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Summary

In our modern society, physical appearance is an important determinant of social
acceptability. Cleft lip and /or palate is the most common abnormality in the cranio-facial

region and occurs in 0.77:1000 live births in Scotland. Dissatisfaction with facial

appearance or the unfortunate consequences of being perceived as 'different', prompt
children and their families to seek surgical revisions to improve how they look. In this
context, an integral part of cleft rehabilitation is the need to provide children with a facial

appearance more like their peers, as early in their development as possible.

The goals of primary surgical repair are the restoration of normal morphology and
function, without disruption of growth potential. Qualitative and quantitative differences in
the soft tissues surrounding the cleft account for the multitude of varieties of presentation
of cleft facial morphology. The assessment and documentation of these differences prior to
operation is of paramount importance, yet traditional methods cannot capture the three-
dimensional nature of soft tissue abnormality. Moreover, the potential influence of initial
cleft severity on facial shape has not previously been investigated. The impact of surgery
on early facial growth is a subject of continued debate and comprehensive evaluation has
been hindered by the lack of an objective, non-invasive, accurate and repeatable method of
quantifying facial parameters in infancy. The aims of the development studies were to
validate computerised stereophotogrammetry (C3 D™) for three-dimensional assessment of
facial morphology of infants with orofacial clefting. The aims of the main study were to

characterise and quantify the magnitude of the cleft deformity in the soft tissues and the
resultant improvement with surgery and growth in infants with unilateral cleft lip (UCL)
and infants with unilateral cleft lip and palate (UCLP). A further aim was to assess the
relationship between initial cleft severity and facial soft tissue morphology outcomes at age

2 years.

Methods
The errors of the C3D™™ digital colour stereophotogrammetry system in recording facial

morphology were quantified using facial plaster casts of cleft infants. The C3D™ system
was also validated against a gold standard of 3D co-ordinates obtained by a highly accurate
co-ordinate measuring machine (CMM). System error was demonstrated to be 0.83mm.
Landmark reproducibility on cleft infant C3D™ models was 0.6mm for a single

digitisation, and 0.5mm for repeated landmark digitisation. The 3-dimensional facial
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morphology of cleft infants was captured before and after surgical repair, and during the

period of early growth up to the age of 2 years. Cross-sectional analysis of facial
dimensions was performed for 32 infants prior to surgical repair, 28 infants after lip/nose
surgery, 30 children at 1 year and 32 children at 2 years of age. Mixed longitudinal
analysis of facial changes with surgery and with growth was also undertaken. Differences
between cleft groups were quantified. A new measure was developed to quantify facial
shape asymmetry (Asymmetry Score) and used to localise and quantify asymmetry in
specific facial features and determine outcomes, following corrective surgery and with
facial growth, with reference to non-cleft controls. Residual deformity in the shape of the
facial features was quantified by Procrustes distance ffom a control mean shape (PDFN
Score) at 2 years of age. These measures were used to correlate initial cleft severity with

outcome at age 2 years.

Results

Differential growth was demonstrated between facial features and within some facial
features. In particular, the columella, nostrils and philtrum did not grow significantly after
surgery, although this would be considered normal in the age group studied. Facial growth
in children with UCL and UCLP was independent of the head and body growth. The
presence of a cleft of the secondary palate accentuated the amount of soft tissue disruption
by the cleft in the lip and nose, but not the pattern of disruption. Primary lip / nose repair
had no detrimental effect on the early growth and development of the facial features.
Likewise, palate repair had no discernable effect on facial soft tissue growth at age 2 years.
Primary lip / nose repair had a beneficial effect on facial morphology in terms of reducing
asymmetry and was most successful in the improving philtrum and nasal base symmetry,
less successful in improving the nasal rim asymmetry. A possible early beneficial effect of
cleft repair remote from the surgery site was noted in the reduction of upper face
asymmetry in the first year of life. Residual asymmetry in the facial features did not
change by age 2 years, despite increases in size with growth. Facial morphology outcomes
for UCL and UCLP children in this study were generally similar at 2 years of age, despite
marked differences in pre-operative facial form. However, nasal base asymmetry, upper
face asymmetry and residual nostril shape deformity were significantly greater in UCLP
children at 2 years of age, than in UCL children. These shape differences were not
detectable by measurement of facial dimensions alone. A more severe nasal deformity was
not associated with poorer outcome at age 2 years. However, philtrum deformity and lip
deformity at age 2 years may be related to initial deformity in terms of philtrum height

discrepancy.




Conclusions

This is the largest and most comprehensive study of 3-dimensional facial soft tissue
morphology in the infant cleft population. Objective 3D assessment of pre-operative
morphology has enhanced understanding of the complexity of the disruption soft tissues of
the face in infants with unilateral clefts. Early objective assessment of surgical results
enabled identification of areas where surgery was most successful and areas where
outcome was less successful, which may require modification of pre-surgical or surgical

management.
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1 Introduction

1.1 Background

Cleft lip and /or palate is the most common abnormality in the cranio-facial region.
Approximately 15% of facial clefts are associated with a known syndrome, and of these,
25-30% involve the palate in isolation. The incidence of non-syndromic cleft lip and / or

palate (CLP) and isolated cleft palate (CP) 1s approximately 1.35 in 1000 live births. CLP

occurs more commonly in males; CP more commonly in females. Two thirds of all cases

of unilateral cleft lip and palate have left-sided defects regardless of gender, race or

severity (Fraser & Calnan 1961).

1.1.1 Prevalence

1.1.1.1 UK studies

In the United Kingdom, an average of 650 new cases of clefting occur each year, which
accounts for 65% of all congenital craniofacial abnormalities (Williams, Shaw & Devlin
1994). Meaningful interpretation of birth prevalence figures is fraught with difficulty - true
birth prevalence figures would have to take account of the rate of induced and spontaneous
abortion and stillbirth. Figures from prevalence studies carried out in the UK suggest that
there has been a decline in the number of cleft births in recent years. There is concern that
some trends in cleft incidence are, in part, a reflection of the differences in completeness of
recording of cases. Moreover, the national UK reporting system is voluntary and is

therefore likely to be an underestimate of the number of orofacial clefts born (Shaw,
Roberts & Semb 1996).

1.1.1.2 Scotland

In Scotland, the Scottish Congenital Anomalies Register at the Information and Statistics
Division (ISD) of the Common Services Agency records cleft births. In addition, the
Managed Clinical network for cleft services in Scotland (CLEFTSIS) registers all cleft lip
and palate births, and acts as a central repository for serial photographic, radiographic and
study model records for every child with a cleft in Scotland. The Scottish population has a
particular predilection for congenital malformations generally and approximately 100 new
cases of orofacial clefting occur each year. In particular, Glasgow also has the highest rate

of congenital anomalies of all the EUROCAT (European Central Registry for Congenital
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Malformations at Birth) centres (Stone & Dolk 1994). There is a remarkably high ratio

(almost 1:1) of cleft lip and/or palate [CL(P)] to isolated cleft palate(CP) in Scottish and
Northern Irish populations (FitzPatrick, Raine & Boorman 1994; Gregg, Boyd &
Richardson 1994). This is not typical of the UK in general or other foreign centres, where
the ratio more commonly is 2:1. A low rate of cleft lip, a high rate of cleft palate, and a
high rate of associated defects, was reported in Glasgow in the period 1974-85 (Glasgow
Congenital Malformations Register). It was postulated that this may be due to the

interaction of an unidentified environmental teratogen with a susceptible population
(Womersley & Stone 1987).

Comprehensive data on birth prevalence of orofacial clefting in Scotland was recently

reported in 2003 (Clark, Mossey, Sharp et al. 2003). Eight hundred and thirty-four cases of

orofacial clefting were recorded over a ten year period from 1989-1998. Birth prevalence

was 1.46:1000 live births for all cleft types and 0.77:1000 for CL(P).

1.1.2 Aetiology

Non-syndromic clefts are generally described as having multifactorial inheritance. A
genetic predisposition, with a variety of implicated genes, may be involved, as well as
variable environmental factors which may combine at the right stage of embryological
development to contribute to a cleft. Isolated cleft palate is an aetiologically distinct entity

from clefts of the lip and/or palate.

1.1.3 Genetic predisposition

Family studies have provided the basis of estimations of risk of recurrence of clefting.

Children of parents with cleft lip, for example, have a 1:20 chance of having a cleft
condition. If other siblings or close relatives also have clefts, the frequency is 1:6 (Bixler,
Fogh-Andersen & Conneally 1971). It is now thought that major genes predispose to non-
syndromic clefting in certain individuals and families. An association of CL(P) with
transforming growth factor alpha (TGF-alpha) locus has been identified and allele
frequency distribution at this locus has been shown to differ in parents of children with
CL(P) and CP (Mossey, Arngrimsson, McColl et al. 1998). In recent years, a number of
significant breakthroughs in characterization of the underlying gene defects associated with
several important clefting syndromes. For example, mutations in the interferon regulatory
factor-6 (IRF6) gene have been identified as the cause of Vander Woude syndrome. Whilst

no specific disease-causing gene mutations have been identified in non-syndromic clefting,
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a number of candidate genes have been isolated through both linkage and association

studies (Cobourne 2004).

1.1.4 Environmental factors and gene/environment interaction

In Scotland, there is an established link between socioeconomic status, measured by
derivation category (DEPCAT), and prevalence of orofacial clefting. The risk of having a
child with a cleft was reported as 2.33 times greater for those resident in the most deprived

areas, compared to the least deprived areas. This pattern was stronger for CL(P) than for
CP (Clark et al. 2003).

Maternal factors such as consumption of alcohol during pregnancy or smoking have been

found to increase the relative risk of non-syndromic clefting in offspring (Little, Cardy,
Arslan et al. 2004; Munger, Romitti, ack-Hirsch et al. 1996; Wyszynski, Duffy & Beaty

1997). Use of certain drugs during pregnancy such as corticosteroids and phenytoin use

have been linked with increased risk of cleft and /or palate (Carmichael & Shaw 1999;

Strickler, Dansky, Miller et al. 1985). Vitamin supplementation in the first 4 months of
pregnancy has been demonstrated to have a protective effect against CP and CL(P)

(Loffredo, Souza, Freitas et al. 2001). However, excessive intake of other vitamins (e.g. A,
D, E) have been implicated as embryotoxic. Folic Acid supplementation has a proven
protective effect in neural tube defects (MRC Vitamin Study Research Group. 1991) and

there has been much interest in the hypothesis that it would also decrease the incidence of

orofacial clefts, although the evidence has been equivocal (Tolarova & Harris 1995).

There is growing evidence to support a gene/environment interaction theory. Genetic
susceptibility has been shown to influence the potential of environmental factors to cause
orofacial clefts. This has been demonstrated in relation to interactions between genetic
polymorphisms at the TGFa locus in infants and maternal smoking (Shaw, Wasserman,

Lammer et al. 1996) and lack of maternal folic acid supplementation during pregnancy

(Shaw, Wasserman, Murray et al. 1998).

1.1.5 Associated anomalies

There are over 300 known syndromes in which oro-facial clefting is a feature. Even in
cases of non-syndromic clefts, other anomalies may be associated (Shprintzen, Siegel-

Sadewitz, Amato et al. 1985). The presence of a cleft, therefore, may herald the presence

of additional abnormalities (Pashayan 1983).
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Occult clefts of the lip and soft palate may occur where intact skin or mucosa hides a

submucous defect of bone or muscle. This may not be readily apparent at birth but can
result in the same hearing, speech and feeding problems as more overt clefts (Gosain,
Conley, Marks et al. 1996). Middle ear problems are common in children with cleft palate
and the vast majority will suffer from glue-ear and otitis media at some stage.
Approximately 25% of cleft children will have early feeding difficulties (Jones 1988).
Speech and language difficuilties are common in patients who have repaired clefts of the
palate. Problems encountered range from hyper/hypo-nasality, intelligibility, nasal

emission and articulation errors to velopharyngeal insufficiency (Sell, Grunwell,
Mildinhall et al. 2001).

An international, multicentre clinical audit of treatment outcome for complete UCLP
concluded that approximately half of the cases of UCLP will have maxillary hypoplasia to
such an extent that they will require an osteotomy as young adults (Shaw, Dahl, Asher-
McDade et al. 1992).

1.1.6 Classification

A wide variety of deformities arise within the spectrum of the cleft lip/palate abnormality.
Accordingly, a wide varicty of systems for classification has developed that range from
simple descriptions of broad groups, to complex attempts to incorporate every variety of
cleft. Fogh-Andersen's landmark study of cleft incidence in Denmark showed that cleft lip
and/or palate and isolated cleft palate should be regarded as separate entities because of the
differences in respect of embryology, timing of fusion, and epidemiological characteristics
they exhibit (Fogh-Andersen 1942). His classification method thus formed the basis for the

numerous systems in contemporary use.

Kernahan & Stark (1958) introduced a descriptive classification scheme, which was simple
but lacked detail, yet is probably still the most commonly used. Orofacial clefts were
classified into three broad categories: Cleft lip (CL) referred to clefts of the lip and/or
primary palate; Cleft lip and palate (CLP), described clefts of the lip, primary palate and
secondary palate. Both anomalies could occur unilaterally or bilaterally (UCLP, BCLP).
Cleft palate (CP) referred to an isolated cleft of the secondary palate. Two major
drawbacks of this system were that it could not distinguish between clefts of the lip or
alveolus, nor the hard and soft palate, and did not allow easy recording of displaced or

deficient tissues. The nomenclature committee of the American Association for Cleft
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Palate rehabilitation published a more comprehensive classification in 1962, which was

later adopted by the Cleft Plate Association. However this was criticised as being too
unwieldy and failed to gain universal acceptance. The most commonly used symbolic
classification system is Kernahan's striped 'Y', which 1s capable of recording up to 63 cleft
variants (Kernahan 1971). Millard added symbols to allow recording of the extent nasal
floor and nose involvement (Millard 1976). A modified version was proposed, which
included a separate coding sheet, but this offered little advantage over the American

Association system and 1t too was deemed too complex for general use (Friedman, Sayetta,
Coston et al. 1991). A 3-digit coding of all cleft variants was later added to allow computer

data entry (Schwartz, Kapala, Rajchgot et al. 1993).

1.2 Cleft Severity

1.2.1 Assessment of Cleft Severity

When assessing outcomes, it is important to have a valid system of initial assessment in
order to allocate individuals to groups receiving different interventions and to be able to
measure them appropriately. Qualitative evaluations must be supplemented by objective
assessments, which enhance the validity and accuracy of subjective judgements, both
preoperatively and postoperatively (Farkas, Hajnis & Posnick 1993). Rating scales have
been developed to quantify the severity of facial disfigurement and attractiveness in
children and young adults with clefts after surgery (Asher-McDade, Roberts, Shaw et al.
1991; Tobiasen, Hiebert & Boraz 1991; Vegter, Mulder & Hage 1997). Until 10 years ago,

there was no equivalent tool to rate initial facial impairment in newborns, prior to surgical

repair. In 1995, a study by Slade et al established a link between social perceptions of
facial attractiveness and initial cleft severity. (Slade, Bishop & Jowett 1995). Cleft severity
was classified by a fairly simple anecdotal categorization system (Freedlander, Webster,
Lewis et al. 1990), routinely used by plastic surgeons. A complete cleft was classified as
more severe than an incomplete cleft, and a bilateral cleft more severe than a unilateral
cleft. The study showed that infants with more severe clefts were considered less attractive
(Slade et al. 1995). Studies such as this demonstrate that there is scope for developing

objective measures of initial cleft severity which correlate with aesthetic judgements.

Initial cleft severity is often cited as a confounding factor in residual facial deformity after

surgery. Attempts to separate the influence of the initial defect from the effects of

treatment regimes have proved unsatisfactory. In part, this can be attributed to the design
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of approach. Investigations of the multifactorial effects of cleft anatomy and interventions

using retrospective analysis methods can suffer from lack of information due to incomplete
or anecdotal documentation of initial cleft severity. This necessitates the development of
measures of cleft severity using available records - commonly study casts. As a result,

there are several methods of quantifying cleft severity according to measurements of cleft

width in the palate or area of the cleft as a percentage of total palate area (Bacher, Goz,
Pham et al. 1998; Johnson, Williams, Singer et al. 2000; Peltomaki, Vendittelli, Grayson et
al. 2001; Suzuki, Mukai, Ohishi et al. 1993; Wada & Miyazaki 1976). A lack of landmarks

in the edentulous infant palate has hampered this approach and quality of dental casts and
operator experience cited as factors which reduce reproducibility (Seckel, Van der Tweel,
Elema et al. 1995). These methods, when used to establish correlation between 1nitial cleft

size and outcome measures such as occlusion or midface skeletal development, have

returned contradictory results (Johnson et al. 2000; Peltomaki et al. 2001; Suzuki et al.
1993).

Nonetheless, simply measuring the cleft in the palate cannot evaluate the extent of the soft

tissue defect in the lip and nose, nor quantify the disruption of facial appearance. A recent
study by (Yeow, Huang, Lee et al. 2002) explored the relationships between 3 key soft
tissue measurements in the cleft lip and nose as possible indicators of facial cleft severity
in 125 3 month old infants with UCL. The width of lip 'gap', difference in nasal floor
widths and vertical height discrepancy in the philtrum were measured directly with
callipers in infants with complete and incomplete cleft lip, at the time of operation. A
strong correlation was found between the two horizontal measures of severity in both cleft
groups, but a weak linear relationship between vertical and horizontal measures, could only

be demonstrated in the complete cleft group. It was concluded that, in the incomplete cleft

cases, a severely short philtrum could occur in the presence of a relatively mild transverse
tissue deficiency. This study highlighted the need to consider the severity of different

aspects of cleft lip and nose deformity separately.
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1.2.2 Influence of cleft severity on outcome

Little 1s published about the potential influence of the initial severity of a cleft on the
morphological development of soft tissues of the face. A lack of soft tissue landmarks and
availability of practical, objective methods of quantification have contributed to this. The
size of a cleft in the lip and nose will reflect differing contributions of tissue deficiency and
displacements. In wider clefts, there may be more difficulties associated with repair due to

a lack of tissue in the locale, or greater separation of the cleft segments warranting more

extensive tissue mobilisation to affect closure.

Some authors have reported correlation between the grading of initial cleft severity and

ratings of deformity after surgery. Two such related studies developed pictorial grading

systems to rate different aspects of nasal and lip deformity and combine them as a

composite score (Anastassov & Chipkov 2003; Mortier, Martinot, Anastassov et al. 1997).
In the first study, two surgeons rated photographs of 43 subjects with partial UCL prior to
their repair and at least 1 year post-operatively, although the interval between surgery and
post-op rating varied. The authors reported that the pre-op severity scores were moderately
correlated (0.41) with post-op ratings (Mortier et al. 1997). The second study concerned 13
UCLP and 16 BCLP subjects prior to lip repair, 12 subjects requiring lip revisions and 9
subjects requiring nose revisions (Anastassov & Chipkov 2003). This mixed study was
descriptive in nature and no statistical analysis was presented. The grading system
developed and applied in these studies was subjective and only allowed conclusions about
the general nature of the severity of the initial cleft defect. The post-op rating system was

weighted according to the authors’ opinions of how difficult it would be to correct the

initial defect and so the award of scores could not be considered to be without bias.

A tentative, weak link between objective measurements of severity of initial cleft lip/ nasal
deformity and outcome, was only relatively recently demonstrated (Hurwitz, Ashby, Llull
et al. 1999). This retrospective, computer-assisted indirect anthropometric study comprised
of 19 children with UCLP, who were assessed prior to surgery, and then followed
annually. Frontal & basal view photographs were measured using extended NIH public
domain Image-analysis software. The congenital deformity was scored by combining
measurements of lip and nose parameters, weighted according to aesthetic importance,
then categorised as mild, moderate or severe, according to the cumulative score.
Correlation between pre-op scores and post-op scores at age 5 years were weak (R*=0.22).

Moreover, this study was limited by the fact that photographs were the assessment media
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1.e. a 2D assessment of a 3-dimensional entity and thus represented an over-simplification

of the complex problem of cleft severity.

There has been no comprehensive 3D analysis of facial soft tissue morphology, which has

sought to quantify the degree of the initial cleft deformity in infants and investigate the

possible influence of different aspects of initial cleft severity on facial shape outcomes.

1.3 Morphology of the Unilateral Cleft Face, prior to
surgical repair

Quantitative and qualitative description of cleft severity requires a full analysis of the
deformity within the context of the entire face. An appreciation of the skeletal, nasal and
peri-oral anatomy of the condition is prerequisite. Direct clinical observation and peri-
operative documentation of the naso-labial deformity are the main sources of anatomical
information in the cleft neonate. Accordingly, exploration of the anatomical aberrations of
cleft deformity in vivo is limited to the area of surgery. Traditional descriptions of the
functional anatomy of the facial muscle complex have been challenged as microsurgical
dissection techniques have facilitated more detailed observation of anatomical structure
and relationships in cadaver studies (Breitsprecher, Fanghanel, Metelmann et al. 1999;
Breitsprecher, Fanghanel, Noe et al. 2002). Objective documentation of skeletal

morphology in un-repaired cleft children is more complete, due to the wide availability of
traditional cephalometric radiography. Advances in radiographic techniques have also seen
the application of 3 projection cephalometry methods (Dahl, Kreiborg, Jensen et al. 1982;
Hermann, Jensen, Dahl et al. 2000; Hermann, Jensen, Dahl et al. 1999b; Hermann, Jensen,
Dahl et al. 1999a) and CT scanning (Breitsprecher et al. 1999; Fisher, Lo, Chen et al.
1999). However, the use of ionising radiation in the young patient is a controversial area
(Mackay, Bottomley, Semb et al. 1994; Shaw et al. 1992).
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1.3.1 Anatomy of the Unilateral Cleft lip/nose and palate

In UCL cases, there is considerable diversity in the extent of involvement of hard and soft
tissues, from minimal notching of the vermillion border to a complete defect extending to
floor of the nose and through the alveolus. Seventy percent of unilateral clefts of the lip are
also associated with a cleft palate. Similarly, in UCLP cases, varying degrees of clefting in
the lip and palate can exist, in a wide range of combinations. In complete clefts of the lip

and palate there is direct communication between the oral and nasal cavities on the side of
the cleft.

1.3.1.1 Cleft Lip anatomy

In the complete unilateral cleft lip, the fibres of the orbicularis oris muscle are disrupted.
They proceed horizontally from the corner of the mouth towards the midline, then turn
upwards along the margins of the cleft. The muscle fibres in the lateral segment terminate

beneath the alar base, and in the medial segment, most attach to the periosteum of the

maxilla beneath the columella (Malek 2001).

In incomplete unilateral clefts; where the cleft is less than two-thirds of the lip height, the
muscle fibres above the level of the cleft remain intact. These narrow bridges of tissue are
known as Simonart's bands. The prevalence of soft tissue bridges in Caucasian cleft
populations has been reported to be between 20 - 31% (Semb & Shaw 1991, Silva Filho,
Cristovao & Semb 1994). A protrusion of excess muscle may be seen and palpated on the

lateral aspect of the cleft, due to heaping up of muscle fibres which have been prevented

from developing to their full potential. On the medial side, however the muscle tends to be
underdeveloped, manifesting as a marked thinning of the muscle layer in the half of the
philtrum adjacent to the cleft. The exact configuration and contribution of the orbicularis
oris muscles and the lip levator muscles to the anatomy of the philtrum is debated
(Namnoum, Hisley, Graepel et al. 1997; Schendel, Pearl & De Armond 1989). The skin of
the unilateral cleft lip 1s both retracted and displaced secondary to the initial hypoplasia
and a lack of normal muscular function (Delaire 1978; Schendel, Pearl & De Armond
1991). Nasal skin is found in the upper portion of the lip medially and laterally and
atypical cleft mucosa replaces normal vermilion mucosa on the borders of the cleft. The

philtrum is shortened and its crest abnormal and a modified white roll is evident (Mulliken,
Pensler & Kozakewich 1993; Schendel 2000).
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1.3.1.2 Nasal anatomy in cleft lip/nose

A degree of nasal deformity accompanies both the complete and incomplete cleft lip.
The nasal tip tends to be displaced towards the cleft side and the columella base to the non-
cleft side. The vomer is deviated laterally at its line of attachment to the palatal process on

the non-cleft side. This deviation can be almost horizontal in severe cases. There is often
constriction and functional occlusion of the nostril on the non-cleft side due to nasal

septum deviation and approximation of the alar base and columella. The alar ridge on the
cleft side is usually stretched and flattened depending on the width of the cleft, and the alar
base is laterally deviated and retropositioned (McComb 1990).

1.3.1.3 Cleft Palate anatomy

In complete UCLP, the anterior or primary palate segment is often tilted superiorly and
medially into the cleft, on the cleft side. Clefts of the secondary palate may involve the
hard and soft palates in combination, or the soft plate alone. Clefts may extend from a bifid
uvula all the way through in a 'V' shape to the incisive foramen. Clefts of the secondary
hard palate are characterised by deficiency of mucosa and underlying bone. The degree of
separation of the palatal shelves varies substantially. In the soft palate, the mucosal

deficiency is combined with shortening of the velar musculature, which in addition have

abnormal sites of insertion (Sommerlad 2001).

1.3.1.4 Position of major and minor cleft segments

Dislocation of the maxillary segments to varying degrees, is a feature in pre-op UCLP
infants (Bacher et al. 1998; Breitsprecher et al. 1999). Opinions differ as to whether the
pull of disrupted facial muscles, tongue position in the cleft or a combination of these
factors is responsible for the malpositioned cleft segments. Distortion may be sufficient to
affect the ease of lip repair. There is debate about whether the lesser cleft segment is
retropositioned, and rotated towards or away from the non-cleft side (Bacher et al. 1998;
Kriens 1991; Wada & Miyazaki 1976). The extent of bony element displacement in cleft
lip and alveolus tends to be less marked than 1n cleft lip and palate, but outcomes may not
be necessarily better where a partial cleft is involved. Kreins’ (1991) study of the pre-op
maxilla in infants with complete UCLP and UCLP with a partial cleft lip concluded that
differences in maxillary dimensions pointed to a more serious underlying skeletal

deformity, masked by the presence of a partial lip cleft. The limitation of this study was the
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range of ages within the sample and comparison with an unmatched control group.

Nevertheless, there was strong evidence for tongue position being a factor in palate shape
and the position of major and minor segments and this has been confirmed by others
(Bacher et al. 1998). However in the long term, the presence of a partial cleft lip or

Simonarts band in UCLP does not appear to have a detrimental effect and these individuals

can have a slightly more favourable maxillary growth (Semb & Shaw 1991).

1.3.1.5 Facial Muscle Balance

An intact 3D system of facial muscle slings for is necessary for balanced facial
development (Markus, Delaire & Smith 1992b). A cleft causes disruption of all muscle
slings, symmetry, and power vectors, causing interruption of connections between the
facial suture systems and the periosteal growth fields of the nasal bones, maxilla and
mandible. Disturbance of the anatomy and function of this 3D facial muscle sling system 1s

postulated as the trigger for the aesthetic, functional and developmental problems seen in
UCLP (Breitsprecher et al. 2002).

1.3.2 Skeletal Morphology in Unilateral cleft infants, before
surgery.

Knowledge of the intricacies of anomalous skeletal morphology in facial clefting, aids
understanding of the reasons for the pattern of disruption of soft tissue morphology and

differences associated with surgery, dysplastic or compensatory growth. Studies of un-
operated individuals have confirmed that some craniofacial aberrations seen in older cleft

individuals are unrelated to surgery and have an intrinsic relationship to the primary
anomaly (Bishara 1973; Dahl 1970; Mars & Houston 1990). Generally speaking,
individuals with complete clefts differ more from the norm than tflose with incomplete
clefts (Dahl 1970). No differences in craniofacial morphology, have been reported in

relation to side of cleft, in radiographic studies of either cleft lip or cleft lip and palate
(Hermann et al. 1999b; Jain & Krogman 1983).

The differences in craniofacial morphology between infants with clefts involving the

primary palate alone, and isolated secondary palate have been described by various authors
(Dahl et al. 1982; Molsted, Palmberg, Dahl et al. 1987; Nakamura, Savara & Thomas
1972). Dahl et al.(1982) compared craniofacial characteristics of 30 children with cleft lip

and 30 children with isolated cleft palate, aged 2-3 months. Cephalometric films in 3 views
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of each infant were examined. It was suggested that in children with clefts of the primary

palate, some width dimensions of the upper face (inter-orbital distances in particular) were
influenced by the cleft, together with asymmetry of the anterior part of the maxilla,
reflecting differences in embryological development (Dahl et al. 1982). There was no non-

cleft control group in this particular study. An increased inter-orbital width has been

reported in children and adults with clefts of the primary palate in relation to non-cleft

individuals (Dahl 1970; Nakamura et al. 1972).

Increased inter-orbital dimensions were reported in a cephalometric study of 38 infants
with unilateral clefts of the lip only, and 34 infants with unilateral cleft lip and varying
degrees of alveolar cleft (Friede, Figueroa, Naegele et al. 1986). However, this mixed

longitudinal study presented data from birth to age 6 years, and did not include a control

group. Data were compared with published ‘norms’ for inter-orbital distance, although no

statistical comparisons were made (Costaras & Pruzansky 1982).

In a more recent cephalometric study comparing craniofacial growth in different cleft
types, data were reported for infants aged 4 months, prior to lip repair by (Han, Suzuki &
Tashiro 1995). A small sample of 10 males with UCLA, was compared with 17 UCLP

males and 14 isolated CP female infants were compared with 16 UCLP females. A non-
cleft control group was not included for the younger ages. All facial widths, including
inter-orbital dimensions, were reported as being wider in the UCLP group, compared to the

UCLA group and similar to those with isolated CP, prior to lip repair.

It appears to be accepted that only mildly deviant facial skeleton morphology occurs in
subjects with 1solated cleft lip, with differences being limited to the cleft region. This has
led to infants with incomplete or minor clefts of the lip only being used as a control group
for radiographic studies, since they are regarded as having craniofacial morphology as
close to normal as possible. This was illustrated in a large comprehensive cephalometry
study of craniofacial morphology in 75 2-month-old infants with incomplete UCL and 82
infants with complete UCLP (Hermann et al. 1999b). The study was based on archived

material collected between 1976 and 1981 (Jensen, Kreiborg, Dahl et al. 1988).
Cephalometric radiographs in three projections were obtained for each infant. The authors
reported that aberrations of the maxillary complex and overlying soft tissues were evident,
but the calvaria, cranial base, orbital region and mandible also display abnormal
morphology. The authors noted that all studies of un-operated infants with clefts of the

secondary palate have demonstrated maxillary and mandibular retrognathia. Increased



34
maxillary width was found in UCLP infants and authors offered the hypothesis that this

combined with bimaxillary retrognathia results in a total facial type, which could be

considered a significant liability factor in increasing the probability of UCLP.

Older children and adults with UCLP have been described as having a cranial base which
is shorter and flatter (Dahl 1970; Hayashi, Sakuda, Takimoto et al. 1976). In infants, an

increased cranial base width, maxilla width, and increased bilateral angulation of the

petrous temporal bone and the sphenoid bone were reported in 52 3-month-old children
with complete UCLP, compared with 48 3-month-old children with incomplete UCL.
(Molsted, Kjaer & Dahl 1995). Again, the UCL infants were considered to be a control

group.

As noted in clefts restricted to the primary palate, an increased inter-orbital distance has
also been reported in UCLP compared with CP and non-cleft individuals. A longitudinal
study of PA cephalometric radiographs in 51 UCLP, 27 BCLP and 62 isolated CP infants,
reported wider maxillary and inter-orbital dimensions and increased upper face height in
the UCLP group compared to the CP group in the birth to 4 month age group. BCLP
infants had the widest dimensions of all three groups (Ishiguro, Krogman, Mazahern et al.
1976). A study of similar methodology to that of Ishiguro et al (1976) examined 64 UCLP,
32 BCLP and 78 CP infants, concluded that the larger upper face and maxillary widths
seen in infancy in the UCLP children may reflect a preoperative maxillary segment

translocation. (Jain & Krogman 1983).

More recently, three-dimensional evidence to support this theory was reported by Zemann
and co-workers (2002). Variable dislocation of the orbital region, maxillary segments and
nasal region were demonstrated by analysis of 21 3D skull models of 3 month old UCLP
infants, prior to surgical intervention. The nasal aperture asymmetry was attributed to
horizontal and vertical translocation of the lateral piriform margin. Increased inter-orbital
distance was also confirmed and attributed to a predominantly caudal translocation of the

infraorbital rim (Zemann, Santler & Karcher 2002).
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1.3.3 Facial Soft tissue Studies of Unilateral cleft infants, before

surgery
Qualitative and quantitative differences in the soft tissues surrounding the cleft account for
the multitude of varieties of presentation of cleft facial morphology. The assessment and
documentation of these differences prior to operation is of paramount importance, yet the

available literature on morphological problems is surprisingly sparse. Studies are often

descriptive or anecdotal and limited by the lack of a means to measure what they describe.
Where quantitative assessment has been reported, this is often of questionable validity due

to the limitations of the assessment methods chosen. Even with advances in assessment
techniques and imaging technology, objective quantitative evaluations of the facial soft

tissue morphology of children with unilateral cleft lip and palate prior to surgical

intervention are limited and few. The findings of studies which have attempted to
objectively evaluate soft tissue facial morphology, prior to surgery, in infants with

unilateral clefts, are reviewed.

Only limited direct anthropometric documentation of facial characteristics in UCLP infants
has been reported in the literature. Nasal length, width and face width in 54 UCLP Czech
infants aged 3-12 months were compared to an existing norm for 3-6 month old infants of
the same ethnic origin, collated by Figalova in the 1970’s (Farkas et al. 1993). Nasal
widths were mostly larger than normal, nose heights were within the normal range or

slightly large, and face width was increased in half of the UCLP infants.

A comparison of soft tissue profile in 2 month old UCL and UCLP infants, prior to
surgery, was reported as part of the 3 projection cephalometry study by Hermann and
colleagues (1999). A flatter nose, which was retruded in relation to the facial plane and
antertor cranial base, was reported in UCLP infants. In addition, the upper lip was
described as shorter and more prominent and the lower lip was retruded in relation to the
anterior cranial base. Upper and lower face heights were decreased and the anterior pole of
the eye occupied a more sagittal and vertical position in relation to the cranial base in

UCLP infants, compared with findings in UCL infants.

A full understanding of the complex deficiencies and 3-dimensional nature of the cleft

deformity is a prerequisite for the measurement of change following surgical repair.
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Data relating to one infant with cleft lip and palate prior to and immediately following

surgical repair was reported in order to illustrate the potential of a liquid crystal scanner to
measure 3D cleft morphology (Yamada, Sugahara, Mori et al. 1999). This group later
published a mixed cross-sectional report of the soft tissue features of Japanese UCLP
infants repaired by the triangular flap method (Yamada, Mori, Minami et al. 2002b). A pre-
operative assessment was included for a cohort of 8 infants who were measured prior to
surgery, and at 2 weeks and 3 months post-op, respectively. Individual changes in this
period were not reported. Cross-sectional comparison with a group of 97 non-cleft control
infants aged 4 months was reported for the pre-op and post-op measurements. Although 3D
data were collected, analysis was limited to inter-landmark distances and no 3D shape
analysis was attempted. Asymmetry was measured simply by comparing cleft with non-
cleft sides. The novel semi-automatic landmark extraction programme developed by the

authors, resulted in unfamiliar landmark labels and measurements which were difficult to
interpret and equate with conventional anthropometric measurements. Despite this,
quantitative morphological problems reported in UCLP infants prior to repair consisted of
a wide intercanthal distance, increased cleft side alar width and mouth width; deviation and
inclination of the columella towards the non-cleft side; a flattened nasal tip and asymmetry

of the alar wings and Cupid's bow.

Pre-operative findings were reported in a study of the effects of lip adhesion on labial
height in 37 UCLP and 6 UCLA infants, aged 2-3 months (Vander Woude & Mulliken
1997). Direct anthropometric measurements of the philtrum area were obtained at the time

of surgery with callipers. Cleft and non-cleft side measurements were compared and
although the error was not stated, measurements were acquired three times, by the same
surgeon. The medial aspect of the philtrum was found to be consistently shorter than on the

non-cleft side, together with a shortened distance from the alar base to the Cupid’s bow on

the cleft side, prior to surgical repair.

The increasing trend towards primary nasal tip repair has prompted an interest in
evaluating childhood nasal form. (Fisher et al. 1999) reported the nasal morphology of 12
Chinese UCLP infants, before cleft repair. A computerised analysis and direct
measurements were taken from reconstructed CT scans. The authors reported that the cleft

lip nasal deformity was characterised by 4 main features. Deviation of the columella base
to the non-cleft side; a more posteriorly placed cleft side piriform margin than on the non-
cleft side; posterior displacement of the alar base on the cleft side; a laterally displaced

non-cleft side alar base, which was also consistently further from midline than the clett
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side alar base, were noted. These findings were attributed to the muscular pull on the alar

base and columella by an unopposed cleft orbicularis oris and nasolabial muscles.

Disrupted nostril form is one of the most obvious manifestations of the cleft defect.
Descriptive studies can document differences in nostril shape and asymmetry in relation to
the non-cleft side, but are unable to quantify these properties. Nostril form has been
quantified by (Hurwitz et al. 1999) as part of an overall scoring system of cleft severity,
using anisometry. This technique defines the properties of an ellipse which 'best fits' the

nostril, not the nostril shape itself. However, only the non-cleft side nostril was included as

part of the overall assessment using anisometry, as this method could not be applied to a
non-elliptical cleft-side nostril. Few studies to date have explored nostril form in un-

operated infants.

Yamada et al (2002a, 2002b) quantified nostril deformity by measuring differences
between right and left 3D landmark points at the superior and inferior extent of the nostril
between in relation to a projected plane or axis. No measurements were reported pre-
operatively, however and this was probably due to the system’s inability to i1dentify and

automatically extract landmarks from the pre-op cleft side nostril.

From a survey of the literature, it is apparent that there are few objective quantitative
studies of facial soft tissue morphology in UCLP infants and even fewer involving UCL
infants. There are obvious differences between UCL and UCLP prior to surgery, with
respect to the extent of soft tissue disruption and underlying facial skeleton disruption by

the cleft. A gap exists in the literature for comprehensive 3-dimensional soft tissue

quantification of the facial form of cleft infants, prior to surgical management.

No comparable 3D data for the Caucasian non-cleft infant population in the UK, Europe or
the United States was available until very recently. White conducted an investigation into
the facial morphology and growth in infants from the age of 3 months to 2 years (White
2005). The methodology used in this study was similar to that of this investigation and the

same research tools were applied. Normal facial and body dimension for Scottish 3 month
old children have been published (White, Ayoub, Hosey et al. 2004).
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1.3.4 Gender differences in facial form

MRI studies have shown that adult males and females have differences 1n intracranial and
cerebral size that remain after controlling for height (size) differences (Nopoulos, Flaum,
O'Leary et al. 2000). Gender differences in facial size but not shape, were demonstrated by
Ferrario et al. in adult males and females (Ferrario, Sforza, Poggio et al. 1994a). A 3D
study of facial form demonstrated that facial size and shape were related to gender
differences (Hennessy, Kinsella & Waddington 2002). Gender dimorphism in 3D facial
form was reported in adults, using an analysis of 3D landmark configurations, comparable

to the present study.

Evidence for gender differences in the craniofacial morphology of cleft children is
contradictory. Several authors reported gender differences in craniofacial form and growth

pattern in young children (Jain & Krogman 1983; Krogman, Jain & Long, Jr. 1982)
However, no gender differences were reported in 22 month old cleft infants, after surgical
repair or with growth (Hermann et al. 1999a; Hermann et al. 2000). No evidence of gender
dimorphism was reported in 3D studies of facial soft tissue morphology in 97 Japanese

infants, either with or without clefts (Yamada et al. 2002b; Yamada, Mori, Minami et al.

2002c), despite male / female differences in body measurements.

Gender dimorphism was recently reported in some soft tissue facial dimensions in a group
of 3-month-old Scottish infants. The sample consisted of 41 males and 43 females who had
their facial morphology captured by a digital stereo-photogrammetry system (C3D).

Differences between male and female facial dimensions were largely explained by
differences in weight, but differences in the nasal base and nostrils remained after the

effects of body size were taken into account (White et al. 2004).

1.4 Management of Cleft Lip and Palate

1.4.1 Surgical Management

The story of cleft repair is one of progressive improvement in cosmetic and functional
results, as surgeons have come to appreciate the true nature of the cleft defect. The main
advances in surgical repair of the unilateral cleft lip are the functional muscular
reconstruction of lip, with or without orthopaedic moulding, resulting in improved

morphology. Interest in early correction of nasal deformity is being revived.
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1.4.1.1 History of Cleft Surgery

Cleft repair has evolved over a long time and the early pioneers of cleft surgery were
concerned simply with closing the cleft. Millard described the history of cleft repair in his
monograph entitled ‘Cleft Craft — the evolution of its surgery’(Millard 1976). The first

report of cleft lip repair is attributed to an unknown Chinese physician in the late 4"

Century AD. The first 'surgical' closure was carried out by a Flemish surgeon called
Yperman in the early 1300s, but reports of methods that proved later to be fore-runners of

the various modern lip closure techniques did not start to appear until the mid to late 19"
century. The concept of closure of the cleft lip using local flaps was proposed by
Malgaigne in 1843, and modified by Mirault to include a lateral flap advanced across the

cleft. This method formed the basis of all current lip closure techniques. Alternative
designs started to appear towards the end of the 19" century and beginning of the 20™
century - the Z-plasty and rectangular flap of Hagedorn, and straight-line closure technique
of Rose and Thompson. Although straight-line closure enjoyed popularity for the first half
of the 1900's, interest was revived in the original techniques of Mirault, which involved a
triangular flap advanced into the lower portion of the lip. Others subsequently described

their innovations and developed their own variations on the triangular flap theme

(LeMesurier 1949; Randall 1959; Tennison 1952).

A lip that looks natural at rest will not move symmetrically unless the muscles within it are
properly realigned. The 'classical’ surgical lip closure methods failed to focus attention on
precise reconstruction of the muscles of facial expression. As understanding of the
complexity of the cleft defect grew, so did the appreciation that primary lip surgery should
also involve subtle dissection and re-orientation of the 3D facial muscle slings to provide a
functional repair (Delaire 1978). From the late sixties, techniques favouring muscle
insertion detachment and re-alignment developed (Fara 1971). Many evolutions of these
techniques, with varying degrees of dissection of misdirected, dislocated and pathological
muscle insertions and numerous designs to reconstruct the facial muscles have since been
introduced (Breitsprecher et al. 2002; Joos 1989; Kernahan & Bauer 1983; Park & Ha
1995). Irrespective of skin incision design, many agree that primary lip/nose surgery
should contain selective subperiosteal detachment of abnormal nasal and peri-oral
musculature from the anterior piriform margin and the maxillary bone near the cleft and
the anterior nasal spine. Complete detachment of other osseous, cartilaginous and

cutaneous muscle insertions are best avoided (Breitsprecher et al. 2002).
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1.4.1.2 Rotation Advancement Technique (Millard Repair)

In 1955, Millard developed his rotation-advancement concept. In recognition of the
importance of preserving the philtrum dimple and cupid's bow of the lip, he proposed
advancement of a lateral flap into the upper part of the lip, combined with a downward
rotation of the cleft medial segment. In 1976 Millard refined his own rotation-advancement

technique to include re-alignment of the orbicularis oris muscle, crosswise incisions and

transposition into a true horizontal position (Millard 1976). Many surgeons today prefer
the Millard rotation-advancement method of lip repair and the numerous published
modifications to Millard's original technique, are a testament to its continued popularity.
Modifications have been introduced to increase the size of lateral advancement flap,

improve nasal symmetry and lengthen the columella, although. some would argue,

however, that this procedure is not necessary in UCLP cases as the columella is not in fact
short, but just displaced (Broadbent & Woolf 1984; Fisher & Mann 1998).

The claimed advantages of the modern Millard include masking of the scar in the philtrum

crest and the nostril floor and improved relationship of the alar base on the cleft side,

producing better symmetry of the nostril and nostril sill (Millard 1982). A reduced alar
flare and molding of the alveolar process are also claimed advantages. Although
considered a flexible technique, it has been described as a "cut as you go" technique,
suffering from a lack of accurate preoperative measurement guidelines. As with all surgical
techniques, the Millard repair has its limitations and it may be too technically demanding
to perform in wide clefts (Millard 1968). In complete clefts, where the lateral lip element is

small, rotation of the medial flap can be hindered and may require a further small Z-plasty
above the Cupid's bow, to increase its length. The need for extensive soft tissue

undermining, tension created across the nostril sill and consequent tendency for a

constricted nostril on the cleft-side, have been noted. These are mainly clinical

observations and few have actually been backed up by sound quantitative evaluations.

Vermillion reconstruction is receiving more attention of recent years, and a renewed
Interest in the recommendation for a lateral vermillion flap to augment the deficiency that

exists pre-operatively, on the cleft side (Noordhoff 1984).
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1.4.1.3 Cleft lip/nasal repair

Although Huffman and Lierle first reported the anatomy of the cleft lip/nose in 1949, nasal
surgery was avoided in children due to fears about growth impairment. Synchronous
primary lip and nose repair did not become commonplace until the 1970s. However there
1s renewed interest in primary treatment of nasal deformity at the time of lip surgery as it is
long lasting, results in a better nasal structure and does not affect growth (McComb 1985;
Salyer 1986). Cleft lip repairs that involve minimal undermining fail to free the cleft side
alar cartilage from abnormal fibrous and muscular tethering to the maxilla (McComb 1975;
Mulliken & Martinez 1999). Likewise, failure to reposition the alar cartilage when lip
repair is carried out results in drooping of nostril rim, the lower border of alar cartilage
pushes up an oblique ridge within the vestibule and nostril flaring occurs, which can
worsen with time (Broadbent & Woolf 1984). In contrast, a good nasal repair is maintained
throughout growth. As with most aspects of cleft surgery, opinions differ as to the extent of
tissue undermining that should be performed. Most of the primary nasal correction
methods involve undermining of the skin over the cleft half of the nose, alar dome lifting
and suturing and closure of the nostril floor (McComb 1975). Other technical variations are
advocated to lift the alar base, or reposition the nasal septum (Anderl 1990). Nevertheless,
the nasal deformity is a difficult aesthetic problem and children with repaired clefts are as

likely to be concerned about the appearance of their nose as they are about their scarred lip.

1.4.1.4 Alveolar Cleft repair

Contradictions exist in the literature with regard to surgery to the alveolus at the time of lip
repair and its influence on maxillary growth. Interference with the vomero-premaxillary
suture has been cited in the aetiology of growth impairment and it is suggested that a
vomer flap performed in infancy disrupts growth of maxilla (Friede 1978; Friede 1998).
However, the Oslo cleft team believes that a single layer closure of the nasal floor using a
vomer flap allows early closure of cleft alveolus, thus decreasing frequency of

nasoalveolar fistulas, without significant maxillary growth attenuation (Semb 1991).

1.4.1.5 Hard Palate Closure Techniques

The approaches to hard palate closure in modern day use have their own advocates, but it
i1s still not known which is best for a given individual (Witt & Marsh 1997). The Von
Langenbeck (1861) method was the first reliable method of palate cleft closure and
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modified forms are still widely practised today. The hard palate is closed by means of

bipedicle mucoperiosteal flaps anteriorly, which are slid together and joined in the midline
along with the soft palate halves posteriorly. This enables excellent separation of nasal and
oral cavities but problems associated with a short palate and closure of the velopharyngeal
sphincter can have speech consequences in a number of patients. Creation of the bipedicle
flaps involves releasing incisions medial to the alveolar process, so that areas of exposed
palatal bone are left once the flaps are opposed. This can result in extensive scarring,

which has been implicated in disturbance of maxillary growth and dentoalveolar crossbites
(Enemark, Friede, Paulin et al. 1993; Mars 2001).

Veau first noted the absence of a normal levator veli palatini sling & aberrant insertion of
diastatic muscles on the edges of the hard palate (Veau 1931). The 'pushback’ technique
was developed in an attempt to gain palate length by optimal posterior palate tissue
mobilisation. It was subsequently adapted by Wardill and then Kilner and involves raising
bilateral peninsular flaps, skeletonising greater palatine neurovascular bundles and fracture
of the hamuli (Kilner 1937; Wardill 1937). The procedure leaves greater areas of denuded
bone and the subsequently greater potential for scarring. Techniques have been developed
to try to overcome this problem, such as avoiding releasing incisions completely and
allowing the mucoperiosteal flaps to fall away from the palatal bone (Sommerlad, 1997).
Reducing the number or position of releasing incisions (Delaire & Precious 1985; Murison

& Pigott 1992) or scoring the periosteum to allow stretching and a tension-free closure

(Reid & Watson 1988), have also been suggested.

1.4.1.6 Soft Palate Closure

The soft palate cleft may exist as an isolated entity or form part of a more extensive cleft.
The Intravelar Veloplasty method involves dissection of soft palate muscle insertions,
repositioning and plication to recreate the absent levator sling. It 1s used both in primary
surgery and as a secondary procedure for velopharyngeal insufficiency (Kriens 1969;
Kriens 1970).

The Furlow double-opposing Z-plasty repair incorporates soft palate lengthening and
levator retropositioning to create the levator muscle sling (Furlow 1986). This 1s a
straightforward procedure 1n a narrow cleft but can be difficult in wide clefts, where a lack

of spare tissue cannot allow achievement of proper palatal length (Mars 2001).
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This investigation reports on facial morphology outcomes in infants who have undergone

the Millard primary lip repair, with various combinations of McComb primary nasal repair,
single or two layer nasal floor closure, primary perioplasty alveolus repair, vomer flap,
Veau-Wardill-Kilner or Von Langenbeck hard palate repair (with or without releasing

incisions), Furlow Z-plasty or an intravelar veloplasty for soft palate closure.

1.4.2 Timing of primary surgery

The timing of primary surgery is a controversial area and in particular, the arguments for
early versus late primary repair. At its most extreme, the possibility of cleft repair before
birth has been raised. Human intrauterine surgery even for life-threatening foetal

malformations, although now a reality, still carries significant pre-term labour risk (Estes,

Whitby, Lorenz et al. 1992). The rationale for foetal cleft repair stems from studies using
large animal models. Researchers have shown that lip skin heals without scarring in
surgically created clefts (Hedrick, Rice, Vander Wall et al. 1996). However, these defects
are not equivalent to the complex deformity of bone, muscle and skin that occur in human
oro-facial clefting. Moreover, simply repairing the lip in utero would not address the co-

existing nasal deformity.

Postnatal surgery protocols vary with centre, surgeon and favoured surgical and non-
surgical management regime. Primary lip and nose procedures have traditionally been
undertaken after the age of 3 months for physiological reasons, since anaesthesia may be
more exacting before this due to a persistence of foetal physiology. Earlier neonatal lip
repair has been advocated on the grounds of psychological benefit for the parents in
accepting their cleft child, however neonatal repair has not provided significantly better
results, nor has parental psychological impact been shown to be an advantage over later
repair (Slade, Emerson & Freedlander 1999). There are often trade-offs to be considered
with respect to the timing of palate surgery and its compromising effect on favourable
maxillary growth and normal speech production. Early palate closure means that there 1s
less tissue available for repair, surgery is more difficult, wide clefts may break down and
the potential for iatrogenic severe midface retrusion is greater. In contrast, early soft palate
closure before the development of speech is preferable and results in better speech
outcomes. Recent studies have shown, however, that closure of the hard and soft palate in a
single stage before the age of one year can produce both good growth and good speech
outcomes (Sandy, Williams, Mildinhall et al. 1998; Sommerlad 2003).
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1.4.3 Orthopaedic interventions

In the UK, McNeil is credited with significant development of pre-surgical orthopaedic
treatment. Early techniques concerned realignment of cleft alveolar processes, which was
thought to favour normal facial and dental arch growth and enhance feeding. They were

also seen as acting to stimulate the 'growth impulse', although this was never proven

(Hathorn 2001).

Contemporary presurgical orthopaedic methods involve the use of lip-strapping and active
or passive acrylic plates to reduce distortion and provide a more normal bony foundation

for surgery, keep the tongue out of the cleft and thus encourage better palatal shelf

angulation and lateral growth (Ball, DiBiase & Sommerlad 1995). The simple practice of
lip-strapping with elastoplast or tape is used to guide the soft tissues of the cleft margins
into better apposition pre-operatively. The theory is that it reduces tenston across wide

clefts, but protocols are often based on subjective impression, local experience and there is

no real evidence-base to support the perceived benefits.

The effect of acrylic 'feeding plates’ was investigated in a randomised controlled clinical
trial and found that they did not help in establishing successful feeding patterns (Prahl,
Kuijpers-Jagtman, Van't Hof et al. 2005). Another multi-centre randomised controlled trial
(Dutchcleft) showed no persistence of effect of acrylic plates on maxillary cleft width

beyond lip repair, and authors recommended discontinuation on the basis that the practice
resulted in only short-term gain(Prahl, Kuijpers-Jagtman, Van't Hof et al. 2003). Moreover,
pre-surgical orthopaedics has been shown to have little impact in reducing surgery time,
whilst tripling medical costs (Severens, Prahl, Kuijpers-Jagtman et al. 1998). Despite the
weight of evidence against the efficacy of pre-surgical orthopaedics, many centres
routinely incorporate it as part of their management strategy e.g. Millard's POPLA method:
pre-surgical orthopaedics, gingivoperioplasty and lip adhesion (Millard, Latham, Huifen et
al. 1999). However, the most effective orthopaedic treatment 1s repair of the anatomical

musculature of the lip.

Nasal stenting of various designs on the other hand, are gaining popularity. The nasal stent
was originally designed as a post-surgical adjunct to maintain alar cartilage shape and
prevent nostril stenosis (Chen & Noordhoff 1992). Observations that ear deformities could
be corrected by molding immature auricular cartilages before the age of 6wks with long-

lasting results, led to the development of nasal stents for use prior to correction of primary
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nasal deformity in cleft neonates (Matsuo, Hirose, Otagiri et al. 1989). Since an intact nasal

floor was needed to use this technique, an intra-oral plate with a nasal stent extension for
use in complete clefts (Grayson, Cutting & Wood 1993; Grayson, Santiago, Brecht et al.
1999). There have been several published variations of this technique, but the principal

remains the same (Bennun, Perandones, Sepliarsky et al. 1999; Liou, Subramanian, Chen
et al. 2004).

Post-op dynamic nostril splints, which can be customised with silicon rubber retainers,
have shown promising short-term results. The idea is to precisely mould the nasal cartilage

and maintain the corrected nasal tip and alar contour, by opposing contraction caused by

cartilage memory and scar healing (Yeow, Chen, Chen et al. 1999).

1.5 Facial morphology outcomes in childhood

Studies that report facial morphological outcomes after primary surgery in children are
reviewed. Reports of immediate changes in soft tissue morphology with corrective primary

surgery in infancy are uncommon. Studies of the effects of surgery on facial morphology
describe the face as a whole or consider specific regions of the face e.g. soft tissue profile,
nasal morphology, lip morphology, asymmetry. Studies tend to report facial appearance
long after the primary surgical events, without reference to a pre-op baseline. There 1s a
diversity of assessment methods employed, age groups studied and variable selection of
control group. There are few studies of facial soft tissue structures away from the midline

in surgically-managed cleft children.

1.56.1 Facial morphology & residual deformity in children

Farkas reported that among the residual deformities in 119 UCLP subjects aged 6 years to

29 years, the commonest was nostril floor width asymmetry , followed by columella height
asymmetry, a flat nasal bridge, wide soft nose and a flat , poorly protrusive nasal tip
(Farkas et al. 1993). Some, but not all of the residual deformities that are described in
adulthood are present in childhood. Analysis of soft tissue profile from lateral
cephalometric radiographs or profile photographs are common themes in studies cleft-

repaired facial morphology, in early childhood.



46
1.5.1.1 Soft tissue profile from radiographic studies in children

Soft tissues profile measurements were evaluated from cephalometric radiographs of 53

22-month-old UCL and 55 UCLP infants (Hermann et al. 2000). A Tennison lip repair was

performed in both groups of infants and an additional vomer flap procedure carried out in
the UCLP group to close the anterior hard palate. UCLP infants had not yet had their hard
palate repair. Upper face height in UCLP was similar to UCL children after lip surgery.
Midline upper lip length in UCLP infants was reported as similar to UCL children and less
protruding in relation to the facial plane and nose-chin line. The nose in infants with UCLP

was found to be retruded and flatter and the chin was retrusive, which was claimed to

reflect retrognathia. Nasolabial angle was not significantly different in UCL and UCLP

children. The distance from the anterior pole of the eye to the orbital opening was
increased in UCLP and this was attributed to a more retrusive lower orbital margin. After
lip and anterior palate repair, the premaxilla was no longer protrusive, and asymmetry and
deviation to the non-cleft side was reduced. Likewise, the nasal septum was also less

deviated after surgery.

A study by Smahel & Mullerova (1986) is often cited in studies of craniofacial
morphology in UCLP children and investigated the effects of Tennison lip repair on facial
morphology, prior to palate repair at age 5 years in 30 UCLP males subjects, compared
with 27 controls. Lateral and PA cephalometric radiographs were examined and found
many of the deviations described by the authors in adults with UCLP were present prior to
palatal repair in their 5 year old sample. Upper face height was reduced, the maxillary
dentoalveolar process was retroclined, but the length of the maxilla was not reduced. The

widths of the maxillary complex and nasal cavity were increased, however increased inter-

orbital distance demonstrated by others, was not evident. In terms of soft tissue findings,

the height of the upper lip was shorter than in controls, but was of normal thickness and

prominence.

In the case of complete UCLP, maxillary growth attenuation is the cumulative effect of lip
and palate surgery, and the interval between the two procedures i1s small. In Western
societies, it has not been possible to study the effects of lip repair in this group in isolation,
as palate surgery is undertaken only a few months later. Moreover, there has been no non-

Invasive imaging modality that could be utilised multiple times during the early years. In
Czechoslovakia however, a study of facial morphology associated with lip repair

performed at 6 months was conducted in twelve 5 year old male UCLP children, prior to
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palatoplasty. Using the finite element shape analysis method to compare facial skeleton

shape and size characteristics from lateral cephalograms between clefts and aged matched
controls, findings were reported for the effects of lip repair in isolation. Overall, the size of
the facial skeleton in UCLP prior to palatoplasty was normal, but significant shape

differences could be localised to the maxillary complex and mandible. The nose, lips and
dentoalveolar process were altered in both size and shape after lip repair, but before palate
repair. The authors concluded that the effects of lip repair were characterised by

retroclination of the maxillary incisors and increased lip thickness (Hammond, Smahel &
Moss 1993).

A comparative study of the soft tissue profile on lateral cephalometric radiographs reported

differences between a sample of 20 5 year old UCLP children from Manchester, compared
to a sample of 257 UCLP children from Oslo (Mackay et al. 1994). Children had

undergone closure of the lip and palate by age 5 years, in contrast to Smahel’s study.
Midface height (n-sn) was smaller and the upper lip more retrusive in the Manchester
group. Lower face height was similar in both groups. The difficulties of evaluating the
antero-posterior position of the maxilla before the eruption of the permanent incisors were

highlighted, together with methodological differences in landmark definitions and soft

tissue profile was concluded to be a better indicator of facial development in the younger
child.

A comparison of soft tissue thickness and upper, middle and lower face heights in 75
UCLP aged 4-18 years, with age-matched controls demonstrated discrepancies between
skeletal morphology and soft tissue morphology, as assessed by lateral radiograph
(Sadowsky, Aduss & Pruzansky 1973). The soft tissue overlying pogonion tended to be
significantly thicker than that overlying nasion at all ages after S years of age. A more
protrusive soft tissue chin was evident, when compared to the underlying skeletal chin.
Other findings included an increased upper lip length and decreased lower lip length in
UCLP children, compared to non-cleft controls. The authors also reported that cleft
children grew very much like their non-cleft peers, and there was no reported mid-face
deficiency. However a mixture of treatment regimes had been carried out in the cleft
sample and the conclusion that surgery did not affect midface growth was not supported by
the data.
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1.5.1.2 Lip and mouth outcomes

Some lip repairs are reputed to produce a better lip form than others in terms of scar, lip
length, philtrum asymmetry or so-called 'whistling deformity'. Measurements of vertical lip
length in anthropometry originate from nasal floor and extend to points on the lip and are

thus influenced by both lip and lower nasal form (Farkas et al. 1993).

Vertical height of the medial and lateral lip were reported after lip adhesion in 37 UCLP
and 6 UCLA infants aged 5 months (Vander Woude & Mulliken 1997). The effect of lip

adhesion was measured with callipers at the time of lip repair, and compared to pre-lip
adhesion evaluation. The authors claimed that the discrepancies between the cleft and non-
cleft sides of the philtrum and lip decreased with lip adhesion, but these were so small (0.3-
0.6mm) that they were unlikely to be of clinical significance. The errors associated with

direct anthropometry alone would cast considerable doubt on the validity of these findings.

Cutting & Dayan (2003) examined symmetry in lip height and width after extended
Mohler lip repair, in an indirect anthropometry study, in 49 UCL+P children.
Measurements were derived from photographs with callipers and cleft and non-cleft side
measurements compared. The sample were of different ages and follow-up was variable
(1-13 months after surgery and at least 2 years after surgery) and no pre-op measurements
were recorded. Photographs were of mixed media (traditional black & white and digital).
Intercanthal line was used to determine reference lines for lip measurements and to
standardise photographs. No differences were reported in cleft-repaired side and non-cleft
sides and changes over time in lip height, but a difference of 8.6% was noted at 1-13

months between cleft-repaired side and non-cleft lip widths (philtral point to commisure),

and a difference of 5.8% at 2 years or more post-op. In addition, lip width increased with
time (mean increase 0.91mm), but this was unlikely to be of clinical significance. This
study was limited by the mixed age nature of the study group and variable follow-up
period making interpretation of these findings difficult. In relation to lip width
measurements, the philtral peaks and lip commisures are not in the same plane on frontal
photographs and so foreshortening of these dimensions may occur. Furthermore, any
rotation from true AP position would affect the validity of measurements derived by

anthropometry from a 2D photograph.

In a group of 5-year-old UCLP children, lip and mouth widths, post-Millard repair, were

compared with controls. Profile and frontal photographic views were used to assess upper
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and lower lip protrusion, relative to a nasion-pogonion baseline. Prior to maxillary

collapse, the cleft children were found to have less protrusive lower lips and narrower
mouth widths (Zhu, Senewiratne & Pigott 1994). This usefulness of this methodology in
longitudinal studies was limited by the choice of measurement baseline, as variations in the

soft tissues overlying the chin (pogonion) have been shown to be thicker relative to those

overlying the root of the nose (nasion) after 5 years of age (Sadowsky et al. 1973).

The ratio of nose width to mouth width is regarded as important in the assessment of the
cleft-affected face. If this ratio is significantly greater than normal, an individual may be
considered potentially unattractive (Vegter et al. 1997). In primary lip repair, it is
postulated that a combination of the presence of scar tissue from the repair and an
underlying deficiency of tissue could contribute to increased lip pressure (Bardach,
Bakowska, Dermott-Murray et al. 1984; Susami, Kamiyama, Uji et al. 1993). This could
also produce a narrow mouth which would become more marked with age. Opinions differ
as to whether mouth width on its own or in combination with lip protrusion are out of the
ordinary in cleft subjects. Susami et al (1993) found a shorter upper lip length and normal
mouth widths in 41 cleft lip children, compared to 54 controls aged 9-12 yrs in their

examination of mouth shape and elasticity. A lack of lip tissue, leading to less elasticity

and subsequent increased upper lip pressure was postulated as one of the factors causing

maxillary retrusion in cleft lip and palate individuals in the longer.

1.5.1.3 Nasal Outcomes

It is the residual deformity of the nose that stigmatizes affected children, not that

associated with the lip (Witt & Marsh 1997). The argument for early correction of nasal
deformity centres around improved aesthetics, function and the avoidance of subsequent
nasal revisions. There is evidence to suggest that improvements in nasal form obtained by
primary nasal surgery persist into adulthood, however, residual nostril asymmetry resulting

from uncorrected septal deviation is unlikely to improve with growth (McComb &

Coghlan 1996).

Short-term morbidity 1s associated with nasal airway obstruction caused by oedema
following primary surgery, and nostril stenosis can be problematic. Usually, infants
quickly adapt to mouth breathing without incident. A more insidious problem is narrowing
of the airway due to dysmorphology of the floor of the nose and a deviated nasal septum

that accompanies all unilateral clefts. Up to 25% of cleft individuals have been shown to
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have a diminished nasal airway in pressure flow studies (Warren, Hairfield, Dalston et al.

1988).

Each surgical approach that is developed is claimed to produce improvement in an aspect
of nasal morphology. A comparative study of two UCLP groups repaired with either a
triangular flap or the rotation advancement (Millard) technique found similar nasal

deformities to be associated with both methods. A vertical asymmetry of the nasal skin

envelope, depression of the cleft-side alar dome, a short columella on the cleft side, and
hooding of the nostril apex were described in both groups. The main difference between

the two surgical approaches was in the position of the alar base, which was laterally
displaced in cases repaired by triangular flap methods, in contrast to a more normal

position achieved in those repaired by Millard's method (Cutting, Bardach & Pang 1989).

Long term results of a controlled clinical trial comparing a group of 44 UCL(P) who had
non-surgical naso-alveolar moulding (NAM) with a surgically-managed group of 47
UCL(P) were reported. Caliper measurements and facial casts were obtained for cleft
infants at age 2 days, 15 days, 30 days, 3 months, 1 year and 6 years and 48 noncleft
controls were added at age 6 years. Casts scanned with a laser-scanner and measured.
Surgical management involved a Millard repair with Delaire muscle reconstruction. The
study claimed a significant increase of columellar length with the use of the nasal stent.
Growth and cosmetic results of the nose at 6-year follow-up revealed better nostril
symmetry, with no alar cartilage collapse, in the patients who had used the pre-surgical

nasal stent (Bennun et al. 1999).

Nostril shape parameters were investigated as possible predictors of nasal aesthetics for

individuals with and without clefts, using a nasal cast and video-imaging method (Russell,

Waldman, Tompson et al. 2001). Only nostril perimeter and bulkiness correlated with high

ratings of aesthetics. Nostrils with symmetrical perimeters reflected better aesthetics,
whilst nostril size, degree of elongation and nostril location did not show a correlation with
acsthetic ratings. Authors reported that the characteristics of symmetrical nostril
morphology had limited influence on nasal aesthetic judgements due to the lack of
correlation between nostril shape parameters and subjective aesthetic ratings. It was

suggested that the 3D morphology of the entire nasal structure had greater influence on

impressions of desirable nasal appearance.



51
A 3D method to quantify pre-operative nasal architecture and evaluate immediate

improvement, as well as growth effects, is essential. Early objective evaluation will help
develop even better surgical and non-surgical management practices to ensure excellent

results in the longer term.

1.6 Facial Asymmetry

A degree of mild asymmetry is common to all faces (Farkas & Cheung 1981). Even
acsthetically pleasing faces have a significant degree of skeletal asymmetry (Ferrario,
Sforza, Poggio et al. 1994b). Facial soft tissues can have a masking effect on underlying
bony asymmetry (Peck, Peck & Kataja 1991; Shah & Joshi 1978). Asymmetry varies
according to the region of the face in which it occurs - the upper face and orbital region
have the lowest mean frequency of clinically apparent asymmetries and the lower facial
third, the highest (Ferrario, Sforza, Ciusa et al. 2001). Local asymmetry tends to be
reduced by the interaction of the different components of the craniofacial complex. A study
of six sets of 9-15 year old North American triplets showed that over time, the pattern of
asymmetry remained constant within individuals, and did not worsen with increase in

facial dimensions (Mulick 1965). Burke & Healy also demonstrated this in a 9-year

longitudinal stereophotogrammetry study of six sets of twins. Fluctuating asymmetry was
not a function of age within individuals and was not related to twin zygosity or the

adolescent growth spurt (Burke 1992).

1.6.1 Studies of Facial Asymmetry in children with clefts.

Asymmetry 1s important outcome measure in cleft lip and palate assessment. There is great
interest in developing surgical and non-surgical methods, which produce better symmetry
results, both immediately and in the longer term. 2-Dimensional and 3Dimensional
methods have been applied to study local and generalised facial asymmetries in children
and young adults. In the infant age group, direct anthropometric studies or indirect
anthropometric studies of 2D photographs are more common. In terms of 3D studies,

Ferrario and Ras lead the field, but even these prolific researchers have not examined

young cleft children or infants.

Three-dimensional asymmetry was reported in a cross-sectional study of 49 UCLP subjects
with a mean age of 7.4 years and 80 controls with a mean age of 9.2 years (Ras, Habets,

van Ginkel et al. 1994b). Stereophotogrammetry was used to obtain 3D images and
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asymmetry quantified relative to sagittal, transverse and vertical reference planes. UCLP

individuals displayed more facial asymmetry in the vertical direction and more asymmetry
in the region of the cleft, compared to controls. Males also had more asymmetry in the

nose than females.

Longitudinal changes in facial asymmetry in cleft children were also reported by Ras,
Habets, van Ginkel et al. (1995b). A mixed longitudinal 3D study of 33 children with
UCLP aged from 4 - 12 years examined how asymmetry changed with growth and facial

development, compared to 63 non-cleft individuals wusing stereophotogrammetry.
Individuals were measured on two occasions. This study suggested that the only
discernible increase in facial asymmetry with time was in the alar base in both cleft and

non-cleft children. In the area related to the cleft, there were no changes in the degree of

asymmetry over time. However, the control group was not age-matched for 50% of the
children in the UCLP group.

In cleft children, nasal symmetry has been studied as a primary outcome measure of

surgery. Nasal symmetry has also been the subject of comparative studies of different

primary surgical regimes.

Nasal symmetry after Millard and Delaire repairs were retrospectively compared in 4-5
year old children, using direct anthropometric measurements with callipers and
measurements from 3 photographic views (Horswell & Pospisil 1995). Symmetry was
determined as the difference between anthropometric measurements on the cleft and non-
cleft sides of the face. No reproducibility values or errors were reported. Millard group

noses were slightly more asymmetric, had greater nasal tip deviation, were shorter, wider

and had less anterior projection than noses in the Delaire group. The authors concluded
that the Delaire nasolabial muscle reconstruction had a beneficial effect on nasolabial

development.

Nasal symmetry was examined in 19 9-year-old UCLP children who had received a
conventional Millard lip repair and nine who had undergone a modified Millard repair with
columella lift and alar mobilisation were compared to 20 7-11 year old controls (Brusse,
Van der Werff, Stevens et al. 1999). Coghlan’s computer-assisted methods (Coghlan,
Laitung & Pigott 1993) were used to assess nasal and nostril outlines from photographs.
Areas of overlap and nostril axis angles were used to assess asymmetry. Significant

differences could not be determined between the primary nasal correction group and the
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non-nasal correction group, although the sample was small and nostril dimenstons were

very variable. Primary nasal correction was favoured in terms of better morbidity, because

no revisions were performed in this group.

Nasal cartilage moulding by way of nasal stenting is reputed to produce a more
symmetrical nasal shape, with the added benefit of correcting septal deviation (Maull,
Grayson, Cutting et al. 1999). A retrospective 3D study of the effects of nasoalveolar
moulding (NAM) on nasal form, compared10 cleft children who had undergone NAM with

a group of 10 cleft infants who had undergone pre-surgical alveoular moulding without
nasal stenting. The authors acknowledged that the two groups were not matched for age
(mean age 4 years and 9 years, respectively). Mean asymmetry index for nasal shape was
better in the group that had received NAM, however, nasal growth was not at a comparable
stage with the ‘control’ group. The greatest asymmetries were identified in the nasal
domes, followed by the alar base and columella in the control nose. Asymmetries in these

regions were milder in the NAM group and improved nasal tip position and septal

deviation were claimed additional benefits.

The relationships between chronological age, skeletal maturtty and upper lip and nose
asymmetry were the subject of a retrospective mixed cross-sectional investigation in 23
UCLP children and 34 controls between the ages of 6-16 years (Kyrkanides, Bellohusen &
Subtelny 1996). Frontal photographs were the assessment media and asymmetry was
determined relative to a defined midline axis. Results suggested nasal asymmetry
decreased with time and maturity. Nasal tip asymmetry peaked with the pubertal growth
spurt in both UCLP and controls, however, asymmetry improved with time. The deviation
of the midpoint of the vermillion border was not significantly different from controls at any

age, and did not alter with time or maturity.

Better maxillary symmetry has been associated with primary bone grafting - a procedure
which was previously avoided because of reported effects on facial growth (Molsted, Dahl,
Brattstrom et al. 1993). A multicentre study of 72 children with UCLP examined PA
cephalometric radiographic variables and maxillary arch width using study -casts.
Asymmetry was assessed with reference to a constructed perpendicular midline which
bisected a horizontal line connecting the lateral walls of the orbit. Results showed that in
contrast to procedures involving primary vomerplasty and no alveolar involvement,
primary bone grafting was associated with better anterior maxillary symmetry and a more

symmetric dentoalveolar development at age 9 years.



54
1.6.2 Facial Asymmetry in infants

There are few studies which seek to evaluate asymmetry in the very youngest children with
clefts, and which incorporate a pre-surgical assessment. Direct anthropometry & 2D
photographs were used to compare two surgical methods:- the Millard repair and the le
Mesurier repair (Amaratunga 1988). The authors devised the Cleft Lip Component
Symmetry Index, which was calculated from 6 pairs of measurements in the lip and nose
on the cleft and non-cleft sides, although the statistics were poorly described. A mixed
cross-section of 100 infants with UCLP were examined prior to lip repair, 1 month and 1

year after surgery. In terms of in asymmetry outcome at 1 year post-op, the author could

not rate one surgical method above another. The Millard repair produced better nostril

height and Cupid’s bow symmetry, whilst the LeMesurier repair produced a better
vermillion and philtral edge symmetry. This study did not use standard anthropometric
landmarks and no other published studies that have adopted this method.

The facial morphology of 10 infants with UCLP, who had a rotation advancement lip
repair and 10 UCLP infants who had a triangular flap lip repair, was reported in Japan by
Yamada, Mori, Minami et al. (2002a). A group of 151 control children were included at 4
months and at 1.5 years. Three-dimensional facial information was obtained using an
optical scanner and an automatic landmark co-ordinate extraction technique. Cross-
sectional results for pre-op, 2 weeks post op, 3 months post-op and 1.5 years post-op were
presented. Despite the availability of 3D data, there was no analysis of 'shape' in the 3D
sense and conclusions drawn about 'asymmetry' of nostril form and 'shape' of facial
features were descriptive or based simply on linear differences between cleft and non-cleft
sides in the vertical (z) direction only. Only limited findings were discussed. Asymmetry
of the nostril was evident in both group after repair. Some differences were highlighted in
the position of the philtral peaks and in the rotation advancement group it was suggested
that the cleft side was higher after surgery, but asymmetry improved by 1.5 years. In the

triangular repair group, the cleft side was lower than the non-clett side at age 1.5 years.

Longitudinal studies of how asymmetry changes or develops in young children with clefts
are lacking. This is especially of interest, as the anomaly itself, growth and the surgical
intervention, will influence facial morphology. It is therefore necessary not only t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>