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ABSTRACT

The presence of a palatal cleft at birth should not prevent good
speech production in most children provided they have (1) appropriate
surgical intervention to close the palate at or around the child’s first
birthday, (2) careful monitoring of speech development throughout
childhood, (3) speech therapy when needed, and (4) secondary surgical
or speech-prosthetic intervention when needed. When managed care-
fully by an experienced, well-prepared multidisciplinary team that
applies the criteria listed above, �70% of children with nonsyndromic
palatal clefts will have no significant difficulties with speech intelligi-
bility or speech quality due to velopharyngeal insufficiency by the time
they enter elementary school. Speech assessment is the first step toward
comprehensive team management of children with cleft palate. The
purpose of this chapter is to describe the use of instrumentation in the
evaluation of speech of children with palatal clefts, within the context of
a multidisciplinary team. The focus of this article is on instruments that
are used to supplement the perceptual assessment to document current
speech status and plan management strategies.
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speech videofluoroscopy, nasendoscopy, nasopharyngoscopy

Learning Outcomes: As a result of this activity, the reader will be able to (1) describe the role of instrumentation

in the evaluation of cleft palate speech and velopharyngeal function; (2) list the types of acoustic, aerodynamic,

and image-based instrumentation available for assessment; and (3) describe the relative advantages of each type

of instrumental procedure.
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ROLE OF INSTRUMENTATION IN
THE ASSESSMENT OF CLEFT
PALATE SPEECH
Speech is a perceptual entity. Every child’s
speech should be easy to understand and qual-
itatively acceptable. Articulation testing exam-
ines the accuracy of individual speech sound
productions and relates closely to speech in-
telligibility in children with cleft palate. Assess-
ment of speech quality usually involves
approaches that categorize or rate the sound
quality of speech along a continuum between
acceptable and unacceptable. Ratings of hyper-
nasal resonance, for example, attempt to dis-
tinguish speech that is appropriately oral (oral
sounding when oral sounds are produced) from
speech that is excessively hypernasal (nasal
sounding when oral sounds are produced).
Abnormal speech quality can affect intelligibil-
ity but usually less so than abnormal articula-
tion.1–4

Speech articulation and speech quality
interact in most speakers to determine intelli-
gibility. For example, children who have
adequate articulation but whose speech quality
is affected by hypernasal resonance may be
judged as being less intelligible than children
who have similarly adequate articulation but
who are not hypernasal. How these perceptual
observations are described and coded during
the course of a speech evaluation is the subject
of an article by Kummer (pages 127–140), this
issue. Difficulties associated with sorting
through these perceptually based observations
and relating them to recommendations for
intervention have been a major motivator
for development of instrumentation-based
systems.

When speech is perceptually intelligible
and qualitatively acceptable, instrumentation
is needed only for documentation. It is impor-
tant to objectively document all aspects of the
child’s speech production, even when the
speech is found to be normal. When a problem
does exist, instrumentation is used to facilitate
the choice of appropriate treatment options.
Questions that must be answered include: ‘‘Is
the problem severe enough to treat?’’ ‘‘What
sort of treatment options might be appropriate
given the severity of the problem?’’ and ‘‘Are
the child and family ready for the needed

treatment?’’ Instrumentation can play a role in
answering one or all of these questions.

ACOUSTIC-BASED
INSTRUMENTATION
The acoustic speech signal, when properly
recorded, contains relevant information that
determines most of the perceptual character-
istics of speech. Acoustic recordings and meas-
urements are routinely performed as part of the
speech assessment for children with cleft palate.

Audio Recordings

Audio recordings are valuable for documenting
speech quality and intelligibility and may be
obtained any time perceptual testing is per-
formed. Recordings are essential, however,
when perceptual testing identifies a speech
problem that may require physical intervention.
It is important to have a quality microphone
and sound-recording device that each record
frequencies between 60 and 10,000 Hz or
better. In addition, the recording conditions
should include minimal room noise, appropri-
ate and constant mouth to microphone dis-
tance, recording levels adjusted to optimize
signal-to-noise ratio, and use of a standardized
speech sample that is sufficient to capture a
representative sample of the child’s speech
ability.

The acoustic speech signal is commonly
recorded and stored directly to digital storage
media, although good-quality analog recording
devices are adequate. Standard sentences
should be used so the same utterances may be
compared across time for a given individual and
across individuals. Speech samples containing
all oral phonemes provide a record of how the
individual performs when rapid coupling and
decoupling of the oral and nasal passages is not
required. Speech samples that include a mix-
ture of oral and nasal phonemes document
speech performance when the child’s velophar-
yngeal mechanism is challenged to rapidly
accommodate both oral and nasal productions.
Samples that include a high density of nasal
phonemes may be particularly useful when
testing for nasal obstruction that may be caused
by nasal congestion, adenoid hypertrophy, or
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an excessively obstructive pharyngeal flap or
sphincter pharyngoplasty. Examples of some
all-oral and oral-plus-nasal speech samples ap-
pear in Table 1. More extensive recordings may
be obtained, including samples from conversa-
tional speech, articulation testing, and language
testing.

Nasometry

Children with a history of cleft palate fre-
quently have some degree of hypernasal reso-
nance. When perceptual judgments and
acoustic speech recordings confirm a problem
with velopharyngeal valving, there is a parti-
cular need for objective measurement. Naso-
metry is one commonly used approach that
involves comparison of the relative acoustic
energy emitted from the nasal cavity to the
total acoustic energy emitted from both the oral
and nasal cavities during speech production.
Originally conceived and tested by Fletcher5 as
TONAR and later marketed by Kay Elemetrics
(now KayPentax, Lincoln Park, NJ), the Naso-
meter includes a headset with two identical
microphones—one positioned directly in front
of the patient’s nose and the other directly in
front of the patient’s mouth. The microphones
are mounted on a horizontal metal plate that
provides limited acoustic separation between

the oral and nasal acoustic signals (Fig. 1).
Signals from both microphones are received
by an electronic interface that measures signal
intensity and ultimately plots data on a com-
puter screen that represents the percentage of
nasal energy produced in the recorded speech.
Several display options are available including a
graph of nasalance over time (Fig. 1).

Nasalance is the term used to refer to the
average ratio of nasal acoustic energy to nasal -
þ oral acoustic energy for a given speech sam-
ple.6 The resulting nasalance measure ranges
from 0 (no nasal resonance) to 100 (no oral
resonance). In practice, however, measures of 0
and 100 will not occur in connected speech due
to the imperfect acoustic separation between
the nasal and oral microphones.

The amount of nasal energy present in a
speech sample depends on (1) the speaker’s
ability to achieve velopharyngeal closure when
needed, (2) the architecture of the nasal and
pharyngeal passages, (3) the presence of an
intact hard and soft palate, and (4) the presence
and prevalence of nasal phonemes in the speech
sample. To simplify measurements of hyper-
nasality or nasal emission (excessive nasalance),
it is common practice to use a series of utter-
ances containing no nasal consonant sounds.
Therefore, excessive nasalance measured during
these utterances can be attributed to imperfect

Table 1 Examples of Standard Sentences Used for Acoustic Recording, Nasometry, and
Endoscopy

All oral sentences containing pressure consonants Look at this book with us.

It’s a story about a zoo.

That’s where bears go.

Today it’s very cold out of doors.

But we see a cloud overhead.

That’s a pretty white fluffy shape.

All oral sentences containing no pressure consonants You were away.

Where were you?

Why were you away?

We were away earlier.

Will you wear a lily?

Roll a yellow wheel.

Sentences containing a high concentration of nasal phonemes Mama made some lemon jam.

Ten men came in when Jane rang.

Dan’s gang changed my mind.

Ben can’t plan on a long rain.

Amanda came from Bounding, Maine.
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velopharyngeal valving rather than the preva-
lence of nasal phonemes in the sample. To test
for the presence of hyponasality, another set of
utterances is commonly used that are loaded
with nasal consonants. If low nasalance meas-
ures are obtained when these sentences are
produced, there is reason to suspect some degree
of nasal obstruction.

Some clinicians have adopted other utter-
ance sets for special purposes. For example,
sentences have been devised that contain no
nasal consonants and no oral pressure conso-
nants. The resulting utterances are made up of

only vowels and semivowels, which require a
lower aerodynamic demand for oral speech
articulation. Still other utterances have been
designed specifically for the limited vocabulary
available to very young children.16 At our
clinic, we use the same three sentence sequen-
ces for nasometry that we use for acoustic
recordings and for endoscopy (Table 1).

Published nasalance norms have appeared
in the literature for English speakers from
various regions of the United States.7–10 Norms
for countries and other languages have also
been published.11–16 In addition, there are

Figure 1 Nasometry headset and screen display.
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norms for repetitive production of consonant-
vowel syllables with high vowels (i.e., si si si si,
etc.) and low vowels (i.e., sa sa sa sa, etc.). This
allows the examiner to make a distinction
between phoneme-specific hypernasality or
phoneme-specific nasal emission versus char-
acteristics of VPI.

Although there is some variability among
these reports, mean nasalance in normal speak-
ers will be less than 30 for utterances containing
no nasal phonemes, and speakers who have
some degree of clinically significant hypernasal
resonance will usually produce a mean nasal-
ance measure at 30 or higher.17 On the other
hand, for nasal sentences, normal-speaking
children should produce a mean nasalance score
greater than 50. A child with nasal obstruction
due to anatomic anomaly or even acute rhinitis
(common cold) may sound perceptually hypo-
nasal. These children are unable to produce
normal-sounding nasal consonants and will
produce a nasalance measure below 50 when
producing nasal sentences.

The value of the nasalance measure lies in
its objectivity—it reports what the micro-
phones detect. However, there is not always
perfect agreement between a clinician’s percep-
tual ratings of oronasal resonance and the
nasometer’s measurements of nasalance . There
are many possible explanations for discrepan-
cies between the two. Clinician’s ratings are
typically based on all the speech the clinician
may have heard from a patient, while nasalance
measurements pertain only to the utterances
measured during nasometric testing. In addi-
tion, the human auditory perceptual system
cannot be replicated by the nasometer. This is
partly due to the fact that nasometry picks up
both hypernasality and nasal emission. There-
fore, the Nasometer does not actually ‘‘hear’’ all
aspects of the speech. (Human auditory-per-
ceptual nervous system is not included with the
Nasometry circuitry.) For that, the human ear
is critical. The clinical significance of the nasal-
ance measurement for each patient ultimately
must be carefully considered and interpreted in
the context of a complete perceptually based
evaluation by a qualified and experienced
speech-language pathologist. Some children
who perceptually sound hypernasal may have
nasalance measures within normal limits

(<30). Others who do not seem to have clini-
cally significant hypernasal resonance may have
nasalance measures that indicate otherwise.
Some children have elevated nasalance meas-
ures for some oral sentences but not others.
Although such cases are among the minoritya,
they happen frequently enough that nasalance
measures alone must not be considered the basis
for management decisions. Nothing trumps the
experienced speech pathologist’s perceptual
judgment when oral-nasal resonance for speech
is involved except, perhaps, the pooled percep-
tual judgment of multiple experienced speech-
language pathologists. Some sample nasalance
data are provided in Table 2,18 including mean
nasalance measures for each of six levels of oral-
nasal resonance ratings recorded during clinical
assessments at a Midwestern health care center
in the United States.

AERODYNAMIC-BASED
INSTRUMENTATION
Pressure-flow measurements using aerody-
namic instrumentation are obtained at some
clinics, although they seem to be more valued
for research than for daily clinical applica-
tions.19–22 Aerodynamic measures are particu-
larly useful when there is interest in detailed
understanding of the aerodynamics of the oral
pressure consonant productions, which are crit-
ical to speech intelligibility.23,24 Acquisition of
these measurements is technically complex and,
like nasopharyngoscopy, requires considerable
cooperation from the patient.

IMAGING-BASED
INSTRUMENTATION
When the perceptual and acoustic assessment
confirms hypernasality or nasal emission,
the need for intervention is then considered.
Options include doing nothing (if the family is
not interested in correction or if intervention
puts the child’s health unacceptably at risk),

aAfter 1133 nasometry tests documented with perceptual ratings
of nasal resonance by the author, indices of predictive utility of
nasalance measures were as follows: sensitivity¼ 0.85, specific-
ity¼ 0.84, negative predictive power¼ 0.68, relative
risk¼ 5.4.18
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referring for speech therapy if the hypernasality
or nasal emission are due to faulty articulation,
or physical management if the problem is due
to abnormal structure or physiology. Physical
management options include surgery (or pros-
thetic management if surgery is not an option).
The ability of the child and the child’s family to
comply with the demands of physical manage-
ment should also be carefully considered. The
clinicians involved in physical management
(surgeon or prosthodontist) need to be aware
of the physiological nature of the problem
before settling on a management plan. This
requires another speech evaluation designed to
view the velopharyngeal anatomy and physiol-
ogy during speech.

Speech Nasopharyngoscopy (aka

Speech Nasendoscopy or Speech

Videonasendoscopy)

Speech nasopharyngoscopy is a type of endos-
copy used to visualize the velopharyngeal port

during speech.25–28 The equipment includes a
flexible fiberoptic endoscope (Fig. 2) with spe-
cialized audio/video recording equipment.29

The endoscope’s flexible insertion tube is care-
fully inserted through the middle meatus of the
nasal cavity and back to the pharynx (Fig. 3) so
the velopharyngeal port can be visualized and
recorded (Fig. 4). Because this is a speech
evaluation endorsed by the American Speech-
Language-Hearing Association,30 it may best be
labeled as a ‘‘speech videonasendoscopy’’.
‘‘Speech videonasendoscopy’’ should not be con-
fused with endoscopic evaluations performed
without involvement of an experienced speech
pathologist.

A clinically relevant speech nasophar-
yngoscopy must be performed and recorded
while the child is producing speech represen-
tative of conversational speech. As with nas-
ometry, consideration must be given to the
speech sample used during the endoscopic
assessment of speech. Endoscopic speech
examinations may employ the same speech

Table 2 Mean Nasalance Measures for Speakers Who Also Received at the Time of Nasometry
Testing Ratings of Perceived Oral-Nasal Resonance*

Perceive

Oral-Nasal Resonance

Number of

Tests

Zoo Passage

(Excerpt)

Low-Pressure

Sentences

Nasal

Sentences

1 210 20.6 23.0 58.9

2 151 35.5 37.9 63.8

3 140 46.1 47.5 64.2

4 77 48.4 47.8 63.9

5 75 54.7 53.6 64.6

6 79 58.8 59.7 65.8

*1, normal oral-nasal resonance; 6, severe hypernasal resonance.
Karnell MP, unpublished clinical data, 2011.

Figure 2 Flexible fiber-optic endoscope.
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samples that are used for acoustic record-
ing purposes and nasometry but may also
include additional utterances, conversational
speech, and multiple repetitions of individual
phonemes provided the child is tolerating the
procedure and cooperating well.

Descriptions of speech nasopharyngoscopy
should include a rationale for performing the

evaluation, including findings from perceptual
and acoustic evaluations, a brief description of
the patient’s clinical history, a description of
how the procedure was performed, and a de-
scription of the physiological findings relevant
to speech production31–37 (Fig. 5). The most
important findings to document are the size,
location and cause of the opening, and the

Figure 3 Placement of a flexible fiber-optic endoscope insertion tube in the middle nasal meatus,

positioned for observation of velopharyngeal closure for speech.

Figure 4 Example of a still image taken from a video record of a flexible fiber-optic endoscopic

examination of velopharyngeal closure in a child after receiving a pharyngeal flap.
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relative contributions of velar, lateral pharyngeal
wall and posterior pharyngeal wall movements
to attempted velopharyngeal closure. These
factors are used in determining the recommen-
dations, including the surgical procedure that
would be most effective with these factors.

When possible, photographic still images of
velopharyngeal structures should be included
to demonstrate the relevant clinical points de-
scribed in the report. In general, the report
should provide a clear and comprehensive
justification for the recommendations offered,

Figure 5 Example of a report describing the perceptual, acoustic, and endoscopic findings of a complete

examination of speech in a child with a palatal cleft.
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which may include (1) no intervention, (2)
speech therapy, (3) physical management, or
(4) repeat follow-up examination.

Speech Videofluoroscopic Speech

Studies

Speech videofluoroscopy is a radiological pro-
cedure that is used by some clinics for speech
assessment.38–40 This protocol involves imag-
ing of the same speech sample during multiple
views (i.e., lateral, anterior-posterior, base, and
occasionally the Townes or Waters views).32,41

Some clinics use speech videofluoroscopy pri-
marily for children who cannot cooperate for
the endoscopic assessment. It is also used to
assess speech articulatory movements or to
provide a better view of the pharynx than can
be seen through nasopharyngoscopy.

Magnetic Resonance Imaging

In recent years, magnetic resonance imaging
has been applied to address specific research
questions involving brain structure and func-
tion and velopharyngeal anatomy. Recent data
have suggested differences in cerebellar struc-
ture that may help explain some of the differ-
ences reported in speech and learning abilities
in some individuals with cleft palate.42–45

Other reports have demonstrated how mag-
netic resonance imaging may provide addi-
tional insight into the anatomic effects of the
cleft and its repair on levator muscle anatomy
and physiology.46–48

Imaging in the Future

Additional procedures may be developed in the
future that offer more detailed information
about variations in velopharyngeal port open-
ing and size during time-varying speech pro-
duction. Such procedures or instruments may
provide new insights into why some patients
appear to achieve only marginal or inconsistent
velopharyngeal closure for speech and others
achieve adequate closure and still others never
achieve adequate closure. One such approach
currently being pursued involves velopharyng-
eal photodetection performed with endos-
copy.49 Although it was originally suggested

more than 25 years ago,50 it continues to be an
idea of considerable theoretical yet unproven
value as of this writing.

CONCLUSIONS
Instrumentation is routinely used in cleft palate
centers to supplement the perceptual assess-
ment of cleft palate speech and velopharyngeal
function. Some instrumentation (i.e., nasome-
try) can provide objective data. Still other
instrumental procedures (i.e., speech nasophar-
yngoscopy) can provide needed information to
guide physical management. Acoustic record-
ings, nasometry, and nasopharyngoscopy are
used most commonly as they have demon-
strated practical, clinical, and research value.
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