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Inadequate closure of the palatal mechanism is usually considered the
primary problem in cleft palate speech. Although closure of the velophar-
yngeal port is important, a linear relationship between velopharyngeal
opening and speech performance has not been demonstrated (1, 11). Other
factors such as nasal airway resistance, lingual, glottal and lateral pha-
ryngeal wall adjustments, auditory acuity, respiratory effort, malocclu-
sion and the degree and duration of oral port constriction all modify the
quality and intelligibility of speech when the palatal mechanism is inade-
quate (3,5, 6).

The production of fricative sounds is of particular interest to clinicians
because these consonants are often distorted by speakers with cleft palate
(2, 8-12). Although palatal incompetency undoubtedly contributes to the
problem it is conceivable that anterior deformities associated with clefting
provide additional difficulties for the speaker. Since anterior dental spac-
ing and malocclusion are usually present, the speaker may modify labial
and lingual function to maintain an adequate oral port opening. Studies of
normal fricative productions have indicated that the anterior constriction
usually is well controlled (4, 5). If the cleft speaker is unable to maintain
an adequate oral airway, intraoral pressure would drop unless respiratory
effort is increased (16). Increased respiratory airflow in the presence of
velopharyngeal inadequacy results in greater nasal emission of air and
oral airway turbulence, both of which modify speech performance.

The purpose of the present study was to determine whether oral port
closure in cleft subjects differs from normals during fricative sound pro-
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ductions and to analyze any differences observed in terms of anterior
dental spacing and articulation errors.

Methods

The subjects studied included ten normals ages 8 to 18 years, ten cleft
palate subjects with adequate velopharyngeal closure (C.P.A.) ages 9 to
17 years, and ten cleft palate subjects with inadequate velopharyngeal
closure (C.P.1.) ages 7 to 25 years. Velopharyngeal adequacy was deter-

FIGURE 1. Oral port constriction during the production of /s/ or /z/.
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mined by an aerodynamic technique whieh has been reported in detail
previously (13, 14). This technique provides an cstimate of velopharyn-
geal orifice arca utilizing the respiratory parameters of pressure and
airflow during sound productions. A calculated velopharyngeal orifice arca
of 20 mm? or more during the production of plosives /p/ and /b/ was
considered inadequate closure.

Oral port area is defined as the opening formed by the complex interac-
tion of the lips, tongue, teeth and anterior palate during fricative sound
productions (Figure 1). It was measured in the same manner as velopha-
ryngeal orfice arca. Placement of one catheter in the oral cavity and a
second in an oral mask provided a record of differential air pressure
across the oral port. IFigure 2 shows the catheter which has heen molded to
fit around the most distal upper tooth. Airflow was measured by a pneu-
motachograph connected to the face mask and pressure was measured
with a differential pressure transducer. An orifice arca equation was used
to calculate oral port area from the pressure and airflow measurements.
Figure 3 is a schematie illustration of the equipment used for oral port
determination.

Anterior dental spacing was determined with the subjeet in centric
oceclusion. Using a Boley Gauge and measuring in a plane perpendicular to
the occlusal plane the arca of anterior spacing was obtained for cach

TIGURE 2. The oral catheter, molded to fit around the most distal maxillary
tooth.
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FIGURE 3. Diagrammatic representation of the instrumentation used.

subject. The only spaces calculated were those present anterior to the
mesial surface of the first premolar or the deciduous first molar on one
side and the mesial surface of the corresponding teeth on the other side of
the arch. If the first premolars or deciduous first molars were not present
then the mesial surface of the next most distal tooth was used as a
measurement point.

Articulation was tested in connected speech. Each subject read a list of
sentences which contained all the phonemes of English. Errors were iden-
tified by a speech pathologist with only the fricative misarticulations
being used for analysis purposes.

The data obtained in this study provided quantitative measurements of
the area of oral port constriction obtained at peak intraoral pressures
during the production of /s/ and /z/ and /f/ and /v/ (Figure 4). Using
this procedure, the smallest area for each sound is not always obtained.
However, the method does allow uniform comparisons among subjects.
The speech sample used for calculating oral port area consisted of frica-
tives produced as isolated sustained sounds and in carrier phrases. The
patients practiced the sounds and phrases prior to testing to establish a
speech effort level and utterance rate that represented a normal conversa-
tional level.

Results and Discussion

Figure 5 demonstrates that oral port constriction in the adequate clo-
sure group is similar to normals. The inadequate closure group has gener-
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FIGURE 4. Area of opening, computed at the point of highest pressure during
ricative sound production.

ally larger oral port areas than the normal and adequate closure groups.
The range of oral port areas for fricatives in carrier phrases is 0.9-9.8
nm? for the normal group, 0.9-6.7 mm? for the adequate closure group
and 0.5-54.7 mm? for the inadequate subjects. Seven of the ten C.P.L.
subjects had much larger oral port areas than any of the normal and
O.P.A. subjects. Quantitative values for the areas of oral opening for
normal subjects compare favorably with the values obtained by Hixon
(4) and Klechak (5). The data indicate that the size of the oral port
varies very little within speakers but does vary among speakers.

Phonetic context appears to influence oral port area to some extent
(Table 1). Although areas for the isolated sustained fricatives are larger
in each instance than for the same sounds in carrier phrases, only a few
differences were sizable. When the fricatives were divided into voiced and
voiceless cognate pairs for analysis, the voiceless sustained sounds in both
cleft palate and normal groups had slightly larger oral port areas. This
compares favorably with previous findings which indicated that voiceless
fricatives often differ from other sound productions in terms of physiologi-
cal requirements for production (17-19).

Table 2 compares anterior dental spacing, articulation errors and oral
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FIGURE 5. Mean areas and standard deviations of oral port constriction (mm?)
for cleft palate and normal subjects.

TABLE 1. The mean areas (mm?) of oral port constriction between cleft palate and
normal subjects.

S Z F vV
consonants
1.5 C 1.5 C 1.5 C I.S.| C

Normal

Mean.........ccovuvvieeeinn.. 9.8 52| 6.2 44| 86| 3.7]/6.0|3.4

Standard deviation.... .. .. .. 4.1 42| 20| 2.7 40| 3.0(3.1]2.2
C.P.A. '

Mean..........covveveeeean.. 6.7 56| 59| 42| 85| 24|5.6|1.9

standard deviation...........| 3.4 | 3.4 2.7| 33| 34| 16]2.3|1.1
C.P.1.

Mean..........c.coveveeia... 28.1127.6|19.9 | 15.2|19.8 | 19.7 | 9.4 | 8.7

standard deviation...........| 39.0 | 31.7 | 29.9 | 19.4 | 31.6 | 30.3 | 7.8 | 8.2

1.8.—Isolated sustained.
C.—Carrier phrase.
C.P.A.—Cleft palate with adequate velopharyngeal closure.
C.P.1.—Cleft palate with inadequate velopharyngeal closure.
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TABLE 2. Summary of the parameters studied for normal, C.P.A. and C.P.L

speakers.
type anterior space articulation mean oral port
(mm?) errors* areas (mm?)**
Normal
DC..........oi 45 0 6.3
TT..... ... 3 0 5.1
AT................. 4 0 5.3
PF................. 12 0 0.9
SB....... 0 0 9.8
DJ...... 6 0 2.4
SW... 6 0 3.8
R.W... 0 0 3.3
TL.. ... 0 0 2.1
BD................. 0 0 2.8
mean. . ............... 7.6 0 4.2
C.P.A.
SW....... 34 0 3.1
DJ....... 23 36 3.5
KC....oooo i 5 0 5.6
LP........... 30 0 3.4
JW.. ... 45 4 6.7
DM................ 17 24 4.6
S8 18 16 0.9
TM................. 23 24 2.2
WJ.. oo 24 22 1.6
DW................ 40 5 3.7
mean. . ............... 25.9 13.1 3.5
C.P.I.
WS 53 9 32.8
DP........ 76 1 0.5
WG.. ... 0 29 2.6
DF................ 7 41 40.8
SE. ... 46 36 5.3
LM.. ............... 109 30 54.7
JE.. ... 71 38 4.5
MB................ 0 21 11.4
ML................. 19 35 13.4
LE................. 38 3C 12.3
MEAN . . . ooveeeee e 41.9 27.0 17.8

C.P.A.—Cleft palate with adequate velopharyngeal closure.
C.P.I.—Cleft palate with inadequate velopharyngeal closure.

*_Forty-three possible articulation errors.

**_Mean oral port areas for fricatives in carrier phrases.
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TABLE 3. Clett palate misarticulation summary.

S Z F 14

C.P.A.
mean errors. .................. 4.6 5.8 1.3 1.4
s 4.6 6.0 2.3 2.4

C.P.1.
mean errors. .................. 8.3 10.9 3.8 4.1
sl 4.0 5.3 3.0 2.8
possible errors................. 11.0 15.0 9.0 9.0

port size for the three groups studied. Mean anterior spacing was 7.6 mm?
for the normal subjects, 25.9 mm? for the C.P.A. subjects, and 41.9 mm?
for the C.P.I. subjects. The mean number of articulation errors was zero
for the normal group, 13.1 for the C.P.A. group and 27.0 for the C.P.L
group. Combined mean areas of oral port constriction for fricatives in
carrier phrases were 4.2 mm? for the normal subjects, 3.5 mm? for the
C.P.A. subjects, and 17.8 mm? for the C.P.I. subjects. Mean number of
articulation errors for all individual fricative sounds was substantially
larger for the subjects with palatal inadequacy (Table 3). The /s/ and
/z/ sounds were misarticulated more frequently in both cleft palate groups
than the /f/ and /v/ cognate pairs and most of the articulation errors
noted were anterior distortions.

Further analysis of the data failed to reveal any discernible relation-
ship between oral port size, anterior dental spacing and articulation errors
within any of the groups. This probably demonstrates individual differ-
ences in ability to compensate. For example, the two patients in the C.P.I.
group with the largest anterior dental spaces demonstrated markedly
different mean articulation scores and oral port areas. Also of interest is
the finding that two C.P.I. subjects with oral port areas greater than 40
mm? demonstrated anterior spacing of 109 mm? in one case and 7 mm? in
the other.

The data do suggest, however, that individuals with adequate closure
can obtain normal oral port constriction in spite of dental spacing. This is
probably accomplished through lingual adjustments. However, the high
incidence of fricative misarticulations in spite of normal port areas sug-
gests that lingual compensatory movements may have some undesirable
effects on speech performance.

The group with inadequate palatopharyngeal closure was very incon-
sistent in its performance. Three of the subjects demonstrated oral port
openings greater than 30 mm? and three subjects had constrictions slightly
larger than 10 mm?. Tt is apparent that with palatal incompetency lingual
efforts to close anterior spaces are more difficult to achieve. There are a
number of reports (2, 7) indicating that the dorsum of the tongue is
frequently elevated in patients with palatal insufficiency. If this occurs, it
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would be difficult for the speaker simultaneously to effect anterior and
posterior lingual adjustments. The high frequency of articulation errors in
this group seems to support this thesis.

The effects of inadequate oral port constriction on pressure and airflow
associated with sound productions may be significant. Studies of simu-
lated cleft palate speech (15, 16) have demonstrated that even slight
opening of the oral port for fricative sounds reduces oral pressures unless
respiratory effort is increased. Nasal emission of air is also greatly influ-
enced by the degree of oral port constriction especially in the presence of
palatopharyngeal incompetency. The simulated speech studies showed
that an increase in oral port opening of 10 mm? reduces nasal emission of
air by 45% when respiratory effort stays constant. However, respiratory
effort approximately doubles in patients with incompetent palatopharyn-
geal closure (19). It should also be noted that some cleft speakers tend to
close the oral port too much during fricative productions. This would
produce high oral port impedance and result in greatly increased nasal
emission of air and possibly more nasal voice quality.

Summary

In this study, ten normal, ten cleft palate subjects with adequate
closure, and ten cleft palate subjects with inadequate closure were studied
in order to determine the area of oral port constriction, anterior dental
spacing and articulation errors during the production of fricative sounds.
The results indicate that oral port size does not differ markedly between
normal and C.P.A. groups but that C.P.I. subjects have generally larger
oral port areas. In the case of those subjects with adequate closure, the
data demonstrate that normal oral port constriction is achieved despite
anterior dental spacing. However, the compensatory movements necessary
to obtain this appear to have an undesirable effect on sound production.

reprints: Dr. Donald W. Warren
Department of Dental Ecology

School of Dentistry

University of North Carolina at Chapel Hill
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