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Abstract

Background: Osteogenesis imperfecta (Ol), also known as “fragile bone disease”, is a heterogeneous
group of genetic conditions affecting connective tissue, in particular bones and joints (Gover, et al.,
2022; Prado, et al., 2023). Despite significant involvement of craniofacial tissues and teeth in several
types of Ol; these abnormalities are often eclipsed by severe syndromic features, resulting in the
dental and craniofacial features being overlooked (Nguyen, et al., 2021). In our systematic review, we

aim to determine the types of dental aberrations observed among patients with Ol.

Method: A search of electronic databases of Scopus, PubMed, Science Direct, Cochrane, and
EBSCOhost was performed. The search time-frame was limited from 2000 to 2023. Only primary
studies describing dental aberrations in post-natal humans with a confirmed diagnosis of Ol were
included. Two authors independently conducted data extraction according to a custom-designed data
extraction sheet. A narrative review of the findings is provided. This review has been developed in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines and is registered with PROSPERO (CRD42020205063).

Results: Our search of electronic databases identified 1011 articles. Of these, 38 articles were included
in the review. The number of participants in these studies, which were performed in 17 different
countries, ranged from 1 to 568. Common dental aberrations reported in patients with Ol were
malocclusion, in which Angle Class Il malocclusion is the most common, and dentinogenesis
imperfecta. Other aberrations included tooth discolouration, abnormal tooth shape, attrition, tooth
agenesis, and disturbances in eruption. Fourteen of these studies had a low risk and 22 studies had a
moderate to high risk of bias. This review provides a summary of the spectrum of Ol-associated dental
aberrations. The authors demonstrate the importance of dental practitioners being aware of these
dental aberrations so that patients presenting with these features may receive the appropriate
referrals. A multidisciplinary team approach is best suited to managing patients with Ol to address
their complex dental needs. The results of this review also underscore the need for further research
expanding the knowledge base available on dental aberrations in patients with Ol, particularly in terms
of genotype-phenotype correlation, long-term prospective studies on disease natural history,

treatment outcomes, and patient management protocols development.
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Conclusion: The most prevalent dental anomalies in patients with Ol include malocclusion, tooth
agenesis, DI, and pulpal obliteration. Among these, Dl is the most common, with its prevalence varying
across different Ol subtypes. Higher occurrences of DI were observed in Ol Types |, Ill, and IV.
Additionally, individuals with Ol have an increased risk of dental impaction compared to non-Ol
individuals. This study highlights the broad range of Ol-related dental anomalies and emphasizes the
need to incorporate dental care into the overall management of Ol patients. Dental practitioners must
recognize these anomalies to ensure timely referrals and appropriate treatment. Furthermore, the
findings underscore the importance of additional research, particularly in the areas of genotype-

phenotype correlation and the inclusion of more diverse populations.

Keywords: Aberration and Bone fragility disease, Dentinogenesis imperfecta, Dental Malocclusion,

Ectopic eruption, Dental implication of osteogensis imperfecta.



1. Introduction

Osteogenesis imperfecta (Ol), commonly known as “fragile bone disease”, is a group of
heterogeneous, hereditary connective tissue disorders. Ninety percent of Ol is associated with COL1A1
and COL1A2 gene mutations, which are involved in the formation of type | collagen (Thomas and
DiMeglio, 2016). These mutations alter the metabolism of type | collagen (Hald et al., 2018), inducing
abnormalities in any tissue rich in this collagen type (Majorana et al., 2010). The distinguishing clinical
feature of Ol is fragile bones, which may result in fractures and skeletal deformities. Other frequent
manifestations include hearing loss, blue sclera, abnormal growth, and joint deformity (Andersson, K
et al, 2017). Additionally, deformity of the jaws, teeth, and dental arches are prominent

manifestations (Gupta et al., 2018).

The global prevalence of Ol is estimated to be between 1 in 15,000 and 1 in 20,000 births (Forlino and
Marini, 2016; Arponen et al., 2015). However, detailed regional-specific prevalence data are sparse
and vary widely due to differences in study methodologies, diagnostic criteria, and population

characteristics.

In Denmark, research conducted by Anderson and Hague in 1989 estimated the incidence of Ol to be
significantly high, at approximately 21.8 per 100,000 births. This initial estimate was based on
population data from that period. In contrast, more recent studies by Folkestad et al. (2016) have
reported a lower prevalence rate of around 10.3 per 100,000. This discrepancy may be attributed to
changes in diagnostic techniques, awareness, and reporting practices over the years. Similarly,
Sweden has provided some insight into the prevalence of Ol through national studies. Research by
Lindahl et al. (2015) established the overall prevalence in the Swedish population to be approximately
7.4 per 100,000. This figure, although lower than the Danish estimates, still highlights the regional

variations that can occur within close geographical proximity.

The general prevalence of Ol at birth is frequently approximated to be between 5 and 6.7 per 100,000,
as supported by multiple sources (Marini and Blissett ,2013 ; Forlino and Marini, 2016 ; Valadares ER
et al., 2014). However, there is an ongoing debate among experts who believe that the true
prevalence might be closer to 10 per 100,000. Establishing this higher prevalence rate unequivocally
has proven challenging. One of the main reasons for this difficulty is the phenotypic variability of OL.
Many individuals with milder forms of the condition may remain undiagnosed, leading to
underreporting and an underestimation of the actual prevalence (Forlino and Marini, 2016; Stein et

al., 2015).



Thus, while global estimates provide a broad understanding of Ol prevalence, regional-specific data
reveal significant variations. These differences underscore the importance of standardized diagnostic
criteria and comprehensive reporting systems to achieve a more accurate and uniform understanding
of Ol prevalence across different populations. Enhanced awareness and recognition of the condition,

particularly its milder forms, are crucial for improving diagnostic accuracy and reporting consistency.

Sillence et al. (1979) developed a classification of Ol based on clinical and radiological features (Sillence
et al., 1979), which included four types of Ol. Thereafter, an expanded Sillence classification was
published in 2004 (Rauch and Glorieux, 2004) (Table 1), which included Ol Types V — VIl as presented
in Table 1.

Table 1: Classification of osteogenesis imperfecta (Rauch and Glorieux, 2004).

Ol type Features

Type | Mild type, which is usually accompanied by the blue sclera

Typelll Severe type and is associated with peri-natal fatality.

Type Il Severe form, occurring in patients persisting in the neonatal period and is associated

with severe bone distortion.

Type IV Intermediate Ol type and its severity in between Ol type | and IlI

Type V Moderate to severe bone fragility, hyperplastic callus development after bone
fractures, calcification of the interosseous forearm membrane

Type VI Moderate to severe bone fragility and deformity. Distinctive bone histology

Type VI Moderate to severe disease




Ol types V, VI, and VIl were added to the classification by Rauch et al., (2004) when it was noted that
some patients with Ol did not have mutations in the COL1A1 and COL1A2 genes, yet have clinical
features distinctive of Ol (Jabbour et al., 2018). During the last decade, new molecular findings of
mutations in genes that encode proteins involved in collagen type | biosynthesis have expanded the
nosology of Ol. The latest nosology has at least 19 types of Ol with several associated forms (Mortier

et al., 2019).

The genetic variations implicated in Ol affect connective tissue and structures of mesenchymal origin,
including teeth. Besides genetic variations in COL1A1 and COL1A2, which code for alpha 1 (COL1A1)
and alpha 2 (COL1A2) chains, the main structural components of collagen Type | (Bardai et al., 2016);
further pathogenic variants have been identified in at least 16 genes so far (Forlino and Marini, 2016).

The sites where several genes are implicated in the pathogenesis of Ol are depicted in Figure 1.
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Figure 1: Production of type 1 collagen and sites where several genes implicated in the pathogenesis of Ol are

involved (Tournis and Dede, 2018).



The gene variation, the particular amino acid substitution, and the resultant collagen alteration
determine disease severity and heterogeneity between and within subtypes (Rauch et al., 2013). The
most frequently detected changes in collagen components occur when the glycans in the collagen
fibril are substituted by a larger amino acid, resulting in a disturbance in the folding progression of the
collagen into a triple helical structure. This replacement results in abnormal collagen protein
components. The abnormal collagen structure disturbs the type 1 collagen helix construction and
damages the extracellular matrix, resulting in different pathogenic manifestations in various tissues,

particularly teeth and bone (Van Dijk and Sillence, 2014).

Affected persons with Ol are believed to be more prone to dental and craniofacial abnormalities than
the unaffected population and often suffer from poor oral health (Saeves et al., 2009). Several studies
have shown that affected persons have a higher prevalence of dental aberrations (Gupta et al., 2011;
Malmgren & Norén, 2002; van Dijk et al., 2013). The most frequently cited dental abnormality being
dentinogenesis imperfecta (DI) (Opsahl Vital et al., 2012), which is said to affect between 21% and
73% of Ol patients (Majorana et al., 2010).

Other oral and craniofacial manifestations of Ol include anterior and posterior crossbites,
development of an Angle Class Ill malocclusion due to maxillary retrognathia, as well as oligodontia
and hypodontia (Nguyen et al., 2017). Craniofacial and dental disorders are said to be most frequent
in Ol Types Il and IV and are associated with a triangular face shape, prominent frontal bones, Class
Il malocclusions, and protrusive bitemporal bones (Rizkallah, et al., 2013). These associations suggest
a genotype-phenotype correlation which may be clinically significant to patient diagnosis and

management.

Although dental aberrations are known to be more common in individuals with Ol, studies on this
topic have shown many inconsistencies. Conflicting and heterogeneous presentations of dental
aberrations have been reported in different Ol populations (Chetty et al., 2019; Malmgren et al.,
2017). With no comprehensive reviews currently available, the aim of this systematic review is to

determine the types of dental aberrations found in patients with Ol.

1.1 Rationale

Ol is rare, but collectively, it is relatively common among hereditary conditions. Dental aberrations
have been found to be more prevalent in those with Ol than in the unaffected population; however,

the range and variability of dental aberrations have not been fully explored and documented.



Awareness of these dental aberrations is essential for dental practitioners treating patients with Ol

and those who may have undiagnosed Ol.

1.2 Review question

In patients with osteogenesis imperfecta (Ol), what are the types of dental aberrations encountered,
and how do these aberrations differ across various Ol subtypes in terms of clinical, radiographic,

histological, and ultrastructural presentations?
1.3 Aim:

To provide a comprehensive description of dental aberrations in Ol patients and how they vary across

different subtypes.

1.4 Objectives:

1. Determine the types of dental aberrations encountered in patients with osteogenesis imperfecta
(on.

2. Describe the clinical, radiographic, histological, and ultrastructural presentations of dental

aberrations in patients with different Ol subtypes.

3. Investigate the differences in dental aberrations among various Ol subtypes based on clinical,

radiographic, histological, and ultrastructural findings.

4. ldentify trends between genotypes and phenotypes in Ol patients concerning dental
aberrations, focusing on the specific clinical, radiographic, histological, and ultrastructural

characteristics.

2. Methods

This review has been developed following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses for Protocols 2020 guidelines (PRISMA) .(Page et al., 2021) ,(Appendixes 2,page 66 ).
This study was registered with PROSPERO (CRD42020205063).

2.1 Eligibility criteria

Primary studies on human participants with Ol were included in this systematic review. Even though

this is not a prevalence study, the eligibility criteria were designed in accordance with the Coco Pop
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strategy (Condition, Context, Population) as this is the mnemonic, which most closely relates to the
research question. The eligibility criteria are summarized in Table 2. The inclusion criteria were broad
to find many appropriate studies related to the objectives. Only primary studies were eligible for
inclusion. Grey literature was excluded. The time-frame was limited to studies published from the year
2000 to capture articles contributing to and conforming to the expanded Sillence classification
published in 2004 (Rauch and Glorieux, 2004) as well as to include the most recently identified types
of Ol (Moosa et al., 2019, Mortier et al., 2019).

Table 2: Eligibility Criteria

Condition of interest (CO): “Dental anomalies reflect specific disturbances of one or
more stages of odontogenesis, roughly classified as tooth
initiation, morphogenesis, cytodifferentiation,
mineralization, and bone modelling occurring with
eruption” (Hennekam, Allanson, & Krantz et al., 010).
Terminology for dental anomalies, as defined by de Ia

Dure-Molla et al. (2019) was used in this review.

Context (Co): Clinical, radiographic, histological and ultrastructural
presentations of dental aberrations.

Population of interest (Pop): Post-natal human patients diagnosed with osteogenesis
imperfecta

2.2 Information sources and search strategy

An electronic search was conducted in June 2024 using a planned search strategy. The search was
tailored to each database. An example of the search strategy can be found in Table 3. The following
databases were searched: PubMed, Scopus, Science Direct, Cochrane, and EBSCOhost. The reference
lists of related articles were hand-searched to find additional studies. The results of each search were
captured and saved in an online document. Google Scholar was also searched using the search term

III

“osteogenesis imperfecta dental”. Duplicate titles were removed before title screening. The results of



the search were documented, reported and compared between databases. The references were

managed with Mendeley reference manager.

Table 3: Example of the search strategy used in this study

Database PubMed
Date 20/05/2024
Limit 2000
No Search Result
1 Dental implication of osteogensis imperfecta [MeSH | 7950
Terms]
2 Dental [MeSH Terms] 40,549
3 Dental
[Title/Abstract] 283,553
4 #2 OR #3
"Dental health services"[MeSH Terms] OR
"dental"[Title/Abstract] 299,389
5 #1 AND #4
"Osteogenesis imperfecta’[MeSH Terms] AND
("dental health services"[MeSH Terms] OR 141
"dental"[Title/Abstract])
6 #2 OR #3 OR #4 OR #5 299,389
7 #1 AND #6 141

2.3 Study selection and data extraction

The researchers (AS and IR) conducted the database search with the supervision of a senior researcher
(MC). All results were collated within an online document where two researchers (AS and IR)
independently performed title and abstract screening, followed by full-text evaluation and data
extraction. References were managed with Mendeley reference manager. The authors' data
extraction tool was custom-made for this study (Appendix 1,page 53). Disagreements were resolved

through discussion between authors.


https://pubmed.ncbi.nlm.nih.gov/?term=Osteogenesis+imperfecta+%5BMeSH+Terms%5D&sort=

2.4 Study quality and risk of bias assessment of individual studies

The authors independently rated each study's quality and risk of bias via the risk of bias tools
recommended by the Joanna Briggs Institute (JBI) (Hannes and Lockwood, 2011). The checklists for
case reports, case series, and case-control studies were used individually and then combined into a
single table to present the findings (Table 9). Each reviewer conducted an assessment of the study
quality and the risk of bias of each included study. In general, the tools used consist of questions about
the sample size, participants, place of recruitment, data analysis, use of valid methods to identify the
assessed condition, the reliability of the method used to assess the condition, appropriate statistical

” u

analysis, and the study’s response rate. Answers to each item included “yes (high quality),” “unclear

” u

(uncertain quality),” “no (low quality),” or “not applicable”.

2.5 Analysis

A review was conducted encompassing studies that assessed and compared abnormalities in tooth
number, structure, size, shape, and ultrastructure. Additionally, the prevalence of abnormalities of
the tooth-supporting structures, such as the periodontium, was evaluated. We have provided a

narrative synthesis of the findings from the included studies according to the following themes.

® Characteristics of included studies: country of origin; sample size; demographics of the
sample; study designs; and language.

e Ol sub-type

e C(linical findings

e Radiographic findings

e Histological findings

e Ultrastructural findings

e Genotype-phenotype correlations

3. Results

3.1 Study selection

The search strategy and result yield are documented in Table 4. The electronic database search
resulted in 1011 items. The PRISMA diagram (figure 2) documents the steps in the reviewing process.

The titles were collated in a Google Doc, and duplicate titles were excluded. The remaining titles were



screened, resulting in 613 being excluded for non-relevance. Of the remaining 142 studies, 104 were

excluded for specific reasons (Appendix 3,page 70). Finally, 38 studies were included in this review.

Table 4: Database search yield

Database Results
Science Direct
1-Title, abstract, keywords: Dental implication of osteogenesis 6160
imperfecta
SCOPUS
1-TITLE-ABS-KEY (osteogenesis AND imperfect (2021-2024) 3150
2- Dental 170,000
3- (TITLE-ABS-KEY (osteogenesis AND imperfect)) AND (dental 1340
Cochrane
1 (Dental): Tl ab kw and (osteogenesis imperfecta): Tl ab (2021-2024) 5
EBSCOHost
# Query limiters/Expanders last run via Result 79008
S1 AB dental Expander- Apply equivalent subject
Search modes-Boolean/phrase
S2 AB osteogenesis imperfecta Expander apply equivalent subject 1302
S3 AB osteogenesis imperfecta) AND S1 AND S2 37



https://www-scopus-com.ezproxy.uwc.ac.za/search/history/results.uri?origin=searchhistory&shid=4
https://www-scopus-com.ezproxy.uwc.ac.za/search/history/results.uri?origin=searchhistory&shid=4

|

Identification

|

[ Included } [ EIigibiIity} [ Screening

Records identified through Database
searching (n=1011)

!

Records after duplicate removed (n=942)

|

Records screened (titles & abstract)
(n=749)

I

Duplicate titles identified (n =193)

Records excluded after title and

abstract screaming (n =613)

Full-text articles assessed for eligibility (n =142)

Full texts excluded due to non-fulfilment]

of specified criteria (n =104)

|

Studies included in qualitative synthesis(n=38)

Figure 2: PRISMA Flow Chart

From: Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D.,
Shamseer, L., Tetzlaff, J.M., Akl, E.A., Brennan, S.E. and Chou, R., 2021. The PRISMA 2020

statement: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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3.2 Characteristics of included studies

The characteristics of the studies included in this review are detailed in Table 5. The review comprises
38 studies, including eleven case reports, twelve cross-sectional studies, five cohort studies, four case-
control studies, two clinical and ultrastructural studies, two case series, one Longitudinal
observational study and one retrospective case review. Sample sizes ranged from 1 to 568 cases. The
studies were conducted across 17 countries: four from the USA (Ma et al., 2019; Retrouvey et al.,
2019; Najirad et al., 2018; Patel et al., 2015), four from Thailand (Udomchaiprasertkul et al., 2020;
Intarak et al., 2020; Budsamongkol et al., 2019; Kantaputra et al., 2018), four from Sweden (Malmgren
et al., 2020; Andersson et al., 2017; Malmgren et al., 2017; Malmgren and Norgren, 2002), and five
from Canada (Taqi et al., 2021; Rizkallah et al., 2013; Schwartz et al., 2008). Additionally, three studies
originated from Brazil (Margal et al., 2019; Sanches et al., 2005), two from China (Lu et al., 2014; Tung
JY, et al.,2022) and three from Taiwan (Lai et al., 2020; Lin et al., 2009; Chang, Lin, and Hsu, 2007). The
remaining countries are each represented by single studies (Chetty et al., 2019; Nguyen et al., 2017,
Okawa et al.,, 2017; Abukabbos and Al-Sineedi, 2013; Lingaraju et al., 2013; Elnagdy et al., 2012;
Majorana et al., 2010; Szeves et al., 2009. Nineteen studies included participants aged 0 to 18 years,
with no discernible gender bias. All selected studies were conducted and reported in English with

publication dates ranging from 2000 to 2024.

11



Table 5: Characteristics of included studies

1-Abukabbos and Al-Sineedi,
2013

Saudi

Case-report

4 years

Shields Type | DI with Ol type V

M

3- Budsamongkol et al., 2019

Thailand

Case-report

4 years

M

5 - Chetty et al., 2019

South Africa

Cross-sectional analytic

64

3 months -26 years

Ns

7-Mordenti et al.,2024

Italy

Cross-sectional

568

0-75 years

L, v, v

258:310

9- Intarak et al., 2020

Thailand

Clinical ultrastructural

43-year-3 years

2M

11-Johnetal., 2019

England

Retrospective case note

92

8 months—18 years

L, v, v

69:23

https://uwcscholar.uwc.ac.za/lhome
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13- Lin et al., 2009 Taiwan Retrospective case review | 48 2 month -53 1, 1, IV 15:33

15-Lu et al., 2014 China Case-report 1 37 years v 1F

17-Malmgren et al 2020 Sweden Cohort 45 Children and adolescent 1, 1, IV 24:21

19-Majorana et al., 2010 Clinical and ultrastructural 6-12 years 1, 1, IV

21- Malmgren and Norgren, Sweden Cross- sectional 68 0.3 to 20 years 1,1, IV 47:34
2002

23-Nguyen et al., 2017 Vietnam Case-control 26 12-16 years 1,1, IV 18:8

25-Najirad et al.,2020 North Cross-sectional 138 8-14 years 1,1, v 53:85
America

27- Patel et al., 2015 USA Cross-sectional 544 0-76 years I, 10,1V, V, VIl with subtype OI I, lll, IV, V, | 240:304
Vil

[N
w

https://uwcscholar.uwc.ac.za/lhome



29-Retrouvey et al., 2019 North Cohort 14 3-50 years Vv 4:10
America

31- Schwartz et al., 2008 Canada Retrospective case series 15 2-16 years Ns 11:4

33-Teixeira et al., 2008 Brazil Case-report 1 11 months _18 years | 1F

35- Taqi et al.,2021 Canada Cross-sectional 3-55 years 1,0, v

e

Abbreviation: M: male, F: female, Ns: not specified.

14
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3.3 Subclassification of Ol

The studies encompassed cohorts representing the full spectrum of Osteogenesis Imperfecta (Ol).
Several investigations specified the Ol type as inclusion criteria, with a detailed summary of Ol
subtypes included in each study is provided in Table 5 (Lai et al., 2020; Intarak et al., 2020; Chetty et
al., 2019; Kantaputra et al., 2018; Sanches et al., 2005). The most frequently encountered type of Ol
was Type lll, as identified in 27 studies (Taqi et al., 2021; Udomchaiprasertkul et al., 2020; Malmgren
et al., 2020; Najirad et al., 2020; Lai et al., 2020; Ma et al., 2019; Budsamongkol et al., 2019; Chetty et
al., 2019; Najirad et al., 2018; Hald et al., 2018; Jabbour et al., 2018; Thuesen et al., 2018; Malmgren
et al.,, 2017; Nguyen et al., 2017; Andersson K et al., 2017; Okawa et al., 2017; Patel et al., 2015;
Rizkallah et al., 2013; Elnagdy et al., 2012; Majorana et al., 2010; Lin et al., 2009; Saeves et al., 2009;
Chang, Lin, and Hsu, 2007; Sanches et al., 2005; Malmgren and Norgren, 2002). In contrast, the least
frequently reported type was Ol Type VII, which was identified in only one study (Patel et al., 2015).
Additionally, two studies did not specify the Ol type (Abukabbos and Al-Sineedi, 2013; Schwartz et al.,
2008).

3.4 Dental aberration:

3.4.1 Clinical and radiographic

The clinical and radiographic dental anomalies found in the studies are reported in Appendix Table

4,page 82.

Dental Malocclusion

Several studies revealed that those with Ol Type Ill and IV had severe and characteristic malocclusion
(Lai et al., 2020; John et al., 2019; Retrouvey et al., 2019; Jabbour et al., 2018), Najirad et al., 2018;
Nguyen et al., 2017; Elnagdy et al., 2012; Chang, Lin, and Hsu, 2007), including anterior and posterior
cross-bites, and the development of an Angle Class Ill malocclusion due to maxillary retrognathia (
Nguyen et al., 2017 ). Angle Class Il malocclusion was found in 15 studies (Najirad, et al., 2020; Intarak
et al 2020; Udomchaiprasertkul et al., 2020; Lai et al., 2020; Retrouvey et al., 2019; Budsamongkol et
al., 2019; John et al., 2019; Jabbour et al., 2018; Nguyen et al., 2017; Okawa et al., 2017; Rizkallah et
al., 2013; Elnagdy et al., 2012; Sanches et al., 2008; Schwartz et al., 2008; Chang, Lin, and Hsu, 2007).

The prevalence of dental malocclusion varied among populations, with 73% of the Vietnamese Ol
population (N=26) studied by Nguyen et al., (2017) and 67% of the Taiwanese Ol population sampled
by Chang et al. (2017) (N=16), being affected (Chang, Lin and Hsu, 2007). Okawa et al.,(2017) similarly
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found a 60% prevalence of malocclusion (N=110) in an Ol affected cohort from Japan. These studies
included patients with Ol Type |, lll, and IV. However, a study by John et al. (2019) on a 92-person
cohort found that only 30% of Ol type lll and IV had skeletal Class Ill malocclusion. Angle Class lll
malocclusion was found to be more frequent in Ol types Il and IV (Najirad et al., 2020; John et al.,

2019; Jabbour et al., 2018; Nguyen et al. 2017; Elnagdy et al., 2012).

In addition, other types of dental malocclusions mentioned included anterior and posterior crossbites,
missing teeth, and ectopic eruption. A study by Nguyen et al., (2017) evaluating occlusion and
orthodontic need in 26 Ol cases and 400 controls, found that the Ol group had a significantly higher
prevalence of reverse overjet >1 mm (OR = 13.3, 95% Cl = 3.9-44.7, p < .001), missing teeth (OR =4.7,
95% Cl=1.0-22.4, p = 049), Angle Class Il malocclusion (OR = 8.0, 95% Cl = 2.0-30.8, p = 003), posterior
crossbite (34.6% and 6.2%, p < 001), and open bite >2 mm (19.2% and 3.5%, p = 004) in comparison
to the control group. Also, the Ol group had less incisal segment crowding and more incisal segment

spacing than the control group (p < 0.05) (Nguyen et al., 2017).

Jabbour et al., (2018), conducted a genotype-malocclusion study evaluating 49 patients across the Ol
spectrum. An assessment of two Ol type V and two Ol type VI cases found that these patients had mild
skeletal manifestations compared to patients with pathogenic variants of COL1A1 and COL1A2 (Ol
types |, lll, and IV in their sample), but had severe dental-alveolar manifestations. The authors
proposed that this may be ascribed to a tooth to jaw-size discrepancy. These findings were similar to
that of Retrouvey et al., (2019). Within their sample of 14 Ol type V (pathogenic variation of /FITM5)
patients’ malocclusion was markedly different from Ol type lll and IV. The malocclusion phenotype of
Ol type V was that of bimaxillary retrusion with diminished lower facial height and missing teeth. This
contrasts the reverse overjet, Class Il malocclusion, and anterior open-bites seen in the more common

Ol subtypes.

Tungetal., (2022) identified an adolescent with Ol type XlI exhibiting DI. Additionally, significant tooth
attrition was observed due to the defective dentin structure, along with a pseudo-class lll
malocclusion, which led to the misalignment of the teeth and jaws, resulting in an improper bite and

aesthetic issues.

Tooth number anomalies

Tooth number anomalies, including missing teeth, tooth agenesis, hypodontia, and oligodontia, were
reported in ten studies ( Taqi et al.,, 2021; Margal et al., 2019; Retrouvey et al., 2019; Kantaputra et
al., 2018; Malmgren et al., 2017; Nguyen et al.,2017; Rizkallah et al., 2013; Elnagdy et al., 2012;

Malmgren and Norgren, 2002; Saeves et al.,2009). The terms “tooth agenesis” and “hypodontia” are
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used interchangeably. “Oligodontia” refers to six or more missing teeth, excluding wisdom teeth. No
studies reported cases of hyperdontia or extra teeth in patients with Ol. In some studies, the authors
did not distinguish between missing teeth caused by extractions and tooth agenesis (Nguyen et al.
2017), (Saeves et al.,2009), which can be challenging to determine in adult patients. No studies

reported tooth agenesis in the primary dentition.

There is variation in the type and pattern of tooth agenesis in Ol patients. Elnagdy et al., (2012) found
only one patient with missing teeth in their sample of 48 Egyptian patients with Ol. Malmgren and
Norgren (2002) found a 22% (N=49) prevalence of tooth agenesis. Malmgren et al., (2017) then went
on to evaluate the association between tooth agenesis and mutations in the collagen type | genes in
128 patients with Ol in Sweden. Tooth agenesis was identified in 17% of their sample (hypodontia
11%, oligodontia 6%). It was more frequently identified in those with DI (p = 0.016), and Ol type Il
(47%), in comparison to those with Ol type | (12%, p = 0.003) and IV (13%, p = 0.017). Seventy-five
percent of those with oligodontiawere associated with qualitative collagen type | mutations. Marcal
et al., (2019) and Nguyen et al.,(2017) identified much higher prevalence’s of missing teeth in Brazilian
(71%, N=24) and Vietnamese cohorts (42.3%, N=26), respectively. However, both studies did not

distinguish between tooth agenesis and other forms of tooth loss.

The most commonly reported missing teeth in both studies were the permanent premolars. Nguyen
etal., (2017) found 91% of missing teeth were premolars. In three individuals, maxillary lateral incisors
were missing; and only the lower second incisors were absent in another individual. Retrouvey et al.,
(2019) found that permanent teeth agenesis in the absence of DI, is a distinguishing feature of Ol type
Vin their cohort from the USA. They found 66% (N=9) of their sample has at least one missing tooth
(ranging from 1 to 9 teeth). Kantaputra et al., (2018) found several missing permanent teeth in their

report of two Thai Ol type IV patients.

Ol type lll Patients have the highest prevalence of missing or unerupted teeth, followed by those with
Ol type IV, while Ol type | patients show a significantly lower prevalence (p < 0.05) (Taqgi et al., 2021).
According to Taqi et al. (2021), the likelihood of missing teeth is strongly linked to the type of genetic
variant, with the C-propertied variant in Ol type IV leading to a notably higher number of missing teeth
compared to other variants. Moreover, their study found that a2 glycine substitution and splice site

variants are associated with more missing teeth than the al glycine substitution (Tagi et al., 2021).

In the same same study, Tagi et al., (2021) found that patients with Ol type | only displayed unerupted
premolars, while those with Ol type IV displayed unerupted upper second molars. Conversely, patients

with Ol type lll had unerupted premolars, lower canines, upper second molars, and upper first molars.
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They found the prevalence of unerupted upper second molars was significantly higher in Ol types IlI
(60-70%) and IV (34%—37%) compared to Ol types | (2%—3%) (p < 0.05). A total of 20%-50% of Ol type
[l patients and 3% of Ol type IV patients had unerupted lower second premolars, whereas none of Ol
type | had unerupted lower second premolars, Moreover, unerupted lower first premolars were

observed in 3% of Ol type | and IV patients, and in 30% of Ol type Ill patients (Taqi et al., 2021).

Eruption and exfoliation anomalies

Eruption and exfoliation anomalies were reported in several studies (Malmgren, et al., 2020;
Budsamongkol et al.2019; Marcal et al., 2019; Andersson et al., 2017; Abukabbos and Al-Sineedi,2013;
Elnagdy et al.,2012; Teixeira et al., 2008). Permanent tooth impactions were the most frequently
reported anomaly (Udomchaiprasertkul et al., 2020; Marcal et al., 2019; Retrouvey et al.,2019;
Andersson et al.,, 2017; Teixeira et al.,2008; Malmgren and Norgren,2002). The prevalence of
impactions in these studies were high: Margal et al., (2019) identified 41.7% (N=24, OR: 1.6 (0.17-
14.63), p=0.041); Andersson et al., (2017) 31% (N=93); Retrouvey et al., (2019) 57. 1% (N=14);
Malmgren and Norgren (2002) 47% (N=19). Most studies excluded 3™ molars from their analysis due
to the rate of impaction in the general population and the late age of eruption. The most frequently
reported impactions were that of the 2nd maxillary permanent molar (Udomchaiprasertkul et al.,
2020; Marcal et al., 2019; Retrouvey et al. 2019; Andersson et al., 2017; Malmgren and Norgren,
2002). One study reported unerupted upper and lower first permanent molars and permanent canines
(Abukabbos and Al-Sineedi,2013). Malmgren and Norgren (2002) also identified two patients with

impacted maxillary canines (N=19).

Early exfoliation of primary teeth was only described by (Budsamongkol et al. 2019) in a rare case of
overlap between Ol Il and Ehlers-Danlos syndrome, where the patient lost lower primary incisors at
2.5 years. However, delayed eruption of teeth was more frequently reported (Malmgren, et al., 2020;
Margal et al., 2019). Retrouvey et al., (2019) found that 33.3% (N=9) of their cohort had retained
deciduous teeth beyond the expected ages of exfoliation. Delayed eruption and early exfoliation were
found to be more frequent in Ol Type Il patients. (Malmgren et al., 2020). Marcal et al., (2019) found

that the mean eruption delay for patients on bisphosphonate therapy (BPs) was 1. 67 years.

BP treatment in patients with Ol appears to decrease dental age, delay tooth development, and tooth
eruption. Malmgren, et al., (2020) described the impacts of BP therapy on the eruption and
development of permanent teeth in their samples. There was a significant delay in eruption in children
with Ol treated with BPs compared to those not treated (p = 0.001) and healthy controls (p = 0.008).

Male children with Ol had significantly delayed tooth eruption when treated with BPs compared with
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those who had not (p = 0.037). BP therapy appeared to have no affect on girls’ dental maturity (p =
0.547). Patients with Ol type Ill treated with BPs have had significantly lower dental age than healthy
controls (p < 0.001), and dental maturity in patients with Ol type Ill was significantly delayed (p <
0.001) when compared to patients with Ol type IV (p = 0.024) treated with BP and two control groups.
No difference was found between the sexes when comparing Ol subtype. Early eruption was found in
Ol type | patients who received BP therapy (p = 0.034). BP therapy was also associated with tooth
impaction (p=0.033) and ectopic eruption (p=0.007) in Ol type | lll, IV (Marcal et al., 2019).

Ectopic eruption, tooth eruption in the incorrect position, was reported by (Malmgren, et al., 2020;
Margal et al., 2019; Malmgren and Norgren 2002). The prevalence reported by Malmgren and Norgren
(2002) was very low (4.2%, N=48) compared to that of Marcal et al.,(2019), with 37.5% (N=24, OR:
0.34-34.5, p=0.019).

Tooth shape anomalies

Bulbous shaped crowns are the most frequently reported tooth shape abnormalities in Ol patients
and is associated with DI. Several studies mention bulbous tooth shape (Udomchaiprasertkul et al.,
2020; Lai et al., 2020; Intarak et al., 2020; Kantaputra et al., 2018; Abukabbos and Al-Sineedi, 2013;
Lingaraju et al., 2013; Saeves et al., 2009; Teixeira et al., 2008). This tooth shape anomaly is more easily

discernible on radiographs due to marked cervical constriction of the tooth.

Bulbous teeth have been reported in the primary dentition (Lingaraju et al., 2013; Szeves et al., 2009;
Teixeira et al., 2008) and in permanent molars. Bulbous tooth shapes were found in Ol type Ill (Lai et
al., 2020; Udomchaiprasertkul et al., 2020) and in Type IV (Kantaputra et al., 2018). Only one study

reported the abnormalities in crown shape as ‘tulip-’ or ‘bell-’ shaped (Majorana et al., 2010).

Taurodontism is a dental abnormality described by enlargement of the pulp chamber of multirooted
teeth with apical displacement of the pulp floor and bifurcation of the roots (Chetty, M., et al, 2020).
Taurodontism was reported in several studies, (Chetty et al., 2019; Thuesen, et al.,2018; Andersson K
etal., 2017; Saeves et al., 2009; Malmgren and Norgren, 2002), and was found to be more common
in Ol types |, lll and IV(Chetty et al .,2019; Thuesen et al.,2018; Andersson et al ., 2017; Saeves et al.,
2009; Malmgren and Norgren, 2002).

A study found that taurodontism was significantly more prevalent in individuals aged <16 years with
Ol Type |, with an OR of 8.42 (95% Cl = 1.10-64.2, p = .013). In Ol Type |, taurodontism was most
common in the first molars (10%-11%), while in Ol Types Il and IV, the condition was more frequently

observed in the second lower molars (6%-11%).
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Taqi et al (2021) found that the highest prevalence of taurodontism was found in patients with splice-
site variants. It was significantly lower in patients with helical a2 glycine substitutions compared to
those with helical al glycine substitutions or C-propeptide variants. Specifically, helical a2 glycine
substitutions were associated with taurodontism only in the lower second molars, while C-propeptide

variants caused taurodontism exclusively in the upper second molars(Tagqi et al., 2021).

Abnormalities in tooth colour

Several studies have consistently reported grey-blue or yellow-brown discolouration as prevalent
tooth colour abnormalities in individuals with Ol (Lai et al., 2020; Udomchaiprasertkul et al., 2020;
Intarak et al., 2020; John et al., 2019; Abukabbos and Al-Sineedi, 2013). This discolouration is typically
associated with. The affected teeth' hue varies within and across dentitions, generally categorized as
yellow/brown or opalescent grey. Yellow/brown discolouration was notably more frequent, reported
in approximately 80% of cases, compared to grey discolouration (Majorana et al., 2010). Majorana et
al. (2010) further demonstrated that tooth discolouration occurred significantly more often in patients
with moderate to severe Ol compared to mild cases (83.3% vs. 5.5%, p < 0.001). DI prevalence was
found to be 24.7% among Ol patients, with a substantially higher incidence in those with moderate to

severe forms of Ol (94.4%) compared to mild cases (1.8%) (p < 0.001).

Taqi et al. (2021), in their samples of 171 Ol patients, found a significant association between tooth
discolouration and pulp obliteration (OR 2.3, 95% Cl 1.78-2.97; p < 0.05), particularly pronounced
among individuals with helical al and splice-site variants associated with Ol Type IV (p < 0.05).
Specifically, teeth 14, 15, and 16 exhibited a high prevalence of discolouration, with more than 75%
of discoloured teeth also showing pulp obliteration (p < 0.05). Conversely, an inverse correlation was
observed between taurodontism and tooth discolouration (OR 0.33, 95% CI = 0.12-0.92, p = 0.02),
indicating that only 9% of teeth with taurodontism exhibited discolouration. This relationship was
predominantly noted in patients with severe Ol associated with helical al glycine substitution
variants, although statistical significance was not reached (OR = 0.45, 95% Cl 0.96—1.19) (Taqi et al.,
2021).Moreover, the risk of developing pulp obliteration or tooth discoloration was significantly
higher in cases where teeth were not in contact with their opposing teeth (malocclusion) compared

to when they were in contact (p > 0.05) (Taqi et al., 2021).

Tooth size Anomalies

Microdontia, defined as abnormally small teeth, was documented in three studies among individuals
with-(Ol) (Marcal et al., 2019; Sanches et al., 2006). Marcal et al. (2019) reported a prevalence of
microdontia in 25% of their sample (N = 24; OR: 6.32 (0.63-63.28), p = 0.001), encompassing cases of
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Ol type | (n = 2; 22%) and type IV (n = 4; 26.7%). Specific details regarding which teeth were affected
were not specified. Elnagdy et al. (2012) reported one case of microdontia (2.04%, n = 49) in a patient
with Ol type | without specifying the affected tooth number. Similarly, Sanches et al. (2008) identified

microdontia of the mandibular central incisors in a patient diagnosed with Ol type .

Abnormalities in root morphology among Ol patients were also noted across several studies (Marcal
et al., 2019; Budsamongkol et al., 2019; John et al., 2019; Thuesen et al., 2018; Majorana et al., 2010).
Budsamongkol et al. (2019) specifically reported curved roots in individuals with Ol type IIl. Marcal et

al. (2019) described narrow and thin roots observed in Ol types | and IV cases.

Pulp Anomalies

In addition to taurodontism, various pulp anomalies have been documented across eleven studies
(Taqi et al,, 2022; Tung JY, et al.,2022; Udomchaiprasertkul et al., 2020; Chetty et al., 2019;
Budsamongkol et al., 2019; Retrouvey et al., 2019; Kantaputra et al., 2018; Thuesen et al., 2018;
Saeves et al., 2009; Teixeira et al., 2008;). These anomalies encompass pulp obliteration, widening of

the pulp chamber, and the presence of pulp stones.

Additional reports included observations of obliterated pulp chambers with pulp stones by Hald et al.,
(2018) and the presence of large or obliterated pulp chambers with typical periapical transparencies
as noted by Majorana et al., (2010). Marcal et al., (2019) highlighted a significant increase in pulp
obliteration associated with bisphosphonate treatment over a 7-year period (p = 0.001; OR = 58.75).
Wide pulp chambers were also noted in studies by Intarak et al. (2020), Elnagdy et al., (2012), Sanches
et al., (2008), and Malmgren & Norgren (2002). Pulpal calcifications in permanent first molars were
documented by Andersson et al., (2017), Abukabbos and Al-Sineedi (2013), and Sanches et al., (2008).
Thuesen et al., (2018) found that pulpal obliteration was prevalent in moderate and severe forms of
Ol (61.1% and 88.9%, respectively, N = 73), while pulp stones and taurodontism were more frequent

in mild Ol cases (29.1% and 9.1%, respectively, N = 73)(Taqi et al,.2021).

Similarly, identified pulp obliteration in both permanent and deciduous dentitions and exhibited a
higher prevalence among individuals diagnosed with moderate to severe forms of Osteogenesis
Imperfecta (Ol Types Il and IV) compared to those with milder forms (Ol Type I) (p =.001 and p =.003,
respectively). Furthermore, older individuals (>16 years old), particularly those with Ol Type IV, were
more frequently affected (OR = 1.55, 95% Cl = 1.1-2.4, p = .032) (Taqi et al., 2021). Malmgren and
Norgren (2002) reported abnormally wide pulps and occasional pulpal obliteration in 55% of their
sample of 68 Ol patients. They also noted apically extended pulp chambers resembling taurodontism

in 42% of patients, notably absent in those with OI Type lll. Saeves et al. (2009) observed pulpal
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obliteration, short roots, pulp stones, and taurodontism in patients across Ol Types |, lll, and IV, with

79% of participants classified as having Ol Type I.

Radiographically, Majorana et al. (2010) described teeth with short, constricted roots and dentine
hypertrophy leading to pulpal obliteration either prior to or shortly after eruption, with some teeth
exhibiting complete obliteration and others showing normal dentin. They also reported instances of
abnormally large or obliterated pulp chambers, along with short/thin roots and periapical lucencies in

patients with Ol Types I, lll, and IV.

Dentinogenesis imperfecta

(DI) has been frequently noted across 22 investigations (Tung JY, et al.,2022 ;Udomchaiprasertkul et
al., 2020; Najirad et al., 2020; Lai et al., 2020; Intarak et al., 2020; Chetty et al., 2019; John et al., 2019;
Budsamongkol et al., 2019; Marcal et al., 2019; Ma et al., 2019; Hald et al., 2018; Kantaputra et al.,
2018; Thuesen et al., 2018; Okawa et al., 2017; Malmgren et al., 2017; Andersson K et al., 2017; Patel
et al., 2015; Majorana et al., 2010; Lin et al., 2009; Seeves et al., 2009; Teixeira et al., 2008; Malmgren
and Norgren, 2002). Several studies concluded that DI is the most common dental aberration in
patients with Ol (Intarak et al., 2020; Najirad et al., 2018; Hald et al., 2018; Kantaputra et al., 2018;
Malmgren et al., 2017; Elnagdy et al., 2012; Majorana et al., 2010). Specifically, DI is most frequently
associated with Ol types lll and 1V, as indicated by studies conducted in North America (Najirad et al.,
2018; Patel et al., 2015) and Japan (Okawa et al., 2017). However, a study from Norway by Szeves et
al., (2009) reported a substantial prevalence of DI in Ol Type | (19%, N = 94). Marcal et al. (2019)
similarly observed a high DI prevalence of 75% (N = 24) among patients with Ol types | and IV.

Conversely, Retrouvey et al., (2019) did not identify DI in their cohort of 14 patients with Ol type V.

Malmgren and Norgren (2002) documented a DI prevalence of 42% among their sample of 68 Ol
patients, with significantly higher rates in Ol type Il (67%, N = 15) compared to Ol type IV (50%, N =
14), and lower rates in Ol type | (28%, N = 36; p = 0.03). DI was notably more prevalent in severe Ol
cases (70%, N = 23) compared to moderate (36%, N = 11) or mild phenotypes (23%, N = 31; p = 0.002).

Regarding gender distribution, Marcal et al. (2019), found females were more frequently affected with
DI than males. However, the majority of their patients were female, with a high prevalence of Ol Type
IV (83.3%), whereas less than half of patients with Ol Type | were male (41.7%). Additionally, primary
dentition exhibited more frequent and severe DI manifestations than permanent dentition (Teixeira
et al., 2008). John et al. (2019), in their study involving 92 children and adolescents with Ol, reported

a DI prevalence of up to 50% among patients with Type Il Ol.
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3.4.2 Microscopic and ultrastructural observation

Tooth ultrastructure was evaluated in 12 studies. A summary of these findings is detailed in Table 6.

Table 6: Microscopic and ultrastructural features of OI.

Study (N)

ol

Microscopic and Ultrastructural feature

Andersson et al.,2017 (152)

1, 1, IV

Branching of dentin tubules, with variations in the width, presence of
hyaline dentin presence of cell lacunae, and duct-like structures in the
body of the dentin.

Budsamongkol et al.,2019

(1)

The tooth had enamel inversion, bone-like dentin, loss of dentinal tubules,
reduction in hardness and elasticity, and holes in the dentin.

Amorphous structure of the dentin containing calcified masses and loss of
typical dentinal tubules. Its dentin enamel junction contained a gap and
mineralized mass and did not show the usual scallop pattern of the
junction. The enamel rods of the proband tooth were rounder, shorter, and
contained much less collagen fibrils.

Intarak et al., 2020

()

Reduced dentin hardness; diminished, disorganized, and distributed
dentinal tubules and collagen fibres; and irregular dentin enamel junction
compared to controls. Lacunae-like structures.

Irregularity, reduction, and multidirectional of dentinal tubules in the
dentin of DI1 and DI2 with severe pathologic change of DI dentin.

Kantaputra et al.,2018

()

Ectopic mineralization in dentin, cementum, and the bush-like mineral
deposits at the CDJ with long projecting crystals, like “French fries” at the
CDJ seem to be newly recognized dental manifestations of DI.

Lingaraju et al., 2013 (1)

IVB

The dentin is characterized by embedded cells, interglobular dentin, and
irregular, and reduced dentinal tubules.

Malmgren et al., 2017

(128)

L, v

Increase width of the dentine tubules, branching of dentine tubules, the
occurrence of hyaline dentine voids of dentine tubules, layering of dentine,
and presence of duct-like structures in the body of the dentine and cell
lacune.

Majorana et al.,2010

(16)

L, v

Aberrant dentin with randomly orientated collagen fibrils, poorly
mineralized dentin with randomly orientated channel-like structures.

The enamel was normal with a regular prismatic structure, and wide and
long lamella extended from the amelodentinal junction to the enamel
surface. The dentin showed significant abnormalities. A normal-appearing
mantle dentin layer.

Okawa et al.,2017

(534)

L, 1V,
\%

Inadequate attachment between enamel and dentin causes occlusal wear
or enamel ablation.
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Patel et al.,2015 1,0, v Low lumbar spine area bone mineral density across all Ol types.
(544 0Ol)
Saeves et al.,2009 1,1, 1V All cases in the study had a state of tooth tissue loss.
(94)
Udomchaiprasertkul, et al., i Type Ill Ol tended to have lower bone mass than those with milder forms.
2020 (2)
Tung JY, et al.,2022 LI v The ena.n.qel and dentin layers were thinner than usual, contributing to
the fragility and wear of the teeth.
Dentine

The ultrastructural dentine findings were relatively consistent across studies. Dentin tubules were
found to be irregular in shape, size, and orientation. Malmgren et al. (2017) also identified hyaline
dentine without dentinal tubules, layering of dentine, and the presence of duct-like structures in the
body of the dentine and cell lacunae. Other histological features reported were severe hypo-
mineralized, decreased numbers of odontoblasts, and reduced contact surface between enamel and
dentine (Leal et al., 2010). Mineralization was noted by Kantaputra et al., (2018), specifically ectopic
mineralization in dentin, cementum, and bush-like mineral deposits at the cemento-dentine junction
(CDJ). These bush-like mineralization was described as long projecting crystals, like “french-fries” at

the CDJ (Patel et al., 2015; Udomchaiprasertkul et al., 2020).

Cementum-Enamel Junction and Roots

Majorana et al. (2010) identified a normal-appearing mantle dentine layer with a continuous, narrow,
normal-appearing submental band of tubules. The dentinal tubules were described as irregular, with
amorphous areas, embedded cells, and poor calcification by Lingaraju et al. (2013). Leal et al. (2010)
also described the “granular” appearance of the dentine matrix due to interglobular mineralization.
Intarak et al. (2020) described the dentine tubules as reduced in quantity, scattered, and irregularly
arranged. Similarly, Leal et al. (2010) found that the coronary and root dentine tubules were
misshapen, short, and distributed throughout the dentine matrix in patients with Ol Type II,
specifically. In addition, bone-like dentin, a loss of dentinal tubules, and a reduction in elasticity and

hardness were reported by Budsamongkol et al. (2019).
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Enamel

The enamel was found to be normal with a regular prismatic structure, and wide and long lamellae

extended from the amelodentinal junction (DEJ) to the enamel surface. The DEJ has a normal

scalloping-outline; however, inadequate attachment between enamel and dentin results in wear and

tooth material loss (Udomchaiprasertkul et al., 2020; Okawa et al.,2017; Patel et al.,2015; Saeves et

al.,2009).

4. Phenotype genotype correlation:

Table 7 presents the distinctive cranio-facial features, gene affected, and types of Ol. The studies

evaluating genotype included mostly pathogenic variants in COL1IA1 and a smaller number of studies

evaluating pathogenic variants of COL1A2. Two studies evaluated patients with pathogenic variants of

IFITM5 (Retrouvey et al., 2019; Jabbour et al., 2018), and one of FBKP10 (Chetty et al., 2019)

Table 7: Analysis of the gene’s mutation in patient with osteogenesis imperfecta.

Author Genes Protein Clinical Ol Distinctive oral-dental features
Types
Andersson et al., 2017 | COL1A1 COL1A1 1, 1, IV Taurodontism more common in Ol
Type |, Ill, IV, Retention of permanent
second molar
Budsamongkol et al, COL1A2 COL1A2 Type lll Early exfoliation, delayed eruption,
2019 OI/EDS curved roots, multiple retained
primary teeth
Chetty et al., 2019 FKBP10 FKBP65 Ill, Type XI Ol | Compared to Ol types Il and IV, Ol
type V has a bi-retrusive malocclusion
or a Class Il with a retrognathic
mandible, which differs significantly
from their phenotypes. Taurodontism,
narrowed roots, abnormally large root
canals.
Hald et al., 2018 COL1A1 COL1A1 I, 1, 1V Obliteration of pulp chamber with
pulp stone
Intarak et al., 2020 COL1A2 COL1A2 Ol Type IV Class Ill malocclusions
Jabbour et al., 2018 COL1A1 COL1A1 V, Vi Significantly more dental crowding in
COLIA2 COL1A2 the upper arch compared to. the lower
arch. Dentoalveolar anomalies
IFITM5 IFITMS
SERPINF1 SERPINF1
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Kantaputra et al., 2018 | COL1A2. COL1A2. DlI. Obliteration of the pulp, dense
mandible with bulbous permanent
molars. The roots of all teeth seemed
shorter than usual

Luetal., 2014 COL1A2. COL1A2. v Post-eruption tooth loss (not
agenesis)
Malmgren et al., 2017 | COL1A1 COL1A1 1, 111, IV Oligodontia (=6 missing teeth),

multiple missing teeth, especially
involving the premolars, in Ol types IlI
and IV

COL1A2 COL1A2

Marcal et al., 2019 COL1A1 COL1A1 I, IV BPs therapy is also associated with
ectopic teeth (p=0.007) and tooth
impaction (p=0.033) in Ol type I lIl, IV.
microdontia, bulbous crown, residual
roots

COL1A2 COL1A2

Patel et al., 2015 COL1A1 COL1A1 1, 111, IV Ol type Il subjects had a higher

COL1A2 COL1A2 prevalence of DI

Retrouvey et al., 2019 | IFITMS5, IFITM5, \Y Missing permanent teeth,

NO DI
Udomchaiprasertkul, COL1A2 COL1A2 1 Impacted teeth & missing teeth with
etal., 2020 Class 11l malocclusion

Tooth agenesis was documented in two studies that evaluated genotype (Retrouvey et al., 2019;
Malmgren et al., 2017). Malmgren et al. (2017) found that 75% of individuals with oligodontia in their
cohort had qualitative Collagen 1 pathogenic variants. However, they found no association between
oligodontia and Ol type, gender, or DI. Retrouvey et al. (2019) reported that Ol Type V, caused by the
heterozygous c.-14C > T mutation in IFITM5, was associated with missing teeth but not with DI. This is
an uncommon Ol type which they found to be distinguishable from other Ol types by Angle Class |
retrusion or Angle Class Il with a retrognathic mandible, multiple missing teeth, normally shaped teeth,
and the absence of DI. This is in contrast to the most frequent Ol malocclusion of Angle Class Ill found
in patients with Ol ( Najirad, et al 2020; Intarak et al 2020; Lai, et al 2020; Udomchaiprasertkul et al.,
2020; Budsamongkol et al., 2019; John et al., 2019; Retrouvey, et al., 2019; Jabbour et al., 2018;
Nguyen et al. 2017; Okawa et al., 2017; Rizkallah et al.,2013; Elnagdy et al., 2012; Sanches et al.,2008,;
Schwartz et al., 2008; Chang Lin and Hsu, 2007).
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DI was found to be associated with pathogenic variantsin COL1A1 and COL1A2 (Malmgren et al.,2017).
Andersson, et al., (2017) found that 70% (N=10) of those with a glycine substitution located at the C-
terminal of p. Gly305 exhibited DI in both dentitions, while no DI was found in the patient with a
mutation located at N-terminal point (p = 0.01). However, 80% of those with COL1A2 mutations in
their cohort, with a glycine substitution located C terminal of p. Gly211, exhibited DI in both dentitions.

No DI was reported in patients with a mutation of the N-terminal in either dentition (p = 0.007).

The homozygous mutation in the exon 5 of the FKBP10 gene was found in patients with a phenotypic
diagnosis of Ol type Ill and a genotypic diagnosis of Ol type Xl, as reported by Chetty et al. (2019). In
their samples of 64 Ol patients, the homozygous mutation in the FKBP10 gene was analysed, and three
variants were identified in exon 5 of the FKBP10 gene. The homozygous mutation in c.[831dupC];
[831dupC] was identified in 23 affected individuals with no apparent clinical DI features in their
deciduous or permanent teeth. Radiologically, however, mild DI features were evident in 10
individuals. A compound heterozygous mutation, c. [831delC]; [831dupC], was recognized in three
siblings with no noticeable DI clinical features. DI presence could not be confirmed due to a lack of

radiological facilities.

Budsamongkol et al., (2019) identified a novel mutation (c.758G > T [p. Gly253Val]) in the carboxyl
terminus of COL1A2, which resulted in a Type lll Ol/Ehlers-Danlos overlap syndrome. This patient
presented with very early exfoliation of primary teeth and delayed eruption of permanent teeth.
Similarly, Lu et al. (2014) reported a patient with a known pathogenic variant of COL1A2 (c.2314G>A
[p. Gly772Ser]) who exhibited an unusual phenotype characterized by spontaneous tooth loss starting

at six years, culminating in an edentulous state by 20 years of age.

In another study, Tung et al. (2022) identified a mutation in the SP7 gene, which encodes the
transcription factor, Osterix, as a critical factor in the manifestation of Ol type XIl. The adolescent
patient exhibited several dental anomalies, including delayed eruption of permanent teeth,
malformed teeth, increased prevalence of dental caries, enamel defects, and DI-like features such as
discoloured and brittle teeth. The mutation in the SP7 gene correlates strongly with these dental
abnormalities, as dysfunction of the Osterix transcription factor disrupts normal tooth development

and mineralization, leading to the observed dental phenotypes.
Study quality and risk of bias assessment tool.

Study quality and risk of bias were evaluated for 38 studies. The JBI tool was adapted and modified to
better suit the specific combination of study designs used in the research (Hannes, K. and Lockwood,

C., 2011). This adaptation allowed for a more comprehensive and relevant assessment of the studies'
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quality and risk of bias, considering the diversity in study designs. A summary of these findings are

detailed in Table 8.
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Table 8: Study quality and risk of bias assessment tool.
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The risk of bias assessment is presented in the table (Table 9). Sixteen of the studies were found to

have a low risk of bias and twenty-two studies were found to have a moderate to high risk of bias.

Table 9: Study quality and risk of bias assessment tool.

Studies 5
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Intarak et al., 2020)

Jabbour et a., 2018
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Kantaputra et al., 2018
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Lu etal., 2014

Lin, et al.,2009
Lingaraju et al.,2013
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Majorana et al,.2010
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Ma et al.,2019
Najirad et al.,2018

Najirad et al.,2020

P4
>

Nguyen et al., 2017
Okawa et al.,2017
Patel et al., 2015

Retrouvey et al.,2019

Rizkallah J et al., 2013

w
o



Schwartz et al.,2008
Saeves et al.,2009
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4- Was the Patients History/ clinical information clearly described and presented as a
timeline (case report/ case series).

5- Does the case report provide takeaway lessons?
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5. Discussion

This systematic review aimed to provide a comprehensive description of dental aberrations in Ol
patients and describe how they vary across different Ol subtypes. This review has found that those
affected by Ol present with characteristic dental and craniofacial aberrations. These aberrations fall

within a spectrum of types and severity that differs within and between populations and Ol- subtypes.

Common dental aberrations in patients with Ol include malocclusion, tooth agenesis, DI, and pulpal
obliteration. However, patients can also present with manifestations of DI, which include tooth
discolouration, abnormal tooth shape, caries, attrition, traumatic injuries to the teeth and jaws, and
disturbances in eruption. DI is the most common dental aberration in people with Ol. There were
varied findings regarding the prevalence of DI in different Ol subtypes. High prevalence of DI was
encountered in Ol types |, lll, and IV (Najirad et al., 2020; Okawa et al., 2017; Saeves et al, 2009) and
also in patients with more severe Ol phenotypes than in patients with mild and moderate form.
Notably, DI was found to be absent in Ol type V. Females were found to be more frequently affected
by DI than males. In this review, we found that DI prevalence also varied between different
populations. DI was identified in 19% of Norwegians (Saeves et al, 2008), 47% of Vietnamese (Nguyen
et al. 2017), and 24% of Egyptian (Elnagdy et al., 2012) patients with OI. The authors were unable to
perform a formal meta-analysis on the prevalence of the various dental aberrations due to the

dissimilarities between study objectives and outcome reporting.

It is generally accepted that the primary dentition is more severely and frequently affected by DI than
the permanent dentition (de La Dure-Molla et al., 2015). However, severity is often determined
subjectively, hampering standardization and our ability to interpret treatment outcome data.
Theoretically, teeth affected by DI are not at greater risk of carious lesions due to the slow progression
of caries caused by the random nature and low numbers of dentinal tubules (Teixeira et al., 2008).
However, rapid tooth wear leads to high rates of tooth extractions (Abukabbos and Ali-Sineedi 2013).
Early detection and intervention are important to maintain optimal function and aesthetics, especially

in younger patients

Furthermore, this review found that malocclusion is frequently reported in patiens with Ol, pticularly
types Il and IV. Studies indicate that these individuals often present severe malocclusions, including
anterior and posterior cross-bites, and Angle Class Ill malocclusions due to maxillary retrognathia. The
prevalence of Angle Class Ill malocclusion varies across populations, with higher rates observed in

certain ethnic groups (e.g. 73% in a Vietnamese cohort). The severity of malocclusion tends to increase
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in those with more severe forms of Ol, particularly Types Il and IV, with specific variations seen in Ol

Type V and VI, where bimaxillary retrusion and tooth-to-jaw size discrepancies are common.

Tooth agenesis, the absence of one or more teeth, is another common anomaly in OI. The prevalence
varies by Ol type, with the highest rates observed in Type lll patients. Missing teeth are often
premolars, with a significant association between tooth agenesis and collagen type | mutations. Ol
Types lll and IV are associated with a higher number of missing teeth, particularly unerupted
premolars, lower canines, and upper molars. The absence of these teeth is more pronounced in severe

cases, often linked to specific genetic variants.

Eruption anomalies, particularly impactions, are frequently reported in Ol. Studies show a high
prevalence of impacted teeth, especially second maxillary molars. Delayed eruption is common in Ol
patients, particularly in those undergoing bisphosphonate therapy (BPs), which has been shown to
significantly delay tooth development and eruption, especially in males. Early exfoliation, though rare,

has been documented in cases with overlapping syndromes like Ehlers-Danlos.

Tooth shape anomalies included bulbous crowns, taurodontist and abnormal root morphology.
Bulbous crowns, often associated with DI, are the most frequently reported tooth shape anomaly in
Ol. This condition is more prominent in severe Ol types, particularly Types Il and IV. Taurodontism, is
also common in Ol, particularly in Types |, Ill, and IV. The prevalence of taurodontism is associated
with specific genetic variants, with the highest rates observed in patients with C-propeptide variants.
Microdontia, or abnormally small teeth, is observed in a subset of Ol patients, with varying prevalence
across studies. While less common than other dental anomalies, it is still a notable feature, particularly

in certain Ol types.

Abnormal root morphology, including curved, narrow, and thin roots, is frequently noted in Ol
patients, particularly those with Types Ill and IV. Pulp anomalies, such as obliteration, widening of the
pulp chamber, and the presence of pulp stones, are also commonly reported. These anomalies are
linked to the severity of the Ol type and specific genetic variants, with more severe forms of Ol

exhibiting more pronounced anomalies.

Tooth discoloration, is prevalent in Ol and is strongly associated with DI. This discoloration is more
frequent in moderate to severe Ol cases. The risk of discoloration is significantly higher in teeth not in
occlusion, and there is an observed inverse relationship between taurodontism and tooth

discoloration.
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Novel mutations in less frequently associated Ol-causing genes, such as COL1A2 and SP7, which
contribute to unique dental phenotypes, are reported. These include a novel mutation in COL1A2
(c.758G > T) that has been described by Budsamongkol et al., (2019) leading to an Ol/Ehlers-Danlos
overlap syndrome with significant dental issues, including early tooth exfoliation and delayed
eruption. Similarly, mutations in the SP7 gene, as identified by Tung et al. (2022), were linked to Ol

type Xl and various dental anomalies, highlighting the diverse genetic underpinnings of DI in Ol.

These findings highlight the phenotypic diversity of DI among Ol patients, which is determined by the
individual genetic mutation and its position within the gene. Some mutations cause severe and early-
onset dental issues, whilst others result in milder or subclinical DI. The link between certain mutations
and the severity of DI characteristics highlights the necessity of genetic testing for prognosis and

tailored dental therapy in Ol patients.

Areas for future research

This systematic review aimed to document the types of dental anomalies encountered in patients with
Ol. A meta-analysis was outside the scope of the intended study due to small population sizes in the
rare Ol types and heterogeneity in study designs, outcome measures and reporting standards.
However, this field will benefit from prevalence studies and a meta-analysis in future. Further
genotype-phenotype studies on diverse populations will provide clinically relevant information to
enhance the screening, diagnosis, and management of patients with Ol and those suspected of having
Ol. Furthermore, long-term prospective studies will provide insights into the natural history of Ol's
dental and craniofacial aspects and treatment outcomes. However, investigators need to use

standardized methodologies and terminology.

Significance of the review

This study provides evidence of the large spectrum of Ol-associated dental aberrations. We, therefore,
highlight the need for dental management to be incorporated into patient management protocols for
patients with Ol. It also demonstrates the importance of dental practitioners being aware of these
dental aberrations so that patients presenting with these features may be referred appropriately. The
results of this review underscore the need for further research in this area, particularly in genotype-
phenotype correlation and patient management protocols. The wide range in severity among Ol
subjects necessitates individualized treatment strategies. It is the practitioner’s responsibility to
ensure the treatment is customized for the patient. Type | Ol can often be managed at a general

practice level with a focus on DI and BPs intake. Patients with more severe phenotypes may be better
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treated in specialised facilities, equipped to manage severe malocclusion, compromised dentition and
the general health challenges. There is very scanty data on the dental effects of new medications,

apart from BPs.

Strengths and limitations of this review

By removing limitations and restrictions from the search, a concerted effort was made to ensure this
literature was as thorough as possible. Therefore, in the phase of literature search, where abstracts
are usually scanned, all available full-texts that mention dental aberrations were also scanned. As a
result, we included 38 studies spanning 24 years in more than 17 countries. We note a paucity of data

from Africa and South America.

All study results and conclusions were drawn from the original study results and interpretations made
by the researchers based on their original data. This study may be limited by access to only researcher-
interpreted data. However, the authors took many steps to ensure the methodological rigour of this
review. Only peer-reviewed, published articles were included in this review, and an assessment of
study quality was conducted. However, in rare disease research, excluding “low-quality studies” such
as case series and case reports is not always feasible. Unfortunately, the inclusion of only published
studies lends itself to publication bias. Publication bias will need to be determined through a meta-

analysis. However, based on the subject, it is unlikely that publication bias would be a problem.

Due to the large number of case reports or studies with small samples, there may be insufficient power
to draw reliable associations and causation. Therefore, more case—control and cohort studies, with
increased patient numbers and extensive clinical and molecular characterization should be conducted

in future.
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6. Conclusion

In conclusion, the most prevalent dental anomalies in patients with Ol include malocclusion, tooth
agenesis, DI, and pulpal obliteration. Among these, Dl is the most common, with its prevalence varying
across different Ol subtypes. Higher occurrences of DI were observed in Ol Types |, Ill, and IV.
Additionally, individuals with Ol have an increased risk of dental impaction compared to non-Ol

individuals.

This study highlights the broad range of Ol-related dental anomalies and emphasizes the need to
incorporate dental care into the overall management of Ol patients. Dental practitioners must
recognize these anomalies to ensure timely referrals and appropriate treatment. Furthermore, the
findings underscore the importance of additional research, particularly in the areas of genotype-

phenotype correlation and the inclusion of more diverse populations.
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Appendices.

Appendix 1: Data extraction

Study

Sample

size

Ol type

Clinical finding Radiographic, Additional information
Ultrastructural finding

Andersson K et al.,
2017

152

L, v

e Abnormalities in crown shape, cervical
Grey-blue or yellow-brown

discoloration constrictions,
Crowns solely or in combination
with pathological attrition

Taurodontism chambers.
Dentinogenesis imperfecta

e Abnormally large or calcified pulp
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e Dental aberrations are strongly

associated with qualitatively changed

collagen |

Chetty et al., 2019 64 1l e In both primary and secondary e  (linical-Radiological Score (CRS) (1) No
teeth

e DI clinical or radiographic signs of DI (2)

Only subtle clinical and/or radiological
signs of DI (3) Either obvious clinical or
radiological signs of DI (4) Clear clinical

and radiographic signs of DI
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Elnagdy et al.,2012

LA, IV

Enamel hypoplasia

Open bite

Enamel hypo calcification
Malocclusion

Early eruption of malposed
teeth

Missing teeth

Posterior crossbite

Flaring of lower anterior teeth
Microdontia and macrodontia
DI

Narrow vault,
wide

pulp chamber
Crowding of

teeth

Dislocation of TMJ,

Delay eruption teeth

Prominent premaxilla only on the
patient with Ol type Il

lower lip, high arched palate

long philtrum, highly attached

labial frenum, thick upper lip, thick

The upper labial frenum, macroglossia,
thick alveolar ridge, everted lower lip,
prominent median palatine raphe

(PMPR)
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Intarak et al.,2020

L0, v

Anterior crossbite,

Dentinogenesis imperfecta
Class Ill malocclusion.

Severe attrition,

Cervical constriction,

Pulp obliteration

Bulbous crowns,
Curved roots,
obliterated pulp
canals.

Ultrastructural
investigations in
the present study
indicate severe
pathologic
change of DGI
dentin.

Dentinal tubules
were reduced,
scattered, and
irregular in
arrangement

https://uwcscholar.uwc.ac.za/lhome
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. . ® Permanent teeth
John et al.,2019 92 I, 1,1V, V e Dentinogenesis imperfecta e  Bulbous crown
e Malocclusion, with a Class Ill | ® Shortened root
skeletal pattern and pulp
e Caries obliteration
Kantaputra et al., | 2 \Y e Dentinogenesis Imperfecta * Permanent teeth
2018 e Hypodontia
e Pulp obliteration
® Bulbous shaped permanent
molars
e Dense mandibular bone.
e Short roots
. . . e Dental management and consideration
Lai et al.,2020 1 1} ® Presence of primary dentition | @ Bulbous crowns . .
with wear facet due to DI. with constricted for patients with type Il Ol are
e  Grey-brown discoloration. cementoenamel complicated Therefore, a
Multiple dental caries. junctions multidisciplinary team approach and
e Skeletal and dental class Il medical  consultation are  highly
malocclusion suggested for successful treatment.
e Anterior and posterior crossbite
®  Primary teeth
Lin, et al.,2009 48 1, 11, IV o Dentinogenesis imperfect
Lingaraju et al.,2013 1 IVB e Al erupted discoloured | @ Primary *  Ditypelas(OIDI), primary predecessors
deciduous teeth were dentition in DI are usually more severely affected than
opalescent brownish colour type |, show pulp permanent teeth. In DI type I, both
with smooth polished dentin obliteration, dentitions are equally affected.
surface unlike type Ill
® Grade Il mobility Extraction of which is
primary upper central incisors characterized by
e Dltypell thin dentin and
large pulp
chambers.
e Dltype lll teeth

are frequently
referred to as
“Shell Teeth”.

57




e , Dl affected
teeth, will often
have short roots
and bulbous
crowns, with a
significant
constriction at
the cement-
enamel junction
. One Chinese Ol patient presented with
Lu et al.,2014 (One v e No decay or period was ] . )
ahiine DL combined tooth agenesis, characterized
female e Osteoporosis of lower by complete tooth loss at the young age
37 limbs and an undeveloped
years) scapula
. . . Dental age and dental maturity of
Malmgren et al., 2020 | 45 Type |, IlI, Eruption delayed in children
children | IV with Ol who had been treated individuals treated with BPs are lower
and with BPs, compared with
adolesc those who had not
ents) Permanent teeth
Ma et al.,2019 319 1, 1, IV Missing teeth attributed to N.o evidence that the CPE of Ol subjects
hypodontia or impacted teeth, differs between the types of Ol.
Retained primary teeth The presence of DI when controlled for
Primary teeth other factors was found to be the
significant predictor of CPE
. . The significant prevalence of dental
Marcal et al.,2019 24 I, IV Ectopic teeth ® Apical extended
Impaction teeth pulp champers alterations in patients with Ol and
Mlssn?g teeth  (maxilla - | o Microdontia certain alterations were associated with
mandible) e  Bulbous crown
Dentinogenesis imperfecta . Residual roots bisphosphonate therapy
e Narrow and thin
roots,
® Peri radicular

radiolucency
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Majorana et al.2010

Najirad et al.,2020

16

LILIV

1L, IV

Discoloration (from yellow- | ®  Abnormally large
brown to blue-grey, with an or obliterated
opalescent aspect) pulp chambers
Abnormalities in crown shape | ®  Shortorthinroots
(‘tulip’ or ‘bell’ shape with typical
Cervical constriction periapical

Dental attrition transparencies

Posterior open bite or crossbite | The prevalence of Dl is
Malocclusion also higher in Ol types

llland IV.

59

There is no correlation between the type
of Ol and the type of discoloration. The
underlying dentinal defect seems to be

related to an odontoblast dysfunction
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Nguyen et al., 2017

(26 ol
person
and 400
control

group)

L0, v

Missing teeth
Class Ill malocclusion,
Reverse overjet

Patel et al.,2015

544

L, IV, Y,

\il
Ol

subtype |,

I,
\il

v, V,

o Blue sclerae, *
e Joint hypermobility,
e Dentinogenesis imperfecta

(DI). Higher prevalence in

subjects with Ol type IlI

than type |, IV o

The relative prevalence of the
various subtypes with92% of
subjects having dominant forms of
type | collagen-related Ol.

Race Black n=28 (5.1),

White n=468 (86) Other n=48 (8.8)
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Rizkallah et al.,2013

49

I, 1V, VI,

Overjet, overbite
Open bite, crowding
Occlusal relationship
Crossbite

Missing teeth.

Higher incidence of Class Ill malocclusion

associated with anterior and lateral open
bites

Severe malocclusions, Class 1]
malocclusions,

Anterior and posterior open bites and

crossbites.
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Saeves et al.,2009

1L, v

. e  Obliteration,
Tooth tissue loses
Discoloration of teeth from blue short roots, pulp
to brown
stones,
e And/or
taurodontism
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Revealed crowns with a bulbous aspect

Teixeira et al.,2008 1 ® The primary dentition displayed
yellow-brown discoloration on and constriction in the cervical areas of
all tooth surfaces the teeth.
° Enamel fractures
e Dentin exposure The roots, despite their normal length,
e  Attrition
. . . were corncob-shaped,
e  Bilateral posterior crossbite
® Impacted maxillary third molars The pulp chamber had been obliterated
Theusen et al.,2018 73 1, 11, IV e Pulp stones and taurodontism
were only found in patients with
mild oi
Tagi et al.,2021 171 1, IV e  Pulp obliteration Discoloration
Deciduous molars
e Taurodontism were likely to
present
discoloration in
Ol lll compared to
ol v
The permanent
teeth with the
highest
prevalence of
discoloration
D >Tagj et al. 2021 144 LIV 5 T (R 6 e 6 In contrast, Ol Ol type | patients exclusively exhibited

unerupted teeth was highest in
patients with Ol type |llI,
followed by those with Ol type
IV, and lowest in those with Ol
type I.

type lll patients
exhibited a
broader range of
unerupted teeth,
including
premolars, lower
canines, upper
first premolars,
and upper second
molars.

unerupted premolars, while Ol type IV
patients predominantly had unerupted
upper second molars.

Unerupted upper second molars were
significantly more prevalent in Ol type
1l (60%—-70%) and Ol type IV (34%—37%)
compared to Ol type | (2%—3%) (p <
0.05). Additionally, unerupted lower
second premolars were observed in
20%—-50% of Ol type Ill patients and 3%
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Tung JY, et al.,2022

Xl

Dentinogenesis Imperfecta (DI):
Teeth with opalescent colour
and translucent appearance, a
common dental manifestation
in Ol.

Tooth Attrition: Increased wear
and tear on the teeth due to the
defective dentin structure.

Malocclusion:

https://uwcscholar.uwc.ac.za/lhome

Pulpal
Obliteration:
Reduction or loss
of the pulp
chambers in the
teeth, which is
often seen in
teeth affected by
DI.

Thin Enamel and
Dentin:

65

Radiographs showed that the
enamel and dentin layers were
thinner than usual, contributing to
the fragility and wear of the teeth.
Increased Risk of Caries and
Fractures: The structural
abnormalities in teeth make
individuals with Ol more
susceptible to dental caries and
fractures




Appendix 2: PRISMA checklist.

PRISMA 2020 checklist:

Section/topic Item # Checklist item Location where
item is reported

Title 1 e Identify the report as a systematic review.
Abstract 2 e  See the PRISMA 2020 for Abstracts checklist.

e  Describe the rationale for the review in the context of existing knowledge. _

Information sources Specify all databases, registers, websites, organisations, reference lists and other sources
searched or consulted to identify studies. Specify the date when each source was last searched
or consulted.

Selection process Specify the methods used to decide whether a study met the inclusion criteria of the review,
including how many reviewers screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation tools used in the process.
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Data items 10a e List and define all outcomes for which data were sought. Specify whether all results that were
compatible with each outcome domain in each study were sought (e.g. for all measures, time
points, analyses), and if not, the methods used to decide which results to collect.

10b e List and define all other variables for which data were sought (e.g. participant and intervention
characteristics, funding sources). Describe any assumptions made about any missing or unclear
information.

Effect measures Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the
synthesis or presentation of results.

Reporting bias assessment 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising
from reporting biases).
RESULTS
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Study characteristics

Results of individual studies

Reporting biases

DISCUSSION

Cite each included study and present its characteristics.

For all outcomes, present, for each study: (a) summary statistics for each group (where
appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval),
ideally using structured tables or plots.

Present assessments of risk of bias due to missing results (arising from reporting biases) for
each synthesis assessed.

OTHER INFORMATION

68
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Support

Availability of data, code and other
materials

27

e Describe sources of financial or non-financial support for the review, and the role of the funders
or sponsors in the review.

e Report which of the following are publicly available and where they can be found: template
data collection forms; data extracted from included studies; data used for all analyses; analytic
code; any other materials used in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ

2021;372:n71. doi: 10.1136/bmj.n71
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Appendix 3: List of studies excluded for specific reasons

e Articles were excluded from the study because they primarily focused on treatment interventions rather than describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol). The research inclusion criteria specifically targeted primary studies that detailed dental manifestations and aberrations associated with
Ol, omitting those discussing treatment outcomes or interventions unrelated to dental conditions.

e "Articles were excluded from the study because they primarily focused on bone-related aspects of osteogenesis imperfecta (Ol) rather than detailing dental
abnormalities. The research criteria specified inclusion of primary studies that specifically addressed dental manifestations and aberrations associated with Ol, while
excluding those that primarily discussed bone pathology or treatments unrelated to dental conditions."

Authors Articles Reason for exclusion

T. Vairamuthu, S. no confirmed diagnosis
Pfeiffer et al 2018 | A juvenile with compromised osteogenesis provides insights into past hunter-gatherer lives

Rios-Rodenas, A cephalometric method to diagnose the craniovertebral junction abnormalities in osteogenesis imperfecta | Provide technique, not an actual assessment of patients
M., et al 2015. patients

C Sawyer, D | ACase Reportfora Complex Denture Case on a Special Care Patient with Osteogenesis Imperfecta primarily focused on treatment interventions rather than
Drysdale 2015 describing dental abnormalities in individuals with

osteogenesis imperfecta (Ol).

Cho, T.J., Lee, | Asingle recurrent mutation in the 5’-UTR of IFITM5 causes osteogenesis imperfecta type v primarily focused on bone-related aspects of osteogenesis
K.E., Lee, et al . - -
2012 imperfecta (Ol) rather than detailing dental abnormalities.
S. N. Wasterlain | Amelogenesis imperfecta in an early 20th-century population from central Portugal not confirmed Ol

and G. J. Dias

2009

Lim, J.Y., et al | Anovel Serd0Trp variant in IFITM5 in a family with osteogenesis imperfecta and a review of the literature Not dental (bone deformities)

2019
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70A. Al-Osaimi et
al.2014

An unusual case of atrophic mandible fracture in a patient with osteogenesis imperfecta and on oral
bisphosphonate therapy: A case report

Not dental (bone deformities)

ORTEGA ET AL
2007

Anatomic and Dynamic Aspects of Stomatognathic Structures in Osteogenesis Imperfecta: A Case Report

TMJ is not part of the study

P.J. De Coster, et
al.,2007

Abnormal dentin structure in two novel gene mutations [COL1A1, Arg134Cys] and [ADAMTS2, Trp795-to-ter]
causing rare type | collagen disorders

Dentine aberration

BUTANI
1995

ET AL

An unusual renal complication in a patient with osteogenesis imperfecta

renal complications of osteogenesis imperfecta

M Tsukamoto, J
Hirokawa et al.,
2014

Aesthetic management of a patient with osteogenesis imperfecta combined with mandibular defect

Focused on treatment interventions rather than describing
dental abnormalities

Wannfors, K.,
Johansson, C. and
Donath, K., 2009

Augmentation of the mandible via a "tent-pole" procedure and implant treatment in a patient with type llI
osteogenesis imperfecta: clinical and histologic considerations

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol). The research inclusion
criteria specifically targeted primary studies that detailed
dental manifestations and aberrations associated with Ol,
omitting those discussing treatment outcomes or
interventions unrelated to dental conditions.

Aizenbud, D.; et
al., 2008 A

A Combined Orthodontic and Surgical Approach in Osteogenesis Imperfecta and Severe Class Il
Malocclusion: Case Report

The research inclusion criteria specifically targeted primary
studies that detailed dental manifestations and aberrations
associated with Ol, omitting those discussing treatment
outcomes or interventions unrelated to dental conditions.

MOSHREF ET
AL.2008

Autosomal dominant gigantiform cementoma associated with bone fractures

Not Ol

Moosa S et al
2019

Autosomal-Recessive Mutations in MESD Cause Osteogenesis Imperfecta

Genetic and bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

Bongers, Bart C et
al 2020

A case of dental treatment under general anaesthesia for a patient with osteogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).
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Prado, H. V et al.,
2019

Assessing a possible vulnerability to dental caries in individuals with rare genetic diseases that affect the
skeletal development

primarily focused on bone-related aspects of osteogenesis

imperfecta (Ol) rather than detailing dental abnormalities.

Waltimo-Sirén et
al 2005

Craniofacial features in osteogenesis imperfecta: A cephalometric study

primarily focused on bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

A.P. Soares et al
2016

Bisphosphonates: Pharmacokinetics, bioavailability, mechanisms of action, clinical applications in children,
and effects on tooth development

review

Friberg, B. 2013

Branemark system implants and rare disorders: A report of six cases

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Lee, C.Y. and | Bone graft augmentation and dental implant treatment in a patient with osteogenesis imperfecta: a review | primarily focused on treatment interventions rather than

Ertel, S.K., 2003 of the literature with a case report describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

E. Monti et al | Children and adolescents treated with neridronate for osteogenesis imperfecta show no evidence of any | Focused on treatment interventions rather than describing

2012 osteonecrosis of the jaw dental abnormalities in individuals with osteogenesis

imperfecta (Ol).

lerardo, G et al
2017

Bisphosphonates therapy in children with osteogenesis imperfecta: Clinical experience in oral surgery

Focused in surgery treatment rather than describing the
dental anomalies

J. Kindelan et al
2003

Clinical section: Orthodontic and orthognathic management of a patient with osteogenesis imperfecta and
dentinogenesis imperfecta: A case report

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).
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Brizola, E. et al
2017

Clinical features and pattern of fractures at the time of diagnosis of osteogenesis imperfecta in children

primarily focused on bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

Liu,
H.Y.,Huang,J.,et
al 2016

Collagen type | alpha 1 mutation causes osteogenesis imperfecta from mild to perinatal death in a Chinese
family

Focused in the molecular genetic basis of Ol rather than
dental aberration

CHOUGUI ET AL.
2019

Clinical manifestations of osteogenesis imperfecta in adulthood: An integrative review of quantitative studies
and case reports

Ol in general

CHEUNG ET
AL.2011

Cranial base abnormalities in osteogenesis imperfecta: Phenotypic and genotypic determinants

Focused in the bone related aspect to Ol rather than dental
aberration

K. Lindahl et 2016

Decreased fracture rate, pharmacogenetics, and BMD response in 79 Swedish children with osteogenesis
imperfecta types |, Ill, and IV treated with Pamidronate

primarily focused on bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

Dagdeviren D, et
al 2019

Dental and craniofacial characteristics caused by the p. Ser40Leu mutation in IFITM5

did not affect tooth structure but was associated with
deformities in craniofacial bones

Stephen LX,
Beighton P.

2003

Dental management of severe dentinogenesis imperfecta in a mild form of osteogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental individuals  with
osteogenesis imperfecta (Ol).

abnormalities in

Apolinario “ et al
2016

Dental panoramic indices and fractal dimension measurements in osteogenesis imperfecta children under
pamidronate treatment

Effect of bisphosphonate in cortical bone of the mandible

Chia-Ling Tsai, et
al 2003

Dentinogenesis imperfecta associated with osteogenesis imperfecta: report of two cases

Discuss the possible dental treatment

Myint et al., 2019

Dental implants in individuals with osteogenesis imperfecta: a 6-year follow-up study

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Jensen et
2011

al.,

Dental implants in patients with osteogenesis imperfecta: A retrospective and prospective study with a
review of the literature

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).
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Milano M, Wright
T, Loechner KIJ.
2011

Dental implications of osteogenesis imperfecta: treatment with IV bisphosphonate: report of a case

Not much information

Brki¢ H and Savi¢ | Dental management in osteogenesis imperfecta review
Pavicin, 2017

Cauwels et | Dentinogenesis imperfecta associated with short stature, hearing loss, and mental retardation: A new | Not Ol
al.,2005 syndrome with autosomal recessive inheritance?

Binger, T., Riicker,
M. and Spitzer,
W.J., 2006.

Dentofacial rehabilitation by osteodistraction, augmentation, and implantation despite osteogenesis
imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Kaissi, A.A.,
Klaushofer, K.
and Grill, F., 2010.

Distinctive tomographic abnormalities of the craniocervical region in a patient with osteogenesis imperfecta
type IVB

Not dental focused in bone related Ol

Ram H, et al 2014

Fracture of the mandible during yawning in a patient with osteogenesis imperfecta

primarily focused on bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

Y. Lin, X. Li and X.
Huang et al., 2019

A hybrid minigene splicing assay verifies the pathogenicity of a novel splice site variant in the COL1A1 gene
of a Chinese patient with osteogenesis imperfecta type |

Not dental

Orsini, G et al.,
2014

Immunocytochemical detection of dentin matrix proteins in primary teeth from patients with dentinogenesis
imperfecta associated with osteogenesis imperfecta

Collagen type properties rather than tooth anomalies

G. Brunetti et al
2016

Impaired bone remodelling in children with osteogenesis imperfecta treated and untreated with
bisphosphonates: the role of DKK1, RANKL, and TNF-a

primarily focused on bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

Feres E et al.,
2018

Imperfect osteogeneses: A child case report

Ol in general

Caicedo-Rubio, et
al 2017

Implant-supported fixed prostheses in a Patient with Osteogenesis Imperfecta: A 4-year follow-up

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).
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Payne MA et al.,
2008

Implant-supported rehabilitation of an edentate patient with osteogenesis imperfecta: a case report

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

M.M. Alzahrani et
al 2015

Incisor diastasis associated with halo traction in an osteogenesis imperfecta patient: A case report

Not dental

Bica, B. E. R. G et
al., 2013

Juvenile idiopathic arthritis and osteogenesis imperfecta: A case report

Not dental( focused to joint related Ol rather than dental
abnormalities

Bontemps, L et

al., 2016

Management of a patient with osteogenesis imperfecta and trisomy 18

overlap between conditions

Nilesh, K.; et al.,
2016

Management of multiple mandibular fractures in a child with osteogenesis imperfecta using arch bar-
retained thermoformed splints: A novel technique

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Muraki, Y. et al.,
2008

Mandibular reconstruction with bone transport in a patient with osteogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Urquiza-Fornovi,
1., etal., 2020

Mandible fracture in a child with osteogenesis imperfecta on bisphosphonates. Open versus closed
treatment? A case report

primarily focused on bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

Kataoka, K et al.,
2007

Mutations in type | collagen genes in Japanese osteogenesis imperfecta patients

Not dental( molecular related to Ol )

DUAN ET AL. 2016

Mutations in COL1A1 Gene Change Dentin Nanostructure

Not related to Ol

Kindelan, J., etal.,
2003

Orthodontic and orthognathic management of a patient with osteogenesis imperfecta and dentinogenesis
imperfecta: a case report

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).
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Hartsfield Jr, J.K
etal., 2007

Orthodontic Treatment and Orthognathic Surgery for Patients with Osteogenesis Imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Rosén, A.; Modig,
M.; Larson, O.
2011

Orthognathic bimaxillary surgery in two patients with osteogenesis imperfecta and a review of the literature

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Tashima, H et al.,
2011

Orthognathic surgery considerations for patients with undiagnosed type | osteogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Ibrahim, S et al.,
2019

Phenotypic properties of collagen in dentinogenesis imperfecta associated with osteogenesis imperfecta

Collagen structural properties

Hall, R.K., et al.,
2002

Odontoblast dysfunction in osteogenesis imperfecta: An LM, SEM, and ultrastructural study

Not much information

Siegert, T.; et al.,
2004

Osteogenesis imperfecta type 1: A case presentation with a new mutation in gene COL1A1

Required translation

G. Bardai et
al.,2016

Osteogenesis Imperfecta Type | Caused by COL1A1 Deletions

just prevalence of DI and genotype: phenotype correlation

Lépez-Arcas, J.M

Osteogenesis Imperfecta and Orthognathic Surgery: Case Report and Literature Review

primarily focused on treatment interventions rather than

etal., 2009 describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Hernandez Osteogenesis imperfecta: Germinal mosaicism or genetic heterogeneity evidence. Presentation of a family | Spanish

Garcia, l.et | and a literature review

al.,2007
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Bell, R.B. and | Osteogenesis imperfecta and orthognathic surgery: case report with long-term follow-up primarily focused on treatment interventions rather than
White Jr, R.P., describing dental abnormalities in individuals with
2000. osteogenesis imperfecta (Ol).

Jain, E., | Osteogenesis imperfecta and pneumatization of bone-- a hidden reality primarily focused on bone-related aspects of osteogenesis
Valiathan, A et imperfecta (Ol) rather than detailing dental abnormalities
al., 2013

Elvirez Gutiérrez, | Osteogenesis imperfecta type iii in an Ecuadorian child Not dental

Aetal., 2019

M Chetty, et al., | Osteogenesis imperfecta type Il in South Africa: Psychosocial challenges Not dental

2016

Hernandez- Osteogenesis imperfecta type IV. A case report Not dental

Romero, N., etal.,

2011

Mondal RK, Mann | Osteogenesis imperfecta with bleeding diathesis Not dental

U, Sharma M

2003

Van Dijk, F et al., | Osteogenesis imperfecta: A review with clinical examples Review

2011

Rawal, S.Y. and
Hilal, G., 2020.

Osteonecrosis and spontaneous exfoliation of dental implants associated with oral bisphosphonate therapy:

a case report

Implant (treatment)

Apolinario AC et
al., 2015

Pamidronate affects the mandibular cortex of children with osteogenesis imperfecta

primarily focused on bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

Gallego, L et al.,
2010

Pathological mandibular fracture after simple molar extraction in a patient with osteogenesis imperfecta
treated with alendronate

primarily focused on bone-related aspects of osteogenesis
imperfecta (Ol) rather than detailing dental abnormalities

Muhney, K. and
Campbell, P.R,,
2007.

Paediatric dental management of a patient with osteogenesis imperfecta and dentinogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).
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Tanimura, H.; et
al., 2007

Perioperative management using dexmedetomidine for a paediatric patient with osteogenesis imperfecta
undergoing dental treatment under general anaesthesia

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Vettore, M.V et | Rare genetic diseases affecting skeletal development and oral health disparities among children and | primarily focused on bone-related aspects of osteogenesis
al., 2020 adolescents: a pathway analysis imperfecta (Ol) rather than detailing dental abnormalities
Mendoza- Recessive Osteogenesis Imperfecta Caused by Missense Mutations in SPARC insufficient information

Londono, R.; et
al., 2015

Trummer, T etal.,
2001

Recurrent mutations in the COL1A2 gene in patients with osteogenesis imperfecta

insufficient information

. Mori, H., et al.,
2019

Skeletal open bite with amelogenesis imperfecta treated with compression osteogenesis: A case report

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Hayretdag, C.;
Coskunpinar, E.
M.2000

Staged sinus augmentation and implant placement in a patient with osteogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Iwamoto, J.;
Yago, K.; Sato, Y.;
Matsumoto,
H.2018

Temporomandibular disorders and psychosocial status in osteogenesis imperfecta - a cross-sectional study

not our focus (primarily focused on treatment interventions
rather than describing dental abnormalities in individuals
with osteogenesis imperfecta (Ol).

Prabhu N, et al.,
2007

The placement of osseointegrated dental implants in a patient with type IV B osteogenesis imperfecta: a 9-
year follow-up

Implant

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).
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Vorast, H et al.,
2000

The treatment of mandibular cysts associated with osteogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Burkhart, Nancy | The implication of brittle bone diseases: Osteogenesis imperfecta and dentinogenesis imperfecta often | Not found
W. 2010 depend on dental professionals monitoring the diseases

Garcia, I. H.; et al., | Osteogenesis imperfecta: Germinal mosaicism or genetic heterogeneity evidence. Presentation of a family | Not found
2012 and a literature review

Kocova, M.; et al | Quantitative and electrophoretic analysis of collagen in cultured fibroblasts of two patients with a mild type | Not dental
2014 | of osteogenesis imperfecta during treatment with bisphosphonates

Degering, Charles | Amelogenesis imperfecta: A report of two cases Not Ol
1.1963

Prokopowicz, Z.; | Brittle bone disease (Osteogenesis imperfect; Ol) in children - Interdisciplinary management Not found
Matusik, P2013

Schulz-Weidner, Dentinogenesis imperfecta type 1 and 2 - case reports about oral rehabilitation in primary teeth Not found

N.; Amend, S.;
Kramer, N.2013

Kamoun-Goldrat

[Osteogenesis imperfecta Type 1: a case presentation with a new mutation in gene COL1A1]

Required translation

AS, Le Merrer

MF.2004

Sawyer, C.; | Acase report of a family with short stature and "rotten" teeth Required translation
Drysdale, D.

Lin, H. Y.et al.,
2015

Genotype and phenotype analysis of Taiwanese patients with osteogenesis imperfecta

Just prevalence of DI

Lindahl, K et al.,
2015

Genetic epidemiology, prevalence, and genotype-phenotype correlations in the Swedish population with
osteogenesis imperfecta

Not dental

Shi, J., Ren, M., et
al 2019

Genotype-phenotype association analysis reveals new pathogenic factors for osteogenesis imperfecta
disease

Just prevalence of DI

Nawawi, N.M., et
al., 2018

Genotype-phenotype correlation among Malaysian patients with osteogenesis imperfecta

Just prevalence of DI
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Maioli, M et al
2019

Genotype-phenotype correlation study in 364 osteogenesis imperfecta Italian patients

Just prevalence of DI

Rauch,
2010

F.et al.,

Genotype-phenotype correlations in nonlethal osteogenesis imperfecta caused by mutations in the helical
domain of collagen type |

Just prevalence of DI

Kamoun-Goldrat
et al 2010

Effects of bisphosphonates on tooth eruption in children with osteogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities in individuals with
osteogenesis imperfecta (Ol).

Wang, S. K.; et
al.,2012

Novel PAX9 and COL1A2 Missense Mutations Causing Tooth Agenesis and OI/DGI without Skeletal
Abnormalities

Just identify the causative gene

mutation (s) for the dentin defects

Koreeda-Miura et
al 2003

Significance of histopathologic examination in the diagnosis of dentin defects associated with type IV
osteogenesis imperfecta: two case reports

Diagnosis of Ol

Vuorimies, |., et
al., 2017

Timing of dental development in osteogenesis imperfecta patients with and without bisphosphonate
treatment

effect of bisphosphonate

Marulanda, J.,et | Craniofacial and dental phenotype of two girls with osteogenesis imperfecta due to mutations in | primarily focused on bone-related aspects of osteogenesis
al .,2022 CRTAP. Bone, imperfecta (Ol) rather than detailing dental abnormalities
T Saito et al.,2022 | Decrease of lysyl hydroxylase 2 activity causes abnormal collagen molecular phenotypes, defective | Molecular phenotypes

mineralization and compromised mechanical properties of bone.

MOORE ET AL
2023

Dental tissue changes in juvenile and adult mice with osteogenesis imperfecta

Not human (mice)

Shepherd WS, et
al.,2024

Psychosocial Outcomes of Pain and Pain Management in Adults with Osteogenesis Imperfecta: A Qualitative
Study.

primarily focused on treatment interventions rather than
describing dental abnormalities

N. Del Rio
Cantero et
al.2024

Influence of zoledronic acid and pamidronate on tooth eruption in children with osteogenesis imperfecta

primarily focused on treatment interventions rather than
describing dental abnormalities
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LSA Gadi et al.,
2023

Morphological and Ultrastructural Collagen Defects: Impact and Implications in Dentinogenesis Imperfecta

Collagen defect related to DI

André
M. Travessa et

al., 2023

Characterization of three adults and an adolescent with Osteogenesis Imperfecta type VI and a novel
founder SERPINF1 variant

Molecular phenotypes related to Ol

Bintang Soetjahjo
etal.,2023

Acetabular fracture and central hip dislocation in osteogenesis imperfecta child treated surgically with
bone grafts augmented by recombinant human bone morphogenetic protein-2: A rare case report

primarily focused on treatment interventions rather than
describing dental abnormalities

Chenda Meng M
D et al., 2024

Orthodontic treatment of a patient with dentinogenesis imperfecta using a clear aligner system

primarily focused on treatment interventions rather than
describing dental abnormalities

Yamaguti, P.M.,

Unequal impact of COL1A1 and COL1A2 variants on dentinogenesis imperfecta.

Molecular phenotypes related to Ol

etal., 2023

Phenotypic features of dentinogenesis imperfecta associated with osteogenesis imperfecta and COL1A2
Nutchoey, O et .yp & P & P Investigates the phenotypic features of dentinogenesis
al. 2022 mutations imperfecta in patients with Osteogenesis Imperfecta (Ol)

and COL1A2 mutations, aiming to characterize the
associated dental manifestations and  enhance
understanding of the clinical implications of these genetic
conditions.
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Appendix 4: Clinical and Radiographic Dental anomalies in patients with osteogenesis imperfecta

(Eruption anomalies”)
Spontaneous, early
exfoliation

Authors Sample Ol Types DI Anomalies in tooth size, Malocclusion Pulp anomalies Additional features
Size (N) number and shape
1.Abukabbos, F. Al- | 1 Not # Dentoalveolar abscess The patient had a HittH Presence of the developed
Sineedi 2013 recognized U-shaped upper and lower mesial step terminal permanent teeth buds
arches, with generalized plane with a class |
marginal gingivitis. canine
The teeth were brown-Gray | The midline was
in colour, with constricted coincident, with a 50%
bulbous crowns and overbite and 2 mm
attrition overjet
2.Andersson K et 152 1, 1, Iv DI was highest Retention of permanent HHHHHH Abnormally large Dental aberrations
al.,2017 in children with Ol second molars in 31% of or calcified pulp are strongly associated with
Type Il and lowest the adolescents. chambers. qualitatively changed collagen
in children with Ol Taurodontism was more I. The varying expressivity
Type | (86% vs. 31%; | common in Ol Type |, I, IV of DGl is related to the location
p< occurred in 18% of the collagen | mutation.
grey-blue or yellow-brown Genotype information may be
discoloration helpful in identifying individuals
crowns solely or in with Ol who have an increased
combination with risk of dental aberrations
pathological attrition
3.Budsamongkol et | 1 11/ EDS DI was found in Ol Delayed eruption, early Severe class Il large pulp cavities, Tooth had enamel inversion,
al,. 2019 overlap type llI exfoliation, malocclusion bonelike dentin, loss of

dentinal tubules, and reduction
in hardness and elasticity,
suggesting severe
developmental disturbance.
very thin enamel and dentin,
and curved roots multiple
retained roots.
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4.Chetty et al., 64 1l In both primary and | Taurodontism Hi#H# Obliteration of the (Narrowed roots to
(2019) secondary teeth Hypo taurodontism pulp chambers abnormally large root canals)
DI cervical constriction of Periapical radiolucency with or
crowns of molars without pulp exposure
5.Chang, Lin and 16 1, 11, IV HittHiHH HHHHHH Class Ill were found in HittHiHH Prognathic
Hsu, 2007 62.5 %, in Ol mandible, larger facial
divergence, shorter face
heights, defective sagittal
growth of the maxilla and
mandible, a flattened cranial
base angle, impaired cranial
base growth, and more forward
counter clockwise
rotation in mandibular growth
compared with the controls.
6.EInagdy et 49 1,1, 0, v Early eruption, Class Il More common Wide pulp chamber | Enamel hypoplasia of was 7.7%
al.,2012 malposed teeth, in Ol Type llI, IV Narrow vault, wide for Type |, 23% for Type Ill, and
missing teeth, posterior cross bite, pulp chamber, 11.1% for Type IV
flaring of lower anterior enamel hypo-calcification was
teeth, microdontia, 30.8% for Type |, 30.7% for
macrodontia Type lll, and 11.1% for Type IV.
(2.04% each). attrition of the teeth was only
crowding of teeth with present in 7.7 % of Ol Type llI
enamel hypoplasia and patients which seems to be
hypocalcification were associated with DI and enamel
found in Ol Type |, II, 1ll, IV hypoplasia
7.Mordenti et al., 568 1, LIV, V High in Ol Type | Several dental alterations in
2006 terms of color, loss, and

frailty, such as fragile teeth,
premature loss, anodontia,
amelogenesis imperfecta,
abnormal dental color, and
dentition.
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8.Hald et al.,2018 85 I, 1, v The prevalence was | ##H## HiH#H Obliterated pulp Patients with Ol type | and
(25%), high in Ol chamber, pulp patients with a quantitative
type 1l (86%) then stone, short root, collagen defect had thinner
Ol type IV (85%) cervical constriction | corneas compared to patients
while in Ol type | with Ol type Il and other
2% patients with a qualitative
collagen defect
Hearing loss requiring
treatment
9. Intarak et 2 vV Ol type IV and DI Bulbous crowns, curved Class Il Wide pulp chamber | Ultrastructural investigations in
al.,2020 roots, cervical constriction, anterior crossbite, obliterated pulp the present study indicate
severe attrition, canals severe pathologic change of
DGl dentin. The dentinal
tubules were reduced,
scattered, and irregular in
arrangement
10.Jabbour et 49 1, 1,1V, VI, HittHiHH Significant more crowding Class lll more common Dentoalveolar Type | shows minor
al.,2018 Vv was noted in the upper in Ol Type lll, IV anomalies include dentoalveolar discrepancies
arch compared to the lower | buccal vertical anterior cross-bite, and an anterior cross
arch occlusion anterior open bite, Type lll shows severe anterior
posterior open bite, | cross-bite, and discrepancies in
posterior cross-bite | the anteroposterior, transverse
and class Il and vertical relationships of the
occlusion. jaws. Type V shows resorption
of the roots of the primary
molars, absence of a central
lower incisor and premolars, as
well as the highest discrepancy
between the size of the teeth
and the size of the jaw
11.John et al.,2019 | 92 1, 1,1V, V HittHt Bulbous crown Malocclusion, with a Pulp obliteration Permanent teeth
Shortened root Class Il skeletal pattern
12. Kantaputra et 2 v Yes Hypodontia and oligodontia | #### Pulp obliteration, The roots of all his teeth

al.,2018

more
Bulbous shaped permanent
molars

Short roots

appeared shorter than normal
(tooth shape)
Dense mandibular bone.
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13.Lin et al.,2009 48 1, 11, IV Eighty percent of HiHHHH HiHHHE HiHHHE
type Il patients had
DI, in contrast to 5%
intype | and 42% in
type
V.
14.Lingaraju et 1 IVB DI type Il All erupted discoloured HittH large pulp DI type | as OIDI), primary
al.,2013 deciduous teeth were chambers. predecessors are usually more
opalescent brownish colour severely affected than
with smooth polished permanent teeth. In DI type Il,
dentin surface Bulbous both dentitions are equally
shaped crowns affected.
grade Il mobility Extraction
of primary upper central
incisors
15.Lu et al.,2014 1 v HitHHHE Complete tooth loss Not HitHHHE HitHHHE One Chinese Ol patient
agenesis. The teeth fell out presented with combined tooth
agenesis, characterized by
complete tooth loss at the
young age
16.Lai et al.,2020 1 1] Yes Bulbous crowns with Class lll malocclusion, No Dental management and
constricted Anterior and posterior consideration for patients with
cementoenamel junctions, cross-bite type Ill Ol are complicated
multiple dental caries, Therefore, a multidisciplinary
presence of primary team approach and medical
dentition with wear facet consultation are highly
due to DI. Grey-brown suggested for successful
discoloration. treatment.
17. Malmgren et 45 1, 1, IV The prevalence is Delayed, and ectopic HiHHHHH HiHHHHH DI was found in 21% of the

al.,2020

38%

eruption more common in
Ol Type Il

(Eruption anomalies)

patients with Ol Type | treated
with BP and in 8% in those not.
The gender distribution was
equal. In patients with Ol Type
111/1V, DI was found in 38% of
the patients both for those
treated with BPs and for those
not. Boys were more affected
than girls.
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18.Ma et al.,2019 319 1, I, IV High prevalence in Missing teeth attributed HiHHHE HiHHHE Study of caries prevalence
Ol 111 (82) and IV to hypodontia or amongst Ol subtypes. No
(54), while rare in impacted teeth correlation between caries
Ol type 1(16) retained primary teeth p.re\{ahlence_found. Dlwasa
. significant independent
Primary teeth .
predictor (OR 2.43; Cl 1.37-
4.32; P=0.002)
19.Malmgren & 68 1, 1, IV The prevalence Missing teeth All patients with Ol Abnormally wide Apically extended pulp
Norgren (2002) 42%) The . . Type Ill showed pulps, occasionally chambers
I |
prevalence of DI el @il malocclusion and 61% obliterated, were
was significantly third molars, ectopic and 67% in patients found in 55% of the
higher in Ol type IlI . . with Ol Types | and IV, patients.
|
(67%), IV 50% and eruption denticles respectively. Agenesis, apically
28% in Ol type | were noted in people extended pulp
with Ol Type I, Ill, IV, CETlE
(tooth shape
anomalies)
20.Majorana et al. 16 I, 1, 1V 62.5%) High in Ol Discoloration (from yellow- | ######t large or obliterated | Severe attrition or enamel
(2010) type | followed by brown to blue-grey, with an pulp chambers fractures were observed on the
type lll and IV opalescent aspect) typical periapical primary teeth in six of ten
abnormalities in crown transparencies patients with DI.
shape (‘tulip’ or ‘bell’ Attrition was more prominent
shape, in those primary teeth that
cervical constriction and displayed the yellow /brown
dental attrition involvement. Permanent
teeth did not exhibit excessive
attrition or enamel fracture.
21. Marcal et al. 24 l, IV High prevalence Bisphosphonate therapy HiHHH#E Apical extended Impaction of primary dentation

(2019)

75%

was associated with ectopic
teeth (P =.007) and tooth
impaction (P = .033).
missing teeth (maxilla -
mandible

microdontia (p = 0.001),
hypodontia and oligodontia
(p <0.001),

pulp chamber,
residual roots,
narrow and thin
roots.

Peri radicular
radiolucency

the significant prevalence of
dental alterations in patients
with Ol and certain alterations
were associated with
bisphosphonate therapy

Pulp obliteration was
significant with bisphosphonate
treatment over a period of 7
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years (P =.026). pulp
obliteration (p = 0.001; OR =
58.75),

22. Malmgren et 128 1} High prevalence in Hypodontia 11%, HittH HiHtHH No missing primary tooth
al., 2017 Ol type Ill, 47%, oligodontia 6%) and missing germs were found
then type IV, 13% teeth. hypodontia and
and type |, 12% oligodontia more common
in Ol Type IV Missing and
impacted more common in
Ol Type Il associated with
DI, 91%Missing premolars,
(n=3), upper lateral incisors,
(n=1), only the lower
second incisors were
missing
23.Nguyen et al. 26 Ol 1,0, 1V The prevalence of Missing, impact teeth The prevalence of Class | #H#H### Ol group had significantly
2017 person Dl among Ol Ol group had less incisal I, Class I, and Class IlI higher prevalence of reverse
and 400 patients was 47.1%, | segment crowding and malocclusion of the Ol overjet >1 mm (76.9%), missing
control more common in Ol | more incisal segment group was 23.1%, 3.8%, teeth (42.3%), posterior
group Type Ill than Type spacing than the control and 73.1%. Class llI crossbite (34.6%), and open
V. group (p < 0.05). malocclusion bite >2 mm (19.2%) compared
More common in Ol to the control group (8.5%,
Type lll, IV 2.2%, 6.2%, and 3.5%,
respectively).
24. Najirad et al., 138 1,1, IV, V, Higher in Ol types Ill | Posterior open bite or Class lll more common HitHH Assessment of association
2020 VI and IV. crossbite in Ol Type IlI, IV between OHRQoL Posterior
open bite and crossbite
25. Najirad et 138 1, 11,1V, V, Yes, prevalence of Posterior Open Bite,
al.,2018 Vi Dl is also higher in Anterior Open Bite
Ol types lll and IV Missing
Posterior Crossbite
Anterior Crossbite,
26. Okawa et al., 534 I, 1, 1,1V,V | The prevalence of the tooth roots of DI The most frequent HittHt inadequate attachment

2017

DI 64% and most
common in Ol Type
I, v

patients are thin with a
wide pulp chamber just
after the eruption
crowding

malocclusion identified
was

not reported in the
study

between enamel and dentin
causes occlusal wear or
ablation of the enamel.
Additionally, there is a risk of
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mandibular protrusion
or anterior cross-bite
(27%), followed

by open bite (18%),
crowding (10%), and
maxillary protrusion
(5%). The remaining
40% of Ol patients
reported no occlusal

root fracture after root canal
treatment since the tooth roots
of DI patients are thin with a
wide pulp chamber just after
the eruption

problems.
27. Patel et 544 1,1, 1V,V, High prevalence in ##H## (mean not reported in | # HitH The relative prevalence of the
al.,2015 Vi Type lll, then Ol the study) various subtypes with92% of
type IV and | subjects having dominant
forms of type | collagen-related
Ol.
Race Black n=28 (5.1)
White n=468 (86)
Other n=48 (8.8)
28. Rizkallah et al., 49 I, IV, VI HitHH Missing, impacted teeth Class lll malocclusion HittHE Higher incidence of Class Il
2013 crowding crossbite associated with malocclusion
anterior and lateral associated with anterior and
open bites lateral open bites
overjet,
29. Retrouvey, et 14 Vv No Missing permanent teeth, Dental class Il molar Pulp obliteration Carious maxillary and

al. 2019

especially permanent
premolar, but not with DI in
Ol Type V. Three of these 9
individuals had retained
deciduous teeth past the
normal range of exfoliation;
eight study participants had
impacted permanent teeth.
The retained teeth were
either located under
unexfoliated primary teeth
or just failed to erupt. The
most frequent primary
retained tooth type was the

occlusion on at least
one side in 8 of the 14
study participants
(57%) Canine occlusion
was class Il on at least
one side in 6 of the 12
individuals (50%).
Overjet ranged from -2
mm to +4 mm. Anterior
crossbite was present in
7 (50%),

posterior crossbite in 8
study participants
(57%). Anterior open

mandibular right and left
primary first and second
molars, dentoalveolar abscess
was seen in relation to
mandibular right and left first
primary molars. The occlusion
showed a deep bite with
excessive overjet.

The malocclusion phenotype of
Ol type V is either Class |
retrusive or Class Il with a
retrognathic mandible, and
thus is markedly different from
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bite was observed in 6
(43%), lateral open bite
in 5 individuals (36%).
Six study participants
(43%) presented with
moderate dental
crowding

upper second molar. The
teeth were not ectopically
positioned but failed to
erupt nonetheless

The facial profile was
retrusive and lower face
height was decreased

the phenotype of Ol types IlI
and IV.

30. Schwartz et 15 Not HitHHH Most of the teeth extracted | Class Ill malocclusion HitHHH Evaluation of extraction
al.,2008 recognized were primary. and posterior open outcomes on Ol patients using
bites and not using bisphosphonates.
No osteonecrosis was reported
in 60 extractions.
31.Sanches et al., 1 11 Yes Microdontic appearance of | Angle class Ill molar Pulpal calcifications | Wide pulp chambers
2008 affected mandibular central | relationship with in permanent first
incisors (Tooth shape anterior open bite and molars.
anomalies) bilateral posterior
cross-bites
32.Saeves et al., 94 1,1, IV High in Ol Type IlI, Cervical constrictions 4%) Subjects with Ol Advanced pulp Ol Type | had 4.1 and Ol Types
2009 (n=74 Type | | IV high prevalence and short and thin curved Type | obliteration IIl'and IV had 4.2 missing teeth.
n =20 Type of DI in Ol Types | roots were and 5 of 15 (33%) of Pulp stone and/or Twice as much as the general
I, 1Iv (19%). noted. persons with Ol taurodontism population. Cause of missing
Presence of denticles Types lll and IV had a teeth could not be determined.
Tooth tissue loses measurable dental Taurodontism was more
Discoloration of teeth from | mandibular overjet. common in Ol Type |, llI, IV
blue to brown
33.Thuesan et al., 73 1, 11, IV DI was found in Taurodontism was more No Cervical constriction

2018

24.7% more
frequent in patients
with
moderate-severe
(94.4%) compared
to mild OI (1.8%) (p
<0.001)

common in Ol Type |, lll, IV

and pulpal
obliteration were
frequent findings in
patients with
moderate-severe Ol
(61.1% and 88.9%,
respectively)
whereas pulp
stones and
taurodontism were
diagnosed in
patients with mild
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Ol only (29.1% and
9.1%, respectively).

34.Teixeira et 1 DI Type Il The primary dentition Bilateral Pulp tissue Impaction of permanent teeth
al.,2008 displayed yellow-brown posterior crossbite exposure in the (third molar)

discoloration on all tooth posterior teeth,

surfaces obliteration pulp

Bulbous crown and chamber

constriction in the cervical

areas of the teeth enamel

fractures

dentin exposure attrition

impacted maxillary third

molars
35- Tagi et al., 2022 171 1, 11,1V HHH Tooth discoloration was | #iHHHH Pulp obliteration The permanent teeth with

more prevalent in severe
forms of Ol compared to
milder one (70% in Ol
type 111, and 48 % in Ol
type IV, 11 in Ol type I)

was observed in
both the
permanent and
deciduous
dentitions) and
more often
affected
individuals with
the moderate-
severe forms of
the disease (Ol
types Il & 1V)
than those with
the milder form
(Ol type I) (p=
.001, 0.003,
respectively). It
also affected older
individuals (16>
y.0.) more often
than younger
ones, especially in

the highest prevalence of
discoloration were tooth
17,27,33, and 43 (>75%) in
patients with Ol type I1I, the
molars in those with type IV
(>40%), and lower incisors
as well as tooth 15, 16, 23,
and 46 in patients with Ol
type | (>8%)

Deciduous canines as well as
all permanent teeth except
17 and 37, were more often
affected with discoloration
in Ol 11l and 1V than in Ol I.
Deciduous molars were
likely to present
discoloration in Ol |11
compared to Ol IV
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36.Udomchaipraser
tkul et al., 2020

Found in Ol type Il | Impacted teeth & missing Class Il malocclusion
upper lateral incisors and
right second premolars

Pulp obliteration
Pulp cavities of
erupting teeth were
large while those of
erupted teeth
became obliterated.

Bulbous crown.

unique phenotypes of a family
associated with homozygous
and heterozygous mutations in
COL1A2.
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