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Chapter 31
Whistle register and M3: A preliminary HSDI
investigation by visualization and acoustics
in male and female singers
Antonio Di Corcia & Franco Fussi
Abstract
The purpose of this study was to investigate laryngeal behavior during vocal production
of the highest pitched notes of the human vocal range, the so-called whistle register associated with M3 (laryngeal mechanism according to Roubeau’s notion). Observations
were carried out using laryngovideostroboscopy (LVS) and High-Speed Digital Imaging
(HSDI). Results indicate that at the whistle register, vocal folds (VF) vibration can be significantly reduced with incomplete glottic contact, or it may be absent even with complete glottic contact.
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Introduction
The physiology of the highest human vocal range, also referred to as whistle register,
has rarely been studied acoustically or physiologically [1-4], and the current knowledge
of how this voice is actually produced is highly speculative. To shed more light on how
the whistle voice is produced and how its production relates to the kinetics of the VF,
we used both LVS and HSDI. These visual techniques allowed us to see how the mucosal wave behaves in the production of this register. These two technologies, besides assessing events at the glottic level, also permitted observations of supraglottic structure
behavior. The contribution of supraglottic structures is rarely discussed in the literature.
Materials and methods
To achieve our goals we divided this work into two phases. In Phase 1, we trained 24
male and 33 female subjects to produce the whistle tones described below. Phase 2 was
comprised of visual observations of the glottis with LVS and HSDI.
For the HSDI recordings, we used a transoral approach via a rigid scope coupled to
KayPENTAX High-Speed Video System, Model 9710. LVS exams were performed using
both transoral and transnasal approaches. We recorded all HSDI at the speed of 4000 f/s
for a maximum duration of 4.094 seconds.
Results
Description and characteristics of all observed phonatory behaviors
Our findings pertain to the observations of four phonatory behaviors observed in the
laryngeal vibratory mechanism M3, which allows the production of three registers (flute,
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whistle, and hiss) [1-2]. These were: 1) Female Laryngeal Whistle (FLW), 2) Stop Closure
Whistle (SCW), 3) Ingressive Whistle (IW), and 4) Scream (Sc). All sounds produced with
these individual phonatory behaviors are demonstrated in a special clip found at http://
panidea.eu/whistle.
We observed several laryngeal tissue adjustments during production of these sounds.
We divided these tissue dynamics to those occurring at the glottic level, in the hypopharynx, and in the oropharyngeal tract.
FLW - Female Laryngeal Whistle
Figures 1 & 2 below illustrate glottic and supraglottic manifestations associated with
FLW. Judging from LVS, this FLW behavior was characterized by very thin, stiff, and tightly
stretched VF [2]. We speculated that this occurred because of the high activity of the cricothyroid (CT) muscle needed to produce such high phonation in combination with the
high activity of the interarytenoid (IA) muscle accompanied by constriction of the false
VF (FVF), which seems to increase VF stiffness by acting upon the VF mucosa.

Figure 1. LVS image taken
with a transnasal scope of
FLW configuration of the
glottis and supraglottic
area during vocalization.

Figure 2. HSDI image taken
with a rigid scope of FLW
configuration of the glottis
and supraglottic area during vocalization.
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However, HSDI observations showed a significant reduction in mucosal wave, compared to vocal emissions associated to M2. HSDI showed the mucosal wave to be present
only at the free edges of the VF. This, we feel, allowed access to the highest frequencies.
Often no contact between the VF during phonation was noted.
Based on our findings, we believe that this vocal mode is possible because it involves
maximum contraction of the IA and CT muscles. This is in turn responsible for the destabilization of glottal adduction.
SCW – Stop Closure Whistle
SCW is not a register, but only one of the four phonatory behaviors which produces
whistle tones in the Whistle Register. This phonatory behavior, both for male and female
subjects, produced the same frequency ranges. We speculated that this was possibly due
to the high contraction of the adductor muscles including thyroarytenoid (TA), lateral
cricoarytenoid (LCA), and IA. The configuration of the VF and of the supraglottis for this
phonatory behavior is demonstrated in Figures 3 & 4 using a male glottis.

Figure 3. LVS image taken
with a transnasal scope
of SCW configuration of
the glottis and supraglottic area during vocalization
(male).

Figure 4. HSDI image taken
with a rigid scope of SCW
configuration of the glottis
and supraglottic area during
vocalization (male).
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LVS visualization demonstrated very adducted VF, which caused arrest of the vibration of the mucosa (stop) and produced VF stiffness. In fact, we noticed that the SCW
sound depends on a tiny orifice at the anterior third of the VF (in both males and females) that provides the very highest-pitched notes. This tiny orifice is often hidden by
the base of the epiglottis so it is difficult to visualize. Please note that the constriction
of the FVF observed during SCW phonation is either minimal or it is essentially absent.
HSDI observation showed a total absence of vibration (normal periodic vibration) in
any components of the vibrating system caused by the SCW phenomenon. Possibly some
vibratory activity may be detected if a very high frame rate were to be used. The true VF
were in fact shown to be strongly adducted along their edges. Again, we speculate that
this is due to the prevalent activity of the adductor musculature.
IW - Ingressive Whistle
IW generates the same vocal range as the SCW. In fact, IW behavior is characterized by
the contraction of adductor muscles, even if the glottic contact during phonation is not
totally complete along the edges of the VF. This is because of the airflow inlet, which also
increases (together with the incomplete stop closure phenomenon) the stiffness of the
mucosa. Laryngeal behavior associated with IW is shown in Figure 5.

Figure 5. HSDI image taken with a rigid scope of IW
configuration of the glottis and supraglottic area during
vocalization (male).
LVS approach confirmed the high activity of the adductor muscles, but showed no
constriction of the FVF. The overall vertical larynx position (VLP) was very high in the neck
in this phonatory mode.
HSDI again showed the absence of vibrating parts during ingressive phonation, although the glottic contact was not totally complete. For this reason whistle sound can be
produced at many positions along the glottis with only relative timbre changes.
Sc - Scream in M3
There are many types of screams, including the scream in heavy metal singing described
in Chapter 33 of this volume. Here, we refer to the screams of children and teenagers
screams, or to those screams typical of modern horror movie screams.
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LVS observations of S confirmed the relation between this kind of scream and that of
FLW described above [1]. S showed very stretched, thin, and stiff VF and a pronounced
constriction of the FVF. In our opinion, this combination caused the maximum stiffness
of the mucosa, and most likely was responsible for generating a very high subglottic air
pressure (Ps).
Furthermore, HSDI visualization showed reduction of the mucosal wave vibration.
Vibrations were restricted to the very edge of the VF as compared to vibrations present
in the FLW. Again, no glottic contact during phonation was observed.
LVS also showed a very hyperkinetic phonatory behavior. This was evidenced by severe contraction of the suprahyoid muscles and by a very contracted tongue.
Conclusions
This study fills the gap in literature about how M3 with its associated registers (flute,
whistle, and hiss) is produced according to gender. Using LVS and HSDI, we were able to
demonstrate specificity of glottic configurations and of the other parts of the supraglottis
during M3 production. In fact, we believe that this is the first study of this whistle register
(associated to M3) using HSDI technology. We also showed that FLW behavior is further
produced by reduction of the mucosal wave vibration, compared to vocal emissions in
M2 [2], whereas the SCW behavior is produced by the total absence of mucosal wave.
FLW can be produced only by females (e.g., Mariah Carey’s whistle) while SCW can be
produced regardless of gender (e.g., Adam Lopez and Georgia Brown, respectively holding male and female Guinness World Records for the highest pitched notes).
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