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Abstract
The aim of this study was to describe the kinematics and acoustics of female extreme
singing (FES) and to compare these features to male extreme singing (MES). Since the
female vocal tract (VT) is smaller than that of the male’s, the overall resonatory characteristics of FES will differ from MES while the technique at the vocal fold level is not
expected to show significant differences. Fifteen well-trained female extreme singers underwent flexible transnasal endoscopy (FTE) while performing growl (Gr) and scream (Sc)
to reveal the activity of the true vocal folds (TVF) and the supraglottic structures (SGS).
The simultaneous audio files were analyzed by sound spectrography. During both Gr and
Sc, FTE showed simultaneous activation of TVF and SGS. TVF appeared to remain open
(without detectable contact of the TVF edges) during all observed phonations in all cases
while SGS showed different levels of activation between the different subjects. However,
SGS appear to always be active. When compared to male extreme singers, female singers showed SGS activation and higher inter-individual variability. During Gr, FTE showed
the larynx in a low position with an increase of all diameters of the vocal tract. During Sc,
the larynx appeared to be in neutral position with a decrease of latero-lateral or anteroposterior diameter. Spectrographic analysis showed vocal spectrum was dominated by
noise, but regular in intensity and frequency. During Gr in men, most sound energy was
found in the lower part of the spectrum and a wide distribution of noise was found in
spectrum during Sc. While male and female Sc show similar acoustic patterning, female
Gr was less deep than the male one with the low sound energy concentration placed
slightly higher in females than in males. The results showed that FES is essentially performed similarly to the MES with SGS activation and open position of the VF. Nevertheless, some differences in the role of TVF and the perceptual and instrumental depth of Gr
was found. It is our opinion that these differences are related to the different dimensions
of male and female vocal tract and to the lack of a strong and structured aesthetic tradition of female extreme singing.
Keywords: heavy metal, extreme metal, death metal, black metal, scream, growl, female
voice, phonotrauma, sonogram, fibroscopy, flexible transnasal endoscopy
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Introduction
Growl and scream, the qualities in the extreme singing, have been almost exclusively
practiced by the male extreme singers. Recently however, a number of the extreme female singers appeared on the heavy metal (HM) scene. While the first examples of FES
were occasional and based on the imitation of the typically guttural sound produced by
MES, the situation is now changing with the increase in the number of female extreme
singers. This has begged the question of how extreme metal singing is actually produced
by the female extreme singers.
Purpose
To address this question, we set forward an investigation to understand the peculiarities of FES and compare them to those of MES. This comparison is based on previous
works carried out by the authors [1] and others on MES [2]. Our hypothesis was that the
kinematics of sound production will not differ significantly between genders while the
resonance will as the female vocal tract (VT) is smaller than that of the male’s.
Method
Fifteen well-trained female extreme singers were subjected to flexible transnasal endoscopy (FTE) while performing Gr and Sc to reveal the activity of the true vocal folds
(TVF) and the supraglottic structures (SGS). Simultaneous audio recording of their voices
were obtained. We used a Silverline Fiegert flexible fiberscope 3.6 mm in diameter, a
KayPentax steady halogen light, and a Toshiba 3CCD image capture system. All subjects
were asked to produce their lowest Gr and highest Sc according to their own judgment,
followed by a glissando from Gr to Sc and vice versa. All recorded images were visually
analyzed.
The sounds were analyzed with KayPentax CLS program. They have been captured by
a microphone positioned at about two meters from the subject to avoid distortion since
these sounds are naturally very loud. The obtained sonograms were visually analyzed for
harmonics, noise stability, uniformity of the sound itself, and distribution of formants (F0,
F1, F2, F3). For this analysis, we also asked the subjects to sing the vowels “A-E-I-O-U” in
screaming and growling modes.
Results
Flexible trans-nasal endoscopy
FTE of FES showed simultaneous activation of the TVF and the SGS during both Gr and
Sc. This finding did not differ from visualization of the MES subjects. The TVF appeared to
stay open during the observed phonations without detectable contact of the edges. The
SGS (i.e., false vocal folds, arytenoid caps, and aryepiglottic folds) showed different levels
of activation between the different subjects.
The most stable elements in the activation among subjects were the arytenoid caps
and aryepiglottic folds, being always active though with variable involvement. The false
vocal folds showed a major variability in activation. In one case, they even resulted in
fully abducted position during Gr and Sc without a noticeable difference in the perceptive quality and in the sonogram of the produced sound.
During Gr, FTE showed the larynx in a low position with an increase of all diameters
of the vocal tract (Figure 1).
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Figure 1. Female (left) and male (right) growl.
During Sc, the larynx appeared to be in a neutral position with a decrease of laterolateral diameter and an increase of the anteroposterior diameter.
In five subjects, a reduction of the anteroposterior diameter was observed during
Sc. This difference in the shape of the vocal tract during Sc, which in the male subjects
is usually linked to a perceptive loss in the projection of the voice [1], did not cause the
same alteration of the sound in the female subjects (Figure 2).
In both females and males during Gr and Sc, the SGS did not show any sphincter-like
contraction, which can be detected in pathological phonations involving the SGS.

Figure 2. Female (left) and male (right) scream.
Acoustics
Sound spectrography analysis showed a spectrum dominated by noise, but regular in
intensity and frequency distribution, which was also observed in the studies on male
subjects [1]. This was quite contrary to the noise detected in the pathological voices with
traits of instability in distribution and intensity. The distribution of sound energy is similar
to that we already found in MES with most of the energy in the lower part of the spectrum during Gr and a wide distribution of noise across the spectrum during Sc.
As we just remarked, during Gr the concentration of most of the sound energy is in
the lower part of the spectrum and around 2500 Hz with the structuration of F3. This was
not vowel-dependent. When compared to the male Gr, the low part of the energey concentration was slightly higher than the results usually obtained for the MES. That same
F3, which is well structured in male Gr, is defined on slightly higher frequencies (20002500 Hz for men, 2500-3000 Hz for women) and appears to be less structured in female
Gr with frequent splitting in two separate formants (Figure 3).
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Figure 3. Female (left) and male (right) growl.
During the “A-E-I-O-U” test performed in Gr, F1 and F2 can be clearly observed. F1
seems to be attracted downwards if compared to the same test performed in conversational voice with a flattening of F1 between the vowels (Figure 4).

Figure 4. “A-E-I-O-U” female growl.
During Sc, the construction of the sound is the same that has been previously seen in
men with a wide distribution of sound energy, especially over 1000 Hz (Figure 5).
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Figure 5. Female (left) and male (right) scream.
During the “A-E-I-O-U” test in Sc, a clear structuration of F1 and F2 is noticed, which
does not show any alterations in their modification among the vowels if compared to the
same test carried out in conversational voice (Figure 6).

Figure 6. “A-E-I-O-U” female scream.
When a transition, or a glissando, from Sc to Gr was performed, the sonogram
showed the passage from sound typical of Sc to that of Gr through an intermediate phase
combining the two qualities (Figure 7). The same result was showed in MES (Figure 8).
When compared to the MES, the width of the female glissando is smaller with a deeper
male Gr and a full overlap of male and female Sc.
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Figure 7. Female glissando Sc to Gr.

Figure 8. Male glissando Gr to Sc.
It is important to notice that we are not discussing the vocal extension with reference to the fundamental frequency, which is practically insignificant in Gr and Sc. What
is being discussed is the concentration of the sound energy in terms of resonance and
harmonics that produce a perceptive pitch difference between Gr and Sc. During female
Gr and Sc (both in terms of perception and sonogram), it has always been possible to
detect the F0 derived from the TVF.
Discussion
Our hypothesis has been confirmed by demonstrating that the mechanisms of MES and
FES are similar while the differences in the spectrum between these two genders lie in
the different sizes of the vocal tract in these two groups. This is crucial information supporting atraumatic production of Gr and Sc in both genders. According to the comparison
of the data we acquired on MES with those obtained from the study on FES, it is clear
how both groups use the same mechanism of supraglottic phonation.
Specifically, it can be observed that both groups employ simultaneous activation of
TVF and SGS with the TVF remaining open during the whole emission of sound and vibrating chaotically without complete adduction. As it was shown previously, this “open
glottis” behavior keeps the subglottic pressure in a safe range, allowing the SGS to vibrate
at the high airflow [1-2].
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The management of the pitch from Gr (low) to Sc (high) relies on the variation of
the vocal tract shape too for women, but the width of the excursion range from Gr to Sc
appears to be slightly smaller. On the other hand, the female subjects show a structuration of the sound of Gr at a pitch that most of the male subjects cannot reproduce in
terms of precision and tend to produce a Gr more attracted to Sc. It is our opinion that
these differences can be explained by the differences in the dimensions of the male and
female vocal tract. Indeed, during Sc, men and women modify the vocal tract in an overlapping way in terms of form and size. Instead, during the performance of Gr, men and
women modify the vocal tract in a similar form but the different sizes that can be reached
set limits for the depth of the sound and produce important gender-related differences,
similarly to what occurs for the normal singing and speaking voice [3].
On the contrary of what has been showed in men, in FES the TVF seem to play a
major role both perceptively and instrumentally, always showing nonetheless the open
behavior described in this article. It must be said, however, that the element of sound
originating from the TVF is indeed employed by several extreme singers (including men)
as a stylistic choice.
Conclusions
From this study, it is evident that male and female extreme singers use the same phonatory supraglottic mechanisms in the performance of extreme singing. There seem to
be some important differences in the extension of the Gr-Sc range between men and
women marked by a smaller depth of Gr for the latter along with a better definition of
Gr itself at difficult-to-perform pitches for men. Further, in FES, the TVF seem to play a
more important role.
However, it is important to notice that both males and females use an open behavior
of the TVF, which keeps the subglottic pressure within a safe range, protecting them from
phonotrauma during the production of these perceptively aggressive voice qualities.
The more significant inter-individual variability in the activation of the SGS can be
related to the lack of a strong and structured aesthetic tradition, and imposes the need
of further studies of this kind in years to come.
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