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Abstract 
Objective(s): The aim of this study is to explore if there is a correlation be-
tween the typical voice classification and the oropharyngeal and laryngeal 
morphology, using video laryngeal stroboscopy and cervical posterior-anterior 
radiography on professional singers in Greece. Methods: 55 professional 
singers (28 females: 7 sopranos, 12 mezzo-sopranos, and 9 contraltos; 27 
males: 8 tenors, 12 baritones and 7 basses) were recruited for this study. All 
participants underwent stroboscopic and cervical posterior-anterior radio-
graphic imaging of their oral pharyngeal and laryngeal area. Additionally, the 
voice classification and features (e.g., height, weight) of individuals were cor-
related statistically. Results: Statistically significant correlations were ob-
served between the VC of the participants with the Phonetic Area (PA) (r = 
−0.451, p = 0.001) and the VC with the Oral-pharyngeal Cavity (OPC) area (r 
= −0.402, p = 0.001) in the total sample. Specifically, in male singers, the PA 
and VC correlation was r = −0.319, p = 0.047, and the VC and OPC area was 
r = −0.328, p = 0.044. Likewise, in female singers, the PA area and VC and PA 
were r = −0.336, p = 0.041 and the OPC area and VC were r = −0.344, p = 
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0.039. The analysis confirmed no correlations between VC and height and 
body weight. Conclusions: The cervical posteroanterior radiography in con-
junction with laryngeal stroboscopy provided new morphometric correlations 
of the VC of professional singers with their Oropharyngeal and Laryngeal 
Anatomy. 
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1. Introduction 

The larynx has many functions, such as airway protection in swallowing and the 
maintenance of homeostasis in respiration and phonation. These functional 
properties are based on the special anatomical structures of the larynx [1] [2] [3] 
[4]. The larynx, as well as the lung and the vocal tract system represent the oldest 
and commonest “musical instrument”: it houses the vocal folds, and produces 
sound as well as the acoustic characteristics of the voice, such as pitch and vo-
lume [4] [5]. It can be affected by numerous factors, including hormonal 
changes, age, sex, body type, the size of anatomical structures, the length of vocal 
folds or psychological conditions [4] [6] [7] [8]. 

The main area involved in vocalization is the vocal tract, which extends from 
the superior surface of the vocal folds to the lips [1]. The vocal track is separated 
anatomically into three main areas: 1) the nasopharynx (leading from the skull 
base to the soft palate), 2) the oropharynx (from the soft palate to the glos-
so-epiglottic folds) and 3) the laryngopharynx (from the glosso-epiglottic folds 
to the lower border of the cricoid cartilages) [1]. 

Singing is considered a type of human expression [9] [10] [11] and a compli-
cated procedure that can be influenced by physical, psychological, environmen-
tal social and cultural factors [9] [12] [13] [14] [15]. Several researchers have at-
tempted to quantify the factors that influence and constitute this phenomenon, 
as well as the morphometric and physiological characteristics of the larynx, while 
singing takes place [16]-[22]. 

Most of the studies correlate the classical singing range with body type, 
claiming that low-tone voices (bass) tend to correlate with taller people, while 
high-tone voices (tenor and soprano) correlate with shorter people [23]. Fur-
thermore, many studies have suggested that there is a relationship between 
laryngeal size (length, shape and thickness of the vocal folds) and qualitative 
vocal characteristics (pitch, loudness and timbre), as they are observed clini-
cally and through correlations, using special imaging techniques [15] [23] 
[24] [25] [26]. 

Specifically, in 1938, Zimmermann measured the length of the vocal folds in 
men and women using Exner’s laryngometer [27] [28]. He concluded that male 
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voices can be classified into three basic categories: bass (24 - 25 mm, vocal folds 
length range), baritone (21 - 27 mm), and tenor (18 - 20 mm). He also classified 
female voices into contralto (18 - 21 mm), mezzosoprano (18 - 21 mm), and so-
prano (14 - 17 mm) [27] [28]. The above classification was later confirmed in 
Neng & Siao’s study using radiological techniques [27] [28] [29]. 

Usually, a vocal coach will classify a student’s voice based on his/her personal 
judgment [30]. They will take into consideration some quality of the voice, such 
as pitch, loudness and timbre, as well as “passagio”, which refers to the transi-
tion points of the singing voice [31] [32]. Although this is an initial classification 
procedure used in conservatories, research efforts using objective methods have 
nevertheless confirmed it as fit for purpose [31]-[38]. 

In contrast, ΕΝΤ doctors use objective assessments that provide information 
on the anatomy of the vocal system and the physiology and function of voicing 
[39] [40] [41]. Furthermore, when determining the voice category of a profes-
sional or amateur singer, the ENT physician will take information on the mor-
phometric characteristics of the voice into account [42] [43] [44]. 

The classification of a singing voice depends on several parameters [42]-[48]. 
Of these, the major parameter is the determination of vocal tone and its range 
during singing, for both males and females. This usually reaches two octaves, 
rarely extending to three or more [29] [49] [50]. In accordance with the above, 
male and female singers have been categorised into the following groups: sopra-
no, mezzosoprano, contralto, tenor, baritone and bass [27] [28] [51]. 

Exarchakos [28] suggested that the measurements of the distances between the 
anatomical structures involved in the procedure of singing (from the cervical in-
cisor to the medulla of the hard palate (CI-MHP), from the medulla of the hard 
palate to the second cervical vertebra (MHP-SCV) and finally the distance from 
the second cervical vertebra to the anterior incision (SCV-AI)) can assist in dis-
tinguishing singers into specific vocal groups (Figure 1). This can be accom-
plished via the comparison of the differences between the distances of the vocal 
tract [52]. 

In the literature, several correlations to classic voice range classification have 
been suggested, taking into consideration parameters such as body mass, height 
and laryngeal morphology [23] [52] [53]. All these correlations were performed 
using a variety of methods, such as video laryngeal endoscopy [54], stroboscopy 
[55], radiographic imaging], or even ultrasound imaging [25] [26] [56] [57] [58] 
[59] [60]. 

Considering the above, the purpose of this study is to provide evidence, using 
stroboscopy and cervical posteroanterior radiography, that there is a good cor-
relation between the voice classification of professional singers and their oral 
pharyngeal and laryngeal anatomy. Due to the fact that there has never been a 
similar study in the past, the results of this research will advance the existing re-
search in such a way that we can probably talk about a new classification of the 
voice category. 
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CI = Cervical Incisor, MHP = Medulla of the Hard Palate, SCV = Second Cervical Vertebra, AI = 
Anterior Incision 

Figure 1. Anatomical parts of the vocal tract, as shown in the Cervical Posteroanterior 
Radiography. 

2. Material and Methods 
2.1. Participants 

Fifty-five (55) healthy singers (male: 27; female: 28), aged from 18 to 78, were 
included in this study. The twenty-seven males were classified as follows: 1) 7 
basses, 2) 12 baritones, and 3) 8 tenors. Likewise, the twenty-eight females were 
classified as: 1) 9 contraltos, 2) 12 mezzo-sopranos and 3) 7 sopranos (Table 1). 
All subjects were classified into singing groups by an experienced vocal coach, 
an ENT doctor and a speech therapist. 

As known, the best way to categorize opera singers into groups, is the Fuch 
system. This system refers to the special kind of voice type, as is for example, the 
“high” dramatic soprano, required for the role of Isolde in Wagner’s Tristan und 
Isolde. Therefore, the voice range is also very dependent inside a classification 
on the repertoire and the singers’ Fach [61] [62] [63].  

Although using Fach system would probably be the most helpful for opera 
singers, we used the typical voice classification of singing voice, without analyz-
ing the voice category, because our research sample consists of professional 
nonopera singers. 

The participants that had undergone prior head-neck area surgery or any type of 
laryngeal surgery were not included in this study. Additionally, subjects who had 
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Table 1. Demographic data samples. 

 
Total group 

N = 55 
Female 
N = 28 

Male 
N = 27 

p-level 

Age (years), mean (SD) 36.90 (16.70) 39.04 (12.90) 36.20 (13.50) 0.362 

Height (cm), mean (SD) 1.69 (0.11) 1.66 (0.12) 1.74 (0.75) 0.061 

Body Weight (Kg), mean (SD) 70.12 (16.63) 67.28 (12.16) 75.16 (12.02) 0.099 

Years of Vocal Training, mean (SD) 9.27 (7.90) 10.58 (8.06) 9.44 (8.15) 0.943 

Voice category     

Bass 7 --- 7  

Baritone 12 --- 12  

Tenor 8 --- 8  

Contralto 9 9 ---  

Mezzo-soprano 12 12 ---  

Soprano 7 7 ---  

p < 0.050, **p < 0.005, ***p < 0.001. 
 

presented during the previous two weeks with: (a) any upper or lower respirato-
ry system disorder, (b) any laryngeal/vocal complaints, (c) symptoms of ga-
stroesophageal reflux (GERD), or (d) laryngopharyngeal reflux (LRP) disease, 
were excluded, as well as subjects who had undergone voice therapy and/or pre-
sented voice disorders in the past. Moreover, the professional singers who were 
smokers, had a history of abuses (e.g., alcohol, recreational drugs, etc.), took 
medications proven to affect the voice (e.g., hormonal medication, inhaled ste-
roids, etc.) or worked in environments where they were exposed to undue fac-
tors such as excessive dust or smoke, were also not included in this study 
[64]-[82]. 

The above data were obtained through a specific history form used in the ENT 
clinic of the University Hospital of Ioannina. Due to the above strict criteria, the 
study sample was limited to only 55 singers. It should be noted that potential 
female participants that were pregnant were also excluded from the study, be-
cause their receiving any radioactive substance would have been impermissible 
[83] [84]. This study was approved by the Ethical Committee of the Medical 
School, University of Ioannina. 

2.2. Collection of Data 

The sample was evaluated at the ENT clinic of the University Hospital of Ioan-
nina, Greece. Prior to enrolment, each subject was informed of the research 
purposes and gave their written consent. For each participant, a video laryngeal 
stroboscopy and a teleradiographic study were conducted, both methods ana-
lysed as follows: 

2.2.1. Video Laryngeal Stroboscopy 
Each professional singer was given a stroboscopic evaluation of their larynx and 
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vocal track area. The stroboscopic evaluation was chosen because it is a 
non-invasive method of introspection of vocal folds. During stroboscopy, each 
singer was asked to produce an /e/ sound at a frequency of tessitura. Tessitura 
refers to the prevailing note or range of notes in a vocal line, the most comforta-
ble modal singing voice range) [85] [86] [87]. Additionally, the shape of the epi-
glottis (flat, omega shaped), the length (short, medium, long), the width of the 
vocal folds (narrow, wide, medium), the thickness (thin, coarse, medium) and 
the shape of the vocal folds (round shaped, striped shaped) were recorded. These 
evaluations were based on the subjective clinical examination of a single experi-
menter. The evaluation was performed using a rigid transoral Storz Stroboscope 
[88]. 

2.2.2. Cervical Posteroanterior Radiography 
Cervical Posteroanterior Radiography was first introduced as chest radiography 
for pulmonary diseases and it is considered effective as an imaging method. All 
subjects underwent lateral cervical radiography in a posteroanterior (PA) position. 

In order to achieve the lateral cervical radiography in (PA) position, we colla-
borated with a specialist from the radiology department of the University Hos-
pital of Ioannina. The X-ray results were performed in the radiological laborato-
ry of the University Hospital of Ioannina. Women were allowed to participate in 
the X-ray examination only after a negative urine pregnancy test. An X-ray con-
trast agent was not used, according to the standard protocol procedure [89] [90] 
[91] [92]. 

Each participant was positioned 180 - 200 cm away from the image receptors, 
erect and with a head inclination of 14˚. During the imaging procedure, the 
singer was again asked to sing the /e/ vowel at the tessitura, as in the stroboscop-
ic evaluation. In order for us to receive a lateral cervical view, subjects were sat 
in a neutral position, with head straight, as proposed in the literature. In order to 
acquire proper positioning, we strictly excluded any participants who did not 
fulfill the anatomic criteria. The measurements were obtained by extending a 
line drawn along the cervical incisor to the medulla of the hard palate 
(CI-MHP), from the medulla of the hard palate to the second cervical vertebra 
(MHP-SCV) and finally from the second cervical vertebra to the anterior inci-
sion (SCV-AI). Algorithms in literature are evaluated on PA views of adults’ 
X-rays with healthy anatomic imaging (Figure 2). Additionally, the phonetic 
area (PA) was measured, which was the sum of CI-MHP, the MHP-SCV and the 
SCV-AI [PA = CI-MHP + MHP-SCV + SCV-AI], as well as the oral-pharyngeal 
cavity (OPC) distance, which shows the mean length of the oral-pharyngeal cav-
ity [OPC = CI-MHP + MHP-SCV]. The head position, as well as the object posi-
tion, in this technique does not change the image contouring. In order to reduce 
the radiation dose, PA projection was preferred to the traditional anteroposte-
rior (AP) radiogram, as the radiation dose is much lower than that of the stan-
dard AR projection in cervical radiography [89]-[94]. 
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Figure 2. Cervical posteroanterior radiography. The participant is depicted while singing 
the /e/ vowel. In the picture, the lengths of the distances between the anatomical parts of 
the vocal tract, measured in millimeters, are marked. 

 
Based on the standard protocol procedure, X-rays with foreign bodies, false 

positive findings, calcifications and/or soft tissue and osseous masses were also 
excluded from our study. The above-mentioned dimensions were measured us-
ing electronic tools provided by the IMPAX program. 

Although we used X-ray for physiologic question, we decided to choose this 
technique after taking into account realistic conditions and expectations. On the 
one hand, MRI technology would be harmless and could probably offer even 
more precise data. We found the limitations of this technique stronger than its 
efficacy. Firstly, we did not have easy access to this technique in our Hospital, 
because of the deficient equipment. Secondly, an anxious patient, a claustro-
phobic or a patient in pain, would find it difficult to accomplish. Patients with 
metal in their body, kidney or liver diseases would have to be excluded from the 
study. Finally, MRI scans take longer and cost more than other imaging tests 
such as a CT scan or X-ray and that was a really restrictive. In our opinion, these 
reasons led us to prefer the x-ray from the MRI technique [95] [96] [97] [98]. 

2.2.3. Nasal-Sinus and Clinical Evaluation 
An ENT doctor obtained the medical history of each professional singer. A clin-
ical evaluation of all participants was also performed to record the size of the 
oral cavity (small, medium, large) and the shape of the hard palate (oval, arcuate, 
flat). Moreover, the tone of the voice (acute, medium, heavy) and the voice con-
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tour (light, dark) were obtained as qualitative data. Finally, anterior rhinoscopy 
was used to evaluate the transparency of the nasal cavity (good, reduced) and the 
nasal structure (typical or with abnormalities). The instruments used were a 
small-sized Killian’s Nasal Speculum and a headlight [98] [99] [100] [101] [102]. 

2.3. Statistical Analysis 

The distribution of variables was tested using the Kolmogorov-Smirnov and 
Shapiro-Wilk tests. All skewed variables are expressed as the medians and the 
interquartile range, and all normally distributed variables are expressed as the 
means and standard deviations (SD). A repeated measures ANOVA model was 
used for the comparison of the study groups and the Cervical Posteroanterior 
Radiography findings. Additionally, ETA statistics were calculated. The Pearson 
rank correlation coefficient was used to correlate the vocal category of the par-
ticipants with the PA and OPC. Furthermore, Spearman’s rank correlation coef-
ficient was used to correlate the vocal category of the participants and the per-
meability of nasal cavity, oral pharyngeal size, shape of the hard palate, epiglot-
tis, length of the vocal folds, shape of the vocal folds, width of the vocal folds, 
thickness of the vocal folds, tone/tonicity of the speech, vocal timbre. All re-
ported p-values were two-tailed, and the statistical significance was set at the 
value of p < 0.05. The analysis was performed with SPSS statistical software (ver-
sion 19.0, Armonk, NY, USA). 

3. Results 

The mean age of the total sample was 36.90 yrs. (SD = 16.70) with the mean age 
of males at 36.20 yrs. (SD = 13.50) and the mean age of females at 39.04 yrs. (SD 
= 12.90) (Table 1). 

The mean height of the total sample was 1.69 yrs. (SD = 0.11) with that for 
males being 1.74 yrs. (SD = 0.75) and for females 1.66 yrs. (SD = 0.12). 

The mean body weight of the total sample was 70.12 Kg. (SD = 16.63) with 
male mean body weight of 75.16 Kg (SD = 12.02) and female mean body weight 
67.28 Kg. (SD = 12.16). 

The mean years of vocal training for the total sample was 9.27 yrs. (SD = 7.90) 
with mean male vocal training at 10.58 yrs. (SD = 8.06) and female mean vocal 
training at 9.44 yrs. (SD = 8.15) (Table 1). 

A statistically significant difference was observed for the average height in 
centimeters of the male singers [F (2) = 5.038, p = 0.016, η2 = 0.032] with the 
basses being the tallest [Mean = 1.79, SD = 0.078], followed by the tenors [Mean 
= 1.78, SD = 0.086] and lastly the baritones [Mean = 1.70, SD = 0.075]. 

In contrast, non-statistically significant differences were observed for the av-
erage weight in kilograms for the male singers [F (2) = 1.644 p = 0.213, η2 = 
0.013] with the tenors [Mean = 81.57, SD = 13.17] having on average the heavier 
body weight, followed by the basses [Mean = 74.83, SD = 13.04] and lastly the 
baritones [Mean = 71.27, SD = 9.88]. No statistically significant difference was 
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observed for the average height in centimeters of the female singers [F (2) = 
1.887 p = 0.177, η2 = 0.015] with the contraltos being the tallest [Mean = 1.74, 
SD = 0.086] followed by the mezzo-sopranos [Mean = 1.65, SD = 0.142] and 
then by the sopranos [Mean = 1.62, SD = 0.124]. 

Likewise, non-statistically significant differences were observed for the aver-
age weight in kilograms of the female singers [F (2) = 2.404 p = 0.116, η2 = 
0.019] with the contraltos being the heaviest [Mean = 79.86, SD = 15.97] fol-
lowed by the mezzo-sopranos [Mean = 64.10, SD = 21.60] and then by the so-
pranos [Mean = 57.92, SD = 17.23]. 

As regards the comparison of the mean distances in millimeters for the 
CI-MHP among all singers in the group, a statistically significant difference was 
observed [F (5) = 2.897, p = 0.047], while a non-statistically significant differ-
ence of mean distances for the MHP-SCV was calculated [F (5) = 0.694, p = 
0.631] among all the singers in the group. However, a statistically significant dif-
ference was observed [F (5) = 3.150, p = 0.015] for the SCV-AI among all the 
singers in the group. 

Likewise, for the average length measured in mm of the phonetic area PA, sta-
tistically significant differences were computed among all the singers in the 
group [F (5) = 5.368, p = 0.001]. 

Statistically significant differences were also observed in the average distance 
which represents the mean length of the OPC for all the singers in the group [F 
(5) = 2.899, p = 0.023] (Table 2). 

 
Table 2. Comparison of mean distances using teleradiography among all singers. 

 
†CI-MHP¶ 
Mean (SD) 

‡MHP-SCV 
Mean (SD) 

§SCV-AI 

Mean (SD) 

¶PA 
Mean (SD) 

¶OPC 
Mean (SD) 

Bass 
(N = 7) 

59.38 
(6.83) 

92.08 (8.66) 70.97 (14.49) 
219.12 
(26.12) 

151.34 
(12.27) 

Baritone 
(N = 12) 

54.75 (10.89) 91.71 (13.67) 80.42 (12.98) 
227.08 
(14.38) 

148.58 
(12.01) 

Tenor (N = 8) 
51.30 
(6.57) 

91.46 (11.55) 72.61 (19.71) 
223.21 
(19.24) 

146.42 
(14.78) 

Contralto 
(N = 9) 

50.83 
(8.49) 

85.47 (8.59) 
60.94 
(8.17) 

189.90 
(13.61) 

117.60 
(45.39) 

Mezzo-soprano (N = 12) 
48.68 
(7.46) 

86.01 (10.34) 67.16 (10.33) 
208.89 
(18.28) 

134.98 
(11.57) 

Soprano 
(N = 7) 

48.84 
(3.87) 

87.86 (12.23) 60.95 (13.18) 
202.90 
(20.92) 

137.65 
(15.61) 

F 2.897 0.694 3.150 5.368 2.899 

p-level 0.047* 0.631 0.015* 0.001*** 0.023* 

Abbreviations: †CI-MHP, Central Incisor-Medulla Hard Palate; ‡MHP-SCV, Medulla Hard Palate-Second 
Cervical Vertebra; §SCV-AI, Second Cervical Vertebra-Anterior Incision Larynx, ¶ PA, Phonetic Area; ¶ 
OPC, Oral-pharyngeal Cavity. *p < 0.050, **p < 0.005, ***p < 0.001. 
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A statistically significant correlation (Pearson rho) between the vocal category 
and PA parameter differentiations for all the singers was observed via [r = 
−0.402, p = 0.002]. 

Likewise, there was a statistically significant correlation between the voice 
category and SPC parameter differentiations for all the singers [r = −0.451, p = 
0.001]. 

Non-statistically significant differences were observed in the mean distance in 
millimeters of the CI-MHP area among the basses (59.38 mm; SD = 6.83), the 
baritones (54.75 mm; SD = 10.89), and the tenors (51.30 mm; SD = 6.57); [F (2) 
= 2.263, p = 0.129]. However, a statistically significant difference was observed in 
the mean distance of the MHP-SCV area among the basses (92.08 mm; SD = 
8.66), the baritones (91.71 mm; SD = 13.67), and the tenors (91.46 mm; SD = 
11.55); [F (2) = 0.101, p = 0.904]. The average distance of the SCV-AI also dif-
fered to a statistically significant degree among the basses (70.97 mm; SD = 
14.49), the baritones (80.42 mm; SD = 12.98) and the tenors (72.61 mm; SD = 
19.71); [F (2) = 0.768, p = 0.476]. 

Likewise, for the average length measured in mm of the phonetic area (PA), 
statistically significant differences were observed [F (2) = 0.017, p = 0.983] 
among the basses (219.12 mm; SD = 26.12), the baritones (227.08 mm; SD = 
14.38) and the tenors (223.21 mm; SD = 19.24). 

Statistically significant differences were also observed in the average distance 
that represents the mean length of the stomatopharyngeal cavity, OPC, among 
the basses (151.34 mm; SD = 12.27), the baritones (148.58 mm; SD = 12.01) and 
the tenors (146.42 mm; SD = 14.78); [F (2) = 0.551, p = 0.584] (Table 3). 

Similarly, non-statistically significant differences were observed in the mean 
distance in millimeters of the CI-MHP area [F (2) = 1.417, p = 0.266] among the 
contraltos (50.83 mm; SD = 8.49), the mezzosopranos (48.68 mm; SD = 7.46), 
and the sopranos (48.84 mm; SD = 3.87). However, statistically significant dif-
ferences were observed in the mean distance of the MHP-SCV area among the  

 
Table 3. Comparison of mean distances using teleradiography among bass, baritone and 
tenor singers. 

 
†CI-MHP¶ 
Mean (SD) 

‡MHP-SCV 
Mean (SD) 

§SCV-AI 
Mean (SD) 

¶PA 

Mean (SD) 

¶OPC 
Mean (SD) 

Bass 
(N = 7) 

59.38 
(6.83) 

92.08 (8.66) 70.97 (14.49) 
219.12 
(26.12) 

151.34 
(12.27) 

Baritone 
(N = 12) 

54.75 (10.89) 91.71 (13.67) 80.42 (12.98) 
227.08 
(14.38) 

148.58 
(12.01) 

Tenor 
(N = 8) 

51.30 
(6.57) 

91.46 (11.55) 72.61 (19.71) 
223.21 
(19.24) 

146.42 
(14.78) 

F 2.263 0.101 0.768 0.017 0.551 

p-level 0.129 0.904 0.476 0.983 0.584 

Abbreviations: †CI-MHP, Central Incisor-Medulla Hard Palate; ‡MHP-SCV, Medulla Hard Palate-Second 
Cervical Vertebra; §SCV-AI, Second Cervical Vertebra-Anterior Incision Larynx, ¶ PA, Phonetic Area; ¶ 
OPC, Oral-pharyngeal Cavity. *p < 0.050, **p < 0.005, ***p < 0.001. 
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contraltos (85.47 mm; SD = 8.59), the mezzosopranos (86.01 mm; SD = 10.34) 
and the sopranos (87.86 mm; SD = 12.23); [F (2) = 0.164, p = 0.150]. The average 
distance of the SCV-AI also showed statistically significant differences in the 
mean distance of the MHP-SCV area among the contraltos (67.16 mm; SD = 
10.33), the mezzo-sopranos (60.94 mm; SD = 8.17) and the sopranos (60.95 mm; 
SD = 13.18); [F (2) = 1.066 p = 0.215]. 

For the average length measured in mm of the phonetic area (PA), statistically 
significant differences were observed [F (2) = 1.663, p = 0.215] among the con-
traltos (189.90 mm; SD = 13.61), the mezzo-sopranos (208.89 mm; SD = 18.28), 
and the sopranos (202.90 mm; SD = 20.92). 

Statistically significant differences were also observed in the average distance 
that represents the mean length of the oral pharyngeal cavity, OPC [F (2) = 
0.962, p = 0.399], among the contraltos (117.60 mm; SD = 45.39), the mez-
zo-sopranos (134.98 mm; SD = 11.57), and the sopranos (137.65 mm; SD = 
15.61) (Table 4). 

The Pearson rank correlation coefficient was used to correlate the vocal cate-
gory of the participants with the PA and OPC areas for the total sample; that is, 
both the male and the female singers. 

Statistically significant and negative correlations between voice category and 
PA area (r = −0.451, p = 0.001) as well as between voice category and OPC area 
(r = −0.402, p = 0.001) were found in the total sample. 

Likewise, statistically significant and negative correlations between vocal cat-
egory and PA area (r = −0.319, p = 0.047) as well as between vocal category and 
OPC area (r = −0.328, p = 0.044) were found in the case of the male singers. Si-
milarly, statistically significant and negative correlations between vocal category 
and PA area (r = −0.336, p = 0.041) as well as between vocal category and OPC 
area (r = −0.344, p = 0.039) were found in the case of the female singers. 

Furthermore, Spearman’s rho analysis between the vocal category and the 
clinical characteristics of the participants was computed. Specifically, for the  

 
Table 4. Comparison of mean distances using teleradiography among contralto, mez-
zo-soprano and soprano singers. 

 
†CI-MHP¶ 
Mean (SD) 

‡MHP-SCV 
Mean (SD) 

§SCV-AI 

Mean (SD) 

¶PA 
Mean (SD) 

¶OPC 
Mean (SD) 

Contralto 
(N = 9) 

50.83 
(8.49) 

85.47 (8.59) 
60.94 
(8.17) 

189.90 
(13.61) 

117.60 
(45.39) 

Mezzo-soprano (N = 12) 
48.68 
(7.46) 

86.01 (10.34) 67.16 (10.33) 
208.89 
(18.28) 

134.98 
(11.57) 

Soprano 
(N = 7) 

48.84 
(3.87) 

87.86 (12.23) 60.95 (13.18) 
202.90 
(20.92) 

137.65 
(15.61) 

F 1.417 0.164 1.066 1.663 0.962 

p-level 0.266 0.850 0.363 0.215 0.399 

Abbreviations: †CI-MHP, Central Incisor-Medulla Hard Palate; ‡MHP-SCV, Medulla Hard Palate-Second 
Cervical Vertebra; §SCV-AI, Second Cervical Vertebra-Anterior Incision Larynx, ¶ PA, Phonetic Area; ¶ 
OPC, Oral-pharyngeal Cavity. *p < 0.050, **p < 0.005, ***p < 0.001. 
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sample in total, this analysis revealed no statistical significance between vocal 
category and permeability of nasal cavity (rs = 0.087, p = 0.527); vocal category 
and oral-pharyngeal size (rs = −0.008, p = 0.956); vocal category and shape of 
the hard palate (rs = −0.049, p = 0.723); voice category and epiglottis (rs = 
−0.164, p = 0.231); vocal category and length of vocal folds (rs = 0.025, p = 
0.857); vocal category and shape of vocal folds (rs = 0.189, p = 0.167); vocal cat-
egory and width of vocal folds (rs = −0.062, p = 0.652); vocal category and 
thickness of the vocal folds (rs = −0.217, p = 0.112); vocal category and vocal 
tone (rs = −0.174, p = 0.205); and vocal category and timbre of voice(rs = 0.215, 
p = 0.114). 

For the male singers, Spearman’s rho analysis revealed no statistical signific-
ance between vocal category and permeability of nasal cavity (rs = −0.040, p = 
0.852); vocal category and oral-pharyngeal size (rs = 0.227, p = 0.286); vocal cat-
egory and shape of the hard palate (rs = −0.036, p = 0.868); vocal category and 
epiglottis (rs = −0.182, p = 0.395); vocal category and length of vocal folds (rs = 
−0.281, p = 0.183); vocal category and shape of vocal folds (rs = −0.065, p = 
0.765); vocal category and width of vocal folds (rs = −0.062, p = 0.652); vocal 
category and thickness of vocal folds (rs = 0.196, p = 0.359); vocal category and 
vocal tone (rs = −0.023, p = 0.915); and vocal category and timbre of voice (rs = 
−0.053, p = 0.804). 

For the female singers, analysis also revealed no statistical significance be-
tween vocal category and permeability of nasal cavity (rs = 0.038, p = 0.863); 
vocal category and size of oro-pharynx (rs = 0.227, p = 0.286); vocal category 
and shape of the hard palate (rs = −0.036, p = 0.868); vocal category and epiglot-
tis (rs = −0.182, p = 0.395); vocal category and length of vocal folds (rs = −0.281, 
p = 0.183); vocal category and shape of vocal folds (rs = −0.282, p = 0.181); vocal 
category and width of vocal folds (rs = −0.065, p = 0.763); vocal category and 
thickness of vocal folds (rs = 0.196, p = 0.359); vocal category and vocal tone (rs 
= −0.023, p = 0.915); and vocal category and timbre of voice (rs = −0.053, p = 
0.804). 

The objective examination based on stroboscopy clinical findings showed that 
66.6% of the male singers had good transparency of the nasal cavity, while 33.3% 
of them had reduced transparency. 

For the female singers, 72.72% had good transparency of the nasal cavity while 
27.27% had reduced transparency. 27.7% of the male singers possessed a small 
stomatopharynx, 44.4% mean size and 27.7% large. In the female singers, 54.4% 
possessed a small stomatopharynx, 31.81% mean sized and 13.63% large. 44.44% 
of the male singers presented an oval-shaped palate, 38.88% arched and 16.66% 
flat hard palate. Correspondingly, 59.09% of the female singers presented an oval 
hard palate, 22.72% had an arched palate, and the same percentage (22.72%) 
possessed a flat shaped hard palate. Regarding the shape of the epiglottis, 44.44% 
of the male singers had a high-rising epiglottis, while 55.55% of them had a low-
er-lying epiglottis. 63.63% of the female singers were found to have a high-rising 
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epiglottis, and 36.36% of them with a lower-lying epiglottis. Concerning the 
length of vocal folds, in 33.33% of the male singers these were short, in 55.55% 
average length and in 11.11% long. 

Similarly, in the female opera singers, 36.36% had short vocal folds, 45.45% 
average length and 18.18% long. In terms of the shape of the vocal folds, the fol-
lowing were found: in 66.66% of the male singers these were rounded and in 
33.33% elongated. In the female singers, 40.90% had rounded vocal folds and 
59.09% elongated. 

Concerning the category of vocal folds, 38.88% of the male singers exhibited 
narrow vocal folds, 44.44% wide and 16.66% medium size. 50% of the female 
singers had narrow vocal folds, 27.27% of them wide and 22.72% medium size. 
The thickness of the vocal folds was found to be thin in 33.33% of the men, thick 
in 44.44% and of average thickness in 22.22%. 

Correspondingly, 59.09% of the female singers were found to have thin vocal 
folds, 27.27% thick and 13.63% of average thickness. The tone of speech was av-
erage in 22.22% of the male singers acute in 22.22%, and heavy in 55.55%. In 
40.90% of the female singers, the tone of voice was medium, in 36.36% acute and 
in 22.72% heavy. 

Finally, in observing the colour of each participant’s speech, it was found that 
61.11% of the male singers exhibited deep voice colour, and 38.88% high-tone 
voice colour. In the female singers, 40.90% exhibited deep voice colour, and 
59.09% high-tone voice colour. 

4. Discussion 

This study attempted to correlate morphometrically, through the use of video 
laryngeal stroboscopy and cervical posteroanterior radiography, the vocal cate-
gory of professional singers with their oropharyngeal and laryngeal anatomy. 
This was achieved through the collection of data on 55 healthy singers. The male 
singers included basses, baritones and tenors and the female singers were con-
traltos, mezzo-sopranos and sopranos. The statistical analysis of the data in-
cluded the determination of mean distances in mm and the correlations of the 
VC of the professional singers (classified into six singing groups) with the find-
ings of the aforementioned two imaging techniques, and with the clinical evalua-
tion data. 

The results showed statistically significant differences among all the singers 
for CI-MHP, SCV-AI, PA and OPC. In contrast with the above, non-statistically 
significant differences among the male singers were observed for all measured 
distances (CI-MHP, MHP-SCV, SCV-AI, PA, OPC), with the same result being 
observed for the female singers. 

Specifically, the mean distance of CI-MHP in mm appears proportional to the 
VC. The longest distance appears in basses, is shorter in baritones and the 
shortest in tenors. The CI-MHP distance in mm measured in the female profes-
sional singers also appeared proportionally, with the Contraltos having the 
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longest mean distance and the Mezzo-sopranos the shortest. Our results show 
that the shape of hard palate affects the vocal category, in such a way that allows 
us to posit the following for consideration: singers with a dome-shaped hard pa-
late will probably exhibit a low frequency of VC. Our results failed to provide 
support for Roers, Mürbe and Sundberg’s [53] notion of there being no syste-
matic variation of palate height and singer voice classification. On the contrary, 
our findings agree with those of Gutzmann [98] that the height of the palatal 
arch varies systematically with singer voice classification. Our results also agreed 
with those of Gutzmann in that the shape of hard palate affects vocal category: 
Gutzmann claims that singers with a high hard palate are categorized into sing-
ing groups with high frequency vocal range, such as tenors and soprano. 

The role of resonance and vibration of the hard palate in singing has already 
been discussed by many researchers and using various methods [57] [102]. Gates 
in 1998 [101] noticed that lifting on the opening between soft and hard palate, 
combined with the extension of the ribs, influences the vocal pitch. Similar re-
sults are reported by Lammert et al. [102], suggesting that the palatal concavity is 
a major source of morphological variation that effects speech, articulation and 
acoustics. 

We also noticed that the SCV-AI distance was the longest in singers with 
middle frequency of voice category, both male and female (Table 2). This dis-
tance between the second vertebra of the spine and the anterior incision of vocal 
folds in fact represents the distance between the larynx and the spine while 
singing. The influence of the larynx position in singing production has been 
mentioned in several other studies [1] [60] [104] [106] [107]. Specifically, Shipp 
[103] found that, when the larynx is raised while singing, the laryngeal muscles 
move and change vocal pitch. Wang [103] suggested that, although a singer’s 
high formant is associated with different larynx position, lowering the larynx 
does not explain the extra formant production, or the singer’s formant and voice 
quality. Based on Cleveland’s observations [98], the larynx can rise in certain 
tenors and certain female voices. According to the above studies, we notice that 
they do not prove a specific correlation between voice classification and larynx 
position while singing, as this research does. Taking this into account, together 
with the fact that the dimensions of the cervical vertebrae varied between indi-
viduals, we can say that we expected results not to categorize the different types 
of singing voices into groups based on the larynx position while singing. Sonni-
nen, Hurme and Laukkanen [105], using radiographic imagining methods, ob-
served a female singer while singing and noted that singing voice production 
involves complex movements of the laryngeal structures. 

In this study, the OPC distance in mm was also measured. The OPC 
represents the length of oropharynx correlated to voice category. We found that 
it was inversely proportional to the frequency range in both the male and the 
female singers [28]. Singers with a low voice category, such as male basses, exhi-
bit the longest length of oropharynx, while female soprano singers have the 
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shortest length of oropharynx. Our results lead us to the same conclusion as that 
of Roers et al. [54]. 

The phonetic area (PA) that represents the sum of all distances was also 
measured and found not to be proportional to the VC but appeared to have the 
longest length in singers with middle frequencies of VC, both in men and wom-
en. This agrees with Roers’ suggestion that the variation of the total vocal tract 
length is more dependent on the length of the pharynx cavity than on the length 
of the mouth cavity [53] [54]. 

In the literature, it is also reported that statistically significant correlations 
occur between voice category and the length of the vocal folds [54]. This con-
trasts with the results of our study, since non-statistically significant correlation 
was detected. This can be explained by the fact that the data collected for this 
parameter was nonnumeric. 

Finally, in this present study, a correlation was made of the average height 
(measured in cm) of singers with their voice category. A statistically significant 
difference was observed in the male singers, with the basses having the highest av-
erage body height, followed by the tenors and finally the baritones. As for the fe-
male singers, non-statistically significant differences were observed, as also re-
ported by Roers et al. in 2009 [54]. Furthermore, we correlated the average body 
mass with voice category, since studies report that there is a significant influence 
[52] [53]. However, in this study, non-statistically significant correlations were 
observed between body mass and the voice classification. 

5. Conclusion 

In conclusion, this study aimed to provide an evidence-based classification of 
the voices of professional singers by correlating head and neck area distances 
via posteroanterior radiography and the larynx stroboscopic method [108] 
[109] [110]. We found that the height of the dome of the hard palate does cor-
relate with voice category, both in male and female professional singers. This 
distance appears to be longer in singers with a low frequency voice category, 
such as male basses, and shorter in singers with a high frequency voice cate-
gory, such as female sopranos. Both the SCI-AI distance (which represents the 
distance between the spine and the larynx) and the phonetic area PA seem to 
be longer in singers with middle frequency voice category, both in men and 
women. Following the conclusions of past studies, we confirmed that the lower 
the voice category, the longer the length of the oropharynx, both in male and 
female singers. Thus, a male bass has a long oropharynx, while a female so-
prano has a short one. We also measured the average height in our sample and 
ended up with the same result as previous studies. Singers with low frequency 
voices appear to be taller while singers with a high voice category seem to be 
shorter. Although many research studies support the fact that body mass in-
fluences the voice classification, we did not observe statistically significant dif-
ferences between the average weight measured in kilograms and the voice cat-
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egory. 

6. Limitations 

Sample size was a limitation in this study. The effect sizes were good for all the 
comparisons of distances (Cohen’s d = 0.74, 95% CI [−48.39, 49.87]) based on 
the sample size of 55 participants. It was not feasible to recruit more participants 
due to COVID-19 restriction laws. Taking into account these effect size limita-
tions, the results of this study are good but more participants would increase 
their validity. 
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