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Summary
Introduction. Rehabilitation after resection
of hard or soft palate is best accomplished
prosthodontically through obturator. However,
restoring normal phonation, particularly a
reduction in nasalence of speech is indeed, a
daunting task, since the defect configuration may
render complete obturation impossible.
Aim of the study. To create an algorithm
to predetermine the effectiveness of obturator
prosthesis in reducing hypernasality in
maxillectomy patients.
Material and methods. 57 patients (39
male, 18 female) with healed maxillary defects
were included in the study. All the patients
were wearing definitive obturator for at least 3
months. The volume of the maxillary defect was
obtained using CBCT. The percentage nasality
and resonating frequency were calculated with
the help of PRAAT software. Both the parameters
were assessed with and without obturator.
Results. There was a decrease in resonating
frequency with obturator use (r= -0.443). On
evaluating the correlation between percentage
resonance with obturator and diameter of defect
opening and internal diameter of the defect using
regression analysis, following equation was

Streszczenie
Wstęp. Rehabilitacja protetyczna przy pomocy obturatora daje najlepsze wyniki leczenia w
przypadkach resekcji twardego lub miękiego podniebienia. Natomiast przywrócenie prawidłowej
fonacji, szczególnie w aspekcie zmniejszenia nadnosowości mowy, stanowi wyzwanie gdyż korekta
tego problemu może wykluczyć pełną obturację.
Cel pracy. Stworzenie algorytmu, który wstępnie określiłby skuteczność obturatora w zmniejszeniu nadnosowości u pacjentów po przebytej
resekcji szczęki.
Materiał i metody. Pięćdziesięciu siedmiu pacjentów (39 mężczyzn i 18 kobiet) z zagojonymi
ubytkami w szczęce wzięło udział w badaniu.
Wszyscy pacjenci co najmniej od trzech miesięcy
użytkowali ostateczny obturator. Wielkość ubytku
w szczęce określono przy pomocy CBCT. Stopień
nadnosowości i częstość rezonacji obliczono przy
pomocy oprogramowania PRAAT. Obydwa parametry oszacowano z obturatorem i bez.
Wyniki. Stwierdzono spadek częstotliwości
rezonacji przy użyciu obturatora (r= -0.443). W
celu oszacowania korelacji pomiędzy stopniem
rezonacji z obturatorem, średnicą otworu ubytku i
wewnętrzną średnicą ubytku przy pomocy analizy
regresji, ułożono następujące równanie: % rezo5
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generated: % resonance with obturator = 15.635
-0.667 x Diameter of defect opening +0.499 x
maximum internal diameter of the defect.
Conclusions. With the present algorithm, one
can predetermine the value of hypernasality
depending upon the defect size prior to obturator
fabrication enabling surgeons and prosthodontics
better diagnosis and treatment planning.

nacji z obturatorem = 15.635 -0.667 x średnica
otworu ubytku +0.499 x największa wewnętrzna
średnica ubytku.
Wnioski. Przy pomocy tego algorytmu jesteśmy w stanie przewidzieć stopień w zależności od
wielkości ubytku przed przygotowaniem obturatora, co umożliwi chirurgom i protetykom lepszą
diagostykę i planowanie leczenia.

Introduction

particularly a reduction in nasalence of speech,
is indeed a daunting task,20-22 since the defect
configuration may render complete obturation
impossible. The extent of surgery is dictated
by the location, size and the inherent nature
of the tumour, concurrent with a concerted
effort to maximally save the hard palate to
ensure future prosthesis stability.23-25 Tissue
undercuts, which obstruct easy insertion and
removal of the prosthesis, have to be avoided
and will dictate the bulb contour leaving
certain spaces unblocked. These would form
auxiliary air pockets, enhancing nasalence and
degrading intelligibility of speech. Hence, we
are proposing a model that will predetermine
the efficacy of obturator prosthesis in reducing
hypernasality, thus enabling better success of
obturator prosthesis.

Patients with acquired maxillary defects
suffer an abrupt alteration in normal
physiologic processes after surgical resection1
and a subsequent deep psychological setback
(consequent to physical disfigurement,
retarded ability to speak, to interact socially
and to perform functions of chewing and
swallowing).2-4
Prosthetic rehabilitation of maxillary defects
is aimed at possible restoration of deficient facial
contour in the zygomatico-maxillary region,
obturation of the oro-nasal communication,
restoration of masticatory function and
preoperative parameters of speech.5-8 All of
these are directed at elevation of the quality
of life (QOL) and the psychosocial status
of the patient.9,12 The obturator bulb of the
prosthesis, when well designed, largely restores
facial contours, lending support to soft tissue
from within and augmenting deficient hard
tissue. It also serves to block the oro-nasal
communication. Prosthetic teeth and palatal
contours can efficiently restore mastication
and speech articulation. Thus, the prognosis of
treatment to this extent is usually favourable
and very satisfying to the patient.13-16
Regaining pre-surgery levels of normal speech
and phonation is the prime concern of the
anxious patient, who eagerly desires to escape
detection and re-achieve social acceptance.17-19
However, restoring normal phonation,
6

Materials and Method
The present study was done at the
Craniofacial Prosthetic Unit, Department of
Prosthodontics, Saraswati Dental College
& Hospital, Lucknow, in collaboration with
Division of Head & Neck Surgery, Lucknow
Cancer Institute, Lucknow from March 2016
to February 2019. The study was approved
by the Institutional Ethical Committee and
the Institutional Research and Development
Committee (letter no: IRB/039/2016) and
complied with the norms of the declaration of
the World Medical Association, Helsinki. The
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study patient cohort was derived from the Head
&Neck Cancer Surgery Registry of the Cancer
Institute. A total of 57 patients (39 males, 18
females) with healed maxillary defects that
had been acquired consequent to unilateral
maxillectomy (Aramany Class I and II; Brown
Class1 and 2a; Okey Class 2) were enrolled for
this study. It has already been enunciated in an
earlier study that speech nasalence can be more
effectively reduced with obturation of smaller
palatal defects (max. vol. 28.5 cm3) rather than
the large ones.26,27 To further elucidate this
phenomenon, patients with large defects of
the hard palate only (volume> 28.5 cm3) were
included in this study. Patients with general
poor health, any respiratory or airway disease,
communicative deficit, eye or vision problems,
limited mouth opening or velopharyngeal
deficiency were excluded from the study. All
the study participants had an anatomically
intact soft palate and had been provided with an
immediate surgical obturator per-operatively
and had subsequently fully adjusted to definitive
obturator wear for at least three months.
Computation of the volume of the maxillary
defect
Cone beam computed tomography (CBCT)
was performed. Two CBCT scans were taken
for each patient – with and without the obturator
prosthesis seated in place. These images were
imported to on demand 3D app software
(Cybermed Corporation, South Korea). This
software enabled the metric evaluation of
the shape, contour, volume, sagittal area and
the smallest pre-defined cross-sectional area,
maximum height and internal diameter of the
defect and the diameter of the palatal ostium.
Speech analysis and computation of resonating
frequency and percentage nasality
The speech analysis was performed in a
sound-proof chamber with the microphone
(Philips SBCMD 110) placed 12 cm in front
PROTETYKA STOMATOLOGICZNA, 2022; 72, 1
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of the mouth, under a partition below the nose,
to avoid recording any nasal sound separately
(Fig. 1).26 Each patient was asked to read aloud a
“Rainbow Passage” and phonate the vowels “i”
and ‘u” separately. All these patients had had at
least secondary level (Class 12) education with
basic reading and writing proficiency in English
and hence could read the text. Resonating
frequency of speech and percentage nasality
were assessed with Praat software (Institute of
Phonetic Sciences, University of Amsterdam)
at a default frequency of 44100 Hz., which is
the finest frequency used for recording most of
the sounds. The spectrogram of speech recorded
for each patient had a broadband frequency
range of 0 to 5000Hz., which was sufficient
to analyse normal and hypernasal sounds.
The frequency and amplitude of the recorded
sound were displayed on the x-and y-axes of
the spectrogram, respectively. The resonating
frequency was calculated by subtracting P0
from A1 (i.e. A1-P0), where A1 was the highest
harmonic near the frequency of the first formant
F1 and p0 was a specific harmonic peak, which
was reinforced by resonances within the nasal
passages. The frequency of the first formant
F1 was located on the x-axis and amplitude
A1 on the y-axis of the spectrogram by the
software itself. The amplitude A1 did not vary
with vowel quality. The next highest peak near
A1 represented P0. Resonating frequency was
derived by subtracting P0 from A1 (Fig. 2).
Percentage nasality was calculated from the
formula {[(N/N+O0]x100} where N was
the nasal acoustic energy and O was the oral
acoustic energy. While N was derived from the
software directly, O was derived from the speech
record of the patient and Praat software. Both
parameters were assessed for each patient with
and without wearing the obturator prosthesis.
Data on the palatal defect configuration
(obtained from the CBCT image analysis) and
speech parameters – resonating frequency and
percentage nasality (computed from speech
7
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Fig. 1. Speech recording with the prosthesis in place.

Fig. 2. Speech spectogram.

spectrogram and software driven analysis) – was
analysed using Statistical Package for Social
Science (SPSS) version 15.0. Values have been
represented as mean+-Sd. Normality of the
distributions was checked using Kolomogorov
Smirnov test. All the three distributions (i.e.
resonating frequency without the use of an
obturator, with an obturator and effective
internal diameter of the palatal defect) were
normal, hence a parametric evaluation plan was
adopted. Change in resonating frequency was
assessed using the paired “t” test. A correlation
between resonating frequency without and
with obturator use, and that of palatal defect
8

dimensions with the resonating frequencies,
was worked out using the regression analysis
equation.

Results
A mean change of 27.48% was observed in
percentage resonating frequency following the
use of the obturator prosthesis. Statistically, this
change was significant (p<0.001), indicating
that the change in frequency followed a systemic
pattern. The correlation between pre- and postobturator use percentage resonating frequency
turned out to be a negative one i.e. there was a
PROTETYKA STOMATOLOGICZNA, 2022; 72, 1
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T a b l e 1. Mean change in percentage nasality following obturator use
Mean (%)

Std. Deviation

Without obturator

38.96

4.25

With obturator

11.48

1.34

Mean change

27.48

4.99

Significance (Paired “t”- test)

t= 28.631; p<0.001

Correlation between pre- and postobturator use values

r= -0.443

T a b l e 2. Correlation between percentage resonance with an obturator and diameter of defect opening
and internal diameter of the defect
Coefficientsa

Model
Constant
Diameter of defect
opening (mm)
Maximum internal
diameter of the defect (mm)
a Dependent

Unstandardized
Coefficients
B
Std. Error

Standardized
Coefficients
Beta

t

Sig.

9.364

0.000

15.635

1.670

-0.667

0.289

-1.842

-2.309

0.029

0.499

0.285

1.398

1.752

0.091

Variable: % resonance with obturator.

decrease in resonating frequency with obturator
use, and this decrease was moderate (r= -0.443)
(Table 1), as previously reported.28,29
On evaluating the correlation between
percentage resonance with obturator and
diameter of defect opening and internal
diameter of the defect using regression analysis,
following equation was generated:
% resonance with obturator = 15.635
-0.667 x Diameter of defect opening +0.499 x
maximum internal diameter of the defect.

Discussion
After ablative surgery negated the impending
morbidity of the disease, the maxillectomy
patient seeks resolution of comorbid issues of
aesthetics, speech, mastication, deglutition, etc.
PROTETYKA STOMATOLOGICZNA, 2022; 72, 1

to achieve near normal quality of life (QOL).
Pain, discomfort, mastication, deglutition can
be managed in privacy but facial aesthetics4,15
and speech (with the components of phonation,
articulation and resonance) will profoundly
affect the patient’s sociability, communicative
ability and ultimately social acceptance.30
Thus, the restoration of these two components
becomes a grave concern.31,32 Despite the
recovery of most speech parameters, persistent
hypernasality in patients with large palatal
defects is very disconcerting, and patients
perceive it as an impediment in achievement
of optimum QOL.17,33
Palatal defect dimensions are dictated by
the size of the tumour that has been surgically
removed. The surgeon endeavors to strike a
delicate balance between maximal enucleation
9
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of the pathology and optimum conservation of
healthy palatal tissues.23 Often, this is seen to
produce an “inverted pitcher”-like cavity, in
which the defect ostium is much smaller than its
internal dimensions. A large defect would cause
heightened hypernasality and unintelligible
speech. Advanced techniques to assess
components of speech have shown that speech
intelligibility can be optimally restored by
maxillofacial prosthetic treatment though large
defects degrade it.34-43 As prosthetic obturation
is attempted, based on precision technique-based
measurement of the palatal defect dimensions
and bulb fabrication,44-47 the bulb dimensions
must correspond to the palatal ostium to ensure
easy placement and removal without injury to
peripheral tissues. The volume of the defect
that is left unblocked will constitute auxiliary
air pockets and continue to produce persistent
hypernasality of speech.48-50 Therefore, it is
prudent to obturate the palatal defect to its
maximum height and this is easily achievable.
Apart from being lightweight and easily
retained hollow obturator bulbs have proved to
contribute to voice and speech resonance.51,52
The problem arises when the defect is enlarged
mediolaterally or anteroposteriorly compared
to the dimensions of the palatal ostium. Even
if the obturator bulb is assigned a pedunculate
contour in resilient material,53 insertion and
removal of the prosthesis will be very difficult
and may also recurrently damage periosteal
tissue. The obturator bulb may be maneuvered
to seat through a split path of insertion and
removal only if the two components of the
path differ just marginally. Various techniques
viz. sectional obturators that have been tried
out, have met with limited success due to
the difficulty in retrieval of the pieces of the
sectional obturator during its removal every
time.54 A possible proportionate of the ostium
and defect dimensions during surgery would
serve to reduce the unobturated volume of the
defect and reduce nasality. Simultaneously, a
10
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palatal mucosal apron, created during bone
resection to be draped over the exposed cut bone
margins would serve to negate any possibility
of bony injury and necrosis later.
Data on the parameters of the palatal
defect in subjects of this study indicated that
hypernasality of speech was directly correlated
with the discrepancy between the maximum
internal diameter of the palatal defect and the
ostial diameter. This would create intradefect
tissue undercuts, which would be difficult
to obturate, and contribute to persistent
hypernasality and unintelligibility of speech.
Effective prosthodontic rehabilitation requires
wide open access to the defect to ensure perfect
seating of the prosthesis so that maximum
extension along the lateral and posterior walls
can provide optimum retention and stability
and support while the medial nasal wall and the
orbital floor provide support to the obturator
bulb.23,43 It would also ensure a better peripheral
tissue seal and eliminate the chances of oronasal
leakage. However, horizontal extensions
within the defect are difficult to obturate and
almost always degrade the prognosis of speech
quality and total treatment outcome. This study
has enunciated an algorithm to foretell the
prognosis of prosthetic rehabilitation in the
correction of hypernasality and intelligibility of
speech in maxillectomy patients using palatal
defect configuration as a tool. A meticulously
planned treatment protocol by the surgical and
prosthodontic teams would ensure maximum
obturation of the palatal defect, minimal
hypernasality of speech, post rehabilitation
and, ultimately, desirable psychosocial status
for the patient.
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