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Study Objective: Sleep-disordered breathing (SDB) and
speech difficulties are common problems in children with
craniofacial malformations (CFM). The present study was
designed to investigate whether resonance issues identified
during speech assessment are associated with parental report
of SDB symptoms in children with CFM.

Methods: Children aged 2-18 years with congenital CFM
attending at the Craniofacial Anomalies Program from March
2007 to April 2011 were screened for SDB symptoms using the
Sleep-Related Breathing Disturbance Scale of the Pediatric
Sleep Questionnaire. Speech evaluation, based on the
Pittsburgh Weighted Speech Scale score, was the tool used
to investigate velopharyngeal dysfunction (VPD) based on
speech perceptual assessment.

Results: A total of 488 children with congenital CFM were
included. Overall 81% were Caucasian and 24% were
overweight/obese. Twenty-four percent of children screened
positive for SDB and 35% had VPD. Children with VPD were
no more likely to screen positive for SDB than children without
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VPD (26% vs. 23%, p = 0.38). However, children with previous
sphincter pharyngoplasty (SP) were more likely to have
hyponasality (51% vs. 12%, p = 0.0001) and reduced or absent
nasal emission (33% vs. 16%, p = 0.008). In a logistic regression,
the adjusted odds ratio for SDB for those with hyponasality was
2.10 (95%Cl 1.21-3.61, p = 0.008) and for those with reduced or
absent nasal emission was 1.75 (95%Cl 1.06-2.88, p = 0.028).
Conclusion: Symptoms of sleep disordered breathing are
common in children with craniofacial malformations especially
if they have undergone sphincter pharyngoplasty; many of
these children can be identified by measures of resonance on
routine speech evaluation.
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Craniofacial development is one of the most complex
processes during the fetal period. Appropriate gene-envi-
ronment interactions during early pregnancy are crucial to the
normal development of the head and face.'* Independently of
the type of craniofacial malformation (CFM) the distortion of
normal development of the head and face, particularly those
including orofacial anomalies, is frequently associated with
upper airway obstruction, feeding difficulties, growth failure,
and speech difficulties.*

Unfortunately, some of the comorbidities related to
upper airway dysfunction persist or even increase following
surgeries performed to repair the congenital defect. For
example, the prevalence of velopharyngeal dysfunction
(VPD), one of the main contributors involved in speech
intelligibility in children with CFM, is estimated to be
around 25%.%7 The velopharyngeal port, including lateral
and posterior oropharyngeal walls and soft palate, plays
an essential role in speech, deglutition and nasal breathing
since it represents a functional port between the oropharynx
and the nasopharynx. Velopharyngeal insufficiency (VPI)
occurs when there is an inability to completely close the
velopharyngeal valve during the production of oral sounds
resulting in leakage of air into the nasal cavity during speech

BRIEF SUMMARY

Current Knowledge/Study Rationale: Speech difficulties and snoring
are common problems in children with craniofacial malformations. These
two functions share anatomical structures and likely risk factors. Never-
theless, no study has investigated the association between resonance
issues and SDB symptoms in this pediatric population.

Study Impact: Findings from this study demonstrate that children with
CFM and hyponasality or reduced/absent nasal emission during speech
assessment are at increased risk for SDB symptoms. Given that children
with CFM are routinely assessed for speech problems, speech-language
pathologists may play a role in identifying children who may benefit from
evaluation for SDB.

or hypernasality. The most common surgical procedures
performed to correct the residual VPI are pharyngeal flap
(PF) and sphincter pharyngoplasty (SP). The goals of surgery
are to restore oral speech productions and improve commu-
nication acceptability. Nevertheless, some studies have
suggested that any surgical procedure performed to improve
speech might potentially reduce the cross-sectional dimen-
sions of upper airway.®’ Moreover, it has raised the concern
that some of these operations may lead to sleep-disordered
breathing (SDB).
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Sleep-disordered breathing describes a spectrum of
nocturnal breathing difficulties ranging from snoring at one
end of the spectrum to obstructive sleep apnea at the other. The
latter, most severe form of SDB, is characterized by intermit-
tent hypoxemia, disruption of ventilation, and sleep fragmenta-
tion. In a typically developing pediatric population, SDB is a
frequent medical condition with an estimated prevalence up to
11%.'"° However, the frequency of SDB in children with CFM is
believed to be significantly higher possibly due to upper airway
dimensions and/or the impact of airway operations. Indeed,
small studies suggest that approximately 20% to 40% of chil-
dren with cleft and 40% to 50% of children with other cranio-
facial anomalies have risk for SDB.""'¢ Until recently habitual
snoring, the main symptom of SDB, was considered benign,'”
but studies now demonstrate that habitual snoring even in the
absence of intermittent hypoxemia is associated with behav-
ioral and cognitive difficulties.'®""

Speech and breathing are two functions with anatomy and
embryonic development in common. The close pathophysi-
ology between these two functions prompted the hypothesis
that common risk factors can impact speech and breathing diffi-
culties. Therefore, the aim of this study was to assess whether
resonance issues identified during speech assessment are asso-
ciated with SDB symptoms in children with CFM.

METHODS

Participants

All children aged 2-18 years with congenital CFM who
attended the Craniofacial Anomalies Program at C.S. Mott
Children’s Hospital, University of Michigan between March
2007 and April 2011 were eligible for this cross-sectional
study. During the clinical appointment, and as part of routine
clinical care, children were screened for SDB and underwent
clinical speech evaluation. Children with acquired craniofa-
cial anomalies and those < 2 or > 18 years old were excluded.
Approximately 30 children are evaluated each month through
the Craniofacial Anomalies Program. Given that children are
generally seen on an annual basis, only the first visit during the
above time period was included in the current analysis. This
study was approved by the University of Michigan Institutional
Review Board.

Measures

Sleep-disordered breathing

Parents or guardians completed during a clinic visit the Sleep-
Related Breathing Disturbance (SRBD) scale of the Pediatric
Sleep questionnaire,” a validated instrument to screen for SDB
in the pediatric population. In typically developing children,
this instrument has a sensitivity of 0.85 and a specificity of 0.87.
The SRBD scale contains 22 items that ask about nocturnal and
diurnal symptoms of SDB in the last month. Choices for each
response are “yes,” “no,” or “don’t know.” The ratio of posi-
tive responses to total responses was calculated, and a threshold
score > 0.33 identified children with high risk for objective
evidence of SDB. Based on the SRBD scale, subjects were
categorized into positive and negative SDB risk.
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Speech evaluation

Speech assessment was performed by a single certified
speech-language pathologist (MB) as part of the routine clin-
ical evaluation. The Pittsburgh Weighted Speech Scale®' was
the standardized instrument used to identify VPI in the study
population. This scale evaluates 5 universal speech domains:
nasal emission, nasal grimace, nasality, phonation, and articu-
lation.”>? Every item in each category has a weighted score
that varies from O to 4. The global scoring was obtained by
the sum of the maximum score in each speech domain. First,
the study population was divided into 4 groups according to
the VPI status (0 = competent velopharyngeal mechanism,
1-2 = borderline competent, 3-6 = borderline incompetent, 7
and up = incompetent velopharyngeal mechanism). Next, these
groups were dichotomized into competent/borderline compe-
tent and incompetent/borderline incompetent. In addition,
specific characteristics related to abnormal resonance, such as
nasality and nasal emission (NE), were also analyzed in order
to investigate obstructive symptoms during speech assessment.
The first domain assessed, nasality had the following options:
normal, mild/moderate/severe hypernasality, hypo/hyperna-
sality, cul de sac, and hyponasality. Hypernasality is considered
the key speech feature in the diagnosis of velopharyngeal insuf-
ficiency. The second domain assessed, NE, had 7 options: not
present, inconsistent, consistent, nasal escape on nasal appro-
priate reduced or absent, audible, and nasal turbulence. As the
Pittsburgh Weighted Speech Scale was designed to assess VPI,
nasality patterns or NE characteristics that suggest VPI (hyper-
nasality, NE consistent, audible or nasal turbulence) have higher
scores, while those that might suggest upper airway obstruction
(hyponasality, NE reduced or absent) have the lower scores.
Objective measurements of the speech assessment were not
included in the current analysis since they were not part of the
routine evaluation.

Medical and Anthropometric Information

Data obtained from medical records also included gender,
age, height, and weight. Body mass index (BMI = weight in
kg/height in m?) and BMI percentiles, adjusted for age and
sex, were calculated. The BMI percentile threshold recom-
mended by the Centers for Disease Control (CDC) for pedi-
atric populations* was used to classify the sample into 3 weight
groups: underweight (BMI < 5th percentile), normal weight
(BMI > 5th percentile and < 85th percentile), and overweight/
obese (BMI > 85th percentile). In addition, type of craniofacial
anomaly was noted in order to explore the frequency of positive
screening for SDB in the two main groups: syndromic and non-
syndromic CFM and in children with and without cleft palate.
Surgical procedures on the airway were extracted from medical
records for all children. The most common surgical procedure
performed to correct VPI at the University of Michigan is
sphincter pharyngoplasty (SP).

Data Analysis

Statistical analyses were performed with SPSS software,
version 19 (IBM, Armonk, NY). Means and standard devia-
tions for continuous variables, and percentages for categorical
variables were used to summarize the results. T-tests were
conducted on continuous variables, and x> analyses were



used to examine bivariate differences in frequency of positive
screening for SDB and VPI for categorical variables such as
gender (males vs. females), and type of craniofacial anomalies
(syndromic vs. non-syndromic; cleft palate vs. no cleft palate).
A logistic regression model was used to examine the risk for
SBD in the study population after adjusting for potential
confounders such as BMI percentile and previous SP. Statistical
significance was set at p < 0.05.

RESULTS

During the study period, a total of 575 unique children with
congenital CFM were screened for SDB and of those, 488
(85%) had a speech assessment. The remaining 15% of chil-
dren were excluded as they were referrals from other institu-
tions such that their speech evaluations were not performed by
the same speech pathologist (MB). Therefore, the final analytic
sample included 488 children with congenital CFM. Table 1
summarizes the characteristics of the study population. Overall,
24% of children screened positive for SDB. Velopharyngeal
insufficiency was present in 35% of children.

Positive Screening for SDB

There were no differences in the frequency of positive
screening for SDB between males and females (27% vs. 20%,
p = 0.11), racial background (Caucasian 24%, Asian 18%, and
African American 25%, p = 0.38), or BMI groups (normal
weight 24%, overweight/obese 25%, p = 0.46). In the study
population, neither the presence of syndromes nor the presence
of cleft palate was associated with a significantly increased
frequency of positive screening for SDB (30% vs. 22%, p=0.13
and 24% vs. 23%, p = 0.82 respectively). See Table 2.
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VPI Status and Speech Characteristics

The main characteristics of the study population according to
the presence of incompetent/borderline incompetent velopha-
ryngeal mechanism (VPI) or competent/borderline competent
velopharyngeal mechanism are shown in Table 3.

The distribution of the different nasality patterns in chil-
dren with CFM (N = 487; 1 child with CFM had missing
data for nasality patterns) was as follows: 218 children had

Table 1—Demographic, anthropometric, and anatomical
characteristics of the study population

Characteristics Total Population
Age, mean = SD 8.30 £ 4.58
Male, N (%) 288 (59.0)
Race, N (%) N =488

Caucasian 395 (80.9)
Asian 45(9.2)
African American 20 (4.1)
Others 28 (5.7)
BMI groups, N (%) N =486
Underweight 38(7.8)
Normal weight 330 (67.9)
Overweight/obese 118 (24.3)
CFM, N (%) N =488
Non-syndromic CFM 373 (76.4)
Syndromic CFM 115 (23.6)
N =488
With CP 315 (64.6)
Without CP 173 (35.4)
Pharyngoplasty, N (%) N =275
Yes 59 (21.4)
No 216 (78.6)

BMI, body mass index; CFM, craniofacial malformations; CP, cleft palate.

Table 2—Differences in the study population according to the presence of positive and negative screening for SDB

Proportion of children in each row

who screened positive for SDB

Characteristics N (%)
Gender N=117
Male 77 (26.7) :l
Female 40 (20.0)
Race N=117
Caucasian 94 (23.8) 7
Asian 8(17.8)
African American 5(25.0)
Others 10 (35.7)
BMI groups N =116
Underweight 6 (15.8)
Normal weight 80 (24.2)
Overweight/obese 30(254)
CFM N =117
Non-syndromic CFM 83 (22.3) :l
Syndromic CFM 34 (29.6)
N =117
With CP 77 (24.4)
Without CP 40 (23.1) :l
Pharyngoplasty N =67
Yes 22(37.3) :l
No 45 (20.8)

Proportion of children in each row
who screened negative for SDB
N (%)

N =371
211 (73.3)
160 (80.0)

p-value

0.1

0.38

0.46

N = 371
290 (77.7)
81(70.4)
N = 371
238 (75.6)
133 (76.9)
N = 208
37 (62.7)
171(79.2)

0.13

0.82

0.02

BMI, body mass index; CFM, craniofacial malformations; CP, cleft palate; SDB, sleep-disordered breathing.
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Table 3—Differences in the study population according to the presence of VPI

Proportion of children in

each row with VPI

Characteristics N (%)
Gender N =171
Male 104 (36.1) :l
Female 67 (33.5)
Race N=171
Caucasian 128 (32.4)
Asian 24 (53.3) :l
African American 9 (45.0)
Others 10 (35.7)
BMI groups N=171
Underweight 19 (50.0)
Normal weight 119 (36.1) ]
Overweight/obese 33 (28.0)
CFM N=171
Non-syndromic CFM 122 (32.7)
Syndromic CFM 49 (42.6) :l
N=171
With CP 134 (42.5) :l
Without CP 37 (21.4)
Pharyngoplasty N =102
Yes 36 (61.0) :l
No 66 (30.6)

Proportion of children in
each row without VPI
N (%)

N =317
0.56 184 (63.9)

133 (66.5)

N =317

p-value

0.008

N = 315
19 (50.0)
211 (63.9)
85 (72.0)
N =317
251 (67.3)
0.06 66 (57.4)
N =317
181 (57.5)
136 (78.6)
N =173
23(39.0)
150 (69.4)

0.0171

0.0001

0.007

BMI, body mass index; CFM, craniofacial malformations; CP, cleft palate; SDB, sleep-disordered breathing; VPI, velopharyngeal insufficiency. TComparison

between underweight vs. overweight/obese.

Figure 1—Frequency of positive screening for SDB
according to nasality patterns during speech assessment.
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normal nasality (45%), 172 hypernasality (35%), 39 hypo/
hypernasality (8%), 5 cul de sac (1%), and 53 hyponasality
(11%). As expected, children with VPI were more likely to
have hypernasality compared to those with competent or
borderline competent velopharyngeal mechanism (73% vs.
27%, p = 0.0001). In a subgroup of N = 275 children whose
sphincter pharyngoplasty (SP) status was documented, 59 chil-
dren were undergone SP. The distribution of nasality patterns
in this subgroup of children who had a SP (N = 59) was as
follows: 7 had normal nasality (12%), 22 had hypernasality
(37%), and 30 had hyponasality (51%). In children in whom it
was not necessary to alter the velopharyngeal port (N = 216)
the distribution of the nasality patterns was different: 107 had
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normal nasality (49.5%), 82 had hypernasality (38%), and 27
had hyponasality (12.5%).

In the study population nasal emission was reduced or absent
in 91 children (19%), consistent visible in 93 (19%) and 10
children (2%) had audible NE or nasal turbulence. As expected,
children with consistent NE or audible/nasal turbulence were
more likely to have VPI than children with other NE patterns
(97% or 100% vs. 18%, p = 0.0001). However, children with
previous SP, compared to those without, were more likely to
have reduced or absent NE (33% vs. 16%, p = 0.008). Finally,
75% of children with hyponasality had reduced or absent NE,
compared to only 6% with hypernasality or 7% with normal
nasality (p = 0.0001).

Association between VPI, Speech Patterns, and SDB
Symptoms

There were no differences in the frequency of SDB symp-
toms between children with VPI and children with competent
velopharyngeal mechanisms (26% vs. 23%, p = 0.38). Never-
theless, children who had a previous SP were more likely to
screen positive for SDB compared to those children in whom
it was not necessary to alter the velopharyngeal port (37% vs.
21%, p=0.02).

Interestingly, a higher frequency of positive screening for
SDB was reported in children with hyponasality compared
to children with normal nasality (36% vs. 18%; p = 0.01).
Figure 1 shows the frequency of positive screening for SDB
among the 5 nasality patterns: 18% of children with normal
nasality screened positive for SDB, 20% of children with cul
de sac nasality screened positive for SDB, 27% of children
with hypernasality screened positive for SDB, 28% of children
with hypo/hypernasality screened positive for SDB, and 36%



of children with hyponasality screened positive for SDB. The
latter group was the only group to reach statistical significance.
In parallel, children with reduced or absent NE were more
likely to screen positive for SDB compared to children with
other NE patterns (33% vs. 22%, p = 0.03).

In a logistic regression of the total population, using hypo-
nasality as the independent variable and SDB as the dependent
variable, children with hyponasality had an odds ratio of 2.10
(95%CI 1.21-3.61, p = 0.008) for SDB. After adjusting for BMI
percentile and the presence of CP the odds ratio for SDB in
children with hyponasality did not change substantially, 2.16
(95%CI 1.24-3.78, p = 0.007). In similar regression model
of the subgroup of children in whom SP status was known
(n = 275), the unadjusted odds ratio for SDB, using hypona-
sality as the independent variable, was 2.95 (95%CI 1.44-6.07,
p=0.003). After adjusting for BMI percentile, and the presence
of CP and SP, hyponasality remained the only variable indepen-
dently associated with SDB, with an odds ratio of 2.32 (95%CI
1.01-4.99, p < 0.05).

The above logistic regression models were repeated using
reduced/absent NE as the independent variable. Children with
reduced/absent NE had an odds ratio of 1.75 for SDB (95%CI
1.06-2.88, p = 0.028). After adjusting for the BMI percentile
and the presence of CP, the odds ratio for SDB did not change
substantially, 1.79 (95%CI 1.08-2.95, p = 0.023). In similar
regression model of the subgroup of children in whom SP
status was known (n = 275), the unadjusted odds ratio for SDB,
using reduced/absent NE as the independent variable, was 2.73
for SDB (95%CI 1.44-5.16, p = 0.002). After adjusting for
BMI percentile, the presence of CP, and SP, reduced/absent NE,
and previous SP were the only variables independently asso-
ciated with SDB with odds ratios of 2.53 (95%CI 1.32-4.88,
p <0.0005) and 1.98 (95%CI 1.04-3.78, p = 0.38), respectively.

DISCUSSION

These data suggest that measures of resonance obtained on
routine speech evaluation may have clinical utility in the identi-
fication of children with CFM who may require further workup
for undiagnosed SDB. The presence of a previous SP has been
reported to increase the risk for SDB and while our data add
further support to these findings, we also suggest that the resul-
tant resonance outcomes following SP may provide additional
information for SDB risk. As such, speech pathologists may
have a role in early identification and referral of children at risk
for SDB.

Despite the high frequency of SDB symptoms in pediatric
populations with craniofacial anomalies the limited data avail-
able up to now suggest that these children are infrequently
referred to the sleep clinic. In the present study, the frequency
of positive screening for SDB in unselected children with CFM
from the craniofacial clinic was 24%, which is approximately
five times higher than the 5% reported at well-child pediatric
visits using the same screening tool.” These results are consis-
tent with previous studies performed in children with cleft
palate and other CFM.%*!'%2 Rose et al. found that significant
morphometric differences of the upper airway in children with
cleft were often associated with increased upper airway resis-
tance during sleep.” Moreover, it is suspected that any surgical
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procedure to improve VPI might be a potential risk factor for
SDB.%* Qur data suggest that resonance patterns may have
utility beyond the determination of need for a further speech
related surgery in that it may also be an important indicator
of the risk for SDB in pediatric populations with craniofacial
anomalies.

In our study population VPI was present in one third of chil-
dren. Despite the lack of consensus, SP is considered by some
as the indicated surgical management in severe VPL*® Conse-
quently, in cases of an insufficient velopharyngeal mechanism
with severe hypernasality and unintelligible speech, the reso-
lution of VPI could be associated with an excessive velopha-
ryngeal closure and reduction of cross-sectional dimensions of
the airway. When that happens, modification of the morphology
of upper airway may result not only in changes of resonance
and nasal emission during production of sounds, but also in
nocturnal symptoms of upper airway obstruction. Our results
are consistent with this hypothesis. In fact we found that while
the presence of VPI or hypernasality was not associated with
positive screening for SDB, children with previous SP, which
often resulted in hyponasality and reduced/absent NE, were
more likely to have symptoms of upper airway obstruction
during sleep. These findings suggest that post-surgery speech
characteristics in children with CFM could provide us impor-
tant information about the VPI status, but also about nocturnal
upper airway obstruction.

Speech and breathing are two functions of the upper airway
that share not only anatomical structures, but also a common
embryonic development. Thus, a better understanding of the
association between these two functions is important particu-
larly in children with increased risk for speech problems and
SDB. Davidson, in a study from an evolutionary perspective,
speculated that anatomical changes of the larynx in relation to
the development of speech might contribute to upper airway
obstruction at night due to changes of soft tissue anatomy and
cranial base angulation.’' In 1992, Warren—who described
speech as a modified breathing behavior that uses the respira-
tory system to provide an energy source to produce meaningful
sounds—reported that upper airway structures affected in chil-
dren with cleft during breathing might also play a role in speech
difficulties in this population.* Interestingly, De Serres reported
for the first time that hyponasality and snoring were frequently
present in pediatric population with cleft.® Nevertheless, to our
knowledge the association between these two common prob-
lems in children with CFM has never been studied. Indeed, the
vast majority of studies in pediatric populations with cleft or
other craniofacial anomalies have focused on investigating
the percentage of VPI resolution after surgery and the most
common morbidities related to the surgical procedures.®*

There are two major strengths to our study. First, to our
knowledge this study is the first specifically designed to inves-
tigate the association between SDB symptoms and speech
problems in a large clinical sample of children with CFM. The
presence of SDB symptoms was based on the Pediatric Sleep
Questionnaire,” a validated pediatric SDB screening tool, and
speech assessment, performed by an experienced speech pathol-
ogist, was also based on a standardized instrument. Importantly,
children were non-selected for sleep problems and were repre-
sentative of those attending craniofacial anomalies clinics.
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Secondly, classification of the study population according to
speech problems was based not only on VPI status, but also
in other speech domains. Nonetheless, the study is not without
limitation. First, symptoms of SDB were reported by parents.
Although good agreement has been found between SDB symp-
toms and objective data from polysomnography, the SRBD
scale used has not been validated in the craniofacial popula-
tion. However, in cases where symptoms of obstructive sleep
apnea are well documented polysomnography is not recom-
mended.* Secondly, although the speech evaluation instrument
is a routinely used clinical tool, it does not involve acoustic
measurements or direct assessment utilizing imaging tech-
niques. Therefore objective measures of resonance were not
used. Nonetheless, our findings from standard measurements
obtained by a trained speech-language pathologist are relevant
to clinical practice where objective measures are not always
available or able to be used in a routine manner.

In conclusion, children with CFM and hyponasality or
reduced/absent nasal emission, which are often consequences
of SP, are at increased risk for SDB. Routine speech evaluation

may play a role in identifying children who may benefit from

evaluation for SDB.
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