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Motor performance

The motor systems can perform so many different 
motor tasks – reflex, rhythmic, and volutary –
with speed and accuracy because of two
features of their functional organization:

Processing of sensory inputs and commands to 
motor neurons and muscles is distributed in 
hierarchically interconnected areas of the spinal 
cord, brain stem, and forebrain. Each level has 
circuits that can organize or regulate complex
motor responses.

Sensory information relating to movement is
processed in different systems that operate in 
parallel.



Early stepping: six days after birth
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Upper motor neurone syndrome (UMNS)

• UMNS can occur following any lesion affecting some or all the
descending motor pathways

• The clinical features of the UMNS can be divided into two broad groups:
- Negative phenomena
- Positive phenomena



Upper motor neuron syndrome

• Muscular weakness
• Spasticity
• Hyperreflexia
• Synergisms
• Primitive motor patterns
• Associated reactions



Clinical signs of AS full stage/VS

• Strong increase of muscle tone
• Decerebration/decortication pattern (disconnection of cortico-spinal, 

vestibulo-spinal, and reticulo-spinal pathways)
• Rigidity (basalganglia, pontomesencephalic region)
• Intense paresis
• Pain
• Vegetative reactions
• Persistant spasticity leads to contractures, shortening of muscle tissue

and joint malalignment



Common Clinical Patterns

Decerebration Pattern Decortication Pattern



Common Clinical Patterns

Equinovarus Striatal Toe Stiff Knee

Flexed Knee Adducted Thigh



Possible advantages of spasticity

• Maintains muscle tone
• Helps to stand against gravity
• Trunk stabilisation
• Helps support circulatory function
• May prevent formation of deep vein thrombosis
• May assist in activities of daily living

Young MA, Albright L, Intrathecal baclofen: Not all spasticity is bad, J Am Med Assoc
1991;266:66



������� ��� �	
���
�������

• Therapy (physical, occupational, speechtherapy)
• Drug treatment (oral, Botox, ITB)
• Surgical interventions

PHYSICAL THERAPY
• Passive mobilisation
• Early verticalisation
• Regulatory treatment of muscle tone
• Development from primitive motor pattern to complex

motor activity
• Achievement of finalized movements
• Splints and serial casting
• Erigotraining
• Lokomat training
• Gaittraining using treadmill (reduced weight-bearing)



Modern Neurorehabilitation

“Modern clinical  
neurorehabilitation is 
grounded in the premise 
that activity is beneficial 
to persons with central 
nervous system injury”

Dromerick AW, Lum P, Hidler J, Activity-based therapies, Neuro RX 2006;3(4):428-438
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Erigo® functions 

• Verticalization

• Generates hip, knee and ankle 
joint movements

• Cyclic loading and unloading of 
the leg

• All three functions easy 
adjustable to the patient 
condition



Pilot Study – Healthy Subjects

• Zurich:David Cell 2004

• Subjects:
12 healthy young subjects

• Influence of passive leg movements 
on blood circulation

• Conclusion: “Stabilization of blood 
circulation and prevention of benign 
syncope can be achieved by the Erigo“

Spinal Cord Injury Center Balchrist, Zurich, Switzerland

Cell, D., R. Schreier, R. Rupp, St. Eberhard, G. Colombo, V. Dietz, Influence of passive leg movements 
on blood circulation on the tilt table in healthy subjects,J NeuroEngin Rehabil 2004;1:4



Pilot Study - Complete SCI

• Heidelberg: R. Rupp 2005

• Subjects:
6 complete spinal cord injured 
patients (ASIA A) above T5

• Patient can sit in a wheel chair 
for 30-60 min.

• Conclusion: “Patients tolerate 
greater degrees of head-up tilt 
better with simultaneous leg 
movement.”

UniversityHospital Heidelberg Germany

Colombo G, Schreier R, Mayr A, Plewa H, Rupp R, Novel tilt table with integrated robotic
stepping mechanism: Desing priciples and clinical application, Proceedings of the IEEE 9 th

International Conference on Rehabilitation Robotics ( IORR), Chicago USA 2005



Pilot Study - Complete SCI

• Bad Aibling:Luther 2008

• Subjects:
Case report
severe TBI patient

• Could not be tilted in an ordinary tilt 
table for more than 1 minute

• Conclusion: “Tilting at 70° was no 
problem. As consciousness improved, 
standing and walking with the help of 
two physiotherapists became possible
after a few weeks“

Neurological Hospital Bad Aibling Germany

Comparison of orthostatic reactions of patients still unconscious within the first three months of brain 
injury on a tilt table with and without integrated stepping, Clin Rehabil 2008;22(12):1034-41



Case study

• 51 year old man
• Suffered from a spontaneous haemorrhage in the middle 

cerebral artery (apallic syndrome)
• Initial clinical picture

- Glasgow-Coma-Score 3 (coma vigil)
- Reduced alertness
- No reaction to pain
- Tetraparesis without any reflexes



• Erigo-Training
- 14 month after injury
- 3 weeks
- 5 times/weeks
- 20 min
- 75° degree tilt position

• Examination scores assessed pre and post Erigo training
- Evaluation score for vegetative state
- Range of motion
- Muscle tone (spasticity)

Case study



Apallic Syndrome, 52 a, 
Remissionphase II-III 



Apallic Syndrome, 52 a, 
Remissionphase II-III 



• Improvement of range of motion
• Improvement of alertness, the control of the posture of the 

head and the reaction of pain  before and after Erigo training
• Improvement of the sitting posture
• Reduction of the muscle tone before and after Erigo training 
• Improvement of communication and handling in daily use

(Patient did wake up)

Case study results

Colombo G, Schreier R, Mayr A, Plewa H, Rupp R, Novel tilt table with integrated robotic
stepping mechanism: Desing priciples and clinical application, Proceedings of the IEEE 9 th

International Conference on Rehabilitation Robotics ( IORR), Chicago USA 2005



Severe TBI, 37 a, Remissionphase III



Severe TBI, 37 a, Remissionphase III



The P300-Potential

General aspects

-Event-related potentials – ERPs

Human cognitive information 
processing

-Evoked potentials - EPs

Sensoric primary information 
processing

T. Hruby and P. Marsalek. Event-related potentials; the P3 wave. Acta Neurobiol, 
Exp (Wars), 63(1):55;63, 2003.

EEG: 19 spots

10-20 -System



M. M., 29 years, severe TBI with polytrauma, 
Remission II (Gerstenbrand)



M. M., 29 years, severe TBI with polytrauma, 
Remission II (Gerstenbrand)
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M. M., 29 years, severe TBI with polytrauma, 
Remission II (Gerstenbrand)
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Disadvantages

• Equinovarus position of the foot
• Abduction of the limbs
• Hipluxation
• Contractures of the hip joint
• Dynamic leg length discrepancy
• Crawling toes
• Spasms



Conclusion

• No single specific drug or physical or technical stimulation 
technique that guarantees recovery of consiousness, mental 
cognitive, and/or motor function

• Beneficial effects are environmental and structured 
stimulation, activating nursing (basal stimulation), 
verticalisation, and multimodal stimulation (all fives senses)

• Erigo stimulates arousal reactions, stabilises blood 
circulation, prevents secondary complications (reducing 
spasticity, ROM)

• Relieves therapists of the manual labor required during 
manually assisted training, but takes hands-on control away



Multimodal Awakening ControlMultimodal Awakening Control

IDEA
Increase altertness of patients in vegetative state by applying multimodal 

stimuli with the goal to wake them up



Thank you for your attention

andreas.mayr@tilak.at


