Postural and muscular effects of upper-limb movements on voicing
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In principle, any muscle that attaches to the rib cage can act on it and thus affect the subglottal pressure that supports
voicing. Consequently, there are a lot of potential respiratory-vocal muscles. Said muscles would include those around the
chest (e.g., pectoralis major), abdomen (rectus abdominus), and back (erector spinae, seratus posterior/anterior). However, in
passive breathing and speaking, only a subset of the possible muscles are used. Most notably, the diaphragm and the muscles
between the ribs (intercostalis) drive passive speech-supporting respiration (Aliverti, 2016; Seikel, Drumright, & Hudock,
2019). Only on rarer occasions, when coughing, shouting, or breathing deeply, humans recruit other so-called “accessory”
respiratory muscles such as the abs and pectoral muscles (Aliverti,
2016; Lasserson et al., 2006; Seikel et al., 2019). From this it is
tempting to conclude that there is only a small set of ‘primary’
respiratory muscles.
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Given that speaking requires subtle modulations of subglottal
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pectoral/upper limb activity and respiratory-vocal states, have
been well-studied in non-human animals (Blumberg, 1992; Cooper 51
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forces to assess center of pressure. Participants (exploratory study . . .
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as 4 actions along the sagittal and transversal plane (internal and
external) with the elbow flexed at a 90-degree angle. During these
movements, they produce a steady-state schwa-like phonation with one egressive flow. As we know that gesture-speech



biomechanics is modulated by posture (e.g., Pouw, Harrison, & Dixon, 2019)) and some of those postural muscles are well-
known as expiratory muscles, we measure two postural related muscles: the rectus abdominus, and the erector spinae in the
back. Both the abs and erector spinae directly attach to the rib cage. We also assess focal muscles with and without well-known
respiratory effects: We measure an internal rotator muscle on the chest (pectoralis major), and an external rotator muscle on
the scapula (infraspinatus). The pectoralis major is associated with respiratory interactions as reviewed above and directly
attaches to the rib cage. The infraspinatus is not directly attached to the rib-cage, but it does insert into the scapula which is a
dynamic stabilizer for the entire should girdle region (Levin, 1997). Thus, even indirectly it might have a role to play in gesture-
speech biomechanics, but most likely, weakly so. See figure 1 for the muscles measured with SEMG in this study.

Results Exploratory Study (all effects reported are statistically reliable at p < .005): Movement versus non-movement of
the upper limbs yields unintentional positive peaks on the amplitude envelope of vocalization. This can be labeled as
‘unintentional’ as the task is to produce a stable vocalization output. Further, we show that particular muscle activity is reliably
related to positive peaks in the voice’s amplitude, especially the rectus abdominus, an expiratory-associated muscle. This
muscle and the erector spinae are further also found to be related to postural stability, as the change in the center of pressure
reliably positively related to the these postural muscle activations (in contrast to the other focal muscles). These results provide
direct evidence that muscle activity (associated with postural control) that relate to moving the upper limbs during vocalization
affects the voice in variable and predictable ways, with general implications for the study of gesture and speech in interaction.
We will report the full analyses of the confirmatory study at GESPIN2023.

Figure 1: Effects muscle activity on positive peaks in the voice amplitude
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