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Abstract. The surgical approach for the correction of residual velopharyngeal
insufficiency requiring secondary surgery at Chang Gung Memorial Hospital is the
modified Furlow palatoplasty with pharyngeal flap (mFP-PF). The aim of this study
was to describe the mFP-PF technique and to determine the results obtained with
regard to improvements in velopharyngeal function in patients undergoing this
surgery. This retrospective analysis included 58 non-syndromic patients treated
during the period 1992–2015 who complained of hypernasal speech after primary
cleft palate repair and failed postoperative speech therapy. All of them underwent
mFP-PF surgery. Preoperative and postoperative perceptual speech assessment
results were obtained. The male to female ratio in the study group was 1.2:1, and the
mean patient age at the time of surgery was 8.27 years. The patients underwent
nasoendoscopic examination and the velar closing ratio was categorized as 0.1–0.4
in 53.4% and 0.5–0.7 in 46.6%. The assessment of speech after mFP-PF showed
statistically significant changes for all perceptual speech outcomes. The incidence
of repeat surgery was 3.4%. This study revealed that 96.6% of patients did not
require second surgery for velopharyngeal insufficiency. Further studies on
obstructive sleep apnoea in post-mFP-PF patients and improvements to the surgical
technique should be considered.
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The velopharyngeal valve is made up of
the velum (soft palate), lateral pharyngeal
wall, and posterior pharyngeal wall. These
are important structures for normal speech
production. Velopharyngeal insufficiency
(VPI) is an anatomical or structural defect
that prevents adequate velopharyngeal
closure and is commonly seen in cleft
palate patients. As a result, the speech
of patients with VPI can be described as
exhibiting hypernasality, nasal emissions,
or poor intelligibility. The primary goal of
ons. Published by Elsevier Ltd. All rights reserved.
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cleft palate repair is to create an anatomi-
cally and functionally intact palate in or-
der to improve feeding and achieve
normal speech, while minimally impact-
ing maxillary growth and development1.
The incidence of VPI after primary

palatoplasty requiring secondary surgery
ranges from 5% to 45%2–4. This wide
range of incidence is due to the use of
different techniques for the cleft palate
repair5. Among the various techniques,
the Furlow palatoplasty is the most com-
monly used. Chorney et al. reported that
only 5.1% of their patients required a
subsequent pharyngeal flap following the
use of the modified Furlow palatoplasty,
and this was not affected by the pre-surgi-
cal cleft width6.
The surgical treatment of choice for

VPI remains controversial. The common-
ly used surgical techniques to correct VPI
include sphincter pharyngoplasty, poste-
rior pharyngeal wall augmentation, pha-
ryngeal flap surgery, and double opposing
Z-palatoplasty7–10. These methods may
deform the normal anatomy and can
cause various complications such as ob-
structive sleep apnoea (OSA), snoring,
mouth breathing, difficulty in clearing
nasal secretion, and even hyponasal
resonance11–14.
At Chang Gung Memorial Hospital, two

different surgical approaches for the cor-
rection of residual VPI requiring second-
ary surgery are applied. For those with a
velopharyngeal closing ratio of >0.7, a
modified Furlow palatoplasty is used to
correct palatal muscle function by reposi-
tioning the levator veli palatini muscle. On
the other hand, a closing ratio of <0.7
means that the patient has less optimal
velopharyngeal closing function. From
previous experience, these patients fare
less well when their velopharyngeal insuf-
ficiency is corrected with a Furlow pala-
toplasty. Hence, a modified Furlow
palatoplasty with pharyngeal flap (mFP-
PF) is used to compensate for the poorly
functioning soft palate. The effectiveness
of this technique has not yet been assessed
at Chang Gung Memorial Hospital.
The aim of this study was to describe the

mFP-PF technique and to subsequently
determine the results obtained with regard
to improvements in velopharyngeal func-
tion in patients undergoing this surgery.

Methods

The study received ethical approval from
the Institutional Review Board of Chang
Gung Memorial Hospital. Sixty-four
patients who presented during the years
1992–2015 with a complaint of hypernasal
speech after primary cleft palate repair and
who also failed the postoperative speech
therapy were initially recruited. The fol-
lowing inclusion criteria were applied:
diagnosis of non-syndromic cleft with
no other congenital anomalies, normal
hearing, no palatal fistulae, no delayed
speech development, and complete data
collection. Fifty-eight patients fulfilled the
inclusion criteria and were included in the
final analysis. The preoperative and post-
operative perceptual speech assessments
were performed by experienced speech
language pathologists. The postoperative
speech assessment was performed at least
6 months after the surgery. Postoperative
speech therapy was recommended if re-
quired.
The speech assessment covers phona-

tion, nasality, nasal emission, velopharyn-
geal function, grimace, and articulation.
The score for each variable was recorded
as follows: (A) phonation: 0, tension in
system; 1, reduced loudness; 2, hoarseness
or breathiness; 3, normal; (B) nasality: 0,
moderate hypernasality; 1, mild–moderate
hypernasality/mixed hyper- and hyponas-
ality; 2, mild hypernasality; 3, normal; (C)
nasal emission: 0, audible, turbulent; 1,
consistent visibility; 2, inconsistent visi-
bility; 3, not present, nasal escape, reduced
or absent; (D) velopharyngeal function: 0,
inadequate; 1, marginal; 2, adequate; (E)
grimace: 0, grimace; 1, without grimace;
(F) articulation: 0, fair; 1, good.

Statistical analysis

As outcome measures, the pre- and post-
surgery perceptual speech outcomes were
compared for the study group patients.
The demographic data of the patient pop-
ulation were analysed using descriptive
statistics. The paired t-test was performed
to determine the effectiveness of the sur-
gical technique with regard to perceptual
speech outcomes. IBM SPSS Statistics
version 20.0 (IBM Corp., Armonk, NY,
USA) was used for the statistical analysis.
A P-value of <0.05 was considered to be
statistically significant.

Surgical technique—modified Furlow

palatoplasty with pharyngeal flap

The posterior pharyngeal wall is palpated
before starting the surgery to identify the
medialization of the carotid arteries or
meningocele. The soft palate and posterior
pharyngeal wall are infiltrated with topical
anaesthetic and epinephrine for haemos-
tasis after placement of a Dingman mouth
gag with tongue plate. The modified Fur-
low palatoplasty begins with an initial Z
incision on the soft palate, as shown in
Fig. 1A. An anteriorly based oral mucosa
flap is elevated on the right side, beginning
from the base of the uvula medially and
extending posterolaterally to the hamulus.
Then, a posteriorly based oromuscular
(oral mucosa and muscle) flap is elevated
on the left side, as shown in Fig. 1A. The
soft palate is split in the midline by a
‘through-and-through’ dissection.
Once the oral dissection is completed,

the nasal mucosal flap layer becomes visi-
ble. The incision of the nasal lining differs
from that of the ordinary Furlow palato-
plasty, as shown in Fig. 1B. A 5-mm
margin of nasal mucosa is reserved at
the hard palate junction and the nasal
lining is incised obliquely from the mid-
line in a different direction. The end of the
incision should reach the lateral pharyn-
geal wall near the eustachian tube bilater-
ally.
Next, a superiorly based pharyngeal flap

is raised from the posterior pharyngeal
wall. The superiorly based flap is preferred
at the study centre, because it provides a
clear view of the donor site during harvest
and allows the harvest of a greater length.
The dissection plane is above the prever-
tebral fascia. The width of the pharyngeal
flap is tailored according to the velar
closing ratio. For patients with poor clo-
sure (closing ratio of 0.1–0.4), a moderate-
width pharyngeal flap (about two-thirds of
the width of the posterior pharyngeal wall)
is used, while for patients with somewhat
better closure (closing ratio of 0.4–0.7), a
narrow-width pharyngeal flap (about one-
third of the posterior pharyngeal wall) is
used. The base of the flap is around the
level of C1. The donor site is closed with a
suture to the level below the flap base
(Fig. 1C).
The pharyngeal flap is inserted and

sutured to the nasal lining at the central
posterior margin of the nasal side incision
with simple interrupted sutures (Fig. 1D).
The nasal mucosa is trimmed and adjusted
to facilitate better wound closure with the
lateral pharyngeal flap. Nasal catheters are
passed through the lateral ports to main-
tain patency and assist in appropriate siz-
ing of the ports during suturing. The lateral
margin of the pharyngeal flap is sutured
with the nasal mucosal flaps bilaterally
until they meet at the midline of the pha-
ryngeal flap base. Below that point, the
nasal mucosa is sutured to the margin of
the posterior pharyngeal wall to form a
tube-like portal opening bilaterally. Care
is taken in order not to suture the nasal
catheter to the nasal mucosa. These nasal
catheters are removed on postoperative
day 1 (Fig. 1E).
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Fig. 1. Surgical technique—modified Furlow palatoplasty with pharyngeal flap.
The levator muscle is oriented and su-
tured in the transverse plane to create a
good overlap levator sling (Fig. 1F). There
is no further muscle mobilization on the
right side of the muscle. Finally the oral
mucosal flap is sutured to the correspond-
ing mucosa to complete the wound closure
(Fig. 1G).

Results

Of the 58 patients who underwent mFP-
PF, 32 (55.2%) were female and 26
(44.8%) were male, giving a male to fe-
male ratio of 1.2:1 (Table 1). The mean
age at surgery was 12.91 years, ranging
from 3.17 to 29.34 years. On nasoendo-
scopy, 31 (53.4%) patients had a velar
closing ratio of 0.1–0.4 and 27 (46.6%)
had a velar closing ratio of 0.5–0.7. Thirty-
five patients had been diagnosed with
complete unilateral cleft lip and palate,
10 patients with complete bilateral cleft
lip and palate, and 13 patients with cleft
palate. The operative time for the mFP-PF
technique was 2–3 hours (average
2.5 hours). There were no intraoperative
complications for any of the patients.
The assessment of speech after mFP-PF

showed statistically significant changes
for all perceptual speech outcomes, in-
cluding phonation, nasality, nasal emis-
sion, velopharyngeal function, grimace,
and articulation (Table 2).
The incidence of repeated surgery due

to residual VPI was 3.4%. As there was an
improvement in the speech assessment,
most of the patients refused another post-
surgery nasoendoscopic examination.
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Table 1. Patient characteristics at baseline (N = 58)a.

Characteristic

Sex
Male 32 (55.2%)
Female 26 (44.8%)

Diagnosis
Unilateral CLP 35 (60.3%)
Bilateral CLP 10 (17.2%)
Cleft palate 13 (22.4%)

Surgery (months), mean (range) 12.91 (3.35–29.34)
Velar closing ratio
0.1–0.4 31 (53.4%)
0.5–0.7 27 (46.6%)

Repeat VPI surgery
No 56 (96.6%)
Yes 2 (3.4%)

CLP, cleft lip and palate; VPI, velopharyngeal insufficiency.
a Results are presented as the number and percentage (n (%)), unless stated otherwise.
Furthermore, two patients presented with
severe OSA requiring pharyngeal flap
release surgery. However, these two
patients had no speech worsening post-
surgery.

Discussion

Residual VPI is not rare after the repair of
cleft palate, despite complete closure of
the palatal defect. The incidence of VPI
after primary palatoplasty that may need
secondary surgery ranges from 5% to
45%2–4. Surgical interventions such as
posterior pharyngeal wall augmentation,
redirection of anteriorly displaced levator
muscles, palatal lengthening, sphincter
pharyngoplasty, and pharyngeal flap phar-
yngoplasty can be used to correct VPI.
Although these surgical procedures for
velopharyngeal functional reconstruction
have been advocated, the speech outcomes
do not differ significantly among these
techniques13–17.
The underlying problems such as the

length of the soft palate, the levator mus-
cle repair, and the reduction of the en-
larged pharyngeal space should be
considered in VPI surgical repair. As well
as the anatomical considerations of the
Table 2. Change in perceptual speech outcome

Variable
Before mFP-P
Mean (SD)

Phonation 1.91 (1.08) 

Nasality 1.29 (0.84) 

Nasal emission 0.88 (0.50) 

Velopharyngeal function 0.17 (0.38) 

Grimace 1.86 (0.51) 

Articulation 0.19 (0.40) 

CI, confidence interval; mFP-PF, modified Furl
designed surgical technique, the postoper-
ative complications, especially OSA, need
to be minimized if possible.
In this study, the mFP-PF technique

achieved highly satisfactory functional
speech results. This technique is a dynam-
ic operation for restoring velopharyngeal
function. The mFP-PF is able to achieve
satisfactory results for speech function in
VPI repair as a result of several specific
aspects . First, the careful design of the
modified Furlow Z-plasty on the soft pal-
ate is able to increase velar length effec-
tively. Unlike the traditional Furlow
palatoplasty, the nasal lining is incised
and lengthened through continuous sutur-
ing at the lateral pharyngeal flap until it
reaches the posterior pharyngeal wall. The
extension of the nasal mucosa flaps
improves raw surface coverage at the pos-
terior pharyngeal wall, which is important
in reducing contraction and scarring of the
pharyngeal flap.
Second, the modified Furlow palato-

plasty allows complete division of the
palatal aponeurosis with precise dissection
of the muscles and creates a transverse
muscle sling for better velopharyngeal
function. As the nasal lining is pulled
downward and backward, the levator mus-
s in the study group after modified Furlow palato

F After mFP-PF
Mean (SD)

Mean score diff
(95% CI) 

2.48 (0.73) 0.57 (0.30–0.84
2.72 (0.64) 1.43 (1.18–1.69
2.31 (0.94) 1.43 (1.18–1.69
1.84 (0.41) 1.67 (1.54–1.81
2.00 (0.00) 0.14 (0.004–0.2
0.79 (0.41) 0.60 (0.47–0.74

ow palatoplasty with pharyngeal flap; SD, standa
cle is orientated along the velopharyngeal
port. The main advantage of this is that the
functional muscle sling is able to provide
more competent velopharyngeal function
during speech.
Third, the velopharyngeal port formed

is a tube-like shape unlike that of the
other techniques. The two tube-like velo-
pharyngeal ports create better obturation
of the nasopharyngeal space. This tech-
nique also reduces the width of the pha-
ryngeal flap. With the previous technique,
the pharyngeal flap width was determined
by the preoperative nasoendoscopic velar
closing ratio and ranged from two-thirds
to three-quarters of the total width of the
posterior pharyngeal wall. In the present
study group, all patients with a closing
ratio of 0.4–0.7 required only a narrow-
width pharyngeal flap of about one-third
of the posterior pharyngeal wall in VPI
surgery. This is able to reduce the severi-
ty of OSA.
Each surgical approach has its

strengths and limitations. Surgeon expe-
rience certainly contributes to outcomes,
although the impact of experience is dif-
ficult to measure. Hence, periodic assess-
ment of outcome data will help each
surgeon to improve their surgical skill
and approach to the management of these
patients.
In conclusion, improved speech

results were reported for all of the study
patients and 96.6% of the patients did
not require second VPI surgery. Further
studies on OSA in post-mFP-PF patients
should be performed and improvements
to the surgical technique should be con-
sidered.
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