
• 

• 

lnvestigation of the proprioceptive system by vibrotactile stimulation of the 
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PURPOSE: The aim of the study was to investigate the human proprioceptive system in 
healthy subjects and in patients with severe brain damage and to develop a paradigm for the 
brain mapping of proprioceptive foot stimulation with Vibration. Especially optimal parameters 
(e.g. vibration amplitude, amplitlfde, modulation, Vibration frequency) should be elaborated 
for the functional diagnosis of the proprioceptive system in a clinical environment. 
METHODES: 15 healthy male subjects (25--45yrs) and 22 patients (19-78yrs) were 
stimulated with a vibrotactile stimulus within the arch of the right foot by a fully automated 
moving magnet actuator system and at the first and second toe with a cuff-type pneumatic 
stimulator. The healthy subjects were examined using the moving magnet actuator. The 
carrier frequency was held constant at 100 Hz at a fixed modulation frequency of 25Hz and a 
fixed stimulus intensity of 0.05N throughout the fMRI run. The 4 vibration conditions were in 
detail: 0.25mm amplitude and a carrier frequency of 50Hz, 0.25mm amplitude with a carrt,er 
frequency of 50Hz and an amplitude modulation of 25Hz, 1 mm amplitude with a carrier 
frequency of 50Hz, 1 mm amplitude with a carrier frequency of 50Hz with an amplitude 
modulation of 25Hz. The sequence of stimuli was randomized for each subject. Stimulus 
duration was one second. 2 patients were also examined with the moving magnet actuator 
system, but due to applicability reasons, the stimulation device was switched to a cuff type 
pneumatic stimulator. The hardware consists of the pneumatics with control unit to be 
operated outside the MR-room and the inflatable cuff connected to the pneumatics via 5- 7 
meter flexible tubing. The pneumatics consists of a piezoelectric servo valve driven by a 
constant input pressure (2 bar) produced by a pressure regulator. Forward control of the 
servo valve allows the output pressure to be adjusted within a frequency range of 1- 40 Hz 
and amplitude between 0- 400 mbar. The cuff was made from a small rectangular air-bag to 
be wrapped around the toes with a Velcro strip. By the control unit various stimulus pattems 
are selectable. Twitch-like pressure pulses (rise time 10 ms) with a mean pressure below 70 
mbar were implemented. 
RESUL TS: FMRI group data of the 15 healthy subjects showed brain activity within the main 
centers of the primary and secondary sensorimotor cortex. The between-group analysis 
0.25mm versus 1 mm amplitude showed significant differences within or near the pre- and 
postcentral gyrus bilaterally and the right inferior, medial and middle frontal gyrus. The 
between group results 1 mm versus 0.25mm amplitude showed significant differences within 
or near the inferior parietal lobule, the superior temporal gyrus, the temporal transverse 
gyrus, the caudate nucleus, the middle cingulate gyrus, the insula and the hippocampus on 
the left side. Only in 7 out of 22 patients a specific response within the primary and 
secondary sensorimotor cortex could be elicited. 
CONCLUSION: In this study it could be shown that vibrotactile stimulation of the foot in 
healthy subjects can elicit specific brain responses in main centers of the sensorimotor 
system and in centers of attention and arousal. Wrth the presented paradigms for foot 
vibration in fMRI it was possible to map in detail the cortical representation of the 
proprioceptive system of the foot. The paradigms offer the possibility of a functional 
diagnosis and a monitoring of the proprioceptive system in neurorehabilitation, e.g. in 
subjects with degradation of the proprioceptive system (space disease, bedrest syndrome) 
and in patients with severe brain damage for the planning of specific rehabilitation strategies 
and the induction of arousal. lt is currentiy under investigation whether the information about 
the proprioceptive system contains predictive value in patients with acute or chronic brain 
damage, e.g. in patients remaining in an unresponsive wakefulness syndrome. 
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