1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Anat. Author manuscript; available in PMC 2024 November 01.

-, HHS Public Access
«

Published in final edited form as:
Clin Anat. 2024 April ; 37(3): 304-320. doi:10.1002/ca.24117.

Dental abnormalities in rare genetic bone diseases: Literature
review

Eiji Iwatal2, Shyam Kishor Sah3, I-Ping Chen?3, Ernst Reichenberger?
1Department of Oral and Maxillofacial Surgery, Kakogawa Central City Hospital, Kakogawa,
Japan

2Department of Oral and Maxillofacial Surgery, Kobe University Graduate School of Medicine,
Kobe, Japan

3Department of Oral Health and Diagnostic Sciences, School of Dental Medicine, University of
Connecticut Health, Farmington, Connecticut, USA

“Department of Reconstructive Sciences, School of Dental Medicine, University of Connecticut
Health, Farmington, Connecticut, USA

Abstract

Currently, over 500 rare genetic bone disorders are identified. These diseases are often
accompanied by dental abnormalities, which are sometimes the first clue for an early diagnosis.
However, not many dentists are sufficiently familiar with phenotypic abnormalities and treatment
approaches when they encounter patients with rare diseases. Such patients often need dental
treatment but have difficulties in finding a dentist who can treat them appropriately. Herein

we focus on major dental phenotypes and summarize their potential causes and mechanisms, if
known. We discuss representative diseases, dental treatments, and their effect on the oral health
of patients and on oral health-related quality of life. This review can serve as a starting point

for dentists to contribute to early diagnosis and further investigate the best treatment options for
patients with rare disorders, with the goal of optimizing treatment outcomes.
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1| INTRODUCTION

A “rare disease” is defined as any disease or condition that affects fewer than 200,000
people in the United States, or less than one person in 1250, according to the Rare
Diseases Act of 2002 (Schieppati et al., 2008). According to the NIH Office of Rare
Disease Research, more than 500 “rare genetic bone diseases” have been identified. Most
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of these conditions become apparent early in life and are present throughout life. They

are often accompanied by dental abnormalities, which are sometimes the first clue for

an early diagnosis. Most dental phenotypes in rare genetic bone diseases include delayed
tooth eruption, congenitally missing teeth, supernumerary teeth, or enamel hypoplasia (Table
1). This review focuses on rare diseases carrying one of those four dental phenotypes. In
Table 2, we further summarize the mutations, craniofacial, and dental phenotypes of these
diseases.

MAJOR DENTAL PHENOTYPES IN RARE GENETIC BONE DISEASES

Delayed tooth eruption

Delayed tooth eruption is defined as the emergence of a tooth into the oral cavity
significantly slower than the norm (Suri et al., 2004). Delayed eruption can cause an

array of oral problems such as malocclusion, temporo-mandibular joint dysfunction, and
masticatory dysfunction, which can affect psychological health and quality of life (QoL)
into adulthood. Wise et al. elegantly outline how tooth eruption is critically dependent
upon the presence of osteoclasts (Wise et al., 2002). Osteoclast precursors must be
recruited into the dental follicle prior to the onset of tooth eruption. After fusion and
differentiation into mature osteoclasts, they resorb alveolar bone to form an eruption
pathway for the tooth to exit its bony crypt. Lack of functional osteoclasts can severely
disrupt tooth eruption (Helfrich, 2005). Osteoclast formation is a complex process guided
by multiple key factors. The chemokines tumor necrosis factor-alpha (TNF-a.), interleukin-
one alpha (IL-1a), and monocyte chemotactic protein-1 (MCP-1) recruit mononuclear
cells to the dental follicle (Wise et al., 1999; Wise et al., 2002). After those osteoclast
precursors have been recruited, the environment within the dental follicle must be suitable
for promoting their fusion to form osteoclasts. This process requires macrophage colony-
stimulating factor (M-CSF), receptor activator of nuclear factor kappa B (RANK), and
receptor activator of nuclear factor kappa B ligand (RANKL) (Helfrich, 2003; Wise et al.,
1999). Moreover, abnormal expression of or mutations in the genes coding for cellular

Src kinase (c-SRC), TNF receptor-associated factor 6 (TRAF6), tartrate resistant acid
phosphatase (TRAP), and cathepsin K (CTSK) can block the development or function of
mature osteoclasts and therefore their ability to resorb alveolar bone, resulting in delayed
tooth eruption (Helfrich, 2003, 2005). Disorders associated with delayed tooth eruption
include cleidocranial dysplasia (CCD), cranio-metaphyseal dysplasia (CMD), osteopetrosis,
orofaciodigital syndrome, pseudohypoparathyroidism, and pycnodysostosis (PYCD) (Table
1). We will discuss two of those disorders in more detail.

CCD (OMIM 119600) is a rare autosomal dominant bone disease characterized by
craniofacial and dental phenotypes, which include increased head circumference, large
fontanelles, delayed tooth eruption, supernumerary teeth, or malformed teeth (Callea et al.,
2012; Cooper et al., 2001; Thaweesapphithak et al., 2022) (Figure 1). Long bone phenotypes
include hypoplastic or absent clavicles and malformations of the hand. The prevalence is
one in a million live births (Dhiman et al., 2014; orpha.net). It affects both sexes with equal
frequency; there is no sex or ethnicity predilection (Paul et al., 2015). Dental abnormalities
are a major feature of CCD and occur in 93.5% of affected patients (Dhiman et al., 2014).
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CCD is caused by heterozygous loss of function in the Runt-related transcription factor 2
(RUNX2) gene. RUNX2 mutations disturb bone remodeling during tooth eruption through
the RANK/RANKUL /osteoprotegerin (OPG) signaling pathway and thus lead to delayed and
abnormal tooth eruption in CCD patients (Liu et al., 2019).

Osteopetrosis is a general term for a group of genetic diseases characterized by increased
bone mass and bone density due to defective bone resorption (Stark & Savarirayan,

2009). Patients often suffer from progressive deafness, macrocephaly, visual impairment
caused by optic nerve compression, delayed tooth eruption, congenitally missing teeth,

and abnormal root morphology (Athanasiadou et al., 2020; Lam et al., 2007; Vinay et al.,
2011). Osteopetrosis can be classified into three types on the basis of severity of symptoms
and secondary clinical features, age of onset and mode of inheritance: autosomal recessive
osteopetrosis (ARO; OMIM 259700), which is the most severe form; intermediate autosomal
recessive osteopetrosis (IARO; OMIM 259730); and autosomal dominant osteopetrosis
(ADO; OMIM 166600) (Palagano et al., 2018; Sobacchi et al., 2013). ADO affects
approximately one in 20,000 people, while ARO affects approximately one in 250,000.
Other types of osteopetrosis are less frequent. However, mutations in the Chloride Voltage-
Gated Channel 7 (CLCN?) gene, a member of the voltage-gated chloride channel family, are
involved in all three major types. CL CN7 mutations affect the differentiation of ameloblasts,
odontoblasts, and dental follicle cells and also the interaction between dental follicle cells
and osteoclasts via the RANKL/OPG pathway, resulting in delayed tooth eruption owing to
lack of or reduction of bone resorption.

Delayed eruption and shedding of primary teeth have also been studied in CMD (Chen

et al., 2014). A hallmark of autosomal dominant CMD is the progressive thickening of
craniofacial bones. Hyperostosis affects all craniofacial bones and leads to obstruction

of cranial foramina, which then results in progressive loss of vision, sensorineural or
conductive hearing loss, and facial palsy. Dense and hyperostotic mandibular and maxillary
bone causes an approximately three-year delay in tooth eruption, and sometimes the
insufficient bone remodeling results in non-erupting primary or secondary teeth. ANKH

is a transporter of small molecules including adenosine triphosphate and citrate (Szeri et

al., 2020; Szeri et al., 2022) and an important regulator of mineralization in all tissues.
CMD mutations in ANKH are clustered toward the C-terminus and include single amino
acid changes, in-frame insertions, and in-frame amino acid deletions. These mutations
cause reduced levels of pyrophosphate, a potent inhibitor of mineralization, and disrupt
osteoclast formation. The few osteoclasts that form have reduced ability to resorb bone.
Concerns about obstructed secondary teeth have caused dentists to extract primary teeth
prematurely in children with CMD. Considering the approximately three-year delay in tooth
development, deferral of extracting the deciduous teeth is recommended in most cases (Chen
et al., 2014). Orthodontic treatment is needed in many children with CMD owing to tooth
misalignment, and special attention should be given to potential root resorption caused by
orthodontic force (Chen et al., 2014).

Treatment of delayed primary tooth eruption is mostly observational. Sometimes the
physical obstruction needs to be removed with or without exposure of the affected tooth;
orthodontic treatment can be needed, or the involved tooth has to be extracted (Flaitz &
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Hicks, 2001; Stephen et al., 2001). Some surgical approaches have been recommended

for uncovering impacted teeth. These include gingivectomy, apically positioned flap, flap/
closed eruption, and preorthodontic uncovering. When a deciduous tooth becomes a physical
barrier to the eruption of the permanent tooth (Seehra et al., 2018; Xu et al., 2022), removing
it allows the successor to erupt spontaneously. When arch length deficiency creates a
physical obstruction, either expansion of the dental arches or extraction can be necessary

to create the required space. Either the affected tooth or adjacent teeth can be extracted.
Helfrich et al. reported that hematopoietic stem cell transplantation (HSCT) in osteopetrosis
patients can improve tooth eruption by normalizing osteoclast function (Helfrich, 2005);
however, there are caveats to consider such as the timing of HSCT because this therapy can
depend upon the age of the patient (Detailleur et al., 2016).

Congenitally missing teeth

Congenitally missing teeth can cause malocclusion, periodontal injury, insufficient
alveolar bone growth, reduced chewing ability, inarticulate pronunciation, and unfavorable
appearance. Tooth agenesis can occur as part of a disease spectrum or be non-syndromic
and result from molecular disturbances during early stages of development (Aktan et al.,
2010). Hypodontia has been described as mild dysplasia of the ectoderm (Fekonja, 2005,
2017; Graber, 1978). The mode of inheritance is probably polygenic, with epistatic genes
and environmental factors exerting some influence on the phenotypic expression of genes
involved in tooth development by disturbing the tooth germ during the initial stage of
formation (Thesleff, 2000, 2006; Varela et al., 2009). Mutations in multiple genes cause
non-syndromic tooth agenesis, such as MSH homeobox 1 (MSXI), paired box gene 9
(PAX9), axis inhibition protein 2 (AXINZ2), and ectodysplasin A (EDA) (Nieminen, 2009;
Ye & Attaie, 2016). Generally, the missing tooth pattern correlates with the causative gene.
Second bicuspids and third molars are found in MSXZ-associated tooth agenesis (Lidral
& Reising, 2002). PAX9 mutations lead to agenesis of second bicuspids, second molars,
and some central incisors (Kim et al., 2006). AX/NZ2 aberrations cause multiple missing
teeth, and £DA-associated tooth agenesis is more likely to include multiple anterior teeth
(Han et al., 2008). Congenitally missing teeth are syndromic with more than 50 genetic
disorders (AlShahrani, 2013) including cherubism, ectodermal dysplasia, Fraser syndrome
(FS), oculodentodigital dysplasia (ODDD), oligodontia (Figure 2), osteogenesis imperfecta
(Ol), osteopetrosis, and trichorhinophalangeal syndrome (Table 1). We will discuss two of
these in detail.

Ol (OMIM 166200, 166210, 259420, 166220) is the general term for a group of hereditary
disorders affecting the composition and organization of type I collagen, mostly COL1A1
and COL1A2, which leads to compromised bone and collagen-rich tissues. The incidence

is approximately one in 15,000-20,000 births and race is irrelevant (Hari Gopal & Adams,
2023). Ol patients are classified as types I, 11, 111, and 1V using the Sillence classification
(Sillence & Rimoin, 1978). Ol type | is mild, type Il is pre- or peri-natally lethal, type Il

is the more severe and progressively deteriorating type, and type 1V is typically of moderate
severity (Rauch & Glorieux, 2004). Ol patients often have short stature, osteopenia,
progressive bone deformities, and fractures. There can also be craniofacial and extra-skeletal
manifestations such as blue sclera, hyperlaxity of skin, and ligaments, underdeveloped

Clin Anat. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Iwata et al.

2.3

Page 5

nasomaxillary complex, progressive hearing loss, dentinogenesis imperfecta, congenitally
missing teeth, or malocclusion (Ibrahim et al., 2019; Taqi et al., 2021; Wieczorek & Loster,
2013). Missing or unerupted teeth are common in patients with Ol and a previous report
showed that the teeth most frequently missing were the premolars, second molars, first
molars, and canines (Taqi et al., 2021).

FS (OMIM 219000, 617666, 617667) is a rare autosomal recessive multiple congenital
malformation syndrome characterized by cutaneous syndactyly, renal agenesis, ambiguous
genitalia, and craniofacial phenotypes such as cleft lip and palate, congenital deafness,

and dental abnormalities including congenitally missing teeth, microdontia, and short roots
(Gallottini et al., 2018; Keene & Day, 2011; Kunz et al., 2020) (Table 2). The estimated
prevalence is around 200,000 live-born infants and 1:10,000 stillbirths (medlineplus.gov).
FS is caused by compound heterozygous or biallelic mutations of the Fraser extracellular
matrix complex subunit 1 (FRASI), related extracellular matrix protein 2 (FREM2), and
glutamate receptor interacting protein 1 (GRIPI) genes, encoding components of a protein
complex that mediates embryonic epithelial-mesenchymal interactions during dental crown
and root development. Kunz et al. reported hypodontia in 10 unrelated patients with FS of
different genetic etiologies (Kunz et al., 2020).

Orthodontic treatment is needed in many instances of missing teeth to maintain functionality
and prevent malocclusion, and for esthetic reasons (Nunn et al., 2003). While treatment

is normally initiated during adolescence, interim treatment can be advisable at an earlier

age if the psychological well-being of the child is affected. The edentulous space can

be either left open for prosthetic restoration or closed by orthodontic means (Kokich &
Kokich, 2006). Alternatively, auto-transplantation or protraction of developing third molars
should be considered in treatment plans for orthodontic space management (Bauss et al.,
2002; Chung et al., 2007). Treatment of more complex cases requires the cooperation of

an interdisciplinary team that includes pediatric dentists, orthodontists, prosthodontists, and
oral maxillofacial surgeons (Nunn et al., 2003; Tuverson, 1980).

Supernumerary teeth

Supernumerary teeth or tooth-like structures can erupt or remain unerupted in addition to
the 20 primary or 32 permanent teeth. The incidence has been reported as 0.1%-3.8%
and the condition is approximately twice as common in males as females (Parolia et al.,
2011); it was reported to be four times higher in a recent hospital-based study (Cheng

et al., 2022). Supernumerary teeth can be morphologically normal but supplemental,
conical, or tuberculate in appearance, or display as odontomata. Several molecular
signaling pathways known to be involved in normal tooth germ development give rise

to supernumerary teeth if inappropriately regulated, such as the fibroblast growth factor
(FGF), bone morphogenetic protein (BMP), sonic hedgehog (SSH), and wingless-related
(WNT) pathways. Supernumerary teeth are syndromic, with numerous disorders including
CCD (Figure 1), orofaciodigital syndrome, Robinow syndrome autosomal dominant, and
trichorhinophalangeal syndrome. We will discuss one of those disorders in detail.

The autosomal dominant form of Robinow syndrome is a rare genetic bone disease
caused by missense mutations in the secreted protein WNT5A (OMIM 180700) or
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in five other genes in the WNT/planar cell polarity signaling pathway (Zhang et al.,

2022). Robinow syndrome has an incidence of 1:500,000 and a 1:1 male-to-female ratio.
Despite its rarity, the prevalence is lower because of infant or early childhood mortality
(Soman & Lingappa, 2015). WNT5A regulates growth, patterning, and odontoblast
differentiation during odontogenesis by modulating Wnt/B-catenin canonical signaling (Lin
et al., 2011). Robinow syndrome is associated with a spectrum of skeletal, neurological,
dermatological, genitourinary, and cardiovascular symptoms. Patients also have short stature
and a characteristic facial appearance such as macrocephaly, hypertelorism, wide and
depressed nasal bridge, and dental phenotypes such as oligodontia and supernumerary teeth
(Cammarata-Scalisi et al., 2018; Jain et al., 2017; Nualart Grollmus et al., 2007) (Table 2).
Some patients have infranumerary teeth, while approximately 50% with WNT5A mutations
have supernumerary teeth (Beiraghi et al., 2011; Zhang et al., 2022).

Treatment of supernumerary teeth depends on the type and position of those teeth and on
their effect on adjacent teeth. Removal of them is recommended when: (1) central incisor
eruption has been delayed or inhibited; (2) displacement of central incisors is evident;

(3) they are accompanied by dentigerous cyst formation; (4) there is active orthodontic
alignment of an incisor in close proximity to a supernumerary; (5) their presence would
compromise secondary alveolar bone grafting in cleft lip and palate patients; (6) they are
present in bone designated for implant placement; (7) they have erupted spontaneously
(Garvey et al., 1999; Parolia et al., 2011; Shah et al., 2008). Removal of supernumerary
teeth preventing permanent tooth eruption usually results in eruption of the tooth, provided
adequate space is available in the arch to accommodate it (Mitchell & Bennett, 1992).

Di Biase reported that 75% of incisors erupted spontaneously after a supernumerary tooth
was removed (Di Biase, 1971). If there is adequate space in the arch for the unerupted
incisor following supernumerary removal, the space can be maintained by fitting a simple
removable appliance. If it is inadequate, the adjacent teeth need to be moved distally to
create space for incisor eruption.

Enamel hypoplasia

Enamel formation is a complex developmental process. Enamel hypoplasia (Figure 3)

is syndromic with a significant number of genetic disorders (Wright et al., 2015).
Characteristic of this dental phenotype are irregular-shaped teeth with reduced quantity of
enamel, which can be pitted or thinner, or the teeth can be smaller. Organic components

of enamel are produced by ameloblasts and consist mostly of amelogenin (AMEL),
ameloblastin (AMBN), enamelin (ENAM), amelotin (AMTN), and odontogenic ameloblast-
associated protein (ODAM). Mutations in or deletions of genes encoding proteins such as
AMEL, AMBN, ENAM, and matrix metalloproteinase 20 (MMP20; enamelysin), which
are secreted by ameloblasts, have been reported to cause enamel hypoplasia (Aldred et

al., 1992; Gasse et al., 2013; Nakayama et al., 2015; Poulter et al., 2014; Rajpar et al.,
2001). Ectodermal dysplasia, Ellis-Van Creveld syndrome, Kenny-Caffey syndrome, ODDD,
orofaciodigital syndrome, and PYCD are some of the disorders with enamel hypoplasia in
their phenotype spectrum. We will discuss two of those disorders in detail.
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PYCD (OMIM 265800) is a rare autosomal recessive skeletal dysplasia characterized by
generalized progressive osteosclerosis due to the absence of active CTSK (Hald et al.,
2023). The incidence of this disease is 11 in 1.7 million births with a male to female

ratio of 1:1. Thirty percent of cases arise in consanguineous marriages (Aziz et al., 2022).
Patients often have facial dysmorphia, a long wide-based nose, and a thin mandible, along
with enamel hypoplasia, delayed tooth eruption, or malocclusion (Alves & Cantin, 2014;
O’Connell et al., 1998). CTSK is a member of the cysteine proteinase family and is
predominantly expressed in osteoclasts for degrading bone matrix proteins. It also takes
part in mineralization during odontogenesis. Jiang et al. found that CTSK can hydrolyze
AMEL, which is one of the most important matrix proteins in developing enamel (Jiang et
al., 2017). Soliman and co-authors reported that seven out of eight pediatric patients with
PYCD developed enamel hypoplasia (Soliman et al., 2001).

ODDD(OMIM 162400) is a rare congenital autosomal dominant disease characterized by
developmental abnormalities of the face, eyes, teeth, and limbs. Jensen (2021) reported that
the dental phenotype includes enamel hypoplasia (40%) with subsequent caries, microdontia
(21%), congenitally missing teeth (7%), and pulp stones (2%). ODDD has been diagnosed in
fewer than 300 people worldwide, with an estimated incidence of one in 10 million (Doshi et
al., 2016). It is caused by mutations in the gap junction alphal gene, which encodes the gap
junction protein connexin 43 (Cx43) (Paznekas et al., 2009). Gap junctions are important

for direct cell-cell communication, propagation of electric signals in cardiac tissue, and
regulation of cell growth and differentiation in general. In human teeth, Cx43 is expressed

in epithelial cells including pre-ameloblasts, stratum intermedium, stellate reticulum, and
differentiating odontoblasts at the bell stage (About et al., 2002). In addition, a mouse model
of ODDD expressing mutant Cx43 exhibits a disorganized ameloblast layer and abnormal
expression of AMEL (Toth et al., 2010).

For treating enamel hypoplasia, vital bleaching, micro-abrasion, and resin infiltration are
not usually appropriate because the main issue is not the color but the tooth shape, or
susceptibility to dental caries secondary to enamel breakdown. In anterior teeth, if the teeth
are asymptomatic and the patient has no esthetic concerns, treatment is not necessarily
indicated (Patel et al., 2019). However, hypoplastic teeth can appear smaller and could

be an esthetic concern for the patient. In this case, the addition of direct composite
restorations could be considered as this is minimally invasive. In molars, sealants or
composite restorations can be an option. If the whole tooth surface is significantly affected,
preformed metal crowns, composite restorations, or adhesive onlays can be considered. If
teeth have severe caries, extraction can be necessary.

INFLUENCE OF THESE DISEASES ON DENTAL TREATMENT

The dental treatment of many rare genetic bone disorders that affect oral and craniofacial
features is not well established because of their low prevalence and the variety of signs

and symptoms experienced by patients. Some of these rare disorders entail emotional

or psychological stress, delayed or reduced intellectual development, loss of vision or
hearing, and other often serious comorbidities. Treatment challenges increase when patient
cooperation in pediatric patients or syndromic medical conditions require special attention
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(Beltrame et al., 2017; Muhney & Campbell, 2007). Unfortunately, some dentists deny
treatment owing to lack of knowledge or fear of causing injury. As a result, patients

and their families can have difficulties in finding appropriate dental care. There are very
few publications on dental treatment of patients with rare diseases; however, most reports
describe the requirement for a team approach involving an orthodontist, prosthodontist, and
an oral surgeon, with good cooperation and communication from the patient (Paul et al.,
2015). Herein, we elaborate dental treatment methods for some representative diseases.

Cleidocranial dysplasia

As the dental phenotype, delayed tooth eruption, and supernumerary teeth are well known
(Table 2, Figure 1). Dental treatment involves restoration of the deciduous teeth when
they develop cavities, because extraction of the affected teeth does not necessarily induce
the eruption of permanent teeth. Orthodontic treatment is usually indicated to direct the
eruption of the malpositioned and often impacted teeth. Treatment is likely to involve
orthognathic surgery to address maxillary hypoplasia, and it can be necessary to extract
some supernumerary teeth. Impacted teeth can be removed surgically in association with
orthodontic and/or prosthetic therapy. Dentures can be fabricated over unerupted teeth.
Considering the foregoing, Paul et al. proposed a dental treatment protocol (Paul et al.,
2015). In short, tooth extraction is proposed for retained deciduous teeth, supernumerary
teeth, and abnormal permanent teeth. Surgical exposure or orthodontic eruption is proposed
for unerupted teeth, and surgical translocation and/or auto-transplantation is proposed for
malocclusion (Paul et al., 2015).

Osteogenesis imperfecta

Patients with Ol frequently present with congenitally missing teeth, unerupted teeth, and
malocclusions (Table 2). Taqi et al. reported an analysis of 144 patients with Ol showing
that the prevalence of missing teeth was much higher than in the general population (6.4%)
and was associated with disease severity. Indeed, patients with moderate to severe Ol had

a much higher prevalence of missing teeth (type 1V 52%, type |11 61%) than those with

Ol type | (11%) (Taqi et al., 2021). They also reported that 33% of Ol patients had at

least one unerupted tooth and that the prevalence of tooth eruption was associated with
disease severity because type Il patients showed the highest prevalence of unerupted teeth
(70%), followed by type IV (40%), and type | (30%) (Taqi et al., 2021). Thus, treatment

is challenging because the dental phenotypes vary according to the type of Ol (Marini &
Dang Do, 2000; Okawa et al., 2017; Rapoport et al., 2023). Compared to patients with type
| Ol, types 11, and IV patients require more special intervention in their primary dentition
because of more severe dentinogenesis imperfecta. Caries progression is initially slow owing
to the smaller amount and irregular nature of dentinal tubules or fast abrasion of the exposed
dentine. Early tooth rehabilitation prevents significant tooth abrasion and restores function
and esthetics to the teeth (Beltrame et al., 2017). Direct composite restorations or indirect
fabricated composite resin restorations have been recommended (Sanches et al., 2005).
There are malocclusions in many Ol patients and the incidence of class 111 malocclusion

is especially high (70%-80%) in types Il and 1V Ol (Rios-Rodenas et al., 2015). Because
orthognathic surgery can be needed, early intervention by orthodontic specialists is crucial
for treating malocclusion in Ol patients. In instances of ectopic eruptions, extraction of
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the corresponding primary teeth is recommended. In recent years, many Ol patients have
been treated with bisphosphonates (BPs) to reduce pain and improve mobility. BPs slow
the rate of bone resorption by promoting an increase in bone mass and thus decrease bone
fragility. However, prolonged BP treatment carries the risk of BP-related osteonecrosis of
the jaw (BRONJ) or even drug-induced osteopetrosis (Khan et al., 2015; Reyes et al., 2016;
Whyte et al., 2023). Fortunately, there are no reports of BRONJ after extractions in children
with Ol taking BPs, probably because of the lack of bone tissue surrounding the primary
teeth (Okawa et al., 2017). It is therefore proposed that BP treatment does not need to be
suspended when Ol patients undergo primary tooth extraction (Okawa et al., 2017).

3.3 | Oculodentodigital dysplasia

Enamel hypoplasia is the major dental phenotype in ODDD (Jensen, 2021; Thomsen et al.,
1998) (Table 2). Unfortunately, there are few case reports of dental treatment for patients
with this condition (Aminabadi et al., 2010; Dean et al., 1986) (Tables 1 and 2). In many
cases, the management of odontodysplasia including enamel hypoplasia is controversial:
should extraction or conservative therapy be pursued? Although many dentists prefer to
extract as soon as a diagnosis of odontodysplasia is made, some prefer to retain the teeth

in children until skeletal growth is complete, provided the teeth are free of infection (Dean
et al., 1986). Aminabadi et al. reported conservative therapy in a patient whose permanent
teeth all encountered enamel hypoplasia, enlarged pulp cavities, thin dentinal walls, and
multiple pulp exposures with open apices. In the anterior teeth, to protect the defective
enamel and dentine and to enhance esthetics, complete crown coverage was selected using
direct composite restorations. In teeth with pulpal involvement, pulp therapy was used
with Mineral Trioxide Aggregate as an apical seal and subsequent final obturation. Final
treatment of the posterior teeth was more challenging. Stainless steel crowns (SSC) were
used to protect against their susceptibility to caries and fracture. Because the dentinal walls
were thin, it was not feasible to prepare the teeth for cast restoration. Also, full coverage
with composite restoration is prone to wear so it was not a suitable final restoration. Jensen
(2021) also reported dental treatment with SSC and showed that a combination of enamel
hypoplasia, poor oral hygiene, and parental neglect can lead to extensive destruction of tooth
structure, so treatment options become limited. Because variability is expected in view of
the nature of genetic mutations and individual disease progression, thorough knowledge of
the respective rare genetic disorders and the expected treatment outcomes are essential for
developing treatment plans adapted to the needs of individual patients.

4| INFLUENCE OF THESE DISEASES ON PATIENTS’ OHR-QOL

Finally, we focus on the oral health-related quality of life (OHR-QoL) of patients to
understand their needs better. The effect of QoL on disease outcome is receiving increased
attention in medical fields. However, poor health or presence of disease does not inevitably
mean poor QoL. This can also apply to dental phenotypes and their consequences for
OHR-QoL. The OHR-QoL term is defined as the functional and psychosocial outcomes of
oral disorders. Its measurement covers four aspects: (1) functional factors; (2) mastication,
utterance, and psychological factors; (3) esthetic, social, and communication-related factors;
and (4) pain and discomfort-related factors (Naito et al., 2006).
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Children and adult OHR-QoL measures are different (Broder et al., 2007; Slade & Sanders,
2011). There are various measurement methods for determining OHR-QoL in children. One
of the first of these used for adolescents is the Oral Health Impact Profile-14 (OHIP-14)
(Slade, 1997). In 2002, the Child Perception Questionnaire (CPQ) was developed and
subsequently elaborated in the Child Oral Health Impact Profile (COHIP) (Broder et al.,
2007). Then in 2004, the Child Oral Impact of Daily Performances (OIDP) was derived
from its adult form (Gherunpong et al., 2004). In 2007, a measurement method for very
young children was developed, the Early Childhood Oral Health Impact Scale (ECOHIS)
(Pahel et al., 2007). So far, at least eight reports have investigated OHR-QoL in patients
with rare genetic bone diseases (Aarts et al., 2023; Gjerup et al., 2021; Hanisch, Bohner,

et al., 2019; Hanisch, Sielker, et al., 2019; Najirad et al., 2018, 2020; Nguyen et al.,

2019; Oelerich et al., 2020) (Table 3). The most frequently used method for measuring
OHR-QoL is OHIP-14, a shortened form of the original OHIP-49 that captures seven
domains of OHR-QoL with two items per domain: functional limitation, physical pain,
psychological discomfort, physical disability, psychological disability, social disability, and
handicap. All items are presented with a five-category rating scale of frequency. The higher
the OHIP-14 value, the lower the OHR-QoL. The next most frequently used methods are
age-specific versions (8-10 years and 11-14 years) of CPQ. The CPQ8-10 comprising

25 questions was used for children between eight and ten years of age (Jokovic et al.,

2004) and the CPQ11-14 comprising 37 questions was used for individuals aged 11-14
years (Jokovic et al., 2002). These measurement methods comprised four health domains:
oral symptoms, functional limitation, emotional well-being, and social well-being related
to oral health conditions. All questions relate to the frequency of events in relation to the
condition of the mouth or teeth over the previous four weeks (CPQ8-10) or three months
(CPQ11-14). According to Najirad and colleagues, the severity of Ol affects OHR-QoL in
adolescents aged 11-14 years, but not in children aged 8-10 years (Najirad et al., 2018).

In addition, adolescent Ol patients aged 11-14 years with posterior crossbite or open bite
had statistically significantly higher CPQ11-14 scores than those without (Najirad et al.,
2020). X-linked hypophosphatemia (XLH; OMIM 307800) is caused by a mutation in the
X-linked phosphate-regulating neutral endopeptidase (PHEX) gene found on chromosome
Xp22 and characterized by an insufficient mineralization of bones and dental tissues due to
abnormal renal phosphate wasting. XLH is usually characterized by bone deformities, small
body size, and dental anomalies (enamel hypoplasia, delayed tooth eruption). This is due to
reduced renal phosphate reabsorption, which results in hypophosphatemia and reduced bone
and tooth mineralization (Gaucher et al., 2009). According to Hanisch, the OHIP-14 scores
of XLH patients were higher than those obtained from the general population (Hanisch,
Bohner, et al., 2019). Moreover, Gjgrup et al. reported that adults with XLH experience a
more negative effect on their OHR-QoL than adults with Ol (Gjerup et al., 2021). As in
other diseases, the OHIP-14 scores of the patients were lower than in the general population;
the difficulty in finding a dentist for treatment, or dissatisfaction with the health system,
contributed to the negative effect on OHR-QoL in some of the aforementioned studies
(Gjerup et al., 2021; Hanisch, Bohner, et al., 2019; Hanisch, Sielker, et al., 2019; Nguyen et
al., 2019; Oelerich et al., 2020).
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5| CONCLUSIONS

The aim of this report is to provide a systematic review of the variability of dental
phenotypes associated with rare genetic disorders and their effects on dental treatment.
A good understanding of such rare diseases is important for dentists to prevent delayed
diagnosis or treatment and to achieve a higher OHR-QoL for the patients affected.
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FIGURE 1.
Intraoral images of a patient with cleidocranial dysplasia. (A) Orthopantomogram showing

delayed tooth eruption of multiple teeth (#) and a supernumerary tooth (*) of a 12-year-
old patient. (B) Intraoral photographs showing retained deciduous teeth and class I11
malocclusion.
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FIGURE 2.
Intraoral images of a patient with oligodontia. (A) Orthopantomogram showing ten

congenitally missing teeth (*) and three conical teeth () of a 10-year-old patient. (B)
Intraoral photographs.
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FIGURE 3.
Intraoral images of a patient with enamel hypoplasia (circles).
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