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Abstract

Visually, the stapedius reflex is an on/off phenomenon that either appears or not.
However, this paper presents some additional data that suggests a rather continuous
stapedius reflex that above a certain threshold, leads to progressively increasing forces
of the stapedius muscle. With this effect, the stapedius reflex can be used not only for the
initial calibration of the cochlear implant’s speech processor but also for its continuous
re-calibration.

Methods

Figure 1: Different measurement setups

In the field of aural surgery the detection of
the stapedius reflex is often based on visual
observations. During surgery, different stim-
uli, applied to the cochlea, provoke contrac-
tions of the stapedius muscle. For certain rea-
sons, such as the muscle’s size or its position
in the head, the electrical observation of the
stapedius reflex would be less error prone than
the visual inspection. To this end, small elec-
trodes are attached to the muscle. These two
introduced procedures are depicted schemati-
cally in Fig. 1. For this paper the stapedius
muscle’s EMG data were recorded during an
middle ear surgery similar to [1]. Therefore, a small bipolar hook electrode that was at-
tached to the stapedius muscle derived the muscle’s signals. The pertinent literature [2]
provides a detailed description of this hook electrode. To elicit the stapedius reflex, an
earphone placed in the contralateral ear canal emitted tone bursts of different intensities.
Figure 2 shows an example EMG signal of the mentioned setup.
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Figure 2: EMG signal derived during a contralateral stimulated stapedius reflex
measurement.

Due to the capabilities of visual observations, there is only a differentiation possible
between contraction and relaxation.

EMG Signal Processing in the Context of Skeletal Muscles EMG signals are of-
ten used in sports science to monitor, for example, fatigue during exercises or to ob-
serve the progress during the training of muscles. In this domain, the standard EMG

Figure 3: schemetical processing setup

analyzing procedure works as follow:

1. Amplification to adapt the signal
levels

2. Band-pass filtering, to remove inter-
fering noise beyond the EMG data

3. Rectification and subsequent low-
pass filtering, to calculate the enve-
lope curve

Figure 3 shows the EMG processing setup
schematically. This analysing method es-
timates the evoked force of skeletal mus-
cles from their measured EMG signals.
The method is discussed in detail for ex-
ample by [3], [4] or [5]. As an example,
Fig. 4 depicts the processed EMG data of the soleus muscle. This figure shows differ-
ent forces applied by a subject, their resulting EMG response, and the computed EMG
envelop curve.

A closer look at the data reveals a strong correlation between the externally applied
force and the muscle’s electrical signals. Conversely, the muscle’s force can be derived
from the EMG signal’s envelope.
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Figure 4: Comparison of force generation and EMG envelope curve of the soleus muscle

New Results: Force Extraction from Stapedius EMG Data

This section applies the very same procedure to the previously recorded stapedius muscle
EMG data. The rational behind this approach is that the stapedius muscle belongs to
the class of skeletal muscles.

The comparison of the stimulus amplitude and the resulting EMG envelope curve from
both the soleus and the stapedius muscle, strongly suggests that the stapedius muscle’s
evoked force depends on the amplitude of the stimulating sound. For the soleus muscle,
the envelope curve increases with increasing evoked force. The stapedius muscle shows
a similar behavior. With every increase of the stimulating sound level the calculated
activity of the stapedius muscle increase, too. Figure 5 shows these observations.

Discussion

The data and comparisons presented in this paper suggest that the behavior of the
stapedius muscle (reflex) goes beyond its visually observable on-off pattern. Rather,
the stapedius reflex seems to be a continuous phenomenon, which might be categorized
into four regimes: (1) spontaneous electrical stimulation that should be considered back-
ground noise; (2) sub-threshold activity that does not lead to any visually observable
muscle contraction; (3) threshold stimulation that corresponds to the normally observed
stapedius reflex; and (4) above-threshold electrical stimulation that leads to progressively
increasing muscle forces during isometric contraction.

3



Figure 5: Comparison of stimulating sound level and the computed EMG envelope curve
the stapediusmuscle.

Both, regimes (2) and (4) cannot be distinguished from regimes (1) and (3), but might
constitute the basis for the development of advanced cochlea implants that include a
weighted adaptation of the cochlea implant’s speech processor on continuous basis, which
will be subject of future research.

In addition, it should be mentioned here that the research presented here confirms pre-
liminary data presented in previous research [6].
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Methodological aspects of SEMG recordings for force estimation–a tutorial and re-
view. Journal of Electromyography and Kinesiology, 20(3):375–387, 2010.

[5] G L Gottlieb and G C Agarwal. Dynamic relationship between isometric muscle
tension and the electromyogram in man. Journal of applied physiology, 30(3):345–
51, March 1971.

[6] J.E. Zakrisson, E. Borg, and S. Blom. The Acoustic Impedance Change as a Measure
of Stapedius Muscle Activity in Man. Acta Oto-Laryngologica, 78(1955):357–364,
1974.

5


