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1 INTRODUCTION

Oral clefts (OC) are the second most common birth defect. OCs are divided based
on the extent of the cleft, e.g., cleft lip (CL), cleft lip with or without cleft palate
(CP+L), isolated cleft palate (CP), and submucous cleft palate (SMCP). Clefts
may also be unilateral or bilateral. The prevalence of different types of CP£L
varies according to ethnicity, gender and socioeconomic factors (Bender, 2000;
Croen et al., 1998). In Europe, the combined birth prevalence of CP and CL with
or without CP is approximately 1 per 700 live births (Leslie et al., 2016). Most
cases of CP£L (approximately 70%) are non-syndromic, i.e. the clefts occur with-
out any other anomalies (Manojlovic et al., 2023; Stanier & Moore, 2004).

Children born with any type of non-syndromic CP+L often demonstrate
multiple problems such as early swallowing and feeding difficulties, abnormal
articulation, resonance, voice disorders, craniofacial growth deviance and ortho-
dontic abnormalities, hearing loss and poor language acquisition skills, psycho-
social issues and learning difficulties at school. Patients often have to undergo
multiple treatments starting at birth until young adulthood (Pasini et al., 2022;
Stanier & Moore, 2004). Since the therapy may be long-term, it is a burden to the
CP+L children and their families. Therefore, optimal care for these patients re-
quires clear criteria and timely evaluation. A standard set of outcome measures
for cleft care have been proposed; it contains eight major outcome domains:
eating and drinking, dental and oral health, speech/communication, otologic
health, breathing, appearance, psychosocial development, and burden of care
(Allori, Kelley, et al., 2017). Research shows that lower satisfaction with appear-
ance and speech seems to be mostly associated with increased emotional and
social difficulties (S. Kelly & Shearer, 2020). Speech outcomes are affected by
several pre- and postoperative factors, e.g., timing and techniques of surgical and
orthodontic interventions, availability and quality of speech therapy, craniofacial
growth and proportional development, other morphological and physiological
factors (Nguyen, 2019). One of the primary treatment goals in CP£L therapy is
to achieve normal speech.

Speech intelligibility is affected by articulation, nasality and voice quality. In
cleft palate population, these characteristics are mainly impacted by velopharyn-
geal insufficiency (VPI) (Derakhshandeh et al., 2016). VPI results in excessive
nasal resonance (hypernasality) on vowels and vocalic consonants (Kummer,
2013). Nasality is referred to as nasalization and is a linguistic category that can
apply to vowels or consonants and is affected by coarticulation in a specific lan-
guage (Kummer, 2013). Speech and language pathologists (SLP), who work with
children with VPI, e.g. children with CP+L, consider nasality as one of the main
impediments to intelligibility that requires multidisciplinary intervention.

Craniofacial morphology may also affect the severity of VPI in cleft-palate
population (Denegri et al., 2021; Stellzig-Eisenhauer, 2001a). CP£L children
have an increased risk for developing voice disorders (Fujiki & Thibeault, 2022).



Voice disorders are generally perceived as affecting speech quality and intelli-
gibility. Laryngeal voice disorders often remain undetected in the population
suffering from clefts. Still, many studies report a frequent presence of laryngeal
voice disorders in the CP+L children’s group, citing occurrence rates in the range
of 5.5% to 60% (Hamming et al., 2009; Hocevar-Boltezar et al., 2006; Lehes
etal., 2021; Robison & Otteson, 2011; Timmons et al., 2001). The extended
range of results indicates that identification of voice problems is not an easy task.
In this study, we have distinguished resonance disorders (resonance in voice)
from laryngeal voice disordes.

In 2013, Ird and Suvi (Ird & Suvi, 2013) researched and described articulation
errors in the Estonian CP+L group. Nasality and its relationship to craniofacial
growth as well as to voice disorders are yet to be researched. Nasality results from
a combination of different factors. One among the others that may affect nasality
scores is Estonian quantity system. Estonian quantity system involves three con-
trastive prosodic patterns referred to short, long, and overlong. Therefore, in
addition to the researched aspects in nasality in different language, we considered
Estonian prosodic patterns as well.

The purpose of the present study is to evaluate and describe the resonance and
voice related outcomes of CP+L children who received surgical treatment in
Estonia.

All included children are treated accordingy to European guidelines.
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2 REVIEW OF LITERATURE

2.1 Aetiology and epidemiology

CP+L arises as a result of pathologies in the development process during gesta-
tion. The aetiology of non-syndromic CP£L is not yet known. The described path-
ways associated with the development of CP£L show significant heterogeneity.
Researchers agree that the actiology of CP£L is multifactorial, i.e. genetic factors,
environmental risk factors, and the interaction between them all play a role
(Martinelli et al., 2020; Mossey et al., 2009; Phalke & Goldman, 2022). Different
ethnic groups have unequal CP£L occurrence rates and different cleft types —
relevant literature reports prevalence rates from 1 per 1,000 to 1 per 650 live
births (IPDTOC Working Group, 2011; Salari et al., 2022; Ysunza et al., 2015).
Among Caucasians, men have CP£L twice as frequently as women (Belcher
et al., 2022; Calzolari et al., 2007; Salari et al., 2022; Wyszynski et al., 1996). In
Estonia, the incidence of clefts is 1 per 777 live births (Jagomagi, 2012).

2.2 CPzxL classification

Historically, researchers have suggested a number of different CP+L classi-
fications. Mostly, these reflect anatomical and morphological, or embryological
perspectives (Allori, Mulliken, et al., 2017). The different cleft types are usually
divided based on their severity into unilateral or bilateral clefts of the lip, alveolus
and palate, as well as isolated cleft palate. The extent of the cleft palate may range
from a partial cleft in the soft palate to a complete cleft of both the hard and the
soft palate. According to Inchingolo et al. (Inchingolo et al., 2022), the following
main CP+£L categories are distinguished: cleft lip with or without cleft palate
(CP+£L) and cleft palate (CP), uni- or bilateral. Submucosal clefts (SMCL) are
reported less frequently. Submucous cleft palate is characterized by muscular
diastasis of the velum in the presence of intact mucosa with variable combinations
of bifid uvula and hard palatal defect (Khan et al., 2013). According to Klinto
et al. (2022), the extent of speech impairment differs between girls and boys and
between diagnoses — children born with BCLP have more severe speech problems
compared to children born with unilateral cleft palate or SMCP.

2.3 Velopharyngeal (VP) function and nasality

According to Young & Spinner (2022), normal velopharyngeal closure (VPC) is
accomplished by the coordinated action of the velum (soft palate), the lateral
pharyngeal walls, and the posterior pharyngeal wall. Normal VPC is required for
speech, for the production of oral sounds as well as for eating, to protect from
nasal regurgitation of food or liquids. When VPC is needed, the middle third of
the soft palate arcs upward and backward to contact the posterior pharyngeal wall
at or above the level of the palatal plane. The lateral pharyngeal walls move
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medially to contact the margins of the soft palate at or slightly below the level of
the torus tubarius, and posterior pharyngeal wall advances to facilitate contact with
the elevated soft palate (van Eeden, 2014). VPC affect nasality. Nasality refers to
nasalization that is a linguistic category in normal speech and is related to VP
function. Nasality is language specific, applies to vowels or consonants, and is
affected by coarticulation. Speech nasalization is achieved primarily through the
opening and closing of the VP port (Cler et al., 2021). Nasalized sounds are
produced by lowering the velum, opening the mouth and ensuring simultaneous
nasal and oral airflow. Appropriate nasalization is important for intelligible
speech production and can be affected by a variety of disorders including hearing
impairment, neurological diseases or structural issues such as CP (Cler et al.,
2021). The degree of nasalance is determined mainly by the opening and closing
of the VP passage between the oral and nasal vocal tract.

2.4 Velopharyngeal dysfunction in cleft-palate population

Velopharyngeal dysfunction (VPD) is a generic term that describes a disorder of
the VP sphincter or valve, which functions to separate the nasal and oral cavities
during activities that require increased intraoral pressure. When the soft palate
and pharyngeal walls are unable to form an effective seal, the resulting abnormal
connection between the nasal and oral cavities causes intraoral pressure to de-
crease. The term ‘velopharyngeal insufficiency’ (VPI) refers to a structurally
caused VPD. Various forms of VPD have been described in literature (Young &
Spinner, 2022). VPI is a form of VPD. VPI occurs most commonly in individuals
with a history of CP£L (Sell et al., 2001; Witt et al., 1998; Young & Spinner,
2022). After CP surgery, the causes of VPl may be related to the shortened velum
or to the irregularity of the movements needed to obtain a tight closure against
the posterior pharyngeal wall during speech. The severity of VPI can vary from
a very small pinhole-size opening to a very large opening that includes the entire
VP port (Kummer, 2014). By interfering with the proper sealing of the oral from
the nasal vocal tract, VPI affects speech resonance, causes speech sound errors
and voice disorders. Resonance in speech is the result of the transfer and modi-
fication of the acoustic signal produced in the larynx through the vocal tract
consisting of the pharynx, the oral and the nasal cavity. Hypernasality is a patho-
logical form of resonance. Hypernasal resonance, excessive nasal resonance and
articulation errors in speech are significant perceptual features of VPI (van Eeden,
2014). Researchers have pointed out that reliable assessment of hypernasality is
difficult to achieve perceptually (Counihan & Cullinan, 1970a; Keuning et al.,
1999; Persson et al., 2006; Yamashita et al., 2018). VPI results in hypernasal
speech, nasal regurgitation, nasal emission, and decreased intraoral pressure
during speech (A. Young & Spinner, 2022). The production of oral sounds, espe-
cially high-pressure oral consonants, is affected. The overall result is decreased
speech intelligibility and significant functional and social impairment. VPD is
described in approximately 20-30% of individuals who have received cleft palate
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repair (Sell et al., 2001; Witt et al., 1998) and in 5-10% of patients with SMCP
(Sullivan et al., 2011).

The Estonian language belongs to the Baltic-Finnic branch of Finno-Ugric
languages. According to 2021 census data, Estonian is spoken by 84% of the
population (Census Data, 2021). The language has roughly one million speakers.

Based on the use of the VP seal, Estonian phonemes are divided into two
groups: (1) oral and (2) nasal phonemes (Asu & Teras, 2009a). Nasalized sounds
are limited to consonant phonemes /m/, /n/, / i/ and /1/. Estonian vowel phonemes
differ by tongue height, tongue frontness and lip rounding. Based on tongue height,
Estonian vowels fall into three groups: (1) high vowels /i, {i, u/, (2) mid vowels
/e, 0, 9, o/ and (3) low vowels /a, &/. Studies suggest that vowel height affects their
perceived nasality (Lewis et al., 2000; Watterson et al., 2007; L. H. Young et al.,
2001). Estonian does not have any nasalized vowels (Eek et al., 2008a). There
are three degrees of quantity on the foot level: short, long, and overlong. Quantity
is realized by the lengthening of the stressed vowel or the intervocalic consonant,
while the unstressed vowel is shortened in compensation (Lehiste, 2011; Lippus
et al., 2013).

In English, (1) nasality (score, level, rating) usually refers to the perceptual
assessment of speech, while (2) nasalance (score, level, rating) is a result of
objective assessment that is often rendered as a numerical score. The corre-
sponding Estonian terms are (1) nasaalsus(e) (aste) [(degree of) nasality] to
describe the outcome of perceptual assessment, and (2) nasaleeritus(e) (aste)
[(degree of) nasalance] to refer to the numerical results of objective measure-
ments (Lehes et al., 2018). Estonian, the corresponding terms to describe nasality
and nasalance are used. Estonian linguists suggested using two terms: ‘nasaalsus’
and ‘nasalisatsioon’. The term ‘nasaalsus’ refers to perceived pathological nasality:
too high (hiipernasaalsus) or too low (hiiponasaalsus) nasal resonance in speech.
Whereas the term ‘nasalisatsioon’, is used to mark normal resonance in speech
((Eek et al., 2008Db).

2.4.1 Speech sound errors

Cleft palate speech is a term that is widely used to describe the occurrence of
atypical consonant production, abnormal nasal resonance and nasal airflow, dis-
turbed laryngeal voice quality, and nasal or facial grimaces (Hanley et al., 2023;
Phalke & Goldman, 2022). There are several possible causes for speech sound
errors in individuals with CP+£L, such as the abnormalities in oronasal structure
and function, orofacial structure and growth, learned neuromotor patterns during
early infancy, and/or disturbed psychosocial development (Hanley et al., 2023).
According to Jones et al. (2003), even with early and timely surgical repair, a
majority of pre-schoolers demonstrate delays in speech sound development and
have typical CP speech.

Roughly, articulation errors characteristic of cleft palate speech are divided
into two subtypes: obligatory and compensatory. Obligatory errors include sounds
which are produced incorrectly before the surgical repair, also known as ‘passive
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errors’ (Nikhila, 2017). These errors cannot be corrected through speech therapy
unless the underlying structural deformity is surgically repaired. Compensatory
errors include those that occur due to maladaptive articulatory placements. Such
errors can be corrected only through speech therapy (Riski, 2006). In order to
choose the right treatment method it is important to identify the type of error that
interferes with normal articulation.

In 2013, Ird and Suvi (2013) published the first version of their perceptual
assessment protocol for Estonian CP£L speech. The preliminary version identi-
fies and describes the types of articulation and resonance errors in Estonian.
According to research underlying the protocol, the compensatory (e.g. glottal
stops, backing) and obligatory (e.g. weak consonants, passive fricatives) speech
sound errors observed in Estonian-speaking CP+L children are similar to those
described in the literature for similar groups of speakers of other languages.
Therefore, the author of the thesis did not analye speech sound errors but focused
on resonance.

2.4.2 Craniofacial growth and resonance of speech

As stated earlier, one of the primary treatment goals in cleft palate repair is to
obtain successful speech outcomes. The latter are influenced by several pre- and
postoperative factors, e.g., the timing and techniques of surgical and orthodontic
interventions and the availability of speech therapy, as well as by craniofacial
growth and proportional development among other morphological and physio-
logical factors. The literature on the subject suggests that there is no consensus
regarding preferable surgical protocols (Peterson Falzone et al., 2010; Loh-
mander, 2011). Furthermore, Scandcleft Project Trial 2 concluded that poorer
speech outcomes could not be attributed to a specific surgical protocol and sug-
gested that improvements in speech quality tend to correlate with the number of
speech therapy visits (Hammarstrom et al., 2020).

Still, establishing the links and determining the correlation between nasalance
scores and cephalometric characteristics may help to explain how and to what
extent craniofacial morphology impacts speech development and speech quality
in the CP£L group. In CP£L patients, craniofacial growth is affected by genetic
factors as well as by surgical interventions. Specialized literature suggests cleft
type and cleft characteristics to be the main determining factors of long-term
craniofacial growth alterations (Naqvi et al., 2015; Vifas et al., 2022).

2.4.3 Voice disorders

Children born with CP£L may also develop laryngeal dysphonia. It may go
undetected and undiagnosed by clinicians because of many other accompanying
problems, e.g., resonance disorders that may mask laryngeal voice disorders.
Researchers report a wide range of (5.5% to 50%) voice disorder prevalence rates
in CP£L population (Hamming et al., 2009; Hocevar-Boltezar et al., 2006; Lehes
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et al., 2021; Robison & Otteson, 2011; Timmons et al., 2001). It stands to reason
that altered voice quality along with other associated problems may significantly
affect the intelligibility of speech and overall quality of life.

The underlying mechanisms of laryngeal dysphonia in CP+L group are still
debated. The broadly shared conclusion and current hypothesis is that its under-
lying mechanism consists in increased adduction and hypertension in supralaryn-
geal structures (D’ Antonio & Scherer, 2008; McWilliams et al., 1973; Robison
& Otteson, 2011; Segura-Hernandez et al., 2019; Villafuerte-Gonzalez et al.,
2015). It is accepted that laryngeal hyperfunction may result in muscle tension
dysphonia and cause morphological changes in the vocal folds (e.g., vocal nodu-
les, inflammation, oedema). According to literature, vocal swelling and vocal
nodules are the most common anatomical finding in CP and CP+L individuals
(D’ Antonio & Scherer, 2008; Dejonckere, 1999; A. W. Kummer, 2014b; Lehes et
al., 2021; Van Lierde et al., 2004). Anatomical changes in vocal folds alter voice
quality. Individuals with CP£L frequently exhibit chronic hoarseness as well as
forced, soft, strangled or aspirated phonation (D’ Antonio & Scherer, 2008; Hen-
ningsson et al., 2008; Kuehn & Henne, 2003; Lehes et al., 2021; Segura-
Hernandez et al., 2019).

2.5 Assessment of resonance and voice quality
in CPzL children

Patients with VPD should be managed by a multidisciplinary team, using multi-
modal instruments to evaluate preoperative and postoperative speech outcomes
(Paniagua et al., 2013). General guidelines and thorough assessment and exami-
nation of speech and voice disorders are key aspects for reliable treatment. Clini-
cians’ need for evidence-based protocols and therapy tools to guarantee optimum
outcomes in a reduced timeframe.

2.5.1 Evaluation of VP function

Despite advances in surgical management, it is estimated that 20—30% of children
with repaired CP will continue to have hypernasal speech and require a second
surgery to ensure normal VP function (Bicknell et al., 2002). The presence of
hypernasality in repaired CP speech is a consequence of VPI (Dubey et al., 2019).

Clinicians and researchers have suggested different methods for evaluating
VP function. The choice of the specific method is directly related to the focus of
interest of the clinical investigation and to its need for accuracy (Paniagua et al.,
2013). Research suggests that both auditory-perceptual assessment and instru-
mental assessment of VP function should be performed (Golding-Kushner et al.,
1990). The combining of these measurement techniques is necessary to properly
diagnose and treat resonance disorders (Bettens et al., 2014). Instrumental assess-
ment of VP function includes videonasoendoscopy (VNE), videofluoroscopy
(VF), magnetic resonance imaging (MRI), cephalometric radiographic analysis,
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computed tomography (CT), ultrasound, acoustic and aerodynamic measure-
ments. Not all of these methods are available for clinicians. Research suggests
that at least one instrumental method should be used in addition to perceptual-
auditory assessment (Golding-Kushner et al., 1990).

In Estonia, clinicians have access to all of the above-mentioned instrumental
assessment methods. Still, they prefer using VNE — the diagnostic procedure used
to examinate the nose, throat, and airway (Alvi & Harsha, 2022) that specifically
allows direct visualisation of the soft palate, lateral pharyngeal walls, and
posterior pharynx. The procedure may cause some discomfort for the patient but
does not involve any exposure to radiation and can be performed on cooperating
CP+L children (Alvi & Harsha, 2022; Golding-Kushner et al., 1990; Kobayashi
et al., 2019). VNE helps to determine possible VPI during speech production.
Direct visualisation demonstrates the severity of the VPI, its size and shape, the
consistency of VP closure, the size of adenoids and tonsils and their potential role
in VPC. These findings are crucial in providing clinical assessment input for
comprehensive multidisciplinary team management of CP+L children.

2.5.2 Assessment of nasality

Nasality is measured perceptually and/or objectively. Perceptual assessment of
nasality is usually the first tool that SLPs use, and is employed widely. Yet,
studies report that perceptual assessment lacks reliability because it is influenced
by a variety of factors such as the essence of the speech stimulus (Lehes et al.,
2018; Mohd Ibrahim et al., 2020), the presence of articulation problems and
audible nasal air emission/nasal turbulence, as well as loudness and pitch (Cler
et al., 2021; Sundstrom & Oren, 2019; Zraick et al., 2000) and the experience and
training of the listeners (Lewis et al., 2003; Scarmagnani et al., 2014). This has
stimulated researchers and clinicians to take a growing interest in objective
assessment of nasalance.

Similarly to perceived nasality, objective scores of nasalance can be influenced
by many different factors: nasal obstruction, adenoidectomy, hearing impairment
and cleft palate (Y. Liu et al., 2022; Watson et al., 2001). Although normative
nasalance scores are language-specific, researchers have shown them to vary as
a function of the speaker’s dialect (Seaver et al., 1991; van Lierde, Wuyts, De
Bodt, & Van Cauwenberge, 2001), the phonetic content of the speech stimulus
(Lewis et al., 2000) as well as the speaker’s age (Haapanen, 1991; Hirschberg
et al., 2006; Van Lierde et al., 2003) and gender (van Lierde et al., 2001).

2.5.3 Assessment of voice quality

The four most common approaches taken by clinicians to assess the different para-
meters of voice production and quality include auditory-perceptual and acoustic
assessment of voice quality, aerodynamic assessment of subglottal air pressure
and nasoendoscopic evaluation of vocal fold movements (Villafuerte-Gonzalez
etal., 2015). A combination of different assessment methods is vital in the CP£L
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group since confining the examination exclusively to auditory-perceptual assess-
ment may prove unreliable due to the influence exerted by the listeners’ expe-
rience and preparation, by the speech stimuli used, and by the presence of articu-
lation and resonance. Acoustic analysis is non-invasive, it provides an oppor-
tunity to assess voice quality and determine any susceptible underlying mecha-
nisms of dysphonia. According to literature, several acoustic parameters are
affected in CP+L population, whose condition may cause, e.g., alterations of fun-
damental frequency (Fy), pitch and amplitude perturbations (shimmer, jitter),
variations in soft phonation index (SPI) may refer to incomplete vocal fold
adduction, disturbed harmonics to noise ratio (HNR) (Segura-Hernandez et al.,
2019; Villafuerte-Gonzalez et al., 2015; Attuluri et al., 2017). Perturbation mea-
sures (jitter, shimmer) are regarded as indicators of abnormal vocal fold vibra-
tions, which result in changes in the quality of voice.

Researches have not reached a common understanding of whether and to what
extent VPI influences laryngeal voice quality. Leder and Lerman (1985) con-
cluded that clinically significant hypernasality was related to inappropriate vocal
fold adduction, whereas Hamming et al. (2009) did not report a correlation between
the severity of VPI and hoarseness. In the CP+L group, VPI may cause the pre-
sence of dysphonia.

Surgical and orthodontic treatment may affect craniofacial, especially maxillary
growth in the CP+L population. Maxillary development may affect speech quality,
especially resonance in speech. In addition, based on the previously published
articles (Nguyen, 2019; Schultes et al., 2000; Uslu-Akcam, 2017), we chose
cephalometric landmarks and parameters that may affect speech quality.

2.6 Clinical management of CP+L children in Estonia

Patients with CP+L require complex and longitudinal care by a multidisciplinary
cleft team. Multiple clinical practice guidelines (CPGs) have been proposed to
provide a standardized framework for cleft care delivery (Yver et al., 2022).

In Estonia, there are two craniofacial centres that provide care for CP+L pa-
tients: one at Tartu University Hospital and the other at the North Estonia Medical
Centre. The centres follow different surgical protocols: the former has opted for
one-stage palate repair while the repair performed at the latter is two-stage. Other
than the above-mentioned difference of protocol, the documentation and assess-
ment of speech, maxillary growth and occlusion at the two centres follows stan-
dardized care procedures based on European guidelines (Shaw et al., 2001).

2.7 Rationale for the included studies

Speech quality is a major factor to be considered when describing the effective-
ness of the treatment received by CP£L children. Poor speech quality may affect
their social interactions, their progress at school and, eventually, their overall
quality of life. Kelly & Shearer (2020) stated that appearance and speech dissatis-
faction may be ways in which to identify those at risk of psychosocial difficulties
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within clinical settings. Therefore, we as the specialists should aim to the better
subjective outcomes in speech and appearance in CP£L population. In order to
achieve this target, we need evidence-based approach, and for this, in turn, objec-
tive thresholds. As stated above at 1.4.1, in 2013 Ird & Suvi (Ird & Suvi, 2013)
developed test material for, and reported on, the Estonian-specific articulation
errors in CP£L children. Nasalance and voice disorders in speakers of Estonian
have not been described. In order to provide proper treatment, specific assessment
protocols tailored to the Estonian language are needed. Establishing these and
understanding the mechanisms of abnormal nasalance and voice disorders would
considerably facilitate the work of multidisciplinary teams (including maxillo-
facial surgeons, SLPs, ear-nose-throat physicians, orthodontists) treating cleft
patients.
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3 AIMS OF THE STUDY

The general aim of the study was to develop specific assessment protocols tailored
to the Estonian language to describe the voice and resonance related treatment
outcomes in Estonian cleft palate children.

The specific aims were to:

(1) develop Estonian-specific optimised speech stimuli for Nasometer II and
establish normative nasalance scores for Estonian (Paper I);

(2) develop Estonian specific optimised speech stimuli for videonasoendoscopy
and analyse the correlation between the severity of VPI and the severity of
voice disorders (Paper II);

(3) assess the voice quality and its impact on quality of life in Estonian children
born with CP£L (Paper II);

(4) determine the cephalometric parameters that distinguish the healthy group
from the cleft-palate one as well as the cephalometric parameters that pre-
dominantly relate to resonance disorders (Paper I1I).
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4 MATERIALS AND METHODS

4.1 Participants

Based on the aims of the study, we recruited two groups of children: a control
group of healthy preschool children and an another one of CP+£L children of the
same age. Healthy children were selected from nine different kindergartens from
all over Estonia. All healthy children were screened by a qualified SLP for any
possible articulation, resonance or voice disorders. If any of these problems were
present or had occurred, the child was excluded from the study.

European minimum standard of care requires SLP consultation at the age of
five to six for all CP+L children (Shaw et al., 2001). Therefore, all CP+L children
have a regular clinical appointment with their cleft team at that age in the cleft
centre of Tartu University Hospital or of the North Estonia Medical Centre. The
opportunity to participate in the research project reported here was introduced to
caregivers of non-syndromic CP+L patients, and data was collected during their
regular clinical visits. There was no extra burden to the children or to the SLP.
We did not include children who had any other congenital or acquired disease
and we also excluded children with syndromic clefts, isolated cleft lip, delayed
linguistic or psychomotor development and/or hearing loss. The mean age for all
participating children was between five and seven years in both groups. This age
was considered the most appropriate because most children have acquired pro-
nunciation of all Estonian sounds by that age (Karlep, 1998).

As the general population of Estonia is small, the number of CP£L patients
was also limited. We were unable to divide our CP+L group into subgroups based
on the cleft type. We relied on the knowledge that there is considerable variation
in how children with CP+L develop in terms of speech and that no direct relation-
ship has been found between the severity of cleft palate and speech quality
(Hardin-Jones & Jones, 2005). Similarly, no subdivision was undertaken based
on the surgical protocol used in the case. Although the group included patients
treated using different surgical methods (respectively, one-stage and two-stage
palate repair), the small size and heterogeneity of the sample as well as previous
findings (Hardin-Jones & Jones, 2005) concerning the effect of the surgical method
on speech quality outcomes rendered subclassifications impractical.

Table 1. Number and distribution of subjects.

CP+L group (n) Healthy

BLCP+CL ULCP+CL CPO  SMCP  TOTAL g&roup (n)
Study I 2 5 5 2 14 92
Study IT 4 6 6 2 18 79
Study 111 2 4 3 2 11 17

*n —number of participants, CPO — cleft palate only, SMCP — submucous cleft palate, BLCP+CL —
bilateral cleft lip and palate; ULCP+CL — unilateral cleft lip and palate
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4.2 Study design and methods

The study was designed as cross-sectional and comparative. The data were col-
lected by a combination of objective (Multidimensional Voice Program (MDVP),
Nasometer II, Dolphin Imaging Software) and subjective (Pediatric Voice
Handicap Index (pVHI), GRBAS scale, videonasoendoscopy (VNE), video-
laryngostroboscopy (VLS)) methods were performed by our multidisciplinary
cleft teams.

Table 2. Subjects and methods

Enrolment Number of Methods and materials
subjects
March 2015 — 14 CP£L Estonian stimuli for Nasometer 11

February 2017 92 healthy pilot study
modification of speech stimuli
normative nasalance scores
test-retest reliability

October 2016 — 18 CP+L Estonian stimuli for VNE

February 2017 79 healthy  acoustic analysis of voice (MDPV parameters)
pVHI questionnaire
auditory-perceptual analysis of voice (GRBAS)
VNE
VLS

September 2019 — 11 CP£L Lateral cephalograms

March 2020 17 heathy  nasalance scores
cephalometric parameters
intra- and inter-rater reliability

Study I

Study II

Study III

4.2.1 Developing Estonian speech stimuli for Nasometer Il
and establishing normative nasalance for Estonian (Paper I)

First, in cooperation with the Institute of Estonian and General Linguistics and
the Institute of Education of the University of Tartu, we developed unique
Estonian-specific test material for Nasometer II. To ensure that the phonetic
content of stimuli matches the distribution pattern of nasal and consonant phone-
mes as well as high and low vowel phonemes in Estonian speech, we verified our
stimuli against phoneme distribution data taken from the Phonetic Corpus of
Estonian Spontaneous Speech. The test material was developed such as to feature
phonemes in all contrastive quantity degrees, and to be age-appropriate for five-
to six-year-old children.

Prior to the actual investigation, we conducted a pilot study to assess the suit-
ability of speech stimuli. We included ten healthy and three CP+L children (Esto-
nian monolinguals) in the first trial. Speech samples were recorded individually
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in a quiet room. Having explained the process, the examiner secured the Naso-
meter headset on the child’s head according to the manufacturer’s instructions.
The child was then instructed to repeat the speech stimuli after the examiner. Each
sentence was read to the child at a natural Estonian speech rate, loudness and
pitch. There was a 2-3 second pause between each sentence. Nasometer II soft-
ware was used to calculate the nasalance score for each sentence. All speech
samples were recorded. Based on their analysis, we excluded two utterances that
seemed to be too difficult to repeat (Papa ei ole ohtul kodus and Kokk teeb ahjus
kooki).

4.2.2 Methodology for voice assessment (Paper Il)

Based on specialized literature (Attuluri, 2017; Aydinli et al., 2016; Dejonckere,
1999) we combined subjective and objective assessment methods to achieve a
detailed understanding of the underlying mechanism and the essence of dys-
phonia in CP+£L children. The assessment consisted of:

(1) collecting data about parents’ or caregivers’ responses concerning their
child’s voice-related quality of life using the pVHI questionnaire (Appendix A);

(2) performing acoustic analysis of the child’s voice using the MDVP;

(3) analyzing voice quality using auditory-perceptual assessment based on the
GRBAS scale;

(4) performing videonasoendoscopy (VNE);
(5) performing videolaryngostroboscopy (VLS).

The pVHI is a paediatric version of voice handicap index (VHI). According to
the literature, the pVHI is adapted into several languages, is reproducible and
shows high clinical validity (Devadas et al., 2015; Oddon et al., 2018; Park et al.,
2013; Sanz et al., 2015; Schneider et al., 2019a; Shoeib et al., 2012; Simkiené
et al., 2022; Veder et al., 2017; Ozkan et al., 2015). It is linguistically validated
in Estonian language. We trained all the parents or caregivers to differentiate
resonance disorders from laryngeal voice disorders.

MDVP (Model 5105, version 3.1.7; KayPENTAX) is a software application
commonly used for acoustic analysis of voice in clinical and research settings.
For recordings, a dynamic microphone was positioned on a stand at approxi-
mately 10 cm from the child’s mouth. Three samples of the sustained phonation
of Estonian vowel /a/ ([a]) were recorded. Four seconds of the utterance of the
most stable trial was used for further analysis. Based on the literature about the
possibly affected acoustic voice parameters, we chose six different markers to
analyse: fundamental frequency (Fo), Shimmer (Shim), Jitter (Jitt), soft phonation
index (SPI), noise-harmonic-ratio (NHR), voice turbulence index (VTI).

GRBAS scale is one of the most used auditory-perceptual assessment tools
where ‘G’ stands for overall grade of hoarseness, ‘R’ — roughness, ‘B’ — breathiness,
‘A’ —asthenic, and ‘S’ — strained quality of the voice. These five components are
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rated on four point Likert scale. First, we recorded speech samples (sustained vowel
/a/ (Ja]) and continuous speech samples). Next, two raters were trained using
GRBAS scale. Then the rates independently rated the speech samples on GRBAS
scale. Inter- and intra-rater reliability was calculated.

VNE and VLS were performed. Flexible fibreoptic nasopharyngolaryngo-
scope (Kay Pentax model VNL 8-J10) was used for the procedures. First, the
assessment protocol for VP function was followed, then the anatomy and func-
tions of larynx were assessed. Both procedures were carried out together with our
multidisciplinary cleft teams (included SLP, ENT-doctor, surgeon, orthodontist),
were recorded and saved for later analysis. Prior to the VNE assessment, we
developed Estonian test material for the best visualization of the VP function.
The test material consists of verbal and non verbal (swallowing and blowing)
tasks. Verbal stimuli include repetition of sustained high and low vowels and
fricatives (/s/, /h/), strings of syllables (e.g /pi-pi/, /ta-ta/), words (e.g /kommdi/,
/patsi/) and utterances loaded with pressure-sensitive phonemes (Appendix B).
Based on the findings, VNE protocol was filled out by SLPs and ENT-doctors.
Vocal fold vibration, its symmetry and regularity, and vocal fold closure during
phonation and speech was specified by VLS. The purpose of VLS was to identify
any morphological changes of focal folds. During the assessment, the child was
asked to repeat sustained Estonian vowels /i/ ([i]) and /e/ ([€]), repeat a sentence
/Juulikuus suur tuul./ and counting numbers from one to ten.

4.2.3 Cephalometric analysis (Paper Ill)

We assessed lateral cephalograms to measure craniofacial morphology and airway
structures. Depending on gender, age and body type, the lateral cephalograms
were taken using Galileos (Dentsply Sirona, Germany) at the suggested settings:
9.4 seconds, 60-84 kV, and 10-15 mA. The radiologist positioned the patient’s
head such that the Frankfort horizontal plane was parallel to the floor (Uslu-
Akcam, 2017). The lateral cephalograms were traced, and Dolphin Imaging soft-
ware (Dolphin Imaging & Management Solutions, USA) was used for digital
analysis. Such digital analysis has been found reliable at the 95% level (method
error) (Power et al., 2005). Omidkhoda et al. ( 2022) concluded that Dolphin
Imaging software (version 11.8) can be used to reliably predict hard tissue as well
as soft tissue, especially in the upper lip area. Two trained and calibrated
examiners independently traced and measured the cephalometric parameters of
all 28 included children. Inter-rater reliability was calculated. To assess the intra-
rater reliability, 15 lateral cephalograms were randomly selected and presented to
the rater to be assessed anew after three weeks.

Based on the aims of this study, as well as previous research by Ozge Uslu-
Ackam (2017) and Van Thai Nguyen (2019), twelve different cephalometric
landmarks were selected to identify skeletal morphology. Reference cephalo-
metric landmarks and parameters are described in Figure 1 and Table 3.
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Figure 1. Cephalometric reference landmarks

Nasion (N): the intersection of the internasal suture with the nasofrontal suture in the midsagittal
plane. Sella (S): the centre of the pituitary fossa of the sphenoid bone. Basion (Ba): the most
inferior posterior point of the occipital bone at the anterior margin of the occipital foramen.
Anterior nasal spine (ANS): the tip of the anterior nasal spine. Posterior nasal spine (PNS): the
tip of the posterior nasal spine. A-point: the deepest point on the curve of the maxilla. B-point: the
most posterior point in the concavity along the anterior border of the symphysis. Hyoid (Hy): the
most superior and anterior point on the body of hyoid bone. C3: the most anterior and inferior point
on the corpus of the third cervical vertebra. AW1 — airway anterior lower. AW2 — airway posterior
lower. AW3 — middle posterior airway. AW4 — middle anterior airway. AWS5 — inferior posterior
airway AW6 — inferior anterior airway. P — tip of the soft palate. SP-S — superior most point on the
upper surface of the soft palate. SP-I — inferior most point on the lower surface of the soft palate
(Illustration: Lehes (2022)).

24



Table 3. Cephalometric measurements

Measurements Description

SNA (°) The angle between the lines SN and NA
SNB (°) The angle between the lines SN and NB
ANB (°) The angle between the lines NA and NB
BA-S-N (°) Cranial base angle

PNS-A (mm) Distance from PNS to A

PNS-Ba (mm) Distance from PNS to Ba

Hy-C3 (mm) Distance from Hy to C3

PNS-P (mm) The length of the soft palate

SP-S-SP-I (mm) Maximum thickness of the soft palate
AWI1-AW2 (mm) The width of the nasopharyngeal airway
AW3-AW4 (mm) The width of the upper oropharyngeal airway
AWS5-AW6 (mm) The width of the lower oropharyngeal airway

The threshold for oronasal stimuli (Paper I) was considered when correlating resonance disorders
with cephalometric parameters.

4.3 Ethical considerations

Approval (no. 263/T2) for the study was obtained from the Ethics Review Com-
mittee on Human Research of the University of Tartu prior to beginning the
research. The study was conducted in compliance with the Declaration of Helsinki
concerning ethical principles for medical research involving human subjects. All
participants were informed about the nature of and need for the study before
commencing with the procedures. Consent was documented using an informed
consent form signed by the parent/caregiver or the child when older than 7 years
of age (Paper III), and physical copy of the signed consent form was handed out.
After signing an informed consent form approved by the Ethics Committee, child-
ren and their parents were enrolled into the studies. All participants knew key
aspects of the protocol. They could withdraw from the study at any given moment,
without a reason.
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5 RESULTS

5.1 Normative nasalance scores
for Estonian children (Paper 1)

5.1.1 Development of estonian speech stimuli for Nasometer Il

Based on the data from Phonetic Corpus of Estonian Spontaneous Speech, we
developed original Nasometer II test material for Estonian children. All devel-
oped and included utterances are semantically understandable as well as linguisti-
cally and phonetically age-appropriate for five-to-six-year-old children. The
stimuli consist of 24 utterances divided into three groups: (1) oronasal stimuli
(ONS) that include oral and nasal phonemes and represent the phoneme distri-
bution encountered in spontaneous Estonian speech (10% of nasal phonemes),
(2) oral stimuli (OS) that include only oral phonemes, and (3) nasal stimuli (NS)
that are loaded with nasal phonemes (30% of nasal phonemes). Each stimulus
group consists of eight utterances of at least six syllables each. The speech stimuli
that were used are presented in Tables 4-6.

Table 4. Oronasal speech stimuli

Sentence Translation
Isal on pikk habe.

Lapsed méngivad palli.

Daddy has a long beard.
Children play ball.
Viike naine loeb lehte. A little woman is reading a paper.

Tidruk s66b punast duna. A girl eats a red apple.

Saara ostis kommi.
Tige tikker karjub.
Epu valge tutimiits.

Ema punane mantel.

Saara bought candy.
Angry gooseberry screams.
Epp’s white bobble beanie.
Mother’s red coat.

Table 5. Nasal speech stimuli

Sentence

Translation

Emma mummuline kann.
Hani munes muna.
Mamma pani akna kinni.
Naine konnib tdnaval.

Inga tahab linna minna.
Anna ei nuuska nina.

Ema annab homme kommi.

Inna pani nuku vanni.

Emma’s polka-dotted jug.

The goose laid an egg.

Granny closed the window.
The woman walks in the street.
Inga wants to go to town.
Anna doesn’t blow her nose.
Mom will give candy tomorrow.
Inna put the doll in the bath.
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Table 6. Oral stimuli

Sentence Translation

Lobus papa s66b suppi. Merry papa eats his soup.

Kaja pugib kooki. Kaja munches on a cake.

Tadi otsib uut potti. Auntie is looking for a new pot.
Harri veeretab vurri. Harri spins the yoyo.

Kalle ldheb kiilla. Kalle goes on a visit.

Valli vaatab pilve. Valli looks at the cloud.

Juta kukkus ojja. Juta fell into the stream.

Sassi soojad sussid. Sass’s warm slippers.

5.2 Nasalance scores for Estonian healthy
and CPzL children

Eleven children were retested. For test-retest reliability, Pearson’s correlation
was run to assess the stability of testing. There were high positive correlations
between the first and second trials in all stimulus groups: oronasal — r=0.97,
p<0.05; oral —r=0.99, p<0.05; nasal —r=0.93, p<0.05. Table 1 compares the mean
nasalance scores obtained by the test-retest analysis for the different stimuli groups.
The scores are presented as percentages.

Table 7. Test-retest comparison by speech stimuli groups

ONS* (M) NS* (M*) OS* (M*)  All utterances (M¥)
Trial 1 335 60.1 19.8 37.8
Trial 2 33.1 59.0 19.0 37.0

*ONS — oronasal utterances, NS — nasal utterances, OS — oral utterances, M — mean score

For internal consistency reliability, Cronbach's kx was calculated for each stimuli
group: oronasal — 0=0.93; oral — 0=0.97; nasal — 0=0.92. The results showed that
internal consistency was high in all groups.

The mean nasalance scores for oronasal stimuli for healthy non-cleft Estonian-
speaking children were 30.5% and for those in the CP+L group, 47.1%, for nasal
stimuli respectively 57.8% and 60.9, and for oral stimuli, 15.9% and 37.0%.
Significant differences were found between the two groups in oronasal and oral
utterances, but not in nasal one. No significant differences between genders were
found (p>0.05). The normative nasalance scores for non-cleft Estonian-speaking
children are presented in Table 8.
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Table 8. Normative nasalance scores for Estonian.

Speech N M SD M+/~2SD* Max* Min* CI*
stimuli (95%)
"ONS 92 30,5 5.8 18,9 -42,1 56,3 19,5 29,2-31,6
NS 92 57,8 58 46,2 - 69,4 72,0 41,7 56,6-59,0
(ON] 92 15,9 6,0 3,9-279 45,9 6,8 14,6-17,1

*M +/— 2 — standard deviation from the mean, Max — maximum, Min — minimum, CI — confidence
interval

5.3 The effect of VPI on voice quality (Paper Il)
5.3.1 Voice-related quality of life

First, we gathered information about voice related quality of life from both study
groups using the pVHI questionnaire. The mean pVHI total score for healthy
children was 6.42 and, for cleft group, 17.33. The highest mean scores were
calculated in both groups in the functional subscale. Total scores of pVHI and its
subscales are presented in Table 9. Significant differences were found between
healthy children and the CP£L group (p>0.05).

Table 9. Comparison of the pVHI scores between healthy children and children with
CP+L

Group N Mean SD p
. CP+L 18 6.56 3.714
Functional 0.000
Healthy 79 2.99 2.844
. CP+L 18 5.72 4.443
Physical 0.000
Healthy 79 1.95 3.071
. CP£L 18 5.06 4.820
Emotional 0.000
Healthy 79 1.48 2.297
CP£L 18 17.33 11.209
Total score 0.000
Healthy 79 6.42 6.725

*SD — standard deviation, N — number of participants, p — statistical significance (>0.05)

5.3.2 Acoustic analysis of voice

The production of Estonian vowel /a/ ([a]) by all the participants was recorded
and analysed to obtain fundamental frequency (£o), shimmer (Shim), jitter (Jitt),
soft phonation index (SPI), noise-harmonic-ratio (NHR), and voice turbulence
index (VTI) values. The results indicated the increased values of all parameters
with the exceptioin of SPI. We found significant differences in the jitter, shimmer
and NHR parameters between healthy children and the CP+L group (p<0.05).
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Table 10. Comparison of acoustic parameters in healthy children and in children with
CP+L

Ac. parameters Group Mean SD p
Fo CP+L 285.09 55.51
0.314
healthy 273.25 25.76
Jitter CP+L 1.37 0.72
0.000
healthy 0.74 0.36
Shimmer CP+L 0.422 0.13
0.016
healthy 0.345 0.08
NHR CP£L 0.13 0.04
0.009
healthy 0.11 0.01
VTI CP+£L 0.044 0.02
0.089
healthy 0.035 0.02
SPI CP£L 10.8 6.34
0.201
healthy 13.8 8.54

We also checked for correlations between MDVP parameters and pVHI total
scores in the CP£L group using Pearson’s correlation coefficient. that the results
showed the correlation between pVHI results and MDVP parameters were poor
(r<0.3) and not significant (p>0.05).

5.3.3 Auditory-perceptual analysis of voice

Speech recordings of all CP+L children were graded on the GRBAS scale. A total
of 18 speech samples was analysed by two trained independent listeners. Inter-
rater reliability for GRBAS scale was high (#=0.89).

The ratio between boys (13) and girls (5) was 2.6:1. Due to the small sample
size, we only performed a descriptive analysis based on gender. The results are
given in Table 11.

Table 11. Mean scores by the GRBAS scale.

GM) R (M) B M) A M) S(M)
F 1.00 .80 .60 .00 40
M 85 85 77 23 38
TOTAL 89 83 72 17 39

*‘G” — overall grade of hoarseness, ‘R’ — roughness, ‘B’ — breathiness, ‘A’ — asthenic, and ‘S’ —
strained quality of the voice.
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All mean scores were < 1.0 — i.e., trained listeners did not notice considerable
perceptually detectable voice disorders. Girls received a slightly higher score in
the general category of hoarseness (‘G’). Boys graded higher for the asthenic aspect
(‘A’) of voice.

We conducted a regression analysis to see whether there is a relationship
between the scores of the GRBAS scale and the pVHI. We did not find strong
correlations between pVHI scores and the GRBAS scale.
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6 INSTRUMENTAL FINDINGS
OF THE VELOPHARYNGEAL FUNCTION
AND VOCAL FOLD FUNCTION

VNE as well as VLS were performed on all included CP<£L children (N=18, 5 girls,
13 boys). All children tolerated the procedure relatively well. Nasoendoscopic
videos were recorded and saved for later analysis. The size of the VP gap was
graded on a five-point scale where ‘0’ refers to normal VP function, ‘1’ refers to
a very small (pinhole) and five refers to a very large opening. Three children
exhibited normal VP function, whereas in the others, the VP valve showed an
opening: a minimal (pinhole) opening in six cases, a small one in five, a medium
one in two and a large one also in two. The severity of the VP gap was measured
by two raters: a clinical SLP and an ENT physician. VLS assessment revealed
normal vocal fold morphology and vibrations in eight of the children (three of the
five girls and five of the thirteen boys) and morphological changes in the remaining
ten, of whom two presented bilateral vocal nodules and eight had oedema. Table
12 provides an overview of the findings of the VNE and VLS procedures and the
total score of pVHI in the CP£L group. Based on descriptive statistics, the
severity of the VPD did affect the pVHI score but was not related to altered vocal
fold morphology or the dysfunction of the vocal fold closure.

Table 12. Overview of VPI, VLS, pVHI in the CP£L group

(e} — on
mSSS38s5588s5255e2es

VLS o 2 2 o0 1 1 1 0 1 1 1 O O O O 1 1 O
VNE 4 1 4 2 3 2 1 0 1 2 2 2 1 3 0 1 0 1
pVHI 36 4 29 6 13 32 9 2 30 24 17 18 7 35 5 19 9 4

M — male, F — female; *VLS: ‘0’ — normal vocal folds, ‘1’ — oedema, ‘2’ — nodules; *VNE — ‘0’ —
normal VPC, ‘1’ — pinhole opening, ‘2° — small opening, ‘3’ -medium opening, ‘4’ — large opening

6.1 Cephalometric parameters and their relation
to nasalance scores (Paper lIll)

Method error for the angular and linear analysis was not statistically significant,
and did not exceed 1° and 1 mm (p<0.05), respectively. Intra- («>0.7) and inter-
rater (k<0.6) reliability was sufficient. The analysis of craniofacial morphology
of the CP£L group revealed a significant shortening of the hard (distance from
posterior nasal spine to maxilla (PNS-A)) and the soft palate (distance from
posterior nasal spine to the tip of soft palate (PNS-P)), as well the narrowing of
the lower oropharyngeal airway (distance between AWS5 and AW6). Descriptive
statistics show that the CP£L group had a higher proportion of cases of class III
skeletal malocclusion (ANB) and a more anterior positioning of the hyoid bone.
We used the speech stimuli and normative nasalance scores presented in Paper I
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(Lehes et al., 2018) and calculated the nasalance scores for both groups. Regres-
sion analysis of the data suggests that the shortening of the hard palate (PNS-A),
anterior positioning of the hyoid bone (Hy-C3), and skeletal class III malocclu-
sion (prognathic mandible, retrognathic maxilla (ANB) are related to higher nasa-
lance scores (hypernasality). The flattening of the cranial base angle (Ba-S-N)
resulted in higher risk for hyponasal resonance. Table 13 summarizes the results
of Paper III.

Table 13. Comparison of measurements between the two groups and the correlation
between nasalance scores and cephalometric parameters in the CP+L group.

Ceph. Partici- Diffe- Correlation  Correlation  Correlation
parameters pants rence in between between between

para- ceph.para- ceph.para- ceph.para-

meters  meters and  metersand ~ meters and

(»<0.05) ONS (CP£L) NS(CP+L) OS (CP+L)

r p r p r p
CP£L -0.52 0.05* -0.45 0.08 -0.58 0.03*
PNS-A (mm) — 0.03*
healthy
CP£L -0.32 0.17 -043 0.10 -0.19 0.29
PNS-Ba (mm) — 049
healthy
CP£L -0.64 0.02* -0.45 0.08 -0.59 0.03*
Hy-C3 (mm) — 0.75
healthy
CP+£L -0.03 047 -0.04 045 -0.03 046
SNA (°) — 0.58
healthy
CP£L 024 024 030 0.19 026 0.22
SNB (°) — 023
healthy
CP£L -0.50 0.06 -0.64 0.02* —-0.54 0.04*
ANB (°) — 031
healthy
CP£L -0.36 0.14 -0.57 0.03* -0.27 0.21
Ba-S-N — 0.55
healthy
CP£L -0.38 0.13 -039 0.12 -0.27 0.22
PNS-P — 0.01*
healthy
CP+£L -0.10 0.38 -0.28 020 0.02 048
SP-S-SP-I (mm) —— 0.23
healthy
CP+£L -0.08 041 0.03 046 002 047
AWI1-AW2 (mm) ——— 049
healthy
CP£L 0.17 031 0.06 043 020 0.28
AW3-AW4 (mm) ———  0.68
healthy
CP+£L -0.04 045 0.06 043 -0.08 0.401
AWS-AW6 (mm) ——— 0.04*
healthy

*ONS — oronasal utterances, NS — nasal utterances, OS — oral utterances
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7 DISCUSSION

This is the first study that methodologically researches and describes voice and
resonance disorders, as well as the related treatment outcomes, in Estonian surgi-
cally treated CP+L children. Based on the general aim, (1) we developed Estonian-
specific speech stimuli for Nasometer II, (2) calculated normative nasalance
scores for Estonian, (3) adjusted speech stimuli for VP assessment for Estonian,
(4) investigated voice-related quality of life, (5) studied the underlying causes of
laryngeal voice disorders in the CP+L group and (6) mapped the links between
craniofacial morphology and resonance disorders. Estonian CP£L children
exhibit significant incidence of hypernasality and laryngeal dysphonia, their
voice-related quality of life is affected, and their craniofacial morphology affects
the quality of their speech. We rejected the null hypothesis that speech related
treatment outcomes are good or very good in Estonian surgically treated CP£L
children, since the measured parameters were significantly poorer in that group
compared to the group of healthy children.

7.1 Normative nasalance scores for Estonian children

The aim of the first study was to elaborate the Estonian stimuli for Nasometer 11
and establish normative nasalance scores. Setting the cut-off scores is crucial
when applying nasalance scores in practice, especially when working with VPD
patients. Based on the earlier studies by Brunnegérd and van Doorn (2009) con-
cerning Swedish speakers, and Sweeney, Sell, and O’Regan (2004) concerning
Irish English ones, we developed three stimuli groups: (1) oronasal sentences,
(2) oral sentences and (3) nasal sentences. This was the first study on nasalance
in Estonian. Since specialized literature suggests that speech stimuli need to be at
least 6 syllables long to validly assess nasalance (Watterson et al., 1999), single
word repetition tasks were excluded.

Estonian-specific test material consists of nine six-syllable, ten seven-syllable
and five eight-syllable sentences. The length of the sentences varies because of
the need to maintain the phonetical balance of high and low vowels and high- and
low-pressure consonants. In addition, the sentences had to be age appropriate for
five-to-six-year-old children to repeat. The mean length of the stimuli was 6.8
syllables. The mean nasalance score for oronasal stimuli distinguish (p <0.05)
the study group (30.4) from the CP£L group (47.1). Two sentences Tige tikker
karjub (p=0.09) and Ema punane mantel (p=0.14) did not meet the criteria of set
significance level. This is not surprising since the first sentence includes many
high vowels while the second features five nasal phonemes. Both phenomena tend
to raise the nasalance score. It is supported by earlier findings of Watterson,
Hinton, and McFarlane (1996), who have shown that the higher the proportion of
nasal sounds predicts higher nasalance scores, and of Kummer (2014) as well as
of Lewis, Watterson, and Quint (2000) who conclude that high vowels have
higher nasalance scores than low vowels. Since the internal consistency reliability
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was high (0=0.93), these sentences were not excluded from the group of oronasal
stimuli. In addition, these sentences are important in order to maintain phonetical
balance for the whole sentence group. The mean for oral stimuli for the study
group was 15.9 and for the CP+L group 37.0 (p<0.05). It may be explained by
the effect that nasalance exerts on vocal loudness. Sadjadi, Ghorbani, Torabinez-
had, Amiri, and Keyhani (2010) have found that nasalance decreases when vocal
loudness increases. Six out of eight sentences had significantly lower nasalance
scores in the study group compared to the CP+L group. Two sentences (Kaja pugib
kooki. (p=0.08), Tddi otsib uut potti. (p=0.06)) did not statistically significantly
distinguish healthy children from CP+L children, but there was a trend to dif-
ference. These two sentences can be classified as high-pressure consonant sen-
tences. There are inconsistent findings regarding the impact of high-pressure
consonants on nasalance scores. Karnell (1995) mentions the potential for higher
scores due to nasal air emission or nasal turbulence, while others report no signi-
ficant differences between high- and low-pressure consonants (Sweeney, Sell, &
O’Regan, 2004). Matisoff (1975) has stated that the glottal stop is produced with
a lowered velum which may not necessarily rise for the production of the fol-
lowing vowel. Therefore, the nasalance score may increase due to articulation
errors. In our study, CP£L children’s cleft-specific articulation errors were not
analysed. Additionally, we may conclude that it is the complete combination of
phonemes that influences the mean score (p<0.05). The absence of statistically
significant difference between the two groups was an expected outcome. The
reason for this is that nasal phonemes are produced with the velum lowered,
allowing air to escape through the nasal cavity, which results in higher nasalance
(Eek et al., 2008b). Therefore, nasal stimuli are not suitable to determine hyper-
nasality. This finding is consistent with that of Kummer (2014) who concluded
that oronasal as well as oral stimuli need to be used to assess the presence of
hypernasality.

In Estonian, the mean nasalance of oronasal stimuli is 30.5, which is compar-
able to the scores for Swedish (Brunnegérd & van Doorn, 2009), Hungarian
(Hirschberg et al., 2006), Dutch (Van der Heijden et al., 2011), Flemish (van
Lierde et al., 2001), Malay (Ibrahim et al., 2012) and Vietnamese (Nguyen et al.,
2017). Oral stimuli had lower nasalance scores in Estonian compared to oronasal
stimuli. The mean nasalance of oral stimuli was 15.9. The result supports Kummer
(2014) who suggested nasalance scores below 20 for oral stimuli. As expected,
the mean nasalance score is higher for nasal speech stimuli compared to oral and
oronasal ones. The mean score is 57.8. The result is comparable to the findings
for Swedish (Brunnegard & van Doorn, 2009) and for Australian English (van
Doorn & Purcell, 1998).

One of the eligibility criteria for test material was the distinguishability between
the study group and the CP£L group. The results of oronasal and oral stimuli
revealed that the nasalance scores were significantly lower for the study group
compared to the CP+L group. This suggests that the relevant groups of stimuli
are suitable to identify the presence of resonance disorders.

34



When developing the test material, phonological quantity contrasts were con-
sidered. Thus, most phonemes occurred in three durations: short, long and over-
long. The results warrant the conclusion that Estonian nasalance scores are com-
parable to those of many other languages and that phonological quantity contrast
does not affect nasalance scores on the sentence level.

Although nasalance scores were higher for the girls compared to the boys in
all three stimuli groups, the differences were not significant. Therefore, calculation
of separate scores for boys and girls was forgone. The results reflect those of
other studies who found no significant gender differences (Sweeney et al., 2004;
van Doorn & Purcell, 1998).

The determination of cut-off values is essential for applying nasalance scores
in clinical practice, e.g., for monitoring the improvement and dynamics of speech
quality. Based on previous research, the clinical limit of abnormal nasal reso-
nance was suggested to be +/~2 SDs from the mean scores (Van der Heijden et al.,
2011; van Doorn & Purcell, 1998; van Lierde et al., 2001). Applying this to our
results, the threshold for oronasal stimuli is 18.9—42.1, for oral stimuli 3.9-27.9,
and for nasal stimuli 46.2—69.4. Children whose nasalance scores are higher than
the above threshold could be considered hypernasal; children whose nasalance
score falls below the lower cut-off value for oronasal and nasal stimuli could be
considered hyponasal. A cautious interpretation of borderline scores is recom-
mended because of individual variation and reliability issues (Whitehill, 2001).

Test-retest reliability was measured by two consecutive assessments of nasa-
lance. The headset was removed and re-positioned on the child’s head. There
were high positive correlations between the first and second trials in all stimuli
groups. Brunnegard and van Doorn (2009) suggest three sequential assessments
of nasalance to reduce individual variation. Van der Heijden et al. (2011) argued
that repetitive assessments are not age-appropriate for younger children. Since it
takes approximately 15 minutes to assess nasalance for an Estonian-speaking
patient, children tend to get tired in test-retest situations and their attention
disperses. Based on our findings, as well as Nguyen et al.'s (2017) and Van der
Heijden et al.’s (2011) suggestions, we found repetitive testing not to be of
essential importance.

7.2 The effect of VPI on voice quality
in Estonian cleft-palate children

Identification of voice problems is essential in clinical work with CP£L patients.
Due to their complex health issues, dysphonia may go undetected, yet signifi-
cantly affect their everyday communication and quality of life. During the author’s
second study, the author’s cleft team used multi-dimensional voice programme
(MDVP) to objectively analyze the acoustic parameters of voice, collected data
on voice-related quality of life (pVHI), performed VNE for accurate assessment
of VPD and used VLS to detect morphological changes in vocal folds.
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Voice-related quality of life was assessed by submitting pVHI. pVHI is divided
into three subscales — functional, physical and emotional — which aim to assess
communication difficulties related to dysphonia, to voice perturbations such as
hoarseness and to the psychological consequences of voice disorders (Schneider
et al., 2019b). According to pVHI scores, we found that voice-related quality of
life is significantly more affected in the CP+L group compared to the healthy
group. Not only were the total scores higher in CP+L group, but also all three
subscales indicated higher scores. The functional, emotional and physical aspects
were all affected to a relatively similar degree. These results reflect those of
Aydinli et al. (2016) who also found considerable differences between the CP+L
and the healthy group. Still, these results need to be interpreted with caution be-
cause, in the study, parents assessed their children’s voice based exclusively on
their subjective impression. Therefore, the results may be affected by resonance
and articulation disorders that are difficult to distinguish from dysphonia for non-
professional raters. Our explanation is similar to Boseley’s and Hartnick’s (2004)
who suggest that pVHI does not distinguish resonance and articulation disorders
from dysphonia.

MDVP parameters were calculated for acoustic analysis of voice. We found
significant differences comparing the results of Jitt, Shim and NHR parameters
between the healthy and the CP+L group. Jitter, shimmer and NHR were signifi-
cantly higher in the CP£L group compared to the control group. The former group
seems to show a higher relative standard deviation of the oscillations of funda-
mental frequency, higher variability of peak-to-peak amplitude between conse-
cutive periods, higher variability in Fy signal periodicity and higher ratio of
energy of the inharmonic components. According to these parameters, CP+L
children’s voice appears pressed, hoarse and strained. These results support pre-
vious studies of (Aydnli et al., 2016; Van Lierde et al., 2004; Varghese & Bhat,
2012; Villafuerte-Gonzalez et al., 2015). Jitter (frequency perturbation) showed
the biggest difference between the two groups. In accordance with the results of
this paper, previous studies have demonstrated that jitter is higher than the MDVP
cut-off scores in children with VPI (Aydinli et al., 2016; Zajac & Linville, 1989;
Toran & Lal, 2009; Van Lierde et al., 2004). Niedzielska (2001) and Valadez
et al. (2012) have suggested that jitter is related to the presence of vocal nodules.
This is confirmed by our findings from video-laryngostroboscopy (VLS), which
showed laryngeal pathologies and morphological changes of vocal folds in more
than half of the CP£L group: two cases of bilateral vocal nodules and eight cases
of inflammation of vocal folds. Although this result has not been reported previ-
ously, we conclude that vocal fold oedema affects jitter perturbation. Even if the
results of the shimmer parameter were significantly different between the two
groups, these did not exceed the cut-off limits stated in research reports (0.42—
0.59dB) (Nicollas et al., 2008; Varghese & Bhat, 2012). Healthy children ex-
hibited lower amplitude perturbation scores than CP+L children. These results
are similar to those reported by Aydinli et al. (2016), Varghese and Bhat (2012)
and Villafuerte-Gonzalez et al. (2015). SInce we found that jitter and shimmer
were significantly higher in the CP£L group, increased values of the NHR (which
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is interpreted as increased spectral noise that could be due to amplitude and fre-
quency variations (Di Nicola et al., 2006)) parameter were an expected outcome.

We did not find significant differences between SPI and VTI parameters in
the two groups. This suggests that CP=L children did not have significantly more
vocal fold adduction problems than healthy children. The fact that we found Fy
to be higher in the CP£L group is consistent with research reported by Aydinh
et al. (2016) and Villafuerte-Gonzalez et al. (2015) who also found higher Fy in
children with VPI compared to healthy children. These results need to be inter-
preted with caution given the exceptionally large standard deviation in our study
group. Contrary to the expectations, we did not find any significant differences
in SPI parameters (which show the adduction of vocal folds) between the CP+L
and the healthy group. Even more, the SPI parameters were lower in the CP+L
group compared to normal values. High SPI values have been suggested to corre-
late with incomplete focal fold adduction and breathy voice (Mathew & Bhat,
2009). Vocal folds in 10 out of 18 CP+£L children who participated in our study
presented morphological changes that affected normal adduction. Therefore, this
is very intriguing finding needs to be verified in larger groups.

Furthermore, we investigated the relationship between pVHI scores and
acoustic parameters to see whether the former correlates particularly strongly with
a specific MDVP value. The correlation between the total score of the pVHI and
the acoustic parameters of voice was generally poor. We concluded that parents
were not able to distinguish dysphonia from other speech disorders (e.g., reso-
nance disorders). Parents’ answers appear to reflect their subjective feelings about
the quality of their child’s speech.

We did not find strong correlations between pVHI scores and the GRBAS
scale values. Still, B (breathiness) tended to be significant. This suggests that
parents notice the breathiness in their child’s voice and consider that breathy
voice has impact on the quality of life.

In addition to indirect assessments, all CP£L children were directly assessed
by VNE and VLS. We did not perform VNE and VLS on healthy children for
ethical considerations. Fifteen CP+L children out of 18 had some degree of VPI.
Three had normal VPC but still exhibited some degree of hypernasality during their
connected speech. We did not find severe VPI to cause greater voice disturbance.
VLS assessment revealed normal vocal folds in eight children, while morpho-
logical changes were present in ten (60%). Changes in vocal fold function were
caused by bilateral oedema (eight children out of 18) or nodules (two children out
of 18). The percentage of morphological changes in our CP£L group was higher
than the 32% previously reported by Van Lierde et al. (2004). Reported research
shows the occurrence of vocal fold nodules to range from 15% to 35% in non-
cleft children (Pannbacker, 2018). This suggests the conclusion that CP=L child-
ren on average are more susceptible to voice disorders.
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7.3 Correlation between nasalance scores and
cephalometric parameters in Estonian cleft-palate children

The author’s third study aimed to find correlations between cephalometric para-
meters and resonance disorders. In order to do that, first, the author studied the
cephalometric parameters to identify those that are statistically different in the
two groups. The analysis showed statistically significant differences in the length
of the hard (PNS-A) and soft palate (PNS-P), and in the width of the lower
oropharyngeal airway (AW5-AW6). Our findings are in accordance with several
previous studies (Gohilot et al., 2014; Wada et al., 1997; Wermker et al., 2012;
Wu et al., 1996; Orr et al., 2016) that have highlighted the sagittal decrease of
soft tissues and bone structures in cleft palate population because of the delayed
and slower growth of the facial morphology complex due to early surgical
interventions. In our study, we found that, in the CP£L group, the mean length of
the hard palate was 3.7 mm less and of the soft palate 3.0 mm less than that of the
corresponding measurements in the healthy group. However, due to small sample
size, caution is suggested since the findings might not be applicable to the wider
CP+£L group. Another interesting and somewhat controversial finding that stood
out was the increased width of the lower oropharyngeal airway in the CP+L group
(its mean width was 1.9 mm larger). Here, the findings of the reported study do
not support those of previous research. Nguyen (2019) and Tarawneh et al. (2019)
have shown the lower oropharyngeal airway in the CP+L group to be narrower
compared to that of healthy children. It is possible that our findings contradict
those of earlier studies because of the small size of the study group, which may
significantly affect the mean values computed for the group.

The second research question sought to determine which cephalometric para-
meters were most associated with hypernasal resonance in the CP£L paediatric
population. In general, VPD and resonance problems — mainly hypernasality —
are considered to be caused by functional and structural deviations or dynamic
disturbances. Our analysis showed that hypernasal resonance is significantly
related to (1) the length of the hard palate, (2) the distance between the hyoid
bone and the third cervical vertebra, and (3) the angle formed by the lines NA
and NB (ANB). Interestingly, the greater cranial base angle (Ba-S-N) was related
to hyponasal resonance. There was no statistically significant association between
cephalometric parameters and hypernasality. Several studies have suggested that
resonance problems are due to the reduction — in the sagittal dimension — of the
soft tissue and bone of the nasopharyngeal complex (Impieri et al., 2018; Jakhi
& Karjodkar, 1990; Stellzig-Eisenhauer, 2001b; Wada et al., 1997; Wu et al.,
1996). Our study supports these findings — our analysis showed that the short-
ening of the hard palate in the sagittal plane was significantly associated with
hypernasality.

Kummer (2014) and Impieri et al. (2018) conclude that VP disturbance often
results from anatomically deviant hard and soft palate measurements. This sup-
ports the need to objectively measure cephalometric parameters to determine
whether VPC can be achieved at all without surgical intervention. According to
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Kaduk et al. (2003) the hyoid bone is considered important for the openness of
the upper respiratory tract. As noted earlier, the distance between the hyoid bone
and the third cervical vertebra is related to hypernasal resonance. We found the
CP+L group to present a more anterior positioning of the hyoid. This finding is
consistent with studies by Kaduk et al. (2003), Nguyen (2019) and Wermker et
al. (2012) who also reported that CP£L children’s hyoid bone might be dislocated
to a more anterior position. Kaduk et al. (2003) added that even a small change
in hyoid placement may affect resonance and pronunciation. The explanation they
offered is that that the anterior position of the bone may reflect a compensation
mechanism to facilitate swallowing and/or compensate VPD. Laitinen et al.
(2001) suggest that the anterior position of the hyoid and the position of the
tongue have an impact on the development of the bite that, in turn, may affect the
quality of speech. The third cephalometric parameter that was associated with
hypernasal resonance was ANB. The CP£L group showed an increased ANB (3.5°)
compared to controls (2.3°). While it was once commonly believed that an ANB
angle of 2°£3° was normal (Holdaway, 1956), Hussels & Nanda (1984) observed
that the calculated values of the angle vary widely following changes based on four
ANB-controlling factors. These factors are growth pattern, teeth position, soft
tissue, orthodontic treatment. Today, according to many different researches (Di
Blasio et al., 2017; Emral et al., 2012; Macri & Festa, 2022), ANB of 2 + 2° is
considered within a normal range. Our study showed the ANB angle to be in
normal range in both groups. Therefore, we may assume that skeletal growth is
roughly in normal range in the CP£L group. Hypernasal resonance cannot be
directly related to the length of hard palate. Abnormal resonance may be partly
due to soft tissue problems, e.g., the decreased length of the soft palate. Still, as
stated earlier, the slightest changes in facial morphology may cause speech prob-
lems. Thus, we may assume that even where the ANB degree within normal limits
but slightly on the high side, it may still affect speech quality.

Last, we found that the parameter of the cranial base angle (Ba-S-N) was re-
lated to resonance. Growth of the midface is generally impeded in CP+L patients
who have undergone surgical repair. On the other hand, untreated CP+L patients
exhibit unrestricted midfacial growth similar to that of healthy children (Khanna
et al., 2020). In our study, Ba-S-N angle was 3° greater in CP+L group compared
to healthy children. This finding was also reported by Gopinath et al. (2017). We
may suggest that the significantly higher Ba-S-N angle is caused by surgical
procedures that affect the anteroposterior growth and development of the maxilla
in CP£L children. In contrast, several studies disagree with this finding and report
no differences in the cranial base angle (X. Liu & Chen, 2018; Tinano et al., 2015).
In our study, the higher Ba-S-N angle was related to the higher nasalance scores
that were measured in the nasal sentences group. This means that the higher Ba-
S-N angle was related to hyponasal resonance. We suggest that the posterior posi-
tion of the maxilla may (over)compensate for the increased Ba-S-N angle and wider
upper nasopharyngeal airway. Sales et al. (2021) also concluded in their meta-
analysis that the effect of maxillary advancement on speech and VP function
remains controversial in CP+L patients.
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In contrast to Stellzig-Eisenhauer (2001), our study does not warrant the conc-
lusion that increased distance from the tip of the posterior nasal spine (PNS) to
the most inferior posterior point of the occipital bone at the anterior margin of the
occipital foramen (Ba) was related to resonance problems. This was not an un-
expected outcome because it also agrees with our earlier observations, which
showed that there are no differences in PNS-Ba parameters between the two
groups. In addition, our finding is supported by the work of Wu et al. (1996) who
found PNS-Ba parameters not to be related to hypernasal resonance. Soft palate
function and length play an important role in balancing resonance in speech.
According to specialized literature, soft palate thickness does not influence
resonance in contrast to soft palate length that has significant impact on resonance
(Kim et al. 2001). Several authors have reported a relationship between shortened
soft palate and the presence of hypernasality in speech (Impieri et al., 2018; Jakhi
& Karjodkar, 1990; Stellzig-Eisenhauer, 2001b; Wu et al., 1996). In contrast to
these reports, we did not find the correlation significant. Still, the the mean length
of soft palate in the CP+L group was 3 mm shorter than in the control group, yet
this significant difference did not show up in resonance analysis. To explain this
contradictory result, we analysed every CP<£L child independently. The analysis
revealed that the length of the soft palate for one CP+L child was 38.1 mm (mean
length 25.2 mm). Thus, it appears that one significantly different measurement
considerably affected the mean result of the group, and for this reason, we cannot
generalize these results to the whole group. In future studies, we should exclude
data that may significantly affect mean scores. Surprisingly, there were no corre-
lations between the width of the upper and lower nasopharyngeal or of the
oropharyngeal airway and the hypernasality of speech. In 1996, Wu et al. and, in
2001, Stellzig-Eisenhauer, described the relationship between oropharyngeal and
nasopharyngeal airway width. Stellzig-Eisenhauer (2001) added that even when
the nasopharyngeal airway was wider, it was possible for the length and mobility
of the soft palate to compensate for the deficiency and prevent hypernasality.
Thus, the problem is much more complicated and complex than just the measured
numbers showed. Clinicians and researches need to see a bigger picture and
consider different aspects of craniofacial growth of CP£L children.

7.4 Clinical implications

In Estonia, national statistics about the prevalence and types of CP+L are not
compiled and no regular monitoring of the condition takes place, which means
that the data are not readily availabe. There are two different cleft centres in the
country that do not share a information about their patients and their timing of
surgeries, the regularity of speech therapy, orthodontic treatment, etc. To ensure
a proper follow-up and recall system, a national cleft register is urgently required.
In addition, it is important to establish standards of record-taking with a minimum
list of required particulars and of additional, recommended ones. The minimum
particulars are models, lateral cephalograms, photos, speech, audiometry, and
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patient/parent satisfaction surveys (American Cleft Palate-Craniofacial Asso-
ciation, 2017).

Our study is the first attempt to systematically and methodologically research
and describe resonance and voice disordes in the Estonian CP£L population, and
to set measurable standards for treatment outcomes for Estonian-speaking patients.
Firstly, determination of cut-off scores is essential for applying nasalance scores
in clinical practice. Among other things, knowing the cut-off scores helps to
evaluate the effectiveness of speech therapy. Not the least, the results are also
important for research, e.g., for linguists who investigating cross-linguistic nasa-
lance scores. According to Watterson et al. (2007), for clinical purposes (e.g., pre-
and postoperative assessments) it is recommended to collect nasalance scores for
each stimuli group at least twice. The same research project also found that, for
patients with hypernasal speech, the variation in nasalance may be as high as
10 points. Second, based on the findings, laryngeal dysphonia is relevant in CP+L
children and these should not be ignored. Due to a combination of different
speech-related comorbidities, voice disorders may go undetected and worsen the
overall speech and life quality. Therefore, the identification of voice disorders is
essential in clinical practice, and SLP should include voice therapy in their every-
day practice. Third, the author’s last study revealed that morphological changes
in the velopharyngeal and oropharyngeal region may affect speech quality. We
concluded that the length of the hard and the soft palate, as well as the narrower
lower oropharyngeal airway, were related to hypernasal speech. These results are
of practical use to multidisciplinary CP£L teams, especially orthodontists and
surgeons.

7.5 Research limitation

The principal limitation was sample size. Based on Long et al., (2011), a sample
size of 30 to 40 is recommended based on a 0.05 significance level and 80%
power to enable significant power for sensitive and important outcome measures.
In Estonia, about 20 CP£L children are born every year. To meet this recommen-
dation, we would have had to include 30—40 CP<£L patients whose age was appro-
priate during the time of data collection. Despite all efforts, fewer than 20 CP+L
children were found who met the inclusion criteria. First, the potential sample
was significantly reduced due to the fact that one third of Estonia’s population is
Russian-speaking or Russian-Estonian bilingual, ruling out the inclusion of child-
ren with the corresponding linguistic background. The second factor that had an
impact on sample size was the need to exclude children with articulation dis-
orders, which may themselves affect voice and resonance. Although the sample
size of our study was small, it may still be considered reliable in the Estonian
context.
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8 CONCLUSION AND FUTURE RESEARCH

1. Speech quality is the main treatment outcome of CP£L patients. Resonance in
speech affects significantly speech intelligibility. Voice disordes frequently
accompany resonance disorders. Most Estonian CP+L children exhibit both
resonance and voice disorders quite expressively. The conclusion is based on
our main findings in CP£L group, (1) nasalization is significantly higher
compared to what is shown by healthy children, (2) laryngeal voice disorders
and morphological changes of vocal folds are common, and (3) craniofacial
morphology differed compared to the norms.

2. We developed Estonian-specific optimized speech stimuli and calculated
normative nasalance scores. These normative scores can be used for diagnosis,
evaluation of speech therapy effectiveness and follow-up treatment of patients
with resonance disorders, especially patients with cleft palate.

3. Laryngeal dysphonia is frequent among CP<£L children. Due to a combination
of many speech-related comorbidities, voice disorders may go undetected and
worsen the overall speech and life quality.

4. Changes in craniofacial morphology may have an impact on speech quality.
Based on our findings, we may conclude that changes in the length of soft and
hard palate, the distance between the hyoid bone and the third cervical vertebra,
and the angle formed by the NA line and the NB line (ANB) are more sensitive
to resonance. Therefore, speech and language therapists should work closely
with orthodontists.

5. Parents’ evaluation — that voice (and speech in general) significantly affects the
quality of life of CP+L children — did not correlate with objective findings.
This suggests that it is important to combine subjective and objective eva-
luation methods.

6. The severity of VPI does not directly correlate with the severity of voice dis-
orders.

Further studies are needed to evaluate the effectiveness of speech therapy and of
orthodontic and surgical intervention. Longitudinal study and large sample size
are required to evaluate long-term outcomes of cleft treatment.
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APPENDICES

APPENDIX A:
Laste haalehaire klisimustik

Lapse Nimi: ....c.ocveeveriveienieeieieeieieeenens Vanus:.....a.......k

Ma hindan oma lapse jutukust jargnevalt (ringita vastus)
1 2 3 4 5 6 7
Vaikne kuulaja keskmine réékija viga jutukas

Juhised: need on véited, mida kasutatakse hiéle ja hddle moju kirjeldamisel. Ringita
vastus, mis nditab, kui tihti on Su lapsel olnud sama kogemus:
0 — mitte kunagi 1 — véiga harva 2 — mdnikord 3 — sageli 4 — alati

I osa: funktsionaalsust hindav alltest

Mu lapse héélt on teistel raske kuulda 0123 4

Inimestel on raske minu lapsest miirarikkas ruumis aru saada 0123 4

Meil on kodus last raske kuulda, kui ta hiiiiab teisest toast 0123 4

Minu laps kaldub suhtlemist oma hééle tttu véltima 012 3 4

Mu laps suhtleb sdprade, naabrite vdi sugulastega oma hééle tSttu vihem 0123 4
Inimesed paluvad lapsel 6eldut korrata, kui nad rasgivad ndost ndkku 0123 4
Minu lapse héileprobleem piirab tema isiklikku, hariduslikku ja sotsiaalset
aktiivsust 01234

Nk Wb =

II osa: fiiiisilisust hindav alltest

Mu lapsel saab radkides dhk otsa 0123 4

Mu lapse hdal muutub péeva jooksul 01234

Inimesed kiisivad: “Mis mu lapse hadlel vigaon?” 01234
Minu lapse hail on kuiv, kriipiv ja/voi kéhe 012 3 4

Minu lapse hailekvaliteet on ettearvamatu 0123 4

Minu laps peab radkimisel kdvasti pingutama 012 3 4
Minu lapse haél on halvem ohtuti 012 3 4

Minu lapse haal katkeb /iitleb iiles” rdékides 012 3 4
Minu laps peab karjuma, et teised teda kuuleksid 0123 4

WX AW =

IIT osa: emotsionaalsust hindav alltest

Minu laps on teistega rddkides oma héile tttu pinges 012 3 4

Minu lapse hdil dratab inimeste tdhelepanu 0123 4

Leian, et teised inimesed ei mdista mu lapse hédleprobleemi 012 3 4

Minu laps on oma hééleprobleemist hairitud/ frustreeritud 012 3 4

Minu laps seltsib teistega oma haile tottu vihem 0123 4

Minu laps on pahane, kui inimesed paluvad tal deldut korrata 012 3 4
Minu lapsele valmistab piinlikkust, kui tal palutakse deldut korrata 01 2 3 4

N v =
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APPENDIX B: Stimuli for videonasoendoscopic assessment
of velopharyngeal function

. Non-speech stimuli: swallowing (3 times), blowing (3 times)
. Fonation of sustained sounds /a/, /i/, /s/, /h/

. Repetitions of strings of syllables
a. /pa-pa-pa-pa-pa-pa/

b. /pi-pi-pi-pi-pi-pi/

c. /ka-ka-ka-ka-ka-ka/

d. /ki-ki-ki-ki-ki-ki/

. Repetition of words:
/akna/

/lampi/
/hambad/

/kinki/

/pinges/

/kimpu/
/kdmmdi/

/patsi/

SR e o

. Repetition of sentences:

a. /Piibe paneb poti kappi/

b. /Teet véntab rattaga poodi/
c. /Kase ladvas kukkus kiagu/
d. /Sass silitab kassi/
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SUMMARY IN ESTONIAN

Esimene suulaeldhega siindinud patsientide haale
ja resonantsiga seotud ravitulemuste uuring Eestis

Sissejuhatus

Huule- ja/véi suulaeldhe (HSL) on iiks sagedasemaid kaasasiindinud véér-
arenguid, esinemissagedusega 1/700 elussiinni kohta, sGltuvalt geograafilistest ja
etnilistest variatsioonidest. Suulaelohega stindinud lastel esineb sageli mitmeid
kaasuvaid probleeme, sh neelamis- ja sdOmisraskused, probleemid konearen-
guga, mille peamiseks pohjuseks on velofariingeaalsest diisfunktsioonist tingitud
resonantsiprobleemid, héilehdired, kolju- ja nédopiirkonna kasvu ning arengu
korvalekalded, ortodontilised probleemid, kuulmislangus, keelelise arengu prob-
leemid ning dpiraskused. Uuringud niitavad, et kdige enam mojutavad HSL-iga
lapse psiihhosotsiaalset toimetulekut tema vilimus ja kdne kvaliteet. Seega on
ravitods vajalik nendele aspektidele erilist tdhelepanu pddrata.

Logopeedilise tegevuse ning kirurgilise ja ortodontilise sekkumise efektiiv-
suse kindlaks médramiseks on oluline tipselt fikseerida HSL-laste kdnes ilm-
nevad isedrasused. Oluline on leida seosed suulaeldhega siindinud laste kone-
kvaliteedi ja seda mdjutada vdivate tegurite vahel. HSL-laste kone arusaadavust
mojutavad nii resonantsi- kui ka hdidlepuuded. Uuringud on leidnud, et HSL-iga
siindinud laste kraniofatsiaalne kasv erineb eakohase arenguga eakaaslastega
vorreldes. Kraniofatsiaalse kasvu proportsionaalsust on voimalik hinnata tsefalo-
meetriaga. Tsefalomeetriliste parameetrite disproportsionaalsus voib mojutada
hédles avalduvat resonantsi. Selline resonantsipuue avaldub tavaliselt hiiper-
nasaalsusena. Oluline on teha kindlaks, millised tsefalomeetrilised parameetrid
mojutavad konekvaliteeti enam.

Uurimistdd eesmérgiks oli kirjeldada HSL-laste kones esinevaid hédlehdireid
ja resonantsipuudeid. Lahtuvalt uvurimist6d eesmérgist piistitati alljargnevad
uurimiskiisimused:

1. Milliste nditajatega peab arvestama eestikeelse testmaterjali vélja to6tamisel
nasomeetriliseks uuringuks? Millised on eakohase arenguga eesti keelt
emakeelena radkivate laste nasalaeerituse piirvaartused?

2. Millise etioloogiaga on HSL-iga siindinud laste hdilehdired? Kas ja mil méaral
mdjutab HSL-iga siindinud lastel esinev diisfoonia nende elukvaliteeti?

3. Kas ja mil mééral erineb Eesti HSL-iga siindinud laste kraniofatsiaalne kasv
eakaaslaste kraniofatsiaalsest kasvust? Millised ndokolju parameetrid
mojutavad HSL-iga siindinud laste kdnes esinevaid resonantsipuudeid?

Uurimistoo kaigus alustati HSL-diagnooside spetsiifilise riikliku andmebaasi
loomisega, mis voimaldab HSL-iga siindinud laste ravitulemuste jalgimist.
Uuringu metoodika

Valim

Uuringusse kaasati 92 eakohase arenguga tervet last ning 18 HSL-last. Kdigi
uuringus osalenud laste emakeeleks oli eesti keel. HSL-gruppi kuuluvatel lastel
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oli eakohane psiithhomotoorne areng ja iihe- vdi kahepoolne ldbistav huule-
suulaelohe, isoleeritud suulaelohe voi limaskestaalune suulaelohe. Valimist jaeti
vélja lapsed, kellel esines 10he siindroomi koosseisus, isoleeritud huuleldhe,
tunnetustegevuse mahajadmus, kuulmislangus voi keelepuue. Valim koosnes
eelkooliealistest lastest vanuses 4abk — 6allk. Tabelis 1 on esitatud uuringus
osalenud laste arvud ja HSL-iga siindinud laste diagnoosid.

Tabel 1. Valimis osalenud laste arvud ja jaotuvus.

HSL-grupp (n*) Tervete
Kahepoolne Uhepoolne Iso- Limas- KOKKU  laste
ldbistav ldbistav leeritud kesta grufp
huule- huule- suulaeldhe  alune (n*)
suulaeldhe  suulaclohe suulaelGhe
Uuring I 2 5 5 2 14 92
Uuring 11 4 6 6 2 18 79
Uuring 111 2 4 3 2 11 17

*n — osalejate arv

Metoodika

Tegemist oli ldbildike uuringuga. Andmete kogumisel kasutati nii objektiivseid
(Multidimensional Voice Program (MDVP), Nasometer II, Dolphin Imaging
Software) kui subjektiivseid (laste hdidlepuude kiisimustik (pVHI), GRBAS-
skaala, videonasoendoskoopia (VNE), videolariingostroboskoopia (VLS)) hinda-
misvahendeid. Tabelis 2 on toodud vilja uurimisto6 ajakava ja metoodika.

Tabel 2. Uurimist66 ajakava ja metoodika.

Teostamine Valim Metoodika ja materjalid
miirts 2015 — 14 HSL — pilootuuring: eestikeelse stiimulmaterjali
"ep veebruar 2017 92 eakohase  koos-tamine ja nasaleerituse normide vilja
g arenguga todtamine
5 — stiimulmaterjali kohandamine
— nasaleerituse piirvadrtuste arvutamine
oktoober 2016 — 18 HSL — eestikeelsete stiimulmaterjali koostamine
veebruar 2017 79 eakohase VNE-uuringu teostamiseks
= arenguga — hadle akustiline analiiiis (MDVP)
0 — pVHI kiisimustiku tditmine
5 — auditiiv-pertseptiivne hddlekvaliteedi
= hindamine (GRBAS)
— VNE-uuring
— VLS-uuring
— september 2019 — 11 HSL — lateraalsete koljuiilesvotete analiiiis
Eo marts 2020 17 eakohase _ tsefalomeetriliste parameetrite leidmine
§ arenguga  _ tsefalomeetriliste parameetrite analiiiis
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Tulemused

Nasaleerituse normide (uuring 1) kogumiseks eesti keeles koostati unikaalne eesti
keele spetsiifikat arvestav stiimulite kogum. Stiimulite vélja to6tamisel ja haéli-
kute distributsiooni arvestamisel lahtuti Tartu Ulikooli Eesti keele spontaanse
kone foneetilise korpuse andmetest. Testmaterjali koostamisel arvestati (1) oraal-
sete ja nasaalsete héilikute esinemissagedusega eesti keeles, (2) kdrgete ja mada-
late vokaalide mdjuga nasaalsusele ning (3) eesti keele keerulise prosoodilise
siisteemiga. Nasaleerituse hindamiseks tootati vélja kolm erinevat stiimulite
gruppi: (1) nii oraalseid kui nasaalseid hédlikuid sisaldavad lausungid; (2) rohkelt
nasaalseid héilikuid sisaldavad lausungid ja (3) ainult oraalseid héélikuid sisal-
davad lausungid. Nasomeetri tarkvara abil leiti iga lapse nasaleerituse aste. See-
jérel arvutati iga lausungi keskmine tulemus ning iga lausungigrupi keskmine
tulemus. Tulemused néitasid, et sugude vahelisi statistiliselt olulisi erinevusi
nasaleerituse piirvdartustes ei esinenud iihegi lausungigrupi puhul. Rohkelt
nasaale sisaldavate lausungite nasaleerituse astmete vahel ei esinenud statistiliselt
olulist erinevust HSL-iga ja tervete laste gruppide vahel. Statistiline erinevus
esines oraalseid héilikuid ja nii oraalseid kui nasaalseid hdilikuid sisaldavate
lausungite nasaleerituse astmete vordlemisel HSL-iga ja tervete laste gruppide
vahel. Oraalseid ja nasaalseid héélikuid sisaldavate lausungite nasaleerituse kesk-
miseks astmeks kujunes 30,5, mis on ldhedane tulemus nii rootsi (29,5) kui ka
ungari (31,7) keele tulemustele. Rohkelt nasaale sisaldavate lausungite keskmine
aste eesti keeles on 57,8, mis samuti vorreldav rootsi (56,5) ja austraalia inglise
keele (59,6) tulemustega. Ainult oraale sisaladavate lausungite nasaleerituse
keskmine aste oli eesti keeles 15,9, mis on sarnane nii rootsi, flaami, inglise (liri-
maa), inglise (Austraalia), ungari, korea ja soome keele tulemustega.

Hddle kvaliteet (uuring I1) mojutab oluliselt eesti HSL-laste elukvaliteeti.
HSL-iga siindinud laste vanemate subjektiivsed hinnangud oma laste hailekvali-
teedile ja hidlega seotud heaolule erinesid oluliselt koigis hddleaspektides (funkt-
sionaalsus, fiilisilisus, emotsionaalsus) tavaarenguga laste vanemate hinnangutest.
Haéle akustiliste parameetrite objektiivsel hindamisel leiti, et kahe grupi vahel esi-
nevad olulised erinevused hééle pohisageduse variatiivsuse (vF0) ja hédle kéhe-
duse indeksi tulemustes (NHR) ning sagedus- (jitter) ja intensiivsusperturbat-
siooni (shimmer) néitajates. Muutused eelnimetatud parameetrites avalduvad
hailes kdhedusena, pingena vdi pressitusena. Hadlehdirete etioloogia vélja selgi-
tamiseks teostati VSL-uuring ning leiti, et 44%-1 lastest ei esinenud hiilepaelte
morfoloogilisi muutuseid, 12%-1 esinesid bilateraalsed hidlepaelte nupukesed ja
44%:-1 bilateraalne hdilepaelte turse. Velofariingeaalse funktsiooni hindamiseks
kasutati VNE-uuringut. 83%-1 lastest avaldus velofariingeaalne diisfunktsioon
(VFD). Uuringus leiti, et VFD raskusaste ei ole otseses seoses hidlepaelte morfo-
loogiliste muutustega, kiill aga on seotud madalamate hinnangutega héélega
seostud elukvaliteedile. Kdikide uuringus osalenud HSL-laste eelsalvestatud haile-
ndidiseid hinnati ka auditiiv-pertseptiivselt. Hindamine toimus neljapunktilisel
héélekvaliteedi raskusastme mddramise (GRBAS) skaalal ja selle viisid 1dbi
kaks teineteisest sOltumatut hindajat. HSL-laste skoorid GRBAS skaalal olid
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korgemad poistel A’ — parameetri (jouetus) ja tiidrukutel G’ — parameetri
(lldine hailehiire raskusaste) osas.

Ndokolju parameetreid (uuring I1I) moodeti kahe teineteisest soltumatu hin-
daja poolt. Lateraalseid tsefalogramme analiiiisiti digitaalselt Dolphin Imaging
tarkvaraga. Hindajate vaheline (0>0.7) ja hindajate sisemine (k<0.6) reliaablus
olid piisavad uuringu usaldusvéirsuse tagamiseks. Kraniofatsiaalse morfoloogia
analiilisist selgus, et HSL-iga siindinud laste kdvasuulae pikkus sagitaaltasa-
pinnas (PNS-A) ja pehmesuulae pikkus (PNS-P) on oluliselt (»p<0.05) lihemad
ning orofarlingeaalne hingamistee (AWS5-AWG6) oluliselt kitsam vorreldes
kontrollgrupiga. Samuti esines HSL-lastel sagedamini tagumise asetusega iila-
16ug, skeletaalset klass I1I hambumust (ANB) ning keeleluu eespoolsemat asetust
(Hy-C3). Hiipernasaalse resonantsiga on oluliselt seotud (p<0.05) kovasuulae
pikkus sagitaaltasapinnas (PNS-A), orofariingeaalse hingamistee stigavus (AW5—
AWO6), keeleluu eespoolsem asetus (Hy-C3) ning skeletaalne klass I1I suhe.

Jireldused

1. Kone kvaliteet on iiks peamisi ravikvaliteedi nditajaid HSL-laste ravis. Kdige
sagedamini esineb HSL-lastel resonantsiprobleeme tingituna VFD-st. Lisaks,
esineb HSL-lastel ka héilehiireid. Resonantsipuuded ja hédlehdired mdju-
tavad oluliselt kdne arusaadavust. Eesti HSL-lastel avalduvad nii resonantsi-
kui hidlehdired iisna ilmekalt: (1) nasaleerituse aste on oluliselt kdrgem
vorreldes kontrollgrupiga; (2) héilehdireid ja hédlepealte morfoloogilisi
muutuseid esineb rohkem kui pooltel HSL-lastel; (3) kraniofatsiaalsed para-
meetrid erinevad HSL- ja tervete laste gruppides.

2. Me todtasime vilja eesti keele spetsiifilised unikaalsed testmaterjalid ja stii-
mulid nasaalsuse ja velofariingeaalse funktsiooni hindamiseks. Nasaleerituse
piirvairtusi saavad kasutada praktikud oma igapédevases kliinilises t60s reso-
nantsipuuete diagnoosimiseks, teraapia efektiivsuse hindamiseks ja kone
kvaliteedi diinaamiliseks hindamiseks.

3. Diisfoonia esinemissagedus on oluliselt korgem HSL-laste grupis vorreldes
kontrollgrupiga. Kuna HSL-laste kdne arusaadavust mdjutavad mitmed
tegurid, siis voivad hédlehdired jadda markamatuks. Hadlehdirete digeaegne
diagnostika ja ravi parandavad kone iildist arusaadavust.

4. Kone kvaliteeti mdjutavad ka muutused kraniofatsiaalses arengus. Lahtuvalt
meie uuringust mojutavad HSL-laste kdnekvaliteeti peamiselt pehme- ja/voi
kdvasuulae lilhenemine, eesmise asetusega keeleluu ning iila- ja alaldoualuu
asetus. Seega on HSL-laste ravis oluline roll ravimeeskonna tihedal koost6o
eesmérgiga tagada nendele lastele parim voimalik kdne kvaliteet.
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5. HSL-laste vanemad hindasid laste héadlekvaliteeti oluliselt madalamalt
vorreldes kontrollgrupi tulemustega. HSL-laste vanemate hinnanguil mojutab
HSL-laste hadlekvaliteet oluliselt nende laste elukvaliteeti. PHVI tulemused
aga ei korreleerunud hééle akustiliste parameetrite tulemustega. Seetottu on
hailehidire diagnoosimisel oluline kombineerida erinevad (objektiivseid ja
subjektiivseid) hindamismeetodeid.

6. Velofariingeaalse diisfunktsiooni raskusaste ei ole otseses seoses héélehiire
raskusastme ega morfoloogiliste muutustega héélepaeltel.
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