presented by the neurokinesiology of spastic gait. Contribution of viscoelastic factors. Dysfunction of spastic muscles and especially
spastic plantarflexors is apparently related to alterations of me- chanical properties of the muscles and especially of the supporting soft
tissue structures.Â Reflections on clinical gait analysis. J Electromyogr Kinesiol 1997;7:251-257. phenomenon was probably related to a
reflex re- sponse.Â The modelling of spastic paretic stiff-legged gait based on actual kinematic data. Gait & Posture 1998;7:99-141. 29.
Abdulhadi HM, Kerrigan DC, Laraia PJ. While there is a clinical consensus that over ground gait training is needed during the acute
stage of recovery for those patients who cannot walk independently [83], there has been little discussion of whether over ground gait
training would be beneficial for chronic patients with continuing mobility deficits.Â Mayer M: Clinical neurokinesiology of spastic gait.
BratislavskÃ© lekÃ¡rske listy 2002, 103: 3-11. CAS PubMed Google Scholar. Clinical Neurophysiology. To assess the efficacy of
botulinum toxin (BT-A) and additional physiotherapy in subjects affected by progressive multiple sclerosis (MS) with chronic lower limb
spasticity. 15 patients able to walk with assistance were consecutively recruited in a open-label study. All patients received a set of
intramuscular injections of BT-A performed with EMG-guidance, according to each patientâ€™s individual pattern of spasticity, followed
by additional physiotherapy. Each patient was assessed at baselineâ€¦ CONTINUE READING.

