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Abstract Difficulty with singing is a rare but important
complication following cervical spine surgery but there is
little objective information regarding the cervical and
head postural changes taking place during singing. The
aim of this study was to identify postural changes in the
cranio-cervical region associated with the demands of
voice production in professional opera singing. The two
Roentgen-cephalograms, one of which are taken whilst
performing a specified singing task were taken from 18
professional opera students, 12 females (mean age
20.86 + 3.07 years) and six males (18.66 + 1.36 years).
A paired t test compared mean cranio-cervical postural
and pharyngeal/hyoid variables between the two regis-
trations (P = 0.05). The association between the cranio-
cervical postural variables and the pharyngeal/hyoid
region in each registration position was examined using
Spearman’s rank correlation coefficient. In singing, the
position of the atlas with respect to the true vertical
(P < 0.001), the axis (P < 0.001) and the C4 vertebra
both with respect to the horizontal (P < 0.001), and the
axis with respect to the cranium (P < 0.001), were all
significantly different to those at rest. Of the cranio-cer-
vical postural variables in the singing registration, the
angles measuring positional change of the atlas and C4
relative to the true horizontal were shown be significantly
related to an increased pharyngeal airway space at the C3
level (P < 0.01). An appreciation of the requirement for
the cervical spine to undergo postural change during
professional opera singing has relevance to the potential
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impact on voice quality in professional opera singers
should they undergo cervical spine surgery.
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Introduction

Professional opera singing involves interactions between
the laryngeal structures and the cervical spine vertebrae,
which vary according to the singer’s vocal timbre and
intensity [16]. Correct postural alignment of the head and
neck is a necessary element in the optimization of voice
production [24]. Positional changes to head and neck
posture have been shown to alter the quality of the voice
thereby supporting the hypothesis that the motor system
controlling phonation is functionally coupled with the
motor system controlling posture of the head and neck [11].
Any process impairing anterior—posterior movement of the
cervical spine is likely to impact on the exquisite control of
airflow and air pressure through the vocal tract required for
accuracy of the singing task [16]. The inability to undergo
discrete positional adjustments of the cervical spine ver-
tebrac may be a factor that contributes to singing
impairment, a rare but important complication reported
subsequent to cervical spine discectomy and fusion pro-
cedures [25]. Furthermore, voice professionals such as
opera singers are particularly vulnerable to transient per-
formance reductions subsequent to extended surgery,
leading to a reduction in the highest pitch and consequently
a reduced range of the singing voice [12].

The physiological modifications associated with
professional singing involve the maximum tilting of the
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Fig. 1 Roentgen-cephalograms
of a subject registered in the

standardized upright posture (a)
and during the singing task (b)

thyroid cartilage and tuning of the pharyngeal-buccal
cavity to the laryngeal sound. Positional changes of the
thyroid cartilage vary according to the singer’s vocal tim-
bre and intensity [22]. During singing, the trained singer
combines physiological strategies including adjustments
taking place between the respiratory, articulatory and lar-
yngeal systems, which are different from the untrained
singer [3]. Results from studies by Scotto di Carlo [16]
have also demonstrated that there are specific head and
cervical spine postures for each of the three vowel
registers.

Many of the problems reported with the voice sub-
sequent to surgery relate to the singing voice rather than the
speaking voice [12]. However, more information is needed
on healthy participants regarding the physical interactions
between the cervical spine and the surrounding structures
associated with the singing voice in order to better under-
stand the subtle factors impacting on the voice when in this
mode.

The aim of this investigation undertaken with indivi-
duals training to be professional opera singers was to
identify changes in the cranio-cervical postural variables
registered whilst executing a singing task with reference to
their cervical posture, in the standardized upright posture
(SUP) [20, 21]. Such information will provide insight into
the physical demands on the cervical spine during voice
production associated with the particular demands of pro-
fessional opera singing.

Materials and methods
Participants

Eighteen professional opera students, 12 females (mean age
20.86 £ 3.07 years); and six males (18.66 £ 1.36 years)
volunteered for the study. Participants were included if they
met the entry criteria to study voice performance at the
University of Otago and had no history of

temporomandibular joint or cervical spine problems. Prior
to data collection participants were screened using the
Research Diagnostic Criteria recommended by Dworkin
and Sadowsky [4] in order to objectively confirm that they
were free from any form of temporomandibular disorder.
Cervical spine range of motion was measured using the
cervical range of movement (CROM) device' to ensure the
participants’ active movements were within normal limits.
Approval for the study was granted by the National Radi-
ation Laboratory and by the Human Ethics Committee.

Procedure

Two registrations for each participant were carried out via
Roentgen-cephalograms using a Wehmer cephalostat® with
the participant in standing in the SUP and the head fixed
by ear rods. The cephalostat had a fixed focal distance of
160 cm using a film (Kodak T Mat L/RA (24 x 30 cm),
with a magnification factor of 1.0866x. A small fluid-
level device secured on the right temple with double-sided
tape was used to confirm registration of head position in
the SUP. The first radiograph was registered with the
participant in the SUP at the end of quiet expiration
(Fig. 1a) and the second one was taken with the partici-
pant again registered in the SUP but while singing the/A/
vowel and holding the/A/pitch (Fig. 1b). An electronic key
board® was used to guide the participant to establish the
correct pitch. The participant carried out standardized
warm-up voice exercises and was instructed on and
practiced the specified singing task required of them
before the radiographic recording session commenced. A
metal chain hung over the X-ray plate was visible in all
radiographs and served as an external reference line for
the true vertical.

! performance Attainment Associates, St Paul, MN, USA.
2 BF Wehmer, Franklin Park, IL, USA.
3 Casio Sk-1 Sampling Keyboard, Casio, CA, USA.
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Measurements

Eleven measures were used to describe differences
between the angular and linear postural changes between
the SUP and singing task (ST) radiographic registrations.
The bony, soft tissue landmarks and anatomical planes
used to define the cranio-cervical postural and pharyngeal/
hyoid variables are detailed in Table 1 and Fig. 2. Six
variables described cranio-cervical posture: the position of
the cranium with reference to the true vertical (NSL/
VER), the position of the axis with respect to the true
horizontal (OPT/HOR), the position of C4 with reference
to the true horizontal (CVT/HOR), cranio-cervical

Table 1 Landmarks and definitions used to describe the cranio-cervical
and pharyngeal/hyoid variables

Reference Definition

point

Aa Outermost point of the anterior arch of the atlas

Pa Outermost point of the posterior arch of the atlas

C2a Anteroinferior point of the second cervical vertebra

C3a Anteroinferior point of the third cervical vertebra

C2pi Posteroinferior point of the second cervical vertebra

C3pi Posteroinferior point of the third cervical vertebra

C4pi Posteroinferior point of fourth cervical vertebra

C2 ps Posterosuperior point of the second cervical vertebra

APW2 Intercept of the posterior pharyngeal wall co-linear
with PPW2

APW3 Intercept of the posterior pharyngeal wall co-linear
with PPW3

PPW2 Intercept of the posterior pharyngeal wall co-linear
with C2pi and C2a

PPW3 Intercept of the anterior pharyngeal wall co-linear
with C3pi and C3a

HYa Anterosuperior point of the hyoid bone

HYp Posterosuperior point of the hyoid bone

N Nasion: the most anterior point of the frontonasal
suture

S Sella: centre of sella turcica (pituitary fossa of the
sphenoid bone)

Planes/distances

AT Line taken through points Aa and Pa

NSL Line taken through the nasion and the sella

AT Line through the points Aa and Pa

Hyoid plane Line through points HYa and HYp

HY/AP Perpendicular distance (mm) between HYa and
vertical line through S
HY/VER Vertical distance (mm) between HYa and NSL

PPW2- APW2 Distance (mm) between PPW2 and APW2

PPW3-APW3 Distance (mm) between PPW2 and APW3
HOR Horizontal line perpendicular to the true vertical
VER With reference to the true vertical

@ Springer

angulation (NSL/OPT), cervical spine lordosis (CVT/
OPT) and the position of the atlas with reference to the
true vertical (AT/VER) (Fig. 3). Five linear and angular
measures were used to describe positional changes of the
pharyngeal/hyoid region. The pharyngeal airway space
(PAS) was measured using the linear distances at the C2
(PPW2-APW2) and C3 (PPW3-APW3) levels (Fig. 2).
The anatomic position of the hyoid bone was measured
using two linear distances (HY/VER, HY/AP) (Fig. 2b)
along with the angular measure of hyoid tilt (HY/NSL).
This latter angle was measured by taking the line through
the hyoid plane with reference to the NSL line [11]
(Fig. 3).

The cranio-cervical postural angles were measured from
digitized images of the radiographs using the ImageJ 1.32
Windows programme. As the pharyngeal and hyoid vari-
ables required a stronger image contrast, the pharyngeal
and hyoid linear measures and angles were manually
recorded by placing the radiographs over a lightbox and
using tracing paper (3M/Unitek; Monrovia, CA) in a
darkened room.

Statistical analyses

The intraclass correlation coefficients (ICC) with 95%
confidence limits for all angles and linear measures were
calculated on the basis of repeated measurements by the
same examiner for 11 cases. The range of ICC values
(0.96-0.98) showed high intra-examiner consistency and
were in accordance with results of other studies [7].
According to some authors gender could have an effect
on cranio-cervical postural measures [18] and for this
reason preliminary analysis of the data using an unpaired
t test was undertaken to assess the possible effect of
gender on the cranio-cervical postural measures. For each
participant results of the paired ¢ test were then used to
compare mean changes in head and neck postural align-
ment between the two sets of radiographs taken in the
SUP at the end of quiet expiration and then in the ST
registration. Correlations were measured between the
cranio-cervical postural and pharyngeal/hyoid variables
for each registration position using Spearman’s correla-
tion coefficient. Statistical significance was taken as
P = 0.05 for all tests.

Results

Data were measured from two Roentgen-cephalograms
taken for each participant. The preliminary paired ¢ test
examination of the cranio-cervical postural variables
showed no differences between male and female singers
in the cranio-cervical postural variables. The results of
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Fig. 3 The cranio-cervical angles and angle describing tilt of the
hyoid bone (HY/NSL)

the paired ¢ tests revealed that the cranio-cervical pos-
tural angles (AT/VER) (OPT/HOR) (CVT/HOR) and
(NSL/OPT) taken in the ST registration were all signi-
ficantly different (P < 0.001) to baseline measures
registered in the SUP (Table 2). Furthermore, there were
significant differences between the two sets of registra-
tions for the linear measure of pharyngeal airway at the
C3 level (PPW3-APW3) (P < 0.001), along with the
linear measures describing hyoid position (HY/VER)
(P <0.001) and HY/AP (P =0.01) and the angle
describing hyoid tilt (HY/NSL) (P < 0.001) (Table 3).
Two cervical spine postural variables (CVT/HOR and
AT/VER) exhibited significant negative associations
(—=0.627, P <0.01 and —0.598, P < 0.01, respectively)
(Fig. 4) with the increased linear dimension of pharyn-
geal opening (PPW3-APW3) in the singing registration
(Table 4).

Discussion

The data from the measures taken from the cephalograms
of the students training to be professional opera singers
showed that in the registration of a singing task there were
significant changes in the mean angular measures com-
pared with those in the SUP. Changes were primarily
within the upper cervical spine vertebrae reflecting the
adoption of a relatively more forward head posture when
compared with those in the SUP registration. In the singing
registration cranio-cervical posture was characterized by an
increase of 6.93° in cranio-cervical angulation (NSL/OPT),
and there was a 7.20° increase in forward inclination of the
cervical column at the C2 level (OPT/HOR) and a 5.32°
increase at the C4 level (CVI/HOR), along with a 5.6°
forward tilt of the atlas (AT/VERT) (Table 2).

The results also indicated that in the singing registration,
where the position of the cervical spine (CVI/HOR, AT/
VER) was more forward, the angle was significantly
associated with an increase in pharyngeal airway space at
the C3 level (PPW3-APW3), together with a change in
position of the hyoid bone (Table 4).

It has been demonstrated that post-operative edema
subsequent to anterior cervical discectomy and fusion [1]
leads to an average change of 10 mm in airway space at the
C4 level [14]. The results of our study demonstrated that an
average change in pharyngeal space at the C3 level during
singing was 5.97 (£5.99) mm (Table 3). These observa-
tions may provide a plausible explanation for the impact on
quality of voice consequent to post-operative edema
restricting movement in the upper cervical region.

In contrast to the other angles the mean lordotic cur-
vature (CVT/OPT) remained virtually unchanged
(0.72° £ 1.61°) and there was a non-significant difference
between the two postural registrations (Table 2). This
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Table 2 Mean, SD and mean differences in the cranio-cervical postural variables taken from Roentgen-cephalograms radiographs registered in
the standardized upright posture (SUP) and during a singing task (ST) in professional opera students (n = 18)

Cranio-cervical postural SUP ST Mean differences ST-SUP
variables (°)

Mean SD Mean SD Mean SD Range
NSL/VER 91.19 5.49 91.26 5.34 0.49 3.65 —5.40, 8.72
NSL/OPT 96.83 10.07 103.77 8.21 6.93* 6.60 —6.87, 20.93
OPT/HOR 84.50 7.90 77.30 7.83 —7.20% 5.32 —14.23, 2.10
AT/VER 101.54 5.86 95.94 7.82 —5.60%* 5.07 —15.26, 8.10
CVT/HOR 80.09 6.53 74.77 6.83 —5.20% 5.20 —13.14, 3.56
CVT/OPT 4.71 2.80 4.05 2.69 0.72 1.61 —3.59, 2.67
* P < 0.001

Table 3 Mean, SD and mean differences in the pharyngeal/hyoid variables taken from Roentgen-cephalograms registered in the standardized

upright posture (SUP) and during a singing task (ST) in professional opera students (n = 18)

Pharyngeal/hyoid SUP ST Mean differences (ST-SUP)
variables -
Mean SD Mean SD Mean SD Range
PPW,-APW, 11.97 3.38 12.74 3.46 0.82 3.3.47 —9.00, 6.00
(mm)
PPW;-APW; 16.24 4.21 22.10 5.64 5.97%** 5.99 —5.00, 16.00
(mm)
HY/VERT (mm) 11.05 1.08 11.74 0.86 0.64%* 0.69 —0.20, 2.50
HY/AP (mm) 11.26 7.54 15.00 9.10 3.74% 5.69 —6.00, 14.00
HT/NSL(°) 37.62 8.49 47.31 10.20 9.70%** 9.11 —10.00,
23.55

* P =0.01, ¥** P <0.001

finding is in keeping with the findings of a comparable
cephalometric study whereby a small mean difference in
the same CVT/OPT angle (0.41 + 1.63°) between two
experimental head postural registrations was described.
Collectively these findings suggest that the degree of lor-
dotic curvature is a postural variable of the cervical spine
which functions independently from the other angular
measures that describe cranio-cervical posture. It is com-
mon practice to evaluate cervical lordosis as a clinical
outcome measure following surgical intervention [8].
However, our results indicate that change in cervical lor-
dosis is not significant and therefore it would be
inappropriate to use this as a baseline measure for the
changes likely to impact on the cervical spine, at least in
opera singers.

A key strength of our study design was that the entry
criteria for the study were strictly monitored so as to ensure
all participants met the skill set appropriate to the level
required for professional opera singing. The use of a SUP
registration as the baseline measure for change in head and
cervical spine added further strength to the experimental
design as this posture is highly reproducible and ensures
that not only the head but also the cervical spine is in the
natural position [15, 21]. In the SUP the reproducibility of
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both cranio-cervical [17] and pharyngeal/hyoid measures
[9] is highly reliable.

The method used in the current investigation to
measure the angles and lines was robust and the ICC
values obtained for the repeated digitization and linear
measurements (0.96-0.9) were within acceptable limits.
Furthermore, all measurements in our study were taken
with reference to an external line which marked the true
horizontal or vertical as the accepted standard from
which to measure postural variables of the head and
cervical spine [10].

One limitation of the current study is the acknowl-
edgement that the head and neck undergo various
positional changes during the execution of vocal tasks [11]
and that in our study potential temporal changes in head
and neck posture were not accounted for. The synchronous
and successive function of various muscles is likely to vary
between singing styles [23] and will also be influenced by
the characteristic dentofacial features found in professional
opera singers [2]. For this reason the results from our study
are applicable only to professional opera singers.

The decision in the experimental set-up to use ear plugs
in order to fix the head within the cephalostat may be
questioned as it has been argued that such constraints will
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Fig. 4 Scattergrams showing the correlations between the pharyngeal
airway space (mm) and angular measures of cranio-cervical posture
CVT/HOR (a) and AT/VER (b) at the C3 level

result in abnormal compensatory postures [16]. However,
other researchers consider the use of fixation in the cepha-
lostat in this way to be essential so as to reduce method

error and in order to produce data which are clinically
useful [15, 21]. A further potential limitation of the study is
that the cephalostat head support system used in the
Roentgen registrations does not permit inclusion of the
lower cervical spine vertebrae and therefore any compen-
satory adjustments below the level of the C4 vertebrae
were not able to be considered.

In our study the findings showed that mean differences
in the set of angular measures between the two registrations
were significantly different (Table 1). However, this should
not be taken to mean that the values obtained from the
singing registration represent the entire spectrum of pos-
tural adjustments required of the cranium and cervical
spine during the course of a singing task as these are known
to vary widely [16, 23]. The results obtained in our study
demonstrate that the physiological requirements of opera
singing demand localized changes in the relative positions
between the upper cervical spine vertebrae with respect to
the cranium that are significantly different to those
assumed in the SUP.

The position of the hyoid bone adapts relative to anterio-
posterior changes in head position and to changes in the
position of the mandible and is thus co-ordinated with
changes in head and cervical posture and functional tasks
involving jaw motion [13]. It is known that the position of
the hyoid also indirectly reflects the position of the tongue
relative to the upper and lower jaw [6]. The inclusion of the
three hyoid measures in our study was relevant to further
describe the changes that occur with the task of voice
production in professional opera singing. The findings were
consistent with the results of previous studies [5, 14].
However in our study the relationships between cranio-
cervical posture and the hyoid bone position were not as
strong as those found between cranio-cervical posture and
PAS (Table 4).

The constant return by individuals to the SUP ensures
that there is a dynamic balance between the upper airway

Table 4 Spearman’s

. . NSL/OPT CVT/HOR OPT/HOR CVT/OPT AT/VER NSL/VER

correlation coefficients of the

cranio-cervical postural and SUP

pharyngeal/hyoid variables in

the standardized upright posture PPW2-APW2 0.137 —0.146 —-0.214 —0.255 —0.353 —0.022

(SUT) and in a singing task (ST) PPW3-APW3 0.158 —0.195 —0.148 —0.226 —0.174 0.000
HY/VERT 0.036 —0.148 —0.097 —0.044 —0.067 0.041
HY/AP —0.339 0.460%* 0.459* —0.034 0.330 0.066
HY/NSL 0.047 0.049 0.175 0.319 0.515% 0.358
ST
PPW2-APW2 0.224 —0.152 0.233 —0.118 —0.344 —-0.127
PPW3-APW3 0.392 —0.627** —0.386 —0.013 —0.598** 0.006
HY/VERT 0.061 —0.033 0.189 0.162 0.301 0.499*
HY/AP —0.040 0.249 0.307 0.330 0.336 0.480*
HY/NSL 0.197 —0.229 —0.158 0.097 —0.066 —0.101

* P <0.05, ** P <0.01
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and surrounding bony and soft tissue structures such that
the patency of the airway is maintained and airflow is
optimal [19]. It also follows that changes in cranio-cervical
posture will influence airway patency and alter resistance
to airflow during singing. Mean results obtained in our
study demonstrated that during the singing task the
dimensions of the airway at the C3 level increased together
with a relatively more forward head posture as measured
by a decrease in cervical angulation (CVT/HOR) and for-
ward tilt of the atlas (AT/VER) (Table 2).

The marked differences in cranio-cervical angles
between the two postural registrations identified in our study
serve to highlight the need to appreciate the physical
demands that are placed on the cervical spine during voice
production in professional opera singing. Difficulty in
raising the voice and varying the singing pitch are amongst
the problems reported by some singers subsequent to ante-
rior cervical spine surgery [25]. Although detailed angular
and linear postural measures before and after surgery have
not been reported to date, it is reasonable to suggest that
surgical interventions that interfere with the ability of the
cervical spine to undergo discrete postural adjustments are
likely to impact on the finer qualities of voice production in
singing especially when reaching for higher notes [16].
Singing problems have been reported to occur more fre-
quently in surgical interventions at the C3/4 level and until
now these more subtle voice difficulties have been attri-
buted to superior laryngeal nerve damage [25]. Even though
our findings support the case for a mobile upper and middle
cervical spine as a requirement for optimal performance in
professional opera singing our data do not provide an
explanation for the increased frequency of singing problems
reported in females over males [25]. The basis for this sex
difference must lie elsewhere or could potentially be
masked by the fact that a small cohort was studied.

In conclusion, the pattern of changes identified within
the cranio-cervical postural variables indicate that they are
part of a synchronous chain of dynamic shifts in anatomical
alignment associated with voice production in singing. The
possibility is raised that localized edema consequent to
cervical spine surgical procedures may impact on the
ability of the cervical spine to undergo these necessary
postural adjustments during singing and thus contribute to
subtle changes in voice quality in professional opera
singers following such interventions.
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