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SINGING VOICE AND PREGNANCY
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During pregnancy significant changes in bodily tissues
occur. For example, the cervix undergoes deep
structural/biomechanical alterations due to an
increase in concentration of progesterone. Previous
studies have found a significant correlation between
the changes that both cervical and vocal fold smears
undergo during the menstrual cycle, demonstrating a
relevant hormonal influence on laryngeal tissues. It
can be hypothesised that such tissue changes that may
occur during pregnancy affect conditions for
phonation with respect to e.g. vocal fold motility. To
test this hypothesis recordings of audio,
electrolaryngograph, oral pressure and air flow
signals were made during pregnancy, at birth and
after pregnancy of a semi-professional classically
trained soprano. The tasks involved repetitions of the
syllable [pae] while performing a diminuendo at
various pitches, thus allowing determination of the
lowest pressures producing vocal fold vibration and
vocal fold contact, i.e. the phonation and contact
threshold pressures. Oral pressure during the
occlusion for the consonant [p] was accepted as a
measure of subglottal pressure. Concentrations of sex
female steroid hormones were measured during
pregnancy, at birth and post-partum. Results showed
a steep decrease of concentrations of progesterone and
oestrogens from pregnancy to post-partum conditions.
Likewise, phonation and collision thresholds
decreased markedly at birth and post-partum, shifts
that are in accordance with expectations based on the
effects of sex steroid hormones on tissue viscosity and
water retention. The results thus demonstrate an
effect of pregnancy on the voice.

INTRODUCTION

Previous research has suggested that the larynx is
subject to hormonal influence [1]. Physiological and
acoustical changes of the female voice, such as those
occurring during the menstrual cycle and at climacterium,
have been reported to be associated with significant
variations of sex steroid hormonal concentrations (i.e.
oestrogens, progesterone and testosterone) [2-11].
Significant physiological and structural similarities have
been claimed to exist between cervical and vocal fold
mucosas. Changes in the mucosa of the cervix observed
at the three phases of the menstrual cycle were also

observed in the mucosa of the vocal folds due to
variations in the female sex steroid hormonal
concentrations [1, 2, 10].

Like the menstrual cycle, pregnancy is also associated
with  significant  hormonal  changes.  Elevated
concentrations of both oestrogens and progesterone, with
a dominant role of high concentrations of progesterone
can be observed, especially during the third trimester of
pregnancy [13, 14]. According to Shiff and Burn [15],
high concentrations of oestrogens increase the viscosity
of bodily tissues. This is caused by a shift in the solid-gel
equilibrium of the interstitial fluid towards a more solid
state, with a consequent water retention and oedema [15].
Additionally, high progesterone content has been reported
to increase the viscosity of vocal fold glandular secretions
[1, 2]. Thus, pregnancy can be expected to affect voice
production in terms of changed vocal fold motility.

Few studies have been reported concerning the effects
of pregnancy in the voice. van Gelder (1974) reported
vocal symptoms in pregnant singers, such as small
submucous haemorrhages, redness and swelling of
laryngeal tissues, which he referred to as “laryngopathia
gravidarium” [16]. He pointed out that these symptoms
were similar to those observed during the menstrual cycle
in some opera singers, a condition that he named
“laryngopathia menstrualis” [16]. A more recent study of
the speaking voice of pregnant and non pregnant women
assessed the incidence of vocal symptoms (e.g.
hoarseness, vocal fatigue, and aphonia), and compared
maximum phonation time (MPT) and voice turbulence
index (VTI) between pregnant and post-partum
conditions [17]. No significant differences were observed
in the incidence of vocal symptoms between the groups.
However, vocal fatigue seemed more prevalent in the
pregnant women. This group also presented significant
decrease in maximum phonation time (MPT). When
comparing pregnancy with post-partum conditions (12-24
hours after birth), the authors further found a significant
increase in MPT and a decrease in voice turbulence index
(VTI) for the post-partum condition [17].

With respect to the singing voice, studies of effects of
pregnancy were mainly based on singers’ perceptions.
Mostly, positive effects have been reported, e.g.
improved voice quality [18].

Previous research has suggested that both phonation
and collision threshold pressures (PTP and CTP,
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respectively) reflect vocal fold motility [19, 20]. The
current investigation analyses biomechanical properties
of the vocal fold vibration in terms of these thresholds
pressures in a pregnant singer.

METHOD

The subject was a healthy, non-smoker classically
trained soprano, aged 28. Following a longitudinal study
design, she was recorded every week, from week 28 of
pregnancy until week 8 after birth. This yielded a total of
21 recordings: (i) 12 during the last weeks of pregnancy
(the Prae group of recordings); (ii) one at 48 hours after
birth (the A¢ recording); and (iii) 8 during the weeks
following birth (the Post group of recordings). For
technical reasons, one of the recordings in the Prae group
had to be discarded.

Furthermore, three blood samples were collected for
each of the above recording groups: (i) one in week 29™
of pregnancy; (ii) one 48 hours after birth; and (iii) one 8
weeks after birth.

A combination of the Digital Laryngograph
Microprocessor and the Glottal Enterprises MS-110
computer interface was specially designed for the
purposes of this study. It allows simultaneous recording
of two AC signals and two DC signals. The audio and
electroglottograph  signals were recorded by the
Laryngograph component. It also imported the flow and
the oral pressure signals from the Glottal Enterprises unit,
which were collected by means of a Rothenberg flow
mask and a pressure transducer, respectively. The latter
was attached to a thin plastic tube inserted into the flow
mask, such that its end was located inside the subject’s
lip opening at the corner of the mouth.

All these four signals were digitized and sent over a
USB contact into a PC provided with the Speech Studio
software; thus, audio, EGG, subglottal pressure and
airflow signals were obtained as separate tracks of wav
computer files.

Vocal tasks included six performances of a set of
repetitions of the syllable [pae] sung as diminuendos at
pitches A3, E4, B4 and F5. This allowed determination of
the lowest pressures producing vocal fold vibration and
contact vocal fold, i.e. PTP and CTP [20]. Oral pressure
during the occlusion for the consonant [p] was accepted
as an estimate of subglottal pressure (Psub).

The wav files were analyzed by means of the
SoundSwell software. PTP was calculated as the mean of
the lowest pressure that caused phonation and the highest
pressure that did not produce phonation as evidenced by
the flow signal. Loss of vocal fold contact decreases the
amplitude of the EGG signal considerably; therefore,
CTP was calculated as the mean of the lowest pressure
that caused vocal fold contact and the highest pressure
that failed to produce vocal fold contact, according to the
EGG signal amplitude. The threshold values obtained

were averaged across the six versions produced on each
of the four pitches.

RESULTS

Fig. 1 shows the concentrations of progesterone and
oestradiol for the Prae, At and Post conditions. Results
show the highest values for the Prae condition for both
hormones.

Figs. 2 and 3 compare the PTP and CTP averages with
PTP values calculated according to Titze’s equation [19].
As can be seen, the values obtained from the current
study show a dependence on fundamental frequency (F0)
similar to that predicted by Titze’s equation. The scatter
of the data points in the graphs reflects a considerable
variability of the thresholds during the recorded weeks.
Additionally, it can be observed that PTP shows a closer
approximation to the Titze reference for the Post than for
the Prae conditions.
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Fig.1: Subject’s progesterone and oestradiol
concentrations for Prae, At and Post conditions.
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Fig. 2: Mean PTP for all recordings during Prae and
Post conditions, as function of FO compared with
Titze’s equation (dashed curve).

On average, CTP exceeded PTP by 40 to 50%,
corresponding to 1 and 5 cm H,O. Mostly both thresholds
showed similar changes from week to week, as illustrated
in Fig. 4.
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Fig. 3: Mean CTP for all recordings during Prae and
Post conditions, as function of FO compared with
Titze’s equation (dashed curve).
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pregnancy affect vocal folds motility. The results showed
a clear effect of pregnancy on voice production,
complementing previous findings [17].
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Fig. 4: Relative week-to-week variations of CTP and
PTP. Weeks number -12 to -1 correspond to the Prae
condition; week number 0O represents the A¢ birth
condition; and weeks number 1 to 8 correspond to Post
birth condition.

Fig. 5 shows the threshold values grouped Prae, At and
Post conditions for each of the four pitches. Like the
results obtained for hormonal concentrations, the highest
values for both thresholds occurred for the Prae
condition, for all pitches.

DISCUSSION
The main question raised in this pilot investigation was
whether sex steroid hormonal variations during
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Fig. 5: Mean CTP and PTP for pitches A3, E4, B4
and F5 for the Prae, At and Post conditions.

It has been assumed that CTP and PTP reflect vocal
fold motility [19, 20]. Therefore, these parameters were
used as measurements to compare vocal fold motility
between the last trimester of pregnancy, at birth and post-
partum. The PTP values obtained basically follow Titze’s
equation [19] (see Fig. 1). This supports the assumption
that the PTP data obtained yielded reliable information.
Moreover, the CTP showed a week-to-week variation
that, by and large, was similar to that of the PTP (see Fig.
2). This leads to the assumption that CTP, like PTP,
reflects vocal fold motility.

Concerning female sex steroid hormones, results were
in accordance with the expected pattern of highest
concentrations of progesterone and oestrogens during
pregnancy, followed by a sharp decrease for the A¢ and
Post conditions [13, 14]. Likewise, the PTP and CTP
showed highest values for the Prae condition, followed
by a sharp decrease to the At and Post conditions. This is
consistent with the assumption that vocal fold motility is
affected by variations in female sex steroid hormones.

Substantial support for this assumption can be found in
the field of endocrinology. Concentrations of oestrogens
affect solid-gel equilibrium of interstitial body tissues;
elevated concentrations swift this equilibrium towards a
more solid state, causing an increased viscosity and
oedema through water retention [15]. Moreover, elevated
concentrations of progesterone have been related to an
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increase in the viscosity of the vocal mucosal glandular
secretions [1, 2]. Thus, one might expect that increased
tissue viscosity, water retention, and viscosity of
glandular mucosa secretions contribute to a decrease of
vocal fold motility reflected in raised PTP and CTP.

CONCLUSIONS

This investigation has shown, for a single subject,
considerable changes of PTP and CTP during pregnancy,
implying effects in vocal fold motility. PTP and CTP
shifted from high values for the Prae condition (i.e. prior
to birth), when elevated progesterone and oestrogen
concentrations were observed, to lower values A¢ and
Post conditions, when concentrations of these hormones
were markedly reduced. The results thus demonstrate, for
this singer, how hormonal variations during pregnancy
affected the vocal fold motility.
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