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Abstract

This review provides a comprehensive overview of the literature on velopharyngeal insufficiency, associated anomalies, and speech/lan-
guage impairment in patients with craniofacial microsomia (CFM). A systematic search of the literature was conducted to identify records on
VPI and speech impairment in CFM from their inception until September 2022 within the databases Embase, PubMed, MEDLINE, Ovid,
CINAHL EBSCO, Web of Science, Cochrane, and Google Scholar. Seventeen articles were included, analysing 1,253 patients. Velopharyn-
geal insufficiency results in hypernasality can lead to speech impairment. The reported prevalence of both velopharyngeal insufficiency and
hypernasality ranged between 12.5% and 55%, while the reported prevalence of speech impairment in patients with CFM varied between
35.4% and 74%. Language problems were reported in 37% to 50% of patients. Speech therapy was documented in 45.5% to 59.6% of
patients, while surgical treatment for velopharyngeal insufficiency consisted of pharyngeal flap surgery or pharyngoplasty and was reported
in 31.6% to 100%. Cleft lip and/or palate was reported in 10% to 100% of patients with CFM; these patients were found to have worse
speech results than those without cleft lip and/or palate. No consensus was found on patient characteristics associated with an increased risk
of velopharyngeal insufficiency and speech/language impairment. Although velopharyngeal insufficiency is a less commonly reported char-
acteristic of CFM than other malformations, it can cause speech impairment, which may contribute to delayed language development in
patients with CFM. Therefore, timely recognition and treatment of speech impairment is essential.
� 2023 The Author(s). Published by Elsevier Ltd on behalf of The British Association of Oral and Maxillofacial Surgeons. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Craniofacial microsomia (CFM) is a congenital malformation
caused by the underdevelopment of the structures that arise
from the first and second pharyngeal arches, which results
in facial asymmetry.1–5 With an incidence of approximately
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1:3,500 to 1:5,600 births, CFM is considered to be the second
most common congenital craniofacial malformation.4 Struc-
tures most often affected include the mandible, ear, facial
nerve, orbit, and soft tissues.1–5 The most characteristic fea-
tures include underdevelopment of the lower jaw and malfor-
mations of the outer ear.6 The phenotype of patients with
CFM is heterogenous and extracraniofacial malformations
may be present, including malformations of the central ner-
vous system, vertebrae, cardiorespiratory system, urogenital
system, and limbs.7 Furthermore, patients with CFMmay suf-
fer from functional impairments including feeding difficul-
ties, hearing impairment, and obstructive sleep apnoea.8–10

In addition to the well-known features of CFM, a less
commonly reported characteristic is velopharyngeal
insufficiency (VPI).11–13 VPI is a condition that involves
incomplete closure of the soft palate, which results in the
escape of nasal air during speech.14–16 There is no consensus
.W. et al. Velopharyngeal insufficiency, speech, and language impairment in
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in the literature on the aetiology and prevalence of VPI in
CFM patients. It is proposed that the underdevelopment of
the tensor veli palatini muscle, a derivative of the first bran-
chial arch, and the levator veli palatini muscle, a derivative of
the second branchial arch, causes VPI in CFM patients.2 The
trigeminal nerve, which also originates from the first bran-
chial arch, is essential for motor innervation of the velum,
and thus plays a critical role in velopharyngeal closure.17

Therefore as an additional aetiology, unilateral palatal paral-
ysis has been suggested as a cause of VPI in CFM.11–13

Preferably, the diagnosis of VPI is based on speech
assessment, intraoral examination, and nasopharyn-
goscopy.15,16 Common characteristics of VPI are hyper-
nasality, nasal emission, and misarticulations, which result
in speech distortions.16 As a result, VPI is known to cause
impaired speech, articulation errors, and decreased intelligi-
bility, which are frequently described complications in CFM
patients.13,16,18–22

Hearing impairment is a common problem in CFM
patients. In the general population, unilateral hearing loss
is associated with decreased outcomes in speech and lan-
guage assessments.23,24 In patients with CFM, delayed lan-
guage skills and lower scores on receptive and expressive
language measures are found compared to controls.25 More-
over, a decreased intelligibility and disordered articulation
were found in CFM patients compared to controls.20 In addi-
tion to impaired hearing, VPI is also known to result in
speech problems, which may contribute to the decreased
intelligibility and articulation in these patients.18 Therefore,
early recognition of VPI is important for timely intervention
and to prevent secondary developmental disorders.

Due to the scarcity of studies specifically addressing VPI in
patients with CFM and the considerable heterogeneity in
research pertaining to speech impairment in these patients, a
scoping review was deemed the most appropriate design for
this study. By conducting a comprehensive analysis of the
available literature, this review aims to contribute to a better
understanding of the current state of research on VPI and
speech impairment in patients with CFM and to identify
research gaps. It should therefore serve as a foundation for fur-
ther investigations and inform future research directions on the
topic of speech-related challenges faced by patients with CFM.

Methods

Search strategy

This review was guided by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for scop-
ing reviews (PRISMA-ScR) statement. A systematic search
of the literature was conducted to identify records on VPI
and speech impairment in CFM. The search was conducted
within the databases Embase, PubMed, MEDLINE, Ovid,
CINAHL EBSCO, Web of Science, Cochrane, and Google
Scholar. Databases were searched from their inception until
September 2022. Appendix A, presents the full search string
of each database. Appendix B consists of a list of synonyms
ease cite this article as: Tio, Pauline A.E., Rooijers, Wietse, de Gier, Henriëtte H.
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for CFM used in the search. In addition, reference lists of the
included records were manually searched to identify addi-
tional records relevant to this study.

Two researchers (PAET and WR) independently screened
the titles and abstracts of all records for relevance. Full texts
of records without an abstract were reviewed for relevance.
After the screening of titles and abstract, all relevant records
underwent a full text review. Only original human studies con-
cerning VPI and/or speech/language in CFM patients were
included. Studies in other languages than English or Dutch were
excluded. Case reports, conference abstracts, letters, notes, edi-
torials, and studies including <10 CFM patients were excluded.

Data extraction

Data extracted from the included records consisted of: study
design; number of included patients; prevalence of VPI;
prevalence of speech/language impairment; treatments used
for VPI and/or speech impairment; correlations between clin-
ical manifestation of CFM and VPI and/or speech impair-
ment. All records were graded on the quality of the
evidence using the criteria of the Oxford Centre for
Evidence-Based Medicine (CEBM).

Results

Study selection

A total of 6240 records was identified through the initial lit-
erature search. One additional record was identified through
reference list searching. Following the screening based on
title and abstract, 82 full-text records were screened for eligi-
bility, of which 65 were excluded resulting in the inclusion of
17 records (Fig. 1).

Study characteristics

Of the 17 records included, 13 records were retrospective
studies,2,11–13,19,20,26–32 two were prospective studies,33,34

and two were both retro- and prospective.21,22 Among all
records, three were case-control studies.20,27,34 The charac-
teristics of the included studies are described in Table 1.
The average age of patients analysed ranged from 4.5 to
22.7 years. Patients with isolated microtia were included in
six records.20,27,28,32–34 A total of 1253 patients were anal-
ysed in this review. Three records were part of a multicentre
longitudinal study from craniofacial centres across the Uni-
ted States and Canada.20,27,34 Despite the fact that these
records analysed the same patients, they were all included
because they described different phases of the study. In total,
88 patients with CFM also had CL/P.

Prevalence of velopharyngeal insufficiency and related
clinical characteristics

Nine records reported VPI in 0 to 55% of patients with CFM
(Table 2). 2,11–13,19,21,29,31 Dellon et al28 describe velopha-
W. et al. Velopharyngeal insufficiency, speech, and language impairment in
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Fig. 1. PRISMA flow diagram.
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ryngeal incompetence in 26.3% patients with microtia. Van
Hövell Tot Westerflier et al33 described VPI in 60% of
patients with unilateral and 85% of patients with bilateral
microtia, and hypernasality in 23% of patients with unilateral
and 78% of patients with bilateral microtia. Seven records
reported hypernasality in 12.5% to 55% of patients.12,13,19–
21,29,31 Two records reported unilateral hypodynamic palate
(UHP) in 50% to 77.8% of patients.11,13 Three records
described a prevalence of palatal paralysis ranging from
36.8% to 50%.2,13,28

Cleft lip/palate was reported in five records, with a preva-
lence ranging between 10% to 100%.12,20,27,29,30 In one
record CL/P was part of the inclusion criteria.29 Three
lease cite this article as: Tio, Pauline A.E., Rooijers, Wietse, de Gier, Henriëtte H
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records only reported the prevalence of cleft palate, ranging
from 7.7% to 27%.11,19,31 One record reported cleft lip/-
palate/uvula in 27.8% of CFM patients.22 Four records
reported VPI or hypernasality in CFM patients without or
with CL/P separately.11,12,19,31 Funayama et al, Chan et al,
and Shprintzen et al reported VPI in CFM patients without
and with CL/P, in 14.6% versus 100%, 19.6% versus
100%, and 63% versus 33%, respectively.11,12,31 D’Antonio
et al19 reported hypernasality in patients without and with
CL/P, in 29% versus 70%, respectively. In addition, D’Anto-
nio et al described perceptual evaluations showing symptoms
of VPI in 20% among non-cleft patients and 26% of all
patients evaluated.19
.W. et al. Velopharyngeal insufficiency, speech, and language impairment in
facial Surgery, https://doi.org/10.1016/j.bjoms.2023.09.008
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Table 1
Study characteristics.

Year Author CEBM level of
evidence

Number of patients with
CFM

Methodology Inclusion criteria of the study

Chan, 202112 3 68 Retrospective study CFM
Chen, 200921 3 167 + 65* Retro- and prospective

study
CFM

Cohen, 199526 4 24 Retrospective study OAVS
Collet, 201920 3 107 Retrospective case-

control
CFM

Collet, 201127 3 136 Retrospective case-
control

Facial asymmetry or HFM, including
oculoauricular vertebral syndrome, GS,
or microtia

D’Antonio, 199819 3 41 Retrospective study OAVS
Dellon, 198328 4 19 Retrospective study microtia
Dentino, 201629 3 26 Retrospective study HFM and cleft lip/palate
Funayama, 200711 3 48+4** Retrospective study unilateral HFM or microtia without cleft

palate; and 4 HFM patients with
unilateral cleft palate

Goetze, 201730 4 10 Retrospective study OAVS criteria Strömland et al 2007
Grabb, 19652 3 102 Retrospective study First and second brachial arch syndrome
Johns, 202132 3 169 Retrospective study At least one of the following: microtia,

mandibular hypoplasia and preauricular
tag, mandibular hypoplasia and facial
tag, mandibular hypoplasia and
epibulbar dermoid, mandibular
hypoplasia and a lateral oral cleft,
preauricular tag and a lateral oral cleft,
facial tag and epibulbar dermoid, or
lateral oral cleft and an epibulbar
dermoid.

Luce, 197713 4 18 Retrospective study HFM
Shprintzen, 198031 4 22 Retrospective study facio-auriculo-vertebral malformation

complex
Strömland, 200722 3 18 Retro- and prospective

study
Abnormalities in at least two of the
following areas: orocraniofacial, ocular,
auricular, and vertebral.

van Hövell Tot Westerflier,
201933

3 67 Prospective cohort microtia

Wallace, 201834 3 142 Prospective case-control CFM

CEBM, Centre for Evidence-Based Medicine; CFM, craniofacial microsomia; HFM, hemifacial microsomia; OAVS, oculo-auriculo-vertebral syndrome.
* Chen et al 200921 analysed 167 patients in their retrospective study and 65 patients in their prospective study

** Funayama et al11 2007 analysed 48 HFM patient without cleft palate and four HFM patient with cleft palate.
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Speech, language, and hearing impairment

Six records reported speech impairment in 35.4% to 74% of
patients (Table 3).13,19–22,27 Language problems were
described in two records, with a prevalence ranging from
37% to 50%.26,30 One record reported speech or language
impairment in 42.2%.32 Six records that reported on
speech/language impairment also reported hearing impair-
ment, with a prevalence ranging from 55% to
83%.19,20,22,25,30,32

Treatment of velopharyngeal insufficiency and speech
impairment

Surgical treatment for VPI was reported in two records, rang-
ing from 31.6% to 100% of patients (Table 4).12,29 Surgical
treatment consisted of pharyngoplasty and pharyngeal flap
surgery. Treatment for speech impairment (23.7% to
ease cite this article as: Tio, Pauline A.E., Rooijers, Wietse, de Gier, Henriëtte H.
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59.6%) was described in four records.12,20,32,34 Van Hövell
Tot Westerflier et al33 described treatment for speech impair-
ment in 25% of patients with unilateral microtia and 75%
with bilateral microtia.

Other associations in craniofacial microsomia with
velopharyngeal insufficiency, speech, and language
impairment

Three records reported that CFM patients with CL/P had a
higher risk of VPI than non-cleft patients with CFM.11,12,19

In addition, Chan et al12 and Funayama et al11 both sug-
gested that CFM patients with CL/P have worse speech
results than those without CL/P. Among CL/P patients in
both records, only one patient had bilateral cleft lip and
palate.12

Funayama et al11 found that all CFM patients with VPI
had UHP and that severity of mandibular hypoplasia and soft
W. et al. Velopharyngeal insufficiency, speech, and language impairment in
cial Surgery, https://doi.org/10.1016/j.bjoms.2023.09.008
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Table 2
Prevalence VPI and related clinical characteristics. Data are % (No./Total cohort.)

First author, year, and
reference

VPI Hypernasality/nasal air
emission

Unilateral
hypodynamic palate

Palatal
paralysis

Cleft lip and/or
palate

Chan, 202112 27.9 (19/68) 27.9 (19/68) a 10.3 (7/68)
Chen, 200921 12.5 (1/8) 12.5 (1/8) b

Collet, 201920 13.5 (13/96) c 15.5 (19/121)
Collet, 201127 10% (14/136)
D’Antonio, 199819 13 (3/23) 39 (16/41) 24.4 (10/41)d

Dellon, 198328 26.3 (5/19) e 36.8 (7/19)
Dentino, 201629 9 (2/22) 18 (4/22) 100 (22/22) f

Funayama, 200711 29.2 (7/24) 50 (24/48) 7.7 (4/52) g

Goetze, 201730 10 (1/10)
Grabb, 19652 0 (0/10) 50 (5/10)
Luce, 197713 33.3 (6/18) 33.3 (6/18) 77.8 (14/18) 50 (9/18)
Shprintzen, 198031 55 (12/22) 55 (12/22) 27 (6/22) g

Strömland, 200722 27.8 (5/18) h

van Hövell Tot
Westerflier, 201933

60 (24/40) unilateral; 85 (23/
27) bilateral

23 (9/40) unilateral; 78 (21/
27) bilateral

CFM, craniofacial microsomia; CL/P, cleft lip/palate; VPI, velopharyngeal insufficiency;
a VPI diagnosis was based on hypernasality/nasal air emission;
b only data of 8 patients;
c mild/moderate/severe;
d 6 overt palatal clefts and 4 submucous cleft palate;
e velopharyngeal incompetence;
f cleft lip with/without cleft palate;
g cleft palate;
h cleft lip/palate/uvula;
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tissue deficiency were related to a significant increase of VPI/
UHP. In addition, there was a significant association between
the presence of VPI and macrostomia, and mental retarda-
tion. Luce et al13 found that in patients with VPI soft tissue
and skeletal deformities of the maxillary-malar complex
were more severe. Chan et al12 did not find an association
between VPI and the severity of mandibular hypoplasia, soft
tissue deficiencies or macrostomia.

Discussion

The aim of this review was to improve the understanding of
VPI and speech-related challenges in patients with CFM. To
achieve this goal, it was important to determine the preva-
lence of speech and language problems in CFM, with empha-
sis on VPI, identify patients at risk, and determine the
effectiveness of treatment.

VPI was reported in 0 to 55% of patients, speech impair-
ment in 35.4% to 74%, and language problems in 37% to
50%. The wide range of prevalence rates in VPI is primarily
based on differences in diagnostic techniques and inclusion
criteria. Several records used nasopharyngoscopy to diag-
nose VPI, whereas others based the diagnosis of VPI on
the presence of hypernasality/nasal air emission. The wide
range of prevalence rates in speech impairment can be attrib-
uted to the different criteria for speech impairment that were
used; some records only reported articulation errors, whereas
others reported speech impairment based on multiple diag-
nostic criteria (including hypernasality/hyponasality).

The wide range of prevalence rates of CL/P in CFM
patients is based on a substantial difference in inclusion crite-
lease cite this article as: Tio, Pauline A.E., Rooijers, Wietse, de Gier, Henriëtte H
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ria. One record only included patients with CFM and CL/P,
resulting in a 100% incidence of CL/P, whereas without this
record the prevalence range is 10% to 27.8%. CL/P patients
are at risk for speech and language delays.35 CFM phenotypes
with CL/P were found to have worse speech results than those
without.11,12 Among CFM patients with CL/P, there was a
higher prevalence of VPI and hypernasality compared to
the CFM patients without CL/P.11,12,19 In contrast to these
findings, only one record reported a decreased prevalence
of VPI in CFM patients with CL/P compared to the noncleft
CFM patients.31 These findings suggest that in patients with
both CFM and CL/P there is an increased prevalence of
VPI and hypernasality compared to those without CL/P.

In order to develop targeted screening for VPI in CFM,
we aimed to identify patient characteristics that are associ-
ated with an increased risk of VPI and speech/language
impairment. Several records reported the relationship
between CFM phenotypes and VPI besides the CL/P pheno-
type. Greater degrees of soft tissue deficiencies, mandibular
hypoplasia, macrostomia, and skeletal deformities of the
maxillary-malar complex were related to an increased preva-
lence of VPI.11,13 In addition, developmental delays were
found to correlate with VPI.11 However, Chan et al12 did
not find an association between VPI and mandibular hypo-
plasia, soft tissue deficiencies, or macrostomia. In the litera-
ture various causes are implied as aetiology of VPI in CFM
patients, including disruption of the tensor veli palatini mus-
cle or unilateral palatal paralysis. Our hypothesis is that VPI
in patients with CFM results from a combination of unilateral
palatal paralysis and muscle underdevelopment, which
results in asymmetry and fewer tissue of the palate.31
.W. et al. Velopharyngeal insufficiency, speech, and language impairment in
facial Surgery, https://doi.org/10.1016/j.bjoms.2023.09.008
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Table 3
Speech, language, and hearing impairment. Data are % (No./Total cohort.)

Author Speech impairment Language problems Hearing impairment

Chen, 200921 38.2 (21/55) a

Cohen, 199526 37 (7/24)
Collet, 201920 35.4 (35/99) 70 (77/110)
Collet, 201127 47.1 (64/136) 55 (75/136)
D’Antonio, 199819 74 (14/19) b 78 (31/41)
Goetze, 201730 50 (5/10) c 63 (5/8)
Johns, 202132 42.2 (19/45) d 70.9 (117/141) e

Luce, 197713 44.4 (8/18) f

Strömland, 200722 53.3 (8/15) 83 (15/18)
a include articulation errors/hypernasality/hyponasality;
b impaired articulation;
c language delays;
d speech or language impairment which was covered in an Individualized Educational Program;
e unilateral hearing loss;
f articulation errors

Table 4
Treatment VPI and speech impairment. Data are % (No./Total cohort.)

Author Treatment VPI Treatment speech impairment

Chan, 202112 31.6 (6/19) a 45.5 (31/69)
Collet, 201920 59.6 (68/114) b

Dentino, 201629 100 (2/2)c

Johns, 202132 23.7 (40/169) b

van Hövell Tot Westerflier, 201933 25 (10/40) unilateral; 78 (21/27) bilateral
Wallace, 201834 59.2 (68/114) d

a 6 patients with CFM and CL/P who were diagnosed with VPI were treated with surgery (5 pharyngoplasty and 1 posterior pharyngeal flap), none of the
patients with isolated CFM and VPI underwent corrective VPI surgery;
b speech therapy/language interventions;
c pharyngeal flap surgery;
d speech therapy.
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As mentioned above, hearing loss is associated with
speech and language problems. Therefore, it is not unex-
pected that records describing speech/language problems
recorded a high prevalence of hearing impairment, with a
prevalence ranging from 55% to 83%.19,20,22,25,30,32 For
example, Strömland et al22 reported seven patients with bilat-
eral hearing problems among eight patients with speech
impairment. Collet et al20 reported that in general adolescent
patients with CFM scored lower on most measures of intel-
ligibility, articulation and expressive language compared to
unaffected controls. In CFM patients with a failed hearing
screening and CFM patients with microtia and mandibular
hypoplasia, the differences were most pronounced. No dif-
ferentiation was made between unilateral or bilateral hearing
problems, nor between distinct ear anomalies. Due to the fact
that both hearing impairment and VPI are associated with
speech problems and that both are prevalent in CFM patients,
their distinct contribution to speech problems in CFM
patients remains unknown.

For the purposes of evidence-based care for patients with
CFM and VPI or speech impairment, we aimed to identify
records describing the effectiveness of (surgical) interventions.
However, few records reported treatment for speech or lan-
guage impairment. Most of these records did not document
what kind of speech therapy patients received. Furthermore,
ease cite this article as: Tio, Pauline A.E., Rooijers, Wietse, de Gier, Henriëtte H.
aniofacial microsomia: a scoping review, British Journal of Oral and Maxillofa
none of these records indicated the duration of the treatment
or the established outcome. The available evidence concerning
treatment options for these patients remains limited. However,
it is concluded in these papers that early speech intervention is
of high importance to improve outcomes.11

There is a general consensus that patients with CFM are,
in addition to their hearing difficulties, also at risk for speech
and language impairments.6 In addition to hearing, also
speech has a contributing factor in language development,
and therefore speech impairment in CFM may also result
in secondary developmental problems.20,25 Therefore, timely
recognition and treatment of speech and language impair-
ment is essential. As suggested in the literature, CFM
patients should be evaluated before the age of two years
for speech impairment, alongside early hearing screening.6

In addition, these patients should be monitored by speech
and language therapists. In particular, patients with microtia
plus mandibular hypoplasia require additional attention.
CFM patients with CL/P are already monitored, because
there is a greater risk of speech and language difficulties. It
is recommended that if speech therapy is necessary, interven-
tions are initiated as early as possible to prevent developmen-
tal delays and improve outcomes.

Limitations of this review include the descriptive charac-
ter and lack of meta-analysis due to heterogeneity of the
W. et al. Velopharyngeal insufficiency, speech, and language impairment in
cial Surgery, https://doi.org/10.1016/j.bjoms.2023.09.008
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included studies. Future research should focus on the rela-
tionship between speech and language impairment and the
CFM phenotype, in order to improve screening protocols.
In addition, future research should focus on the effectiveness
of treatment for VPI and speech impairment in CFM patients.

Conclusion

In conclusion, this review aimed to improve the understand-
ing of VPI and speech-related challenges in patients with
CFM. The prevalence of VPI and speech/language impair-
ment was described, highlighting the variability in diagnostic
techniques and criteria used among studies. In general, cer-
tain characteristics of CFM patients were found to have an
increased risk of VPI, including CL/P, soft tissue deficien-
cies, mandibular hypoplasia, and developmental delays.
Limited information was available on treatment options
and the effectiveness of interventions for VPI and speech
impairment in patients with CFM.
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