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ABSTRACT 

Velopharyngeal closure function following modified unified velopharyngeal plasty performed by a single surgeon was 
evaluated pre- and postoperatively in 14 children with cleft palate after cleft palate closure and no improvement by 
speech training. Subjects were evaluated for velopharyngeal closure function before and after surgery at 1 (short-term 
evaluation) and 3 (mid-term evaluation) years. Degree of hypernasality and degree of air leakage through the nose in the 
soft blowing test were each classified into three grades and each grade was given scores. Velopharyngeal closure function was 
classified according to the total score into four grades: “good”, “fair”, “slightly poor” and “poor”. At the short-term eva- 
luation, 11 patients (78.6%) achieved an improvement to “good” or “fair” on the overall evaluation. More satisfactory 
results were obtained at the mid-term evaluation, with 14 patients (100%) graded as “good” or “fair”. Our results indi-
cate that this modified unified velopharyngeal plasty effectively improves velopharyngeal insufficiency when perform- 
ed as a secondary surgery for cleft palate in children. 
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1. Introduction 

Velopharyngeal closure function following cleft palate 
closure plays an important role in acquiring normal spee- 
ch. Various techniques have been proposed for narrowing 
of the nasopharyngeal space and improvement of func-
tion. A number of studies have demonstrated the effecti- 
veness of the pharyngeal flap operation for the treatment 
of velopharyngeal insufficiency. 

Factors affecting postoperative velopharyngeal closure 
function following pharyngeal flap operation include preo- 
perative velopharyngeal closure function, age at operation, 
the surgical procedure used, the width and attachment si- 
te of the pharyngeal flap, and postoperative speech train-
ing [1-5]. 

Our treatment algorithm for children with cleft palate 
is as follows. For newborns, a Hotz plate is made and pla- 
ced at the first visit to improve suckling function and pro- 
mote jaw development. Speech management is started at 
around 1 year of age, with two-stage palatoplasty [6] ap- 
plied for children with cleft palate at our department. In 
consideration of the child’s “time to start speaking”, the 

initial palatoplasty is performed at 1.5 to 2 years using 
the mucosal flap technique proposed by Perko [7]. A spee- 
ch plate is used to close a cleft of the hard palate. Speech 
is assessed by speech therapists at 4 years. Thereafter, re- 
gular speech training and adjustments of the speech plate 
and the speech aid are made. Pharyngeal flap operation is 
carried out for those patients with velopharyngeal insuf- 
ficiency which failed to show improvement over time and 
could not be maintained by conservative treatment. Cleft 
of the hard palate is closed with alveolar bone grafting at 
8 to 10 years. 

Among a number of techniques that have been devel-
oped for pharyngeal flap operation, including costal car-
tilage grafting [8] and the folded pharyngeal flap techni- 
que proposed by Isshiki et al. [9-12], the superior flap 
technique is most commonly used. The surgical techni- 
que used in our hospital is a modified form of unified ve- 
lopharyngeal plasty proposed by Tachimura et al. [13-15] 
(hereinafter, modified UVP), which is classified as a su-
perior flap technique based on the shape of the flap fo- 
rmed. The surgical outcomes of pharyngeal flap opera- 
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tion vary substantially among surgeons and thus cannot 
be simply compared [10]. Thus, the present study inclu- 
ded patients who had undergone modified UVP by the 
same surgeon and evaluated the velopharyngeal closure 
function of these patients at 1 and 3 years postoperation. 

2. Methods 

2.1. Subjects 

The study subjects were 14 children with cleft palate who 
presented to the clinic of the Department of Oral and Ma- 
xillofacial Surgery, Aichi-Gakuin University Dental Hos- 
pital and were diagnosed with velopharyngeal insufficien- 
cy, for which speech training didn’t provide no improve- 
ment because the lateral cephalometric radiograph show- 
ed the soft palate was too short to reach the posterior wall 
of the pharynx. They subsequently underwent modified 
UVP performed by the same surgeon as secondary sur-
gery and who were available for follow-up speech as-
sessments for more than 3 years postoperation. 

Orifices for the purpose of ventilation were created bi-
laterally with a diameter of about 5 mm [11]. For a cleft 
of the hard palate, the mucosal flap technique was also 
used to minimize development of the maxillary and pala- 
tal bones [15]. All of the 14 patients had undergone pre-
operative speech training at our or other hospitals and had 
been considered unlikely to make improvement by con-
servative treatment alone. Exclusion criteria were conge- 
nital velopharyngeal insufficiency, and mental retardiation. 

2.2. Evaluation of Velopharyngeal Closure 
Function 

Postoperative evaluation consisted of the short-term eva- 
luation performed at 1 year postoperation, by which time 
the condition was assumed to be stabilized [16-18], and 
the mid-term evaluation performed at 3 years postopera-
tion. For those patients who were unavailable at the 3- 
year evaluation, data were obtained at the visit closest to 
3 years were used for evaluation. 

The evaluation method used in this study was based on 
Methods for Testing Closure Function issued by the Cleft 
Palate and Speech Subcommittee of The Japan Society of 
Logopedics and Phoniatrics [19]. A speech therapist per- 
formed the auditory evaluation of vocal language by cla- 
ssifying the degree of hypernasality into 3 grades: “nega-
tive”, “slightly positive” and “positive”. Each grade was 
then assigned a score of 0, 1 or 2 points, respectively 
(Table 1). 

In the soft blowing test, each subject was asked to blow 
through a straw into a cup and the maximum values of 
misting measured on the surface of a nasal breath mirror 
on each side were classified into 3 grades. A score of 0 
point was given for values ≤ 1, 1 point for values > 1 and 

≤ 2, and 2 points for values > 2 (Table 1). 
Overall evaluation was based on the total scores from 

both tests; a total score of 0 point was defined as “good”, 
1 point as “fair”, 2 points as “slightly poor” and 3 and 4 
points as “poor” (Table 2). 

3. Results 

3.1. Subjects (Table 3) 

Six of the 14 children had been treated from birth at our 
department by our algorithm and the cleft palate was clo- 
sed in two-stage in the 4 children. Other 8 children were 
referred from other clinics to our department during the 
treatments. The average age at pharyngeal flap operation 
was 8 years 6 months (range, 3 years 8 months to 18 
years 3 months; median, 7 years 0 months). 

3.2. Evaluation of Velopharyngeal Closure  
Function (Table 3) 

At the preoperative evaluation of hypernasality among 14 
patients, 3 patients (21.4%) were classified as “slightly posi-
tive” and 11 patients (78.6%) as “positive”. At the short- 
term evaluation, 10 patients (71.4%) were classified as 
“negative” and 4 patients (28.6%) as “slightly positive”. 
The 4 pa- tients with a short-term hypernasality evalua-
tion of “sli- ghtly positive” were classified as “good” on 
evaluation of single sound pronunciation, but were clas- 

 
Table 1. Rating and scoring for each test. 

Hypernasality Soft blowing test Score 

Negative Negative 0 

Slightly positive Slightly positive 1 

Positive Positive 2 

 
Table 2. Overall evaluation. 

Total score                Overall evaluation 

0 Good ◎

1 Fair ○ 

2 Slightly poor △ 

3 

4 

Poor × 
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Table 3. Time course of velopharyngeal function in each patient. 

Age at operation Hypernasality Blowing test Total score Overall evaluation
Patient No. 

years months 
Cleft type Past treatment Palatal closure

Pre→Short→Mid Pre→Short→Mid Pre→Short→Mid Pre→Short→Mid

1 8 1 UCLP × 1 1→0→0 2→0→0 3→0→0 ×→◎→◎ 

2 11 11 CP ○ 1 2→0→0 2→0→0 4→0→0 ×→◎→◎ 

3 4 8 CP ○ 1 2→0→0 1→0→0 3→0→0 ×→◎→◎ 

4 5 10 UCLP × 1 2→0→0 1→0→0 3→0→0 ×→◎→◎ 

5 18 3 UCLP × 1 2→1→0 1→0→0 3→1→0 ×→○→◎ 

6 4 11 UCLP ○ 2 2→0→0 1→0→0 3→0→0 ×→◎→◎ 

7 5 5 CP × 1 2→0→0 1→0→0 3→0→0 ×→◎→◎ 

8 11 6 BCLP × 1 2→0→0 1→1→0 3→1→0 ×→○→◎ 

9 10 2 CP × 1 1→0→0 1→0→0 2→0→0 △→◎→◎ 

10 3 8 UCLP ○ 2 2→1→0 2→1→1 4→2→1 ×→△→○ 

11 5 10 CP × 1 2→0→0 2→0→0 4→0→0 ×→◎→◎ 

12 17 3 UCLP × 1 2→1→0 2→1→0 4→2→0 ×→△→◎ 

13 4 9 UCLP ○ 2 1→0→0 2→0→1 3→0→1 ×→◎→○ 

14 8 6 UCLP ○ 2 2→1→0 2→1→0 4→2→0 ×→△→◎ 

BCLP, bilateral cleft lip and palate; UCLP, unilateral cleft lip and palate; CP, cleft palate; Past treatment: ○; treatmented at our department from birth ×; 
referned from other clinics; Palatal closure: 1: one-stage, 2: two-stage. 

 
sified as “slightly positive” with regard to hypernasality 
during conversation. At the mid-term evaluation, all the 14 
patients (100%) were classified as “negative” (Figure 1). 

The results of the preoperative soft blowing test among 
the 14 patients were “slightly positive” in 7 patients 
(50.0%) and “positive” in 7 patients (50.0%). The test 
results at the short-term evaluation were “negative” in 10 
patients (71.4%) and “slightly positive” in 4 patients 
(28.6%), and those at the mid-term evaluation were 
“negative” in 12 patients (85.7%) and “slightly positive” 
in 2 patients (14.3%) (Figure 2). 

The overall evaluation of preoperative velopharyngeal 
closure function was “poor” in 13 patients (92.9%) and 
“slightly poor” in 1 patient (7.1%). At the short-term eva- 
luation, 9 patients (64.3%) were rated as “good”, 2 pa-
tients (14.3%) as “fair”, and 3 patients (21.4%) as “slig- 
htly poor”. At the mid-term evaluation, 12 patients (85.7%) 
were rated as “good” and 2 patients (14.3%) as “fair” 
(Figure 3). 

In terms of the effect of surgery, 11 patients (78.6%) 
showed “much improvement (improvement of two 
grades or more)”, such as improvement from “poor” at 
the pre operative evaluation to “fair” at the short-term 
evaluation, and 3 patients (21.4%) showed “improvement 

(improvement of one grade)”, such as improvement from 
“poor” to “slightly poor”. At the mid-term evaluation, 
compared with the short-term evaluation, 8 patients 
(57.1%) remained at the “good” rating, 5 patients (35.7%) 
showed “improvement”, such as improvement from 
“slightly poor” or “fair” to “good” or “ fair”, and 1 pa-
tient (7.1%) showed worsening of overall evaluation. All 
patients showed improvement at the postoperative  
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Figure 1. Evaluation of hypernasality. 
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Figure 2. Soft blowing test results. 
 

 

Figure 3. Overall evaluation. 
 

evaluation compared with the preoperative evaluation. 
Three of the 14 patients (21.4%) presented mild hy-

ponasality at the short-term evaluation. None of the 3 
patients required removal of the pharyngeal flap or pre-
sented wi- th sleep apnea syndrome. All the 3 patients 
showed an improvement in hyponasality at the mid-term 
evaluation. 

Postoperative visual motility assessment of the soft pa- 
late following pharyngeal flap operation revealed no fin- 
dings suggestive of motility disorder or unilateral motor 
paralysis in any of the patients. 

4. Discussion 

In the present study, the percentage of the patients rated 
as “good” or “fair” on the overall evaluation of postop-
erative velopharyngeal closure function was 78.6% at the 
short-term evaluation and 100% at the mid-term evalua-
tion. These results are comparable to those reported in 
previous studies, in which patients with good function 
accounted for 70% - 100% and those with mild insuffi-
ciency accounted for 17% - 30% of all patients [16,17, 
20-25]. Factors contributing to the favorable postopera-
tive outcomes achieved in the present study include ade-
quate backward displacement of the soft palate, appro-
priate width, length and location of the pharyngeal flap to 
immobilize the soft palate, minimal postoperative con-
traction of the transplanted flap, and absence of compli-
cations resulting from minimal intraoperative bleeding, 
with a mean operative bleeding of around 80 g as repo- 
rted by Tachimura [13-15]. In addition, since only very 
small areas of the raw surfaces of the soft palate and 
pharynx are exposed in modified UVP, the resulting scar 
tissue can be minimized and the mobility of the trans-
planted flap and surrounding tissues can be preserved at 
the maximum level.  

We were not sure whether anterior part of the hard 
pate should be first closed prior to velopharyngeal plasty. 
Out of 4 patients (patient #6, #10, #13 and #14) with 

unilateral cleft lip and palate under two-stage palatal 
closure algorithm, 2 patients (patient #10 and #14) pre-
sented with “slightly poor” velopharyngeal closure function 
at the short-term evaluation. These patients had an un-
closed cleft in the anterior part of the hard palate and had 
a speech plate placed at the time of the short-term post-
operative evaluation. These patients underwent closure of 
a residual cleft of the hard palate and alveolar cleft at 10 
years and subsequently achieved improvement in velo-
pharyngeal closure function. Therefore, the reason for the 
“slightly poor” rating on the velopharyngeal closure func-
tion in these patients may be because the cleft in the an-
terior part of the hard palate was not sufficiently covered 
by the speech plate and the resulting air leakage through 
the nose affected the velopharyngeal closure function. 
Furthermore, only 1 patient (patient #13) showed wors-
ening of velopharyngeal closure function from “good” at 
the short-term evaluation to “fair” at the mid-term evalu- 
ation. This patient was also undergoing two-stage palato-
plasty [2] and was under orthodontic treatment at the 
mid-term evaluation. This patient underwent closure of a 
residual cleft of the hard palate and alveolar cleft at 10 
years and also subsequently achieved improvement in 
velopharyngeal closure function after the mid-term eva- 
luation. The reason for the worsening of velopharyngeal 
closure function may therefore be due to the incomplete 
closure of the residual cleft in the anterior part of the hard 
palate with an ill-fitting speech plate. Thus, it is recom-
mended that hard cleft palate is first closed prior to velo- 
pharyngeal plasty for children with velopharyngeal in- 
sufficiency in the two-stage palatoplasty. 

Okazaki et al. [17] identified older age at operation as 
a risk factor for postoperative hypernasality. One of three 
patients (patient #12) with “slightly poor” velopharyn-
geal closure function at the short-term evaluation was 17 
years 3 months. This patient, even after pharyngeal flap 
operation and subsequent improvement in velopharyn-
geal closure function, would unconsciously speak using 
old articulation patterns learned and used before surgery, 
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and thus required a long time to learn and adopt new ar-
ticulation patterns. Patient #5 underwent surgery at the 
age of 18 years 3 months. This patient also achieved im-
provement to “fair” at the short-term evaluation, but had 
a hypernasality evaluation of “slightly positive”. However, 
the overall evaluation at mid-term was good in these high 
teens. Therefore, this modified UVP could improve velo- 
pharyngeal closure function of high teens until the mid- 
term evaluation. 

On the other hand, 10 of the 12 patients who under-
went surgery at less than 12 years achieved improvement 
at the short-term evaluation (improvement rate: 83.3%). 
The 2 patients without improvement were undergoing two- 
stage palatoplasty for cleft palate, as mentioned above. 
Given that these patients also achieved improvement fo- 
llowing closure of a residual cleft of the hard palate, the 
present results demonstrate the effectiveness of perform-
ing surgery at less than 10 years. 

Pharyngeal flap operation in children at younger ages 
is associated with the risk of recurrence of velopharyn-
geal insufficiency as a result of the physiological growth 
of facial bones during later childhood [26]. Repeated 
surgeries on the hard palate may also affect jaw devel-
opment. With regard to this issue, the palatoplasty and 
pharyngeal flap operation techniques employed at our 
hospital involve the application of the mucosal flap tech-
nique to the hard palate and thus is likely to have mini-
mal impact on jaw development. Future studies must 
consider recurrence of velopharyngeal insufficiency and 
the longer-term impact of the surgical techniques on jaw 
development. 

The evaluation method used in the present study was 
based on Velopharyngeal Methods for Testing Closure Fun- 
ction issued by the Cleft Palate and Speech Subcommit-
tee of The Japan Society of Logopedics and Phoniatrics 
[19]. Other reported methods include measuring acoustic 
energy with a nasometer [27-29], measuring the size of 
the soft palate on lateral cephalometric radiographs [29] 
and use of a posterior rhinoscope [30]. These methods 
were not employed in the present study because they re- 
quire special measuring instruments and a well-equipped 
recording room, and are also associated with the prob-
lems of radiation exposure. Future studies should intro-
duce digitalized voice assessment by mechanical meas-
urement and seek to develop new evaluation methods uti- 
lizing voice data gathered for individual patients. 

Our results demonstrated that modified UVP for post-
operative velopharyngeal insufficiency due to cleft palate 
provided a high improvement rate (78.6%) at the short- 
term evaluation. Subsequent closure of a residual cleft 
and patient growth and development resulted in an im-
provement to “fair” or better at the mid-term evaluation 
in all patients, again demonstrating the effectiveness and 
usefulness of the surgical technique. Although perform-

ing surgery in the late teens resulted in a slight delay in 
postoperative improvement in velopharyngeal closure fun- 
ction, performing it at younger ages was not associated 
with postoperative complications or recurrence at the mid- 
term evaluation. These findings indicate the appropriate-
ness of applying modified UVP to children from younger 
to high teens with postoperative velopharyngeal insuffi-
ciency following palatoplasty which is unlikely to be im- 
proved by non-invasive treatment. Further studies are 
warranted to examine the longer-term clinical course in- 
cluding recurrence of velopharyngeal insufficiency. 

5. Conclusion 

Fourteen children who had undergone palatoplasty and 
were diagnosed as having velopharyngeal insufficiency 
by postoperative speech assessment underwent modified 
UVP by the same surgeon. Short-term and mid-term 
evaluations were performed at 1 and 3 years postopera-
tion. The degree of hypernasality and the soft blowing 
test were evaluated and results were converted into 
scores. According to the total scores for both tests, velo-
pharyngeal closure function was classified into four 
grades: “good”, “fair”, “slightly poor” and “poor”. At the 
short-term evaluation, 11 of the 14 patients (78.6%) were 
classified as “good” or “fair”. At 3 years postoperation, 
all of the 14 patients (100%) were classified as “good” or 
“fair”. Our results indicate that this modified UVP is 
effective to improve velopharyngeal insufficiency as sec-
ondary surgery for cleft palate in children. It is recom-
mended that hard palate closure is first carried out prior 
to velopharyngeal plasty for children with velopharyngeal 
insufficiency in the two-stage palatoplasty. 
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