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Since 1878 when Alt (1) noted hearing improvement following treat-
ment of otorrhea associated with cleft palate, hearing loss and ear disease
have been subjects for extensive investigation in children with cleft pal-
ate. A high incidence of both chronic otitis media and hearing loss in the
child with cleft palate has been confirmed (6, 8, 11, 12, 13, 14, 15) :

The extent of the problem as presented in the hterature varies with the
age group studied, the criteria for hearing loss, the socio-economic group
and geographic dlstrlbutlon of population. Authorltles generally agree
that the hearing loss is usually of a conductive nature and typically
involves both ears.

Among the commonly proposed etiologies for the high 1n01dence of aural
pathology in cleft palate patients is that of abnormal structure and func-
tion of the palatal musculature which is intimately related to the naso-
pharyngeal end of the Eustachian tube. During normal swallowing, the
tensor veli palatini, and possibly the levator veli palatini, open the lumen
of the Eustachian tube and allow ventilation of the middle ear. Most
authors agree that in cleft palate there is impaired middle ear ventilation
on the basis of tubal dysfunction. The course and action of the tensor veli
palatini can be altered at the time of surgical repair of the palatal cleft by
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division of its tendon or by fracture of the pterygoid hamulus, around
which the tendon passes.

The result of fracture of the pterygoid hamulus during palatoplasty in
terms of the course of middle ear pathology has not been conclusively
evaluated. Experimental studies indicating that middle ear disease should
develop following division of the tensor or hamulotomy (7, 10) are in
contrast to the clinical report by Bennett, et al (2) that less ear disease
and improved hearing function followed division of the tensor tendon.

A controlled prospective study designed to evaluate the relationship of
hamulus fracture to the post operative state of middle ear disease was
started in 1963 at the Cleft Palate Clinic of the Children’s Hospital of
Philadelphia. This paper gives the results of that study.

Materials and Methods

115 children undergoing palatoplasty at the Children’s Hospital of Phil-
adelphia during the seven year period 1963-1969 were entered in the
study. This allowed a three-year follow up period for ear evaluation. At
the time of soft palate repair, either the right or the left pterygoid hamu-
lus was fractured. The side of fracture was randomized. If the operation
was performed in an even month (Feb, April, etc.), the left side was
fractured. In odd months, a right hamulotomy was done. All patients
received a unilateral hamulotomy consisting of a partial or greenstick
fracture of the hamular process of the pterygoid performed by the surgeon
with his finger or by use of a periosteal elevator. The opposite hamulus as
well as the tensor veli palatini tendon were not disturbed. The ear contra-
lateral to the hamulus fracture was considered as a control in each child.

The patients were studied for ear disease and hearing loss by clinical
otologic examination and audiogram when possible pre operatively, and
within the first, second or third post operative years. The authors respon-
sible for clinical ear evaluation (S.E.S.) and audiologic follow up
(R.A.W.) were not aware of the side of hamular fracture at the time of
their evaluation.

Otologic evidence of ear disease was considered to be present if the
patient had a history of active otitis media during the followup year in
which he was studied or if on physical examination he evidenced tympanic
membrane fullness, yellow or red color, opacification or loss of translu-
cency, impairment to motility by pneumatic otoscopy, otorrhea, perfora-
tion or cholesteatoma. Intensive prophylactic care of the ear disease was
provided by myringotomy and antibiotic treatment when indicated.

Audiograms were performed when possible during the preoperative and
follow up periods by using a standard clinical audiometer and speech
reception threshold (SRT) recordings were made. Hearing loss was re-
corded in one of the four categories listed in Table 1. All records of loss
are of a conductive nature ranging from 10 decibels to greater than 50
decibels in those recorded as abnormal.
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TABLE 1. The severity of hearing loss was recorded by speech reception threshold
and listed in one of four groups according to degree of air-bone conductive loss.

group degree of loss air-bone gap

I Normal 0 to 10 dB
11 Mild 11 to 30 dB
II1 Moderate 31 to 50 dB
v Severe 51 to more dB
Results

Of the 115 children entered in the study, 26 were later excluded because
of inadequate followup data. Those excluded were patients who were
followed by otolaryngologists outside the clinic group, patients who moved
to another city with followup at another institution and patients who
failed to return postoperatively for examination.

All 89 patients composing the study group, were tested at least once by
audiometry or otologic examination during the three year follow up pe-
riod.

Valid audiograms were available for 40 children during the first post
operative year, while 46 had an accurate otologic examination recorded.
Thirty-five of these also had audiograms. Between one and two years
following surgery, 56 had a documented ear examination (46 of which also
had audiograms) and 54 audiograms were done. In the third follow up year,
41 ear examinations and 53 audiograms were performed. The following
examinations are shown in Figure 1.

The study group included 57 male and 32 female children. The majority
(41) had Veau Class II clefts, while 27 were in the Veau Class III
category, 14 Veau Class IV and 7 Veau Class I. Most were operated
between 13 and 18 months of age. Thirty-eight were in this group, while
19 were closed in the 19 to 24 month age period. Therefore, 64% were
operated between one and two years of age (Figure 2). There were two
immediate complications. One patient required transfusing for operative
hemorrhage. A second patient with Pierre Robin Syndrome required
tracheostomy.

Of the 89 included in the study group, records were available on 63
children to evaluate the preoperative status of middle ear disease. 79%
demonstrated evidence of otitis media preceding surgery. All children re-
ceived otologic examination at surgery, 93% manifesting ear disease. A
myringotomy was carried out in 95% of the group at the time of soft
palate closure.

The right pterygoid hamulus was fractured in 44 patients, the left in 45.

In an effort to determine the effect of hamular fracture on the course of
middle ear disease, pathological findings in the ear on the side of hamulo-
tomy were compared with disease on the non-fractured side and the data
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FIGURE 1. Number of clinical otologic and audiometric examinations done in
each of the three post operative years.
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FIGURE 2. Age of the patient at the time of palatal surgery and hamulus frac-
ture. Sixty-four percent were operated on between the ages of 12 and 24 months.
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evaluated as follows:

1. Individual comparison of the course of disease in the ear on the side
of hamulotomy with the control ear following surgery. An increase, de-
crease or lack of change in findings over the control ear was recorded.

2. Group comparison of side of hamulotomy and the control ear.

3. Effect of hamulotomy on the group with preoperative evidence of
middle ear disease.

4. Effect of hamulotomy on the group with evidence of middle ear at
surgery.

5. Effect of hamulotomy on the severity of hearing loss as recorded by
audiograms.

1. InprvipuaL EvaruaTioN. When each child was evaluated individually
and the subsequent course of ear disease in the ear on the side of hamulo-
tomy was compared with the contralateral ear, the following results were
obtained. 64 patients showed no difference in audiogram and 65 demon-
strated no difference in clinical evaluation. The ear on the side of hamular
fracture showed less severe disease than the control side by audiogram in
eight patients and by clinical examination in four. The ear on the side of
hamular fracture showed more severe disease in nine patients by audi-
ogram and in five clinically. If the ear was judged worse by one parameter
and unchanged by the other over the control, the patient was considered
to be worse by comparison. Figure 3 summarizes the data. By this crite-
rion, 66 children were judged to have no difference in ear disease, 12 were
found to have more severe disease in the ear on the side of hamulotomy
and 11 were found to have more disease in the ear opposite to the side of
hamular fracture. These data show no statistically significant difference
between the two ears.

2. Grour CowmparisoN. The patients undergoing right hamulotomy
were evaluated individually for evidence of ear disease or hearing loss in
both the right and left ear during the first, second and third post operative
years. An identical evaluation process was then applied to the left hamu-
lotomy group. In each subgroup, no significant difference was noted in the
incidence of clinically documented historical or otologic evidence of otitis
media or in audiographic evidence of hearing loss. When both groups were
combined and the data evaluated for the total series, the difference was
even less significant. During the three-year period, a total of 147 audi-
ograms were recorded for the ear on the side of hamulotomy, 69 of which
showed at least mild hearing loss. Clinically, 75 of 143 examined had
evidence of otitis media. In the non-fractured group, 70 of 147 audiograms
were positive for hearing loss, while 72 of 143 ear examinations were
positive for ear disease. The data, detailed in Table 2, show no significant
difference between these groups.

3. PreOPERATIVE EAR DisEAasE. When the 49 patients in whom satisfac-
tory documentation of otitis media preceding surgery were evaluated, the
results were similar. 93 of 159 exams on audiogram were positive on the
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FIGURE 3. Evaluation of each child individually demonstrates no difference in
the development of middle ear disease on the side of hamulus fracture compared to
opposite ear.

side of hamular facture, while 94 of 154 showed evidence of ear disease in
the opposite or control ear.

4. Ear Disease AT SurcEry. Of the 100 ears in 51 patients which
showed evidence of middle ear disease at surgery, usually on the basis of
positive myringotomy results, 50 were on the side of hamular fracture and

TABLE 2. Table comparing the total number of abnormal examinations on the side
of hamulus fracture with those obtained by evaluation of the opposite ears. There
is no statistically significant difference in the figures below.

side of hamulotomy control side
method and time of evaluation
no. exam. no. pos. no. exam. no. pos.
clinical examination first year. . . .. 46 24 46 25
audiogram first year. ... ... ....... 40 15 40 17
clinical examination second year. .. 56 27 56 28
audiogram second year............. 54 28 54 30
clinical examination third year..... 41 24 41 19
audiogram third year............. 53 26 53 23
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FIGURE 4. Severity of hearing loss in the 89 patients in this study. Only one
examination showed a hearing loss of greater than 50 decibels. Perhaps this reflects
prompt and active care of middle ear disease in these patients.

50 were on the contralateral or control side. This chance occurrence pro-
vided a natural basis for comparison. On the side of fracture 152 post
operative evaluations were recorded, 83 or 54% showing evidence of dis-
ease. In the contralateral ears, 56% or 90 of 162 examinations recorded
either clinically or audiometrically were positive for middle ear pathology.

5. SeveriTy oF HEArING Loss. On the side of hamulotomy, 78 of the
total 147 audiograms were normal, compared to 77 of 147 on the opposite
side (Figure 4). Forty-nine on the fractured side and 50 of the control
ears showed mild loss. Moderate damage was recorded in the ear on the side
of fracture in 20, in 19 on the opposite side. Only one audiogram demonstrat-
ing an air-bone conductive gap greater than 51 decibels was recorded, this
on the side in which no fracture was done. In summary, 47% of the
audiograms recorded on the side of fracture showed evidence of at least
mild hearing loss, compared to 48% on the contralateral studies.

Discussion

Although a portion of the tensor veli palatini muscle originates from the
greater wing of the sphenoid bone and from the scaphoid fossa at the root
of the pterygoid process, the origin of a part of the muscle from the
Eustachian tube has been classically described by Graves and Edwards
(6) and by McMyn (9). As this flat muscle approaches the pterygoid
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hamulus, it narrows into a strong tendon that bends around the hamulus
in a deep notch on its lateral side and from its vertical position enters into
a'horizontal plane. The horizontal part of the muscle expands in a fan-
like manner to become the palatine aponeurosis which fuses to both the
posterior border of the hard palate and the aponeurosis of the other side.
Those fibers originating from the anterolateral membranous wall of the
Eustachian tube serve to retract this part of the wall away from the
cartilagenous posteromedial wall, thus opening the tubal canal (Figure 5).
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FIGURE 5. Illustration of the origin of the tensor veli palatini from the mem-
branous portion of the Eustachian tube and the relation of its tendon to the
pterygoid hamulus. Contraction of this muscle opens the Eustachian tube allowing
equalization of pressure in the middle ear with the surrounding atmosphere. In the
child with a cleft palate this relationship may be distorted. Fracture of the hamulus
process could also interfere with this function. In this study, however, no deleterious
effect on middle ear disease of hamulus fracture at the time of soft palate repair could
be demonstrated.
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This equalizes pressure between the middle ear and the atmosphere, allow-
ing ventilation. It can thus be seen that abnormalities of insertion of the
tensor as in cleft palate, poor development of the muscle or surgical
damage to the muscle or the pterygoid hamulus could alter Eustachian
tube physiology.

Since its introduction by Billroth in 1889 (3) surgical fracture of the
hamulus as a means of reducing tension at soft palate closure has grown
in acceptance and is in widespread use by surgeons performing palate
surgery. In a recent questionnaire answered by 101 surgeons performing
palate surgery, 42 indicated they routinely fractured the pterygoid hamulus
at soft palate closure (17). Others did so on occasion but not as a routine.

With the knowledge of the intimate anatomic relationship of the Eusta-
chian tube, the tensor veli palatini and the pterygoid hamulus, surgeons
and otolaryngologists have considered the possible harmful effects surgical
disturbance of this unit would have on the middle ear. Holobrow (7) in
1962 demonstrated that in dogs with normal palate musculature without
division of the tensor the air pressure in the middle ear could be returned
to normal from an artificially produced positive and negative pressure.
When the tensor was divided, air pressures remained unchanged. Odoi
et al. (10) recently used the cat as an experimental model and demon-
strated a three-fold increase in middle ear effusion following hamulotomy
compared to a sham-operated group. These experimental studies indicat-
ing the possible harmful effect on the middle ear by hamulotomy do not
always reflect the technique of hamulotomy done at soft palate repair.
They are contrary to the clinical findings of Bennett and co-workers (2)
that less clinical, otologic and audiologic evidence of ear disease was
found in children whose palatal closures included division of the tensor
veli palatini compared to an equal number in whom the musele was not
divided.

In our prospective study, the side of hamulotomy was selected at ran-
dom and was determined only by the date of surgery. All children re-
ceived a unilateral hamular fracture, the opposite ear serving as an inter-
nal control. Therefore, since ear disease in the cleft palate child is usually
bilateral, comparison between the operated and the control side appeared
to be valid. The bilaterally equal extent of the ear disease in the pre
operative and operative periods is further evidenced by comparison of the
results obtained when each group was studied separately. Although follow
up by clinical examination necessitated subjective evaluation of the state
of ear pathology by the otolaryngology group, the evaluation was re-
corded according to a standard format (16). The subjectivity was thought
to be minimized by using the opposite ear in each patient as a control, so
that both the side of fracture and the control side were subject to the same
inherent variations in clinical evaluation and testing.

Since no clear documentation of the effect of hamulotomy on ear disease
existed, an impression of the attitude of operating surgeons concerning the
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problem was sought through the above questionnaire (17). One half of
those reporting indicated they were of the opinion that hamular fracture
had no effect on Eustachian tube function, 10% indicated a definite effect,
17% thought it sometimes affected function, and the remainder made no
commitment.

In the past 20 years, the existence of hearing loss in the cleft palate
group has been recognized, but the prevalence of its occurrence is debated.
On the average, approximately 50% are thought to have documented
hearing loss after the age to two. The reports range from 0% reported by
CGoetzinger et al. (4) through Skolnick’s 39.4% (18) to the 90% reported
by Sataloff and Fraser (12) in their original report on the subject. Our
data of 47% hearing loss in the ear on the side of hamular fracture
compared to 48% in the opposite ear is consistent with the average re-
ported. The severity of the loss, however, is not great, with only one ear of
the 294 examined by audiogram showing evidence of greater than 50
decibels air-bone conductive loss. Hopefully, the mild nature of the hear-
ing loss represents the result of continued efforts toward early diagnosis
and treatment with myringotomy.

Conclusions

From our data, we can conclude that fracture of the pterygoid hamulus
and, thus, disturbance of the integrity of the tensor veli palatini tendon
during soft palate closure does not significantly alter the state of middle
ear disease.

Since the opposite ear in each individual served as a control with which
hamulotomy was compared, it can be noted from the lack of superiority
on the non-fractured side that elimination of hamulotomy from soft pal-
ate closure because of fear of middle ear disease would not be justified.

Summary

An evaluation of the effect of routine fracture of the pterygoid hamulus
during soft palate closure on the development and course of middle ear
disease and its sequelae is presented. A prospective study alternating right
and left fracture of the pterygoid hamulus in a randomized series of 89
patients undergoing soft palate repair between 1963 and 1969 is reviewed.
An evaluation of the development of clinical middle ear disease and docu-
mented hearing loss by audiogram during a three-year post operative
followup period demonstrated no differences between the ear on the side
of hamulotomy compared to the opposite ear.

Acknowledgement: The authors wish to acknowledge the staff of the
Lancaster Cleft Palate Clinic, Lancaster, Pennsylvania, who assisted with
the questionnaire cited in the manuscript.
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