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ABSTRACT

This study was aimed to evaluate and compare the posterior pharyngeal wall augmentation 
using muscular flap versus musculomucosal flap for correction of velopharyngeal incompetence 
(VPI).  

Patients and methods:  this study was conducted on   twenty children (13 males and 7females) 
complaining from VPI with age ranging between 6.5 and 13 years with a mean of age 8.7 years. 
All patients were treated surgically using posterior pharyngeal wall augmentation. Patients were 
classified into two equal groups according to the type of flap technique used for posterior pharyngeal 
wall augmentation. Group I included10 patients (7 males and 3 females)   were treated by muscular 
flap. Group II   included10 patients (6 males and 4 females)   were treated by musculomucosal flap. 
The preoperative and postoperative assessments for patients with VPI included clinical examination 
of the voice, nasopharyngoscopy and computed tomography (CT) scans. 

Results: Regarding clinical presentation (hypernasality and nasal regurgitation of fluid), all 
patients in both groups had no nasal regurgitation of fluid or food which represents 100%. As regard 
the overall nasalance results (Nasal sentence) measured by nasometry in both groups there was  
noticeable improvement. But when  comparing overall nasalance results between both groups there 
was no significant difference .Competence and borderline closure was achieved in 65% for patients 
of both groups.  The VP gap size reduction was achieved in both groups, however there was no 
significant difference regarding reduction of median VP gap size. 

Conclusion: At the end, as there no significant difference in the results of both groups: the 
myomucosal flap technique for posterior pharyngeal wall augmentation is simple and easier than 
the muscular flap technique and the posterior pharyngeal wall augmentation is a good technique 
for treatment of VPI 
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INTRODUCTION 

Normal velopharyngeal (VP) closure involves 
the actions of many muscles, including the levator 
veli palatini (LVP), palatopharyngeus, and superior 
constrictor, the varying contributions of these 
muscles to velar closure in normal individuals result 
in a variety of normal closure patterns, including 
coronal, sagittal, and circular.1 

Normal velopharyngeal closure patterns vary 
in the population, half of the population will 
demonstrate a coronal pattern, with the free edge 
of the soft palate approximating the posterior 
pharyngeal wall. The circular pattern of closure was 
exhibited by 40% of people, with lateral pharyngeal 
walls and soft palate contributing to closure. The 
sagittal closure pattern is found in 15% of the 
population, with the soft palate contributes little to 
the closure of the velopharyngeal sphincter whereas 
the lateral walls medialize to create an airtight seal.2

Velopharyngeal insufficiency (VPI) is defined 
anatomically as the inability to completely close 
the VP port during production of sounds that 
require velar closure. As a result, hypernasal 
resonance, nasal air emissions, and compensatory 
misarticulations (among others) lead to speech 
intelligibility problems 3. After overt cleft palate 
repair, VPI speech has been reported in as many 
as 75% of patients 4. Other causes for VPI include 
submucous cleft palate, neuromuscular disorders, 
syndromes, or no apparent etiology. 5 

Passavant (1865)6 reported surgical adhesion 
of the posterior border of the soft palate to the 
posterior pharyngeal wall, which can be considered 
the predecessor of attachment of a formal posterior 
pharyngeal flap to the soft palate. Since that time 
the use of removable devices designed correct the 
VPI, also a number of surgical procedures have 
been devised to restore the physiologic closure of 
this sphincter-like mechanism. 7

The goals of surgery are to eliminate the 
symptoms of hypernasality and eliminate audible 

nasal emissions without causing complete 
obstruction of the velopharyngeal port, allowing for 
nasal breathing and nasal resonance. 8

Multiple procedures have been described, The 
first option category consists of (1) lengthening 
the palate by retropositioning the velum, which 
can be achieved with a V-Y pushback procedure, 
an intravelar veloplasty,9 or a double-opposing 
Z-plasty;10 and (2) palatal re-repair.11

The second option category involves reduction 
of the static opening between the nasal and oral 
pharynges12-14which is considered a velopharyngeal 
narrowing procedure. This narrowing may be 
accomplished   with a pharyngeal flap or with 
posterior pharyngeal wall augmentation (either with 
rolled pharyngeal flap or synthetic implant)   or 
with sphincter pharyngoplasty. The pharyngeal flap 
creates a single subtotal central obstruction of the 
velopharyngeal port, leaving 2 open ports laterally. 
Sphincter pharyngoplasty diminishes the cross-
sectional area of the central port.

The treatment for refractory VPI can be surgical: 
revision palatoplasty, posterior pharyngeal flap 
(PPF), or dynamic sphincter pharyngoplasty (DSP) 
are the standard options14, though some centers 
have used prosthetic obturators. 16 Secondary 
speech surgeries, however, are not without risk. 
Of greatest clinical consequence is the potential 
for the iatrogenic induction of obstructive sleep 
apnea (OSA) in high-risk patients.17 This adverse 
consequence is even more germane to cases 
requiring velopharyngoplasty revision: when 
VPI persists despite secondary speech surgery, 
the standard approach has been to repeat the 
operation in a more aggressive fashion (i.e., create 
a larger posterior pharyngeal flap or a tighter 
sphincter pharyngoplasty. 18 Posterior pharyngeal 
augmentation could represent an alternative and/or 
adjunct to traditional speech surgery.19

The aim of this work was to compare 
results of augmentation pharyngoplasty using 
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musculomucosal flap   versus Muscular flap in the 
treatment of velopharyngeal insufficiency after cleft 
palate repair.

PATIENTS AND METHODS

A random group of twenty patients with VPI 
after cleft palate repair was studied in the Oral 
and Maxillofacial surgery department, Faculty 
of Dentistry. Tanta University. Full history 
was obtained from each patient with physical 
examination stressing on absence of fistula, 
hypernasality, nasal emission or regurgitation, 
compensatory misarticulation and facial grimacing.

Preoperative and Post operative evaluation

The assessments for patients with VPI include 
clinical examination of the voice, nasopharyngos-
copy and computed tomography (CT) scans accord-
ing to the protocol of nasality evaluation ( percep-
tual evaluation of the voice and Nasopharyngosco-
py)   in Phoniatrics unit, Faculty of Medicine, Tanta 
University. 

A) The perceptual evaluation of the voice:

(Judged by a speech therapist)

- All the patients were evaluated preoperative, one, 
6 and 9 months after the surgery.

1- The hypernasality degree was evaluated 
subjectively with the Borel-Maisonny 20 

score, based on the audible nasal emission, 
intelligibility and compensatory articulation 
during phonation and theses elemens were 
graded along a 5-point scale starting with 0 
(normal) to 4 (severely affected).

2- Objective and quantitative assessment of na-
salance was obtained by using a Nasometer 21,22  
(Figure 1) 

B) The Nasopharyngoscopy**

- All the patients were evaluated preoperative, one 
and 9 months after the surgery.

 - The nasopharyngoscopy was performed under lo-
cal anesthesia for direct visualization of the ve-
lopharyngeal sphincter during speech. 23, 24

- The main parameters of analysis were the adequacy 
of velopharyngeal closure in addition to the type 
of closure (coronal, sagittal, or circular) was 
noted. 

-  Velopharyngeal closure was evaluated and clas-
sified according to criteria recommended by 
the international working group that reported a 
standardized grading scale for reporting finding 
on nasopharyngoscopy The overall velopharyn-
geal gap size was classified as large (VP closure 
less than 50%), moderate (closure between 50 
and 80%), or small (closure greater than 80%).25

C) Computed tomography (CT) scans: 

-  All the patients were evaluated Preoperative, 
immediately and 9 months after the surgery.

Fig. (1) Quantitative assessment of nasalance using Nasometer

*   Nasometery (Kay Elemetrics, model 6200. Corp. Lincoln Park. N.J. USA)
** High-resolution Karlheiz Hinze S/N151385 endoscope (Germany), Storz endoscope video camera (Germany), 

Panasonic SR 500 video recorder (Japan)
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-  Sagittal plane computed tomography (CT) scan 
(soft tissue window) was done for each patient 
to assess the VP gap size. 

Surgical technique:

Patients were classified into two random groups 
according to technique of pharyngeal flap; 

Group I: Included 10 patients (7 males and 3 
females) for whom    muscular flap augmentation 
pharyngoplasty was done. Technique used was that 
described by Gray S et al 1999 26 Figure 2

The standard pharyngeal flap was planned. 
The mucosa was raised as a superiorly based flap  
and then the underlying muscle was incised as 
superiorly based muscular flap then dissected from 
prevertebral fascia and the elevated separately. 
The muscle was rolled onto itself superiorly and 
tacked to the prevertebral fascia. The mucosa was 
then returned to its original position to minimize 
secondary intention healing. A muscular bulge 
was created at the site of velopharyngeal closure 
to augment the area and provides the patient with 
the ability to close the velopharyngeal sphincter. 
The rolled flap offers a buttress for the free edge of 
the soft palate to engage in patients with coronal or 
circular patterns of closure.

Group II: Included 10 patients (6males and 4 
females) for whom Myomucosal flap augmentation 
pharyngoplasty was done. Figure 3

-  The standard width of a pharyngeal flap 
generally approximates the distance between 
the posterior tonsillar pillars. The inferior extent 
of the flap should be near the midpoint of the 
tonsil. The length of the flap can be checked 
by estimating the distance from the posterior 
pharyngeal wall to the free margin of the soft 

Fig. (3) An intra-operative view showing, A. the superiorly based pharyngeal flap was elevated by incising through mucosa, down to 
prevertebral fascia (bright white in color).  B. Pharyngeal flap was rolled onto itself superiorly and tacked to the prevertebral 
fascia, the mucosa was primarily closed and muscular bulge was created at the site of velopharyngeal closure.

Fig. (2) Surgical technique for muscular flap augmentation of 
posterior pharyngeal wall  A, elevation of muscular flap 
and exposure of muscle. B. incision through muscle. C. 
rolling of muscular flap and sutured with prevertebral 
fascia. D. suturing of mucosal flap in its original 
position
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palate and then measuring down from the level 
of velopharyngeal closure 

-  The superiorly based pharyngeal flap was el-
evated by incising through mucosa and muscles 
down to prevertebral fascia. This fascial layer is 
bright white in color, and the plane will be es-
sentially avascular. 

-  The superior limbs of this incision were curved 
slightly laterally near the pedicle of the flap to 
maximize the blood supply to the flap .Then the 
mymucosal flap was elevated and rolled onto 
itself superiorly and tacked to the prevertebral 
fascia.

 The mucosa in both sides were undermined lat-
erally and the defect was then closed primarily with 
4-0 vicryl suture 

Statistical analysis:

The collected data was organized, tabulated and 
statistically analyzed using software statistical com-
puter package version 12 (SPSS). 27

RESULTS

This study was conducted on a total number 
of twenty patients (13 males and 7females) with 
velopharyngeal insufficiency. The age of patients 
was managed ranged from 6.5 to 13 years with 
mean 8.6.  

- Wound healing at the first week postoperative 
in both groups was repaired by primary intention in 
both groups. But in group I there is less edema at 
the surgical site as the mucosal flap was covered the 
exposed paravertebral fascia without tension  

Regarding clinical presentation (hypernasality 
and nasal regurgitation of fluid) postoperative 
evaluation revealed that: In group I:  six patients 
revealed improvement of hyper nasality, 4 patients 
had normal nasal resonance and need for speech 
therapy In group II:  seven patients revealed 
improvement of hyper nasality, 3 patients had 
normal nasal resonance and need for speech therapy. 
All patients in both groups revealed that there is no 
nasal regurgitation of fluid or food which represents 
100%.

- As regard the overall nasalance results (Nasal 
sentence) measured by nasometry in group I 
and group II patient: At 9 months noticeable 
improvement achieved and comparison between 
both groups through follow up period there was no 
significance difference for overall nasalance  at the 
final postoperative evaluation period. Table 1.

Regarding the velopharyngeal closure and gap 
size, preoperative evaluation revealed that, 2 
cases was borderline incompetence closure in group 
I and one case in group II and incompetence closure 
was in 8 case in group I and 9 cases in group II.  

TABLE (1) Shows pre and postoperative the overall nasalance results measured by nasometry in group I and 
group II patients

Follow up period
Group(I) Group(II) Significance test

Range Mean  ± S. D Range Mean ± S. D t. test p. value

Pre-operative 58.00-79.00 66.908.17± 58.00-79.00 66.90±7.48 0.734 0.403

One month (post) 58.00-75.00 65.30±6.53 58.00-77.00 69.40±7.14 1.796 0.197

6months (post) 52.00-65.00 56.90±4.48 49.00-68.00 54.40±6.88 0.926 0.349

9months (post) 49.00-55.00 51.40±1.90 49.00-58.00 51.70±3.02 0.071 0.793

Normal mean=      Nasal sentence 48.5   Significant at 0.05 levels 
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At the end of follow up period at 9 month revealed 
that, competence closure was achieved in 6 patients 
in group I and 4 patients in group II, borderline 
competence closure was achieved equally in 3 
patients in group I and group II, one case borderline 
incompetence closure in group II and no cases 
borderline incompetence closure in group I and 
incompetence closure was achieved in one case in 
group I and 2 cases in group II. Figure 4, Table 2

- Sagittal plane computed tomography (CT) 
scan (soft tissue window) as done for each 
patient preoperative, immediate and 9 months 

postoperative to measure the velophryngeal 
distance.

- Comparing preoperative and postoperative 
measures of velopharnygeal distance for each 
group there is a significant difference as P value   
was 0.04 in group I and 0.03 in group II.

- Comparing preoperative and postopearative 
measures for both groups there was no 
significant difference regarding reduction of 
median velopharyngeal distance, P. value was 
0.706  . Figure 5, tables 3

Table (2) Show pre and postoperative degree of VP closure using nasopharyngoscopy of group I and group 
II patients.

Preoperative 1 month (post) 9 months (post)

GI GII GI GII GI GII

No % No % No % No % No % No %

Competent 0 0 0 0 5 50 6 60 3 30 4 40

Borderline competent 0 0 0 0 2 20 3 30 3 30 3 30

Borderline incompetent 2 20 1 10 2 20 0 0 2 20 1 10

Incompetent 8 80 9 90 1 10 1 10 2 20 2 20

Chi-square
X2 0.389 2.294 0.483

P-value 0.531 0.514 0.924

Significant at 0.05 levels 

Fig. (4) (A) preoperative nasopharyngoscopic view showing 
incompetent velopharynx during speaking (p: soft 
palate) (B) 9 month postoperative nasopharyngoscopic 
view showing competent velopharynx during speaking.

Fig. (5) Preoperative sagittal CT view (Group I  left, Group II) 
(Upper).   Nine months postoperative sagittal CT view 
Group I (left, Group II (right), the muscular bulge was 
created at good level with soft palate and with reduction 
in midsagittal distance ( Lower)
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DISCUSSION

The golden rule in cleft palate surgery is closing 
the entire palate as long and as functional as 
possible. It may be possible to see VPI despite all 
precautions.28-30

Timing in the treatment of VPI is very 
important. Speech development may not allow a 
definite diagnosis of VPI until the patient is 2 to 
3 years or older. Besides the objective diagnostic 
methods such as nasopharyngoscopy, pressure-flow 
measurements cannot be applied until the patient is 4 
to5 years, that young patients were better candidates 
for augmentation pharyngoplasty 31,32

Van Demark and Hardin 26 showed that 
articulation therapy in children with cleft palate had 
slower improvement than expected. So they prefer  
the closure deficit with surgical measures. The 
treatment of the VPI is based mostly on pharyngeal 
flap surgery. Some risks related with pharyngeal 
flap surgery such as obstructive sleep apnea led the 
surgeons to look for safer techniques in correcting 
VPI. Many studies documented   the  posterior 
pharyngeal wall augmentation in mild VPI as a 
safer technique. 33-35 

Posterior pharyngeal wall augmentation was 
appropriate for patients with minimal velopharyngeal 
gap; it could be performed with autogenous tissue 
or foreign implants. The main problem in posterior 
pharyngeal augmentation technique lies in using 
the most appropriate material to augment the 
posterior wall of the pharynx. None autogenous 
augmentation has not been accepted widely because 
of the migration or extrusion of alloplastic implants 
and the resorption of injected materials. Absorption 
of the autogenous material such as cartilage, fat, and 
fascia is unavoidable.36-38

Rolled pharyngeal flap was considered when 
significant VPI was associated with longitudinal 
gap, a muscular bulge was created at the site of 
velopharyngeal closure to augment the area and 
provide the patient with the ability to close the 
velopharyngeal sphincter.26

Perceptual assessment is a necessary first step 
in the evaluation of abnormal speech because 
treatment is indicated only when a problem is 
perceived. In fact perceptual assessment is believed 
to be an important source of information on how 
well the VP structures function during speech. The 
nasopharyngoscopy was used to measure VP gap 
size, and it is widely accepted as the best approach 

TABLE (3) Show pre and postoperative range and mean for velophryngeal distance by CT for group I & II 
patients

Follow up  
period

Group (I)
Study

Group (II)
Control

Significance test

Range
(mm)

Mean  ± S. D
(mm)

Range
(mm)

Mean ± S. D
(mm)

t. test p. value

Pre-operative 5.00-13.00 9.80±2.49 5-13.00 9.30±2.26 0.221 0.644

Immediate (post) 4.00-11.00 7.80±2.20 4.00-11.00 8.20±2.10 0.173 0.682

9months(post) 4.00-11.00 7.80±2.20 4.00-11.00 7.40±2.46 0.174 0.706

Comparing between 
pre& 9m post

P value 0.04 0.03

Significant at 0.05 levels 
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for the clinical analysis of the VP sphincter. The 
subjective nature of auditory perceptual assessement 
was partially overcome by using the nasometer, 
which has previously been proved to be satisfactory 
in this respect.24, 39

In regarding to the clinical results of this study, 
the hyper nasal speech was found preoperatively in 
many of the patients included in this study (100%), 
which was attributed primarily to effect of the initial 
cleft repair producing short palates (velopharyngeal 
incompetence) and secondarily to the presence of the 
oronasal fistula. This finding was also demonstrated 
by Schultes G, 40 who reported leaking of air into the 
nose causing speech distortion due to the presence 
of oronasal fistula, together with the other related 
symptoms.

Perceptual analysis for patients in this study 
revealed that, the hypernasality was improved (65%) 
for patients of both group.  Audible nasal emission 
was found to be in agreement with Charles F et al, 

41 who showed a trend toward improvement which 
however did not reach statistical significant and 
compensatory articulation and overall intelligibility 
did not change significantly in comparison between 
both groups.

The intraoperative time was long in group I as 
the mucosal flap was elevated first then the muscular 
flap which was taken more time during surgery than 
in group II in which the flap was elevated as one 
layer which make it more easier and shorter than 
group I. As a regard to healing in both groups it was 
performed by primary healing as the wounds were 
closed primarily

The mean of overall nasalance for nasal 
sentences in our study was near to the normal mean 
48.5%. However no significant difference was 
obtained between both group (study and control) 
Improvement, partial or complete recovery was 
obtained in 80% of patients the result may be 
considered comparable with the outcome achieved 
by other authors (85-100%). 36 The remaining patient 
did improve but improvement was considered 

insufficient, the patient continued to suffer from 
excessive hypernasality .

Regarding the velopharyngeal function and 
closure pattern as evaluated by nasopharyngoscopy, 
the coronal pattern was observed in 75% of patient 
in our study and only 25% had circular pattern and 
this finding was in agreement with Witzel   and 
Posnick   42 . All the patients of both group of our 
study were having a relatively small but consistent 
velopharyngeal gap during phonation. Competent 
and borderline competence closure was achieved 
in 70% of patients, 10% borderline incompetence 
closure and 20% of patients had dysfunction which 
lead of obvious speech problem.

The VP distance measured in CT during 
vocal rest was reduced 9 months postoperatively. 
However, there was no significant difference 
between both groups. This result with parallel with 
Ulkur et al, 14 who find that the distance between the 
posterior pharyngeal wall and the velum observed 
preoperatively had disappeared in the postoperative 
follow period.

CONCLUSION 

At the end, we can concluded that 

1. The posterior pharyngeal wall augmentation is a 
good technique for treatment of VPI.

2.  As there no significant difference in the results 
of both groups. The myomucosal flap technique 
for is simple and easier than the muscular 
flap technique  for posterior pharyngeal wall 
augmentation. 
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