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Chapter

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 presentations. 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 odontogenesis 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 development or calculating dental age [4–12]. Essentially, tooth development is observed
from radiographs and compared with the formation stages in each system. Some systems 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].
1
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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 description 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 noncleft 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 second 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 postulations 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 tendency 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 environmental 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 suggesting 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 propensity 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 development 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 quadrant 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 eruption 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 interest 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 cleftsided 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 cleftsided 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 malformed 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 permanent 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 prevalence 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 Butler’s 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 members 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 commonly 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 children, 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 dentition (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 odontogenic 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 incisors 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 concrescence [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 segment [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].
8
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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 correction 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 noncleft 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 population 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 development 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.
9
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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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