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ABSTRACT

Otitis media (OM) has been impli-
cated as a major pathogenic condition
with regard to developmental lan-
guage impairment. However, an often
contradicting and controversial resea-
rch literature exists on the issue. This
work was uncertaken to study the po-
tential impact of early-life OM with its
subsequent conductive hearing loss
on oral language development and its
components in young children in a
quantitative apprcach for better un-
derstanding of the nature of the prob-
lem. 105 children with their ages
ranged from 22 months to 68 months
(mean = 41+/-1.4 months) were in-
cluded in this study . All the children
had bilateral chronic OM with the du-
ration of chronicity ranged from 10
months to 36 months ( mean = 21.4
+/- 8.9 months ) . All the children were
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evaluated through a diagnostic proto-
col utilizing subjective as well as qua-
si-objective measures of evaluations
that included history taking , audiolog-
ical testing and language assess-
ment. Children with other risk factors
that could adversely affect language
development were excluded from the
study . We found that the impact of
duration of OM is more detrimental
than the degree of hearing loss on the
specific language components . The
celay in semantic, pragmatic and pro-
sodic ages were all found to be signif-
icantly correlated with the duration of
OM. While, the degree of hearing loss
was found to be significantly correlat-
ed only with the delay in prosodic
age. However, on the other hand, the
global measures i.e. the receptive, ex-
pressive and total language ages did
not correlated significantly with both
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the duration of OM and degree of
hearing loss . We concluded that ac-
tive language therapy is not necessar-
ily for children with OM but the par-
ents should be aware of the possible
delay of the language skills of their
children and monitor their face -to-
face conversation during the bouts of
OM for better outcome .

Key words : Otitis media — Lan-
guage development — Conductive
hearing loss

INTRODUCTION
Otitis media ( OM ) is a common
pediatric illness in which infective or
non-infective effusion accumulates in
the middle ear 1 . The duration of OM
can vary widely from a few days to
months, although, as reported by
Daly ( 1997 ) 2  OMis resolved in 60
- 70 % of the children within 30 days
of diagnosis irrespective of treatment
with antibiotics. The hearing loss as-
sociated with episodes of OM has
been reported to be variable , tempo-

rary and mild-to-mocerate 3,

Approximately 80 % of all children
up to 4 years of age experience OM
4, 5, a period of rapid developmental
change, particularly in the domains of
speech and language. The develop-
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mental impact of persistent or re-
current OM early in life on speech
and language skills has therefore
been the focus of considerable
research over the last 30 years.
However , an often contradicting and
controversial research literature exists
on the issue. A number of studies 6-°
have examined the relationship
between a history of early OM and
language development in young
children , but the exact extent of the
relationship remains unclear and a
point of debate . Some reasons for
this lack of clarity and continuing
debate are the lack of valid and relia-
ble measures of hearing , speech,
language and related abilities and
paucity of objective and quantitative
analysis 10.

Earlier research studies '1-13
strongly suggested a significant nega-
tive impact of early OM on later
speech and language abilities of chil-
dren with subsequent recommenda-
tion of aggressive intervention regi-
mens incorporating amplification ,
auditory training and speech and lan-
guage intervention. Other studies
3,14,15 rgported non-significant re-
sults or equivocal findings of the im-
pact of OM on children’s language de-
velopment. Moreover, most of the
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language tests and measures em-
ployed have been global measures
focusing on general receptive and / or
expressive language abilities ignoring
the impact of OM on the various spe-
cific components of language ( i.e. se-
mantics , syntax , prosody , pragmat-
ics and phonology ) .

The aim of this work is to study the
potential impact of early-life otitis me-
dia with its subsequent conductive
hearing loss on oral language devel-
opment and its components in young
children in a quantitative approach for
better understanding of the nature of
the prcblem .

PATIENTS AND METHODS
105 children with their ages rang-
ed from 22 months to 68 months
(mean = 41+/-1.4 months) attending
the out-patient clinic of ORL depart-
ment , Mansoura University Hospital
were included in this study . All the
children had bilateral chronic OM with
the duration of chronicity ranged
from10 months to 36 months (mean =
21.4 +/- 8.9 months) (table 1). All the
children followed the protocol of as-
sessment of delayed language chil-
dren that is applied in Phoniatric Unit,
Mansoura Faculty of Medicine and
included :

I- Elementary diagnostic procedures :

{A}-Patient / Parent interview :
Children with a more or less same so-
ciodemographic background were in-
cluded in this study . Children who
had other risk factors that could ad-
versely affect global or language de-
velopmental outcome e.g. low birth
weight , a history of neonatal asphyx-
ia or other serious iliness and a major
congenital malformation or chronic ill-
ness were excluded from the study.

{B}- Vocal tract examination : Cas-
es with palatal abnormality e.g. cleft
palate , submucous cleft .. etc were
excluded from the study .

II- Clinical diagnostic aids:

{A}- Evaluation of the various apti-
tudes by formal testing: Cognitive age
(mental age) using Standford Binet in-
telligence scale (1986) (16) . Cases
with mental retardation were excluded
from the study .

{B}- Audiological evaluation: Car-
ried out in the Audiology Unit
,Mansoura Faculty of Medicine and
included:

1 - Otoscopy.

2 - Play audiometry : air and bond
conduction thresholds (500-4000 Hz)
using a Maico pure-tone and speech
audiometer model MA 52 in a sound
treated booth.
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3 - Speech audiometry whenever
possible.

4 - Tympanometry in cases with
intact tympanic membrane, using an
Interacoustics immittancemeter model
AZ7.

5 - Auditory brainstem response to
determine the hearing threshold level
for difficult-to-test children. A Biologic
recording system version 5.64 model
317 was used.

{C}-Language evaluation: using
the Arabic Language test (17) and ar-
ticulation test (18) .

The language test items include
the following:

I-Receptive part of the semantics :
that examines the ability of the child
to recognize / categorize different se-
mantic groups , to make matching or
pairing , to understand opposites and
to recognize time concepts.

1I-Expressive part of the semantics :

that examines the ability of the child

to name different semantic groups
and to say opposites.

Ill. Receptive part of the syntax :
which includes testing the ability of
the child to understand sentences in-
creasing in lengths , verb tenses ,
pronouns ..etc .
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IV-The expressive part of the syn-
tax : testing the ability of the child to
produce or utter his name , verb tens-
es , prepositions ...etc .A sample of
spontaneous speech was elicited and
written as such and a comment on its
length and degree of intelligibility was
written.

V- Pragmatics: testing the ability of
the child to understand and respond
to sentences carrying pragmatic in-
tentions, thus, illustrating functional-
ism, sense-making and fine-tuning. It
also includes testing the ability of the
child to initiate a dialogue, continue it,
maintain topic and end it.

VI — Prosody : testing the ability of
the child to imitate the intonation con-
tour of an utterance taking into con-
sideration the three prosodic features
(tone unit , tonicity and tone contrast).

Vii- testing phonology by the artic-
ulation test.

The semantic age , pragmatic
age , prosodic age , receptive lan-
guage age , expressive language age
and total language age were then cal-
culated for every child (17).

Mean and standard error of mean
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( SEM ) were used to describe data .
Pearson product moment correlation
was used to test for linear relationship
between the duration of the otitis me-
dia and degree of hearing loss in one
hand and the delay in language ages
in the other hand for every child . Mul-
tiple linear regression analysis was
used to test for contribution of the
chronological age , duration of the oti-
tis media and degree of hearing loss
on the delay in language ages . P was
considered significant if < 0.05 and
highly significant if < 0.01. Tests were
run on an IBM compatible PC using
SPSS for windows version 10 ( SPSS
Inc. , Chicago, IL).

RESULTS

(1) Results of audiological evalua-
tion :

Audiological evaluation of the
studied children revealed that degree
of conductive hearing loss ranged
from 25 - 55 dB ( mean + SEM = 37.9
+/-1.14dB ) (table 1) .

(2) Results of language evaluation :
Calculation of the ages of different
components of language of studied
children and the delay of every lan-
guage component from the children's
mean chronological age are demon-
strated in table (2) .

A statistically significant positive
correlation was found between the
duration of OM and the delay in se-
mantic age of the studied children ( P
< 0.05 ). A highly statistically signifi-
cant positive correlation was also
found between the duration of O.M.
and the delay in both pragmatic and
prosodic ages of the studied children (
P < 0.01 ). However, a statistically
non-significant correlation was found
between the duration of OM and the
delay in receptive , expressive and to-
tal language ages ( p > 0.05 ) (table
3).

The only statistically significant
positive correlation was found be-
tween the degree of conductive hear-
ing loss and the delay in prosodic age
of the studied children ( P < 0.05).
On the other hand , a statistically non-
significant correlation was found be-
tween the degree of conductive hear-
ing loss and the delay in semantic ,
pragmatic , receptive , expressive and
total language ages (p > 0.05) (table
4).

Multiple linear regression analysis
revealed that the chronological age ,
duration of OM and degree of hearing
loss all contribute significantly to pro-
sodic age ( table 5 ) . An equation
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could be , then , formulated to predict
the delay in prosodic age from the
contributions of the chronological
age. duration of otitis media and de-
gree of conductive hearing loss :

Delay in prosodic age = constant
(-22.786) - {(chronological age x
1.089) + ( duration of OM x 0.633 ) +

( degree of HL x 0.313) }

While , on the other hand , the
regression analysis revealed a
statistically non-significant contribu-
tion of the duration of O.M. and de-
gree of conductive hearing loss on the
delay of other linguistic abilities of
children .

Table (1) : Descriptive data of the studied children (n=105):

Chronological age ( | Duration of OM (in | Degree of HL (in
in months ) months ) dB)
Mean 41 214 379
SEM 1.4 0.9 1.14
Minimum 22 10 25
Maximum 68 36 55

SEM = Standard error of mean , OM = otitis mecia , HL = hearing loss .

Table (2): Mean = SEM of the ages ( in months ) of different language components
for all children ( n = 105 ) and the delav from their mean chronological age:

Language component Language Age The delay
Semantics 253%=14 15.7£1
Pragmatics 279%=13 13112

Proscdy 209=05 20.1+1.2

Recentive language 31.1=14 9907
Expressive language 309=1.5 10.1£1
Total language age 3014 111
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Table ( 3 ) : Correlation between duration of otitis media and the delay in language
components of all children :

Language component delay Duration of OM P value
Semantic delay 0.214 0.0 *
Pragmatic delay 0.260 0.007+*
Prosodic delay 0.366 0.001 **

Receptive language delay 0.012 0.9

Expressive language delay 0.044 0.65

Total language age delay 0.126 0.2
* Significant p <0.05 ** Highly significant p < 0.01

Tadble ( 4 ) : Correlation between duration of dezree of hearing loss and the delay in
language components of all children :

Language component delay Degree of hearing loss P value
Semantic delay 0.150 0.13
Pragmatic delay 0.149 0.13
Prosodic delay 0.237 , 0.01*

Receptive language delav 0.057 0.56
Expressive language delav 0.003 0.98
Total language age delay 0.072 0.46

~ * Significant p < 0.05

Table ( 5 ) : Results of multiple lirear regression of chronological age , duration of
otitis media and degree of hearing loss against the delay of prosodic language age :

Veriable Partial R Std. Error of t P
partial R
Chronological Age -1.089 0.028 38.367 <0.00]1**
Duration of O.M 0.633 0.048 -13.263 <0.001**
Degree of HL 0.313 0.032 9.917 <0.001**
Constant -22.786 1.486

R : Regression coefficient ** Highly significant
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DISCUSSION

Although there have been notable
increases and improvements in the
research on OM and language devel-
opment, there has not yet been an
attempt to an objective and quantita-
tive examination of the research 10-
This study investigated the relation-
ship between OM and the develop-
mental domain of oral language in a
controlled set-up where the OM as
well as the specific language compo-
nents were objectively assessed and
diagnosed. We enrolled children with
a more or less same sociodemo-
graphic background and with no rec-
ognized major biological or social risk
factors for developmental delay .

Empirical studies that have as-
sessed the degree of association be-
tween language development and the
duration of OM during the first 3
years of life have yielded inconsistent
findings. Some studies 19 - 22 have
found associations between at least
some developmental measures-
auditory perceptual abilities, speech
perception and production and/or lan-
guage and the duration of OM. How-
ever, other studies 7+8.2 have found
no association between developmen-
tal measures and antecedent OM.
Some studies 19: 24 have attributed
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negative associations between
emerging language skills and otitis
media to hearing status because of
higher correlation coefficients of lan-
guage skills with hearing loss than
with duration of OM. However, other
studies © + 23 have not corroborated
associations between the hearing loss
associated with OM and later lan-
guage outcomes.

The results of this study showed
many similarities to , and some differ-
ences from the results of these previ-
ous studies . We found that the im-
pact of duration of OM is more
detrimental than the degree of hear-
ing loss on the specific language
components. The delay in semantic ,
pragmatic and prosodic ages were all
found to be significantly correlated
with the duration of OM. This could be
explained to that the more the fre-
quency and duration of episodes of
OM , the shorter the disease-free in-
tervals afforded to the children and
the less time to catch up while still in
the most active phase of language
development . While , the degree of
hearing loss was found to be signifi-
cantly correlated only with the delay in
prosodic age (the supra segmental
aspect of language ) in young chil-
dren . This could be attributed that the
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supra segmental aspect of any utter-
ance is perceived in the low frequen-
cy area of hearing on which the con-
ductive hearing loss affects mostly .

However, on the other hand , the
global measures i.e. the receptive ,
expressive and total language ages
did not correlated significantly with
both the duration of OM and degree
of hearing loss . So, one clear clinical
implication of the finding of this work
that a history of OM with its subse-
quent conductive hearing loss in and
of itself does not necessarily predict
that young children will have lan-
guage impairment . It is important to
investigate and take into considera-
tion the role of other notable extrinsic
variables such as completion of medi-
cation routine , adult-child interaction ,
nutrition and so on . We could con-
clude that active language therapy is
not necessarily for children with OM
but the parents should be aware of
the possible delay of the language
skills of their children and monitor
their face -to-face conversation during
the bouts of OM for better outcome .

A future research may include
studies that closely monitor sociolin-
guistic or parenting characteristics of
the child during and between epi-

sodes of OM and might reveal specif-
ic factors that directly affect language
skills .
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ABSTRACT

It was found that there was a
group of patients with repaired cleft
palate who demonstrated a discre-
pancy between aerodynamic assess-
ment of velopharyngeal (VP) adequa-
cy and clinical judgement of nasal
resonance. The aim of this work is to
study such group of patients in order
to understand and explain this discre-
pancy.This study comprised 37 sub-
jects divided into two groups. The first
group comprised 12 patients with the
diagnosis of repaired overt or submu-
cus cleft palate with an age range of 5
to 25 years (mean age = 13 years).
This group showed an audible degree
of hypernasality in their speech while
they have adequate VP port area by
aerodynamic measures. The second
group (n = 25) comprised age and
sex matched normal subjects who

95

demonstrated normal resonance of
speech. All the subjects were as-
sessed subjectively for the degree of
open nasality on a 4-point scale and
objectively by acoustic and aerody-
namic studies.

Acoustic studies demonstrated a
highly significant difference in the
nasalance scores between both
groups. Aerodynamic studies demon-
strated a statistically non-significant
difference concerning nasal flow and
intra-oral and nasal pressure findings
between both groups. While, on the
other hand, the timing of both the na-
sal flow and the intra-oral pressure
showed highly significant difference
between both groups. Also, the nasal
flow peak show a highly significant
shift to the right with delay in flow in
relation to the intra-oral pressure.
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These aerodynamic timing results
may, therefore, explain why these pa-
tients have perceived open nasality.
The current study also, indicates that
the acoustic measurements using na-
someter may be more sensitive in de-
tection of open nasality than aerody-
namic measurements using PERCI.
Moreover, the results of the latter
should be carefully interpreted when a
discrepancy occurs between percep-
tual judgments and VP port areas.

Key words :
Hypernasality- Velopharyngeal
valve - aerodynamic studies

INTRODUCTION

Velopharyngeal incompetence
(VPI) is a condition that causes hyper-
nasal distortion and nasal emission
during speech. This is due to inter-
structural inability for alternate seal-
ing-off and opening of the naso-
phaynx in rapid coordinated
physiological movements that are
properly timed with other articulators
of the speaking mechanism 1. Finding
objective means of assessment of the
velophalyngeal function remains the
concern of most clinicians. The main
purpose of finding objective means is
to answer more precisely the ques-
tions raised by the multidisciplinary

Vol. 34, No.3 &4 July, 2003

team and to help direct the patient to
the most effective line of treatment 2.

For many years, clinicians have
relied heavily on acoustic and aerody-
namic measures for assessment of
velopharyngeal incompetence. These
procedures have proved to be both
effective, non-invasive and feasible.
Acoustic analysis is mainly obtained
by calculating nasalance scores
which are determined by a percent-
age ratio of nasal to oral plus nasal
acoustic energy. On the other hand,
aerodynamic studies utilize values ob-
tained from nasal airflow and pres-
sure, as well as oral pressure to
measure the velopharyngeal port area
(VPA). Warren have suggested that
patients with varying degrees of hy-
pernasality can be categorized on the
basis of pressure-flow test results 3.
He proved that VPA less than 0.05
cm? is considered indicative of ade-
quate closure. An intermediate cate-
gory of borderline closure produces
measures between 0.05 and 0.19
cm2. VPA equal to and greater than
0.20 cm? is considered inadequate.

In most cases of VPI, hypernasali-
ty is readily detected by the instru-
mental measures. However, it was
found that there was a group of pa-
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tients with repaired cleft palate who
demonstrated a discrepancy between
aerodynamic assessment of velopha-
ryngeal adequacy and clinical judge-
ment of nasal resonance. The speech
of those patients were Judged as hy-
pernasal although VPA was less than
5 mm2 by aerodynamic measures. In
1993, Warren et al.? tried to explain
this phenomenon on the basis of a
timing disorder of VP closure.

The aim of this work is to study
such group of patients with repaired
cleft palate who demonstrated an
audible degree of hypernasality in
their speech while they have ade-
quate VPA by aerodynamic measures
in order to understand and explain
this discrepancy between the subjec-
tive perceptual ratings and the objec-
tive aerodynamic measures.

MATERIAL AND METHODS

This study comprised 37 subjects
divided into two groups. The first
group comprised 12 patients who at-
tended the Phoniatrics Unit, Ain
Shams University Hospitals with the
diagnosis of repaired overt or submu-
cus cleft palate. They were 6 males
and 6 females with an age range of 5
to 25 years (mean age = 13 years).
This group showed an audible

degree of hypernasality in their
speech while they have adequate
VPA by aerodynamic measures. The
second group (n = 25) comprised age
and sex matched normal subjects
who demonstrated normal resonance
of speech. None of the subjects of ei-
ther group demonstrated hearing loss,
mental subnormality or neuromuscu-
lar disorders.

All the subjects were assessed
subjectively and objectively as
follows :

( A ) Subjective asessment:

Auditory perceptual assessment of
the degree of open nasality of all sub-
jects was judged by 3 clinicians on a
4-point scale:

0 = normal (no audible open nasal-

ity ).

1 - mild degree of open nasality .

2 = moderate degree of open na-

sality .
3 = severe degree of open nasality
( B ) Objective measures:

(1) Acoustic measures : The VPA
of all subjects were assessed using
Kay Elemetrics Nasometer (model
6200-2, version 1.5) for measurement
of nasalance scores for an oral sen-
tence (/ali rah jel'ab korah/) on the ba-
sis of calculating the ratio of nasal to

MANSOURA MEDICAL JOURNAL




o8 PERCEIVED HYPERNASALITY IN THE PRESENCE etc.

oral plus nasal acoustic energy in
terms of percentage according to the
following equation 5 : nasalance % =
nasal energy/ (nasal + oral energy)%

(2 ) Aerodynamic measures : The
VPA of all subjects were also as-
sessed using PERCI Sars (Palatal Ef-
ficiency Rating Computed Instantane-
ously). Subjects were asked to
produce a series of the bilabial plo-
sive /b/ in the word / amber/. The na-
sal-plosive blend /mb/ was used to
stress the palatal mechanism as de-
scribed by Warren3. Measurements
obtained from PERCI were inta-oral
pressure in cm HpO, nasal pressure
in cm H20, nasal air flow in L/sec, and
velopharyngeal valve area in mmZ2.
The latter measurement is mathemati-
cally and automatically calculated
from the following equation ©:

A=V/k (a2 P/d)1/2

where A = area of orifice, V = na-
sal airflow, k = 0.65,
A P = oral-nacal pressure, and d =
density of air

The duration of both the nasal
airflow and intra-oral pressure were
determined during the production of
the nasal-plosive blend. The relation
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between the peak of the nasal airflow
curve and the intra-oral pressure
curve was also determined. The peak
of the nasal flow curve normally
corresponds to the beginning of the
rise of the oral pressure curve.
Any shift in this relation is determined
in msec and described as peak
shift.

Statistical analysis was done using
T-test for comparing the results of
both groups. P was considered signifi-
cant if < 0.05 and highly significant if
< 0.01.

RESULTS

I- Results of auditory Perceptual
assessment :

All 12 patients demonstrated a de-
gree of open nasality as judged by the
3 clinicians. This degree ranged from
1 to 2. Four of them showed a degree
of 1, two showed a degree of 1-2,
while six patients demonstrated a de-
gree of 2 open nasality.

Il - Results of objective measures :

A ) Nasalance scores :

There was a highly significant dif-
ference (p < 0.01) between mean val-
ues of both groups where patients
scored higher results than normal
subjects (table 1).
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B) PERCI readings :

i) Flow and pressure findings : All
items entering the equation were
compared between both groups to de-
termine any differences in their re-
sults. It was found that all parameters
showed statistically non-significant
difference (P > 0.05) although VP port
areas showed a tendency for higher
mean results in the patients group
than the normal group (table 2).

ii) Timing results : The timing of
both the nasal flow and the intra-oral
pressure showed highly significant dif-
ference (p < 0.01) between both
groups with group 1 producing more
durations than group 2. The nasal
flow peak also showed a highly signif-
icant shift to the right with delay in
flow in relation to the intra-oral pres-
sure (p < 0.01) (table 3).

Table (1): Results of nasalance scores of group 1 (patients, n = 12) and
group 2 (normal subjects , n = 25) as compared by T-test:

Measures Group1l |Group2 |T- P-value and
value | significance
Nasalance (%) 41.3+21 15.1+5 125 |P<0.01HS

HS = highly significant

Table (2): Results of flow and pressure findings of group 1 (patients, n
= 12) and group 2 (normal subjects , n = 25) as compared by T-test:

Measures Group1l |Group2 |T- P-value and
value | significance
Nasal Flow (L/s) 20.7+15 16.1+13 1.07 |P>0.05NS
Intra-oral pr. (cm H,0) | 3.9+2 6.4+4 19 P>0.05NS
Nasal pr. (cm H;0) 0.86+0.7 |0.45+0.3 |13 P>0.05NS
Oral-nasal pr. 3.0£24 6.0+3.6 21 P>0.05 NS
VPA (mm°) 1.9+0.5 1.1+0.7 1.9 P>0.05NS

VPA = velopharyngeal orifice area

NS = non-significant
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Table (3): Timing results of nasal airflow and intra—ora}l pressure (in
msec) of group 1 (patients, n = 12) and group 2 (normal subjects , n = 25)

as compared by T-test:

Measures Groupl |Group2 |T- P-value and
value | significance
Nasal flow 0.35+0.05 | 0.18+0.06 | 7.14 |P<0.01 HS
Oral pressure 1.30+:0.3 | 0.16+0.05 | 14.65 |P<0.01 HS
Peak shift 0.40+0.1 |0.08+0.02 | 11.8 |P<0.01HS

HS = highly significant

DISCUSSION

The patients' group presented in
this study actually caused a dilemma
while interpreting its results.
Aerodynamic measurements of VP
port areas by Perci of the patients'
group were way below the borderline
measures, (5 mm2). While, on the
other hand, their nasometric findings
assured that they had perceived open
nasality in their speech and, in some
of them, these values reached moder-
ate degrees. The results shown in this
study point to the fact that there is still
another variable that may determine
and interfere with cleft palate patients'
speech. This factor may be the timing
by which closure of the VP valve is ef-
fected.
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The patients' group showed two
main differences in the aerodynamic
timing results. The first was a pro-
longed timing of the nasal flow and
the intra-oral pressure curves. The
second was a main shift of the peak
of the flow curve to the right in relation
to the oral pressure curve. These
changes may be explained by one of
the following : The delay in closure
may be a trial on the part of patients
to overcome nasal emission of air by
prolonging the closure time. Or it may
be due to lack of proper coordination
of the neuromuscular system of the
VP valve in patients with repaired cleft
palate.

Normally, the peak of the nasal
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flow must occur during the oral pres-
sure-rise phase. There should be no
nasal flow at the oral pressure peak.
In the patients' group the shift of the
flow curve to the right is indicative of
nasal flow associated with the pres-
sure peak. This explains why these
patients have perceived open nasali-

ty.

The prolonged open time for the
VP orifice is confirmed by Dalston et
al.” and Warren et al. 4 who de-
scribed similar findings in a group of
patients who demonstrated hyperna-
sality with normal VP port areas.
Dalston et al. 7 explained the timing
delay by adjustments that were pre-
sumed to be necessary in order to
compensate for differences in VP
movement capabilities. However,
Warren et al. 4 also found that pa-
tients had significantly lower nasal
airflow rates than normal non-cleft
subjects. Nevertheless, they suggest-
ed that the time where the nasal
chamber is open to the vocal tract
was more important to determine the
degree of open nasality than the actu-
al amount of airflow escaping through
the nose.

The current study indicates that
the acoustic measurements using

nasometer may be more sensitive in
detection of open nasality than aero-
dynamic measurements using PERCI.
Moreover, the results of the latter
should be carefully interpreted when a
discrepancy occurs between percep-
tual judgments and VP port areas. It
is recommended that the velopharyn-
geal closure patterns for other condi-
tions associated with VPI such as
hearing impairment, mental retarda-
tion and neuromuscular disorders be
studied in order to evaluate their clo-
sure patterns. The present study also
indicates that in rehabilitation of such
patients it may not be enough to have
the patient try to minimize hyperna-
sality by reducing expiratory effort.
The duration of closure should also
be shortened perhaps through visual
feedback using PERCI for better out-
come.
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