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Consonant evaluation during fabrication of a removable prosthesis
for a cleft lip and palate patient: A clinical report
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ABSTRACT
Objective consonant evaluation using palatograph tracing and digital acoustic assessment methods
are valuable tools for speech assessment that can be used to track speech improvement in patients
wearing a removable prosthesis. In this case report, we employed the psychoacoustic parameter –
sharpness - to compare the quality of consonants in a cleft palate patient while wearing the old
prosthesis, the new prosthesis, and the new prosthesis following palatogram guided modification. The
result suggests that sharpness can be successfully analyzed as a criterion to monitor consonants
quality during prosthesis fabrication for cleft palate patients. (Int J Maxillofac Prosthetics 2022;5:22-24)
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INTRODUCTION
Cleft lip and palate are common orofacial
congenital defect that occurs in isolation or
combined with other congenital defects or
syndromes. The defect’s degree of severity is
directly related to the severity of the aesthetics
disfigurement and functional defect.1 Patients with
cleft palate frequently have speech difficulties, which
are typically exhibited as hypernasality and impaired
speech intelligibility.2-4 Surgical intervention may
improve speech production, however, many
patients still have speech problems after surgery,1
mainly due to postoperative complications such as
velopharyngeal insufficiency.1,3,4 Therefore, some
studies recommended using a prosthetic obturator
to avoid these complications, especially in patients
with a large palatal cleft.1 Furthermore, besides
closing the oro-nasal communication and restoring
the lost teeth, the palatal surface of the prosthetic
obturator can be modified using palatograph
technique to improve articulation during speech
therapy.1
Speech improvement is one of the most crucial
aims in cleft palate rehabilitation, and a variety of
subjective and objective evaluation tools have been
used to evaluate speech in such patients. Subjective
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methods such as the speech intelligibility test is
commonly used, however, it is not accurate as it is
perceptually determined and depends on the
therapist's skills and judgment.5 On the contrary,
digital acoustic evaluation methods are easy to
process and reproducible allowing long-term followup.4-6 In this case report we used the psychoacoustic
parameter; “Sharpness” to track consonants articulation
characteristics through the old prosthesis, the new
prosthesis, and the new prosthesis after palatogram
modification in cleft palate patient.

CASE REPORT
A 51-year-old lady presented to the department
of Maxillofacial Prosthodontics, Tokyo Medical and
Dental University complaining of mobility of her
upper prosthesis. The patient had a history of rightside cleft lip and palate and underwent four plastic
surgeries. Past dental history includes orthodontic
treatment, restorations, and removable partial dentures.
Clinical examination (Fig. 1A) revealed a repaired
cleft palate at the right maxilla and some of the
maxillary front teeth were missing. There were
remaining roots, prepared abutments, and OP
anchors on the maxillary central incisors. Periodontal
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tissue and remaining teeth were in preferable
condition. The denture has a history of fracture and
repair (Fig. 1B).
Fabrication of an acrylic-based removable
overdenture was planned to restore the masticatory
function, phonation, and aesthetics. The remaining
teeth and the OP attachments were used to gain
additional support and retention for the denture. The
prosthesis was fabricated conventionally and then
adjusted using palatogram speech evaluation technique.
A

B

Figure 2 shows the result of the palatogram
evaluation for /t/ and /s/. When /t/ was pronounced
there was a rather wide wet area spreading to the
palate indicating enough contact of the tongue to
the palate (Fig. 2B). When /s/ was pronounced, the
tongue contact area was too large with less airway
in the middle indicating that the base of the
prosthesis was thick making less airway for making
fricative sound (Fig. 2A). The sharpness of /s/ was
lower with the old prosthesis and became higher
with the new prosthesis. /k/ sharpness is considerably
elevated after palatogram adjustment. The sharpness
of the labial /p/, alveolar /t/, and post-alveolar /atʃi/
showed minimal changes between the three
conditions (Fig. 4). The patient was satisfied with
the adjusted prosthesis and kept visiting for the
check twice a year without showing any problems
for five years up to now.

Fig 1. Intraoral view A, Old denture B.
2.5

We used conventional palatogram technique
(alginate powder) to evaluate the tongue contact
while uttering the following syllables: /aka/, /asa/,
and /ata/ (Fig. 2), and the prosthesis was modified
accordingly by reduction or adding self-cure acrylic
resin. For psychoacoustic evaluation, the patient
was instructed to utter; /aka/, /asa/, /ata/, /apa/,
and /atʃi/ three times while wearing the old denture,
and the sound was recorded on a computer using a
microphone (Fig. 3). The procedure was repeated
for the new denture before and after palatogram
adjustment. The highest sharpness value of each
consonant was analyzed using a psychoacoustic
system and the mean of the three times
measurement was calculated (Fig. 4).
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Fig 4. Sharpness of consonant with old denture, new denture and
adjusted new denture.
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Fig 2. The new denture during palatogram recording, A /s/ and B /t/.

Patient utterance
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Sound interface
(Sound blaster
extigy, Creative)

Because it allows the prosthodontists to track
the progress of the patient's speech, objective
digital acoustic assessment is a useful tool for
maxillofacial prosthetic rehabilitation.4 Prosthodontists
use this technique to assess patients with speech
impairment who require prosthodontic treatment.5-8
Palatogram is conventionally used to visualize the
tongue palate contact during articulation of specific
consonant and, determine the parts of the denture
that needs adjustment.

Psychoacoustic system

Recording software
(Osreco, Ono Sokki)

Analyzing software
(Oscope 2, Ono Sokki)

Sharpness
Mean of the
highest sharpness
of each syllable.

Fig 3. Psychoacoustic evaluation process.
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Psychoacoustics correlate the physical characteristics
of acoustics to subjective human perception.6,9
Chowdhury, et al and Hattori et al discovered that of
the three psychoacoustic parameters of Loudness,
Roughness, and Sharpness that were used to
evaluate a speech in maxillectomy patients, Sharpness
had the lowest coefficient of variance and was used
in their study for comparison.6,9 Accordingly, we
adopted sharpness to be used in this case.
Sharpness describes the quality of a sound to sound
sharp - as if it were cutting through something - and
it is closely linked to how pleasant we find the sound
to be. Sharpness is dominated by energy and
frequency and, it’s a question of the spectral
envelop of a sound;10 if there is strong highfrequency energy in a sound then it will be sharper
than if there is no strong high-frequency energy.
The sharpness frequency of /s/ was increased
when the new prosthesis was inserted indicating the
articulation improvement compared to the old prosthesis.
In their study, Chowdhury et al, demonstrated that /s/
sharpness increased significantly for maxillectomy
patients after using an obturator prosthesis.6 The /p/
sharpness showed no changes, this could be
attributed as the place of articulation is not involving
the prosthesis (labial consonant). For /t/ and /tʃ/ we
suggest that the articulation patterns remain the
same for the three dentures – even after thinning
the new denture base - as the sharpness showed
no significant differences (Fig. 2B). Although the
prosthesiswasn’t covering the articulation place for /k/,
its sharpness increased after adjustment. The
cause is thought to be the comfort of wearing the
altered prosthesis, which made it more plosive;
however, more evidence from other cases is needed
to support this theory (Fig. 4).

CONCLUSION
Objective speech analysis utilizing the
psychoacoustic parameter sharpness was useful in
evaluating and tracking treatment progress and
outcomes for cleft lip and palate patients who
require a removable denture. More research is
needed to compare this variable in a large group of
cleft lip and palate patients wearing a prosthesis.
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