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gnancy, also deteriorates voice quality. Woman, during pregnan-
cy, experiences many changes in the physiological, metabolic and 
anatomical systemic parameters [2]. 

The aim of the study was subjective and objective evaluation of 
voice quality in women in the third trimester of pregnancy.

Material and Methods

The study involved 20 pregnant patients in the III trimester of pre-
gnancy – I group (examined group) and 20 women in the same 
age but not pregnant – group II (control group). The patients were 
diagnosed at the Department of Clinical Phonoaudiology and Lo-
gopedics, Medical University of Bialystok in 2018. The age of pa-
tients in the first group ranged from 20 to 31 years and amoun-
ted to an average of 23 years. Women were non-smokers, and no 
GERD or chronic inflammatory diseases of the upper respiratory 
tract were observed. The control group consisted of women aged 
19 to 30 years, the average age being 24, healthy, non-smokers.

Subjective evaluation of voice quality was conducted using the 
GRBAS scale.

Larynx visualization included application of High-Speed   Digital 

introduction

Voice is the basic tool enabling verbal communication with the 
environment. The larynx belongs to the tertiary sexual features 
and is susceptible to hormones, from the period of puberty to 
old age [1, 8].

During pregnancy, a significant increase in the level of estrogen 
and progesterone is observed. Under the influence of sex steroids, 
in the mucosal membrane of the larynx, congestion and edema are 
observed, caused by increased permeability of blood vessels and 
accumulation of fluid in the interstitial spaces. Edematous chan-
ges in the larynx may be accompanied by dryness of the mucosal 
membrane of the upper respiratory tract [1, 8].

The above morphological changes may decrease voice quality (la-
ryngopathia gravidorum). On auscultation, the voice becomes co-
ated, rough, hoarse with a low fundamental frequency. There are 
three basic clinical forms of dysphonia during pregnancy: edema, 
dryness, nervousness.

In many cases, vasomotor disorders within the nasal mucosa (pre-
gnancy-related rhinitis) may impair nasal patency and indirectly 
affect the voice color, causing closed rhinolalia [6]. Gastro-oeso-
phageal reflux, which usually occurs in the third trimester of pre-
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found in 15 (75%) women, type C – in 5 (25%). The average value 
of the OQ coefficient was 0.33 – in the anterior part, 0.43 – in the 
middle, and 0.52 – in the posterior part. In the examined group, 
the mean MPT value was 7.9 sec. and in group II – 22.3 sec. (Fig. 3)

Imaging (HSDI) technique as well as high-speed camera – High 
Speed   (HS) in the HRES Endocam 5562 system by Richard Wolf 
GmbH. In the examination, a rigid endoscope with 90° optics, of 
the same producer was used. The examination was conducted du-
ring phonation of vowel „e”. The 2-second recorded vibration se-
quence of both vocal folds was analyzed, recording the image at 
4000 frames per second. The saved image was analyzed for 8.88 
minutes using the play-back function. The asymmetry of vibra-
tion of vocal folds according to the 4-point Shaw-Deliyski scale 
[15] was assessed, with 1 point meaning mild asymmetry, 2 po-
ints moderate asymmetry, 3 points – severe asymmetry, and 4 and 
more points – profound asymmetry. Glottal Closure Types (GTs) 
were evaluated in accordance with the Committee on Phonia-
trics of the European Laryngological Society (ELS) classification 
[3], diagnosing the type of phonation closure as A - rectangular, 
B - concave, C - triangular, D –V-shaped, E - medial. The value of 
the Open Quotient (OQ) in the front, middle and posterior part 
of the glottis was also assessed.

The voice acoustics analysis was conducted using the Diagnoscope 
Specialist software by DiagNova Technologies, analyzing the va-
lues of the parameters F0, Jitter, Shimmer, and NHR. A statistical 
analysis of the obtained results was conducted, in which a one-way 
analysis of variance was used, assuming the statistical significance 
level of P <0.05. The study was granted a consent of the Bioethical 
Committee No R-I-002/170/2018.

results

All patients from the first group reported voice fatigue, hoarseness 
and dryness of the mucosal membrane of the throat and larynx. 
Patients from the second group reported periodic hoarseness and 
fatigability of voice usually associated with a co-infection. In the 
perceptual evaluation of voice quality on the GRBAS scale in group 
I (Fig. 1), hoarseness was recorded in 10 (50%) patients, roughness 
in 6 (30%), strain of voice in 4 (20%), asthenic voice and breathiness 
of voice were not recorded. In group II, the physiological parame-
ters in the form G-0, R-1, B-1, A-0, S-0 were found in the GRBAS 
scale (Tab. I). The most precise diagnostic tool is High Speed Di-
gital Imaging (HSDI) technique, allowing for imaging of real vi-
brations of the vocal folds and the geometry of the vocal channel 
during breathing and phonation [9, 10, 11, 12].

In the examined group, HSDI recorded a slight edema and con-
gestion of vocal folds in 14 (70%) pregnant subjects, while in the 
remaining 6 (30%) patients the physiological image was recorded 
(Fig. 2). In this group, a moderate mucosal wave (MW) asymmetry 
was recorded in 3 (15%) patients, mild – in 10 (50%) and – physio-
logical MW in 7 (35%). The type of glottal closure was classified 
as type B in 3 women (15%), as type C – in 11 (55%) and as com-
plete phonatory glottal  in 6 (30%) pregnant women. The average 
value of the OQ coefficient was 0.23 in the anterior part, 0.5 – in 
the middle part, and 0.82 – in the posterior part (Tab. II and III).

No pathological features of the vocal organ were found in the con-
trol group. In 16 (80%) women, physiological MW was observed, 
and in 4 (20%) – mild asymmetry. A complete glottal closure was 

Fig. 1.  Perceptual evaluation of GRBAS scale parameters in the study group.

Fig. 2.  Image of vocal folds, HSDI technique – examined group (A) and control group (B).

Fig. 3.  Comparison of MPT values in the examined and control group.

Fig. 4.  Parametric evaluation of voice quality in the examined (A) and control (B) group.
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the values   of F0, Jitter, Shimmer and NHR did not differ in both 
groups. The frequency F0 depends primarily on strain, stiffness 
and mass of the vocal folds. Increasing fold mass decreases F0, 
however shortening, increase of strain and stiffness of the vocal 
fold, and increase of subglottic pressure increases F0. The edema 
of vocal folds with HSDI technique, which should decrease F0, is 
observed. On the other hand, edema and water retention reduce 
the surface of the glottis, which may decrease the minimum flow 
and as a result lead to increased effort during phonation. It may 
also cause an increase in the strain of vocal folds, increase of sub-
glottic pressure, and theoretically also increase of the F0 value. No 
differences in F0 may result from the adaptation of the woman’s 
body to changes that occur in the body during pregnancy.

The presented studies included a small number of patients and 
are considered as a pilot study. It would be necessary to increase 
the size of the examined group and it would be most beneficial to 
conduct tests in every trimester of pregnancy and postpartum as 
well as to monitor hormone levels in correlation with changes in 
the larynx recorded using the HSDI technique (glottis configura-
tion-closure type, OQ).

conclusions

1.  Voice quality of women in advanced pregnancy changes because 
of congestion and edema of vocal folds and phonatory insuffi-
ciency of the glottis, which has been confirmed by an objective 
HSDI technique.

2.  Hoarseness and voice fatigue are the most frequent subjective 
symptoms in women in the third trimester of pregnancy.

3.  In women in advanced pregnancy, a statistically significant re-
duction of Maximum Phonation Time was found.

4.  The acoustic analysis of voice showed no significant changes 
in voice quality parameters in women in advanced pregnancy.

In the acoustic assessment of voice in the examined group, no si-
gnificant increase of F0, Jitter, Shimmer and NHR parameters was 
found in relation to the normal value. In the control group, the pa-
rameters analyzed reached physiological values (Fig. 4).

discussion

Pregnancy is a special period in a woman’s life that requires ana-
tomical, physiological and metabolic adaptations. The body is 
subject to many alterations under the influence of elevated levels 
of steroid hormones [16]. The fetus and placenta are an additio-
nal source of production of steroids which pass to the maternal 
circulation [5]. Elevated levels of estrogen increase mucus pro-
duction, reduce its viscosity and dilate blood vessels. In contrast, 
increased levels of progesterone reduce the production of mucus 
and increase its viscosity leading to dehydration and thinning of 
the mucosal membrane of the vocal folds [1]. In pregnant women 
a significant increase in water content in the body is observed, 
which is an expression of adaptation to pregnancy and at the same 
time affects the quality of voice [6]. During pregnancy, the laryn-
geal membrane becomes congested and edematous. An increase 
in the mass of the vocal fold may cause hoarseness. Along with 
the development of pregnancy, the posture of a woman, lung ca-
pacity, pattern of breathing become different. Reflux and edema 
of vocal folds may appear, which, according to V.L. Cassiraga [2], 
affects voice quality. During pregnancy, woman also undergoes 
psychological changes [4].

Pregnant women often reported subjectively the occurrence of pe-
riodic hoarseness, voice fatigability, particularly those who used 
voice professionally, as confirmed by the studies of Hamdan et al. 
[6] and A.B Hancock et al. [7].

La and Sundberg [13] performed laryngeal examination in a so-
prano singer in the third trimester of pregnancy and observed an 
increase in pressure threshold, which indicated an increase in epi-
thelial thickness and tissue viscosity within the phonatory organ. 
In case of singers, it is recommended to avoid forced vocal training 
and performances during pregnancy [7, 13].

In this study, a statistically significant decrease of MPT in women 
in the third trimester of pregnancy was observed. Similar results 
were obtained in the studies by Cassiraga et al. [2] who found a 
decrease of MPT in pregnant patients compared to non-pregnant 
women. Saltürk et al. [14] also registered a decrease of MPT in 
the third trimester, whereas in other analyzed groups, such a dif-
ference was not found. 

On the other hand, Hancock et al. [7] observed a stability of MPT 
values and did not observe its decrease in the third trimester of 
pregnancy in a pregnant woman who is a professor in the field of 
voice emission and linguistic sciences. This result could be the 
consequence of knowing and observing the principles of voice 
emission and hygiene by that diagnosed woman [7].

In the acoustic voice assessment, no differences were found be-
tween pregnant and non-pregnant women. It is wondering why 

tab. i.  Perceptual assessment of GRBAS scale parameters in the control group.

GRBAS scale parameters G0 R1 B1 A0 S0

tab. ii.  One-way analysis of variance in the examined group .

Groups counter suM averaGe variance

OQ – posterior part 20 16,56 0,828 0,013217

OQ – middle part 20 10,09 0,5045 0,015731

OQ – anterior part 20 4,6 0,23 0,009611

tab. ii.  One-way analysis of variance in the examined group.

variance’s 
source

ss dF Ms F p value F test

Between 
groups

3,584043 2 1,792022 139,4255 0,0000000000 3,158843

Within 
groups

0,732615 57 0,012853

Sum 4,316658 59
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