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Conflicting reports in the literature on the relationship between the
inferiorly based pharyngeal flap and otitis media with effusion (OME)
motivated a prospective study on 51 children between 3 and 12 years
of age suffering from velopharyngeal incompetence. The patient group
consisted of 34 children with cleft palate and 17 children with con-
genitally short palate. The male-female ratio was 37 to 14, showing no
differences regarding physical disability. Each child underwent an
inferiorly based pharyngoplasty. Repeated otoscopic, tympanometric,
and audiometric examinations revealed that prior to pharyngoplasty half
of the patients had bilateral chronic OME related to a conductive hear-
ing loss of 30 to 35 dB. The disease was most frequently found in chil-
dren with cleft palate (p < 0.001) and in children less than 6 years of
age (p < 0.05). Bilateral chronic OME was independent of the type and
side of cleft. Within 3 months of pharyngoplasty, a 60-percent decrease
in the frequency of bilateral chronic OME was found. Children older than
6 years of age had most benefit with respect to OME (p < 0.05).
The biomechanical basis of the relationship between the pharyngeal

flap and eustachian tube is discussed, focused on retropositioning of
the levator muscle sling and reduced oronasal air leakage.
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Patients with velopharyngeal incompetence
(VPI) because of cleft palate or congenitally short
palate frequently have bilateral hearing
problems. Defective function of the eustachian
tube followed by otitis media with effusion
(OME) is the major cause of these hearing losses
(Nassy, 1952; Bluestone et al, 1972; Holborow,
1975; Soudin and Huffstadt, 1975; Beery, 1979;
Rood and Stool, 1981). Surgical procedures such
as pharyngeal flap may initiate an improvement
in eustachian tube function, also seen following
primary palatal repair. However, at present, little
agreement has been found in the literature con-
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cerning the effects of pharyngeal flap on hear-
ing. Generally, no disadvantages regarding hear-
ing acuity are reported, whereas the percentages
of improved hearing after pharyngoplasty vary
from 0 to 65 percent (Graham and Lierle, 1962;
Aschan, 1966; Bierens de Haan, 1971; Bennett,
1972; Le Worthy and Schliesser, 1975; Yules,
1975; Heller et al, 1978; Lendrum and Dhar,
1984) (Table 1).
The reasons for the inconsistency in the data

are the variations among the patient groups tested
with respect to age, basic pathology, type of
pharyngoplasty, and definition of hearing patho-
logy as well as hearing loss. To increase under-
standing of the relationship between pharyngo-
plasty and OME, a prospective investigation was
performed in children requiring pharyngeal flap
to treat their VPI. In this study, attention is
focused on the presence or absence of OME be-
fore and after pharyngoplasty. Results are related
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TABLE 1 Changes in Hearing After a Pharyngeal Flap Operation

 
Hearing (percent ofpatients) 

 

Studies Patients Improved Constant Impaired

(N)

Graham and Lierle, 1962 43 0 100 0
Aschan, 1966 82 7 - 93 0
Bierens de Haan, 1971 9 65 29 6
Bennett, 1972 23 0 100 0
LeWorthy and Schliesser, 1975 53 26 70 4
Yules, 1975 69 12 88 0
Heller et al, 1978 51 some cases - -
Lendrum and Dhar, 1984 53 40 58 2

 

to physical disability (i.e., cleft palate or con-

genitally short palate) and age of these patients.

Finally, the biomechanical basis of the relation-

ship between a pharyngeal flap and the eusta-

chian tube-middle ear system is discussed.

MATERIAL AND METHODS

The patient group consisted of 51 children with

VPI between 3 and 12 years of age. Thirty-four

children had previously received palatal repair

including levator sling reconstruction, and 17

children had congenitally short palate. The male-

female ratio was 37 to 14 showing no differences

with regard to physical disability. The patient

group was subdivided into two equal age groups

from 3 to 6 years and 6 to 12 years of age in

order to discover relevant differences in the

preschool and school periods. The ratio of cleft

palate to congenitally short palate in the younger

age group (Nl = 25) was 19 to six and in the

older age group (N2 = 26) 15 to 11.

The patients involved were repeatedly tested

for speech and language development.

Velopharyngeal function was tested by means of

listener judgments, peroral observation, mirror

test, and stethoscopic examinations. On the same

occasion, otoscopic and audiologic examinations

were performed. In all cases, a modified inferi-

orly based pharyngeal flap was used to correct

the VPI (Huffstadt et al, 1970).

The protocol of the investigation was in-

fluenced by the need for strict criteria for

defining hearing pathology. Recently, leading

investigators (Fiellau-Nikolajsen, 1979; Poulsen

and Tos, 1980; Felding, 1983; Gimsing and

Bergholtz, 1983) concluded from studies on nor-

mal children that screening on one occasion only

shows the incidence of OME at a given time and

in a given age group. On another occasion,

changes may be seen from OME to normal or

the reverse. In order to trace incidental and

chronic cases of OME, repeated screenings of

the same patient group are necessary. In addi-

tion, bilateral OME more than unilateral OME

accentuates the chronic nature of the disease.

Therefore, the criterion chosen in order to

detect patients with chronic ear pathology was

bilateral OME found at two separate occasions

before or after pharyngoplasty. Thus, there were

two examinations conducted within a 3-month

period both prior to and following pharyngo-

plasty.

Otoscopy

Otoscopy was performed at every occasion on

which hearing was tested. The procedure was

employed by the medical speech pathologist and

by one experienced otologist using the micro-

scope. Cerumen was removed and the eardrum

was described including the presence of calcifi-

cations, retraction, perforations, and tympano-

stomy tubes. Presence or absence of fluid in the

middle ear cavity was explicitly mentioned.

Tympanometry

Tympanometry, performed with the aid of a

Madsen Electronics ZO 73, was used as the most

reliable and objective method for determining the

status of the tympanic membrane and the middle

ear. Four basic types oftympanograms were dis-

tinguished as classified by Jerger (1970) and as

modified by Poulsen and Tos (1980) for achiev-

ing better segregation of chronic cases of OME:

type A (normal curve; pressure +50/-90 mm

H;,0; air-containing middle ear), type C;, (nor-

mal curve; negative pressure -100/-199 mm

H,0), type C;, (normal curve; negative pressure

-200/-349 mm H;,0), and type B (flat curve;

negative pressure greater than -350 mm H;,0:

fluid-containing middle ear).

The diagnosis ofOME was related to the find-

ing of C; and B tympanograms, since these

types are far more specific for chronic OME than

C,. tympanograms (Gimsing and Bergholtz,

1983).

Audiometry

Pure tone audiometry was employed using a

clinical audiometer model AC 4 (Interacoustics).
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Threshold values were determined for air and

bone conduction at five frequencies (i.e., 250,

500, 1,000, 2,000, and 4,000 Hz). The threshold

values were related to the international stan-

dardized zero (ISO 1964 standard). The accuracy

of conductive hearing loss testing was in the

order of 5 dB. For the present investigation aver-

age air-bone gaps within the speech range at 500,

1,000, and 2,000 Hz were calculated. Conduc-

tive hearing loss was defined as an average air-

bone gap of 20 dB or more. At seven of the 204

examinations, since the child was too young to

cooperate in pure tone audiometry, a paedo-

audiometric test was performed by presenting

sounds within octave bands around the frequen-

cies of 500 and 1,000 Hz and sounds with fre-

quencies over 3,000 Hz, in order to determine

the presence of bilateral hearing loss of more

than 30 dB as a result of decreased air conduc-

tion. The tympanometric, audiometric, and

otoscopic results in individual patients were not

entirely congruent, as is also known from studies

on normal children (Fiellau-Nikolajsen, 1979;

Liden and Renvall, 1980). Particularly, otoscopy

showed a high discongruence with the tympano-

metric and audiometric results as far as bilateral

chronic OME was concerned. The importance

of tympanometry and audiometry has to be

stressed, whereas it has to be admitted that

otoscopy alone may be insufficient for detecting

bilateral chronic OME. In this study only tym-

panometric data were used in diagnosing OME.

RESULTS

Bilateral Chronic OME Prior to
Pharyngoplasty

The data resulting from this investigation

showed that bilateral chronic OME occurred in

26 of the 51 patients, which agrees with data

from the literature (Graham and Lierle, 1962;

Gabka, 1964; Soudijn, 1972; Le Worthy and

Schliesser, 1975). The average bilateral conduc-

tive hearing loss amounted to 33 + 8 dB, both

ears having a loss of at least 20 dB.

Some specific features were recognized:

1. Bilateral chronic OME was found in 24 of

our 34 patients with cleft palate as opposed

to two out of 17 patients with congenitally

short palate. This was statistically signifi-

cant (X2 test : p< 0.001).

2. Bilateral chronic OME occurred as fre-

quently in patients with cleft lip and palate

as in patients with isolated cleft palate, in-

dicating that the cleft of the soft palate is the

determining factor in the pathogenesis of

bilateral ear disease. For the same reason,

no relationship could be found between the

side of the cleft and the side of OME. In:

patients with unilateral cleft, bilateral

chronic OME was the usual type of patho-

logy.

3. Children less than 6 years of age showed a

significantly higher incidence of bilateral

chronic OME than children 6 years of age

and older (X2 test : p< 0.05): 17 of 25

children (68 percent) in the younger age

group had bilateral chronic OME as opposed

to 5 percent in normal children of that age

(Poulsen and Tos, 1980). In the older age

group, bilateral chronic OME occurred in

nine out of 26 children (35 percent) as op-

posed to 3 percent in the normal population

(Gimsing and Bergholtz, 1983). The appar-

ent decrease in the incidence of bilateral

chronic OME with age did not depend on

previous ENT treatment or on physical dis-

ability. Probably, spontaneous improvement

during the school years may be responsible

for this phenomenon, as is also seen in the

normal population (Fiellau-Nikolajsen,

1979; Poulsen and Tos, 1980; Felding,

1983; Gimsing and Bergholtz, 1983).

4. Adenoidectomy preceding pharyngoplasty

did not seem to have a favorable influence

on bilateral chronic OME. Of 23 patients

who had an adenoidectomy within 6 months

before pharyngoplasty, 14 had bilateral

OME; 13 of these patients continued to have

bilateral chronic OME at the time of pharyn-

goplasty. This finding raises serious ques-

tions concerning the indication for removing

a hypertrophic adenoid in order to treat

chronic OME in VPI patients.

Bilateral Chronic OME After

Pharyngoplasty

Ten patients with tympanostomy tubes or per-

forations were excluded from the calculations

because they could not show changes after

pharyngoplasty. Of the remaining 41 patients,

17 had bilateral chronic OME. Bilateral chronic

OME reverted to normal in 10 of these 17 pa-

tients. This means that in 60 percent of patients

with bilateral chronic OME, the continuance of

chronic ear disease was broken within 3 months

after pharyngoplasty. The audiometric data

paralleled the tympanometric results.

The gross decrease in the frequency of OME

contrasts with the expectation that without

pharyngoplasty immediate improvement in OME

would not occur.

In three of 24 patients with normal hearing
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before pharyngoplasty , a transient deterioration

in the hearing was noticed postoperatively, most

likely due to reactive edema of the orifices of

the eustachian tube. In these cases, recovery to

normal was found within 6 to 9 months after

pharyngoplasty. Seven children with bilateral

chronic OME both before and after pharyngo-

plasty were adequately treated by inserting

tympanostomy tubes.

Improvement in bilateral chronic OME after

pharyngoplasty appeared to be confined almost

exclusively to the cleft palate group, since

bilateral chronic OME was primarily a problem

of these patients as opposed to patients with

congenitally short palate. Children older than 6

years of age had most benefit (X2 - test : p <

0.05) with respect to their bilateral chronic

OME, whereas younger children, preoperatively

more frequently affected, appeared to be more

resistant to postoperative improvement. The im-

mediate effects of pharyngoplasty seem to ac-

celerate the natural course of bilateral chronic

OME.

DISCUSSION

The influences of a pharyngeal flap on the

eustachian tube can be based upon the

pathophysiology of the tubal and paratubal struc-

tures in VPI. Defective functioning of the eu-

stachian tube can occur from many reasons (Fig.

1). They can be condensed into three main

problems:

1. Reduction in middle ear ventilation by dys-

function of the tensor and levator veli palati-

ni muscles as well as retrograde obstruction

of the eustachian tube (Bluestone et al, 1972)

caused by abnormal muscle paths, altered

anatomy and quality of the eustachian tube,

and adenoidal hypertrophy (Fara and

FFACTORS RELATED
TO THE ET

 

VELOPHARYNGEAL MYOGENIC FACTORS TVP-m
INCOMPETENCE DT-m

LVP-m
 

 

abnormal reflux
ORONASAL LEAK

 

 

negative intratympanic pressure

strong oronasal airstream

r—angle of inclination reduced

lower location of ET orifice

compression of ET

tubal width reduced

compliance of cartilage increased

deviant muscle vector of

disturbances of TT-m/TVP-m system

obstruction of ET orifice
ADENOIDAL TISSUE focus of ascending infection

positive pharyngeal pressure -_ blowing nasopharyngeal contents into
‘ ET

Dvorak 1970; Dickson, 1975; Maue-

Dickson et al, 1976; Rood and Stool, 1981;

Shprintzen and Croft 1981; Beery, 1983) -

2. Abnormal oronasal reflux leading to irrita-

tion of the orifices of the eustachian tube

(Masters, et al 1960; Yules, 1975)

3. Susceptibility to infection, caused by

adenoidal tissue or pharyngeal contents

According to recent research, tubal opening

is probably achieved by coordinated contraction

of both the tensor (Honjo et al, 1979; Cantekin

et al, 1979; Honjo et al, 1980) and levator veli

palatini muscles (Dickson, 1975; Kriens, 1975;

Seif and Dellon, 1978; Honjo et al, 1980; Croft

et al, 1981). The tensor muscle and particularly

the medial part (called the dilator tubae muscle)

(Dickson, 1975; Rood and Doyle, 1978) is

directly related to the outward displacement of

the membranous portion of the eustachian tube,

whereas the levator muscle causes a lifting ac-

tion on the medial cartilage of the tube causing

an inward displacement related to opening of the

eustachian tube orifices as confirmed by

nasopharyngoscopic studies (Seif and Dellon,

1978; Honjo et al, 1980). This phenomenon

could be observed in some of our patients (Fig.

2). In patients with VPI a forwardly directed le-

vator muscle may be present (Holborow, 1962;

Kriens, 1975). This may be responsible for the

absence of a lifting action on the cartilaginous

portion of the eustachian tube, thus closing the

tube rather than assisting in its opening (Doyle

et al, 1983). The functional obstruction is fol-

lowed by a negative pressure in the middle ear,

swelling of the mucosal lining of the eustachian |

tube, and fluid accumulation in the tympanic

cavity (Bluestone et al, 1972, Bluestone et al,

1975, Dickson, 1975, Beery et al, 1979). Fluid

accumulation, based on a secretory mechanism

causes an acoustical impedance change of the

retrograde flow in supine position
influence of gravity reduced

-_ irritation and oedema of orifice

- Eeviant muscle vector of DT-m

L
1

|
|

 

- passage of air and fluid reduced -

-| closing failure -
opening failure: tendency to collapse -}

MIDDLE EAR
Sa . . DISEASE

- deficiency of pumping function ---»

- deficiency of ET dilation -f

-| levator sling obstructing the ET -
absence of lifting action on cartilage -

 

 

 
 

-- irritation and oedema of orifice -

- jetlike aspiration of nasopharyngeal
contents into ET . -

-_ exsiccation: reduction of frequency
of swallowing - 

FIGURE 1 The causes of OME in VPI patients: ET = eustachian tube; TVP-m = tensor veli palatini muscle; Dt-m

= dilator tubae muscle; LVP-m = levator veli palatini muscle; TT-m = tensor tympani muscle.
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A

 

FIGURE 2 The eustachian tube orifice observed by nasopharyngoscopy in a girl aged 14 years (VPI after palatal
repair); A, at rest, B, during contraction of the levator veli palatini muscle causing posteromedial displacement of
the cartilage. l-medial cartilage; 2-eustachian tube orifice; 3-levator muscle; 4-posterior pharyngeal wall;
S-velopharyngeal aperture.

middle ear system resulting in a range of con-

ductive hearing losses that varies with frequency

and duration of the presence of middle ear fluid.

In addition, the accumulated viscid fluid may be-

come a growth medium for micro-organisms

resulting in suppurative otitis media.

An inferiorly based pharyngeal flap may in-

fluence the function of the eustachian tube at

several levels:

1. The forward directed vector of the levator

FIGURE 3 Dorsal traction of
the posterior border of the soft
palate, consequently followed by
posterior displacement of the le-
vator sling. Frontal view superi-
or to the soft palate. ET-eusta-

 

muscle may be corrected by backward trac-

tion of the soft palate because of the pulling

force of the pharyngeal flap (Fig. 3). The

muscular strength of the pharyngeal flap

(Fara and Dvorak, 1970; Owsley et al,

1972; Mulder, 1976) may retroposition the

levator sling. It is possible that the pharyn-

geal flap pulls the levator sling across a

mechanical dead-point, realizing a better

point of impact on the eustachian tube car-

tilage. This may also facilitate the effect of

 

 
chian tube; PF-pharyngeal flap;
LP-lateral port; LVP-levator
muscle; SP-soft palate; PPW-
posterior pharyngeal wall.
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the contraction of the dilator tubae muscle

on the membranous wall of the eustachian

tube.

After achieving velopharyngeal competence

by means of a pharyngeal flap, the oronasal

reflux becomes diminished. Subsequently,

the irritation of the eustachian tube orifices

is eliminated.

After pharyngoplasty, the stimulus for

adenoidal hypertrophy may be decreased,

thus minimizing the chance of eustachian

tube obstruction and of ascending infection.

Further testing of this inference requires

nasopharyngoscopic observation.

Finally, some remarks on the influence of

the physical disability on OME have to be

made. As opposed to data from Heller et al

(1978) and Caldarelli (1978), the children

with cleft palate in our study more fre-

quently had bilateral chronic OME than the

children with congenitally short palate.

Although both cleft palate and congenitally

short palate may be based upon the same

causative pathology, the effects appear to be

different. Both the basic anatomical-

functional defect and the hearing pathology

are less severe in patients with congenitally

short palate.

In the literature, no consensus exists con-

cerning the relationship between hearing and

the type of cleft. Although some authors

suggest that in children with a complete cleft

the larger defect accounts for more hearing

problems (Nassy, 1952; Masters et al, 1960;

Bennett et al 1968; Komatsu et al, 1982),

no differences between complete clefts and

clefts confined to the palate were found in

this study. The action of the levator sling per

se on the eustachian tube appears to be the

determining factor in causing hearing

problems, independently of the type of cleft

(Graham, 1964; Soudijn and Huffstadt,

1975; Webster and Eldis, 1978; Swigart,

1979).

CONCLUSIONS

The definition of hearing pathology in VPI

should be based upon standardized criteria.

As a proposal, bilateral chronic OME should

be related to the repeated findings of bilater-

al C;. and B tympanograms, whereas hear-

ing loss should be related to average

air-bone gaps of 20 dB or more measured

at 500, 1,000 and 2,000 Hz. Otoscopy alone

appears to be insufficient for detecting

bilateral chronic OME.

. _- Half of the patients with VPI had bilateral

chronic OME as opposed to 5 percent of

normal children. f

3. Bilateral chronic OME occurred most fre- -

quently in children with cleft palate. Chil-

dren less than 6 years of age showed a high

incidence of bilateral chronic OME whereas

during the school years a change in the per-

sistance of bilateral chronic OME occurred,

as is also seen in the normal population.

4. The likely reason for the high occurrence

of bilateral chronic OME in VPI patients is

the forward insertion of the levator muscle

sling rather than a hypertrophic adenoid. In

addition, adenoidectomy on otological

grounds appears to be questionable in VPI

patients.

5. A 60-percent decrease in bilateral chronic

OME was demonstrated within 3 months of

performing pharyngoplasty. Children older

than 6 years of age had most benefit with

respect to OME. The immediate effects of

pharyngoplasty seem to accelerate the

natural course of the disease.

6. The most obvious explanations for the

decreased incidence of bilateral chronic

OME after pharyngoplasty appears to be: (a)

retropositioning of the levator muscle sling,

facilitating the lifting action of this sling on

the eustachian tube cartilages as well as di-

- lation of the membranous wall by the dila-

tor tubae muscle, and (b) reduced oronasal

leakage. '
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