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Introduction
The (dys)functioning motor system provides a challenging system to study. For a
thorough understanding of the human motor system, simultaneous
measurements of as many involved subsystems as possible, is a great
advantage. A non-invasive technique that could provide information on entire
brain and muscle activity at the same time, was not available for a long time.

Integrated EMG-fMRI analysis or how to link EMG to brain
activity
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Since 2005, we successfully record EMG and fMRI simultaneously in Groningen.
We have now shown that these recordings allow us to gain more understanding
of the human motor system, in health and disease. We can study spontaneous
movement, but have also developed devices to control movement in the scanner.

Demonstration
From first recordings to first (clinical) applications has proven to be quite a
challenge. Here, we illustrate several important steps on the path towards these
applications and some results.
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Accurate measurement of EMG or how to deal with
scanning and movement artefacts
FLEXOR EMG

rest

EPI

vertical
movement

EPI

Left: Movement (here: wrist) in the scanner influences
the EMG, also during scanning. This changes the
shape of the EPI artefact, hampering conventional
artefact correction methods (Allen et al., 2000).

Conventional artefact correction methods
work in case of limited movement such as
isometric contractions, small movement
excursions as in minor tremor or myoclonus
(van Duinen et al., 2005).

A conventional block design is task related and not movement related, which
makes it less suited for the study of movement (disorders). A typical solution is to
compare different motor tasks and/or to compare patients to controls. But, how
can it be decided that resulting brain activity is normal, pathological or maybe
compensatory?
Solution: use EMG to relate (‘superfluous’) movements to brain activity.
Mathematics: Gram-Schmidt orthogonalization (van Rootselaar et al., 2007)
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Below left: Artifact removal from EMG signal acquired
during posture in an FCMTE patient. A: Bipolar
extensor EMG before artifact correction. B: The same
EMG signal after fMRI artifact correction (Allen et al.,
2000). C: After application of a 10 Hz high-pass filter
and rectification of the signal; EMG bursts clearly
visible.

mean EMG power

residual EMG regressor

rotation

EPI

Above: Power spectrum. Grey: before (figure left A) and
black (figure left C): after successful artefact correction.
Notice the peaks at multiples of the slice frequency (16
Hz) in the spectrum before correction.

Above: EMG-fMRI provides new insights in brain activation related to (superfluous) movement,
independent of a motor task. When FCMTE patients are scanned during right-hand posture, which
induces tremor, a conventional block analysis (top right) indicates dimished cerebellar activity
compared to essential tremor (ET) patients and controls. This is task-related activity. A residual-EMG
analysis (bottom right) indicates increased bilateral postcentral gyrus activity. This can be interpreted
as activity related to the superfluous tremulous movements (van Rootselaar et al., 2008).

Incorporating MR-compatible movement devices or how to investigate
controlled movement with EMG-fMRI
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Above: EMG activity of m. extensor carpi radialis
during continuous circle movement: less
modulation in PD than in old subjects

With this device, wrist radial-ulnar deviation and flexionextension and all conbinations thereof are possible,
allowing the study of continuous circle movement,
(ballistic or other) flexion-extension movements and
centre-out or step-track movements, with visual
feedback. Can be combined with EMG-fMRI.
So far, we have studied changes in movement related to
ageing and Parkinson’s disease.

Outlook
Simultaneous EMG-fMRI recordings and integrated EMG-fMRI analyses have additional value over fMRI alone. These methods facilitate studies of patients with
movement disorders and patients in rehabilitation. In particular, in combination with other MR-compatible physiological recordings and movement devices, a multitude of
new applications is to be expected.
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