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ORIGINAL RESEARCH ARTICLE

Surgical interventions in velopharyngeal 
dysfunction: comparative perceptual speech 
and nasometric outcomes for three techniques
Ryan Instrum1 , Agnieszka Dzioba1, Anne Dworschak‑Stokan2 and Murad Husein1,2* 

Abstract 

Background: The aim of this study was to evaluate speech outcomes following surgical intervention for velopharyn‑
geal dysfunction (VPD). Perceptual speech outcome data were subsequently analyzed in conjunction with patient 
factors such as congenital abnormalities, presence of cleft lip and/or palate, and age of repair. We hope to aid in the 
eventual creation of treatment algorithms for VPD, allowing practitioners to tailor surgical technique selection to 
patient factors.

Methods: A retrospective analysis was performed for all patients who underwent surgical correction of VPD at 
London Health Sciences Centre between the years 2005 and 2018. Two hundred and two consecutive VPD patients 
(median age 10.6 years) were followed for an average of 20.2 months after having undergone a superiorly based phar‑
yngeal flap (121), Furlow palatoplasty (72), or sphincteroplasty (9). Speech outcomes were measured via the American 
Cleft Palate‑Craniofacial Association (ACPA) perceptual speech assessment, and MacKay‑Kummer Simplified Nasomet‑
ric Assessment Procedures Revised (SNAP‑R) was used to measure nasalence. Comparisons of mean preoperative and 
postoperative outcomes were made, as well as analyses regarding surgical procedure, syndrome, cleft status, and age.

Results: Mean perceptual scores improved significantly postoperatively (p < .0001), and successful perceptual 
resonance was identified in 86.1% patients (n = 174). Postoperative perceptual speech scores for three ACPA domains 
were superior with pharyngeal flap compared to both Furlow palatoplasty and sphincteroplasty ([hypernasality: 
p < .001, p < .02], [audible nasal emissions: p < .002, p < .05], [velopharyngeal function: p < .001, p < .05]). Success rate 
was higher in pharyngeal flap (94.2%) than in Furlow palatoplasty (75.0%, p < .001) or sphincter pharyngoplasty 
(66.7%, p < .001). No significant difference was identified in success rate based on syndrome or cleft status.

Conclusion: Operative management of VPD is highly effective in improving perceptual speech outcomes. Given 
proper patient selection, all three procedures are viable treatment options for VPD. For those patients identified as 
appropriate to undergo a pharyngeal flap, robust improvements in speech outcomes were observed.
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Background
The velopharyngeal valve is comprised of the soft pal-
ate (velum) anteriorly, the lateral pharyngeal walls, and 
the posterior pharyngeal wall. Speech production relies 
heavily on the appropriate closure of this valve as the 
preponderance of oral speech phonemes are created 
with a sealed port [1]. Closure is primarily achieved via 
the elevation and retraction of the velum with supple-
mental contraction of the posterior and lateral phar-
yngeal walls which serves to functionally separate the 
nasal passage from the oral cavity and respiratory tract 
[2].

Velopharyngeal dysfunction (VPD) occurs when 
this mechanism is disrupted so as to prevent com-
plete valve closure. The etiology of dysfunction may 
be inadequate tissue volume or mechanical restriction 
(velopharyngeal insufficiency), neuromuscular deficits 

(velopharyngeal incompetence), or learned maladaptive 
articulation (velopharyngeal mislearning) [2–7]. Aber-
rant speech production results from dysfunction with 
characteristic hypernasality, nasal air emissions, and 
diminished vocal intensity [8]. This yields poorly intel-
ligible speech which can have profound implications on 
quality of life [9].

Treatment strategies for VPD aim to obviate the ana-
tomic gap in the velopharyngeal valve to allow for normal 
speech resonance [10–16]. Conservative management 
can take the form of speech therapy, although this is 
typically reserved for patients with the mislearning sub-
type or as an adjunct to other modalities [17]. Moreover, 
prosthetic appliances can be a suitable option for poor 
surgical candidates and foster modest improvements, 
although they require a high level of compliance and are 

Graphical abstract
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not definitive treatment [4, 12, 13, 18]. Surgical interven-
tion remains the mainstay of VPD management insofar 
as it is capable of definitively correcting the causative 
structural anomalies while relying less heavily on contin-
ual patient compliance [10–16, 19].

Numerous operative techniques exist which have 
evolved to include modifications and combinations of 
procedures. The most common techniques include the 
pharyngeal flap, Furlow palatoplasty (double opposing 
Z-plasty), and sphincter pharyngoplasty, each with mul-
tiple modified versions [10, 11, 15, 16, 20–32]. Procedure 
selection is partially based on velopharyngeal closure 
pattern but is also reliant on factors relating to the sur-
geon such as training, comfort with each technique, and 
institutional preference [10–12, 15, 16, 22].

Materials and methods
Study objectives
Our aim is to present patient data regarding surgical cor-
rection of VPD at our center. A comparative analysis of 
procedure-specific perceptual speech and nasometric 
outcomes will be performed. Furthermore, treatment 
outcomes will be correlated with patient-specific con-
siderations such as cleft status, congenital abnormalities, 
and age. We hope to aid in the creation of treatment algo-
rithms for VPD, thus allowing practitioners to tailor sur-
gical technique selection to patient factors.

Design
A retrospective analysis was performed on prospectively 
gathered data from patients who underwent surgical cor-
rection of VPD at the Children’s Hospital, London Health 
Sciences Centre, an academic tertiary care hospital net-
work. All patients on whom the senior author (M.H.) 
operated between the years 2005 and 2018 (inclusive) 
were included in the study. Patients were assessed pre 
and postoperatively by a multidisciplinary team special-
izing in VPD and cleft palate, and each received concur-
rent speech therapy throughout. Evaluation included 
perceptual speech and objective nasometric assessment 
performed by the same speech-language pathologist 
(A.D.-S.), as well as functional anatomic examination 
with flexible nasendoscopy. Speech outcomes from three 
surgical techniques are described and subgroup analy-
ses have been performed based on characteristics such 
as presence of cleft/cleft type, comorbid syndromes, and 
patient age.

Patients undergoing surgery were seen for follow-up by 
the surgical team 4 weeks after their procedure. Thereaf-
ter, patients were evaluated in the VPD clinic with per-
ceptual speech assessment being performed by speech 
language pathology between 4 and 6  weeks post-opera-
tively as well as at regular intervals during longitudinal 

follow-up visits. For the purposes of this study, the most 
recent perceptual speech data for each patient were 
included in our analysis.

Procedure selection and technique
For each patient, operative procedure was determined 
primarily based on closure pattern and etiology of dys-
function. Pharyngeal flap was selected for sagittal and 
circular closures, poor palate movement yielding central 
gaps, and large gaps in those with good lateral pharyngeal 
wall motion. This phenotype is commonly seen follow-
ing previous cleft palate repair. Furlow palatoplasty was 
chosen for patients undergoing primary cleft repair or 
secondary repair, as well as patients with submucous cleft 
palate. Furlow palatoplasty was also utilized when there 
was evidence of a muscular diastasis in patients that had 
previously undergone a palate repair in infancy. This 
technique allows for lengthening of the palate in patients 
with a small gap and anatomic replacement of the leva-
tor musculature. Sphincter pharyngoplasty was utilized 
in patients with poor wall movement in all vectors with 
a resulting coronal closure pattern or in patients with a 
bow-tie pattern that had central closure but gaps on the 
lateral aspects of the velopharyngeal ports.

At our center, we perform endoscopically assisted supe-
riorly based pharyngeal flaps with lateral port control as 
per Hogan, Cable, and Canady [33–35]. Double opposing 
Z-plasty and sphincter pharyngoplasty technique is simi-
lar to that described by Furlow and Orticochea, respec-
tively [36–38].

Primary outcome
Our primary outcome measure was the American 
Cleft Palate-Craniofacial Association (ACPA) Percep-
tual Speech Assessment. Evaluations were made utiliz-
ing eight variables from the ACPA clinical database and 
were performed by one speech-language pathologist 
specializing in VPD and cleft palate (A.D-S). The vari-
ables assessed include: hypernasality, hyponasality, audi-
ble nasal emissions, velopharyngeal function, articulation 
proficiency, overall intelligibility, compensatory articula-
tion, and voice quality. Measurements for six variables 
were made via a 6-point ordinal scale wherein a score 
of 1 indicated normal perceptual speech, and a score of 
6 specified severe dysfunction. Velopharyngeal function 
was scored based on a 3-point scale ranging from a score 
of 1 (adequate) to 3 (inadequate). Compensatory articula-
tion scores were descriptive, with a score of 1 represent-
ing no compensatory articulation (i.e. normal) and scores 
2–6 each indicating a subtype of compensatory behaviors 
rather than being indicative of severity.

Comparative analyses were subsequently performed for 
preoperative and postoperative data in each of the eight 
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variables. A distributive appraisal was then made regard-
ing outcome success following operative intervention. 
Success was defined as a score of 1 or 2 in hypernasality 
and audible nasal emission perceptual speech variables 
[22].

Statistical analysis of primary outcome
The seven ordinal ACPA categories that were employed 
for perceptual speech assessment necessitate nonpara-
metric statistical analysis. As such, the Wilcoxon test 
was used for each of the ordinal speech scales to com-
pare preoperative and postoperative perceptual speech 
outcomes for all patients. Comparative analysis of ACPA 
outcomes between the three procedures was made via 
the Kruskal–Wallis test. Overall operative success, as well 
as comparative success for each technique, was deter-
mined by way of McNemar’s test.

Further subgroup analyses were subsequently per-
formed based on patient traits including patient age, 
cleft status, and syndrome, as well as combinations 
therein. Age-related associations were assessed using 
the Spearman rank correlation. Patients with an identi-
fiable syndrome or genetic abnormality (Table  1) were 
combined as ‘syndromic’ to facilitate statistical calcula-
tions. Comparisons were then made based on the pres-
ence or absence of syndrome via the Mann–Whitney U 
test. The Kruskal–Wallis test allowed for calculations 
based on cleft status with patients being clustered into 
non-cleft, cleft, and submucous cleft groups. Further-
more, the Mann–Whitney U test was then employed to 
evaluate subgroups with isolated syndromes, syndrome 
and cleft, non-syndrome and non-cleft, and isolated cleft. 
The Holm’s sequential Bonferroni correction was applied 
to the p-values to account for the multiple statistical tests 
that were undertaken in the present study; the adjust-
ment reduces the risk of committing a Type I error, while 
increasing statistical power [39]. The Holm’s sequential 
procedure is a stepwise modification of the traditional 
Bonferroni procedure that ranks tests of significance in 
ascending order of p-values and alters the magnitude of 
adjustment as a function of the p-value order. Adjusted 
p-values < 0.05 were considered statistically significant.

Secondary outcomes
Nasalance was our secondary outcome, and this was 
quantified utilizing nasometry (Kay Pentax Nasometer 
II). Measurements were made using the Picture-Cued 
Subtest of the MacKay-Kummer Simplified Nasometric 
Assessment Procedures Revised (SNAP-R) which con-
sists of four oral consonants and one nasal phoneme [40, 
41]. The use of a nasal phoneme served to surveille for 
potential overcorrection postoperatively. Results of the 
four oral consonants were averaged for each patient, and 

statistical evaluations were performed on preoperative 
and postoperative timepoints for all patients, as well as 
comparative analyses using the subgroups outlined in the 
primary outcome methods. Additionally, determinations 
of outcome success were made. Success using the SNAP-
R is defined as average oral scores within 3 standard 
deviations (SD) from the normative mean, which approx-
imately corresponds to nasalance scores less than 24 [41]. 
Importantly, oral SNAP-R data are not normally distrib-
uted, and no consistent cut-off has been established in 
the literature. Publications on the tool and its application 
describe 2 SD above the mean as representing the begin-
ning of a borderline region wherein many patients with 
normal overall resonance will exist [41, 42]. Scores in the 
nasal phoneme were considered successful if they were 
within 1 SD of the mean (< 64) [22].

Table 1 Population data

n (%)

Patients (total) 202

Gender

Female 84 (41.6%)

Male 118 (58.4%)

Median age at time of surgery 10.6 years

Mean age at time of surgery 12.4 years

Mean postoperative time

Perceptual assessment 20.2 mo

Nasometry 15.2 mo

Procedure

Pharyngeal flap 121 (59.9%)

Furlow palatoplasty 72 (35.6%)

Sphincter pharyngoplasty 9 (4.5%)

Cleft status

Cleft 101 (50.0%)

SMCP 44 (21.8%)

Noncleft 57 (28.2%)

Syndromes

Syndromic 59 (29.2%)

VCFS/Di George 16 (7.9%)

Pierre Robin sequence 13 (6.4%)

Neurofibromatosis Type 1 5 (2.5%)

Kleinfelter syndrome 5 (2.0%)

Syndrome NYD 7 (3.5%)

Other syndromes 14 (6.9%)

Cleft/syndrome subgroups

Noncleft, nonsyndromic 28 (13.9%)

Isolated syndrome 29 (14.4%)

Isolated cleft 115 (56.9%)

Cleft, syndromic 30 (14.9%)
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Statistical analysis of secondary outcome
Parametric statistical analyses were implemented for 
nasalance data; SNAP-R scores were determined to be 
normally distributed based on visual inspection of histo-
grams and Shapiro–Wilk’s test of normality. Comparative 
assessments of preoperative and postoperative time-
points were made with paired t-tests, and independent 
samples t-tests were employed to evaluate mean SNAP-R 
scores between the two timepoints. McNemar’s test was 
used to determine outcome success, as defined in the 
preceding section. Furthermore, subsequent subgroup 
analyses were carried out in a similar fashion to those 
outlined in the primary outcome statistical methods. 
Comparisons of mean SNAP-R score at each timepoint, 
as well as overall score change between them, were made 
based on procedure and subgroup via analysis of variance 
(ANOVA) and independent-samples t-tests, respectively. 
Spearman rank correlation was again used for associa-
tions based on age. As per above, the Holm’s sequential 
Bonferroni correction was applied to the p-values and 
adjusted p-values of < 0.05 were considered statistically 
significant.

Results
Population data
Two hundred and six consecutive patients underwent 
operative intervention for VPD over the study inter-
val. Speech assessment data for both pre-operative and 
post-operative timepoints were available for 202 patients 
included in the present study (4 patients excluded for 
missing speech data and loss to follow-up). Mean age 
at the time of surgery was 12.4  years (SD = 8.8) with 
a median age of 10.6  years, and ages ranged from 1.6 
to 69.0  years. Patients were followed for an average of 
20.2  months. Three surgical procedures were utilized: 
superiorly based pharyngeal flap (59.9%, n = 121), Fur-
low palatoplasty (35.6%, n = 72), and sphincter pharyn-
goplasty (4.5%, n = 9). General population and subgroup 
date are summarized in Table  1. Fifty-nine patients 
(29.2%) had an identifiable syndrome or genetic abnor-
mality. Twenty-eight subjects (13.9%) had neither a cleft 
nor syndrome. Clefts were identified in 101 patients 
(50%) and submucous clefts were present in 44 (21.8%).

Primary outcome
ACPA perceptual speech scores
Combined ACPA speech outcome data for all patients 
at preoperative and postoperative timepoints are repre-
sented in Table 2. Overall, there was found to be a statis-
tically significant improvement in hypernasality, audible 
nasal emission, velopharyngeal function, articulation 
proficiency, and overall intelligibility. When catego-
rized by operative procedure (Table 3), all three surgical 

procedure groups experienced significant improvements 
in the same domains as the aforementioned combined 
group.

Pharyngeal flap postoperative ACPA scores were sta-
tistically superior (i.e. lower value) than both Furlow 
palatoplasty and sphincter pharyngoplasty in the fol-
lowing four domains: hypernasality (p < 0.001; p < 0.02, 
respectively), audible nasal emission (p < 0.002; p < 0.05), 

Table 2 Mean ACPA speech outcomes, combined

ACPA American Cleft Palate-Craniofacial Association, NS not significant

p ≤ 0.05

ACPA speech variable Pre-op (SD) Post-op (SD) p value

Hypernasality 4.30 (1.07) 1.68 (1.02)  < .0001

Hyponasality 1.19 (0.47) 1.08 (0.28)  < 0.005

Audible nasal emissions 4.12 (1.18) 1.72 (1.04)  < .0001

Velopharyngeal function 2.95 (0.24) 1.44 (0.72)  < .0001

Articulation proficiency 2.88 (1.53) 1.94 (1.19)  < .0001

Overall intelligibility 3.33 (1.30) 1.93 (1.14)  < .0001

Voice quality 1.21 (0.65) 1.15 (0.54) NS

Table 3 Mean ACPA speech outcomes by procedure

ACPA American Cleft Palate-Craniofacial Association, NS not significant

p ≤ 0.05

ACPA speech variable Pre-op (SD) Post-op (SD) p value

Pharyngeal flap

Hypernasality 4.32 (1.02) 1.40 (0.70)  < .0001

Hyponasality 1.21 (0.47) 1.08 (0.28)  < 0.005

Audible nasal emmisions 4.13 (1.14) 1.45 (0.68)  < .0001

Velopharyngeal function 2.98 (0.20) 1.25 (0.52)  < .0001

Articulation proficiency 2.72 (1.43) 1.82 (1.05)  < .0001

Overall intelligibility 3.28 (1.16) 1.75 (0.99)  < .0001

Voice quality 1.20 (0.68) 1.13 (0.52) NS

Furlow palatoplasty

Hypernasality 4.15 (1.11) 2.01 (1.20)  < .0001

Hyponasality 1.17 (0.48) 1.08 (0.28)  < 0.01

Audible nasal emmisions 4.06 (1.23) 2.13 (1.33)  < .0001

Velopharyngeal function 2.92 (0.28) 1.71 (0.86)  < .0001

Articulation proficiency 3.10 (1.64) 2.13 (1.42)  < .0001

Overall intelligibility 3.35 (1.46) 2.19 (1.33)  < .0001

Voice quality 1.22 (0.61) 1.15 (0.57) NS

Sphincter pharyngoplasty

Hypernasality 5.11 (1.05) 2.67 (1.58)  < .0001

Hyponasality 1.11 (0.33) 1.11 (0.33) NS

Audible nasal emmisions 4.56 (1.24) 2.22 (1.20)  < .0001

Velopharyngeal function 2.89 (0.33) 1.89 (0.93)  < .0001

Articulation proficiency 3.33 (1.80) 2.11 (0.78)  < .0001

Overall intelligibility 3.78 (1.72) 2.11 (0.93)  < .0001

Voice quality 1.33 (0.50) 1.33 (0.50) NS
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and velopharyngeal function (p < 0.001; p < 0.05). There 
were no significant differences identified in the remain-
ing domains or between Furlow and sphincter pharyn-
goplasty groups. The quantitative ACPA score change 
(delta) from preoperative to postoperative timepoints 
was significantly greater in pharyngeal flap patients when 
compared to patients having undergone Furlow pala-
toplasty in hypernasality (p < 0.001), and audible nasal 
emission (p < 0.001). Velopharyngeal function delta was 
superior following pharyngeal flap than both Furlow and 
sphincter pharyngoplasty (p < 0.001; p < 0.04, respec-
tively). No significant variation in preoperative ACPA 
scores between procedures were found.

Distribution of successful ACPA outcomes
The overall rate of operative success (i.e. normal per-
ceptual resonance postoperatively) in all patients was 
86.1% (n = 174). Success rate by procedure is depicted in 
Table  4. Pharyngeal flap patients (94.2%) were found to 
have a superior rate of success than either Furlow (75.0%) 
or sphincter pharyngoplasty (66.7%). There was a statisti-
cally significant difference in success rate across all three 
groups.

Primary outcome subgroup analysis
Age
A significant inverse correlation was identified between 
age and preoperative ACPA scores in the domains of 
articulation proficiency (ρ = -0.392, p < 0.0001) and over-
all intelligibility (ρ = -0.240, p < 0.01), as younger patients 
had poorer scores prior to operative management. Fur-
thermore, this translated into larger improvement 
postoperatively as there was a significant inverse pro-
portionality between age and preoperative to postopera-
tive score change in articulation proficiency (ρ = -0.444, 
p < 0.0001) and overall intelligibility (ρ = -0.263, p < 0.02).

Length of follow‑up
Longer follow-up was associated with greater changes 
in two ACPA variables, as a positive correlation was 
identified between follow-up time and preoperative to 
postoperative score change in articulation proficiency 

(ρ = 0.228, p < 0.002), and overall intelligibility (ρ = 0.243, 
p < 0.04).

Syndromic versus non‑syndromic
When speech data were analyzed based on the presence 
or absence of an identifiable genetic syndrome or anom-
aly, syndromic patients were found to have poorer preop-
erative ACPA scores in articulation proficiency (p < 0.05). 
Postoperative articulation proficiency (p < 0.04) and voice 
quality (p < 0.05) scores were also inferior in the syndro-
mic group. However, there were no discernible differ-
ences in score change from preoperative to postoperative 
timepoints in any speech variable. Moreover, no signifi-
cant difference was observed regarding the proportion 
of successful outcomes for syndromic (83.1%) and non-
syndromic (87.4%) patients.

Cleft status
Patients were evaluated based on cleft status by placing 
them in non-cleft, cleft palate, or submucous cleft palate 
(SMCP) subgroups. No significant differences in ACPA 
scores were found between cleft status subgroups. Suc-
cess rates between subgroups were comparable for all 
cleft statuses, as no significant difference was identified 
for non-cleft (86.0%), cleft (86.1%), and SMCP (86.4%) 
resonance outcomes.

Syndrome and cleft
Patients were also grouped based on syndrome and cleft 
status: non-cleft/non-syndromic, isolated cleft, isolated 
syndrome, cleft/syndrome. No significant differences in 
speech variable scores were found between syndrome 
and cleft subgroups. Furthermore, outcome success rate 
did not vary significantly between the four groups (non-
cleft/non-syndromic—0489.3%; isolated cleft—87.0%; 
isolated syndrome—82.8%; cleft/syndrome—83.3%).

Secondary outcome
Nasalance: SNAP‑R scores
Nasalance outcomes are presented in Table  5. Overall, 
these data show significantly improved mean SNAP-R 
scores in both oral and nasal phonemes from preopera-
tive to postoperative timepoints.

When organized by procedure, no statistically sig-
nificant variation was identified in pretreatment 
scores. However, postoperative oral and nasal SNAP-
R in the pharyngeal flap group were significantly bet-
ter than Furlow palatoplasty (oral: p < 0.009, nasal: 
p < 0.001) or sphincter pharyngoplasty (oral: p < 0.006, 
nasal: p < 0.04). Pharyngeal flap patients exhibited a 
greater degree of change between preoperative and 

Table 4 Distribution of successful speech resonance outcomes

† Significance calculated across all groups

Procedure Success rate (%) n p value

Pharyngeal flap 94.21 114 p < .0001†

Furlow palatoplasty 75.00 54 p < .0001

Sphincter pharyngoplasty 66.67 6 p < .0001

Overall 86.14 174
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postoperative timepoints than Furlow palatoplasty in 
both nasalance scores (oral: p < 0.005, nasal: p < 0.0001).

Distribution of successful nasalance outcomes
Rates of successful outcomes accompany SNAP-R score 
data in Table  5. Success rate for all the entire cohort 
improved significantly from preoperative to postopera-
tive timepoints in oral scores (p < 0.0001). Successful 
oral and nasal nasalance outcome rates were superior 
in the pharyngeal flap group than both Furlow and 
sphincter pharyngoplasty groups.

Secondary outcome subgroup analysis
Syndromic versus non‑syndromic
No significant difference was detected in pretreatment 
or postoperative SNAP-R scores. However, the degree 
of score change in syndromic patients was significantly 
reduced in oral scores compared to the non-syndromic 
group (p < 0.05).

Cleft status
No significant differences in SNAP-R scores were found 
based on cleft status.

Syndrome and cleft
Oral SNAP-R score changes in the isolated cleft group 
between pretreatment and posttreatment were greater 
compared to the isolated syndrome group (p < 0.05).

Postoperative complications
The only serious postoperative complication observed in 
our cohort was obstructive sleep apnea which was identi-
fied in 3 pharyngeal flap patients (2.48%) postoperatively 
and required takedown. Otherwise, only minor wound 
complications (n = 5, 2.48%) were noted.

Discussion
The data presented represent one of the largest studies 
published on the topic of surgical intervention for velo-
pharyngeal dysfunction. When compared to reports with 
long-term follow-up (≥ 12  months) and postoperative 
perceptual speech assessment using a published scale, 
this study involves the largest sample size to date [10]. 
Longitudinal evaluation is essential when considering 
operative outcomes in this domain as resonance requires 
approximately one year to stabilize [43–45]. Moreover, 
insofar as operative success in VPD is measured via func-
tional outcomes, the use of published resonance assess-
ment tools enhances understanding and reproducibility 
of results.

At our center, procedure selection is largely determined 
by closure pattern. The dynamics of closure, its configu-
ration, and associated tissue bulk are discerned via endo-
scopic examination and videofluoroscopy in conjunction 
with nasometric quantification of airflow during phona-
tion. We choose this combination of 2D imaging in lieu 
of other radiographic modalities such as 4D-CT as it pro-
vides the necessary anatomical information and quan-
titative measures prior to surgery without high levels of 
radiation exposure [46].

Based on our results, all three surgical techniques 
appear to be viable options in the treatment of VPD 
with the goal of achieving normal speech resonance. 
These data suggest that the superiorly based pharyngeal 
flap and Furlow palatoplasty are well-suited to alleviate 
hypernasality, audible nasal emissions, and compensa-
tory articulations, while improving velopharyngeal func-
tion, articulation proficiency, and overall intelligibility. 
Of note, the Furlow group included patients undergoing 
either primary cleft repair or secondary repair.

Given the relative paucity of speech data for patients 
having undergone sphincter pharyngoplasty, it is difficult 

Table 5 Mean SNAP‑R scores and distribution of successful 
nasometric outcomes

SNAP-R Simplified Nasometric Assessment Procedures Revised

Procedure Pre-op (SD) Post-op (SD) p value n

Pharyngeal flap

SNAP‑R Oral Score 46.78 (14.12) 21.30 (12.00)  < .0001 107

SNAP‑R Nasal Score 69.18 (9.89) 63.25 (10.76)  < .01 107

Success rate

Oral 7.62% 71.96%

Nasal 26.67% 50.47%

Furlow palatoplasty

SNAP‑R Oral Score 44.89 (15.56) 27.77 (17.53)  < .0001 59

SNAP‑R Nasal Score 67.83 (9.65) 68.56 (9.49) NS 59

Success rate

Oral 5.66% 57.63%

Nasal 33.96% 28.81%

Sphincter pharyngoplasty

SNAP‑R Oral Score 54.14 (12.61) 36.78 (16.64)  < .03 9

SNAP‑R Nasal Score 73.33 (7.58) 72.00 (4.53) NS 9

Success rate

Oral 0.00% 22.22%

Nasal 11.11% 11.11%

Overall

SNAP‑R Oral Score 46.10 (14.58) 24.15 (14.73)  < .0001 175

SNAP‑R Nasal Score 68.80 (9.74) 65.22 (10.61)  < .001 175

Success rate

Oral 6.59% 64.57%

Nasal 28.14% 41.14%
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to draw broad conclusions based on these results. The 
comparative dearth of patients in this group is multi-
factorial and is likely due to a combination of a lack of 
patients with poor wall movement in all axes (the closure 
pattern by which this procedure is selected at our center), 
surgeon training and preference. Indeed, a large propor-
tion of our center’s population that undergo VPD cor-
rective surgery had a previous cleft palate repair which 
is typically treated with a pharyngeal flap due to the pal-
ate being the reason for the velopharyngeal dysfunction. 
However, the patients that were selected for the sphinc-
teroplasty procedure performed reasonably well in terms 
of postoperative speech resonance. This group also had 
a larger proportion of syndromic patients and patients 
undergoing revision repair than the other two groups. 
Interestingly, the only domain in which preoperative 
ACPA scores were found to differ significantly between 
procedures was hypernasality which was found to be 
worse in sphincter pharyngoplasty when compared to 
Furlow. It is not clear why this is the case, but one pos-
sibility could be that sphincter pharyngoplasty is selected 
for patients with poor velopharyngeal wall movement in 
all vectors. Presumably this would imply more severely 
impaired sphincter competence and lead to a higher pro-
portion of expelled air exiting through the nasal passage. 
Mean preoperative audible nasal emission scores were 
higher in this group as well, just not significantly so due 
to the small sample size.

Patients that underwent pharyngeal flaps were found 
to have superior outcomes in terms of overall perceptual 
resonance success rate, as well as quantitatively in nearly 
all perceptual speech domains. These results may be due 
to advantages intrinsic to the procedure itself. However, 
patient selection may play a role in that anatomical and 
functional elements that determine patient candidacy 
for pharyngeal flap may be inherently more amenable 
to surgical intervention. A large proportion of patients 
in our cohort had repaired cleft palates, and the phar-
yngeal flap tends to be the workhorse in this population 
[47]. Furthermore, as mentioned, the relative paucity of 
sphincter pharyngoplasty data limits the applicability of 
comparisons made therein. Interestingly, normal speech 
resonance rates did not vary significantly based on either 
syndrome or cleft status.

Of note, the average age calculated in our study is 
higher than what the literature would deem ideal for 
operative intervention in VPD. This is largely due to 
the fact that we have elected to include all patients who 
underwent surgical correction of VPD over our stated 
interval. These patients include those who have under-
gone previous repairs as well as outliers who developed 
VPD in later stages of life due to a variety of circum-
stances. Patients were scheduled for surgery as soon as 

was feasible after their original consultation. Similarly, 
our series contains adults that have come to us for vari-
ous reasons including post-oncologic surgery on their 
palate. Subsequent analyses will be made based on 
other important classifications (e.g. revision surgeries, 
primary vs. secondary Furlow, SMCP etc.) which we 
feel deserve to be addressed in a separate manuscript. 
Moreover, given the sample size of this study, further 
evaluation can be performed regarding the association 
of factors such as syndrome subtype, medical comor-
bidities, age at the time of surgery, requirement of revi-
sion, and procedure choice as they relate to functional 
outcomes and complications. These data, in addition to 
those presented, will serve to aid in algorithm genera-
tion for VPD management.

Conclusion
Operative management of VPD is highly effective in 
improving perceptual speech outcomes. Given proper 
patient selection, all three procedures are viable treat-
ment options for VPD. For those patients identified 
as appropriate to undergo a pharyngeal flap, robust 
improvement in speech outcomes were observed.

Authors’ contributions
R.I., MD—Primary author, manuscript writing, data collection; A.D., PhD—
Statistical analysis; A.D.‑S., MS—Speech‑language pathologist performing 
evaluation of perceptual speech and objective nasometric assessment; M.H., 
MD, MSc, FRCSC—Senior author and surgeon. All authors read and approved 
the final manuscript.

Funding
No funding sources to declare.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Western University Health Science Research Ethics Board (HSREB) has 
reviewed and approved the above‑mentioned study. The HSREB is registered 
with the U.S. Department of Health & Human Services under the IRB registra‑
tion number IRB 00000940.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Otolaryngology–Head and Neck Surgery, Children’s Hospital, 
London Health Sciences Centre, Victoria Hospital, Schulich School of Medicine 
and Dentistry, University of Western Ontario, 800 Commissioners Road East, 
London, ON N6A 5W9, Canada. 2 Thames Valley Children’s Centre, London, ON, 
Canada. 



Page 9 of 10Instrum et al. Journal of Otolaryngology - Head & Neck Surgery            (2022) 51:3  

Received: 2 December 2020   Accepted: 31 October 2021

References
 1. Perry JL. Anatomy and physiology of the velopharyngeal mechanism. 

Semin Speech Lang. 2011;32(2):83–92.
 2. Dworkin JP, Marunick MT, Krouse JH. Velopharyngeal dysfunction: speech 

characteristics, variable etiologies, evaluation techniques, and differential 
treatments. Lang Speech Hear Serv Sch. 2004;35(4):66.

 3. Cugno S, Sommerlad BC. Cleft palate and velopharyngeal dysfunction. 
Plast Reconstr Surg Approaches Technol. 2015;66:219–37. https:// doi. org/ 
10. 1002/ 97811 18655 412. ch18.

 4. Woo A. Velopharyngeal dysfunction. Semin Plast Surg. 2012;26(4):170–7. 
https:// doi. org/ 10. 1055/s‑ 0033‑ 13338 82.

 5. Khami M, Tan S, Glicksman JT, Husein M. Incidence and risk factors of 
velopharyngeal insufficiency postadenotonsillectomy. Otolaryngol Head 
Neck Surg. 2015;153(6):1051–5. https:// doi. org/ 10. 1177/ 01945 99815 
596494.

 6. Guyton KB, Sandage MJ, Bailey D, Haak N, Molt L, Plumb A. Acquired 
velopharyngeal dysfunction: survey, literature review, and clinical recom‑
mendations. Am J Speech‑Language Pathol. 2018;27:1572–97. https:// 
doi. org/ 10. 1044/ 2018_ AJSLP‑ 17‑ 0222.

 7. Kummer AW, Marshall JL, Wilson MM. Non‑cleft causes of velopharyngeal 
dysfunction: Implications for treatment. Int J Pediatr Otorhinolaryngol. 
2015;79(3):286–95. https:// doi. org/ 10. 1016/j. ijporl. 2014. 12. 036.

 8. Lewis JR, Andreassen ML, Leeper HA, Macrae DL, Thomas J. Vocal charac‑
teristics of children with cleft lip/palate and associated velopharyngeal 
incompetence. J Otolaryngol. 1993;22(2):113–7.

 9. Bhuskute A, Skirko JR, Roth C, Bayoumi A, Durbin‑Johnson B, Tollefson 
TT. Association of velopharyngeal insufficiency with quality of life and 
patient‑reported outcomes after speech surgery. JAMA Facial Plast Surg. 
2017;19(5):406–12. https:// doi. org/ 10. 1001/ jamaf acial. 2017. 0639.

 10. de Blacam C, Smith S, Orr D. Surgery for velopharyngeal dysfunction: a 
systematic review of interventions and outcomes. Cleft Palate Craniofac J. 
2018;55(3):405–22. https:// doi. org/ 10. 1177/ 10556 65617 735102.

 11. Seagle MB, Williams WN, Dixon‑Wood V. Treatment of velopharyngeal 
insufficiency: fifteen‑year experience at the University of Florida. Ann 
Plast Surg. 2016;76(3):285–7. https:// doi. org/ 10. 1097/ SAP. 00000 00000 
000437.

 12. Rudnick EF, Sie KC. Velopharyngeal insufficiency: current concepts in 
diagnosis and management. Curr Opin Otolaryngol Head Neck Surg. 
2008;16(6):530–5. https:// doi. org/ 10. 1097/ MOO. 0b013 e3283 16bd68.

 13. Naran S, Ford M, Losee JE. What’s new in cleft palate and velopharyngeal 
dysfunction management? Plast Reconstr Surg. 2017;139(6):1343e–55e. 
https:// doi. org/ 10. 1097/ PRS. 00000 00000 003335.

 14. Yamaguchi K, Lonic D, Lee CH, Wang SH, Yun C, Lo LJ. A treatment pro‑
tocol for velopharyngeal insufficiency and the outcome. Plast Reconstr 
Surg. 2016;138(2):290e–9e. https:// doi. org/ 10. 1097/ PRS. 00000 00000 
002386.

 15. Nam SM. Surgical treatment of velopharyngeal dysfunction. Arch Crani‑
ofac Surg. 2013;19(3):1–17.

 16. Kirschner RE, Baylis AL. Surgical management of velopharyngeal dysfunc‑
tion. Cleft Lip Palate Diagnosis Manag. 2013;26(1):759–76. https:// doi. org/ 
10. 1007/ 978‑3‑ 642‑ 30770‑6_ 35.

 17. Kummer AW. Speech therapy for errors secondary to cleft palate and 
velopharyngeal dysfunction. Semin Speech Lang. 2011;32(2):191–8.

 18. Bohle G, Rieger J, Huryn J, Verbel D, Hwang F, Zlotolow I. Efficacy of 
speech aid prostheses for acquired defects of the soft palate and velo‑
pharyngeal inadequacy‑ clinical assessments and cephalometric analysis: 
a Memorial Sloan‑Kettering study. Head Neck. 2005;27(3):195–207. 
https:// doi. org/ 10. 1002/ hed. 10360.

 19. Crockett DJ, Goudy SL. Update on surgery for velopharyngeal dysfunc‑
tion. Curr Opin Otolaryngol Head Neck Surg. 2014;22(4):267–75. https:// 
doi. org/ 10. 1097/ MOO. 00000 00000 000063.

 20. Rogers C, Konofaos P, Wallace RD. Superiorly based pharyngeal flap 
for the surgical treatment of velopharyngeal insufficiency and speech 
outcomes. J Craniofac Surg. 2016;27(7):1746–9. https:// doi. org/ 10. 1097/ 
SCS. 00000 00000 003050.

 21. Filip C, Matzen M, et al. Superiorly based pharyngeal flap for treatment of 
velopharyngeal insufficiency in patients with 22q11.2 deletion syndrome. 
J Craniofac Surg. 2013;24(2):501–4. https:// doi. org/ 10. 1097/ SCS. 0b013 
e3182 7c84f2.

 22. Nabi S, Tan S, Husein M, Dworschak‑Stokan A, Bureau Y, Matic D. Superi‑
orly based pharyngeal flap for velopharyngeal insufficiency: intermedi‑
ate and longer‑term perceptual speech and nasometric outcomes. J 
Otolaryngol Head Neck Surg. 2011;40(2):157–66. https:// doi. org/ 10. 2310/ 
7070. 2011. 100115.

 23. Sie KCY, Tampakopoulou DA, De SLM, Gruss JS, Eblen LE, Yonick T. Sphinc‑
ter pharyngoplasty: speech outcome and complications. Laryngoscope. 
1998;108:1211–7.

 24. Witt PD, D’Antonio LL, Zimmerman GJ, Marsh JL. Sphincter pharyngo‑
plasty, A preoperative and postoperative analysis of perceptual speech 
characteristics and endoscopic studies of velopharyngeal function. Plast 
Reconstr Surg. 1994;93(6):1154–68.

 25. Golinko MS, Mason ÃK, Nett K, Riski JE, Williams JK. Sphincterplasty for 
velopharyngeal insufficiency in the child without a cleft‑palate: etiologies 
and speech outcomes. J Craniofac Surg. 2015;26(7):2067–71. https:// doi. 
org/ 10. 1097/ SCS. 00000 00000 001967.

 26. Sullivan SR, Vasudavan S, Marrinan EM, Mulliken JB. Submucous cleft pal‑
ate and velopharyngeal insufficiency: comparison of speech outcomes 
using three operative techniques by one surgeon. Cleft Palate Craniofac J. 
2011;48(5):561–70. https:// doi. org/ 10. 1597/ 09‑ 127.

 27. Milczuk HA, Smith DS, Brockman JH. Surgical outcomes for velopharyn‑
geal insufficiency in velocardiofacial syndrome and nonsyndromic 
patients. Cleft Palate Craniofac J. 2007;44(4):412–7. https:// doi. org/ 10. 
1597/ 05‑ 136.1.

 28. Burstein FD, Malick DN. Surgical correction of velopharyngeal insuf‑
ficiency in children with velocardiofacial syndrome. Plast Reconstr Surg. 
2001;117(5):1493–8. https:// doi. org/ 10. 1097/ 01. prs. 00002 06377. 14083. ce.

 29. Pet MA, Marty‑Grames L, Blount‑Stahl M, et al. The Furlow palatoplasty for 
velopharyngeal dysfunction: velopharyngeal changes, speech improve‑
ments, and where they intersect. Cleft Palate Craniofac J. 2015;52(1):12–
22. https:// doi. org/ 10. 1597/ 13‑ 033.

 30. Swanson JW, Mitchell BT, Cohen M, et al. The effect of Furlow palatoplasty 
timing on speech outcomes in submucous cleft palate. Ann Plast Surg. 
2017;79(2):156–61. https:// doi. org/ 10. 1097/ SAP. 00000 00000 001056.

 31. Reddy RR, Reddy SG, Banala B, Bronkhorst E, Kummer AW. Use of a 
modified Furlow Z‑plasty as a secondary cleft palate repair procedure 
to reduce velopharyngeal insufficiency. Int J Oral Maxillofac Surg. 
2016;45(2):170–6. https:// doi. org/ 10. 1016/j. ijom. 2015. 07. 006.

 32. Gilleard O, Sell D, Ghanem AM, Tavsanoglu Y, Birch M, Sommerlad B. 
Submucous cleft palate: a systematic review of surgical management 
based on perceptual and instrumental analysis. Cleft Palate Craniofac J. 
2014;51(6):686–95. https:// doi. org/ 10. 1597/ 13‑ 046.

 33. Canady JW, Cable BB, Karnell MP, Karnell LH. Pharyngeal flap surgery: 
protocols, complications, and outcomes at the University of Iowa. Otolar‑
yngol Head Neck Surg. 2003;129:321–6. https:// doi. org/ 10. 1016/ S0194‑ 
5998(03) 00709‑5.

 34. Hogan VM. A clarification of the surgical goals in cleft palate speech and 
the introduction of the lateral port control (l.p.c.) pharyngeal flap. Cleft 
Palate J. 1973;10:331–45.

 35. Cable BB, Canady JW. The endoscopically assisted pharyngeal flap. Cleft 
Palate Craniofac J. 2003;40:114–5.

 36. Furlow LT. Cleft palate repair by double opposing Z‑plasty. Plast Reconstr 
Surg. 1986;78:724–38. https:// doi. org/ 10. 1055/b‑ 0041‑ 180393.

 37. Orticochea M. A review of 236 cleft palate patients treated with dynamic 
muscle sphincter. Plast Reconstr Surg. 1983;71:180–8.

 38. Jackson IT. Sphincter pharyngoplasty. Clin Plast Surg. 1985;12:711–7.
 39. Eichstaedt KE, Kovatch K, Maroof DA. A less conservative method to 

adjust for familywise error rate in neuropsychological research: the Holm’s 
sequential Bonferroni procedure. NeuroRehabilitation. 2013;32(3):693–6. 
https:// doi. org/ 10. 3233/ NRE‑ 130893.

 40. MacKay IR, Kummer AW. The MacKay–Kummer SNAP test‑R simplified 
nasometric assessment procedures [Revised 2005]. Kay Elemetrics Corp, 
Instr Man Nasom Model 6450. 2005;115–24. https:// doi. org/ 10. 13140/2. 1. 
2614. 6080.

 41. Kummer A. Cleft Palate & craniofacial anomalies: effects on speech and 
resonance, 3rd ed. Kentucky: Delmar; 2014.

https://doi.org/10.1002/9781118655412.ch18
https://doi.org/10.1002/9781118655412.ch18
https://doi.org/10.1055/s-0033-1333882
https://doi.org/10.1177/0194599815596494
https://doi.org/10.1177/0194599815596494
https://doi.org/10.1044/2018_AJSLP-17-0222
https://doi.org/10.1044/2018_AJSLP-17-0222
https://doi.org/10.1016/j.ijporl.2014.12.036
https://doi.org/10.1001/jamafacial.2017.0639
https://doi.org/10.1177/1055665617735102
https://doi.org/10.1097/SAP.0000000000000437
https://doi.org/10.1097/SAP.0000000000000437
https://doi.org/10.1097/MOO.0b013e328316bd68
https://doi.org/10.1097/PRS.0000000000003335
https://doi.org/10.1097/PRS.0000000000002386
https://doi.org/10.1097/PRS.0000000000002386
https://doi.org/10.1007/978-3-642-30770-6_35
https://doi.org/10.1007/978-3-642-30770-6_35
https://doi.org/10.1002/hed.10360
https://doi.org/10.1097/MOO.0000000000000063
https://doi.org/10.1097/MOO.0000000000000063
https://doi.org/10.1097/SCS.0000000000003050
https://doi.org/10.1097/SCS.0000000000003050
https://doi.org/10.1097/SCS.0b013e31827c84f2
https://doi.org/10.1097/SCS.0b013e31827c84f2
https://doi.org/10.2310/7070.2011.100115
https://doi.org/10.2310/7070.2011.100115
https://doi.org/10.1097/SCS.0000000000001967
https://doi.org/10.1097/SCS.0000000000001967
https://doi.org/10.1597/09-127
https://doi.org/10.1597/05-136.1
https://doi.org/10.1597/05-136.1
https://doi.org/10.1097/01.prs.0000206377.14083.ce
https://doi.org/10.1597/13-033
https://doi.org/10.1097/SAP.0000000000001056
https://doi.org/10.1016/j.ijom.2015.07.006
https://doi.org/10.1597/13-046
https://doi.org/10.1016/S0194-5998(03)00709-5
https://doi.org/10.1016/S0194-5998(03)00709-5
https://doi.org/10.1055/b-0041-180393
https://doi.org/10.3233/NRE-130893
https://doi.org/10.13140/2.1.2614.6080
https://doi.org/10.13140/2.1.2614.6080


Page 10 of 10Instrum et al. Journal of Otolaryngology - Head & Neck Surgery            (2022) 51:3 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 42. Vallino‑Napoli LD, Montgomery AA. Examination of the standard devia‑
tion of mean nasalance scores in subjects with cleft palate: implications 
for clinical use. Cleft Palate Craniofac J. 1997;34(6):512–9.

 43. Conley SF, Gosain AK, Marks SM, Larson DL. Identification and assessment 
of velopharyngeal inadequacy. Am J Otolaryngol. 1997;18(1):38–46.

 44. Rouillon I, Leboulanger N, Roger G, et al. Velopharyngoplasty for noncleft 
velopharyngeal insufficiency: results in relation to 22q11 microdeletion. 
Arch Otolaryngol Head Neck Surg. 2009;135(7):652–6. https:// doi. org/ 10. 
1001/ archo to. 2009. 64.

 45. Widdershoven JCC, Stubenitsky BM, Breugem CC, MinkvanderMolen AB. 
Outcome of velopharyngoplasty in patients with velocardiofacial syn‑
drome. Arch Otolaryngol Head Neck Surg. 2008;134(11):1159–64. https:// 
doi. org/ 10. 1001/ archo tol. 134. 11. 1159.

 46. Sakamoto Y, Soga S, Jinzaki M, Yamada Y, Ogata H, Kishi K. Evaluation of 
velopharyngeal closure by 4D imaging using 320‑detector‑row com‑
puted tomography. J Plast Reconstr Aesthetic Surg. 2015;68(4):479–84. 
https:// doi. org/ 10. 1016/j. bjps. 2014. 12. 020.

 47. Sullivan SR, Marrinan EM, Mulliken JB. Pharyngeal flap outcomes in 
nonsyndromic children with repaired cleft palate and velopharyngeal 
insufficiency. Plast Reconstr Surg. 2008;66:290–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1001/archoto.2009.64
https://doi.org/10.1001/archoto.2009.64
https://doi.org/10.1001/archotol.134.11.1159
https://doi.org/10.1001/archotol.134.11.1159
https://doi.org/10.1016/j.bjps.2014.12.020

	Surgical interventions in velopharyngeal dysfunction: comparative perceptual speech and nasometric outcomes for three techniques
	Citation of this paper:

	Surgical interventions in velopharyngeal dysfunction: comparative perceptual speech and nasometric outcomes for three techniques
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Study objectives
	Design
	Procedure selection and technique
	Primary outcome
	Statistical analysis of primary outcome
	Secondary outcomes
	Statistical analysis of secondary outcome

	Results
	Population data
	Primary outcome
	ACPA perceptual speech scores
	Distribution of successful ACPA outcomes

	Primary outcome subgroup analysis
	Age
	Length of follow-up
	Syndromic versus non-syndromic
	Cleft status
	Syndrome and cleft

	Secondary outcome
	Nasalance: SNAP-R scores
	Distribution of successful nasalance outcomes

	Secondary outcome subgroup analysis
	Syndromic versus non-syndromic
	Cleft status
	Syndrome and cleft

	Postoperative complications

	Discussion
	Conclusion
	References


