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Cleft palate, velopharyngeal function and maxillary
advancement surgery— a review

Montian Manosudprasit* Nisa Chittiwatanapong*

Abstract

Palatal clefting causes various adverse effects on dento-alveolar, skeletal, and soft tissue structures. Correction
of maxillary hypoplasia for patients with palatal clefts has been a challenge among the cleft palate team, especially
orthodontists. Surgical maxillary advancement by conventional orthognathic surgery or distraction osteogenesis is
widely accepted in repair of severe maxillary hypoplasia resulting in good dental and skeletal relationships including
esthetically improved facial profile. However, these two surgical modalities may result in deterioration of the
velopharyngeal mechanism leading to nasalized speech. Maxillary advancement should be a joint responsibility of
surgeon and orthodontist, so that both should be constantly aware of the risk of velopharyngeal insufficiency when
planning maxillary advancement and should warn patients and parents. Orthodontists should consult closely with the
speech pathologist for both pre- and post-surgical evaluations of the speech status of patients with cleft palate.
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Introduction

It is true to say that whatever is suffered by people
with cleft lip and cleft palate, their problems begin with
the embryo and expand in varying degree from the time
of their first postnatal surgery.

The embryonic and foetal periods of oral cleft
development and growth lead to the initial maxilla-facial
distortions and varying deficiencies of facial structures.
Skeletal Class III malocclusion in cleft palate patients
will be routinely corrected by surgical advancement of
the maxilla, unless it may be appropriate to apply
orthodontic camouflage treatment or combined with
growth modification.

The primary surgical repairs of the clefts are
designed to minimize, if not remove, the risk of maxillary
hypoplasia and retrusion and maximize velum (soft
palate) extension towards the posterior wall of the
pharynx to achieve proper function of the velopharyngeal
sphincter which is essential for development of intelligible
speech without nasal emissions. Despite the application
of best surgical skills, there will always be likelihood of
some deficiency of maxillary growth and deficiency of
velopharyngeal function, the latter relating mostly to a
cleft of the secondary palate.

It is obvious that surgical advancement of the
maxilla will bring the velum forward and lead to
velopharyngeal dysfunction (VPD). This becomes a
special problem if “borderline” dysfunction already exists
but for which the patient has adequate control through
the help of speech therapy. Even if there is no perceptible
VPD, the risk exists that maxillary advancement may
have an adverse effect on speech.

Absence of significant VPD then encourages
patients and their parents and their clinical advisers to
focus on the problem of how to correct their Skeletal Class
IIT malocclusion with the possibility of proceeding
without taking account of the potential risk of creating a
speech problem. Informed consent before proceeding is
essential.

Speech disorders, including VPD, are, arguably, as
important concerns among patients with oral clefts as are
esthetic concerns for their handicapping effects on quality
of life.

In reviewing treatment outcomes for the different
categories of clefts, the following conventions are used:
CL - all types of cleft of primary palate only,
that is, lip, anterior alveolus and nostril openings;
CP — all types of cleft of secondary palate only,
including hard and soft palate, and submucous clefts;

UCLP - all types of unilateral clefts involving
both primary and secondary palates, but in this paper
restricted to unilateral complete clefts of both palates;

BCLP —all types of cleft with bilateral involvement
of both primary and secondary palates.
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Velopharyngeal function (VPF) and dysfunction (VPD)

These terms relate to the important contribution
that the velum makes through providing a seal with the
posterior wall of the pharynx to control the air flow via
the nose. The failure of that control mechanism is often
given the acronym VPI that is variously interpreted as
velopharyngeal insufficiency, impairment, or incompetence.
There is some dissatisfaction with the indiscriminate use
of these VPl alternatives, so that an alternative, velopharyngeal
dysfunction (VPD) may be preferred.!» Where it may
be appropriate to vary the use of acronyms, VP will represent
velopharyngeal.

The effect of undesirable air escape via the nose,
termed nasal emission as a speech characteristic of cleft
palate subjects may be traced to VPL.® It has various
diagnostic descriptions according to the perceived types
and levels of sound:

* mild and inconsistent nasality, or borderline
nasality,

* mild and consistent nasality,
 severe and inconsistent nasality, and

* severe and consistent nasality.

While an untrained person may be able to make
such distinctions, it should be left to an expert, a speech
pathologist, to make the appropriate diagnosis of VPD.
This is important for the young child who has a mild level
of VPD because correction may be possible by speech
therapy alone.®-©

It is desirable to use more objective methods for
diagnosis of VPD than auditory perception. Lateral
cephalometric radiography provides a profile image of
velum-pharyngeal wall relationships and attempt may be
made to make a radiographic exposure coinciding with
the production of a speech sound associated with nasal
air escape.’'%Lateral cephalometric radiograph tracings
of a normally functioning velum and the typical
insufficiency of the levator veli palatini muscle of a
repaired cleft soft palate are shown in Figure 1.

Figure 1. A: showing normal resting soft palate and elevation
during speech with velopharyngeal closure (dotted outline).

B: showing a typical profile of a repaired cleft of soft
palate at rest, thin and short, and during patient’s ineffective
attempt at velum elevation (dotted outline).
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It must be note that the still common use of lateral
cephalometric imaging of the pharyngeal region for
functional diagnosis is unsatisfactory .

McComb, Marrinan, Nuss, et al. (2011) have
suggested the utility of velum and velum-to-posterior
pharyngeal wall measurements as cephalometric
predictors of VP insufficiency that could follow maxillary
advancement."'” However, such a diagnostic approach is
inadequate for checking the overall functional relationships
of velum-to- pharyngeal wall because it does not provide
necessary three-dimensional views to make a useful
assessment. Every child who has had a cleft palate repair,
and its parents, must be warned of the risk of VPI occurring
following maxillary advancement, irrespective of any
such prediction.

Lateral videofluoroscopy!'® and lateral magnetic
resonance imaging'¥ have also been employed. However,
none of these imaging methods is satisfactory because
they also do not enable the clinician to truly judge the
extent of VP seal. This third dimension can be visualized
using flexible fibre-optic nasoendoscopy, even though
this instrument has been described as "invasive".®

How serious is velopharyngeal dysfunction?

VPD is most serious for the sufferer because it can
frequently be a socio-emotional handicap for the young
child about to start school and for the older individual
who, as an adolescent or adult, is seeking congenial and
non-prejudicial employment and socializing. "Mild" or
"borderline" hypernasality has the potential to be just as
serious for the adolescent because it has the inherent risk
of developing into more consistent nasality if there is the
additional problem of a maxillary retrusion that represents
an esthetic disfigurement warranting surgical advancement.

The adverse effect of maxillary advancement on
soft palate function can be interpreted from Figurel,
where the effect of the maxillary surgery would be to
increase the gap between velum and pharyngeal wall. The
consequence would be VPD that may have been
non-significant or insignificant before surgery. This
situation would also be "serious" because of the added
costs and risks to the patient and the added burdens placed
on the habilitation services. Thus, it is essential that the
potential for development of VPD and how to deal with
it, are recognised when any maxillary surgery is being
considered or planned.

Nakamura, Ogata, Kunimitsu, et al. (2003) used
cephalometrics to illustrate improvement in velum
function following a “repushback procedure” for a
previously repaired soft palate associated with VPD.(1?
“Repushback” is so-named because an often used surgical

repair for primary closure of a secondary palate cleft is
a “pushback” procedure designed to move the soft palate
towards the posterior pharyngeal wall to obviate a
subsequent VP insufficiency problem that would lead to
hypernasal speech. This “pushback” surgical concept was
introduced by Dorrance as long ago as 19351 The
illustrations in the Nakamura group’s paper of before
and after lateral cephalometric radiographs show one of
their child patients with coincidental Skeletal Class III
and anterior dental crossbite. This begs the question about
the usefulness of repushback that the authors claim,
because it could be expected that subsequent maxillary
advancement would be required with consequent return
of VPD.

How consistently do clinicians involved in planning
and carrying out maxillary advancement, that is surgeons
and orthodontists, take account of the VPD risks? Simply
reading published reports, there is no certain answer to
this question.

There have been two reports of audits of the type
and quality of cleft palate care comparing treatment
outcomes among different cleft palate centers. What is
surprising is that none of these reports takes account of
speech. The ‘Americleft’ study!® comparing cleft care
practices among five different North American cleft
centers fails to include any consideration of speech. The
earlier ‘Eurocleft’ study report!” makes only one brief
mention of speech as an apparently minor problem
without elaboration of its nature. In addition, report of a
survey of experience with distraction osteogenesis
procedures among European surgeons makes no mention
of speech effects.!®

The frequency of VPD following primary repairs of
clefts of the secondary palate

The seriousness of VPD is also measured by the
reported frequencies of VPD following primary surgery.

Bicknell, McFadden and Curran (2002) located in
Canada reported the frequencies of VPD developing
among 114 of their patients completing primary cleft
repairs were 6 out of 12 (50%) with BLCP, 8 of 38
(21.1%) with UCLP, and 14 of 64 (21.9%) with CP of
all types (complete, soft palate only, and submucous
clefts)."”

Andersson, Sandvik, Tordal and Abyholm (2010)
reported that follow-up of 351 children with clefts born
in Norway between 1968 and 1999 found 68 (19.4%)
had pharyngoplasty for VPD.?” Pharyngoplasty is a
secondary surgical procedure to overcome VPD following
primary cleft palate closure.
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Compilation of results of a multi-center survey in
the UK of the VPF status of 456 patients as reported by
Sell, Grunwell, Mildinhall et al. (2001) are summarized
in Table 1.?" These authors, including a number of

speech pathologists, noted in their conclusions that they
had “cause for concern”, inferring that the results reflected
poorly on both the cleft palate surgery and speech therapy
that had been provided for these children.

Table 1. Hypernasal resonance found among two age groups of children with repaired unilateral cleft lip and palate.
(Adapted from Sell, Grunwell, Mildinhall et al., 2001)@"

Syrolds(a =28 | Iyerolds o218
None 161 (67.6%) 157 (72%)
Mild and inconsistent 35 (15%) 24 (11%)
Mild and consistent 26 (11%) 25 (11.5%)
Moderate and consistent 15 (6%) 11 (5%)
Severe and consistent 1 (0.4%) 1(0.5%)
Total with nasality 77 (32%) 61 (28%)

The mostly small lessening of nasality can be
attributed to benefit of speech therapy up to and beyond
five years of age, but this does not mean that the risk of
nasality recurring is removed.

Other studies based on review of surgical outcomes
for smaller samples than those just reviewed have reported
variable findings of the frequency of VPD. This mostly
serves to confuse the situation because their focus has
often been on showing the benefits of one surgical
technique compared with another, but also with opposite
conclusions as to which is the “better” surgical technique
among different reports. The few clinical trials reported
so far have been inconclusive because there have been
too many confounding factors even when clinical trials
are restricted to one type (usually UCLP) that are likely
to modify outcomes, including variabilities of

* surgical methods by a mixed surgeon group,
e experience and skill of each surgeon,

* interpretation and application of the particular
surgical “techniques” by individual surgeons,

* surgeons assumed to have used an unchanging
method of a time frame of 10 and more years,

e ages of patients at first surgeries,

* unavoidable presurgical cleft conditions despite
keeping to one cleft type, usually complete clefts of
primary and secondary palates,

* evaluation personnel (not always speech experts),

* perceptual and instrumental methods used for
assessing VPF,

* large age ranges of subjects at time of assessment
of outcomes,

* small sample size of patients making statistical
analysis of data of doubtful merit and utility for
meta-analyses.

4

The problem of maxillary growth of the patients with
cleft lip and palate

Itis not the intention of this paper to review methods
of primary repair of clefts of lip and palate. However,
some general comments must be made in order to
understand why repair of clefts of "lip and palate", that
is clefts of primary and secondary palates, may proceed
on to problems of maxillary retrusion and VPD particularly
related to the surgical repairs of the secondary palate.

It is worthwhile noting the important influence of
Graber's findings (1949) associating the adverse effects
of radical methods surgical closure of clefts of the palate
which were common up to the middle of the 20" Century,
and which were blamed for restricting maxillary
growth.®? Graber's conclusions were widely publicized
and influential in the adoption of conservative surgical
methods. Other orthodontists around the same time,
including Brodie (1949), Ricketts (1956)® and
Pruzansky (1957)?¥, were contributing similar findings.
Slaughter and Brodie (1949) referred to “the classical
facial expression of a person with a cleft of the lip and
palate”.” It must be credited to growth interference
induced by too much or improperly timed surgery.

Itis now accepted that continuing maxillary anterior
growth is affected to a lesser or greater degree by surgical
closure of hard palate clefts, so that for much of the second
half of the 20th Century there were surgeons who delayed
closure of the hard palate to four or five years of age, only
providing early repair of the soft palate.®+2%

Perhaps it is not surprising that orthodontists were
at the forefront of advocating this conservative surgical
approach because they were being confronted with the
classical examples of patients with repaired clefts who
had gross maxillary deformities of collapsed and crowded
maxillary dental arches and Skeletal Class III malocclusions.
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Repairs of some bilateral clefts of the primary palate
have also been found to be followed by retarded maxillary
growth. The frequently occurring prominence, sometimes
described as a "proboscis", of the primary palate
("premaxilla") of the bilateral cleft presented a special
difficulty which some surgeons overcame by a variety of
methods of resecting the anterior cartilaginous nasal
septum. The result was immediate improvement of the
affected infant's facial profile, but the effects of continuing
restriction of maxillary growth were found to be disastrous.
Problems resulting from such corrections of bilateral
clefts of the primary palate were important enough for
Millard (1980), the famous plastic surgeon, to title a chapter
of his encyclopedic book of the history of surgical methods
of correcting cleft defects, "Cleft Craft", as 'What "To Do
or Not To Do" about the projecting premaxilla’.?”

Also, in the case of unilateral clefts of the primary
palate the surgeon may not achieve true functional union
of the cleft orbicularis muscle resulting in a tight upper
lip that restricts forward dento-alveolar growth with a
progressively worsening Skeletal Class III malocclusion.

Although the above reviewed studies appeared
more than 50 years ago and were taken seriously by the
surgical profession, maxillary deficiencies are still
common, as also is an undesirable prevalence of VPD.

Occurrence of maxillary retrusion and Skeletal Class III
malocclusion among patients with repaired cleft lip
and palate with need for maxillary advancement

Three reports of the frequency of surgical
advancements as indications of the occurrence of maxillary
retrusion are recorded in Table 2 showing the numbers
and percentages of affected cleft types among large
samples of subjects. Overall, these three reports show a
range of from 17 to 57 percent of repaired cleft palates
being followed by maxillary retrusion (MR). Note that
the first report in Table 2 ®® indicated MR occurring after
isolated primary palate cleft (CL) repair, while the second
report® had no cases after repairs of either isolated
primary or secondary palate clefts. The third report did
not separate isolated CL and CP from CLP.

Table 2. Three sets of observations of the frequency of need for maxillary advancement among patients with cleft

lip and palate.
Authors (location) CL UCLP BCLP Ccp
Voshol, van der Wal, van Adrichem, et al. 2/43 24/100 (24%) 2/50
(2012, The Netherlands)@® (4.7%) (4%)
Good, Mulliken, Padwa (2007, USA)®” 0/69 37/78 (47.4%) 0/35
Daskalogiannakis, Mehta (2009, Canada)©” - 102/192 84/129 -
(48.3%) (65.1%)

Surgical correction of maxillary retrusion required
for patients with cleft lip and palate

Such surgical correction is usually managed either
by conventional surgical osteotomy (CSO) or, in recent
times, distraction osteogenesis (DO). Surgeons have
become more venturesome in using DO because of its
potential for achieving greater advancement distances.
This distinction has raised questions about the comparative
effects of each method on VPF. Chanchareonsook,
Samman, and Whitehill (2006) reviewed the literature
relating to such comparisons but found that there had been
no reports of satisfactory clinical trials to draw useful
conclusions.®V

Frequency of VPD after maxillary advancement for
patients with cleft palates

It is the nature of the repaired cleft palate that there
is every possibility that maxillary advancement will be
followed by some level of hypernasality because of the
high likelihood of some level of VP insufficiency, whether
“occult” (no perceived but possible VP incompetence),
“borderline” (just perceptible nasal emission but not
affecting speech competence), or “overt” (obvious VP
incompetence to even an untrained listener). Janulewicz,
Costello, Buckley, et al. (2004) provided a necessary
comparison of speech assessments before and after maxillary
advancement for 55 patients.®? Their observed changes
in VPI conditions are shown in Table 3.



= a &
NUINYT ﬂ?ﬂfjﬂl/ié‘fﬂ?’lﬁ uasnme

7 eaular siua sailu T 2 2555

Table 3. Comparison of preoperative and postoperative VPI. (from Janulewicz, Costello, Buckley, et al., 2004)¢?

VPI status

Preoperative evaluation

Postoperative evaluation

Competent

Borderline competent
Borderline incompetent
Complete

42% (23) 18% (10)
36% (20) 40% (22)
9% (5) 22% (12)
13% (7) 20% (11)

Maegawa, Sells, and David (1998) found that,
among 40 patients who underwent maxillary advancement,
10 patients had increased hypernasality, although the
remainder showed no change or some improvement of
intelligibility (as distinct from nasal emissions).®?

Ko, Figueroa, Guyette, et al. (1999) followed up a
mixed group of 19 patients with repaired clefts of lip and
palate, and three with craniofacial clefting, and found
three out of 21 had deterioration of VPF , while one
patient with a prior pharyngoplasty had no deterioration
of speech.®¥

It must be high expectation that following maxillary
advancement the patient with a repaired cleft palate will
experience hypernasality. Thus clinicians must be “wise
before the event”, firstly in warning the patient and carers
of the risk of hypernasality, and secondly by having an
answer to the patient’s question asking what should be or
what could be done to overcome the problem. In the case
of pre-surgical absence of overt hypernasality, the
clinician’s answer would be that if there was unacceptable
deterioration of speech, then there was recourse to correction
by surgical pharyngoplasty with the caution that it was
not without its risks of disappointing results. The
pharyngoplasty (pharyngeal flap), or other surgical
pharyngeal sphincteric procedure, is intended to increase
the valving effects between velum and pharyngeal wall
to control nasal emissions.®

Significant VPD following primary cleft palate
surgery for the infant will be detected as the child develops
connected speech. If, as is likely, overt VPD is not amenable
to speech therapy, then serious consideration is given to
early pharyngoplasty with following speech therapy just
before the child commences school so that she/he does
not enter the peer group with a handicap to effective
communication. Such cases are then unlikely to present
the same problem if there was to be a later need to correct
maxillary and midface retrusion.

Incidentally, there may be concern that maxillary
advancement at a later age may be restricted or be
followed by relapse due to tensions created by the

patient’s already present pharyngeal flap. According to
a study by Semb and Shaw (1990) such outcomes are not
likely.®>

Anterior sectional maxillary distraction and avoidance
of VPF morbidity

Anterior sectional maxillary distraction for patients
with clefts has been reported by several authors.“** The
method uses vertical osteotomies distal to either first
molars or first premolars linked with an anterior horizontal
vestibular osteotomy, the distraction being applied with
a teeth-supported hyrax screw, or conventional intraoral
distractor. The method has been reported as a relatively
simple alternative to the conventional circum-maxillary
osteotomy for correcting maxillary anterior crossbite for
patients with or without cleft palates. Avoidance of the
risk of developing VPD by applying this method of
sectional maxillary advancement was noted by two author
groups. 83

Function of adenoids and tonsils in relation to
velopharyngeal function

Adenoids and tonsils, by their position in the
nasopharynx may contribute to both normal and abnormal
VPF. Enlarged and inflamed adenoids and tonsils may
contribute to velopharyngeal seal to such an extent that
it produces the characteristic of hyponasal speech
(observed also when the nostril openings are pinched, or
when suffering a cold or other nasal passage obstruction).
With restricted or complete absence of nasal breathing and
absence of normal nasalized speech sounds such as ‘m’,
‘n’, and ‘ng’ are muffled. If the patient with a repaired
cleft palate has such a post-nasal problem, adenoid- and
tonsillectomy for that patient risks development of the
opposite effect of nasalized speech of VPI. This explains
why maxillary advancement where there are enlarged
pharyngeal lymphoid masses is sometimes followed by
reduced, or correction of, hyponasality.®-40-4»
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Importance of speech and communication skills

The indications of any level of VPD can be
expected as soon as a child commences to speak. Early
initiation of corrective speech therapy can be beneficial
but only as an adaptive process. The potential for regress
will always exist with the child who successfully overcomes
the hypernasality, so that maxillary advancement at a later
age can be expected to re-establish overt VPD. This can
happen even when there had been no previously recognised
nasal emission.“® There is a natural tendency of parents
of patients with clefts, among their peer group, to focus
on the desire for maximal esthetic outcome, but good
communication skills are equally important for a satisfying
quality of life. Good speech is one important indicator of
successful outcome of cleft palate care.1% 1749

In view of the wide range of primary defects and
deficiencies of tissues that characterize oral clefts, there
is an over-optimistic view that the surgeon should be able
to produce cosmetic and functional goals of cleft care:
“As long as the surgeon individualizes the treatment plan,
taking care to do no harm to growing structures, all goals
are obtainable”.*> The desired treatment goals of patients,
parents, community, and clinicians involved in care of
cleft conditions are obvious but, as this paper shows,
secondary esthetic goals of correction of midface retrusion
must include minimizing if not avoiding detrimental
effects on VPF and speech.

Conclusion

To achieve good quality of life in the cleft palate
population, improvements in facial aesthetics and occlusion
and minimal disturbance to speech mechanisms are
equally important objectives in cleft palate care. Speech
and intelligibility may be impaired by the maxilla
advancement by producing inadequacy of VPF. Before
maxillary surgery, all patients with cleft palate need
preoperative speech assessment with information
concerning risks of VPI and the means by which such
risks may be minimized.

All speech assessment for patients with cleft palate
should be the responsibility of an expert, namely the
speech pathologist. Although, lateral cephalometric imaging
is a standard diagnostic tool for assess the extent of
Skeletal Class III deformities among patients with cleft
palate, it should not be relied as a diagnostic tool for VPF
since its lacks the essential three-dimensional requirements
for such diagnosis.
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Cephalometric norms in Thai adults based on natural head position

Anongnart Nuntasukkasame* Supanee Suntornlohanakul** Chairat Charoemratrote**

Abstract

Objective To determine a cephalometric standard of Thai adults based on natural head position concept.
Materials & Methods A group of 80 Thai individuals (40 males and 40 females), Average twenty—three years of age ,
who had normal occlusion and dentofacial harmonies. For the all of the chosen sample, lateral cephalograms were
obtained with head oriented in the natural head position. On the basis of the true horizontal and true vertical lines,
the mean values of skeletal, dental and soft tissue parameters were determined. Results The study revealed some
linear measurements indicated a significant difference among male and female samples (p<0.05). Comparison between
two genders showed that the overall size of males was more than females namely the lower anterior facial height,
the lower posterior facial height and also the lip thickness. However, males have more retroclined crown inclination
and more retruded position of upper incisor than females. Conclusion Cephalometric norms based on the natural
head position could be clinically applied to the diagnosis, treatment planning in orthodontic treatment in Thai adult
patients. Some parameters which significant difference should be classified according to gender.

Key words: Cephalometric norms, Natural head position, Thai adults
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