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Patients with one or more developmentally absent teeth are routinely encountered in dental practice. Tooth
agenesis can be associated with significant functional, aesthetic and psycho-social problems. The present article
provides an overview of the prevalence and aetiology of tooth agenesis, as well as the condition’s clinical
characteristics and management options with reference to the evidence base. A timely diagnosis can facilitate the
appropriate planning and management which might not be straightforward, and patient care will likely require

multi- and inter-disciplinary input. It is critical that dental care practitioners are aware of the clinical charac-
teristics and management options for tooth agenesis.

1. Introduction

Tooth agenesis occurs when there is a developmental absence of one
or more of the ‘normal’ complement of 20 teeth in the primary dentition
and/or 32 teeth in the permanent dentition [1]. It is a relatively common
dental aberration which can range from the absence of a single tooth to
the failure of development of an entire dentition [2]. The definition of
agenesis type is based on the number of teeth developmentally absent
which usually excludes consideration of the permanent third molars [3].
Hypodontia is defined as the developmental absence of one to five teeth,
whereas oligodontia is the agenesis of six or more teeth [4]. Anodontia
occurs when all teeth fail to develop [5]. The terms ‘agenesis’ and
‘hypodontia’ are commonly used interchangeably in the literature and
both terms are used in this review.

Tooth agenesis is associated with a variety of genetic and environ-
mental factors [6]. It may occur in isolation or be associated with other
dental anomalies and/or general medical conditions [2]. It can be
associated with significant functional, aesthetic and psychological
problems, and often requires multi- and interdisciplinary management
[3,4,7,8].

Evidence-based practice in dentistry requires the application of
pertinent high-quality research integrated with a consideration of pa-
tient needs and preferences and the experience and expertise of the oral

healthcare professional [9]. Although some relevant high-quality
research has been published, the clinical management of agenesis is
largely reliant on retrospective and opinion-based reports.

The aims of the present article are to:

e Review the diagnosis, prevalence, and aetiology of tooth agenesis
and

e Describe, with reference to current evidence, the associated clinical
characteristics and management options.

The article will conclude with a brief overview of the management
considerations of the two most commonly agenic permanent teeth which
are the mandibular second premolar and the maxillary lateral incisor.

2. Diagnosis
2.1. Clinical presentation

A tooth is suspected of being developmentally absent if it has not
erupted into the mouth and is not evident on a radiograph at an expected
timepoint [10]. Reference to the ‘expected’ timing of eruption of the
teeth is helpful in assessing whether the tooth is present. Table 1 shows
the mean ages of eruption of the permanent teeth of patients attending
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the Outpatient Clinic of the Department of Pediatric Dentistry of Tokyo
Dental College [11]. Table 1 also shows that the corresponding data
from Australia and the U.K. are broadly similar [12,13].

Furthermore, some clinical presentations suggest agenesis. For
example, the failure of the contralateral lateral incisor or second pre-
molar to erupt within four-to-six months of its antimere indicates likely
absence [11,12]. Primary tooth infra-occlusion occurs when its eruptive
mechanism fails to keep the tooth aligned with the occlusal plane of the
adjacent teeth [14]. Up to two thirds of individuals with missing pre-
molars have infra-occlusion of the corresponding primary molars [15].

2.2. Definitive diagnosis

A definitive diagnosis is usually determined by a radiographic eval-
uation but care in determining a tooth’s absence is essential as there can
be a wide variation in chronological development. Second premolars,
for example, can commence development as late as 9 or 10 years of age
[16]. Nevertheless, all primary teeth should have erupted by 3 years of
age and all permanent teeth (apart from the third permanent molars)
should have erupted by the age of 13-14 years.

3. Prevalence

Caution is advised in the determination of the prevalence of tooth
agenesis. Variation in the ages of subjects and methodologies used to
identify agenic teeth in evaluated populations may preclude accurate
reporting of the condition.

3.1. Primary dentition

The prevalence of developmentally absent teeth in the primary
dentition ranges from 0.4% to 2.4% in European and Japanese pop-
ulations [17-19]. Males and females appear to be equally affected with
one or two missing incisor teeth as the most common presentation. The
upper primary lateral incisor is most commonly absent in European
populations while the lower primary incisor fails to develop most
commonly in Japanese individuals [17,19]. The absence of a primary
predecessor indicates the likely absence of a permanent tooth.

3.2. Permanent dentition

A recent meta-analysis calculated an overall hypodontia prevalence
of 6.4% (95% CI: 5.7-7.2) [20]. The prevalence of developmentally
absent teeth in the permanent dentition, however, varies between

Table 1
Approximate ages at which permanent teeth erupt.
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populations. Prevalence rates of up to 36.4% have been reported within
some cohorts [5]. In Africa, a rate of 13.4% has been recorded whereas
in Europe, 7% of the population have developmentally absent teeth [20,
21]. The prevalence of agenic teeth in Australia is 6.3% of the Caucasian
population [22,23]. This is greater than the recorded rates of 5.0% in
North America and 4.4% in Latin America [20]. However, it is less than
the 8.5% reported among 3358 orthodontic patients treated in Nippon
University Hospital and 8.7-10.8% found in a 2008 study of 2072
paediatric patients in Matsudo, Japan [24,25]. A 2016 study of 9584
high school students showed a prevalence rate of agenesis of 3.8% which
suggested that agenesis in Japan may not be as high as previously
thought [26].

In contrast to the circumstances regarding supernumerary teeth, the
prevalence of missing permanent teeth was reported to be higher in
females with a combined female: male ratio of 1.22:1 (95%CI: 1.14, 1.3)
reported in a systematic review by Khalaf et al. [20,27]. However, this
gender difference was not noted in a recent large epidemiological survey
in Japan [26]. In addition, the evidence indicates that there is a higher
prevalence among those presenting with a class III malocclusion
compared with other malocclusion types [28,29].

Table 2 shows the breakdown of the developmentally absent teeth by
type in a descending order of prevalence. The information was derived
from an evaluation of 145,848 subjects in 22 studies [20]. Of those with
missing teeth, 41.9% were missing only one, 39.7% were missing two,
7.2% were missing three, 5.4% were missing four, 1.7% were missing

Table 2
Distribution of developmentally absent teeth by % tooth type of all develop-
mentally absent teeth (excluding third permanent molars).

Order of frequency Tooth type* % occurrence
1 35,45 29.9
2 12, 22 24.3
3 15,25 13.7
4 31,41 6.1
5 32,42 4.3
6 14, 24 3.6
7 34, 44 2.7
8 13,23 2.5
9 37, 47 1.8
10 17,27 1.5
11 33,43 1.3
12 16, 26 1.1
13 36, 46 1
14 11, 21 1

KEY: %: Percentage. * Notation as per FDI World Dental Federation notation

Dentition Tooth Age of eruption
Country
Japan [11] Australia [12] United Kingdom [13]
Mean (SD) Median Median
Male Female Male Female Male Female
Maxilla Central incisor 7.29 (0.8) 7.38 (0.65) 7.4 7.2 7.3 7.42
Lateral incisor 8.29 (0.77) 8.2 (0.72) 8.6 8.2 8.44 8.66
Canines 10.74 (0.96) 10.6 (1.05) 11.8 11.2 11.74 11.98
First premolar 10.78 (0.99) 10.6 (1.09) 11.3 10.8 11.06 11.25
Second premolar 11.68 (1.09) 11.68 (1.49) 121 11.7 12.01 12.25
First molar 6.69 (0.89) 6.92 (0.99) 6.7 6.6 6.66 6.77
Second molar 12.89 (1.03) 12.68 (1.68 12.7 12.3 12.67 12.8
Mandible Central incisor 6.92 (0.59) 6.38 (0.56) 6.6 6.4 6.47 6.6
Lateral incisor 7.26 (0.74) 7.17 (0.68) 7.8 7.5 7.61 7.76
Canines 10.25 (0.95) 9.67 (0.93) 11.0 10.1 10.57 11.0
First premolar 10.6 (1.01) 10.44 (0.97) 11.2 10.6 10.94 11.19
Second premolar 11.54 (1.05) 11.41 (1.18) 121 11.7 12.1 12.21
First molar 6.49 (0.58) 6.53 (0.60) 6.6 6.4 6.59 6.76
Second molar 12.15 (0.96) 11.94 (1.23) 12.2 11.8 12.15 12.26
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five and 3.1% were missing six teeth or more [20]. Many of the findings
were similar to the results from a survey carried out by Endo et al. of
Japanese orthodontic patients in 2006, in which 76.3% participants
were missing one or two teeth and the lower second premolar was the
most commonly developmentally absent permanent tooth [24]. Of note,
however, the most commonly agenic tooth in the more recent Hagiwara
et al. survey was the upper second premolar [26].

4. Aetiology

The aetiology of hypodontia is not completely understood. Several
theories have been proposed but it is commonly accepted that a multi-
factorial aetiology comprising genetic, epigenetic and environmental
factors is involved [2,6,19]. The theories have been broadly considered
as either evolutional or anatomical [30].

Evolutional theories are based on the rationale that the result of
evolutionary changes to the craniofacial complex and/or dentition is a
reduction in tooth number. In the 1940s, Dahlberg suggested that the
more mesial tooth of each of the four types (incisor, canine, premolar
and molar) was comparatively more stable than its more distal coun-
terparts [31]. Clayton later suggested that the more distal teeth were
superfluous to needs and became redundant during evolution [32].
Some propose that jaw size and tooth number are reducing as humans
evolve [33]. However, the evidence to support this proposal is lacking
[34,35].

Anatomical theories originate from the concept that particular re-
gions of a tooth’s dental lamina are vulnerable to environmental insult
during dental development [30]. It has been proposed that the devel-
opmental absence of the maxillary lateral incisors and the second pre-
molars and central incisors in the mandible occur because these teeth
develop at sites of early fusion of the jaw [36]. Alternative thinking has
suggested that agenesis was more likely in those areas where innerva-
tion was last to take place [37]. It is now accepted, however, that the
developmental absence of a tooth or teeth is due to a complex interplay
of genetic and environmental factors [1,38].

4.1. Environmental factors

Developmental cascades are common in the formation of craniofacial
structures and teeth [39]. This can be observed when syndromes
involving tooth agenesis display dysplasias and clefts [5]. An environ-
mental cause has been implicated in many craniofacial anomalies but
evidence regarding environmental involvement in hypodontia is not
robust. Investigations have indicated that medications such as the use of
thalidomide while the mother is pregnant may result in hypodontia in
her child [38,40]. Rubella infection during pregnancy has also been
proposed as a causative factor of hypodontia in the newborn [41].

Maternal smoking and/or the consumption of alcohol during preg-
nancy have been associated with craniofacial anomalies such as cleft lip
and palate [42]. In particular, smoking can deleteriously impact upon
the development of neural crest cells resulting in craniofacial anomalies
[43]. As hypodontia and some craniofacial anomalies share specific
signalling pathways, it has been speculated that a correlation exists
between environmental factors and hypodontia.

Radiation and chemotherapy treatments for childhood cancers have
been shown to have a detrimental impact on dental development,
including tooth agenesis [1]. Krasuska-Slawinska et al. showed that with
increased doses of chemotherapeutic agents such as vincristine, cyclo-
phosphamide and doxorubicin over a long treatment period was asso-
ciated with increased tooth agenesis [44]. In addition, the exposure to
therapeutic radiation doses of 2000-4000 centigray during treatment
for childhood cancers is known to result in dental anomalies often
involving agenesis [45].

However, the evidence is weak regarding the link between trauma
induced by inferior dental nerve blocks and/or trauma to the alveolar
process containing the developing tooth germ and hypodontia [5].
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4.2. Genetic factors

Current research suggests that the ‘inheritance’ of tooth agenesis can
occur by different mechanisms [5]. X-linked (sex linked) autosomal
recessive and autosomal dominant mechanisms have been implicated.
Non-syndromic hypodontia can occur ‘randomly’ within an individual
or be inherited with variations in expressivity and penetrance [2]. An
association with additional dental and occlusal anomalies provides ev-
idence of a genetic aetiology [6]. A genetic basis is further suggested by:

e Sexual dimorphism. Greater prevalence of tooth agenesis has been
reported in females.

e Ethnic variation. Developmentally absent teeth appear to occur more
frequently in individuals in North America than in Europe and
Australia.

e Occurrence in families. Tooth agenesis appears to occur more
frequently in monozygotic twins compared with dizygotic twins and
is more common among ‘blood’ relatives than in the general popu-
lation and ‘non-blood’ relatives [2,20,33,46,47].

Non-syndromic hypodontia is the most common form of tooth
agenesis [20]. Localised incisor—premolar hypodontia, in which only
one or a few teeth are developmentally absent, is the presentation that
occurs most frequently [48].

As tooth development is under genetic control, it is logical to pre-
sume that hypodontia is genetically linked and murine studies have
provided information pointing to the identity of genes associated with
agenesis in humans [2]. Agenesis may be due to the impairment of
molecules which facilitate cell adhesion, the malfunctioning of extra-
cellular matrix molecules and defective signalling pathways [49].
Although there are over 300 genes involved in tooth development, there
appears to be a few key genes implicated in non-syndromic hypodontia
[5].

Mutations of the human homeobox MSX1 (muscle segment homeo-
box 1) gene is linked with familial oligodontia [50]. An alteration of the
PAX9 (paired box gene 9) gene has been associated with developmen-
tally absent molars [51]. Both genes are involved in coding for tran-
scription factor proteins essential in tooth development [2]. PAX9, for
instance, codes for factors in tooth mesenchyme during tooth develop-
ment with disturbances in the gene being involved in aborting devel-
opment at the bud stage [52].

A third gene, AXIN 2 (axis inhibition protein 2), is responsible for
regulating the Wnt signalling pathway [53]. Wnt proteins play an
extensive part during embryonic development which includes dental
development [2]. If the Wnt pathway is disrupted as a result of muta-
tions of AXIN 2, tooth development is unlikely to occur [5]. AXIN 2 has
been associated with the developmental absence of a lower incisor and
has been observed in some forms of oligodontia [54]. Interestingly, the
‘malfunctioning’ of AXIN 2 is also associated with an increased risk of
colo-rectal cancer which indicates the importance of the gene in a wide
variety of molecular pathways [55]. Investigations have shown that
mutations in EDA (ectodysplasin A) and EDA-receptor genes have
resulted in the absence of maxillary incisors as well as other forms of
sporadic tooth agenesis [56].

Most tooth agenesis is non-syndromic. However, there are several
dozen syndromic conditions in which tooth agenesis constitutes a
phenotypic spectrum of genetic abnormalities (Table 3) [2,57-68].

5. Assessment of patients with tooth agenesis

It is essential that patients presenting with tooth agenesis undergo a
comprehensive dental assessment. Factors such as patient age, patient
and family concerns and expectations, general medical and dental
health and the number, quality and position of teeth present are
important aspects of the assessment.

Prudent clinical and radiographic monitoring is crucial to ensure a
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Table 3
Syndromes and medical disorders frequently associated with tooth agenesis.

Syndrome/medical Responsible gene Author (year)

disorder

Anhidrotic ectodermal EDA Anbouba et al. (2020) [58]
dysplasia

Cleft lip and palate TGFB3, MSX 1 Tannure et al. (2012) [59]

Down syndrome Trisomy 21 Cobourne (2007) [2]

Ehlers Danlos ADAMTS2 Colige et al. (1999) [61]

syndrome

Fraser Syndrome FRAS1, FREM2, and Kunz et al. (2020) [65]

GRIP1
Hemifacial Microsomia OTX2, PLCD3, and Chen et al. (2018) [64]
MYT1
Incontentia pigmenti NEMO Smabhi et al. (2000) [62]
Limb mammary TP63 Van Bokhoven et al. (2001) [63]
syndrome
Popliteal Petrygium Irf6 Wu Chou et al. (2013) [67]
Syndrome
Rieger syndrome (Type  Pitx2 Semina et al. (1996) [60]
1
Van der Woude Irf6 Wang et al. (2003) [68]
syndrome
Wiktop syndrome Msx 1 Jumlongras et al. (2001) [66]

KEY: EDA: ectodysplasin A. TGFB3: Transforming growth factor beta 3. MSX1:
Msh homeobox 1. ADAM; A disintegrin and metalloproteinase with thrombo-
spondin motifs 2. FRAS 1: Fraser extracellular matrix complex subunit 1. FREM
2: FRASI related extracellular matrix 2. GRIP 1: Glutamate receptor interacting
protein OTX 2: Orthodenticle homeobox 2. PLCD3; phospholipase C delta 3.
MYT1: Myelin transcription factor 1. Nemo: NF-kappa-B essential modulator.
TP63: Tumour protein 63. IRF6: Interferon regulatory factor 6. PITX2: Paired
like homeodomain 2.

timely and accurate diagnosis of developmentally absent teeth (Fig. 1)
[10,69]. When considering management strategies, clinicians must be
certain that the tooth is absent and not merely delayed in its develop-
ment. Treatment options range from no intervention to comprehensive
multi- and inter-disciplinary input from general dental practitioners,
medical practitioners, orthodontists, prosthodontists, periodontists, oral
surgeons, genetic counsellors and psychologists amongst others [3,4,69,
70,71]. Additionally, and particularly in the more severe cases of
hypodontia, the clinician may need to advise the patient/family that
medical investigation is required to determine the presence of a previ-
ously undiagnosed syndrome [5].

5.1. Psycho-social impact of tooth agenesis

Clinicians must also be aware of the potential psychosocial impact
that agenesis might have on the individual. Although spacing is a
common patient complaint, the literature has not always been equivocal
in this regard [7,8,72,73-75]. Laing et al., for example, suggested that
there was no difference in the psychosocial effects between individuals
individuals

presenting with hypodontia and with equivalent

Fig. 1. A dental pantomogram of a 15-year-old female illustrating agenesis of
the upper left lateral incisor.
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‘non-hypodontia’ orthodontic treatment needs [8]. However, the same
study found that there were negative functional impacts on a partici-
pant’s chewing capacity when primary teeth without permanent suc-
cessors had exfoliated [8].

A recent prospective cross-sectional study incorporated a
hypodontia-specific quality of life tool as part of its methodology. The
study found that the presentation and planned treatment of hypodontia
adversely impacted on the social and emotional well-being of the 97
teenage participants, with more severe hypodontia associated with
greater adverse effects [7]. The study also concluded that early and
effective engagement between the affected individual and the interdis-
ciplinary team is essential to minimise further negative impacts associ-
ated with the agenesis.

5.2. Occlusal and dental anomalies associated with tooth agenesis

It is also advisable for the clinician to be alert to the occlusal dis-
turbances associated with hypodontia (Table 4, Fig. 2) [15,76-82].
However, care is advised in the interpretation of the findings of studies
investigating the prevalence of anomalies associated with hypodontia
due to the wide range of methodologies adopted in the studies.

Additional characteristics associated with hypodontia include over-
eruption of the tooth opposing the agenesis, an increased overbite
with increasing tooth agenesis, delayed tooth eruption and deficient
alveolar bone development [71,83]. In addition, cephalometric studies
have indicated an increased tendency for reduced mandibular plane
angles, concave profiles, retrusion and overeruption of incisors and
more retrusive upper lips associated with agenesis of greater severity
[84,85]. Ota and Arai showed that agenesis was twice as common within
Japanese orthodontic patients with an Angle Class II Division 2 maloc-
clusion compared to orthodontic patients in other groups [86]. More
severe hypodontia has also been found to be associated with a class III
skeletal tendency [85,87].

6. Management of patients with tooth agenesis

The available evidence regarding management is principally
comprised of case reports, case series, retrospective studies and clinician
opinion. The stage of the patient’s dental development, however, may
offer guidance on how to manage patients with tooth agenesis.

Table 4
Reported % cases of occlusal and dental anomalies associated with tooth
agenesis.

Anomaly Prevalence  Author

Conical incisors 8.9% Lai and Seow (1989)
[15]

Hypoplastic enamel 11% Baccetti (1998) [79]

Impaction of teeth (notably maxillary 5.2-16% Garib et al. (2009)

canines) Baccetti (1998)

Garib et al. (2010)
Al-Abdallah et al.
(2015)
[76,79-81]

Infra-occlusion of primary teeth (agenesis of  15-65.7% Baccetti (1998) [79]

permanent premolars)

Peg-shaped lateral incisors 18-46.7% Baccetti (1998)
Garib et al. (2010)
Al-Abdallah et al.
(2015)
[79-81]

Retained primary teeth Up to 60%  Al-Abdallah et al.
[81]

Smaller crown and root size (microdontia) 20.6% Garib et al. (2009)
[76]

Transposition 4.7% Al-Abdallah et al.
(2015) [81]

Taurodontism Up to 38% Kim and Lai [82]

KEY: %: Percentage
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Fig. 2. (a-c): Photographic images of a 16-year-old female with agenesis of
both upper permanent lateral incisors, the upper right second premolar and
both lower second premolars. She also presented with an upper retained pri-
mary lateral incisor and an upper left primary canine associated with the
palatally ectopic permanent successor.

6.1. Primary and (early) mixed dentition

Clinicians must be aware that delayed dental development is a
frequent finding in those with agenesis [78]. In severe oligodontia and
anodontia, associated aesthetic, functional and psycho-social issues may
require intervention in young children [3,88]. An assessment of
oro-facial functions of speech and mastication should be part of the
management strategy [4,70]. Treatment options include the build-up of
malformed primary and permanent teeth with composite resin (CR),
removable partial dentures and acrylic teeth attached to palatal arches
can help alleviate aesthetic and functional concerns [3]. The patient,
however, is committed to routine checks and adjustment of any fitted
appliances during the patient’s remaining growth and development.

In milder forms of agenesis, ‘routine’ interceptive orthodontic in-
terventions, such as the correction of an anterior crossbite, can be
adopted to encourage favourable dental development. The extraction of
deciduous teeth in the primary/early mixed dentition has been sug-
gested as a strategy to promote favourable movement of adjacent per-
manent teeth but the literature suggests that additional later
intervention is usually preferable to complete space closure [89,90].

6.2. Late mixed and permanent dentition

By the age of 10 years, a provisional plan involving any necessary
orthodontic and prosthodontic treatment is recommended. Because
many agenic cases require orthodontic treatment to facilitate tooth
positioning for management, early input from an orthodontist is
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commonly recommended [91,92].

The orthodontic assessment should incorporate the general features
of the malocclusion and the specific issues associated with the reduced
tooth number [71]. The orthodontist will provide advice on whether the
absent tooth or teeth is helpful in addressing any of the features of an
underlying malocclusion [4]. Growth modification may be considered to
address skeletal discrepancies during the late mixed/permanent denti-
tion while the use of orthodontic fixed appliances can help enable the
planned positioning of the teeth to fulfil the objectives of the treatment
plan [4]. Anchorage requirements can be especially challenging when
the number of the absent teeth is large [5]. The use of temporary
anchorage devices has helped overcome many of the problems associ-
ated with the controlled tooth movement in this regard [83].

6.3. Management of agenic second permanent premolars

Clinicians may first be alerted to agenic second premolars due to
infra-occlusion of the primary second molar [93]. Infra-occlusion occurs
when the eruptive mechanism fails to keep a tooth aligned with the
occlusal plane of adjacent teeth (Fig. 3) [94]. Up to 65.7% of individuals
with missing second premolars have infra-occlusion of the correspond-
ing primary molar [15,76]. Management of the infra-occluded primary
molar, without a permanent successor, depends on the:

o Degree of infra-occlusion

e Age of the patient

e Likely progression of the infra-occlusion

e Prognosis of the infra-occluded tooth and

o Whether adverse effects of the infra-occlusion are present, such as a
centreline shift to the site of the infra-occlusion and tipping of
adjacent teeth toward site of the infra-occluded teeth [95].

A mildly infra-occluded tooth is considered to be below the occlusal
plane of the adjacent teeth but not below the contact points. It must be
noted that the small step present between an infra-occluded primary
molar and adjacent teeth may be due to differences in crown heights
rather than the infra-occlusion. Moderate infra-occlusion occurs when
the occlusal plane of the infra-occluded tooth is between the contact
points and the alveolar crest, and the severely infra-occluded tooth is
below the alveolar crest [95].

Early extraction may be indicated when the infra-occlusion is severe
and adverse effects on the occlusion are observed [96]. This may result
in some spontaneous space closure and potentially avoid further wors-
ening of bony defects. The timely extraction of upper primary second
molars without permanent successors may be helpful as permanent
molars are likely to drift in a mesial direction to reduce the created
space. Space closure subsequent to the extraction of lower primary
second molars is more challenging as the permanent molars do not tend
to drift in a mesial direction as easily. A 2008 study found that the long
term survival of over 90% of retained primary molars associated with
agenic second premolars was observed in 99 subjects, indicating that
non-extraction of the primary second molar is an acceptable treatment
option for many [97].

If the primary second molar is to be retained, a process called
‘slenderisation’ may be considered [98]. This involves the removal of up
to 2.5 mm of enamel so that the mesiodistal width of the primary second
molar is equivalent to that of a second premolar [99]. This can facilitate
a Class I buccal occlusion and help ensure any future restoration is the
appropriate size in the event of future loss the primary molar. However,
this is not without risk. Removal of enamel beyond the enamel/dentine
border will have negatively impact the tooth’s prognosis. Furthermore,
the primary molar’s comparatively divergent roots risk being resorbed if
space closure subsequent to ‘slenderisation’ results in contact with the
roots of the adjacent teeth [98]. In addition, CR build-up of the occlusal
surface of the primary molar can be considered if the tooth is mildly
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Fig. 3. A dental pantomogram illustrating infra-occlusion of the lower left primary molar associated with an agenic second premolar. Note the tipping of the adjacent
to the infra-occluded tooth and the associated small root sizes of the upper buccal segment teeth.

Fig. 4. (a-e): Pre-treatment photographic images of a 14-year-old female (AB) with bilateral agenic upper second premolars, a retained and infra-occluded upper
right primary second molar, peg-shaped upper right lateral incisor, microdont upper left lateral incisor and an upper midline diastema associated with a pronounced
labial frenum.

Management required extraction of the retained primary molar, orthodontic treatment to enable space creation for the restorative build-up of the lateral incisors with
composite resin and a frenectomy to reduce the risk of the diastema reopening.
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Fig. 5. (a-c) AB 7 months after the extraction of the upper right primary molar
and placement of fixed orthodontic appliances. The photographic images show
the creation of space mesial and distal to the upper lateral incisors to enable
their restorative build-up with composite resin, and closure of the space asso-
ciated with the agenic upper right second premolar.

infraoccluded [98].

In general, however, the optimal time for orthodontic treatment for
agenesis of second premolars, particularly in the mandible, is early
adolescence (Figs. 4-7) [3,71,100]. This is to ensure that treatment
coincides with remaining facial growth and the eruption of the
remaining permanent teeth.

6.4. Management of the agenic maxillary lateral incisor(s)

In a consideration of treatment duration, patient satisfaction, the
effect on the temporomandibular joint and periodontal outcomes, the
retrospective nature of current relevant evidence makes it unclear as to
the greater effectiveness of either space closure or space opening (with
prosthodontic replacement of the absent incisor(s)) in the management
of agenic maxillary lateral incisors [101-104]. According to Barber
et al.,, the available research is focused on clinician and investigator
outcomes rather than what is important to patients [105].

The initial malocclusion, however, can provide guidance on the
management of agenic maxillary lateral incisors. The closer the pre-
senting malocclusion is to a Class I incisor, canine and molar relation-
ship with a ‘normal’ overbite, the more prosthodontic replacement of
the lateral incisor may be indicated [91]. A Class III malocclusion may
also benefit from this approach as prosthodontic replacement of the
lateral incisor(s) will help to compensate for the position of the incisors
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Fig. 6. (a-c) AB 17 months after the extraction of the upper right primary molar
and placement of fixed orthodontic appliances. The photographic image shows
the upper lateral incisors which have been built up with composite resin and
continued closure of the space associated with the agenic upper right sec-
ond premolar.

in an associated relative maxillary deficiency. Prosthodontic replace-
ment of the agenic lateral incisor may be via a resin-bonded fixed partial
denture (FPD), a conventional full-coverage FPD, a cantilevered FPD, a
removable partial denture or an implant [3,91,98,106]. In addition,
associated minor periodontal and surgical procedures such as alveolar
ridge augmentation may be required to enable successful biological,
functional and aesthetic treatment outcomes.

However, space closure can be the preferred option, particularly in
those with a Class II malocclusion. This may involve extracting the
primary lateral incisor and primary canine teeth to encourage eruption
of the permanent canines next to the central incisors. The ‘excess’ space
can be closed by the reduction of an increased overjet and/or protraction
of the maxillary posterior teeth. A retrospective study showed that after
7.1 years, patients who had received ‘space-closure’ treatment for their
agenic maxillary lateral incisor were more satisfied with their treatment
and had superior periodontal health than those who had ‘space-opening’
and a prosthodontic replacement [104].

An important consideration in closing the space of an absent upper
lateral incisor is the aesthetic outcome as a result of treatment [91,107].
An assessment of the morphology, colour and gingival contour of the
upper central incisor, upper canine, and upper premolar in addition to
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Fig. 7. (a-e) Post-treatment photographic images of AB 24 months after the extraction of the upper right second primary molar and placement of fixed orthodontic
appliances. Treatment included restorative build-up of the upper lateral incisors with composite resin and frenectomy of the labial frenum. The retention regimen
included the bonding of a fixed lingual retainer to the upper central incisors to minimise reopening of the pre-treatment diastema.

the smile line is essential [108]. This will help inform the clinician and
patient whether closing the resulting space is a feasible aesthetic option,
particularly as the latter two teeth will be required to mimic the char-
acteristics of the lateral incisor and canine, respectively [106]. This
often requires reshaping and/or the prosthodontic management of the
upper six ‘anterior’ teeth and may also necessitate the reduction of the
palatal cusp of the first premolar to prevent its interference with the
occlusion in excursive movements. In addition, the premolar may need
to be rotated mesio-palatally to replicate the wider canine (which can
also help in using up excess space) [98]. Careful consideration must be
given to the management of those cases in which the benefits to the
occlusion of space closure conflict with a resulting sub-optimal aesthetic
outcome.

6.5. Management of agenic molars

More severe forms of agenesis can result in the absence of several
posterior teeth [24]. This may manifest itself as an increased overbite
and a facial appearance that replicates that of an edentulous individual
with lip eversion on closure and mandibular protrusion [109]. The
reduced tooth number, the underdeveloped alveolar bone and the
relatively small size of any present teeth herald considerable treatment
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planning difficulties which are better managed in a multi-disciplinary
environment [75,83].

7. Conclusions

Tooth agenesis is a relatively common condition. The present
narrative overview has described the aetiology, prevalence, assessment,
and management of affected patients with reference to the available
evidence. Although the condition’s management is lacking in high-
quality prospective research, it is clear that the presence of tooth
agenesis can have significant negative aesthetic, functional, psychoso-
cial and financial impacts.

It is essential that dental care practitioners are aware of the condi-
tion’s clinical characteristics and management options. Early diagnosis
can facilitate appropriate planning and management of issues arising
from developmentally absent teeth. It is crucial that dental care practi-
tioners communicate with patients and their families that management
may not be straightforward and patient care may require multi- and
inter-disciplinary input.
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