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ABSTRACT

Introduction: The purpose of this study was to assess the effects of
orthognathic surgery on speech in cleft lip and palate patients.
Methods: The samples consisted of 15 patients with cleft lip and
palate had undergone two-jaw surgery. Speech evaluation, video
fluoroscopy, the amount of maxilla advancement, age at surgery, and
type of the cleft were assessed. Speech evaluation and video
fluoroscopy were performed average 25 days before surgery, and
average 13 months after surgery. The second postoperative evaluation
was performed 6 months after the first evaluation in 3 patients. Speech
intelligibility and hypernasality degree were graded each as five
degrees. Velopharyngeal insufficiency(VPIl) was evaluated as three
degrees. The mean value of maxilla advancement amount was 6.9
millimeters.

Results: In preoperative speech evaluation, 11 patients(73.3%)
appeared to have no hypernasality, 3 patient(20%) showed mild
hypernasality, and 1 patient(6.7%) showed moderate hypernasality. In
terms of speech intelligibility, 10 patients(66.7%) had grade 1, 4
patients(26.7%) had grade 2, and 1 patient (6.7%) showed grade 3
preoperatively. Comparing preoperative and postoperative evaluation,
there was no alteration in speech intelligibility and hypernasality
degree in 11 of 15 patients(73.3%).

Among 15 patients, 12 patients(80%) had both preoperative and



postoperative video fluoroscopy. Preoperatively, VPI was identified in 1
patient(8.3%) and mild VPI was identified in 7 patients(58.3%). After
two-jaw  surgery, three patients(25%) showed increased
velopharyngeal gap and 1 patient (8.3%) showed newly developed VPI.
Newly developed Passavant’s ridge after the surgery was observed in
four patients. All of three patients who had second postoperative
evaluation showed no change in both speech evaluation and video
fluoroscopy compared to the first postoperative assessment. However,
in two patients, Passavant’s ridge became more prominent at the
second postoperative assessment than at the first postoperative
assessment. There was no significant association between
preoperative VPI findings and the occurrence of Passavant’s ridge (p
= .468), and between amount of maxillary advancement and the
occurrence of Passavant’s ridge (p = .343).

Conclusions: Although velopharyngeal gap could be increased after
two-jaw surgery, speech intelligibility and hypernasality did not
deteriorate accordingly. Newly developed Passavant’s ridges and their

progressive hypertrophy may act as a compensation mechanism.

Keywords: Cleft lip and palate, Orthognathic surgery, Speech
evaluation.
Student number: 2012-22711
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INTRODUCTION

Maxillary hypoplasia is a common skeletal feature in patients with cleft
lip and palate. This deformity is regarded as a result of a reduced
growth potential and the effects of the surgical scarring.(1) These
deformities have been corrected by orthognathic surgery.(2)

Orthognathic surgery can help the patients to have more aesthetic
morphology, however, it has two sides to speech production. Patients
with cleft lip and palate have abnormal development and anatomy of
oral, pharyngeal, and palatal musculature.(3) These anatomical
differences and surgical scarring of the palate contribute to speech
problems. Orthognathic surgery has a potential benefit on speech in
aspect of reestablishment of maxillomandibular relationships. On the
other hand, maxillary advancement may deteriorate speech
intelligibility and worsen velopharyngeal insufficiency.(4)
Velopharyngeal insufficiency is defined as a structural defect of velum
or pharyngeal wall, resulting in insufficient closure when speaking.(3)
When maxilla is surgically advanced, the hard and soft palate are
forced to advance as well, and this might compromise velopharyngeal
closing.(1) Many clinical studies have reported the influence of
orthognathic surgery on speech and velopharyngeal function(3-10),
however, there is no established consensus on this issue. The main
reason is due to highly variable nature of the patients, including

severity and nature of preoperative occlusion.(6)



Mason et al(11) suggested that most patients without cleft have
sufficient reservoir for velopharyngeal competency, so large amount of
maxillary advancement more than 10 mm do not affect velopharyngeal
function. In cleft lip and palate patients, the reservoir in length of soft
palate is insufficient than in normal population because of
postoperative scarring, and that makes higher risk of velopharyngeal
incompetence. The deterioration of velopharyngeal function may also
lead to nasal emission, articulatory errors and decreased speech
intelligibility.(12-15)

The purpose of the present study was to evaluate the effects of
orthognathic surgery on perceptual speech and velopharyngeal
competency in cleft lip and palate patients. There exist various
methods in assessing one’s speech. In this study, speech assessment
was performed by a qualified speech therapist using perceptual
judgment of speech and velopharyngeal anatomy and function were

evaluated by video fluoroscopy.



PATIENTS AND METHODS

The current study was conducted on 20 patients with cleft lip and
palate who had undergone orthognathic surgery at the Seoul National
University Children’s Hospital between 2010 and 2012 by a single
surgeon (SW Kim). Five patients had undergone maxillary distraction
before two-jaw surgery, while fifteen patients had undergone two-jaw
surgery only. Gateno et al.(16) and Hussain(17) suggested that
advancement of >6 mm of maxilla in operated cases of cleft palate
require distraction for more stable results. In our institute, maxillary
distraction was performed on patients who needed to advance maxilla
more than 9 millimeters for correction of maxilla-mandibular
discrepancy. For the consistency of subjects, the five patients who had
undergone maxillary distraction were excluded. The amount of
maxillary advancement ranged from 2.0-8.0 millimeters (mean, 6.9
millimeters). The movements of mandible were shown in Table 1.

To analyze the effects of orthognathic surgery, speech evaluation,
video fluoroscopy result, the amount of maxilla advancement, age at
surgery, and type of the cleft were assessed. Among 15 patients, 8
patients were male and 7 patients were female. Nine patients (60.0%)
had unilateral cleft lip and palate and six patients (40.0%) had bilateral
cleft lip and palate. Patient’'s mean age at the time of operation was

18.7 years.(range 17 years to 20 years)
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Perceptual speech evaluation and video fluoroscopy were performed 1
day to 5 weeks (mean, 25 days) before surgery, and 4 months to 20

months (mean, 13 months) after surgery.

Perceptual Speech Evaluation
Speech evaluation was assessed in all 15 patients by a qualified

speech therapist affiliated with the Seoul National University Hospital.
Hypernasality and speech intelligibility were assessed before and after
surgery. Hypernasality degree was scored as 5 degrees; none, mild,
moderate, severe, and profound. Intelligibility degree was scored as
follows; Grade 1= normal for age and sex, Grade 2= mild difficulty in
understanding, repetition not required; Grade 3= moderate difficulty,
repetition required infrequently, Grade 4= marked difficulty, repetition
required frequently; Grade 5= unintelligible even with repetition.

Patients with higher than grade 3 of postoperative speech intelligibility
score and with deteriorated speech intelligibility grade had second
postoperative evaluation after 6 months from first postoperative
evaluation. Total three of fifteen patients had second postoperative
assessment. During the period of six months between first
postoperative evaluation and second postoperative evaluation, one
patient got speech therapy and other two patients did not get speech

therapy.

Video fluoroscopy



The anatomical findings and movement patterns of the
velopharyngeal mechanisms were evaluated via video fluoroscopy.
Among 15 patients, 12 patients had both preoperative and
postoperative video fluoroscopy results. The post-surgical changes
were evaluated and recorded (Phillips DVI-II digital fluoroscopy system;
model BH 5000; Andover, MA, USA). Velopharyngeal competency and
palatopharyngeal structures including Passavant’s ridge were
evaluated at lateral view of video fluoroscopy. Velopharyngeal
insufficiency grade was scored as 3 steps as follows; No VPI = ho
velopharyngeal insufficiency, Mild VPI = velopharyngeal gap less than
5mm at lateral view of video fluoroscopy, VPI = velopharyngeal gap

greater than or equal to 5mm at lateral view of video fluoroscopy.

Statistical analysis

To analyze the association between the occurrence of Passavant’s
ridge and preoperative velopharyngeal status, linear by linear
association method was used. In other statistical analysis, Mann-

Whitney U test was used.



RESULTS

Perceptual Speech Evaluation

Among fifteen patients, eleven patients(73.3%) showed no
hypernasality in preoperative assessment. Three patients showed mild
degree, and one patient had moderate degree of hypernasality
preoperatively. After surgery, two of fifteen patients (13.3%) had
deteriorations in their hypernasality score. One patient without
preoperative hypernasality showed mild degree of hypernasality after
surgery. Another patient who showed mild degree of hypernasality in
preoperative evaluation revealed to have moderate degree of
hypernasality in postoperative assessment. Although these two
patients had deteriorated score in their hypernasality degrees, their
speech intelligibility score showed no change after the surgery.
Thirteen of fifteen patients (86.7%) showed no change in hypernasality
degree after orthognathic surgery.

In terms of preoperative intelligibility, 10 patients(66.7%) were
assessed to show normal intelligibility for age and sex, 4
patients(26.7%) showed grade 2 (mild difficulty in understanding,
repetition not required), 1 patient(6.7%) showed grade 3 (moderate
difficulty, repetition required infrequently). After surgery, 2 patients
(13.3%) showed some deterioration in speech intelligibility; one patient

with preoperative grade 2 intelligibility was assessed to have



postoperative grade 3, the other patient who showed preoperatively
grade 1 was shown to have grade 2 intelligibility postoperatively.
The relation between the amount of maxillary advancement and the
change in speech evaluation was statistically evaluated. There was no
significant association between the amount of maxillary advancement
and postoperative change in hypernasality grade(p=.229). Also, there
was no significant association between the amount of maxillary
advancement and postoperative change in speech intelligibility
grade(p=.933).

At the second postoperative evaluation, all three patients showed no

change during six months. (Table 1)

Video fluoroscopy
A total of 12 patients had both preoperative and postoperative video
fluoroscopy results. At preoperative assessment, VPI was identified in
1 patient and mild VPI was identified in 7 patients. Four patients(33%)
showed no VPI preoperatively. After two-jaw surgery, three patients
who preoperatively had mild VPI showed increase in velopharyngeal
gap and 1 patient showed newly developed velopharyngeal
insufficiency. Among these 4 patients who showed post-surgical
change in velopharyngeal competence, only one patient was found to
have aggravated intelligibility grade. (Table 1)

Newly developed Passavant’s ridge that was not observed before

two-jaw surgery was identified in 4 patients.(33%)(Figure 1)
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Three patients had second postoperative video fluoroscopy six
months after first postoperative evaluation. Two of the three patients
showed newly developed Passavant's ridge at first postoperative
assessment, and these two patients were appeared to have decreased
velopharyngeal gap with more prominent Passavant’s ridge at second
postoperative evaluation compared to the previous assessment.
(Figure 2) The other patient who appeared not to develop Passavant’s
ridge at the first assessment had no change in velopharyngeal gap nor
in pharyngeal musculature at the second postoperative assessment.
(Figure 3)

Among the two patients who developed more prominent Passavant’s
ridge at second postoperative evaluation, one patient showed
intelligibility grade 3 and moderate hypernasality in preoperative
assessment, and these scores did not change at both first and second
postoperative assessment. The other patient had no hypernasality in
preoperative and first, second postoperative assessment, but the
intelligibility grade worsened from preoperative grade 1 to
postoperative grade 2, and maintained as grade 2 at second

postoperative assessment.



Figure 1. Video fluoroscopy result of the patient with newly
developed Passavant’s ridge after two-jaw surgery.

(A) Preoperative resting gap.

(B) Postoperative resting gap.

(C) Preoperative velopharyngeal gap at speech. Passavant’s ridge is
absent.

(D) Postoperative velopharyngeal gap at speech. Newly developed
Passavant’s ridge is observed. (white arrow)
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Figure 2. Video fluoroscopy result of the patient who showed
more prominent Passavant’s ridge at second postoperative
assessment.
(A) Preoperative resting gap. (B) First postoperative resting gap.
(C) Second postoperative resting gap.
(D) Preoperative velopharyngeal gap at speech.
(E) First postoperative velopharyngeal gap at speech.
Passavant’s ridge was newly developed. (white arrow)
(F) Second postoperative velopharyngeal gap at speech.
Passavant’s ridge was more prominent compared to first

postoperative assessment. (empty arrow)
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Figure 3. Video fluoroscopy result of the patient who did not
develop Passavant’s ridge with deteriorated speech result.
(A) Preoperative resting gap. (B) First postoperative resting gap.
(C) Second postoperative resting gap.
(D) Preoperative velopharyngeal gap at speech.
(E) First postoperative velopharyngeal gap at speech.
Passavant’s ridge was not developed. Velopharyngeal gap was
increased compared to preoperative assessment.
(F) Second postoperative velopharyngeal gap at speech. Passavant’s

ridge was not developed since first postoperative assessment.
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Though he showed more prominent Passavant’s ridge and
decreased velopharyngeal gap at the second postoperative evaluation,
the intelligibility grade did not improve at the second postoperative
evaluation compared to first postoperative evaluation.

To analyze the factors affecting in occurrence of Passavant’s ridge,
the effect of preoperative velopharyngeal status and the amount of
maxillary advancement on the occurrence of Passavant’s ridge were
statistically evaluated using Mann-Whitney U test. There was no
statistically significant association between the amount of maxillary
advancement and the occurrence of Passavant’s ridge(p=.343). No
statistically significant association was found between the preoperative

VPI grade and the occurrence of Passavant’s ridge(p=.468).
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DISCUSSION

Since orthognathic surgery has been performed to correct
maxillomandibular discrepancy in cleft lip and palate patients, several
studies investigated the effects of maxillary advancement on speech.
(3-10) Some articles reported both positive and negative impacts of
orthognathic surgery on cleft palate patients.(3,4) Janulewicz et al.(3)
suggested maxillary advancement can impair velopharyngeal function
and speech scores, but may improve articulation defects and
hyponasality. Trindade et al.(4) evaluated the impact of orthognathic
surgery on acoustic nasalance, reported that orthognathic surgery
increases internal nose size, therefore high nasalance can occur. They
also suggested that this change may help improving nasal patency for
breathing.(4)

Others suggested adverse effects of orthognathic surgery on speech.
Niemeyer et al.(9)studied 42 subjects with cleft lip and palate patients
submitted to maxillary advancement by analyzing perceptual speech
analysis. They suggested that orthognathic surgery in individuals with
cleft palate may interfere in resonance, or increase the degree of
hypernasality.

Chanchareonsook et al.(10) reviewed 39 published articles, total 747
cases of cleft and noncleft patients, about the effects of cranio-
maxillofacial osteotomies and distraction osteogenesis on speech and

velopharyngeal status. As a result, many studies reported that surgery

14



had no impact on speech and velopharyngeal status, while some
reported worsening especially in patients with preexisting
velopharyngeal impairment. However, they did not clarify the method
for outcome measurement. Chanchareonsook et al.(10) figured out
methodological weakness that were noted in most studies; small
sample size, subject mix, variations in surgical technique, validity of
results, lack of direct observation, and timing of postoperative
assessment.

We employed perceptual speech assessment and video fluoroscopy
as evaluation methods. Perceptual speech evaluation utilizes clinical
judgments by an experienced professional speech pathologist.
Perceptual speech assessments include findings of preoperative and
postoperative speech analysis, such as articulation errors transcribed
by a speech-language pathologist, or evaluation of resonance of
vowels and nasal consonants using a severity rating scale.(18)
Articulation assessment was excluded in this article because we put
more emphasis on the effects of the surgery on actual conversation
than on phonological changes. As a direct evaluation method for
velopharyngeal function, video fluoroscopy was used.

In this study, two of fifteen patients had deteriorated score in their
hypernasality degrees after the surgery, but not enough to worsen their
intelligibility score. In terms of speech intelligibility, 2 patients (13.3%)
showed deterioration postoperatively. Although these two patients did

not show any change in hypernasality degree, they had worsened

15



articulation errors enough to deteriorate the degree of intelligibility.
Most patients (86.7%) maintained their preoperative speech
intelligibility score. (Table 1)

Among the twelve patients who both had preoperative and
postoperative video fluoroscopy, four patients showed increased
velopharyngeal gap and none of the patients showed deteriorated
hypernasality.(Table 1) In other words, hypernasality did not seem to
have direct correlation with velopharyngeal patency. Theoretically,
increased velopharyngeal gap may lead to hypernasality. In our
investigation, it can be suggested that even if in cleft lip and palate
patients, increase in the amount of velopharyngeal gap by orthognathic
surgery is not enough to alter the hypernasality grade.

Moreover, we tried to figure out any factor which influences speech
intelligibility by analyzing video fluoroscopy. Four patients are shown to
develop Passavant’s ridge after orthognathic surgery. Passavant’s
ridge was described as a cushion that projects forward in the pharynx,
originating from the posterior and lateral walls of the nasopharynx by
Passavant in 1869. He first stated that the ridge is an essential
component of the normal speech mechanism.(19) Since then, there
has been a controversy over the function of Passavant’s ridge. Honjo
et al.(20) disagreed to Passavant’s opinion and suggested that the
ridge has little importance in speech. Isberg et al.(21) studied 80
patients with hypernasality by using video fluoroscopy and

nasopharyngoscopy. They identified an improvement of the sphincter
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function associated with an enlargement of Passavant’s ridge and also
observed that the ridge could disappear if complete velopharyngeal
closure was achieved, implying that Passavant’s ridge is originated
from compensatory mechanism.(21)

Among the three patients who had second postoperative assessment,
two patients showed more prominent hypertrophic Passavant’s ridge
and decreased velopharyngeal gap than first postoperative video
fluoroscopy assessment.(Figure 2) All of the two patients who had
more prominent Passavant’s ridge at second postoperative evaluation
did not show any change in speech evaluation at second postoperative
speech evaluation compared to first postoperative speech evaluation.

From these findings, we infer that Passavant’'s ridge may develop
against worsened velopharyngeal insufficiency as a compensatory
mechanism after maxillary advancement. However, development of
Passavant’s ridge may not be enough to improve the grade of VPI and
the worsened speech intelligibility score after orthognathic surgery.
Passavant’'s ridge may act to lessen the worsening effect in
velopharyngeal insufficiency.

To analyze the reason why only some patients develop Passavant’s
ridge, we performed statistical analysis about the effect of the amount
of maxillary advancement and preoperative velopharyngeal status on
the occurrence of Passavant’s ridge. In this study, four patients newly
developed Passavant’s ridge after orthognathic surgery. The mean

value of the amount of maxillary advancement in these four patients
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was 7.75 millimeters, and the average value in remnant eleven
patients was 6.59 millimeters. However, there was no statistically
significant association between the amount of maxillary advancement
and the occurrence of Passavant’s ridge. In aspect of preoperative
velopharyngeal status, all the four patients showed mild
velopharyngeal insufficiency preoperatively. In statistical analysis, no
significant association was found between the preoperative VPI grade
and the occurrence of Passavant’s ridge. Although the amount of
maxillary advancement and preoperative velopharyngeal status have
been revealed to have no significant association with the occurrence of

Passavant’s ridge, further study is required in larger group.

Since patients with cleft lip and palate do not have enough reservoir
in length of the soft palate, so the risk of velopharyngeal insufficiency
after maxillary advancement surgery is higher than in normal patients.
In this study, though velopharyngeal gap was increased after two-jaw
surgery in some patients, speech intelligibility and hypernasality
degree were not deteriorated accordingly and most patients showed
no change in perceptual speech evaluation. Newly developed
Passavant’s ridges and their progressive hypertrophy may act as a
compensation mechanism and may contribute to prevent worsening

the grade of speech intelligibility.
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