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ARTICLE INFO ABSTRACT

Keywords Infection with some diseases can manifest in the oral cavity through an
Genetic disorders, appearance of ulcers, alterations in color, as well as changes in the size
amelogenesis, and structure of the oral design. The study focused on examining

dentinogenesis, tooth  genetic variants as potential biomarkers for heightened vulnerability to

agenesis, microdontia, periodontal disease. The objective of this article is to present a

papillon-lefevre comprehensive survey of oral diseases that arise as a consequence of

syndrome, hereditary  genetic problems. Due to the heightened vulnerability to gum and tooth

gingival fibromatosis.  gjsease associated with numerous genetic abnormalities, the
appearance of these symptoms tends to occur quickly and with notable
severity.
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1. Introduction

Several types of hard and soft tissues can be found in the mouth. The tooth possesses a crown and
aroot. A clinical crown is a section of a tooth that can be observed when it is present in the mouth;
it gradually increases with aging and illness, whereas an anatomical crown is a component of the
tooth that is covered by the enamel. Additionally, Roots are covered by cementum and do not have
visible evidence in the oral cavity of an individual with healthy gums. The expression
"periodontium” refers to the alveolar bone, gingiva, cementum, periodontal ligament, and other
supporting tissues that surround and protect the teeth. The pulp, a soft tissue, originates in the
crown and root's deepest region. The pulp-enamel gap in the crown is widened by the dentin.
Dental and periodontal development is a tightly controlled natural process that results from
numerous discrete and extremely precise sequences of phases. If any of these developmental
phases are impeded or aggravated, the evolved tooth and periodontal structures may differ [1]. A
general survey of dental/periodontal abnormalities in humans would be incomplete without some
consideration of the etiological factors involving stress, poor diet, smoking, viral and bacterial
infection, medical conditions, age, poor hygiene, and genetics [2, 3]. Clinical and basic researchers
have been analyzing the relative contributions of hereditary and environmental variables ("nature
vs. nurture™) in the etiology of dental caries and illnesses of the periodontium for decades.
Researchers have investigated gene polymorphisms as potential indicators of a higher vulnerability
to periodontal diseases. Heritability researchers show that genetic factors account for 38%-82% of
the population variance in the periodontal disease indicators [4]. It becomes clear that genetic
factors, including gene-gene interactions and gene-environment interactions (epigenetic factors),
may play a significant role in the onset of periodontal disease [3]. Genetic disorders encompass
birth defects, chronic illnesses, developmental issues, and sensory deficits inherited from one or
both parents. In the current study, we will shed light on the genetic causes and their symptoms, in
addition to methods of diagnosis and treatment of some genetic diseases of the teeth and
periodontal (Table 1).
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Table 1. Some genetic diseases of dental and periodontal disease

Dental Periodonta
Amelogenesis imperfecta Hereditary Gingival Fibromatosis
Dentinogenesis imperfecta Papillon-Lefévre Syndrome

Tooth Agenesis

Microdontia

2. Genetic Diseases of Teeth and Periodontal
In general, genetic syndromes of the teeth and periodontal disease are closely related to
neurological, physiological, and anatomical differences in the mouth and its associated

structures.

2.1. Dental diseases

2.1.1. Amelogenesis Imperfecta

2.1.1.1. Background

Amelogenesis imperfecta (Al) is inherited in an X-linked manner or as an autosomal dominant

or recessive trait. It is considered a heterogeneous disorder that affects the formation, structure,
and appearance of enamel in both primary and permanent dentition. As a result of this disorder,
enamel has been impacted qualitatively and quantitatively, giving rise to compromised
function and esthetics [5]. Al was first reported in 1890 and was not considered a clinical entity
distinct from dentinogenesis imperfecta until 1938 [6]. Amelogenesis imperfecta is commonly
classified using Witkop's system, which considers phenotype, radiographic traits, and
transmission mode. It outlines three core types: hypoplastic, hypocalcified, and
hypomaturation. These categories often intertwine, showcasing the intricate spectrum of
enamel issues [5]. The prevalence ranged from 1 in 200 to 1 in 8,000, according to the
populations studied [7]. Besides that, the presence of Al types: (hypoplastic 60 to 73%,
hypocalcification 7%, and hypomaturation 20 to 40%) of all the cases [8] Al was identified as
part of a syndrome in cases of amelo-onycho-hypohidrotic syndrome, Kohlschutter syndrome,
Morquio syndrome, tricho-dento-osseous syndrome, oculo-dento-osseous dysplasia,

epidermolysis bullosa hereditaria, and enamel renal syndrome, among others (Figure 1) [9].
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Figure 1: The general appearance of teeth with amelogenesis imperfecta [10]

2.1.1.2. Genetic Causes

Several studies indicate that Al is caused by mutations that occur in 27 genes: AMELX,
AMBN, ENAM, LAMA3, FAM83H, AMTN, MMP20, KLK4, WDR72, STIM1, and GPR68
[5, 11]. A number of studies have confirmed ITGB6 as an Al therapeutic target by identifying
disease-causing mutations in two Al kindreds [5, 11, 12]. The results of some research indicate
that SLC24A4 plays a critical role in the transfer of calcium during enamel formation and that
its defect is indicative of impaired enamel formation, while LAMB3 plays a role in early
amelogenesis [5, 11]. ODAPH expression was detected in the construction of mouse teeth. The
main issue in OdaphC41*/C41* mice begins during the post-secretory transition when
ameloblasts fail to mature. ODAPH has been reported to cause recessive hypomineralized
amelogenesis imperfecta (Al) in humans [11, 13]. In addition to ACP4, CLDN16, CLDN19,
CNNM4, COL17A1, DLX3, FAM20A, LTBP3, SLC10A7, SP6, RELT, and TP63 genes [11].

2.1.1.3. Symptoms

Amelogenesis imperfecta can cause specific oral symptoms such as an enlarged pulp chamber,
pulp stones, dens in dente, gingival enlargement, periodontitis, root resorption, short roots,
delay in dental eruption, microdontia, deviant crown and morphology, tooth agenesis,
crowding of teeth [14], Unusual tooth growth, Uneven, lumpy, or ridged teeth, tooth
sensitivity, and Yellow, brown, gray, or white (snow-capping) discoloration of teeth [15].
Other skeletal abnormalities such as open bite, overbite, overjet, and crossbite may also occur
[14].
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Each type of Al has distinctive symptoms. The symptoms of "hypoplastic Al" include reduced
enamel thickness, pitting, and grooves. On radiographs, the hard, translucent enamel in this
state contrasts appropriately with the dentin. While in "hypocalcified Al," the enamel looks
normal in thickness with weak enamel calcification and an opaque or chalky appearance.
Enamel is less radio-opaque than dentine, and teeth rapidly deteriorate and become stained.
However, "hypomaturation Al" is associated with enamel of normal thickness that has a
mottled appearance, is a little softer than normal, is more prone to dental wear, and has a
radiodensity that is equal to dentine on radiographs. Furthermore, "hypoplastic with

taurodontism” relates to mixed hypoplasia, hypomaturation, and taurodontism [16].

2.1.1.4. Diagnosis and Treatment

The diagnosis is established based on the clinical presentation alongside an inheritance pattern
that may involve X-linked, autosomal dominant, or recessive modes [5]. Treatment depends
on the type of Al and the condition’s level of severity. Because there is no established treatment
for amelogenesis imperfecta. Despite further advancements in methods and expanded
accessibility of different dental materials, various studies have shown the utilization of glass
ionomer cement. Composites made of resin (direct and indirect restorations), in addition to
porcelain veneers, lab-fabricated crowns, stainless steel crowns, partial/complete dentures, and
overdentures, can assist with restoring damaged tooth surfaces, and orthodontic treatments may
also be considered for patients who have dental or skeletal issues [17]. Admittedly, several Al
patients are too young; thus, direct composite restorations are unsuitable, and ceramic crowns
are not advised. Research shows an alternate restoration method that falls between direct
composite and indirect ceramic methods by employing prefabricated composite veneers and is
recommended for the treatment of young Al patients since it offers a functional and aesthetic
restoration in one visit with less loss of tooth structure [18]. Children with moderate to severe
amelogenesis imperfecta suffer markedly more pronounced oral health-related quality of life
as a result of anxiety over-appearance, functionality, and psychological difficulties. When
compared to the least affected individuals throughout time, children with Al usually require
significant dental care and attend more routine and emergency dental consultations. Increased
sensitivity, poor dental hygiene, weakened enamel bonding, and decreased vertical dimension
could render treatment challenging [7].
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2.1.2. Dentinogenesis Imperfecta

2.1.2.1. Background

Dentinogenesis imperfecta (DGI) is a hereditary autosomal dominant dentin condition that
primarily affects the formation of dentin in both primary and permanent teeth (Figure 2) [19].
Other synonyms that describe DGI are hereditary opalescent dentine, opalescent teeth, DGI
shields' type 11, and capdepont teeth [20]. DGI was first reported by Barret in 1882. while in
1939 Robert and Schour coined the term ‘dentinogenesis imperfecta’ [21]. Three distinct types
of dentinogenesis imperfecta with comparable dental defects have been identified by
researchers: Type | (DGI-I) develops in patients with osteogenesis imperfecta (Ol), a heritable
disorder defined by very brittle bones that break or fracture easily (fragile bones), while type

Il (DGI-1I) and type I11 (DGI-III) usually occur in people without other inherited disorders.
The estimated prevalence of DGI-1 is 1 in 20,000 births, while DGI-11 and DGI-III birth rates
are 1 in 8,000 [22].

Figure 2: A 10-year-old male with dentinogenesis imperfecta (DGI) during the mixed dentition
phase. The permanent dentition shows the most pronounced effects on the
mandibular incisors. In the radiographic images from when the boy was 6 years old,
distinct features of DGI are evident, including significant narrowing near the base,
differing degrees of pulp space reduction, and shortened roots [23].

2.1.2.2. Genetic causes

DGl type | is caused by mutations in the COL1A1 (17g21) and COL1A2 (7922.1) genes [24],
while DGI type I1/111 are caused by genetic mutations in the dentin sialophosphorylated protein
gene (DSPP) on chromosome 4q21. This gene is also associated with other dentin
abnormalities known as dentine dysplasia (DD) [25].
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2.1.2.3. Symptoms

Severe dentin hypomineralization and abnormal dentin structure are characteristics of
dentinogenesis imperfecta [20]. Rapid tooth wear suggests that the primary dentition is more
severely affected than the permanent dentition [21, 22]. The teeth are weak and show gray,
blue, or amber brown and opalescent discoloration in addition to their diminutive height [22,
26]. Altered enamel dentin junction causes enamel loss and dislodgement. Dentin attrition
might cause the crown to completely vanish or even cause minor erosion [23]. The crowns of
the teeth have a pronounced cervical constriction that gives them a "bulbous"” appearance,
while the roots are short and thick, and the canals and pulp chambers have been obliterated
[20].

2.1.2.4. Diagnosis and Treatment

Early detection and management of DGI are advised, as they may slow or stop the deterioration
of the teeth and occlusion and enhance aesthetics. To stop tooth wear and maintain the occlusal
vertical dimension, stainless steel crowns can be placed on the deciduous molars. Using
composite strip crowns or composite facings can further elevate the aesthetics [20]. Over-
dentures are a treatment option for individuals who have significantly eroded or abraded teeth
to the gingival level [26]. Overdentures are regularly endured by children, yet as they grow,
they should be checked often and refabricated. Pulp therapy is not beneficial if abscesses
develop; the affected teeth must be extracted. General anesthesia might be required to facilitate
treatment in children who need an extensive number of procedures and of weak cooperation.
When the permanent dentition starts erupting, the tooth wear rate must be frequently
monitored. Cast occlusal onlays may be advantageous for the first permanent molars and later
the premolars to lessen tooth wear and preserve the occlusal vertical dimension until the child
reaches adulthood, but the emphasis ought to be on conservative tooth preparation. Full mouth
rehabilitation may be considered if it is clinically essential at this point in time [20]. In cases
where only a few teeth are missing, either conventional dentures that can be taken out or
prosthetics anchored by dental implants can be used to restore oral function and appearance
[26].
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2.1.3. Tooth Agenesis

2.1.3.1. Background

Tooth agenesis (TA) is the medical term for missing teeth, which is one of the most common
congenital disorders that affect both dentitions (Figure 3). It is inherited either in a Sex-linked
manner or in an autosomal dominant or recessive pattern [27]. Mandibular second premolars were
reported to be the most frequently missing teeth in most studies, followed by maxillary lateral
incisors [28]. The estimated prevalence of losing at least one third molar is up to 25% of the total
population. The absence of other permanent teeth -excluding third molars- ranges from 1.6 to
9.6%, depending on the individuals under study. Deciduous teeth may likewise be affected, albeit
to a lesser extent (from 0.5 to 0.9) [29]. Tooth agenesis may appear as a complete absence of teeth,
which is referred to as Anodontia. Some people are born missing some, but not all, of their teeth.
Hypodontia is another type of dental agenesis, specifically referring to one to six missing teeth,
while oligodontia is when six or more teeth are missing. Both hypodontia and oligodontia are
termed as partial anodontia [30]. The Online Mendelian Inheritance in Man (OMIM) database
covers approximately 60 syndromic disorders that highlight hypodontia as a feature of their
phenotypic range of abnormalities. Disorders that are associated with hypodontia include Witkop
syndrome, oral-facial-digital syndromes, as well as syndromes characterized by oral-facial clefting
such as Van Der Woude syndrome and Pierre-Robin sequence [31].

Figure 3: The general appearance of teeth with Tooth Agenesis [32]

2.1.3.2. Genetic causes

As mentioned earlier, TA is a congenital, inherited disorder caused by mutations in certain genes.
The most reported genes were AXIN2, EDA, MSX1, and PAX9. Other genes identified as strong
causative agents include: LRP6, WNT10A, WNT10B, EDAR, SMOC2, DKK1, GREM2, LTBP3,

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 259
NonCommercial 4.0 International (CC BY-NC 4.0 license)

(

hi

ttp://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

EDARADD, KREMEN1, and BMP4. Pathogenic or likely pathogenic nucleotide changes were
observed in 56.92% of those affected, including eight nucleotide alterations of genes not
previously implicated in non-syndromic tooth agenesis (CHD7, CREBBP, EVC, LEF1, ROR2,
TBX22, and TP63) [33].

2.1.3.3. Symptoms

It is usually detected clinically by x-ray when there is no tooth eruption or tooth bud visible on the
radiograph. Other symptoms may appear in people that are associated with TA, such as
taurodontism [34] and the reduction of dental crown size dimension, which may appear as pig-
shaped teeth [29]. Tooth agenesis is usually associated with chewing and speaking difficulties,
Ectodermal dysplasia, Down syndrome, and other systemic illnesses. There are various reasons
for a putative link between congenital tooth absence and facial skeletal pattern [35]. In some cases
of tooth agenesis, mutations in some genes lead to abnormal alveolar bone. The alveolar bone is
not properly developed, which makes dental implant surgery more difficult because the implant is

acting as an artificial root and must be placed into a healthy alveolar bone [36].

2.1.3.4. Diagnosis and Treatment

Tooth agenesis cases require planning a comprehensive treatment over a long period of time for
optimal lifelong results. Therapeutic management of patients with partial anodontia demands a
team with diverse disciplines, including the pedodontist, orthodontist, prosthodontist, and
maxillofacial surgeon. The extent of crowding, malocclusion type, periodontal conditions, the
patient’s age, alveolar process bone volume, facial profile, vertical or horizontal growth pattern,
craniofacial morphology, and the number of missing teeth should be incorporated into the
treatment plan [37]. For patients with partial anodontia, two treatment options are considered:
space reopening and space closure. The possibility of reopening space for implant insertion,
autotransplantation, and prosthetic restoration exists. Fixed orthodontics can be used to close the
spacing. The most successful treatments for full anodontia are complete (fixed and removable)

dentures or dental implants [38].

2.1.4. Microdontia
2.1.4.1. Background
Microdontia is a condition in which the size of one or more teeth is physically reduced [39]. This

disorder is inherited in an autosomal dominant pattern, but an autosomal recessive mode of
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inheritance has also been reported [40]. Tooth size varies by race and gender (Males have larger
teeth than females). Some describe abnormal tooth size as when the dimensions differ by more
than two standard deviations from the norm. Specialists regard such teeth as microdontic teeth, or
simply microdonts [39]. Boyle states that " in general microdontia, the teeth are small, the crowns
are short, and normal contact areas between the teeth are frequently missing.”. Shafer, Hine, and
Levy divide microdontia into three distinct groups: (1) single tooth microdontia; (2) relative
generalized microdontia owing to small teeth size in big jaws; and (3) true generalized
microdontia, a condition in which all of the teeth are smaller than average [41]. The proportion of
abnormalities varies by tooth region and can be attributed to development time. Teeth that develop
later within the same location are more variable than teeth that develop initially [42]. Microdontia
affects between 0.2% and 0.5% of deciduous teeth and 0.5% to 3.1% of permanent teeth,

predominantly the maxillary lateral incisor teeth, known as peg laterals (1.8%). Females are more
likely to be afflicted than males [43].

Figure 4: The general appearance of teeth with Microdontia (A) Frontal view, (B) Occlusal view
of the maxillary arch [44].

2.1.4.2. Genetic causes

More than 350 genes related to dental development have been identified, including PAX9, AXINZ2,

EDA, EDAR, and WNT10A. Additionally, mutations of the MSX1 gene, which is found to be the

most common cause of microdontia. However, few genetic studies have shed light on how genes

are linked to this condition [45]. According to some reporters, rs8018720 in SEC23A was

associated with a third molar microdontia in the co-dominant [40].
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A study of thirteen single nucleotide polymorphisms in the PAX9 gene on chromosome 14q13.3
reported that both rs12881240 and rs2295222 SNPs were polymorphic and had a clear relationship
with peg-shaped teeth. Polymorphisms in the PAX9 gene cause a partial failure of incisor and third
molar tooth formation as well as a disruption in dentin genesis differentiation [46]. However,

studies are still ongoing on the relationship of genes to microdontia [45].

2.1.4.3. Symptoms

Microdontia can be identified by small or cone-shaped teeth. The small size may be attributed to
the reduced size of the teeth themselves in conditions of true generalized microdontia and localized
microdontia, or their appearance may appear small despite their normal size due to the larger jaw
in relative microdontia, and this may occur as a result of inheriting one parent's oversized jaw and
standard-measured teeth from the other parent [47, 48]. This phenomenon can manifest in either
isolated, which is fairly common [49] or associated with other syndromes such as Gorlin-
Chaudhry-Moss syndrome, Williams's syndrome, Chromosome d/u, 45X [Ullrich-Turner
syndrome], Chromosome 13 [trisomy 13], Rothmund-Thomson syndrome, Hallermann-Streiff,
Oculo-mandibulo-facial syndrome, Tricho-Rhino-Phalangeal, typel Branchio-oculo-facial

syndrome [41], and also with Down’s syndrome, pituitary dwarfism [39].

2.1.4.4. Diagnosis and Treatment

It is crucial to gather information concerning the patient's medical, family, and dental history [43],
especially in the case of tooth agenesis. This is the relevant aspect of history taking in patients with
microdontia. The clinical diagnosis of microdontia is typically established upon its eruption or
radiographically if it does not erupt [47]. To inhibit cyst development, the unerupted microdontia
should be surgically removed, whereas in the case of erupted microdontia, there are several options
for treatment courses depending on the severity, the patient's preferences, functional needs, and
aesthetic requirements determine the course of treatment. Extraction is followed by the placement
of an implant or a fixed prosthesis, orthodontic treatment to correct its position, and restorative
treatment to restore teeth. The less conservative options are indirect restorations such as crowns
and porcelain veneers. To prevent injury to soft tissues, very conical and sharp canine teeth may
need to be reshaped [43]. The Medical Research Institute at Kitano Hospital in Japan conducted a
groundbreaking trial focused on individuals with anodontia. By identifying a connection between
the USAG-1 gene and tooth growth constraints in mice, the team progressed to experiments
targeting the suppression of USAG-1 expression. Notably, their successful employment of anti-
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USAG-1 antibody treatment in mice demonstrated its potential for tooth regeneration, offering a
promising avenue for addressing tooth abnormalities in humans. This study highlights the potential
of oligonucleotide therapies, such as siRNA, in promoting tooth regeneration and the use of
cationized gelatin as an effective drug-delivery system for siRNA-loaded mandibles. These
findings offer hope for individuals with congenital tooth agenesis and other tooth abnormalities,
paving the way for future research in the field of regenerative dentistry [50].

2.2. Periodontal diseases

2.2.1. Hereditary gingival fibromatosis (HGF)

2.2.1.1. Background

Hereditary gingival fibromatosis (HGF), also known as gingivomatosis, gingival hyperplasia,

elephantiasis gingivae, familial elephantiasis, the gigantism of the gingiva, congenital
macrogingivae, gingival enlargement, or gingival overgrowth (GO) [51], is a rare genetic disease
that can manifest as an isolated disease, part of a syndrome, or as a result of chromosomal
abnormalities. It is characterized by a slow progression of gingiva enlargement (Figure 5) [52].
Goddard and Gross were the first to report HGF in 1856 [53]. Studies concluded that both males
and females are equally affected. The prevalence according to phenotype is 1:175,000, while
according to genotype it is 1:350,000 [54]. Although autosomal-dominant traits are reported more
commonly, There have also been reports of autosomal-recessive inheritance [52]. This abnormality
has been divided into two types based on its appearance: the localized nodular type, which is
distinguished by many gingival enlargements, and the gingiva that enlarges uniformly in the
symmetric form of the disorder, which is the most prevalent form [55]. Many syndromes are
related to HGF, including Amelogenesis imperfecta, Juvenile hyaline fibromatosis, Zimmermann-
Laband syndrome, Jones syndrome, Prune-belly syndrome, Klippel-Trenaunay-Weber syndrome,

and Ramon syndrome [54].
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Figure 5: The general appearance of teeth with Hereditary gingival fibromatosis (HGF) [56]

2.2.1.2. Genetic Causes

Several studies reported mutations in chromosomes 2, 5, 11, and 4, more specifically 2p21-p22,
2p22.3-p23.3, 5q13-922, 11p15, and 4912 are related to HGF [57, 58]. Gene loci like GINGF2,
GINGF3, and GINGF4 are defined as candidate loci of HGF [52, 57, 58]. Two genes, REST and
SOS1, have been identified as having a clear relationship to the HGF disease [52].

2.2.1.3. Symptoms

The most typical form of HGF has a rose color, a fibrous appearance, and noticeable stippling with
no sign of inflammation [59]. HGF manifests as a benign, slowly progressing, and non-
hemorrhagic enlargement of the gingiva. The increased collagen formation in the gingival corium
is the cause of this gingival overgrowth [60]. The masticatory mucosa is affected, although it does
not progress past the mucogingival junction. Clinically, the condition rarely manifests at birth and
typically begins with the emergence of deciduous or permanent dentition. HGF can also manifest
locally as a nodular-like lesion. In addition to diastemas, teeth displacement, or the retention of
primary or impacted teeth, excess gingival tissue can cover a portion of the crown or the entire
tooth, and it can also lead to phonetic, psychological, esthetic, and masticatory issues [61]. Several
clinical manifestations, including hypertrichosis, epilepsy, mental retardation, hearing loss,
hypertelorism, supernumerary teeth, and growth hormone deficiency, have also been linked to
HGF [62, 63].
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2.2.1.4. Diagnosis and Treatment

HGF is commonly diagnosed based on a clinical and periodontal examination, a medical and
family history, and laboratory tests [64]. Treatment requirements vary depending on the severity.
When the enlargement is at its finest, good dental scaling and home care are required to maintain
good oral health. Increased gingival mass, for functional and aesthetic settlement, the case will
necessitate surgical intervention. Gingivectomy is the most common method [56]. The CO2 laser
is also used as a surgical technique considering its ability to coagulate and seal blood vessels,
vaporize the tissue, make an accurate incision, and improve the healing effect due to its
antimicrobial properties [65]. A periodontal flap procedure might be preferred if osseous defects
and attachment loss are present along with fibromatosis [62]. For optimal results, it is advisable to
initiate therapy once the permanent teeth have fully emerged. Recurrence of the condition often
happens within varying time frames. Several authors suggest that the likelihood of recurrence can
be significantly reduced by postponing the gingivectomy until the permanent dentition is
established [63].

2.2.2. Papillon-Lefévre Syndrome

2.2.2.1. Background

In 1924, Paul Philippe Henri Lefevre and Paul Henri Papillon published the first description of the
Papillon-Lefevre syndrome (PLS). This disease is an autosomal recessive condition and
exceedingly rare, with a prevalence of 1- 4 cases per million and no sexual or racial predominance.
It's classified as ectodermal dysplasia, and it is inherited as an autosomal recessive condition
(Figure 6). It is characterized by severe generalized early-onset periodontitis and palmoplantar
hyperkeratosis, which result in the early loss of both dentitions. Without genetic testing, PLS might
easily be confused with psoriasis. It is also known as “keratoris palmoplantaris with

periodontopathia” and “hyperkeratosis palmoplantaris with periodontosis” [66, 67].
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Figure 6: The general appearance of teeth with Papillon-Lefévre Syndrome [68]

2.2.2.2. Genetic Causes
A mutation in the cathepsin C gene (CTSC) is the only known cause of this condition, and it can

be found on human chromosome 11g14.2. The CTSC gene plays a crucial role in activating
proinflammatory proteases, regulating immune cell function, and controlling the formation of the
corneocyte envelope. Pathogenic variants responsible for Papillon-Lefévre syndrome (PLS) are
primarily found in exons 5-7, which encode the heavy chain of cathepsin C. This indicates that the
formation of tetramers is essential for the enzyme's activity. It is important to note that most PLS
patients exhibit compound heterozygosity, except those from consanguineous families.
Interestingly, even when the CTSC gene mutations are identical, they can result in different
phenotypes. So far, there are no established direct correlations between genotypes and phenotypes.
The mechanism underlying the diverse phenotypes resulting from identical CTSC gene mutations

remains incompletely understood and may involve other genetic and environmental factors [69].

2.2.2.3. Symptoms

When it comes to oral involvement, the first clinical signs develop soon following the emergence
of deciduous dental elements. By the age of 2-3 years, periodontal Symptoms become visible.
Plaque accumulation, severe gingivitis, periodontitis, and numerous cavities are examples of
primary oral manifestations affecting teeth. Following the full emergence of the primary dentition,
erythematous oral mucosa with perioral lymphadenopathies and halitosis might be observed. In
some cases, it may have microdontia and incomplete root formation. Periodontal abscesses are
frequently seen on teeth, and gingival tissues next to the dental elements are often inflamed,
edematous, and painful to the touch, whereas those in edentulous regions appear healthy. After
losing all of the primary dentition, gingival inflammation disappears, and the oral mucosa appears

healthy [70]. Permanent dentition symptoms are comparable to those of deciduous teeth [71]. PLS
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might also affect the palms and soles, and palmoplantar hyperkeratosis can spread to the dorsal
surfaces of the hands and feet [68]. Fortunately, despite the absence of NSPs in immune defense

cells, there is no apparent immunodeficiency [66].

2.2.2.4. Diagnosis and Treatment

The diagnosis of PLS is difficult despite the wide range of symptoms and indications. Clinical
symptoms are used to make the diagnosis, and genetic testing is used to confirm it. Apart from
palmoplantar hyperkeratosis, Papillon-Lefevre syndrome stands out among monogenic disorders
that are accompanied by periodontitis because periodontal inflammation predominates in the
clinical diagnosis [72]. Several treatment options have been proposed, including periodontal
treatment in the form of scaling and root planing as well as pharmacological therapy (antibiotic
treatment) to manage active periodontitis and avoid bacteremia and eventual pyogenic liver
abscess, a complication of PLS due to immune system impairment [73]. To replace the missing
teeth after the loss of deciduous teeth, prosthetic therapy will be required. The prosthetic treatment
will be made using partial or full dentures, and it will be age-specific. implant-supported over-
dentures are generally recommended for edentulous patients with PLS. Early removal of
periodontally-involved permanent teeth has been advocated as a form of treatment to protect
alveolar bone [74]. Currently, there are no other treatment options besides periodontal treatment
and prosthetic therapy for PLS. However, researchers are looking into possible gene therapies and
other treatments that could assist to address the condition's underlying genetic origin.

3. Conclusion

In summary, the findings reported in the main body of the research suggest that oral disease can
possibly develop due to hereditary factors, which may be influenced by the interaction between
genetic features and environmental conditions. The cause of dental diseases includes a wide range
of hereditary factors. The expression and degree of manifestation can be influenced by a variety
of factors, including the specific gene involved and the kind and site of the genetic alteration. The
etiology of dental illness remains incompletely understood by researchers, with genetic factors
being recognized as one of the significant contributors that cannot be disregarded. Potential
advancements in healthcare, particularly in the realm of genetic manipulation pertaining to tooth
production, have the potential to pave the way for gene treatments and the growing of dental tissues

through the utilization of dental stem cells.

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 267
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

Acknowledgment This work was funded by the Iragi Ministry of Higher Education and Scientific
Research (MOHSER).

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

E. Craciunescu, M. Negrutiu, M. Rominu, A. Novac, C. Modiga, B. Caplar, C. Sinescu, D.
Pop, Dental anatomy and morphology of permanent teeth, In: Dentistry. Intech Open, (2023),
https://doi.org/10.5772/intechopen.110223.

G. Lim, U. Janu, L. Chiou, K. Gandhi, L. Palomo, V. John, Periodontal health and systemic
Conditions, Dent. J, 8(2020)1-12, https://doi.org/10.3390/dj8040130

R. Genco, S. Borgnakke, Risk factors for periodontal disease, Periodontol. 2000, 62(2013)
59-94. [PubMed] https://doi.org/10.1111/j.1600-0757.2012.00457.x

N. Wankhede, A. Wankhede, P. Wasu, Role of genetic in periodontal disease.
Int. J. Clin. Dent, 9(2017)53-58, https://doi.org/10.4103/jicdro.jicdro_10 17

H. Simancas-Escorcia, E. Natera-Guarapo, G. Acosta-de-Camargo, Maria, Genes involved in

amelogenesis imperfecta Parte |, Rev Fac Odontol Univ Antiog, 30(2018) 105-
120,https://doi.org/10.17533/udea.rfo.v30n1al0.

D. izgi, E. Kale, R. Nigiz, Amelogenesis imperfecta: rehabilitation and brainstorming on the
treatment outcome after the first year, Case Rep Dent, (2015)579169,
https://doi.org/10.1155/2015/579169

A. Lyne, S. Parekh, N. Patel, F. Lafferty, C. Brown, H. Rodd, J. Monteiro, Patient-reported

outcome measure for children and young people with amelogenesis imperfecta, Br. Dent. J,
(2021)1-6, https://doi.org/10.1038/s41415-021-3329-9

M. Chaudhary, S. Dixit, A. Singh, S. Kunte, Amelogenesis imperfecta: Report of a case and
review of literature, J. Oral Maxillofac Pathol, 13(2009)70 https://doi.org/10.4103/0973-
029X.57673

H. Martelli-Junior, E. Neto, N. Aquino, C. Santos, P. Borges, A. Oliveira, D. Coletta,

Amelogenesis imperfecta and nephrocalcinosis syndrome: a case report and review of the
literature, Nephron Physiol, 118(2011)62-65,https://doi.org/10.1159/000322828

[10] G. Ohrvik, C. Hjortsjo, Retrospective study of patients with amelogenesis imperfecta treated

with different bonded restoration techniques, Clin. Exp. Dent, J, 6(2020)16-23,
https://doi.org/10.1002/cre2.243

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 268
NonCommercial 4.0 International (CC BY-NC 4.0 license)
ttp://creativecommons.org/licenses/by-nc/4.0/).

(

hi



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.5772/intechopen.110223
https://pubmed.ncbi.nlm.nih.gov/23574464/
https://doi.org/10.1111/j.1600-0757.2012.00457.x
https://journals.lww.com/jicd/Fulltext/2017/09020/Role_of_Genetic_in_Periodontal_Disease.3.aspx
https://journals.lww.com/jicd/Fulltext/2017/09020/Role_of_Genetic_in_Periodontal_Disease.3.aspx
https://doi.org/10.17533/udea.rfo.v30n1a10
https://doi.org/10.1155/2015/579169
https://doi.org/10.1038/s41415-021-3329-9
https://doi.org/10.4103/0973-029X.57673
https://doi.org/10.4103/0973-029X.57673
https://doi.org/10.4103/0973-029X.57673
https://doi.org/10.1159/000322828
https://doi.org/10.1002/cre2.243

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

[11] B. Urzua, A. Ortega-Pinto, D. Adorno-Farias, I. Morales-Bozo, S. Rojas-Flores, D. Briones-
Marin, C. Lepiman-Torres, Exploring the pool of pathogenic variants of amelogenesis
imperfecta: an approach to the understanding of its genetic architecture, Front. Dent. Med,
2(2021)785382, https://doi.org/10.3389/fdmed.2021.785382

[12] K. Wang, M. Choi, S. Richardson, M. Reid, P. Lin, J. Wang, C. Hu, ITGB6 loss-of-function
mutations cause autosomal recessive amelogenesis imperfecta. Hum. Mol. Genet, 23(2014)
2157-2163, https://doi.org/10.1093/hmg/ddt611

[13] T. Liang, Y. Hu, K. Kawasaki, H. Zhang, C. Zhang, T. Saunders, C. Hu, Odontogenesis-
associated phosphoprotein truncation blocks ameloblast transition into maturation in Odaph
C41*/C41* mice, Sci. Rep, 11(2021)1132, https://doi.org/10.1038/s41598-020-80912-y.

[14] S. Poulsen, H. Gjerup, D. Haubek, G. Haukali, H. Hintze, H. Lgvschall, M. Errboe,
Amelogenesis imperfecta—a systematic literature review of associated dental and oro-facial
abnormalities and their impact on patients, Acta Odontol. Scand, 66(2008)193-199,
https://doi.org/10.1080/00016350802192071

[15] M. Chaudhary, S. Dixit, A. Singh, S. Kunte, Amelogenesis imperfecta: report of a case and
review of literature, J. Oral. Maxillofac. Pathol,13(2009)70-7,
https://doi.org/10.4103%2F0973-029X.57673.

[16] K. Gadhia, S. McDonald, N. Arkutu, K. Malik, Amelogenesis imperfecta: an introduction,
Br. Dent. J, 212(2012)377-379, https://doi.org/10.1038/sj.bd}.2012.314.

[17] F. Chen, C. Hu, E. Bresciani, C. Peters, R. Estrella, treatment considerations for patient with

amelogenesis imperfecta: a review, Braz. Dent. Sci, 16(2013)7-18,
https://doi.org/10.14295/bds.2013.v16i4.904

[18] C. Novelli, M. Pascadopoli, A. Scribante, Restorative treatment of amelogenesis imperfecta

with prefabricated composite veneers, Case Rep. Dent, (2021) 1-11,
https://doi.org/10.1155/2021/3192882

[19]J. Schulte, H. Van Waes, Dentinogenesis imperfecta, Med. Genet, 19(2007) 418-421.
https://doi.org/10.1007/s11825-007-0048-9

[20] J. Barron, T. McDonnell, I. MacKie, J. Dixon, Hereditary dentine disorders: dentinogenesis

imperfecta and dentine dysplasia. Orphanet J. Rare Dis, 3(2008) 1-10,
https://doi.org/10.1186/1750-1172-3-31

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 269
NonCommercial 4.0 International (CC BY-NC 4.0 license)

(

hi

ttp://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.3389/fdmed.2021.785382
https://doi.org/10.1093/hmg/ddt611
https://doi.org/10.1038/s41598-020-80912-y
https://doi.org/10.1080/00016350802192071
https://doi.org/10.4103%2F0973-029X.57673
https://doi.org/10.1038/sj.bdj.2012.314
https://doi.org/10.14295/bds.2013.v16i4.904
https://doi.org/10.1155/2021/3192882
https://doi.org/10.1007/s11825-007-0048-9
https://doi.org/10.1186/1750-1172-3-31

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

[21] P. Surendra, R. Shah, V. Reddy, Dentinogenesis imperfecta : a family which was affected
for over three generations, J Clin Diagn Res, 7(2013) 1808-1811,
https://doi.org/10.7860/JCDR/2013/5723.3286

[22] M. Sawan, Clear aligners in patients with amelogenesis and dentinogenesis imperfecta,
Int. J. Dent, 2021(2021)1-8, https://doi.org/10.1155/2021/7343094

[23] M. Dure-Molla, B. Fournier, A. Berdal, Isolated dentinogenesis imperfecta and dentin
dysplasia: revision of the classification, Eur.J. Hum. Genet, 23(2015) 445-451,
https://doi.org/10.1038/ejhg.2014.159

[24] D. Pallos, S. Hart, R. Cortelli, S. Vian, T. Wright, J. Korkko, C. Hart, Novel COL1A1
mutation (G599C) associated with mild osteogenesis imperfecta and dentinogenesis
imperfecta, Arch. Oral Biol, 46(2001) 459-470, https://doi.org/10.1016/s0003-
9969(00)00130-8

[25] W. Kim, C. Hu, I. Lee, K. Moon, J. Kim, T. Jang, P. Simmer, Mutational hot spot in the

DSPP gene causing dentinogenesis imperfecta type Il. Hum. Genet, 116(2005)186-191,
https://doi.org/10.1007/s00439-004-1223-6

[26] D. Arunraj, P. Gnanam, N. Chander, Prosthodontic rehabilitation of a patient with missing

teeth and loss of vertical dimension using telescopic overdentures. Contemp. Clin. Dent,
12(2021) 67, https://doi.org/10.4103%2Fccd.ccd_191 20

[27] E. Matalova, J. Fleischmannova, T. Sharpe, S. Tucker, Tooth agenesis: from molecular
genetics to molecular dentistry. J. Dent. Res, 87(2008) 617-623,
https://doi.org/10.1177/154405910808700715

[28] V. Rakhshan, Meta-analysis of observational studies on the most commonly missing

permanent dentition (excluding the third molars) in non-syndromic dental patients or
randomly-selected subjects, and the factors affecting the observed rates, J Clin Pediatr Dent,
39(2015)198-207, https://doi.org/10.17796/1053-4628-39.3.198

[29] H. Vastardis, The genetics of human tooth agenesis: new discoveries for understanding
dental anomalies. Am J Orthod Dentofacial Orthop 117(2000) 650-656,
https://doi.org/10.1016/S0889-5406(00)70173-9

[30] A. Azzaldeen, N. Watted, A. Mai, P. Borbély, M. Abu-Hussein, Tooth agenesis; aetiological
factors, JIDMS, 16(2017), 75-85. https://doi.org/10.9790/0853-1601057585

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 270
NonCommercial 4.0 International (CC BY-NC 4.0 license)

(

hi

ttp://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1155/2021/7343094
https://doi.org/10.1038/ejhg.2014.159
https://doi.org/10.1016/s0003-%209969(00)00130-8
https://doi.org/10.1016/s0003-%209969(00)00130-8
https://doi.org/10.1007/s00439-004-1223-6
https://doi.org/10.4103%2Fccd.ccd_191_20
https://doi.org/10.1177/154405910808700715
https://doi.org/10.17796/1053-4628-39.3.198
https://www.ajodo.org/article/S0889-5406(00)70173-9/fulltext
https://doi.org/10.9790/0853-1601057585

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

[31] N. Chhabra, M. Goswami, A. Chhabra, Genetic basis of dental agenesis--molecular genetics
patterning clinical dentistry. Med Oral, Patol Oral Cir Bucal, 19(2014) 112-119,
https://doi.org/10.4317/medoral.19158

[32] F. Correia, N. Nogueira, B. Bedran, M. Palomari Spolidorio, Aesthetic rehabilitation of

oligodontia in primary dentition with adhesive partial denture, Case Rep. Dent, 2013(2013)1-
4, https://doi.org/10.1155/2013/872476

[33] B. Biedziak, E. Firlej, J. Da browska, A. Bogdanowiez, M. Zadurska, A. Mostowska, A novel
candidate genes for non- syndromic tooth agenesis identified using targeted next-generation
sequencing, J. Clin. Med, 11(2022), 6089. https://doi.org/10.3390/jcm11206089

[34] R. Gomes, D. Habckost, G. Junqueira, F. Leite, T. Figueiredo, M. Paula, C. Acevedo,

Taurodontism in Brazilian patients with tooth agenesis and first and second-degree relatives:
A case control study. Arch. Oral Biol, 57(2012)1062-1069,
https://doi.org/10.1016/j.archoralbio.2012.04.006

[35] N. Bilgin, B. Kaya, Etiology and treatment alternatives in tooth agenesis: a comprehensive
review, Stomatological Dis. Sci, 2(2018)9, DOI: http://10.20517/2573-0002.2018.11

[36] N. Chhabra, M. Goswami, A. Chhabra, Genetic basis of dental agenesis-molecular genetics
patterning clinical dentistry, Med Oral Patol Oral Cir Bucal, 19(2014)112-119,
https://doi.org/10.4317/medoral.19158

[37] A. Jamilian, A. Darnahal, L. Nucci, F. D'Apuzzo, L. Perillo, Treatment considerations for
missing teeth. Dental anatomy, IntechOpen (2018). https://doi.org/10.5772/intechopen.69543

[38] J. Hobkirk, D. Gill, S. Jones, K. Hemmings, S. Bassi, A. O’Donnell, J. Goodman,
Hypodontia: A team approach to management (2010), Eur. J. Orthod, 35(2013)
717, https://doi.org/10.1093/ejo/cjt039

[39] A. Kalsi, Pediatric dentistry: a clinical approach, 2nd edition. Br Dent J, 207(2009)511-512,
https://doi.org/10.1038/sj.bdj.2009.1059

[40] S. Herrmann, C. Kichler, B. Reis, E. Paddenberg, N. Zbidat, R. Mattos, C. Kirschneck,
Association of third molar agenesis and microdontia with genetic polymorphisms in vitamin-
D-related genes. Ann. Anat, 244(2022)151972, https://doi.org/10.1016/j.aanat.2022.151972.

[41] D. Bargale, D. Kiran, Non-syndromic occurrence of true generalized microdontia with

mandibular mesiodens-a rare case, Head Face Med, 7(2011)1-10,
https://doi.org/10.1186/1746-160X-7-19.

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 271
NonCommercial 4.0 International (CC BY-NC 4.0 license)

(

hi

ttp://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1155/2013/872476
https://doi.org/10.3390/jcm11206089
https://www.sciencedirect.com/science/article/pii/S0003996912001306
https://pdfs.semanticscholar.org/2cc4/30b90b29e16f527fb390e369cd4fbd4fa571.pdf
https://doi.org/10.4317%2Fmedoral.19158
https://doi.org/10.5772/intechopen.69543
https://doi.org/10.1093/ejo/cjt039
https://doi.org/10.1038/sj.bdj.2009.1059
https://doi.org/10.1016/j.aanat.2022.151972
https://doi.org/10.1186/1746-160X-7-19

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

[42] S. Kondo, G. Townsend, M. Matsuno, Morphological variation of the maxillary lateral
incisor, Jpn Dent Sci Rev, 50(2014)100-107, http://dx.doi.org/10.1016/j.jdsr.2014.06.002.

[43] K. Moharamzadeh, Diseases and conditions in dentistry: an evidence-based reference. John
Wiley & Sons, 2018, https://doi.org/10.1002/9781119312093.
[44] Z. Ahn, G. Ahn, W. Pyo, K. Kim, A noninvasive esthetic treatment of isolated microdontia

using new high-translucent cubic-phase zirconia (5Y-PSZ) laminate veneers: A case report, J
Korean Acad Prosthodont. 57(2019)263-270, https://doi.org/10.4047/jkap.2019.57.3.263

[45] R. Alkhatib, R. Hawamdeh, L. Al-Eitan, N. Abdo, F. Obeidat, M. Al-Bataineh, H. Aman,
Family and case-control genetic study of MSX1 polymorphisms in peg-shaped teeth
Jordanian population, BMC Oral Health, 22(2022)1-8, https://doi.org/10.1186/s12903-022-
02051-2.

[46] R. Alkhatib, B. Obeidat, E. Laith, N. Abdo, F. Obeidat, H. Aman, Family-based association
study of genetic analysis of paired box gene 9 polymorphisms in the peg-shaped teeth in the
Jordanian Arab population, Arch. Oral Biol, 121(2021) 104966,
https://doi.org/10.1016/j.archoralbio.2020.104966.

[47] G. Langford, G. Oral pathology for the dental hygienist, 6th edition. Vital 11(2013)
https://doi.org/10.1038/vital1751

[48] N. Miller, Oral pathology: clinical pathologic correlations, 6th edition. Br Dent J212(2012)
567https://doi.org/10.1038/sj.bd}.2012.516

[49] W. Neville, D. Damm, C. Allen, C. Chi, Color atlas of oral and maxillofacial diseases-E-book.
Elsevier Health Sciences, 2018, https://doi.org/10.1016/C2016-0-01896-X

[50] S. Mishima, K Takahashi, H Kiso, A. Murashima-Suginami, Y. Tokita, J. Jo, R. Uozumi, Y.
Nambu, B. Huang, H. Harada, T. Komori, M. Sugai, Y. Tabata, K. Bessho, Local application

of Usag-1 siRNA can promote tooth regeneration in Runx2-deficient mice, Sci. Rep,
11(2021)13674, https://doi.org/10.1038/s41598-021-93256-y

[51] S. Sachdeva, H. Saluja, A. Mani, Idiopathic gingival fibromatosis with periodontitis: A rare
case report and literature. J. Med Sci, 41(2021)188,
https://doi.org/10.4103/jmedsci.jmedsci_165 20

[52] K. Strzelec, A. Dziedzic, K. Lazarz-Bartyzel, A. Grabiec, E. Gutmajster, T. Kaczmarzyk, K.

Gawron, K, Clinics and genetic background of hereditary gingival fibromatosis. Orphanet J.
Rare Dis, 16(2021)1-9, https://doi.org/10.1186/s13023-021-02104-9

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 272
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.jdsr.2014.06.002
https://doi.org/10.1002/9781119312093
https://doi.org/10.4047/jkap.2019.57.3.263
https://doi.org/10.1186/s12903-022-02051-2
https://doi.org/10.1186/s12903-022-02051-2
https://www.sciencedirect.com/science/article/abs/pii/S0003996920303447
https://doi.org/10.1038/vital1751
https://doi.org/10.1038/sj.bdj.2012.516
https://doi.org/10.1016/C2016-0-01896-X
https://doi.org/10.1038/s41598-021-93256-y
https://doi.org/10.4103/jmedsci.jmedsci_165_20
https://doi.org/10.4103/jmedsci.jmedsci_165_20
https://doi.org/10.1186/s13023-021-02104-9

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

[53] A. Tripathi, V Upadhaya, V. Kumar, S. Saimbi, Hereditary gingival fibromatosis and its
management:  2-year  follow-up.  Contemp.  Clin. Dent,  5(2014)569-571,
569.https://doi.org/10.4103%2F0976-237X.142835

[54] E. Boutiou, A. Ziogas, D. Giannis, E. Doufexi, Hereditary gingival fibromatosis in children:
a systematic review of the literature. Clin. Oral Investig, 25(2021)3599-3607,
https://doi.org/10.1007/s00784-020-03682-x

[55] P. Baptista, Hereditary gingival fibromatosis: a case report. J. clin. periodontol, 29(2002)871-
874, https://doi.org/10.1034/j.1600-051X.2002.290913.x

[56] L. Vishnoi, Hereditary gingival fibromatosis: Report of four generation pedigree, IJCRI,
2(2011)1-5, https://doi.org/10.5348/ijcri-2011-06-36-cs-1

[57] S. Xiao, L. Bu, L. Zhu, G. Zheng, M. Yang, M. Qian, L. Hu, J. Liu, G. Zhao, X. Kong, A new
locus for hereditary gingival fibromatosis (GINGF2) maps to 5g13-g22. Genomics,
74(2001)180-185, https://doi.org/10.1006/gen0.2001.6542

[58] Y. Zhu, W. Zhang, Z. Huo, Y. Zhang, Y. Xia, B. Li, Hu, X. Kong, L. Hu, A novel locus for
maternally inherited human gingival fibromatosis at chromosome 11p15, Hum. Genet,
121(2007)113-123, https://doi.org/10.1007/s00439-006-0283-1

[59] M. Ramer, V. Marrone, B. Stahl, P. Burakoff, Hereditary gingival fibromatosis:
identification, treatment, control. J Am Dent Assoc, 127(1996)493-495,
https://doi.org/10.14219/jada.archive.1996.0242

[60] P. Dhadse, R. Yeltiwar, P. Pandilwar, S. Gosavi, Hereditary gingival fibromatosis. J. Indian
Soc. Periodontol, 16(2012)606, https://doi.org/10.4103/0972-124x.106930

[61] C. Millet, P. Rodier, C. Farges, N. Labert, P. Duprez, Surgical and prosthetic treatment in an

elderly patient affected by unilateral idiopathic gingival fibromatosis: a case report,
Gerodontology, 29(2012), 1185-1189. https://doi.org/10.1111/].1741-2358.2011.00564.x

[62] A. Bansal, S. Narang, K. Sowmya, N. Sehgal, Treatment and two-year follow-up of a patient
with hereditary gingival fibromatosis, J. Indian Soc Periodontol, 15(2011)406-409
https://doi.org/10.4103%2F0972-124X.92581

[63] A. Poulopoulos, D. Kittas, A. Sarigelou, Current concepts on gingival fibromatosis-related
syndromes, J Investig Clin Dent, 2(2011)156-161, https://doi.org/10.1111/].2041-
1626.2011.00054.x

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 273
NonCommercial 4.0 International (CC BY-NC 4.0 license)

(

hi

ttp://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.4103%2F0976-237X.142835
https://doi.org/10.1007/s00784-020-03682-x
https://doi.org/10.1034/j.1600-051X.2002.290913.x
https://doi.org/10.5348/ijcri-2011-06-36-cs-1
https://doi.org/10.1006/geno.2001.6542
https://doi.org/10.1007/s00439-006-0283-1
https://jada.ada.org/article/S0002-8177(15)61398-8/fulltext
https://journals.lww.com/jisp/fulltext/2012/16040/hereditary_gingival_fibromatosis.27.aspx
https://doi.org/10.1111/j.1741-2358.2011.00564.x
https://journals.lww.com/jisp/fulltext/2011/15040/treatment_and_two_year_follow_up_of_a_patient_with.22.aspx
https://doi.org/10.1111/j.2041-1626.2011.00054.x
https://doi.org/10.1111/j.2041-1626.2011.00054.x

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

[64] K. Gawron, K. Lazarz-Bartyzel, J. Potempa, M. Chomyszyn-Gajewska, Gingival
fibromatosis: clinical, molecular and therapeutic issues, Orphanet J. Rare Dis, 11(2016)1-14,
https://doi.org/10.1186/s13023-016-0395-1

[65] A. Chaurasia, Hereditary gingival fibromatosis. Natl. J. Maxillofac. Surg, 5(2014)42-46,
https://doi.org/10.4103/0975-5950.140171

[66] B. Korkmaz, S. Seren, E. Kara, C. Moss, The discovery of the Papillon-Lefevre syndrome, a

rare cathepsin C related lysosomal disease, Rare Dis. Orphan Drug J, 2(2022), 16.
https://doi.org/10.20517/rdodj.2022.26

[67] A. Shawli, Y. Almaghrabi, S. AlQuhaibi, Y. Alghamdi, M, Aboud, Y, Almaghrabi, S.
Alghamdi, A mutation in cathepsin C gene causing papillon-lefevre syndrome in a Saudi
patient: a case report, Cureus, 12(2020) e6546, https://doi.org/10.7759/cureus.6546

[68] L. Zhao, Z. Feng, B. Hu, Q. Chen, Papillon-Lefévre syndrome: a case report. Int. J. Dermatol
Venereol, 4(2021)97-99, https://doi.org/10.1097/JD9.0000000000000042

[69] A. Moura, S. Regateiro, E. Resende, C. Silva, M. Gongalo, T. Bom, J. De Faria, A new

terminal nonsense mutation of the Cathepsin C gene in a patient with atypical Papillon-
Lefevre syndrome, J. Investig Allergol Clin  Immunol, 30(2020)151-153,
https://doi.org/10.18176/jiaci.0467

[70] L. Giannetti, R. Apponi, D. Diago, M. Jafferany, M. Goldust, R. Sadoughifar, Papillon-
Lefevre syndrome: oral aspects and treatment. Dermatol Ther, 33(2020)13333-13336,
https://doi.org/10.1111/dth.13336

[71] S. Sachdeva, N. Kalra, P. Kapoor, Papillon- Lefevre Syndrome: report of a case and its
management, J. Clin Exp. Dent, 4(2012)77-81, https://doi.org/10.4317/jced.50594

[72] Z. Adamski, D. Burchardt, T. Pawlaczyk-Kamienska, M. Borysewicz-Lewicka, M.

Wyganowska-Swiatkowska, Diagnosis of Papillon-Lefévre syndrome: review of the literature
and a case report, Adv Dermatol Allergol/Postepy Dermatol Alergol, 37(2020)671-676,
https://doi.org/10.5114/ada.2020.100480

[73] B. Sreeramulu, D. Shyam, P. Ajay, P. Suman, Papillon-Lefévre syndrome: clinical

presentation and management options, Clin, cosmet. Investig. Dent, 2015(2015)75-81,
https://doi.org/10.2147/ccide.s76080

[74] Z. AlBarrak, S. Algarni, P. Chalisserry, S. Anil, Papillon-Lefévre syndrome: a series of five
cases among siblings, J. Med Case Rep, 10(2016)1-6, https://doi: 10.1186/s13256-016-1051-

Z

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 274
NonCommercial 4.0 International (CC BY-NC 4.0 license)

(

hi

ttp://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1186/s13023-016-0395-1
https://doi.org/10.4103/0975-5950.140171
https://doi.org/10.20517/rdodj.2022.26
https://doi.org/10.7759/cureus.6546
https://doi.org/10.1097/JD9.0000000000000042
https://doi.org/10.18176/jiaci.0467
https://doi.org/10.1111/dth.13336
https://doi.org/10.4317/jced.50594
https://doi.org/10.5114/ada.2020.100480
https://doi.org/10.2147/ccide.s76080
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/s13256-016-1051-z
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/s13256-016-1051-z

A. Alsuraifi et al Bas ] Sci41(2) (2023)252-275

Eadl (kg gl () o) (ciialll 14y gadl) 4301 ) ol iyl )

‘7".‘:‘). c-\AMeule c@-\@.&emuﬁ cAAMQLy.AJ {_546.3\)‘9.\. c?mm‘” c-\L:I‘AC\ﬂ-\QG % ‘”,ii)m.“g.‘ﬁ

V-
Gl — B ) — B paud) drala Gl b 418
oaldiall

Gyl e G ) daii ¢ il iy i A g paa () A8Vl ¢ gl 3l il 5 558l el Lo Ulle
) aal a4 ) sl bl sl o gan gs ¢ (al a1 o3 bl agdl a1 e aadl Gialdl (e el (5 5al
ol el Gy (e ke daad aais ) Ailall Al jall Caags J3N1 ol ey Aladl ALl 5ol ) Alaiaal sl
ol el Aol iy yall LS (e 2y 35 480 ) 511 bl el (g dpaall Y 15883 481 ) sl ) jlaaa¥) e danlill il

Lt 3ok g Aoy Hedai 3 ,aY) Gl e Y1 ol ¢ L) 5 4l

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 275
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/

