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Preface

Non-syndromic cleft lip and palate patients have the most common congenital
anomalies that affect the middle and lower part of the face, and which impair
aesthetic integrity. These anomalies also affect basic functions such as hearing,
speaking, chewing, and breathing. In addition to the dental, skeletal, auditory, and
speech problems created by the defect itself, some other problems that may arise
include midfacial retrognathie at various stages of the growth development period
as a result of the restraining effect of the development of scar tissue developed
secondary to the lip and palate surgery.

Treatment of patients with cleft lip and palate is not only possible with surgery,
but it requires multidisciplinary teamwork. The cleft child should be followed and
treated by a team of experts from different disciplines who work well together. The
presence of an orthodontist, plastic, reconstructive and esthetic surgeon, maxillo
facial surgeon, otolaryngologist, speech therapist, pediatric dentist, psychologist
and nurse in this team affects the success of the treatment. Although cleft surgery,
orthodontic treatment, and speech therapy are the main disciplines, each of the
other branches is also very important. In this book, we present the reader with the
experiences and knowledge of some of these disciplines. This book also includes
information on the quality of life of children with this anomaly and anesthesia
evaluation, which is very important for the cleft surgery. I would like to extend my
sincere thanks to all the authors who have contributed, and to the valuable readers.

Ayse Giilsen, PhD, DDS

Orthodontist,

Associate Professor,

Department of Plastic Reconstructive and Esthetic Surgery,
University of Gazi,

Ankara, Turkey
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Chapter1

Dental Development and
Anomalies in Cleft Lip and Palate

Elaine Li Yen Tan and Mimi Yow

Abstract

Cleft lip and/or palate is a birth defect with heterogeneous clinical presenta-
tions. Prevalence and cleft-types differ by gender, ethnic groups and geographic
locations. Published literature indicates high frequencies of cleft-associated dental
anomalies, commonly variations in tooth-number, shape and size. Delayed dental
development is also reported with catch-up growth at a later age. In the unilateral
cleft phenotype, delayed development can occur on the cleft-side of the maxilla.
Dental anomalies present frequently in the spectrum of cleft defects. Heterogeneity
of defects is wide-ranging and may represent different aetiological origins of cleft
phenotypes and sub-types due to: genetic mutations with altered ectomesenchymal
growth; iatrogenesis from disrupted blood supply during early postnatal surgery;
and maldevelopment or mistimed development. Orofacial clefting and odontogen-
esis may share critical pathways.

Keywords: dental anomalies, dental development, cleft lip, cleft palate

1. Introduction

Cleft lip and/or palate (CLP) is a birth defect with heterogeneous clinical
presentations [1]. Prevalence and cleft-types differ by gender, ethnic groups and
geographic locations [2]. It has been widely reported that dental anomalies (delayed
dental development and eruption, hypodontia, supernumeraries, hypoplasia and
abnormalities in tooth size and shape) in CLP are commonly associated with the
presence of the cleft [3].

2. Dental development and eruption in CLP patients
2.1 Methods in assessing dental development

There are several methods that have been devised for assessing dental develop-
ment or calculating dental age [4-12]. Essentially, tooth development is observed
from radiographs and compared with the formation stages in each system. Some sys-
tems allow dental age to be calculated after ascertaining the teeth formation stages.

Of the various systems available, the method proposed by Demirjian et al. [9]
and Demirjian and Goldstein [12] has been well researched and was found to be
highly accurate and precise for estimation of dental age, particularly during early
childhood [13, 14]. For any method of age estimation, it is best established within
population-specific groups to reduce confounders [15].

3 IntechOpen
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2.1.1 Demirjian’s method

According to the criteria, the maturity of the seven mandibular teeth on the left
side (excluding the third molar) was determined by comparing their radiographic
appearances with a sequence of reference radiographs and diagrams, and descrip-
tion of formation stages. If any of the mandibular left teeth was missing, or its
image was unclear, the contra-lateral tooth was used [9].

Each tooth was divided into eight formative stages (A to H), and each stage was
allocated a score depending on the gender. The scores for all seven teeth were then
added to give the maturity score which can be converted directly into dental age by
reading off a percentile curve the age at which the 50th centile attains the maturity
score value, or by using a table which had been constructed.

2.2 Delayed dental development

Several investigators reported on delayed formation of the permanent teeth in
CLP patients and the delay was observed to vary from 0.3 to 0.9 year [16-22].

Bailit and coworkers found that tooth formation in 39 children with cleft palate
was significantly retarded by about 0.7 year when compared with 36 normal controls
[16]. Ranta in his earlier study compared 258 CLP Finnish children with 1162 non-
cleft children and reported a delay in tooth formation of 0.5 year in the maxilla and
0.4 year in the mandible, but the difference was not statistically significant [18].

2.2.1 Cleft severity and delayed dental development

Ranta went on further to conduct other investigations and revealed that the
delay in tooth formation increased from 0.3 to 0.7 year with increasing severity
of the cleft deformity. No significant difference was found in the tooth formation
of subgroups with and without hypodontia [23]. However, in his later study on
children with isolated CP only, he found that the dental development was delayed
longer in the cleft subgroup with hypodontia (0.7 year) than in the subgroup
without hypodontia (0.4 year), and a somewhat longer delay in tooth formation was
observed with increasing number of missing teeth per child [24].

2.2.2 Age and delayed dental development

Harris and Hullings studied 54 CLP children and reported an overall delay
in dental development of 0.9 year. They also noted that teeth formed during the
early postnatal period were most affected, while the later forming teeth were less
delayed [19].

Other authors [25-28] found that the delay in dental development begins to
decrease from the age of 8 to 9.5 years old, suggestive of some form of catch-up
growth [29, 30]. This is in contrast to the findings of Ranta who noted that the delay
in dental development was significantly longer in the older age group of 9 to 12 years
old (1.1 years) than in the younger age group of 6-9 years old (0.6 year) [3].

A study by Borodkin et al. found an overall delay in dental development of
0.52 year, but was found to be statistically significant only in male cleft subjects
[21]. The most commonly delayed permanent teeth were the maxillary first and sec-
ond premolars and maxillary second molars. No statistically significant differences
in dental development were found between the various cleft types and severity of
cleft deformities.
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In another investigation, Lai et al. based their study on 231 southern Chinese
CLP children from Hong Kong and compared them with a non-CLP control sample
of the same size [20]. Similarly, they found an overall delay in tooth formation of
Chinese CLP children (0.4 year) with the earlier formed permanent teeth being
more delayed in development than those formed later. In accordance to the findings
of Ranta [23], CLP children with more severe hypodontia were also more delayed in
dental development.

Tan et al. found that UCLP children at 5-9 years old had more delayed dental
maturation of 0.55 year when compared to controls [28]. The delay in dental
maturation attenuated as they grew older and no difference in dental maturation
were found in the UCLP children and controls at 9-13 years old. Several postula-
tions may account for this phenomenon. Firstly, there could be some form of
catch-up growth in the patients with CLP as they mature, as described by some
authors [27, 29-32]. Secondly, the accuracy and precision of Demirjian’s method
[9] have been shown to decrease with age [13, 26, 33]. This is because the tooth
developmental stages occurring earlier in life are generally of shorter duration
than the stages occurring later, and the stages of short duration are more easily
discerned with distinctive changes over a shorter period than smaller increments
over a longer duration [13]. In addition, at an older age, the assessment of dental
age is based on fewer teeth with roots that are not fully formed. For example, at
the age of eleven, there may only be two teeth (usually the second premolar and
second molar) with incomplete root formation, and the assessment of dental age
would be based entirely on these two teeth. Any measurement error will, thus,
have a profound effect on the dental age determination. Hence, there is a ten-
dency to overestimate the dental age in the older age group, and this could reduce
the discrepancy in dental age delay between the group with UCLP and without
CLP. Furthermore, the roots of the teeth in patients with CLP are reported to be
shorter than average [34], and this may further complicate the assessment of
dental age. Thirdly, only the incisors and first molars are affected by environ-
mental factors during gestation and early prenatal period [35]. As the formation
of these teeth plays a big part in determining the dental age in the younger age
group, their effects on the length of dental age delay would be significant. Root
formation of the incisors and first molars would have been already completed in
the older group of subjects; hence, they no longer have an impact on the dental
age determination.

2.2.3 Hypodontia and delayed dental development

Tan et al. found that the presence and extent of hypodontia in CLP patients did
not influence the dental development [28]. This contrasted with earlier studies [20,
24] that found a bigger delay in dental development in clefts with hypodontia than
without hypodontia, and the more severe the hypodontia, the bigger the delay.
However, these studies had several confounding factors. Ranta’s study only included
patients with isolated cleft palate [24], while the study of Lai et al. included various
cleft types [20].

2.2.4 Gender and delayed dental development
The evidence for any gender association has been weak, with some studies sug-

gesting that the delay was more pronounced in boys compared to girls [20, 21, 27],
and other studies showing no significant gender differences [18, 23, 24, 26, 28, 36].
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2.3 Asymmetric tooth formation
2.3.1 Definition

A pair of teeth is regarded as developing asymmetrically when the crown or
root development of one of the teeth deviated from that of the antimeric tooth by
at least one developmental stage. Ranta was one of the earliest authors to report on
asymmetric tooth formation [18]. Studies have found that children with CLP had
asymmetrical tooth formation that was 3-4 times more common than those of the
control group [20, 21, 23]. The only study that did not report such a finding was by
Borodkin et al. [21].

2.3.2 Teeth involved

When considering individual teeth, some teeth seem to display a greater propen-
sity for asymmetric formation. Ranta reported that asymmetric tooth development
occurred most frequently in the upper central incisors followed by the upper and
lower premolars, without taking into account peg-shaped teeth and third molars
[19, 38]. Harris and Hullings found that second premolars and third molars were
more likely candidates for asymmetric formation and these teeth were also more
likely to be congenitally missing, with the incisors being excluded in their study
[19]. Tan et al. found that the most commonly delayed tooth in the maxilla is the
cleft-sided lateral incisors (73.3%), followed by the cleft-sided central incisors
(37.3%), while the cleft-sided canines and first premolars were the most frequently
affected (21.7%) in the mandible [22].

2.3.3 Cleft vs. non-cleft side

Several authors concur that in both the maxilla and mandible, the cleft side
has a significantly higher risk of delayed development of teeth than non-cleft
side [18, 20, 22].

2.3.4 Maxilla vs. mandible

Ranta also investigated the difference in incidence of asymmetric tooth develop-
ment between both jaws. In the cleft palate group, asymmetry occurs with equal
frequency in both jaws. However in the cleft lip and alveolus group and the CLP
group, asymmetry occurs more frequently in the maxilla [18, 37]. Asymmetric
development of teeth was also found to decrease as growth of the crowns and roots
progresses [38].

2.4 Delayed dental eruption

Tooth eruption occurs at a precise stage of root development and hence, any
delay or asymmetric tooth formation would likely affect the timing and pattern of
tooth eruption.

Peterka et al. reported that the deciduous and permanent lateral incisors in the
maxillary quadrant with cleft showed the greatest retardation [39]. He also noted
delayed eruption of the canine, first and second premolars in the maxillary quad-
rant with cleft. This coincides with the findings of Carrara et al. who found retarded
eruption of the maxillary lateral incisor, cuspid and second premolar on the cleft
side [40].
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2.5 Aetiology of asymmetric tooth formation and eruption

Eerens et al. compared 54 children with cleft, 63 children in the sibling
group without cleft as well as 250 normal children in the non-sibling control
group and found that the cleft group and sibling group showed a significantly
higher frequency of asymmetric tooth formation compared to the control group,
hence suggesting some common genetic factors for delayed tooth formation and
clefting [41].

Another possible reason for asymmetric tooth formation and delayed erup-
tion in CLP patients has also been proposed. The effects of surgical cleft repair
could result in damage to the tooth bud, or fibrosis and reduced blood supply
to the cleft area [18]. Other etiological factors include lack of space in the cleft
area [39] and growth attenuation due to improper nutrition as a result of feeding
problems [18].

3. Dental anomalies in CLP patients
3.1 Lateral incisor in the cleft area

The permanent maxillary lateral incisor in CLP patients is a tooth of much inter-
est and has been widely researched on, due to its proximity to the cleft and hence
vulnerability to maldevelopment and injury. Disrupted development at the site of
the cleft could also be due to altered neurovascular anatomy that could affect the
developing tooth germ [42].

Some primary maxillary lateral incisors were found to be macrodonts whereas
the permanent lateral incisors were microdonts or peg-shaped [43]. It has been
reported as the most commonly missing tooth in CLP patients with a frequency
ranging from 19.2-39.3% [3, 17, 44-47].

3.1.1 Position of cleft-sided lateral incisor

When the permanent maxillary lateral incisor is present in CLP patients, it is
usually located on the distal side of the cleft [17, 44, 47-50] and is often reported
to be delayed in formation and eruption when compared to the antimeric lateral
incisor on the non-cleft side [17, 20, 22, 36, 47, 51].

Tsai et al. reported on the discrepancy in distribution patterns of the cleft-
sided maxillary lateral incisors in the primary and permanent dentition [46]. In
the primary dentition, the lateral incisor was located most commonly on the distal
side of the alveolar cleft (82.4%), followed by missing cleft-sided maxillary lateral
incisor (9.9%), one tooth present on each side of the alveolar cleft (5.5%), and
lastly, the lateral incisor was located mesial to the alveolar cleft (2.2%). However,
in the permanent dentition, the most predominant pattern was the missing cleft-
sided maxillary lateral incisor (51.8%), followed by the lateral incisor positioned
distal to the alveolar cleft (46%), lateral incisor positioned mesial to the alveolar
cleft (1.5%) and the least common finding of one tooth present on each side of the
alveolar cleft (0.7%). Due to the difference in the distribution patterns between
the primary and permanent dentition, the authors proposed that there may be
two odontogenic origins (maxillary and medial nasal process) for the maxillary
lateral incisors. Failure of fusion between the two processes could have resulted in
unequal mesenchymal mass in each of the segment, hence giving rise to different
distribution patterns.
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3.1.2 Malformed cleft-sided lateral incisor

The permanent lateral incisor located on the cleft side is also the most mal-
formed tooth in the entire permanent dentition, often presenting with some degree
of deformity in size and shape [45, 52]. It is frequently found to be microdontic or
peg-shaped [44, 47, 50, 53]. Suzuki et al. found the majority of cleft-sided perma-
nent lateral incisors to be of conical type [49]. Other less common variations include
T-shaped lateral incisor or presence of a palatal cusp [44, 53, 54].

Some authors have proposed that malformed or missing lateral incisors are
possible microforms of cleft lip and/or palate [55-57] but this proposal has also been
disputed by others [58-60] who found the frequency of lateral incisor anomaly to
be the same in cleft families and non-cleft families.

3.2 Hypodontia
3.2.1 Teeth involved

Another common dental anomaly found in CLP patients is an increased preva-
lence of congenitally missing teeth occurring near and away from the cleft area.
Apart from the commonly missing lateral incisor as mentioned previously, other
teeth frequently involved are the upper and lower second premolars [17, 19, 41,
44-46, 61, 62], with the maxillary second premolar being the more frequently
missing tooth [45, 61].

3.2.2 Prevalence

The prevalence of hypodontia in CLP sample has been reported to range from
31.6-77% [50, 62-64]. In addition, the prevalence of hypodontia also increases with
severity of the cleft [3, 44, 61, 65].

Ranta found that in complete cleft cases, almost every fourth (24%) of the upper
second premolar was found to be missing [61].

However, other authors found that the maxillary lateral incisor was the most
commonly missing tooth (41.7%), followed by the maxillary second premolar
(18.3%) [50, 62]. Due to its proximity to the cleft defect, the cleft-sided maxillary
lateral incisor is the most vulnerable to maldevelopment and iatrogenic injury,
hence explaining its high frequency of being missing [66]. It was similarly reported
as the most commonly missing tooth in CLP patients with a frequency ranging from
19.2-39.3% [3, 17, 44—-47].

In a non-cleft population, Brook (1984) reported that the prevalence of
hypodontia in British school children was 4.4%; the most commonly missing tooth
was the mandibular second premolar [67]. The lower second premolar was the most
commonly missing tooth in 26.1% of the Singapore Chinese orthodontic population
with hypodontia. The lower incisor was the next most commonly missing tooth
in 21.6%, followed by the upper lateral incisor in 20.5% of the population [68]. In
Caucasians, the next most commonly missing tooth would be the maxillary lateral
incisors, followed by the maxillary second premolar [69].

3.2.3 Primary vs. permanent dentition

Hypodontia, in contrast to supernumerary teeth, is found to be more prevalent
in the permanent dentition than primary dentition in CLP patients [43, 44, 52, 61].
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3.2.4 Aetiology

One hypothesis for hypodontia which explains these findings is the Butlers field
theory (1939) that postulated teeth were not individual structures but constituted
a series of different morphological classes with the most stable tooth at the mesial
end. The distal tooth in each class was evolutionarily less stable [70].

Eerens et al. also demonstrated a higher occurrence of hypodontia in the cleft
group and sibling group as compared to the normal, non-cleft control group, hence
suggesting some relationship between the genetic factors controlling clefting and
hypodontia [41].

Among the genetic factors involved in craniofacial development are mem-
bers of the Msx homeobox gene family [71] and till date, Msx1 has shown good
evidence of involvement in human orofacial clefting and tooth agenesis [71-76].
A missense mutation resulting in an arginine to proline substitution within the
homeodomain of Msx1 causes selective tooth agenesis in humans, an autosomal
dominant phenotype affecting the second premolars and third molars of the
secondary dentition [72].

3.3 Supernumerary teeth
3.3.1 Prevalence

CLP patients present with a higher prevalence of supernumeraries, more com-
monly found at the lateral incisor region adjacent to the cleft [17, 44, 46, 50, 54,
77-79]. The prevalence of a supernumerary lateral incisor in CLP patients ranged
from 5.1% - 22.1% [47, 50, 52, 61, 62].

In contrast, a lower prevalence of supernumeraries is found in normal chil-
dren, ranging from 0.46-3.4% across all nationalities [80-82]. In a local study
carried out on 408 normal Singaporean Chinese patients, the prevalence of
hyperdontia was found to be 7.1%, with most of the supernumeraries found in the
premaxilla area [83].

3.3.2 Primary vs. permanent dentition

It has also been reported that supernumeraries occur more frequently in the
primary dentition than in the permanent dentition in CLP patients [44, 46, 47, 49,
61]. However, this finding was disputed in the study by Vichi and Franchi which
noted a higher prevalence of supernumerary lateral incisors in the permanent denti-
tion (22.1%) than in the primary dentition (19.5%) [52].

3.3.3 Aetiology

Some authors attribute this finding of higher prevalence of supernumerary
lateral incisor in CLP patients to the close proximity of the lateral incisor tooth bud
to the cleft, hence a higher susceptibility to division or modification of the tooth
bud or separation of the epithelial remnants, resulting in a supernumerary tooth
forming [76, 77].

Tsai et al. proposed that there could be two odontogenic origins for the maxillary
lateral incisors, one from the maxillary process and one from medial nasal process.
The two processes are unable to fuse due to the cleft, resulting in two separate odon-
togenic regions having the potential to develop lateral incisors [46].
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3.4 Enamel hypoplasia

A high incidence of enamel hypoplasia is found to occur more frequently in CLP
patients compared with non-cleft populations, especially involving the maxillary
incisors [1, 52, 62].

Dixon suggested that lip repair could cause enamel hypoplasia in deciduous inci-
sors and tips of permanent incisor crowns related to the surgical area; whereas the
palatal repair could cause some defects in the crowns of the permanent incisors [1].

3.5 Abnormalities in shape and size of permanent teeth
3.5.1 Crown abnormalities

CLP patients commonly present with anomalies in shape and size of permanent
teeth, especially at the maxillary anterior region. The malformations frequently
exhibit as microdontia or macrodontia [47, 50, 52, 62].

Other dental anomalies associated with CLP patients include thick curved
maxillary central incisors [53, 54], addition of paralabial tubercles on the central
incisor and canine, missing cusp or altered cusp patterns of the maxillary molars
and mandibular bicuspids [53] and smaller mesial-distal width of central incisors
on the cleft side [44, 84]. Interactive compensations with dental variations in size
have been reported to occur within tooth classes [85]. In non-cleft oligodontia with
multiple missing teeth, the dentition was found to be reduced in size. However, in
dentition with isolated tooth agenesis, tooth-size was larger compared to those of
fully dentate individuals without hypodontia [86]. The premise of an odontogenic
interactive compensatory mechanism was suggested in that a size reduction of a
lateral incisor was a localised response to a large adjacent central incisor [87].

3.5.2 Root abnormalities

Taurodontism [65, 88], root dilacerations [62], fusion, germination and concres-
cence [81] have also been associated with CLP patients.

3.6 Abnormalities in position of permanent teeth
3.6.1 Rotated cleft-sided central incisors

Cleft sided central incisors are often found to be rotated, with a prevalence of
68.6% to 86.17 [48, 50, 89] reported. This has been attributed to the lack of space at
the end of the alveolar segment [90].
3.6.2 Impacted canines

The canines on the cleft side are often palatally impacted. It has been suggested
that the impaction may be due to the palatal collapse of the maxillary lateral seg-
ment [89] or related to the genetic factor responsible for CLP [91].

Lai et al. suggested that when the lateral incisor is located distal to the cleft, it
can provide guidance for the eruption of the adjacent canine [47].

3.6.3 Ectopic eruption

Ectopic eruption of teeth, including transposition has also been reported in
patients with CLP [62, 90, 92, 93].
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3.7 Aetiology of dental anomalies
3.7.1 Cleft defect and surgical trauma

Since a high prevalence of dental anomalies was found at the region of the cleft,
these anomalies may be attributed to the cleft itself or to the early surgical correc-
tion of the defects. The severity of these anomalies also appears to be related to the
severity of the cleft.

3.7.2 Genetic factors

As the increased prevalence of dental anomalies was also found in the non-
cleft region, it was postulated that dental anomalies in CLP patients were affected
by common developmental mechanisms that involved non-fusion of orofacial
processes and the persistence of orofacial clefts during embryonic and foetal
formation. Extensive studies on orofacial clefting have linked genetic susceptibility,
signalling pathways and transcription factors in the regulation of -lip, palate and
dentition development [94-97].

Multiple disruptions in development of a number of body tissues including the
dental lamina result in frequent occurrences of dental anomalies together with and
several other visceral and skeletal anomalies in CLP children [41, 98, 99].

This has led to several studies investigating the presence of dental anomalies in
parents and siblings of CLP children, of which, the results have been conflicting to
date. Both Jordan et al. [53] and Schroeder and Green [54] reported a higher than
normal frequency of occurrence of dental anomalies in the siblings of affected CLP
individuals than in the general population. More recently, Eerens et al. reported
significantly higher frequency of hypodontia and asymmetric tooth formation in
both cleft and unaffected sibling groups compared with normal controls [41].

On the other hand, Woolf et al. observed that the incidence of maxillary lateral
incisor abnormalities in parents’ dentition was similar to non-cleft controls [58].
Mills et al. demonstrated no significant differences in the oral and facial defects
between cleft and non-cleft families [59].

Anderson and Moss similarly found no evidence to suggest that parents of CLP
children have a higher incidence of dental abnormalities than the general popula-
tion and suggested that the genes carried by the non-cleft parents of CLP cases
do not produce dental manifestations [60]. This could be because the genetics of
odontogenesis is complex and is influenced by many factors, genes, epigenetics, and
environmental factors [60, 100, 101].

4, Conclusion

It has been well-documented in the literature that CLP patients often present
with delayed dental development and tooth eruption, asymmetric tooth formation
and dental anomalies like hypodontia, supernumerary teeth, malformed or missing
lateral incisor at the cleft region. However, there are minor controversies regarding
gender differences, teeth most commonly affected, and differences in the develop-
ment of maxillary and mandibular teeth.

The coming together of genetic, epigenetic and environmental factors seem to
play an important role in the sequential pathway of orofacial and dental formation.
Cell differentiation, proliferation and migration, as well as timing and fusion impact
on the development of the lip, palate and dentition. Perturbations in the highly
orchestrated mechanisms result in orofacial, dental and systemic organ defects.
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Further studies are needed to link the dental characteristics of relatives of CLP
patients as well as the molecular network that define and regulate orofacial and
dental development. With new knowledge from research to bridge these gaps,
effective strategies can be derived to prevent or rescue cleft defects and associated
multi-system maldevelopment.
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Chapter2

Orthodontic Management of Cleft
Lip and Palate Patients

Geetanjali Sharma

Abstract

Patients with a cleft palate and or lip often require complex long-term
orthodontic treatment, often in combination with a number of other specialists
including maxillofacial surgery in order to produce a good facial appearance,
with an esthetic, functional and stable occlusion. This chapter will specifically
introduce the role of the orthodontic consultant in the management of the cleft lip
and palate patient at multiple stages of their dental development and growth. The
orthodontic burden of care for these patients is high and the duration of treatment
will depend on the diagnosis and pattern of jaw growth and need for orthognathic
surgery.

Keywords: orthodontist, role, cleft lip, cleft palate, management

1. Introduction

The orthodontic burden of care for patients with cleft lip and/or palate is
significant as patients will often present with numerous variations and complica-
tions in their skeletal, dental and medical/behavioral presentation compared to the
non-cleft patient.

1.1 Skeletal presentation

There are well established differences in growth patterns and dimensions among
cleft patients. The growth and form of the maxillary arch may be affected in the
vertical, antero-posterior and transverse dimensions leading to a dental malocclu-
sion as a result of the severity of the initial cleft deformity and the growth response
to the primary surgery [1].

Antero-posterior sagittal problems: the cleft lip and palate patient will often pres-
ent with a Skeletal III base owing to maxillary hypoplasia as a consequence of scar
tissue which can restrict the growth of the maxilla in the forwards and downwards
direction.

Transverse problems: a narrow maxilla is a common finding in affected patients
owing to a lack of boney development. Scar tissue from previous palate repair can
also constrict the growth of the maxilla in the transverse plane.

Vertical problems: vertical deficiency is a common finding and can be coupled
with an occlusal cant in the palatal plane, excessive freeway space and altered
mandibular posture.
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1.2 Dental presentation

About 94% of cleft patients have at least one dental anomaly [2] and can present
with one or more of the following features:

* congenitally missing teeth especially the upper laterals (50%);
* presence of natal/neonatal teeth;

* presence of supernumerary teeth (20%);

* ectopic eruption or impaction of teeth;

* delayed dental eruption;

* anomalies in tooth morphology, e.g. fused teeth;

* anomalies in tooth size, e.g. microdontia;

* enamel hypoplasia;

* poor oral hygiene leading to caries and periodontal disease;

* posterior and anterior cross bites;

* deep overbite/openbite;

* centerline discrepancies; and
* dentoalveolar disproportion, e.g. crowding/spacing.
1.3 Medical/behavioral presentation

Cleft lip and palate patients may present with numerous behavioral/
medical conditions that can influence orthodontic management. Unfavorable
behavioral characteristics can lead to poor oral hygiene and co-operation with
orthodontic treatment. Medically, patients may also exhibit neuromuscular
anomalies, mental retardation, frequent upper respiratory infections and
enlarged adenoids/tonsils. Cleft lip and palate patients may also present with
associating syndromes. Associating syndromes with autosomal dominant
inheritance include Van der Woude syndrome, Apert syndrome, Treacher
Collins syndrome, Cleidocranial syndrome, Ectodermal dysplasia, Pierre Robin
sequence and Stickler’s syndrome. Roberts syndrome, Christian syndrome and
Meckel syndrome are also examples of syndromes with autosomal recessive
inheritance patterns.

As a consequence of the above, cleft patients are seen multiple times by an
orthodontist from a young age to monitor their dental development and jaw growth.
The majority of patients will require orthodontic intervention at various stages
extending from presurgical nasoalveolar molding as a baby to orthodontic prepara-
tion before alveolar bone grafting in the mixed dentition to alignment of the upper
arch once the permanent dentition is established. Patients may undergo a second
course of orthodontic treatment on cessation of jaw growth to either camouflage an
underlying skeletal discrepancy or in preparation for orthognathic surgery.
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2. Integrated care pathway

Management of the cleft lip and or palate patient is a multi-disciplinary
approach involving a number of health care professionals illustrated in Figure 1.

All members of the multi-disciplinary team are deemed to be equally important
and it is prudent that they all work in tandem with each other to ultimately improve a
patient’s appearance, speech and function.

The orthodontist is involved in the management pathway at a number of differ-
ent stages:

2.1 Ante/post-natal stage

Occasionally, an orthodontist is involved prior to the birth of a baby if
a cleft lip and or palate is diagnosed on a 20 week scan. Ultrasonography is a
noninvasive diagnostic tool which is widely used. The unexpected finding is a
considerable psychological blow to parents and counseling is often necessary. In
a district general hospital an orthodontist may be called to counsel the parents
on the process and subsequently pass on the details to a hub cleft lip and palate
Centre.

Postnatally the orthodontist may be required to continue to provide support
and counseling to the parents. Additionally, the orthodontist may be involved in
the identification of syndrome related conditions and congenital disorders. Cleft
patients may also be born with mobile natal teeth which require assessment and
possible extraction.

Oral &

o Maxillolacial,
Paediatrician plastic and
ENT surgeans
Spoech and
language
therapisis
[5aLT)
Tearn
coordinater i
Auditary cton
phrsicion Practioner
: [GDF)
Specialist f Faediatric
Auries — dentist
P ..l‘\
Paycholagist

Figure 1.
Hllustrative diagram of members involved in the multi-disciplinary management of cleft lip and palate
patients.
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2.2 0-6 months

Between 3 and 6 months lip repair is usually carried out by the cleft surgeon.
Prior to lip repair an orthodontist may be involved in a phase of oral orthopedics
to align the displaced cleft segments termed presurgical orthopedic treatment.
Presurgical orthopedic treatment has been used since 1950. The earlier techniques
focused on elastic retraction of the premaxilla using adhesive tape binding. In 1950,
McNeil introduced the use of a series of plates to actively approximate the alveolar
segments into the desired position which was developed by Burston who popular-
ized the technique [3]. Thereafter, Georgiade and Latham introduced a pin retained
active appliance to retract the premaxilla and simultaneously expand the posterior
segments over several days [4]. Another example of an active appliance includes the
DiBiase plate which uses an active coffin spring. Passive appliances aim to allow the
segments to grow without the tongue being in the way. The use of passive orthope-
dic plates to align the cleft segments was described by Hotz in 1987 in response to
controversy associated with active retraction of the premaxilla [5].

Fabrication of molding plates involves taking a heavy bodied silicone impression
within the first week of birth. The impression is taken by inserting the impression
tray whilst the infant is held upside down. This technique minimizes blockage of the
airway by the tongue, impression material and oral fluids [6]. A dental stone model
is then fabricated after which, the laboratory technician then obturates the cleft
space and blocks out the undercuts with wax. Laboratory technicians may use a
variety of methods to construct the molding plates. One technique involves approx-
imating the segments on the model before an active plate is fabricated over this.

In the case of a passive appliance the impression is taken and plastered out but the
model is not cut prior to fabricating the passive plate over this. The molding plates
usually have a minimum thickness of 2 mm, and should be relived in the region of
the frenum, suitably adjusted distally and smooth around the edges. An emergency
airway hole of approximately 6 mm in diameter is made on the palatal surface of
the molding plate and positioned 8 mm from the posterior border to assure a patent
airway in the instance of plate dislodgement. Retention buttons/arms are then
added and positioned at the junction of the cleft segments and vertically at the
junction of where the upper and lower lip rests. Appliances are secured extra orally
to the cheeks and bilaterally by surgical tapes. Approximately 100 grams of force
can be applied to an active plate through a combination of screws and or elastics
that are extended from the retention arms/buttons and stretched approximately
two times their resting diameter for an appropriate activation force. Active appli-
ances should be reviewed weekly to modify the acrylic plate and gradually approxi-
mate the alveolar segments and reduce the size of the cleft. This is often achieved by
removing acrylic resin in areas where alveolar segments are to move and application
of soft liner in areas where alveolar bone is to be reduced. Following a few visits,
parents are often instructed to place tapes to approximate cleft lip segments to the
base of the nose extending from the non-cleft side to the cleft side [7]. It is impor-
tant to note that lip strapping is seldom done in the UK and only considered for
wide bilateral clefts. Objectives include elongation of the columella, expansion of
the cleft nasal mucosa and improvement of nasal tip symmetry.

Occasionally, a nasal stent component is incorporated into the plate once the
width of the alveolar gap is reduced to around 5 mm. The stent is made up of 0.36
inch round stainless steel wire and adopts the shape of a ‘Swan neck’. The stent
is attached to the labial flange of the molding plate. It extends forward and then
curves backwards entering 3—4 mm past the nostril aperture where the stent is
curved back on itself to create a small loop for retention. Hard acrylic is applied to
the wire armature followed by soft acrylic to create a bi-lobed structure. In the case
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of bilateral cleft lip and palate cases there will be two retention arms and two stents.
Following the addition of nasal stents nonsurgical lengthening of the columella can
be commenced by introducing a horizontal band of soft denture material which
joins the left and right lower lobes of the stents and spans the base of the columella.
Tape is then attached to the prolabium under the horizontal lip tape and stretches
downward to engage the retention arms with elastics. The vertical pull works in the
opposite direction to the upward force applied to the nasal tip by the stent and helps
to lengthen the columella [7].

The benefits of presurgical nasoalveolar molding (PNAM) have been debated
but Scott’s cartilaginous theory and Moss functional matrix theory suggests that by
creating a normal functioning environment for normal growth it in turn:

* allows better feeding;

* allows the segments to grow without tension;

* postures the tongue away from the palatal shelves;

* allows the lip and nose repair to heal without pressure;

* facilitates better speech;

* reduces likelihood of choking; and

* yields psychological benefit for the parents.

Reported disadvantages/complications include:

* interference with growth;

* delaying surgery;

e risk of infection;

* occlusion of the airway;

* risk of ulceration/candida infection under a plate; and

* development of skin sores from the tape.

The evidence for PNAM with plates is not conclusive due to limited long
term results with some studies indicating that nasoalveolar molding is efficient
at reducing cleft width and improving nasal shape and symmetry in uni- and
bilateral clefts [8]. A randomized control trial (RCT) which looked at the effects
of passive plates on feeding, archform, maternal satisfaction and cost effective-
ness found no difference with any of the above [9]. A study by Maserai also found
no difference in unilateral cleft lip palate cases [10]. Shaw et al., conducted a
RCT and found no effect on feeding and the trial was stopped midway [11]. Most
surgeons however, would agree that their chance of achieving a finer surgical scar,
good nasal tip projection, and more symmetrical and precisely defined nasolabial
complex would be better in an infant who presents with a smaller cleft deformity.

Therefore, PNAM can be an adjunct to facilitate surgical repair in infants with
cleft lip and palate.
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2.3 Early mixed dentition

It is not uncommon for patients to develop a crossbite as the incisors start to
erupt. If it is associated with displacement of the lower jaw, tooth wear /fremitus of
the opposing dentition than an orthodontist can fabricate a simple upper removable
appliance to procline the upper incisors and push them out of an anterior crossbite.
Alternatively, a sectional fixed appliance can be used. Care must be taken to ensure
that incisors positioned close to the cleft site are not moved out of the alveolar bone
as there is typically very thin bone covering these teeth on the cleft side.

If a dental cross bite is not related to a mandibular shift, it is advisable not to
perform any palatal expansion at this early stage due to:

* risks of widening a pre-existing oro-nasal communication;
* high risk of relapse due to palatal scarring; and

* long retention period that that will be required which can burn patients
compliance and impede oral hygiene.

Patients should be seen on a regular basis, usually on a 6 monthly basis to moni-
tor dental development, continue to motivate the family, reinforce oral hygiene and
dietary advice and generate a good relationship and rapport with the patient and
family. Orthodontic dental records including radiographs, photos and study models
should be taken regularly after the eruption of the upper permanent incisors to
detect teeth that may be positioned in the cleft area and to ascertain whether there
is congenital absence of the lateral incisor.

2.4 Late mixed dentition

At this stage a patient may require an autogenous alveolar bone graft which
offers a number of benefits:

1.additional bone support for unerupted teeth and teeth adjacent to the cleft
which will improve their periodontal support;

2.closure of oronasal fistulae;

3.support and elevation of the alar base on the cleft side which will help to
achieve nasal and lip symmetry;

4. construction of a continuous arch form and alveolar ridge which in turn will
allow the orthodontist to move teeth bodily and upright roots on the cleft side.
Additionally, a more continuous archform will enable a prosthodontist/
surgeon to provide a more esthetic and hygienic prosthesis when teeth are
missing; and

5.stabilization and or repositioning of the premaxilla in patients with a bilateral

cleft.

The timing of a secondary alveolar bone graft largely depends on dental devel-
opment than chronologic age. This usually takes place prior to the eruption of the
upper permanent canine tooth when its root is approximately two-thirds formed.
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This generally occurs between 9 and 10 years of age. On rare occasions a graft may
be placed at an earlier age to improve the prognosis of a lateral incisor.

Most cleft patients will present with a narrow V-shaped upper archform hence,
prior to receiving an alveolar bone graft expansion of the segments that make up the
upper archform may be required by the orthodontist to improve access for surgery
to allow maximum boney infill. Prior to starting active expansion an upper anterior
standard occlusal radiograph, long cone periapical radiograph or CBCT of the cleft
site should be considered to assess the volume of bone. There is no universal proto-
col for maxillary expansion prior to secondary alveolar bone grafting and a number
of methods can be used to achieve expansion which include:

1. removable appliances—these can be used to correct an anterior cross bite and
simultaneously expand and correct a posterior cross bite but are less popular
for cleft patients as removable appliances can impede existing speech problems;

2.rapid maxillary expansion appliances—a number of designs can be used pend-
ing the type and amount of expansion that is required. The Hyrax appliance is
useful when parallel expansion is required. Fan expansion screws can be used
when larger expansion is required anteriorly; and

3.a fixed quad-helix/tri-helix appliance—these appliances provide controlled
force application.

The expansion once commenced, should be monitored closely. The cleft sur-
geon and orthodontist must work in tandem to determine the anatomical limits
of presurgical maxillary expansion. This is prudent to avoid overexpansion and
development of an oronasal fistula that is beyond the limits of surgical closure.
An upper anterior standard occlusal radiograph should be taken and reviewed by
the orthodontist and cleft surgeon to assess whether enough expansion has taken
place (Figure 2). Thereafter, the archform should be maintained with a simple
upper removable appliance or trans-palatal arch. It is important to note that any
primary teeth in line of the cleft should usually be removed a minimum of 3 months
in advance of any planned alveolar bone graft to allow repair of the soft tissues.
Supernumerary teeth can be extracted closer to the time of alveolar bone graft.

Three to six months post ABG, a postoperative CBCT or upper anterior standard
occlusal radiograph should be obtained to confirm the outcome of the surgery
which is generally considered satisfactory when sufficient volume of remodeled
bone tissue is present. The orthodontist should monitor the developing dentition
and eruption of the canine for a minimum of 3-6 months before moving teeth into
the new bone.

2.5 Early permanent dentition
Orthodontic treatment at this stage may be conducted to:
* relieve crowding;
* facilitate the eruption of the canine tooth with or without surgical exposure
and bonding of the tooth if it has failed to erupt through the alveolar bone

graft after a minimum of 6 months;

* attempt correction of a developing Skeletal III relationship;
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Figure 2.
(a) Pre- and (b) post-expansion upper anterior standard occlusal vadiographs demonstrating successful
expansion prior to a planned alveolar bone graft.

* align the dentition;
¢ dental centre-line correction; and
* space closure.

Comprehensive correction of the malocclusion via orthodontic camouflage
will be dictated by the extent of the underlying skeletal discrepancy and the likely
effect of any future lower jaw growth. In cleft lip and palate patients the mandible
is often unaffected and will grow normally, however, growth of the maxilla is often
restricted in the forwards and downwards direction compared to the non-cleft
patient [12]. Scar tissue from previous hard palate repair is thought to disturb
growth of the maxilla leading to a short/hypoplastic maxilla and a Class III maloc-
clusion [13]. Fibrosis can strip the periosteum and also affects antero-posterior, ver-
tical and transverse growth. One option is to consider orthopedic correction during
the early mixed dentition at ~7-9 years of age. This treatment option is generally
limited to patients with a maximum negative overjet of 4-5 mm [14]. Orthopedic
correction of a short maxilla in the cleft lip and palate patient would involve the
use of protraction facemask therapy with forces in the range of 300-500 grams per
side over 10-12 hours/day. Stability of this treatment is questionable due to counter
pressure of a tight lip on the maxilla and scarring in pterygomaxillary region after
extensive tissue mobilization for palatal closure. Reported success of this treatment
varies with one study reporting an average of only 1.3 mm of maxillary protraction
in Class III patients with unilateral cleft lip and palate [15]. Success rates reduce as
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the patient ages. Long term results of early protraction appear to be only temporary
which often have to be readdressed during late adolescence with retreatment [16].
To that end, if the patient is growing unfavorably and developing a significant class
III incisor relationship and skeletal pattern then fixed appliance treatment should
also be delayed until the patient has completed their jaw growth to coincide with
any planned orthognathic surgery. However, fixed appliance orthodontic treat-
ment can be carried out and limited to the upper arch to relieve crowding, align

the dentition, dental center-line correction and or facilitate the eruption of canine
teeth whilst lower jaw growth is monitored, and in attempting to achieve the above
objectives extraction of a maxillary premolar or lateral incisor on the non-cleft side
may be indicated.

2.6 Late permanent dentition

Once the patient reaches adulthood the cleft patient should be reassessed with
full diagnostic records. At this stage the outcome of previous orthodontic, hard
or soft tissue surgery and speech therapy should be examined. If a cleft patient in
the permanent dentition presents with no skeletal deformity then management
of the dental malocclusion is not dissimilar from that of a non-cleft patient. For
example patients with isolated clefts of the lip and alveolus or clefts of the soft
palate may be amenable to fixed orthodontic treatment alone. The dental maloc-
clusion may be limited to mild anterior or posterior crossbites, rotated teeth and
missing lateral incisors in the cleft site. Mild crossbites can be managed through
archwire expansion/quadhelix appliance. Where a patient presents with miss-
ing lateral incisors a decision needs to be made with a prosthodontist to either
close the spacing or redistribute space for a future prosthetic replacement. This
decision is usually based on patient wishes, esthetics, position of the molar teeth
and dental centerline and financial considerations. If a decision is made to open
space, during active orthodontic treatment the space can be maintained with
the use of a pontic tooth that contains a bracket and is ligated to the archwire.
Once facial growth is complete, a single tooth implant can be placed. If space
closure is planned the permanent canine will need recountering on the incisal,
labial, mesial, distal and lingual surfaces either during or after active orthodontic
treatment. A lateral incisor bracket should be bonded on the canine tooth more
gingivally, to bring the gingival margin down and level to the adjacent incisor.
Additionally, the first premolar which will adopt the canine position will also
need recountering.

Patients presenting with mild skeletal discrepancies, minimal concerns about
facial esthetics and no strong family history of mandibular excess can also be
treated via orthodontic dental compensation. However, patients should be warned
that any correction may be compromised if the patient continues to exhibit man-
dibular growth.

Most patients will present with a moderate to significant Class III incisor and
skeletal relationship due to maxillary hypoplasia however, the need for orthognathic
surgery will depend on patient wishes/concerns as well as function and esthetics.
Patients who are happy to consider orthognathic treatment should be planned for
carefully with an Oral and maxillofacial surgeon or plastic reconstructive surgeon.
Timing is crucial. A restorative specialist may be involved to examine the need for
implants, crown or bridgework as part of the overall plan as with the cleft patient
who is treated via orthodontic camouflage.

Presurgical fixed appliance treatment is carried out by the consultant orthodon-
tist to decompensate the labial segments, level and align the arches and coordinate
the dental arches for a stable occlusal outcome. Where multiple segment maxillary
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osteotomies are planned bracket positions should be altered for teeth adjacent to the
osteotomy site. A careful evaluation of the cleft site should be made prior to presur-
gical orthodontics. Snap impressions should be taken periodically to assess whether
the presurgical aims have been achieved prior to definitive surgical planning with the
maxillofacial/cleft surgeons. The severity of the skeletal pattern will dictate whether
a patient will only require a maxillary Le Fort I advancement or bimaxillary surgery.
It is important that patients undergo special investigations to determine the effects
of any maxillary advancement on the patient’s speech prior to planned surgery.
Where maxillary advancement is expected to exceed 6 mm, bimaxillary surgery
may need to be considered to minimize the risk of developing complications related
to speech, maintenance of a vascular supply and development of oronasal fistulas
[17]. Alternatively, an orthodontist may be required to carry out internal or external
distraction osteogenesis to reduce the impact on speech if big surgical movements
are deemed necessary in patients with marked maxillary hypoplasia. Since distrac-
tion osteogenesis and midface advancement usually takes place at a rate of 1 mm/
day, changes in velopharyngeal competence can be monitored during the advance-
ment. Distraction can be carried out with internal distraction devices or via the use
of arigid adjustable external distractor which was described in 1997 by Polley and
Figueroa [18]° Compliance with internal distraction devices are better but are limited
in their use. External devices allow the clinician to change the vector of skeletal
correction during active distraction. The general principles of distraction involve a
period of latency of 5-6 days after a Le Fort I osteotomy is performed after which
the appliance is activated at the rate of 1 mm/day. The patient should be monitored
closely until the desired outcome is achieved. Inter-arch elastics can be incorporated
to help direct the correction. Once the desired correction has been achieved with the
distraction device a consolidation period of approximately 8 weeks is required to
allow bone healing prior to carrying out post distraction orthodontics.

Postoperatively, the orthodontist should see the patient weekly to support the
surgical treatment via the use of inter-maxillary elastics and settling archwires.
Relapse of the surgical correction is more common in the cleft lip and palate
patient and is important to monitor post operatively. Surgical techniques such as
over correction, complete mobilization of the maxilla followed by rigid fixation,
use of bone grafts and or a tension free advancement can help minimize relapse of
the corrected position.

On completion of orthodontic treatment all patients should have a retention
regime prescribed and should be reviewed for a prolonged period of time since
patients may continue to require revision surgery for their soft tissues, pharyn-
goplasty and complex restorative treatment including bridge, crown or implant
treatment. Scarring from previous cleft palate surgery can affect the stability of the
corrected malocclusion therefore, if the patients’ oral hygiene permits a fixed retainer
may be deemed most appropriate coupled with removable Hawley style retainers to
help maintain any transverse expansion and general alignment of the dentition.

In patients that present with associating craniofacial syndromes the general
principles of combined orthodontic and orthognathic surgery still apply. These
patients can also be intercepted at an early stage for the provision of a functional
appliance/distraction osteogenesis.

3. Conclusion
This chapter has focused on the orthodontic aspect of cleft lip palate (CLP)

treatment. However, it should be noted that management is multi-disciplinary
involving a number of specialists including the oral and maxillofacial surgeons,
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cleft surgeons, ENT surgery, restorative and pediatric dentists, plastic surgeons,
psychologists and speech therapists, etc. It is important for the orthodontist to com-
municate well with all these specialists in the management of CLP patients to allow
for timely management. Additionally, it is prudent that the parents and patient are
motivated for complex and elongated orthodontic management and maintenance of
a high standard of dental health throughout treatment.
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Abstract

Children born with cleft lip and palate in low- and middle-income countries
(LMICs) have limited access to surgical care and suffer substantial morbidity as
aresult of delayed treatment. Charitable organizations have sought to tackle this
problem through high-volume surgical missions, but these efforts have been fraught
with high rates of complications and variable esthetic results. Over the past decade,
Operation Smile (OS) has placed considerable emphasis on improving the qual-
ity of care delivered to patients in LMICs. By establishing an outcome evaluation
program among other interventions, OS has achieved measurable improvements
in complication rates and post-operative follow-up. The founding of the Guwahati
Comprehensive Cleft Care Center in India has been pivotal to the success of OS’s
work in this field and is the evidence of the impact that an optimized model of
care delivery can make. Here we describe OS’s efforts to improve the quality of care
delivered to patients in LMICs with a focus on the organization’s work in India.

Keywords: cleft lip and palate, low and middle-income countries, global surgery,
models of health care delivery, quality improvement

1. Introduction

Clefts of the lip and palate are among the most common congenital deformities,
occurring in about 1in 500 to 1 in 1000 births worldwide [1]. In many areas of the
world, the number of patients with clefts far exceeds the capacity of the healthcare
system to treat them. Consequently, only a fraction of the affected population
receives treatment, resulting in a global backlog of over 600,000 untreated patients,
with 72,000 in India alone [2]. Clefts of the lip and palate can have devastating con-
sequences. Children with cleft palate have difficulty with speech and feeding, which
can lead to malnourishment and developmental delay [3, 4]. Children with cleft lip
face social stigma and often have lower levels of education and greater unemploy-
ment compared to their peers, despite having normal intellectual capacity [5-7].

The global response to this problem over the past several decades has been
immense. Charitable organizations have provided more than 1 million free cleft
repair surgeries and trained local surgeons to perform these procedures [8].
Historically, the success of these outreach efforts has been measured by the number
of patients served, and little emphasis has been placed on the quality of care deliv-
ered. Research related to surgical missions is needed but seldom performed, often
due to limited funding, manpower, and time [9, 10]. The logistical challenges of
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locating former patients, varying degrees of patient compliance, and coordinating
follow-up with local providers have also been noted as barriers [11, 12].

What little data that exists indicates that cleft mission work in low and middle-
income countries (LMICs) has at times been associated with poor outcomes [8].
Complication rates following cleft palate repair in these settings often approach
30% and follow up rates are understandably much lower than at tertiary care
centers in developed nations [13, 14]. In order to bridge this gap, thoughtfully
designed quality improvement measures must be implemented, and outcomes must
be tracked over time to prove the efficacy of these interventions. Recently, various
groups have contributed to a growing body of literature related to such efforts, and
some substantial improvements have been reported [13, 15, 16].

In this chapter, we discuss Operation Smile’s quality improvement efforts in
global cleft care during the past decade and review their impact on measured
outcomes. Operation Smile (OS) is an international not-for-profit organization that
has provided hundreds of thousands of free cleft lip and palate surgeries to patients
in LMICs since 1982. The organization has placed an emphasis on optimizing
patient care through research and maintains electronic medical records and photo
documentation for all treated patients. By analyzing data collected from missions
and cleft centers, OS has been able to implement standardized protocols and quality
control mechanisms that have resulted in decreased complications and increased
access to cleft care in LMICs.

2. Models of cleft care delivery

Charitable foundations have supported cleft missions to LMICs since the late
1960s. Early efforts followed a vertical model of care delivery in which teams are
sent to underserved regions for short-periods of time to provide surgical care. This
model has often been criticized for its emphasis on patient volume over quality, and
for its inherently limited provision for post-surgical follow up [8]. Other criticisms
include the marginalization of local providers whose welfare may be threatened
by foreign aid, and the use of missions as a training ground for surgeons with little
experience in cleft lip and palate repair [17]. Despite these criticisms, cleft missions
have been an impactful mean to serve a large number of untreated patients and are
essential in parts of the world where cleft care is otherwise nonexistent.

A horizontal model of care delivery focuses solely on building local capacity
by partnering with area institutions and equipping them to become autonomous
centers for comprehensive cleft care. This is accomplished through long-term
financial commitments and by providing training to local surgeons, with the goal
of ultimately making foundational support obsolete. The horizontal model has been
effective in many LMICs, with substantial disability-adjusted life years (DALYs)
averted in a cost-effective manner [18, 19]. However, the success of this model
hinges on extended periods of investment from charitable organizations, as well as
from individual providers, and this limits the scope of this strategy. Additionally,

a horizontal program can only be initiated in regions where a care system already
exists. Thus, in the most remote areas of the world, surgical missions are still a
necessity.

A broadly applicable yet effective strategy for cleft care in LMICs should mobi-
lize surgical missions while simultaneously working to increase the capacity of the
local healthcare system, and this has been termed the diagonal model of healthcare
delivery (Figure 1) [20]. In the state of Assam, India, this model has been utilized to
develop a sustainable, high-volume cleft care center that emphasizes empowerment
of local providers and continuous quality improvement.
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Surgical Missions

Build Capacity

Figure 1.

In the diagonal model of cleft care delivery, surgical missions are mobilized while simultaneously initiating
efforts to increase local capacity. Missions serve as a bridge to the ultimate goal of transitioning cave to local
surgeons.

In 2009, OS began missions to Guwahati, a large city in the state of Assam in
India. After seeing the outsized burden of untreated clefts in this region, OS part-
nered with the state government of Assam and with Indian charitable foundations
to establish the Guwahati Comprehensive Cleft Care Center (GCCCC) [21]. GCCCC
is a surgical specialty hospital dedicated to providing the full spectrum of cleft care
to patients who otherwise would not have access to it [22]. Since its opening in 2011,
GCCCC has treated over 16,000 patients, while providing a center of operations for
follow up and outcomes evaluation [23]. One of the initial goals of GCCCC was to
provide training to local providers, and the center is now led entirely by local staff
representing plastic surgery, oral surgery, orthodontics, speech pathology, psychol-
ogy, and nutrition.

Two large missions were held in Guwahati prior to the opening of GCCCC,
and this period of transition provides a unique opportunity to compare outcomes
between a mission-based model of care delivery and a center-based model. In order
to evaluate differences in complications, we performed a retrospective review
of 3419 consecutive patients who underwent cleft lip repair and 1728 consecu-
tive patients who underwent cleft palate repair with OS over a 4-year period
(2010-2014) [13]. Our results show that early complication rates decreased for both
cleft lip and cleft palate repairs with the transition to center-based care at GCCCC
(p < 0.05) (Table1). For cleft lip repairs, complication rates (infection, wound
dehiscence) decreased three-fold from the initial mission, and for cleft palate
repairs, complication rates (bleeding, flap necrosis, dehiscence, fistula formation)

Dec 2010 mission Jan 2011 mission GCCCC Y4
No. cleft lip repairs 298 356 2765
Cleft lip complications 13.2% 6.7% 4% <0.05
No. cleft palate repairs 120 116 1491
Cleft palate complications 28% 30% 15.8% <0.05

Table 1.
Early complication rates after cleft lip and cleft palate repair in Guwahati during the transition from mission-
based care to center-based care.
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were halved. These changes are attributable to multiple factors, including the
presence of a permanent facility to provide systemized and chronological care,
standardized protocols, training of permanent staff in all disciplines, and evolution
of techniques over high volumes of cases.

GCCCC was designed from the outset to provide the highest level of care to the
people it would serve while integrating the local community into its operations. As
the center evolved, various quality metrics began to improve, and this is discussed
below. The success in Guwahati highlights the effectiveness of the diagonal model
of cleft care delivery, in which surgical missions are initiated with a concomitant
effort to build local capacity.

3. Patient-centered care

An effective model of care delivery emphasizes patient-specific needs, and an
essential component of such patient-centered care is an intimate understanding of
the socioeconomic environment and cultural background of patients’ communi-
ties. India represents one of the most apparent examples of the growing dichotomy
between the rich and the poor. India has the world’s 7th largest gross domestic prod-
uct but ranks 129th in the world with regards to overall standard of living [24, 25].
As of 2018, the per capita income in India was $2036, and severe disparities exist in
terms of income, literacy rates, life expectancy, and living conditions [24]. Access to
health care and health care literacy naturally succumb to the same disparities, and
this posed a substantial challenge to initial work in Guwahati.

OS conducted two cleft missions to Guwahati in December 2010 and
January 2011. During the first mission, it became apparent that there was
widespread patient and parent misunderstanding of post-operative instructions.
Instructions were given at the discretion of individual surgeons and pediatri-
cians, and patient understanding could not always be confirmed. In response, a
standardized, culturally-focused patient education program was initiated during
the second mission. Nurses provided individual and group teaching sessions to
patients and their parents, going over specific wound care, diet, and hygiene
instructions. Additionally, a standardized post-operative instruction sheet was
provided to all patients. The instructions were written in Assamese, the local
language, and dietary instructions pertained to specific foods that were com-
mon in the region. The form also included easy-to-comprehend pictographs for
illiterate patients (Figure 2).

Of the 220 patients who presented for early follow-up after the first mission,
3.7% had developed lip wound infection and 9.6% developed lip dehiscence. Of the
252 patients who presented for follow up after the second mission, 0.4% had infec-
tions and 6.4% developed dehiscence [26]. Logistic regression revealed that patient
education was the only covariate that contributed significantly to the decrease
in wound infection rates. This demonstrates the powerful impact of addressing
disparities in literacy and providing patient-centered care that accounts for commu-
nity-specific beliefs and practices.

Patient-centered care was also a cornerstone for the design of GCCCC. The
center was purpose-built to provide consistent and easy access to multi-disciplinary
care for patients with cleft lip and palate. The state-of-the-art facility includes a
modern operating suite with an open layout, sophisticated anesthesia and moni-
toring capabilities, central medical gases, and sterilization facilities (Figure 3).
Inpatient units were also designed to provide focused pediatric care, education,
and rehabilitation. The full breadth of cleft-relevant medical specialties is available

38



Optimizing Outcomes in Clefi Surgery
DOI: http://dx.doi.org/10.5772/intechopen.89882

/‘ﬁ OperationgPsrmde Operationg}smile £
T~ £R wyesw oy meeln T &
— e
i - TR T Lol b
i :m-\ﬁ:-:—ur;n# v e oy e ey e v e ey
Lt
i T p—— el e s ol s s
(e O 1 e T P A T
-la-:i-__:-:-;mmn-_-mn e e g el e g e e gty F i
W p e
- B o i e e i e
||_ﬁ:|- EI'E '|" = e el
e ity M T ST B B r g g e ey v
i b o e ﬁ
BT : &
5 Rl i o iy S gy W
e - ey m gy
Lol ]
* s e i e g I‘.m-ﬂm*
iod thpexiided smmpriogendon
".'...;-r.?;lﬁﬁ-ﬂu—- ﬁ @- . -h
" e e e S ——— iy e v e
e o e Fpr e ey o e e e e e
o Eaten app— o vy o e o v b b o e
e )
sl G i o P e o “lﬂ“‘.’
b % o ey ol s ot W
g gmp Frymsmey e Dgmr s e g ah g e
SHLAPDRONE D00 o Y PR 004 T ey o o e e e e et W O T Y R e

Figure 2.
Standavdized post-operative instructions were printed and provided to patients in the local language,
Assamese. Easy-to-understand pictographs were also included for illiterate patients.

Figure 3.
The Guwahati comprehensive cleft care Center was designed with a modern operating suite with an open
layout. This layout facilitates collaboration and teaching among the surgical team.

within the building, facilitating efficient interdisciplinary care for patients. Due to

the restraints of providing care in a resource-limited environment, patients under-
going cleft lip repair at GCCCC do not receive preoperative orthodontics. However,
post-operative care is provided in all specialties in a longitudinal manner.
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4. Operative and perioperative protocols

In-depth analyses of outcomes from cases completed during the first few years
of operation at GCCCC helped establish standardized protocols for the peri-oper-
ative and operative care of cleft patients, which is more widely applicable in India
and other LMICs. The cumulative effect of these protocols has been to decrease
rates of early complications following cleft lip and palate repair as reported in our
comparison of mission-based and center-based care. Protocols are supported by a
retrospective analysis of outcomes from a consecutive cohort of patients. Our group
analyzed rates of early surgical complications from 2062 patients who presented for
early follow up after primary cleft lip repair at GCCCC between 2011 and 2013 [27].
All patients received a single pre-operative dose of intravenous cefuroxime, and all
patients and families underwent an educational program for post-operative care.
Surgical technique was also standardized for the majority of cases (Mohler rotation-
advancement technique for unilateral cleft lip and Millard-Mulliken technique for
bilateral cleft lip). Malnourished patients were enrolled in a nutrition program and
were not operated on until they were considered fit for surgery. Overall, 4.4% of
patients developed an early complication (wound dehiscence and/or infection),
which represents a three-fold improvement from OS’ initial mission to Guwahati.
Logistic regression revealed that dehiscence was significantly associated with visit-
ing surgeons (surgeons who were at GCCCC for less than 6 months) (OR 2.64; 95%
CI1.61to 4.33; p < 0.001), complete clefts (OR 1.83; 95% CI 1.07 to 3.11; p < 0.05),
and bilateral clefts (OR 2.01; 95% CI 1.14 to 3.57; p > 0.05) (Figure 4). Our results
indicate that center-based care and standardized perioperative protocols can
improve outcomes in LMIC settings.

A separate analysis of 1408 patients who presented for early follow up after
primary cleft palate repair during the same period revealed an early complication
rate of 16.9% with a fistula rate of 13.6% [28]. Logistic regression identified cleft
type (Veau classification) (OR 1.52; 95% CI 1.27 to 1.81; p < 0.001), visiting status
of surgeon (OR 1.60; 95% CI 1.15 to 2.21; p < 0.01), and increasing patient age (OR
1.03; 95% CI 1.01 to 1.05; p < 0.01) as significant contributors to the development
of complications (Table 2). The results of these analyses collectively indicate that
complex cases should only be performed by providers with extensive experience in
treating the types of pathology seen in LMICs.

A subsequent study evaluated a subset of 512 patients who underwent cleft pal-
ate repair by 6 permanent staff surgeons at GCCCC [29]. The combined fistula rate
was 3.9%. Multivariate analysis revealed that Veau IV cleft palates had significantly
higher rates of early post-operative complications, but more importantly, that there
were no differences in complication rates among the 6 surgeons. The staff surgeons
at GCCCC were trained to follow the same foundational principles of cleft palate
repair. These includes adequate tissue mobilization for tension-free repair, delicate
tissue handling, and multi-layered palatal closure. The outcome of this study
validates the training received by the staff surgeons and emphasizes the importance
of standardization even in surgeon education.

An additional benefit of center-based care is that it provides the infrastructure
necessary for controlled research. Our group performed a prospective, double-blinded,
randomized, placebo-controlled study at GCCCC to evaluate the efficacy of extended
post-operative antibiotics following cleft palate repair in LMICs [30]. Five hundred
eighteen patients were randomized into two cohorts, one receiving 5 days of oral
amoxicillin and the other receiving only one pre-operative dose of intravenous cefurox-
ime. The incidence of early complications was reduced in the treatment group (8.7% vs.
13.8%), highlighting again the importance of tailoring care to the specific communities
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Figure 4.
Incidence of wound dehiscence after primary lip repair according to (A) surgeon status (visiting or permanent)

and (B) cleft type.

Covariate OR (95% CI) P

Cleft Type 1.516 (1.269-1.811) <0.001
Age 1.028 (1.010-1.045) <0.01
Surgeon 1.599 (1.154-2.214) <0.01

"Visiting versus long-term (>6 months of service at the center).

Table 2.
Logistic regression analysis of factors related to postoperative complications after primary palate vepair.

involved. While patients undergoing cleft palate repair in developed regions uniformly
receive only one pre-operative dose of antibiotics, the results of this study show that
patients in resource-poor settings with limited access to hygiene benefit from extended
antibiotic coverage. This is evidence that rigorous evaluation of outcomes from specific
populations helps shape best practices and ultimately improves outcomes.

Based on the data collected from these studies, OS has produced a set of evidence-
based recommendations for improving outcomes in cleft surgery (Table 3). These
principles continue to direct OS’s efforts to improve outcomes in resource-limited
areas all around the world.
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1. Implement standardized perioperative protocols for cleft lip and cleft palate.

Standardizing things means all doctors and nurses are doing the same thing and this translates into improved
patient understanding and compliance.

Cleft Lip [27]

* 1 dose pre-operative intravenous antibiotic before incision

* No post-operative antibiotics

* No tapes over incisions or other complicated dressings

¢ Oral hygiene including washing mouth after eating and brushing teeth twice a day

* Wash wound two times a day with clean water and blot dry

* Normal diet with soft foods, breastfeeding okay immediately

* No chewing tobacco, pan, etc. for older patients

Cleft Palate [28]

* 1 dose pre-operative intravenous antibiotic before incision

* 5 days of oral antibiotics post-operatively [30]

* May breastfeed immediately; liquid diet by syringe / spoon for 1 week; soft diet for three weeks

¢ Oral hygiene including washing mouth after eating and brushing teeth twice a day

* Nothing in mouth

2. Implement standardized patient education program that is taught to nurses then to patients and
families [26].

Teaching sessions are held on the ward after surgery before discharge where nurses go through all discharge
instructions and provide handouts in the local language with pictographs.

3. Higher risk patients should be done by the most experienced surgeons [28].

Cases to be performed by experienced surgeons

 Complete unilateral cleft palate

* Complete bilateral cleft palate

* Older patients

4. Educate surgeons about optimal techniques for successful outcomes [29].

Complications in cleft palate surgery are very closely linked to technique. Surgeons should be taught to
adequately mobilize all tissues for a tension-free repair. Delicate tissue handling is stressed.

Table 3.
Evidence-based recommendations for improving outcomes in cleft surgery.

5. Follow up

Post-operative follow-up is an indispensable component of any type of surgical
care. It is especially critical in cleft care as speech therapy is a necessary adjunct to
realizing the full benefits of palatoplasty. Additionally, longitudinal patient evalua-
tion is important when analyzing outcomes and quality improvement interventions.
Unfortunately, follow-up is also one of the most challenging aspects of patient care
in LMICs due to the time and financial burden placed on patients, as well as limited
access to transportation. In the early stages of operation at GCCCC, significant
barriers were noted to follow-up, necessitating a rethinking of the way follow-ups
were performed.

The District Outreach Follow-up and Speech Therapy (DOFAST) program
was started by GCCCC with the goal of bringing the follow-up to patients instead
of having them travel to the center. Small multi-disciplinary teams of providers
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were sent to outreach camps near patients living more than 200 km away if there
were at least 20 patients to be seen. When patients were evaluated at GCCCC, the
direct cost of transportation is covered by the center, but patients must still deal
with the indirect costs of travel such as time off from work. These indirect costs
are decreased with the DOFAST program, but the costs of staff travel, meals, and
lodging had to be covered by the center.

A prospective study was launched to measure changes in follow-up rates and
costs after the launch of the DOFAST program [14]. Questionnaires were also
completed by 195 patients (122 at GCCCC and 73 at DOFAST camps) to evaluate
expenses, time lost, and other patient-related variables. Patients who attended local
follow up had fewer accompanying family members, fewer days off work, less lost
income (Rs 143 vs. 367; p < 0.05) and lower direct costs (Rs 299 vs. 911; p < 0.05)
compared to patients seen at GCCCC. Post-operative follow-up visits increased
from 139 monthly visits (follow-up to surgery ratio of 0.722) to 363 monthly visits
(ratio of 1.57). Additionally, the average cost to the center per patient was lower for
local follow-up compared to follow-up at the center (Rs. 303 vs. 1100).

6. Esthetic outcomes

While complications following cleft lip repairs are widely reported in the
literature, esthetic outcomes are rarely assessed. Furthermore, esthetic outcomes
after cleft lip repair in LMICs are rarely, if ever, reported. The goals of any quality
improvement initiative are not only to reduce complication rates, but also to help
patients achieve the best possible esthetic result from their surgery. To that end,

OS started the Surgical Outcomes Program (SOP) which aims to critically evaluate
post-operative results after cleft lip repair using validated instruments.

The Unilateral Cleft Lip Severity Index was developed as a tool for analyzing
and categorizing unilateral cleft lip deformities according to the amount of lip
involved and the degree of nasal asymmetry (Figure 5) [31]. The severity index was
validated in a study measuring the inter-rater reliability of the tool when used by
both surgeon and laypersons. Twenty-five participants (10 surgeons and 15 lay-
people) evaluated 25 sets of pre-surgical photographs of unilateral cleft lip patients.
Inter-rater reliabilities for both groups were categorized as very good (ICC > 0.8).
The severity index is used in conjunction with the Surgical Outcomes Evaluation
Scale, which grades the esthetic outcome of a unilateral cleft lip repair based on the
symmetry of the nose, cupid’s bow, lateral lip, and free vermilion (Figure 6) [32]. A
similar validation study was performed for the outcomes evaluation scale in which
20 participants (9 surgeons and 12 laypeople) evaluated 25 sets of post-operative
photographs. Inter-rater reliabilities were 0.71 for surgeons and 0.82 for laypeople.
The validation of these tools for use by non-medical personnel is important as they
were designed to be used in resource-limited settings by mission teams composed of
a few surgeons and many non-medical personnel.

The Unilateral Cleft Lip Severity Index and Surgical Outcomes Evaluation Scale
are now utilized globally and provide feedback regarding outcomes to volunteer
surgeons as well as OS administrators with a relatively short turn-around time. In
order to aid in the interpretation of results, a retrospective study was performed
applying the severity index and outcomes evaluation scale to 1823 patients who
had undergone unilateral cleft lip repair by OS during missions in various countries
and at GCCCC [33]. The results of this study established a normative bell curve of
outcomes for each severity of unilateral cleft lip deformity (Figure 7). Based on these
normative values, a surgeon can see where his or her results fall in the range of results
for a given severity of cleft. Surgeons who fall on the upper end of the spectrum can
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Figures.
Criteria and examples demonstrating each of the 4 grades of the cleft severity index.
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Figure 6.
Each element is scored on a 3-point scale: 2 (excellent), 1 (mild asymmetry), o (unsatisfactory). The scores of
the 4 individual components are then summed for a total scove of o (lowest) to 8 (highest).

provide coaching to less experienced surgeons, and results that fall below a standard
deviation of the average can be investigated for root cause analyses.

The next steps in OS’s mission to provide the best quality care to cleft patients in
LMICs will be to use the cleft severity index and outcomes evaluation scale to study
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Figure7.
Bell curve of normative surgical outcomes evaluation scores for each of the cleft severities (1 through 4). Dotted
line represents the maximum possible scove.

whether certain interventions or models of care delivery improve esthetic outcomes
after cleft lip repair. The routine use of these tools in OS’s work around the world
provides a means of quality control and ensures that patients in LMICs receive the
same high level of care as patients in the developed world.

7. Conclusion

Cleft care in LMICs has grown tremendously over the past few decades through
the work of charitable organizations and individuals. However, complication rates
in this setting have historically been high, and much work is needed to improve the
quality of care delivered. Through outcomes analysis and a strong focus on patient-
centered care, it is possible to achieve substantial, measurable improvements in the
care provided to patients. OS’s work over the past decade is evidence that the diago-
nal model of care delivery can be effective. If charitable foundations are to improve
health care equity around the globe, they must work with the intention of building
capacity and transferring responsibilities to the local community. By emphasizing
research and continuous quality improvement, these organizations will continue
to make great strides toward making top-quality care accessible to every child born
with a cleft.
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Anesthesia Considerations in the
Perioperative of Patients with Lip
and Palate Length
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Abstract

There is a high risk of adverse events during anesthetic management in the
pediatric population mainly in children under 1 year of age and with greater vulner-
ability: those undergoing head and neck surgery for involving airway, specifically
patients who enter surgical correction of the lip and cleft palate. This pathology can
be related in a high percentage to isolated malformations without integrating a spe-
cific syndrome or be part of the more than 500 associated craniofacial syndromes
such as sequence Pierre Robin, Treacher Collins, and Goldenhar, among others; it is
also associated in up to 10% with some heart disease. Factors that are determinants
for anesthetic management have been identified in corrective surgery of the lip
and cleft palate related to the patient’s characteristics such as age and weight, his
medical history or associated comorbidities, and the surgical technique. As it is the
pathology with the highest incidence in facial malformations that requires surgi-
cal treatment, it is necessary to know the anesthetic management alternatives and
establish criteria in the different stages of the perioperative period from preanes-
thetic assessment to postanesthetic care, in order to provide planned approach
within the highest safety standards that reduce the risk of adverse events.

Keywords: craniofacial anesthesia and syndromes, anesthesia and cleft lip,
cleft palate anesthesia, facial clefts and anesthesia, perioperative management

1. Introduction

Anesthetic management in the pediatric population has a higher risk of adverse
events compared to the adult population, mainly in children under 1 year of age due
to the anatomical characteristics of the airway that predisposes them to difficulty in
ventilation and intubation [1-3].

In order to improve the safety of patients in the perioperative period, studies
have been carried out to establish risk factors. The second report of the pediatric
perioperative cardiac arrest (POCA) found respiratory complications as one of the
main causes of perioperative circulatory arrest [4], observing a high incidence even
in the absence of active upper respiratory infection and significantly impacting the
economy by increasing hospital stay and costs up to 30%. Laryngospasm, hypox-
emia, and bronchospasm were considered as the most common adverse events
related to anesthesia [4, 5].
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When attempting to identify patients with high risk, greater vulnerability was
observed in those undergoing head and neck surgery that involves airway and
specifically those of surgical correction of the cleft lip and palate [5-7]. The cleft lip
and palate is the most common craniofacial anomaly nomination in Latin America
whose incidence in Mexico.

Cleft lip and palate (CLP) is the most common craniofacial anomaly in Latin
America whose incidence in Mexico is 1 per 800-1000 live births registered with
great medical, psychological, and social repercussions [7].

It is defined as an elongated opening due to fusion failure between the lateral
and medial nasal processes with the maxillary process during the fifth to eighth
week of embryonic development, the severity of which is in relation to the percent-
age of interruption [8-10].

There are multiple classifications of orofacial clefts; due to their location, they
can be unilateral, bilateral, or midline, and by their description, they are complete,
incomplete, or submucosal, and according to structures, they involved the tip of
the nose, nasolabial groove, lips, gums, hard palate, soft palate, and uvula [9, 10].

The etiology is heterogeneous due to the interaction of genetic and environmen-
tal factors during the early stages of pregnancy such as exposure to tobacco, alcohol
consumption, nutritional deficiencies, viral infections, and exposure to phenytoin-
like teratogens, valproic acid, thalidomide, and herbicides [8, 11]. Prenatal diagno-
sis of cleft lip can be performed reliably in the 18-20 weeks of gestation, while the
cleft palate is difficult to identify before birth [10].

Bibliographic reviews based on advances in medical technology agree that
although surgical repair of cleft lip and palate is not an emergency, it should be done
at an early age; the objective is to favor dentition and the development of hearing
and language and reduce the incidence of respiratory infections by offering better
esthetic and functional results that impact on the quality of life at an individual,
family, and social level, with a low morbidity rate and zero mortality [7, 9, 12].
Primary repair of cleft lip and tip of the nose is performed around 3 months of age
and that of cleft and maxillary palate at 9-12 months of life [13, 14].

Patient Comorbidities Surgical Anesthetic Postoperative
characteristics management management management
Age Associated Surgical Anesthetic Presence of bleeding
syndromes (Pierre technique technique
Robin, Treacher,
Goldenhar)
Weight Pneumopathies Procedure Induction type Pain management
duration
Type of defect Heart disease Airway Airway edema
management
Recurrent Endotracheal Nausea and vomiting
respiratory tube used postoperatively

tract infections

Mishandling of Maintenance Postoperative
secretions agitation
Anatomical Extubation

predictors of technique

difficult airway

Table 1.
Factors to consider for the perioperative approach of patients with CLP,
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Surgical treatment of fissures is a challenge for the plastic or maxillofacial
surgeon and for the anesthesiologist. As a historical background, the first refer-
ences on the management of cleft lip and palate date back to 1847 with John Show
who used chloroform as an anesthetic in the repair of lip fissures in 147 patients
aged 3-6 weeks; in The Lancet magazine of 1850, the cleft lip and palate closure is
mentioned in a 7-year-old male with 1-week interval between surgeries, and Magill
in 1921 used a catheter for the first time endotracheal with the advent of halothane
and the piece in “T” [13].

It is currently known that there are determining factors for anesthetic management
in corrective surgery of the lip and cleft palate related to the characteristics of the
patient, his medical history or associated comorbidities, and the surgical technique.

As it is the pathology with the highest incidence in facial malformations that
requires surgical treatment, it is necessary to know the anesthetic management alter-
natives and establish criteria in the different stages of the perioperative period from
preanesthetic assessment to postanesthetic care, in order to provide planned approach
within the highest safety standards that reduce the risk of adverse events (Table 1).

2. Preanesthetic assessment
Within the preanesthetic assessment of patients with CLP, it is mandatory to know:
a.Demographic characteristics such as age, sex, and weight.

b. Variety of pathology presentation: cleft lip, cleft palate, cleft lip and palate, and
cleft palate with fistula.

c. Presence of difficult airway predictors for interrogation and physical
examination.

d.Presence of associated congenital anomalies or craniofacial syndromes.

e. Associated comorbidities such as heart disease, recurrent or active respiratory
tract infections, poor management of oropharyngeal secretions, pneumopa-
thies, or obstructive apnea.

The recommended age for surgical repair of cleft lip is 3-6 months, currently
tends to be performed in the neonatal period with the implications of anesthetic
management of this age group. Cleft palate repair is recommended at 9-12 months
with reports up to 18 months [4, 10, 15]. There is evidence in the literature about
arisk of complications 5 times greater during anesthetic management of children
under 10 kg and under 10 weeks of age. A direct relationship between body weight
at the time of surgery and the presence of complications has been observed; in
patients weighing 4-6 kg, they occur in 54% and in patients weighing more than
8 kg in 26% [13, 16].

According to the characteristics of the defect, the surgical experience, and the
management institutions’ protocols, the surgeon will determine the age of repair
and the need for a primary or sequential closure in stages with the objective of
minimizing distortion in facial growth by very early repairs [10].

The male-female ratio is 2:1 in cases involving lip and 1:2 in cases involving only
palate. As for laterality, the ratio is 2:1 left to right [14, 17]; greater risk of difficulty
in airway management and secondary adverse events has been observed in patients
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with a cleft lip with bilateral defect, and in cases of cleft palate, the difficulty in
laryngoscopy and intubation is related to age, at a younger age difficulty [3, 18].

Patients with CLP can present various malformations without integrating a
specific craniofacial syndrome; approximately 70% of cases of CLP and 50% of
isolated cleft palate are considered non-syndromatic. A higher ratio of malforma-
tions has been found in patients with CLP (32%) than 11% in isolated cleft lip or
22% in cleft palate [13, 19].

There are about 500 craniofacial syndromes related to the pathology that
increase the probability of difficult airway (8.4%) and the risk of perioperative
adverse events; the most frequent are Treacher Collins, Goldenhar, Pierre Robin
sequence, and velocardiofacial syndrome [2, 13, 15].

As part of the comorbidities, the literature reports that 5-10% of patients have
some congenital heart disease [7, 13]. The possibility of chronic respiratory symp-
toms such as rhinorrhea, chronic airway obstruction, and sleep apnea [3, 19] is also
mentioned.

Given the history of upper airway infection, it is suggested that surgery be
deferred for 2 weeks and in lower airway infections for 4 weeks with the objective
of reducing risks of adverse events [3].

3. Transanesthetic management
3.1 Monitoring

It is essential to have the basic monitoring for general anesthesia recommended by
the current official standards; continuous electrocardiography is included in two leads,
noninvasive blood pressure, pulse oximetry, capnography line, and thermal control.

Since hypothermia is one of the most frequently reported adverse events in
the literature, thermal control is important throughout the entire transanes-
thetic [16, 18].

3.2 Anesthetic technique used

In the different bibliographic reviews, there is no consensus on an ideal anes-
thetic technique or with more preference; the choice will be made based on the
characteristics and needs of each patient. There are reports of balanced general
anesthesia without neuromuscular relaxation, balanced general anesthesia with
neuromuscular relaxation, and intravenous total anesthesia with and without
neuromuscular relaxation without significant differences between them [11, 20].

3.2.1 Anesthetic induction

Anesthetic induction is a crucial stage of anesthetic management; through
pharmacological measures it provides favorable conditions for airway manipula-
tion, reducing the neurovegetative response to intubation such as hypertension,
tachycardia, and increased intraocular or intracranial pressure [21].

Specifically in patients with cleft lip and palate, the use of inhalation induction
techniques with sevofluorane or intravenous with propofol is more frequently
referred to.

The one made with propofol is characterized by being fast and smooth with the
additional advantage of a rapid awakening; in the inhalation with sevofluorane,
the advantages lie in halogenated characteristics such as the unpleasant smell, the
less irritation of the respiratory tract, the lower solubility in the blood and, ina
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secondary way, the lower myocardial depression. Other intravenous inducers such

as thiopental, midazolam, and ketamine are mentioned in the literature [3, 22].
Within the opioids indicated for the control of the neurovegetative response,

fentanyl or remifentanil use is considered without significant differences [21].

3.2.2 Endotracheal intubation

Endotracheal intubation is a critical moment in the anesthetic management of
the pediatric and adult population, specifically in the presence of difficult airway
predictors such as cleft lip and palate facial malformations due to the implicit risk
of adverse events; situations of difficult laryngoscopy, difficult or failed intubation,
laryngospasm, and bronchospasm are reported [21].

It is important to use a technique that provides us with rapid and safe favorable
intubation conditions in an adequate time. Some authors evaluate the conditions of
intubation through the Helbo-Hansen scale that emerged in 1988, which assesses
aspects such as jaw relaxation (complete, tone, tense, or rigid), laryngoscopy
(easy, good, difficult, or impossible), vocal cords (open, moving, closing, or
closing), cough (absent, poor, moderate, or severe), and limb movements (absent,
scarce, moderate, or severe); scores of 1-2 indicate favorable conditions, while
scores of 3—4 are unacceptable [21, 22].

There is sufficient evidence that positions propofol as a favorable inducing
agent by decreasing airway reflexes and providing adequate conditions for intuba-
tion without muscle relaxants; sevofluorane at 8 volume percent facilitates the
proper position of the vocal cords in the absence of muscle relaxants, in a period of
180 seconds with low incidence of cough [22].

The use of neuromuscular blockers is controversial. It is a fact that they provide
favorable conditions for endotracheal intubation, and according to literature
reports, there is a lower incidence of respiratory adverse events when they are used;
succinylcholine with rapid onset of action and ultra-short effect but with a risk of
adverse effects in the pediatric population positions rocuronium and vecuronium
non-depolarizing neuromuscular blockers as an alternative with a slower onset,
prolonged effect, and great advantage of pharmacological reversal of rocuronium in
a situation of unexpected difficult airway [3, 22]. In contrast, some authors recom-
mend avoiding them due to the high incidence of retrognathia, micrognathia, and
glossoptosis that make it difficult to approach the airway from ventilation with a
facial mask, laryngoscopy, or endotracheal intubation, emphasizing the existence
of other alternatives that offer favorable conditions of intubation such as those
mentioned [22, 23].

Any of the techniques can be effective, the decision will depend on the charac-
teristics and needs of each patient [3].

Regarding the choice of endotracheal tube (TET), there is no single criterion;
the use of RAE (Ring-Adair-Elwyn) U-shaped tubes is recommended for lip surgery
and reinforced tubes also known as spiral-shaped spiral wire reinforcement inside
and along the tube wall to reduce your occlusion during palate surgery. Other
frequently reported are Oxford or “L”-shaped tubes to avoid couplings [24, 25].

A point that should be considered is the lowest risk of accidental extubation
when the TET is placed 1.5 cm above the carina [3].

3.2.3 Airway management
According to different references, the documented incidence of unexpected

difficult airway in the pediatric population is low (0.08-1.35%) compared to that of
the adult; in children under 1 year of age, it can reach 3.5% and in patients with cleft
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lip and palate from 4.7 to 8.4% representing a greater risk of difficulty in airway
management and adverse respiratory events [2, 26, 27].

In 2002 Bordet reported an incidence of airway-related complications of
7.87% in children under general anesthesia, varying according to the type of
instrumentation used: 7.4% with endotracheal tube and 10.2% with laryngeal
mask [3].

The anatomical characteristics of the airway corresponding to the age group and
those of the pathology are related to difficulties in the management of the airway
at any time during the perioperative period, induction (ventilation, laryngoscopy,
intubation), transanesthetic, extubation, or early postanesthetic period with vary-
ing severity, requiring pediatric intensive care unit [17].

On the other hand, more than 500 related craniofacial syndromes such as
Treacher Collins, Goldenhar, or Pierre Robin sequence increase the probability of
difficult airway. Other related syndromes in the literature are Down syndrome,
DiGeorge syndrome, and Marfan syndrome [2, 7, 13, 15].

Some researchers have established situations with a higher risk of adverse
events during airway management; there is talk of difficult laryngoscopy in the
presence of facial deformities such as micrognathia or bilateral complete fissures
due to difficulty in positioning the laryngoscope blade altering the line of sight
when falling into the left cleft. There is a greater likelihood of risks in patients
with cleft lip with bilateral defects, while the difficulty in laryngoscopy and
intubation in patients with cleft palate is related to age, being older at a younger
age [3, 18].

A larger number of laryngoscopies performed increases the likelihood of adverse
events such as trauma and edema of the airway, laryngospasm, and bronchospasm.
Airway management in patients with CLP has been studied for more than 70 years,
increasing throughout history the indirect devices and techniques for the pediatric
population that favor airway manipulation such as laryngeal masks, video laryngo-
scopes, and fibrobronchoscopies in their different versions; however, direct laryn-
goscopy without stiletto remains the most widely used method [14].

4. Transanesthetic management

Keeping patients in hemodynamic and ventilatory stability and reducing the
risks of adverse events by providing individualized anesthetic management accord-
ing to the characteristics and needs of each patient are part of our responsibility as
anesthesiologists. Adequate anesthetic maintenance is achieved through the use of
drugs that provide analgesia, hypnosis, amnesia, neurovegetative protection, and
neuromuscular block when necessary [21].

There is no single recommended technique, nor one that offers greater advantage
over the others; within the general balanced anesthesia, the most reported tech-
nique is inhalation with sevofluorane, as it is considered the least pungent and the
one that promotes greater hemodynamic stability. There are also reports of the use
of isoflurane with or without a muscle relaxant [3, 18, 20].

The use of anesthetics that provide stability and intra- and postoperative
analgesia is recommended, reducing doses of transoperative opioids, and with a
lower risk of respiratory depression in the postanesthetic care, dexmedetomidine
and ketamine are indicated [28, 29].

Dexmedetomidine, a potent a2-specific adrenoceptor agonist with sedation,
anxiolysis, and analgesia properties, has the advantages of not modifying respira-
tory recovery or extubation times and significantly reducing the risk of postopera-
tive agitation [20].
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The adverse events observed in the transanesthetic and related to the endotracheal
tube are occlusion, bending or accidental removal by surgical manipulation [18].

There are no criteria already established for the optimal time of extubation; it is
an issue that continues to cause controversy. In general terms, extubation is recom-
mended with a patient fully awake and with protective airway reflexes [3, 19].

5. Postanesthetic management

Corrective cleft palate surgery reports an incidence of postoperative adverse events
of 13%, the highest in maxillofacial surgery; the main events reported are tongue
edema, bleeding, pain, nausea, vomiting, bronchospasm, and agitation or delirium.
Vigorous crying is frequent secondary to pain or agitation and when not treated
promptly predisposes to wound dehiscence and pulmonary complications with great
impact on the costs of delayed recovery and prolonged hospital stay [20, 28].

In 2018, a retrospective study was conducted to identify risk factors related to com-
mon adverse events in cleft lip and palate surgery; a relationship of adverse events was
found with situations such as multiple attempts at intubation, structural or functional
abnormality of the airway, surgery greater than 160 minutes, inexperience of the anes-
thesiologist, high doses of opioids, and no reversal of the neuromuscular blockade [30].

5.1 Pain management

For many years the idea of immaturity of the nervous system in the pediatric
population was defended, reducing the importance of acute and postoperative pain
management; at present it is well-known that the structures responsible for pain
transmission are formed from the 30th week of gestation [10].

Postoperative pain from cleft lip and palate surgery is considered acute, superficial,
somatic, and of significant intensity that causes irritability with vigorous crying [10,
28, 29]. The nerve branches involved depend on the type and location of the defect [10]:

a.Cleftlip

* Intraorbital nerve, maxillary trigeminal branch, innervated upper lip, and
skin between upper lip and lower eyelid

* External nasal nerve branch of the ophthalmic, innervates wing, and nasal tip

b.Cleft palate
* Branches of the maxillary trigeminal division
* Lesser palatine nerve; innervates soft palate, nostrils, and uvula

* Major palatine nerve, branch of the pterygopalatine ganglion. Inerva gums,
mucous membrane, and hard palate glands

* Nasopalatine nerve, innervates palatine region

There is currently no pain management guide in patients with cleft lip and pal-
ate; each institution must, based on its experience and population needs, establish
a protocol based on multimodal analgesia. This consists of the infiltration of local
anesthetics, nerve blocks, opioid analgesics and non-opioid analgesics, providing
sufficient analgesia with a lower risk of postoperative agitation [29]:
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a.Infiltration of local anesthetic at the surgical site. The use of long-acting
bupivacaine-type AL calculated per kilogram of weight is suggested and
consider the possible margin distortion when injected [11, 29].

b.Nerve block. Age-related anatomical variants must be known, for example, the
intraorbital stage is located very close to the eye [10, 29]. For lip surgery, the
intraorbital stage with 1-2 ml of 0.5% bupivacaine with 1:200,000 epinephrine
and 0.25 mm on each side of 0.25% bupivacaine with epinephrine is sug-
gested. In palate surgery, the blockage of the major palatine, minor palatal, and
nasopalatine is recommended [10].

c. Opioid analgesics. Opioids are the first option for transoperative analgesia since
they favor mild emersion and extubation, reducing the possibility of crying
and consequently of trauma and bleeding. Its main disadvantage is the risk of
postoperative dose-dependent respiratory depression and undesirable effects
such as dizziness, constipation, nausea, and vomiting [10, 29].

d.Non-opioid analgesics. Bibliographic reviews recommend the use of adjuvants
such as ibuprofen and acetaminophen in any age group; there is evidence on
the decrease in postoperative pain supported by the FLACC scale (pain facies,
leg movement, activity, comforting crying) with the administration of aceta-
minophen at the beginning of anesthesia and in the immediate postoperative
period. It can be used as a premedication orally at a dose of 20 mg/kg [10].

Other recommended drugs are those that reduce the risk of respiratory depres-
sion such as dexmedetomidine and ketamine [3].

The premise is to provide a state of complete patient well-being through mul-
timodal analgesia; this technique emerged in 1997 and is based on the impact of
several drugs at minimum doses on the different nociception mechanisms, with
a lower risk of adverse effects. Management must be individualized considering
factors such as age and degree of airway commitment [3, 10, 28, 29]

5.2 Management of postoperative agitation

The incidence of agitation during emersion or in the postanesthetic is high
(12-13%), with references up to 67%. The mechanism that originates it is not clear
and has been related to factors such as psychological vulnerability of the patient
(separation anxiety, fear of the unknown), anesthetic technique with halogenates,
and surgical stimulation such as the subsequent narrowing of the nasopharyngeal
cavity due to closure of the palate; other possible causes are postsurgical stimulation
such as pain, hypoxemia, hyponatremia, hypoglycemia, CO, retention, urinary
retention, postural discomfort, and/or a very rapid awakening.

Clinically it is characterized by alterations in the state of consciousness or behav-
ior, inconsolable crying, bedwetting, nightmares, anxiety, irritability, uncontrollable
movements of limbs, and inability to identify objects or people. Drugs with evidence
in reducing agitation are fentanyl, midazolam, and dexmedetomidine infusion [31].

6. Discussion
Surgical correction of cleft lip and palate can be offered in various hospital

settings from specialized institutions or as part of intensive care programs, so the
medical staff responsible for surgical and anesthetic management is obliged to
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know the anatomical and physiological characteristics of the age group and pathol-
ogy, accompanying comorbidities, the different alternatives of anesthetic manage-
ment according to the needs of each patient, and the potential adverse events at
different stages of the perioperative period.

7. Conclusions

Cleft lip and palate is the most frequent craniofacial pathology in Latin America
coupled with the greater vulnerability of the pediatric population under 1 year to
present perioperative adverse events; the objective of the approach will be to offer a

properly planned comprehensive management within the maximum safety stan-
dards that reduce the morbidity and mortality of this population group.
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Chapter 5

Orthognathic Surgery in Cleft Lip
and Palate Patients

Hakan Yilmaz and Avzu Ari Demirkaya

Abstract

Cleft lip and palate patients often exhibit severe dentofacial deformities that
necessitate orthognathic surgery. Orthognathic surgery in these patients generally
includes not only maxillary advancement, but also sagittal, horizontal, and vertical
movement of both jaws. Surgical planning and execution presents many difficul-
ties, caused by the presence of extensive scar tissues from previous surgeries, tissue
deficiencies, the difficulty of aligning multiple segments of bone and soft tissues.
Other challenges in cleft patients are complications related to post-surgical airway,
speech, velopharyngeal insufficiency, nerve damage, and infections. This review
is focused on orthognathic surgery in cleft lip and palate patients, management,
techniques, success, and complications.

Keywords: orthognathic surgery, cleft lip and palate, complications

1. Introduction

Deficiency of growth and development in the midfacial complex is a major
drawback of primary CLP repair in the neonatal period of growth, well docu-
mented in the literature [1-3]. Causes are thought to be formation of scar tissue in
the growth centers of the maxilla [4], mouth breathing due to obstruction of the
nasal passage [5], deficiency of the alveolar process due to missing teeth [6], and a
tense upper lip [7, 8]. Unrepaired bone defects on the other hand result in closer to
normal maxillo-facial development [7, 8]. Because of midfacial deficiency, orthog-
nathic surgery becomes often indispensable at the adult ages in CLP management.
Treatment of CLP with orthognathic surgery involves maxillary advancement,
distraction osteogenesis, and mandibular setback, combined with orthodontic
treatment [9].

2. Timing of orthognathic surgery

In the past, CLP-orthognathic surgery in the mixed dentition period has been
discussed and discarded. It has been reported that there will usually be a need for
revisions after completion of skeletal growth [10]. Risks of early orthognathic
surgery include damage to permanent tooth germs and creation of fibrous tissue and
calli in the osteotomy regions. Additionally, it was shown that neither Le Fort I oste-
otomy nor distraction osteogenesis in the mixed dentition period provides additional
lateral maxillary growth [11, 12]. Apart from cases with significant psychosocial or
functional problems, risks of “early” surgery overweigh its benefits [13].
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Orthognathic surgery for treatment of maxillomandibular deformities is usually
applied after completion of growth of the maxillomandibular structure [14-16].
Transverse, sagittal, and vertical growth of the maxilla and the mandible ends at
different chronological ages, usually at the ages of 14-16 for female patients and
16-18 for male patients [17]. Mandibular growth has a normal pattern in most CLP
patients [13]. However, since skeletal growth is variable, hand-wrist or cephalomet-
ric radiographs may help in determining the timing of skeletal maturation [17].

3. Preparation for orthognathic surgery

In orthognathic surgery in cleft patients, there are some issues that need to be
considered before surgery like velopharyngeal situation, speech problems, hearing
problems, the situation of alveolar cleft gap, and dental problems.

Speech pathologists play a critical role in terms of assessing speech and articula-
tion problems and determine velopharyngeal function with nasal endoscopy before
the surgery [18, 19]. The velopharyngeal sufficiency rarely remains the same after
maxillary advancement surgery; more often, an insufficiency is created [20].
Surgical correction of cross-bites and open-bites and the repair of cleft-dental gaps
and residual oronasal fistulae usually alleviate articulation disorders [19, 21].

Prevention and treatment of tympanic infection as well as comprehensive
preventive and restorative dental care have been provided during early childhood
and adolescence. Oral hygiene maintenance may be more difficult in CLP patients
than in routine orthodontic treatment patients. Soft tissues may have a more
retentive morphology due to scarring from previous operations: shallow buccal
sulci, sometimes buccal flaps with mucosa or gingivae covering teeth. Furthermore,
because of poor dental esthetics, CLP patients do not like their teeth and smile and
have low motivation. Long treatment times reduce motivation further. Orthodontic
preparation presents various challenges not only in terms of planning but also
in terms of implementation. It may be difficult for the orthodontist to work in a
narrow space with low visibility, since the elasticity of lips is low, mouth opening
is limited, and the upper jaw is small and retrognathic. All surgical management
of maxillo-mandibular deformities usually requires prior adjustment of the dental
arches over the maxillary and mandibular basal bones via orthodontic treatment.
The “surgery-first” protocol rarely applies to CLP patients. A major dilemma during

Figure 1.

Teeth erupting from the palate [25]. (a) UCLP patient, permanent dentition. Missing lateral incisors, 15 and
23 erupting palatally, and 17 erupting excessively buccally. (b) Dental arch development through orthodontic
leveling, occult fistula enlarged and became visible during dental leveling, 13 is just starting to erupt after

2.5 years of orthodontic treatment.

64



Orthognathic Surgery in Cleft Lip and Palate Patients
DOI: http://dx.doi.ovg/10.5772/intechopen.89556

alignment is the decision on the management of the cleft alveolar region, where
often the lateral teeth are missing [6]. Surgical correction of septal and inferior
respiratory pathologies is done only in severe obstructive sleep apnoea cases before
orthognathic surgery, but rather scheduled to be performed simultaneously or
consecutively [22-24].

In most CLP cases, teeth are either missing, erupt late or ectopically located.
Therefore, the alveolar bone base is not sufficiently developed, and this adds to the
skeletal (transverse and sagittal) insufficiency. Leveling of teeth erupting in the
palate usually takes a long time (Figure1).

4. Residual deformities in CLP patients

Patients with Isolated Cleft Palate (ICP) have a complete alveolar ridge and
generally a complete set of teeth [13, 17, 26, 27]. The main deformity in unilateral
cleft lip and palate (UCLP) and bilateral cleft lip and palate (BCLP) patients is
maxillary hypoplasia, but oronasal fistula, bony defects, intranasal obstruction,
soft tissue scarring, and velopharyngeal dysfunctions are also frequently encoun-
tered [27]. Additionally, the maxillary lateral incisor and often the second premo-
lars in the cleft region are either congenitally missing, resulting in a cleft-dental
gap [6, 28-30].

In addition to the existing deformities in UCLP and BCLP patients, nasal
obstruction and sinus blockage and mandibular asymmetry and chin dysplasia are
seen frequently as secondary deformities [27, 31]. The prevalence of these deformi-
ties varies significantly based on the surgical philosophy and experience of the
surgeon who repaired the first cleft [32], the individual’s unique biological growth
potential, and the level of care of the family/patient.

Published clinical research on individuals who were born with complete UCLP/
BCLP and treated at cleft centers showed that, despite the best efforts, the mixed
dentition period would not be appropriate for grafting just before the canine tooth
is erupted on the cleft side in some children [33, 34]. Additionally, although grafted
appropriately, in some individuals, additional reconstruction is needed [33]. For
these reasons, repairing residual skeletal and soft tissues and managing dental
deformities in patients with CLP strains the proficiency and skills of the orthogna-
thic surgery cleft team [26, 31, 35].

5. Orthognathic approach on UCLP deformities
5.1 Prevalence

Studies have examined the need for orthognathic surgery in UCLP patients who
underwent primary lip-palate repair procedures in childhood [3, 8, 36, 37]. Ross
[37] stated that the midface is close to normal only in 25% of patients, and there is a
need for orthognathic surgery in the remaining patients, with interventions at early
stages worsening the situation. In other similar studies, the rate of orthognathic
surgery needed in repaired UCLP patients was 48-59.3% [3, 8].

5.2 Orthodontic approach
In adolescent or adult UCLP patients with maxillary hypoplasia and deficient

bone grafts, there are two maxillary segments separated by the cleft. Each segment
has varying degrees of dysplasia on the sagittal, vertical, and horizontal directions.
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Orthodontic treatment is carried out to both position the teeth perpendicular to the
alveolar crest and level the alveolar segments using the teeth. Sometimes, it is not
possible to achieve leveling of the bony segments, and it may be necessary to level
the teeth into two separate segments, instead of a complete arch, and to prepare for
leveling these segments by alveolar distraction osteogenesis or segmental orthogna-
thic surgery (Figure 2).

In cases that present with sufficient bone grafting during the mixed dentition
period, the maxilla is a single segment, and the orthodontist would only adapt the
dental arch form to the existing basal bone.

There are substantial variations in the number of upper permanent incisors and
the alveolar bone amount in the premaxilla of UCLP patients. The lateral inci-
sor tooth on the cleft side was found normal in only 7% of UCLP cases [6], more
frequently, when present, there are shape anomalies. In the presence of a weakly
formed lateral incisor tooth, these teeth might need extraction for long-term
functioning and better esthetics.

Figure 2.

UCLP patient [25]. A1-3: Before orthodontic preparation. Retrognathic and narrow maxilla, missing teeth (12,
22, 15 and 25), noticeable alveolar cleft, severe transverse and vertical dislocation of the smaller segment. B1-3:
Orthodontic leveling of teeth in two separate segments. C1-3: Post-op continuous stainless-steel arch-wires. D1-3:
Post-treatment vertical velapse to some extent.
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Decision to extract the first premolar, which is another tooth near the cleft, is
dependent on volume and height of the alveolar bone to accommodate the root
of the canine adjacent to the cleft without irreversibly weakening its periodontal
support, as well as the degree of crowding. Although extractions on the mandibular
arch are sometimes obligatory due to crowding, extraction is usually not necessary
in the mandibular arch. The disadvantage of closing a cleft-dental gap orthodonti-
cally or surgically is the shifting of the cleft segment toward the posterior, in a way
that is the opposite of what is desired (to shifting forward of the posterior region).

As mentioned above, after leveling and aligning teeth with orthodontic treat-
ment, models prepared by digitally or by using plaster are transferred to computer
software/articulators. On these models, the maxillomandibular relation and
occlusion are adjusted to an ideal position, and the advancement of the maxilla,
rotation/setback of the mandible and vertical and transversal dimension amounts
are assessed. As a result of these arrangements, splints are fabricated to use as a
guide in orthognathic surgery, and the desired effects almost completely reflected
on the surgery.

5.3 Surgical approach

Due to the prevalence of maxillary osteotomy complications in UCLP patients
[38], confusing and complicated orthognathic surgery techniques were proposed
for these patients [39-41]. Moreover, as in other aspects of orthognathic surgery,
Hugo Obwegeser also provided contributions that could be explained as break-
throughs for skeletally cleft reconstruction [35, 42-44]. Toward the end of 1960s, he
managed to advance the cleft maxilla by up to 20 mm to a desired position without
needing a complicated mandibular setback approach. Then, he noticed that down-
fracture and adequate mobilization of the maxilla, regardless of the presence or
absence of a cleft, were the key in maxillary advancement [35]. The success of this
approach achieved by Obwegeser was confirmed when Bell showed supply blood
circulation to the down-fractured maxillae in their animal studies [45].

In the mid-1980s, Posnick used the Le Fort I techniques of Obwegeser for
treatment of UCLP deformity and improved them [46]. The main issue was that
the circumvestibular incision used by Obwegeser directly allowed dissection,
osteotomies, disimpaction, fistula closure, septoplasty, inferior turbinate reduction,
pyriform aperture recontouring, bone grafting, and application of plate and screw
fixation. This was a reliable approach that did not have a circulation damage risk in
smaller or larger flaps and had continuity [35]. Moreover, with the easiness of field
of view provided by circumvestibular incision, it became possible to readily close
the cleft-dental region by differential maxillary segmental repositioning without
bone necrosis or loss of teeth. This method also closes the unoccupied space of the
cleft, and at the same time, combines the labial and palatal flaps together without
needing a subperiosteal undermining procedure, which allows closure of stubborn
oronasal fistulae and establishment of periodontal health in the teeth adjacent to
the cleft [35]. Today, although the surgical methods applied on UCLP patients differ
depending on the success of grafting performed in the mixed dentition period, the
main method are as follows:

5.3.1 Standard Le fort I osteotomy
An adolescent or adult CLP patient who has maxillary deformity but no residual
fistula, in addition to an intact alveolar ridge with an adequate height in the cleft

region may have been born without an alveolar cleft or had a successful grafting
procedure [42]. A standard Le Fort I osteotomy may be applied on individuals who
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have sufficient alveolar ridge height and volume, a close palate and sufficient peri-
odontal support. Segmental maxillary osteotomy may also be needed in correction
of arch width, repairing vertical dimensions or preventing the need for prosthetic

lateral incisors by closing the cleft-dental gap.

Unfortunately, even in the twenty-first century, alveolar defects and oronasal
fistulae are encountered in many adults and adolescents who have UCLP with
maxillary hypoplasia. For these patients, a modified Le Fort I osteotomy should be
considered [17].

5.3.2 Modified Le fort I osteotomy (two-segment)

In UCLP patients, the gap of the missing lateral incisor tooth may be eliminated
by advancement of the lateral alveolar bone segment, where the canine tooth
is placed adjacent to the central incisor tooth. After this, the canine is formed
in a similar appearance to that of the lateral incisor [47]. This method that was
described by Obwegeser in cases of unilateral cleft was advanced by Posnick in 1992
and name as the modified Le Fort I osteotomy method [46].

In the technique, first, a maxillary circumvestibular incision is made labially
from a zygomatic buttress to another. In the residual oronasal fistula region, vertical
incisions are made to separate the mucosa on both sides of the cleft as oral and
nasal. These incisions are perpendicular to the horizontal vestibular incision, and
they follow the line angles of the teeth adjacent to the cleft (central and canine). If
the cleft bone was not previously repaired, the segments are already in two pieces
with the down-fractured maxilla. If the maxilla is intact and the arch form needs
to be adjusted, by using a reciprocating saw with a short and flat tip, the maxilla
is divided into two pieces by cutting from the cleft area. The parts need to be
brought closer to close the cleft-dental gap. However, this may be achieved only
after shaving in the distal direction of the central incisor and along the mesial part
of the canine from the alveola. Attention should be paid to ensure avoiding contact
with the lamina dura as it would expose the root of teeth and may result in external
root resorption. The maxillary segments are then stabilized with wires and acrylic
occlusal splints. Repositioning of the segments closes the cleft-dental gap, gathers
the alveolar ridges together, and gets the labial and palatal mucosal tissues closer for
oral-fistula closure [17].

The extent of the maxillary advancement that is carried out by the surgeon is
based on previously planned occlusion, airway needs, and preoperatively deter-
mined facial esthetics. The ideal vertical dimension is achieved based on the preop-
erative plan, but intraoperative approaches may be considered in some cases [35].
Maxillary osteotomy regions are fixed on all zygomatic buttresses and apertures by
using titanium plates and screws based on the principles described by Luhr [48, 49].
If a graft has been used, an extra microplate is additionally applied to stabilize each
interpositional cortico-cancellous (iliac) graft. For repairing facial asymmetries
and secondary deformities, mandibular and jaw osteotomies are also frequently
required in UCLP patients in addition to Le Fort I osteotomy.

6. Orthognathic approach on BCLP deformities
6.1 Prevalence
In the study that was carried out at Boston Pediatrics Hospital, it was stated

that there was a need for maxillary advancement by orthognathic surgery in 76.5%
adolescents whose BCLP had been repaired [3]. Moreover, the authors explained
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that, in addition to the severity of the cleft type, the number of previous opera-
tions and extent of cleft area also affect the need for orthognathic surgery. Another
study conducted at Toronto Pediatrics Hospital stated that there was a need for
orthognathic surgery in 65.1% of their own BCLP patients, while this rate was 70%
for patients who were referred by other centers [8]. From the Cleft Craniofacial
Unit in Adelaide, Australia, David et al. [S0] followed BCLP patient groups from
birth to adulthood and determined the need for orthognathic surgery. Accordingly,
orthognathic repair was needed in skeletal class III malocclusion among 17 of 19
patients (89.5%) and when they reached 18 years of age. Other previous studies also
supported the findings of the aforementioned ones [51, 52].

6.2 Orthodontic approach

Different degrees of dysplasia in the sagittal, vertical, and horizontal directions
are observed on the maxilla of patients without an ideal bone graft in the mixed
dentition period that is divided into three segments. Before surgical treatment of
maxillary segments, each segment is separately treated by an orthodontist. Before
orthodontic treatment, cephalometric and panoramic radiography images are
taken, and the angles, positions, and morphologies of teeth to soft tissues and bones
are examined. In these patients, the volumes of the bones in the cleft region and
the detailed position of teeth may be analyzed by additionally taking cone beam
computerized tomography (CBCT) images.

BCLP patients have a broad variation in terms of the amount of dentoalveolar
bone and the number of permanent teeth. Teeth that resemble lateral incisors are
usually observed along the sides of the lateral segments. Due to the usually under-
developed root structure of these teeth and their deformed crowns, extracting
them is reasonable. Because of the deformed crowns and root structures of also the
erupted supernumerary teeth found in the premaxilla of BCLP patients, it is usually
appropriate to extract these during orthodontic treatment. In addition to this, only
7% of BCLP patients have lateral teeth with regular structure [6], and these are kept
in the arch and moved to ideal position by the orthodontist.

Decision to extract the premolar teeth is dependent on the width and height of
the present alveolar bone, position of canines, and the degree of crowding on the
segments. In cases where inadequate bone and periodontal support remains or this
support is substantially weakened after leveling and aligning the canines adjacent
to the cleft, decision to extract of premolar teeth may be taken by the orthodontist.
Aligning and leveling of the second molar teeth in addition to other maxillary teeth
will increase the success of orthognathic surgery by improving the arch form and
occlusion [35]. While extractions in the mandibular arch may be required based on
the need for space on the arch and during the process of moving the incisors to an
ideal angle, extraction is usually not necessary on the mandibular arch.

6.3 Surgical approach

Incomplete, insufficient definitions were presented by previous studies for
surgical techniques used for the purpose of warning BCLP patients about possible
complications regarding maxillary osteotomy and achieving reliable osteotomy
operations [39, 53]. Hugo Obwegeser provided significant contributions which
may be considered as milestones about cleft surgery on BCLP patients. However,
at the early stages, very few clinicians adopted the methods of Obwegeser. This
was because, as one of the eight patients he treated died of airway complications,
and the results on the others were not reported in an appropriate manner, relevant
studies criticized them [54]. In the mid-1980s, Posnick described a safe method of
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the segmental Le Fort I osteotomy technique that considers biological principles in
BCLP patients with maxillomandibular deformities [17, 55, 56]. This method, for
instance, emphasizes preservation of the labial soft tissue mucosal pedicle in the
maxillary of patients. The significance of this flap circulation that is achieved by
considering biological principles was confirmed in the study by Bell et al. that was
carried out on Rhesus monkeys [38].

Mainly, in BCLP patients, clinicians encounter maxillary deformities including
those that are intact on both sides (successfully grafted) with one alveolar ridge,
those with two segments with one side intact (successfully grafted), and those with
three segments that are failed/non-grafted, and they apply different orthognathic
surgery methods for these.

6.3.1 Standard Le fort I osteotomy

Patients in cases of BCLP may have intact alveolar ridges on both sides, one
intact alveolar ridge on only one side or alveolar clefts that have been successfully
grafted during mixed dentition. In adolescents or adults with maxillomandibular
deformity and intact alveolar ridges on both sides, a standard Le Fort I down-
fracturing technique performs to advance maxillary hypoplasia.

6.3.2 Modified Le fort I osteotomy (two-segment)

In an individual with BCLP, a unilaterally intact alveolar ridge (with residual
alveolar cleft and oronasal fistula on the other side) shows the same anatomy as
those in a UCLP patient. The surgical approach for such a patient is the same as that
which is applied for a UCLP patient with separated segments. For patients who are
born with BCLP and non-grafted alveolar arches, the modified Le Fort I Osteotomy
(three-segment) procedure should be applied.

6.3.3 Modified Le fort I osteotomy (three-segment)

Unfortunately, a big part of patients who have BCLP maxillomandibular
deformities are still observed to have alveolar clefts, residual oronasal fistulae, and
mobile premaxilla. While carrying out a Le Fort I osteotomy procedure on a BCLP
patient with non-grafted alveolar arches, accurate incisions has a critical impor-
tance for providing all three segments with blood circulation [17].

In the technique, on each side, a buccal (labiolateral) incision is made from the
zygomatic buttresses (anterior and gingival levels of the parotid canal) in the depth
of the vestibule extending toward the location of the residual oronasal fistula. Then,
vertical incision continues according to mesial angle of the canine (or if the canine
is missing, the most mesial tooth on each lateral segment). Without completely
separating the premaxilla, an intermediate splint is placed to fix the lateral segments.
The premaxilla is to be included to the vestibular incisions at the posterior with
angular, vertical incisions in its labial direction, and to separate the oral and nasal
mucosa of the fistulae even further, the incision continues downward along the
distal line angle of the central incisor teeth on both sides. Attention should be paid to
prevent deformation or incision of the mucosa in the premaxilla. Shavings are made
from the segments to get the hard and soft tissues closer to each other. While doing
this, one should be careful not to damage the lamina dura of the existing teeth. After
completion of the premaxillary segment and other adjustments, the final splint is
placed, and the segments are fixed with titanium plates and screws [17]. If there is
grafting, an additional microplate is also needed to stabilize each cortico-cancellous
(iliac) graft. To repair facial asymmetries, mandibular deformations, and secondary
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deformities, mandibular surgery may also be needed in addition to Le Fort I oste-
otomy in BCLP patients.

7. Orthognathic approach on ICP deformities
7.1 Prevalence

It was reported that 20% of Caucasians with ICP who receive repairs in the period
of infancy would experience maxillary hypoplasia in a way that would lead to maloc-
clusions that do not respond to a conventional or compensatory orthodontic approach
by itself [36]. Chen et al. [57] reported on the horizontal maxillary growth of both
children and adults with ethnic origins of Eastern China who were operated/not
operated. Accordingly, as an interesting finding, the results of the individuals with
ICP who were not operated in the mixed dentition period showed an almost normal
horizontal growth. In the patients who were operated (repaired cleft palate) in the
mixed dentition period, there was a decrease in the clockwise rotation of the maxil-
lomandibular complex. In addition to this, it was stated that, for an individual born
with ICP, the prevalence of maxillomandibular deficiency is dependent on a combina-
tion of factors such as the internal structure of the primary cleft defect, secondary
hypoplasia due to surgical repair at infancy, and functional factors (e.g., muscle
effects — mastication, respiratory pattern, and mandibular resting posture) [58].

7.2 Orthodontic approach

The main purpose of orthodontic treatment before surgery in ICP patients is to
eliminate all existing dental compensations. This is because, conducting camouflage
treatment in these patients threatens periodontal health and may cause to relapse
and resorption in teeth. Inclination and angulation of the maxillary and mandibular
teeth, crowding, gaps, and rotations are organized throughout the orthodontic
treatment process. The targets related to achieving ideal arch forms and ideal
occlusion may be detailed after the operation. Extractions may be needed in the
maxillary arch to eliminate dental compensations. In comparison to UCLP or BCLP
patients, treatment is simpler in ICP patients due to the intact nature of the alveolar
bone and because all teeth are usually present.

7.3 Surgical approach

In general, primary maxillomandibular deformity that is seen in ICP patients
is maxillary hypoplasia that is caused by the cleft deformity and surgical interven-
tions. The normal reconstructive procedure that needs to be considered in these
patients is a Le Fort I maxillary osteotomy. Obwegeser stated that complete mobi-
lization of maxilla that are down fractured is needed to achieve an orthognathic
repair during surgery and decrease skeletal relapse [35]. Bell and Levy [45] con-
firmed that the Obwegeser Le Fort I technique allows sufficient blood diffusion for
satisfactory bone recovery without aseptic necrosis or tooth injury.

It would be difficult to close any residual palatal oronasal fistula in an ICP
patient at the same time with the Le Fort I procedure during orthognathic surgery.
The reason for this is that elevation of the palatal flaps that is usually needed will
threaten the blood supply for the down-fractured maxilla. Moreover, it was stated
that, if an impermeable closure of the nasal side can be achieved following down-
fracturing before fixing the maxilla to its new position, the residual mucosal gap on
the palatal side will usually be recovered secondarily by fistula closure [35].
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8. Post-surgery clinical management

Management of the process at the hospital and at home during the initial recov-
ery process of the orthognathic patient is highly important for a successful out-
come. Cephalometric and dental radiographies and facial and occlusal photographs
should be taken at certain intervals after the surgery in order to documentation and
check the patient’s recovery [17].

Orthodontist should remove the splint and see the patient in the next 24 hours
to replace the maxillary segmental arch wires or rigid continuous arch wires. The
maxillary teeth are tied to each other to preserve the occlusion, sagittal advance-
ment, and transversal dimension. After 2 months of surgery, active orthodontic
treatment and finishing procedures can be continued. A trans-palatal appliance
(wire or palatal appliance) is recommended to stabilize the new arch form. The
orthodontist should closely monitor the patients throughout the 6 months following
the surgery to follow up on skeletal and dental relapse and to maintain orthodontic
treatment [17].

In routine and unproblematic cases, splint usage is abandoned in about 5-7 after
the surgery. However, in patients with early skeletal relapse, that is, within the first
2-8 weeks, the teeth are forced in the buccolingual direction toward outside of the
bone because the teeth are held in place due to splint despite the alveolar relapse,
and severe gingival recessions may occur (Figure 3). Therefore, CLP patients
should be observed every week, unlike other orthognathic surgical patients. It
should be kept in mind that the relapse rates given in the literature are averages, and
it is possible to see more of these amounts in individual cases.

Speech may be objectively assessed in 3-6 months after the surgery. A nasal
endoscopy may be used for this. Exact cleft-soft tissue procedures (e.g., cleft
rhinoplasty, revision of the labial scar, pharyngeal flap or flap revision) may be car-
ried out in 6 months after the operation. After removal of orthodontic appliances,
pre-planned restorative approaches may be implemented [17].

(&)

Figure 3.

Pegiodonml tissue loss due to relapse [25]. (a) Initial: Patient with UCLPE, maxillary hypoplasia, severe
crowding, missing lateral, and asymmetric arch form. (b) Pre-op: Periodontal problems after

expansion and leveling. (c) Post-op: Both transverse and sagittal skeletal relapse occur while teeth ave locked
within the arch-wive and surgical splint, which deteriorates the periodontal condition. The midline was
surgically corrected.

9. Success of orthognathic surgery

After orthognathic surgery, cleft patients have a higher than normal risk of
relapse due to factors such as different soft tissue-bone relations and complex
mobilization vectors. Fahradyan et al. [59] reported that, in comparison to class III
malocclusion patients without clefts, more relapse was encountered in those with
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clefts (1.25 mm or more on average), and there was a significant positive correla-
tion between larger clefts and horizontal relapse. In their study, the mean relapse
rate was similar among different types of clefts, and in the case of each 1 mm
increase in maxillary advancement, horizontal relapse increased by 0.3 mm on
average [59].

Richardson et al. [60] examined all relapse cases among individuals where more
than 11 mm of maxillary advancement was applied, and they reported a horizon-
tal relapse rate of 18.75%. Nevertheless, Bhatia et al. [61] concluded that relapse
rates stayed the same even in maxillary advancement degrees of more than 15 mm
(mostly in cleft patients). Yamaguchi et al. [62] reported in their systematic review
that the mean values of horizontal and vertical relapse were, respectively, 17.9% and
35.4% in orthodontic surgery for cleft patients. This shows us that vertical stability
is lower.

Although most studies focused on horizontal maxillary stability, Park et al.

[63] reported that postoperative mandibular relapse in cleft patients had a strong
positive correlation with mandibular clockwise rotation and setback amounts.
Wong et al. [64] could not find a significant difference between the relapse rates of
individuals who received two surgical operations and those who received maxillary
advancement surgery only. Some researchers used bone grafts to increase hori-
zontal or vertical stability [61, 63, 64]. It was reported that usage of grafts hasa
preventive effect on horizontal maxillary stability with an average of 1.72 mm less
relapse [61].

10. Complications
10.1 Airway problems

Treatment of cleft patients with class III malocclusion that results out of
the combination of maxillary hypoplasia and intermaxillary disorder is usually
achieved by maxillary advancement, mandibular setback, and clockwise rotation
of the maxillomandibular complex. While maxillary advancement is associated
with increased upper airway cavity, in contrast, mandibular setback is associated
with reduction of airways with outcomes such as postoperative airway blockage,
snoring, hypopnea (slow respiration), and obstructive sleep apnoea [65, 66].
Additionally, a pharyngeal flap may contribute to the airway-related difficulties
that are encountered during operation or in the postoperative period. When the
three-dimensional (3D) pharyngeal airway cavity of cleft patients in their pre- or
post-pubertal periods were compared to a control group, Karia et al. [66] found
significantly smaller airway sizes in the cleft group. The total airway volume
increased from the pre-pubertal to the post-pubertal periods in both groups, but
the reason for this outcome in the cleft group was not anteroposterior growth as
in the case of the control group, but in contrast, associated with vertical airway
growth. Especially in bilateral cleft patients, significantly reduced pharyngeal
airway cavity in comparison to individuals without clefts was also confirmed in a
CBCT study [67].

A prospective study by Chang et al. [68] examined the airway changes in cleft
patients who received maxillary advancement and mandibular setback treatments
by not only CBCT but also polysomnographic examination. Regarding the airway
changes after orthognathic surgery, it was found that there was no significant
difference in sleep-related respiratory functions, but the snoring index was
improved.
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10.2 Speech impediment

It is believed that maxillary advancement in cleft patients has a potential to
worsen velopharyngeal function (VPF). Nevertheless, there is still no certain evi-
dence on whether or not the amount of advancement affects velopharyngeal disor-
der and whether or not preoperative VPF is related to the postoperative outcome. It
is most likely that improvements are seen in the articulation of patients after surgery
due to the correction of dental arches [69]. In a systematic review of the complica-
tions that developed as a result of orthognathic surgery on cleft patients, Yamaguchi
et al. [62] reported postoperative velopharyngeal deficiency (VPD) as 16.79%.

Moran et al. [70] examined 79 cleft patients who received treatments of conven-
tional orthognathic surgery or distraction osteogenesis, and they reported that, fol-
lowing maxillary advancement rates from 3 to 11 mm, there was VPD in 5 (6.33%)
cases. These five patients were also found to have borderline VPD preoperatively.
The results of their study supported those of other studies that there is no relation-
ship between maxillary advancement and the amount of postoperative velopharyn-
geal disorders [71], and when orthognathic surgery and total maxillary distraction
are compared in terms of speech and VPD, there is no significant difference [71-73].
Additionally, the finding that there is no correlation between postoperative speech
impediment and preoperative borderline VPD was added to the literature which
reported similar findings [71-73].

It is a difficult process to estimate soft tissue changes after orthognathic surgery
and prevent them. This is because the adaptation of the velopharyngeal region
for compensation of other regions is variable, and it is dependent on the personal
characteristics of each patient and the capacity of tissues that are present or trans-
planted to become functional [74].

10.3 Infection

Infection rates following orthognathic surgery are highly variable due to reasons
such as antibiotics usage styles and diagnostic differences [75, 76]. Recent studies on
orthognathic surgery in individuals without clefts reported an incidence of less than
1-8% [76-78].

Miloro derived a few results by analyzing 15 previous studies on infections follow-
ing orthognathic surgery: infection incidence may decrease in the case of using oral
antibiotics for more than 1 day after surgery. First-generation cephalosporins are used
more frequently before surgery. Mandibular osteotomy regions are where infections
are seen the most. Extraction of the third molar may have a small effect on infection
incidence, but this is under debate. Most infections that occur after orthognathic
surgery are small, and removal of fixation plates and screws is rarely necessary [75].

In an analysis of the USA National Inpatient Samples Database (2012-2013), the
rate of emergence for any kind of infectious complication following orthognathic sur-
gery was reported as 74% in patients with a craniofacial anomaly and 0.6% in those
without a craniofacial anomaly [78]. Recent studies reported rates of from Oto 13.92%
for infections emerging after orthognathic surgery in cleft patients without any cra-
niofacial anomaly [61, 62, 68, 70]. In the study that obtained a high rate of incidence
as 13.92% despite 5 days of routine antibiotics usage, the authors emphasized the
importance of oral hygiene, team collaboration, and patient cooperation [70].

10.4 Oronasal fistula

Segmental maxillary osteotomies may have a risk of postoperative oronasal
fistulae. In a systematic review in 2017, the postoperative fistula rate was reported
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as 19.3% in segmental Le Fort I osteotomy [79]. While residual oronasal fistulae in
cleft patients increase the difficult of orthognathic surgery, they may be repaired
by adjusting the incision patterns during surgery. In addition to this, according to
the systematic review in 2016 by Yamaguchi et al. [62], the closure deficiency of a
pre-existing fistulae (28.57% for palatal, 10.74% for alveolar fistulae) was the most
frequently encountered complication. Another study reported a residual fistulae
rate of 10.53% [70]. Nevertheless, residual fistulae rates may be reduced by careful
dissection, unstressed closure, delicate tissue management, and compliance with
blood circulation [80].

10.5 Nerve damage

The neural disorders that occur as a result of orthognathic surgery mainly affect
the infraorbital, inferior alveolar (mandibular), and mental and incisive nerves.
Reports on facial nerve paralysis vary in the range of 0.17-0.75% [81].

The incidence of continuation of inferior alveolar nerve disorders varies
between 5 and 15% depending on the age of the patient and the technique that is
used (piezo-surgery or conventional) [82, 83]. A systematic review in 2017 reported
that usage of piezo-surgery in orthognathic operations was associated with signifi-
cant reductions of loss of blood during surgery and severe nervous disorders [84].

In orthognathic surgery on cleft patients, 70% of the patients may experience
paresthesia after surgery, and a permanent sensory disorder may occur in 25% [80].
Bhatia et al. [61] stated that all 25% of patients who experienced cheek paresthesia
recovered after a year. Moran et al. [70] reported that the sensory neuropathy of the
infraorbital nerve was temporary in 53% of patients and permanent in 1.27%. In
addition to this, 3D computer-assisted planning and determination of the inferior
alveolar nerve may contribute to the safety of orthognathic surgery [85].

11. Conclusion

Orthognathic surgery, which is the last stage of CLP treatment, is a highly
important step in management of the entire process. Therefore, there should be
good communication among the patient, the family, and the cleft team. There are
effects of factors that are unique to individuals or clefts on the outcomes of surgery,
but their extent is still under debate.

Despite the different rates reported in the literature, the rates of complications
in cleft surgery are striking. Strategies should be created by focusing on causes and
mechanisms to prevent or minimize these complications.
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Chapter 6

Quality of Life in Adolescents with
Cleft Lip and Palate

Latifa Elmouden, Fatima Zahva Elgasmi and Lahcen Ousehal

Abstract

The cleft lip and palate (CLP) is the second most common congenital anomaly
in the world; therefore, understanding the quality of life in children and adoles-
cents with this malformation is extremely important. The study of the quality of
life in this population is based on how the patient feels about his condition and
how it affects his general well-being depending on the problems he may encounter
concerning bone growth, phonation, speaking, facial appearance, and social
relationship. As part of a descriptive survey, the aim was to assess and study the
quality of life of patients with labio-palatal clefts operated and undergoing medi-
cal management, as well as the quality of life perceived by their parents to evaluate
the family impact of this dysmorphia. According to the studies, teenagers had the
lowest quality of life rates in the items: physical appearance and self-esteem, so
the psychological support for patients and their families with multidisciplinary
treatment that meets standards, are the keys to improving the quality of life of this
category of patients.

Keywords: quality of life, adolescents, cleft lip and palate, self-esteem, parents

1. Introduction

Cleft lip and cleft palate are facial anomalies and are the most common congeni-
tal anomalies that affect the orofacial region and remain a significant public health
burden [1].

Orofacial clefts (CL/P) commonly affect the lip, alveolar ridge, and hard and
soft palates. Problems associated with these anomalies are dental problems, maloc-
clusion, nasal deformity, feeding, and ear and speech difficulties [2].

Thus, any difference in those structures is noticeable and may cause some dif-
ficulties in the relationship field. In fact, the face is the front by which every human
being is presented and communicates with others.

In the book “bec-du-lievre” (“harelip”): Clinical Forms-Surgery (1938) of
Victor Veau, the presence of a cleft lip is stated by the absence of contacts between
the external muscles and the inner verge [3]. This has the effect of destabilizing
the anatomy of the nose (deformation of the alar cartilages, the nasal septum, and
triangular cartilages).

Such deformation causes in humans a change in its well-being, autonomy, own
world, expectations, and social insertion, which are parts of the concept of “quality

of life” (QoL).
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The quality of life (QoL) is a complex multidimensional and subjective concept
in permanent evolution. The study of QoL can be an instrument of evaluation of
the daily impact of an individual with CL or CLP operated. It is an integral part of
the evaluation of results as well as the satisfaction of the surgeon and that of the
patient [4].

The issue of QoL is attracting increasing the interest from many researchers.

It is a concept that groups together different areas of life and is strongly subject to
individual experiences [5].

The QoL of a patient with a cranio-facial deformity is already influenced at birth
by the impact of the disease on the newborn, the parents, and the family. The birth
of a child with a cleft lip and palate raises controversial feelings among parents
especially the mother. The relationship with the child is dominated by the notion of
“who,” which cannot be separated from “what we are” The abnormal child is not
only the beloved child but also an unknown stranger. Once the diagnosis has been
made, the child’s removal can occur but also ownership [6].

The QoL of individuals with cranio-facial diseases is challenged throughout life,
given the conditions themselves and the treatments needed to be done. In other
words, age and time the frameworks in which optimal care and quality of life must
coordinate perfectly. These children with CLP experience a number of psychosocial
risks, including medical appointments and assessments, surgery, feeding difficul-
ties, appearance differences, as well as the possibility of need for early special
treatment, such as phonotherapy.

This otherness and especially the differences in appearance often involve vary-
ing degrees of facial scars, and dentition variations, such as missing teeth, limita-
tion of speech, and language [7-9].

Several studies have described the psychological and social burden in children
with CLP and reported that these patients have significantly more behavioral
problems, as well as more symptoms of depression, and are less satisfied with their
facial appearance.

In addition, the new concept of health proposes to measure the oral health of
people in relation to general health and psychosocial well-being [7].

The judgment of the functional and esthetic results of surgery has always
been traditionally performed by clinicians (surgeons, speech therapists, and
orthodontists).

Quality of life brings together a number of distinct branches (appearance,
speech, facial growth, and psychosocial interaction). In addition, the importance
lies in how these different areas could change from the period of childish develop-
ment to adulthood. As a result, a questionnaire for the cleft lip and palate popula-
tion could be able to address areas of importance and be aware of any changes in
quality of life aspects as the child matures [4].

There are very few studies that illustrate how patients feel after surgery and how
they assess their quality of life [10].

To adequately measure the quality of life of patients with cleft lip and palate,
an instrument showing the clinically significant scientific findings reported by
the patient that specifically addresses quality of life issues in patients with cleft lip
and palate is required. These are questionnaires that quantify QoL and/or other
significant outcome variables (e.g., satisfaction, symptoms, and function) from the
patient’s point of view. The lack of a tool specific to this population with orofacial
clefts has been identified as a major research gap that should be filled.

The objective of our study was to assess the quality of life of patients operated
by a cleft lip or cleft lip and palate as well as the perception of quality of life of the
patients perceived by their parents through a quality of life scale adapted to the age
of the patients.
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2. Patients and methods
2.1 Patients

This study is a monocentric cross-sectional descriptive analytical survey on a
sample of 40 adolescents (25 boys and 15 girls) aged between 12 and 16 (average age
of 12.53 +1.65 years) operated with a cleft lip (CL) (n = 12) or cleft lip and palate
(CLP) (n = 28) and their parents.

Patients operated on for cleft palate only were excluded from the sample.

The survey was conducted at the “Opération Smile” center in Casablanca
(Morocco) among patients with a cleft lip and palate treated at the center
over a period of 4 months, and only one interviewer was responsible for data
collection.

2.2 The questionnaire

The questionnaire used in the study is the VSP-A (Vécu et Santé Pergue de
I’Adolescent), it is a self-administered French indicator of health-related quality of
life that has been developed from the perspective of healthy and sick adolescents
aged 11-17.

For adolescents, nine areas were explored:

* relations with parents,

e self-esteem,

* energy and vitality,

* relationships with friends,

* leisure and activities,

* psychological well-being,

* physical well-being,

¢ school labor and relations with teachers, and

* relationship with the nursing staff,

Each response was rated from 1 to 5. The points were distributed as follows: 1
point for the answer that corresponded to “ill-being,” 5 points for “well-being” with
all the intermediate nuances. The “no answer” and “unconcerned” questions were
not included in the questionnaire administered to adolescents and therefore do not
correspond to any rating.

The questions corresponding to the same field were distributed through-
out the questionnaire in order to limit the response bias. The questions were
in the form of multiple choice answers. Five responses were received possible:
never, not at all/rarely, a little/sometimes, moderately/often, much /always,
and a lot.

In the questionnaires given to “parents,” in addition to the previous items, a sixth
proposal appeared: not concerned.
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2.3 Statistical analysis

The statistical data for this study were captured, analyzed, and compared using
the Microsoft Excel 2010 software; and the Spss software, Version 23.0. Armonk,
NY: IBM Corp.

A test-retest was performed for a sample of 10 patients that was randomly
selected to see if the questions were well assimilated by the patients. The intra-class
correlation coefficient (ICC) with a 4-week interval between the two measurements
with alpha level of significance alpha = 5% (corresponds to a 95% confidence).

P < 0.05 value was considered significant.

3. Results

In order to verify the validity of the questionnaire and the reproducibility of
the responses of the adolescents interviewed, we conducted a test/retest with 10
adolescents who were asked after 1 month of the first interview, giving answers, for
the most part, equivalent to the first answers and therefore insignificant differences
(p = 0.21) and, therefore, we can conclude that the questionnaire was well assimi-
lated by the patients (Table 1).

Our results show that the overall quality of life index for adolescents with CLP is
59.61, while the index for parents of patients is 60.58 (Table 2). The quality of life
perceived by parents is therefore close to that of their children (Figure 1). This was
confirmed by the linear regression curve (Figure 2).

Parents overestimated their children’s quality of life in terms of family relation-
ships, self-esteem, education, and physical and psychological well-being. However,
adolescents slightly overestimate their quality of life compared to their parents in
terms of activity and leisure and relationships with friends.

The relationship with medical and nursing staff has yielded the best results for
both parents and adolescents. More than 60% of adolescents reported a better qual-
ity of life in their relationships with friends, sharing their secrets and problems and
expressing themselves freely.

Domains Average test Average retest P-value Significance
score score

Family relationship 59.2 58.1 0.21 NS
Friends relationship 58.7 60.2 0.54 NS
Vitality 62.3 614 043 NS
Self-esteem 551 572 0.24 NS
Psychological well-being 56.7 584 0.19 NS
Physical well-being 473 48.5 0.42 NS
School labor and relationship with 591 60.2 0.53 NS
teachers

Leisure and activities 62.1 617 0.67 NS
Relationship with the nursing staff 69.3 714 0.12 NS
Global Index 58.86 59.67 0.46 NS

Table 1.

Results of the test/vetest patients.
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Domains Average quality of life score Average score of adolescents’
according to adolescent quality of life according to
patients parents

Family relationship 60.2 654

Friends relationship 59.6 62.1

Vitality 61.3 58.2
Self-esteem 54.6 59.6
Psychological well-being 532 58.6

Physical well-being 452 554

School labor and relationship 574 60.1

with teachers

Leisure and activities 624 60.2
Relationship with the 70.2 69.3

nursing staff

Global Index 59.61 60.98

Table 2.

Average quality of life of adolescents and the quality of life perceived by their parents.

W Adolescans B Parenis
Forernge VEP-A Parents and Adclescents

Fasrily Friends Bell-patesm  Paychology \alny Prsoral Bohool  besuse aothAEs Cuaity of Be

Figure 1.
Diagram of the averages of VSP-A parents and adolescents.

According to our results, between 32.5 and 42.5% of adolescents had self-
confidence. Fifty percent of adolescents lacked vitality and energy, and 50% of
adolescents often went out to play with their friends; 72.5% were understood and
reassured by their friends.

About 47.5% of adolescents were satisfied with their academic performance,
while 15% thought they were very well understood by their parents about their
schooling. About 67.5% are complexed by their physical appearance.

Psychologically, only 2.5% of adolescents are self-confident with 47.5% tending
to take life on the bright side.

The relationship with medical and nursing staff showed that 70% of adolescents
found that they were understood, reassured, and respected by medical staff.

As far as parents of sick children are concerned, only 30% found that their
children were too worried.

Fifteen percent of parents noticed signs of depression in their children, and
35% found that they were not at all revolted or shocked by what was happening
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Figure 2.
Linear regression, overall quality of life index.

around them. Sixty percent of parents noted that their children were optimistic and
confident about their future; only 10% thought that their children were extremely
happy and satisfied with their lives.

With regard to the education component for adolescents, parents with an aver-
age of 31% were satisfied with their children’s schooling and relationship with their
children’s teachers. Fifty-five percent of parents noted that their children were not
at all complexed by their physical appearance.

On average, 45% of parents reported that their children lacked energy and vital-
ity; 65% of parents reported that their children tended to take life on the right side;
and 70% thought their children thought that everything was fine around them.

4. Discussion
4.1 Quality of life instrument evaluation

Our study was based on the administration of two questionnaires, VSP-A
“Vécu et Santé Percue par I’Adolescent” “Experienced and Perceived Health by the
Adolescent” one for adolescents with CLP and the other for their parents.

These questionnaires were considered reliable by a test/retest with the first 10
patients interviewed. The questionnaire we used is in French [4].

Quality of life is defined by the World Health Organization (WHO) as “percep-
tion of people in terms of their situation in life, in the cultural context, and in
values with whom they live according to their objectives, expectations, models, and
concerns” [11].

When an individual is accepted into society, the sense of well-being or good
quality of life is easier to achieve [12]. The overall quality of life index for adoles-
cents with CLP was 59.61 and that of the parents of the children of was 60.58, which
shows that the perceived quality of life is almost superimposable between parents/
children.

Recent studies show that reports of children on OHRQoL are reliable and valid.
Instruments developed to measure the quality of life of children must also assess the
impact of these problems on the quality of life of the family, as they are inseparable
factors [13-16].
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4.2 Psychological aspect of quality of life perception

The analysis of the quality of life in CL/CLP remains a difficult exercise. Family
dynamics, education, and professional factors influence the social development and
rehabilitation of these patients [17] .

Psychological problems, such as loss of self-esteem and difficulties in social
interaction, are also encountered in patients with cleft lip or palate [8, 18-20].

In our study, the quality of life perceived by parents was close to that of their
children, which was confirmed by the linear regression curves (Figure 2).

The literature on quality of life in cases of facial malformation (congenital or
acquired) is disparate. The quality of life index is considered in the majority of cases
to be equal to and, in some cases, lower than that of a control population.

Frangois-Fiquet et al. [4], in his study, found that patients’ quality of life was
estimated by patients at an average of 65.1/100. This overall quality of life index
was comparable (P = 0.66) to that of the control population. The perceived quality
of life of patients by their parents was quite close to the quality of life described by
patients (66.5/100).

In our study, and during adolescence, problems of attractiveness, peer accep-
tance, and identity formation are particularly acute in populations and patients in
general. With CLP, the results show that 67.5% of patients surveyed are complexed
by their physical appearance.

Turner et al. [21] conducted a study in England that showed that a negative
reaction from foreigners, real or perceived, can damage our own image. The links
between physical attractiveness and the probability of success and social acceptabil-
ity are well established. These links highlight the potential disadvantages for people
affected by CLP because they may have an abnormal facial appearance [22-24].

Broder et al. [7] mainly showed higher levels of dissatisfaction with body image
associated with an increase in apparent anxiety in patients related to their CLP.

Similarly, our psychological study revealed that only 2.5% of adolescents have
self-confidence and 47.5% tend to take life on the bright side.

Several studies have reported that the majority of patients and their parents
report that self-confidence has been affected or “very affected” by the cleft. Lower
levels of self-esteem have also been observed in adults with CLP [25-28].

4.3 CLP and social aspect

In our study, socially, more than 60% of adolescents reported a better quality
of life in their relationships with friends and 72.5% found that they are understood
and reassured by their friends with only 27.5% of adolescents worried about their
future. The highest index in this field explains our patients by the fact that they have
developed a privileged relationship with their “best friend,” integrating almost total
trust, a greater complicity than between classmates without a surgical background.

These results disagree with those observed in several studies, in particular that
of Antoun et al. [29] who found that children with facial malformations may have
specific attitudes that influence or even interfere with interactions with others.
Facial malformations are not the most accepted physical abnormality in the popula-
tion with a higher incidence of facial mockery; another factor that affects the social
life of their children is the visible deficiency, nose and lips by this abnormality
having a negative impact on peer interactions or even in the field of marriage.

Stock et al. [28] conducted a study in which they found that children with CLP
were less socially motivated, less competent, and less effective in overall social
functioning than their peers without CLP.
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The study by Frangois-Fiquet et al. [4] is consistent with our study which shows
that these patients have achieved better results in the areas of friendship.

On the other hand, concerning the fields of schooling showed that the quality of
life index was proportionally lower than that of the other fields [4]. Another study
by Turner et al. [21] indicates that social anxiety was associated with poor academic
performance, in addition to communication difficulties and words encountered
in patients. The study by Broder et al. [7] found that patients with CLP requiring
multiple surgical procedures had lower school scores.

4.4 Parent’s relationship and quality of life

In our study, 75% of parents thought that their children spoke freely with them
and 45% thought that their children spoke well with other family members as well.

The highest scores in the literature on parent-child relationships are partly
explained by the importance of parents’ investment in care over many years
and also by daily concerns about the mockery and stigma that could affect their
child [30].

The study by Francois-Fiquet et al. [4] confirmed the presence of a fusional and
overprotective parental relationship that can be established, leading in some cases
to an increased dependence of adolescents on their parents. This may even lead to a
later departure from the family unit.

Parents’ feelings about their children’s facial anomaly are expected to be critical
to their well-being in developing the child’s self-esteem, although at the birth of
their babies, they may experience feelings of uneasiness, shock, confusion, pain,
and guilt; over time, they seek to adapt and better understand it to ensure maxi-
mum comfort and social integration.

The announcement of a facial malformation affecting their child is a major psy-
chological test for parents. Other studies [10, 31-33] have found that parents’ first
relationships with their children are based on conscious and unconscious emotions,
which essentially involve touch, sound of voice, gaze, and facial expression.

When the newborn is carrying a CLP, parents are brutally confronted with their
child’s “spoiled, open, cracked” face, and the emotional overload of this event can
slow down their emotional investment. Thus, the parent-child relationship can be
affected from birth [34]. The mother’s attachment to her child during childhood
does not seem to be a problem, quite the contrary. This is because a mother protects
her child more when he or she has an unsightly face [8, 35].

Aslan et al. [36] identified in their study the multiple variables affecting family
functions and life quality of parents with cleft lip and/or palate children. In fact, the
parents of CLP children need to be strengthened in behavioral control, roles, and
the required attention areas of family functions at early childhood and at required
attention area in all age groups of children. In addition, families need to be support-
ive for social, physical, and the psychological fields of QoL when their children are
in adolescence growth period. Therefore, concepts of psychological services in cleft
centers should be developed, and a family-centered approach should be applied
caring the psychosocial needs of parents, children, and their families.

4.5 Orofacial functions and quality of life

In our study, 50% of adolescents lacked vitality and energy according to them
and 45%, according to their parents.

Grollemund et al. [9] and Frangois-Fiquet et al. [4] confirmed that although
patients with bilateral FLP are functionally satisfied with their speech, swallowing,
and hearing, they are significantly dissatisfied with their appearance, particularly
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in the upper lip and nose. This dissatisfaction with the esthetic result may even be
an early sign of depression [37].

People with CLP can suffer from a variety of disorders: behavioral disorders,
anxiety, depression, and facial esthetic dissatisfaction in both children and adults.
The difficulty in interpreting these disorders lies in the multiplicity of factors that
can influence the quality of life of these people.

A retrospective cohort study including 220 child born with unilateral CL+A,
concluded that the findings of this study provide a reference for morphologic
variations in CL+A and insight into the surgical burden of care until the age of
18 years. These results are consistent with the results of our study on the influence
of the management of cleft lip and palate on the quality of life of children and
adolescents [38].

4.6 Limitation of this study

Our study was a retrospective monocentric study for the evaluation of the qual-
ity of life in patients with cleft lip or labial palate and their parents. This is justified
by the difficulty of accessing this particular population; in general, these anomalies
affect with disparity a population with an unfavorable socio-economic and cultural
context. On the other hand, a prospective longitudinal study with an evaluation at
the beginning and at the end of treatment and long-term follow-up with a compari-
son group of children without CL and CLP would have been more relevant.

5. Conclusion

At the end of this work, we concluded that patients’ and their parents’ percep-
tions of quality of life remain average, with satisfaction rates of 59.61 for the former
and 60.58 for the latter.

Teenagers had the lowest quality of life rates in the items: physical appearance
and self-esteem, while their parents did not like the fact that their children were
dissatisfied with their lives.

Multidisciplinary management is the rule in the treatment of the after-effects
of cleft lip and palate. However, it will be necessary to strengthen the role of the
psychologist in the therapeutic chain of these patients, as they are currently still
neglected at the expense of surgeons and orthodontists.
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