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Abstract
Osteogenesis imperfecta (OI) is a rare genetic disorder characterized by fragile bones and skeletal deformities. Individu-
als with OI may have dental abnormalities such as dentinogenesis imperfecta (DI) type I, malocclusions, and unerupted or 
missing teeth. This review comprehensively examines these dental abnormalities to assess their prevalence among the OI 
population and explore potential differences across different clinical types of OI and pathogenic variants. In accordance with 
the PRISMA guidelines, a systematic literature search in PubMed, Embase, and Web of Science was conducted that included 
articles up to June 2024. Out of 672 articles screened, 34 were included. The included studies confirmed that dental abnor-
malities are prevalent in OI, with DI prevalence ranging from approximately 20 to 48%. Those with a more severe skeletal 
phenotype (OI type III/IV) exhibited more dental abnormalities than those with a milder skeletal phenotype (OI type I). 
Notably, OI type V individuals generally do not have DI, although a few isolated cases have been reported. The prevalence of 
occlusion types varied: Class I occlusion ranged from 14.8 to 50% and Class II malocclusion ranged from 0 to 37.5%, while 
Class III malocclusion from 4.1 to 84%. This differs from the general population, where Class III malocclusion is typically 
the least common. Open bites, cross-bites, and unerupted and missing teeth are also commonly reported, particularly in OI 
types III and IV. This review emphasizes the need for comprehensive dental examinations in OI due to the high prevalence 
of dental abnormalities. Additionally, the review draws attention to the lack of clear guidelines for diagnosing DI.
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Introduction

Osteogenesis imperfecta (OI) is a rare genetic disorder 
characterized by bone fragility and severe skeletal deformi-
ties, leading to increased susceptibility to fractures [1]. It 
affects approximately 1 in 15,000–20,000 individuals and 
is typically inherited through germline transmission [2]. In 
85% of cases, OI is attributed to numerous monogenic vari-
ants in the COL1A1 (OMIM #120150) or COL1A2 (OMIM 
#120160) genes, which encode collagen type I, while about 
15% of cases involve pathogenic variants in genes that com-
monly affect the biosynthesis pathways of collagen type I 
[2]. Beyond its impact on skeletal health, OI is also fre-
quently associated with dental abnormalities that signifi-
cantly affect the well-being of those affected [3]. Notably, 
since collagen type I is a critical component of teeth, patho-
genic genetic variants causing a defect in collagen type I 
directly impact dental health. Therefore, approximately half 
of the individuals with OI experience some degree of dental 
abnormalities [4]. Additionally, due to the increased risk of 
fractures, dental attrition and enamel fractures are a common 
concern among OI patients [5].

Collagen type I, the most abundant type of collagen in the 
human body, is predominantly found in bones, skin, tendons, 
and ligaments, and in teeth. In teeth, collagen type I is pri-
marily located in two main structures: the dentin and the per-
iodontal ligament (Fig. 1) [6]. Dentin, located beneath the 
enamel and cementum, forms most of the tooth’s structure, 
supporting the enamel. Comprising 20% organic material, 
mostly collagen type I, the mechanical properties of dentin 
are vital for tooth strength [7]. The periodontal ligament, a 
specialized connective tissue encircling tooth roots, anchors 

them in the alveolar bone. It abundantly consists of collagen 
type I and connects the tooth cementum to the alveolar bone 
socket, providing crucial support against chewing forces. 
Although in smaller quantities compared to dentin and the 
periodontal ligament, collagen type I is also present in the 
cementum and pulp [8].

Dental abnormalities in individuals with OI can range 
from subtle variations in tooth morphology to severe defects 
in dentin formation [9]. Dentinogenesis imperfecta (DI) is a 
disorder characterized by disruptions in dentin development 
and is classified into three types (I, II, III), which are clini-
cally, radiologically, and histologically similar but geneti-
cally distinct [8, 10]. Types II and III are not associated 
with a systemic disorder and, therefore, are not linked to OI. 
These types are inherited in an autosomal dominant manner 
and are associated with variants in the dentin sialophospho-
protein (DSPP) gene [11]. DI type I dental dysplasia, com-
monly seen in individuals with OI, is the only type of DI 
associated with this condition [12]. It is frequently associ-
ated with pathogenic variants altering the genes related to 
collagen type I production and transport [11]. Teeth with 
defective dentin may appear discolored and fragile. DI does 
not only affect the esthetics and function of the dentition but 
can also contribute to and coexist with oral health complica-
tions, such as increased susceptibility to dental caries, tauro-
dontism (enlarged pulp chambers), malocclusions, and tooth 
agenesis [9, 13–16]. Radiographic features include bulbous 
crowns with significant cervical constrictions, and the pulp 
chambers become unrecognizable over time due to accu-
mulation of secondary dentin [11, 17]. DI can affect both 
deciduous and permanent dentitions [5, 10, 18]. There are no 
established guidelines defining the criteria for DI diagnosis 
and not all individuals with DI exhibit identical characteris-
tics [19]. In OI, occlusal abnormalities, or misalignment of 
dental arches, are common [20]. Tooth agenesis, the congen-
ital absence of one or more teeth, is reported in individuals 
with OI, along with tooth loss due to extraction, trauma, and 
abnormal tooth eruption [10, 14, 16]. Monitoring and early 
intervention are crucial to minimize dental complications 
and improve oral health [19].

The skeletal phenotype of individuals with OI exhibit-
ing collagen type I defects can vary widely, ranging from 
non-deforming OI (type I; OMIM #166200), to moderate 
OI (type IV; OMIM #166220), progressively deforming 
OI with short stature and severe bone deformities (type III; 
OMIM #259420) and perinatally lethal OI (type II; OMIM 
#166210), as categorized by the clinical Sillence classifica-
tion [1]. OI Type V (OMIM #610967), which is distinctly 
marked by interosseous calcifications and hyperplastic cal-
lus formation, was added to this classification in 2000 [2, 
21, 22]. These differences in phenotype are attributable to 
the specific pathogenic variants. Individuals with OI type 
I often carry a pathogenic variant caused by a quantitative 

Fig. 1   Cross-section of a molar showing the structures of the tooth. 
Created with Biorender.com and edited with Adobe Photoshop (Beta) 
version 25.11
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defect that results from haploinsufficiency, while individu-
als with OI types II, III and IV typically harbor pathogenic 
variants that result in a structurally abnormal collagen type 
I protein, leading to a qualitative defect in collagen type 
I. OI type V is specifically caused by a pathogenic vari-
ant in the 5’ UTR region of the IFITM5 (OMIM #614757) 
gene, which encodes a protein involved in bone formation 
and mineralization [2]. This wide phenotypic and genetic 
variability presents significant challenges in management 
and prognosis. This complexity is particularly evident in 
extraskeletal manifestations, such as dental abnormalities, 
which currently cannot be definitively linked to specific 
types of OI. Notably, dental issues seem to occur more often 
in individuals with OI types III and IV [5, 10].

This systematic review aims to expand upon the exist-
ing literature on dental issues related to OI subtypes by 
offering a comprehensive exploration. Besides DI, various 
tooth malformations and misalignment occur in OI patients, 
yet a detailed exploration of these manifestations is lack-
ing. Therefore, the aim is to assess the prevalence of DI, 
malocclusions and missing teeth in individuals with OI and 
to investigate potential differences in dental abnormalities 
among clinical types of OI and associated pathogenic vari-
ants. In this review, only studies specifically focusing on 
dental abnormalities in individuals with OI are selected.

Methods

Literature Search

This review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [23]. After several scoping searches, 
three bibliographic databases (Ovid/Medline, Embase.com, 
and Clarivate Analytics/Web of Science Core Collection) 
were searched for relevant literature from inception to June 
6, 2024. Searches were devised in collaboration with a medi-
cal information specialist (KAZ). Search terms, including 
synonyms, closely related words, and keywords, were used 
as index terms or free-text words: “osteogenesis imperfecta” 
and “dental malformation”. The searches contained no date 
or language restrictions that would limit results to specific 
dates or language. Google Scholar, conference proceedings, 
and references of both included full-text studies and relevant 
systematic reviews were searched for additional relevant lit-
erature. The complete search strategy for each database can 
be found in the Supplementary material.

Selection Process

Two reviewers (LV and SV) independently screened all 
potentially relevant titles and abstracts for eligibility. 

Differences in judgment were resolved through a consensus 
procedure. Studies were included when they met the follow-
ing criteria: (i) studies containing patients with osteogenesis 
imperfecta; (ii) studies giving an adequate description of the 
dental abnormalities and/or the oral examination performed; 
(iii) studies published in English; (iv) full-text availability; 
and (v) case–control studies, cohort studies, and case series 
of at least 10 patients. The following exclusion criteria were 
used: (i) cases of OI type II (prenatally lethal form); (ii) 
studies with only previously described OI cases; (iii) studies 
focusing on animal models; and (iv) studies that exclusively 
involved individuals from a single family, to minimize the 
potential for biased data and to ensure a broader representa-
tion of the population under study.

Quality Assessment

The full text of the selected articles was obtained for further 
review. Two reviewers (LV and SV) independently evaluated 
the methodological quality of the full-text papers using the 
Study Quality Assessment Tool created by NHLBI [24].

Results

Search Results

The literature search generated a total of 1195 references: 
368 in Ovid/Medline, 497 in Embase.com, and 330 in 
Clarivate Analytics/Web of Science Core Collection. After 
removing duplicates of references that were selected from 
more than one database, 673 references remained. The 
flowchart of the search and selection process is presented 
in Fig. 2. Of the total 673 articles that were identified, 142 
were included for full-text analysis. In total, 36 articles were 
included, all being large case series (n > 10), cohort studies, 
or case–control studies (Table 1) [3, 5, 10, 13–16, 18, 19, 
25–49]. A quality assessment (Study Quality Assessment 
Tool by NHLBI [24]) of the included articles was performed 
by the two reviewers independently; 5.6% (n = 2) of the stud-
ies were classified as poor, 33.3% (n = 12) as fair; and 61.1% 
(n = 22) as good. Articles assessed as poor were excluded, 
resulting in 34 articles included in the qualitative synthesis.

Included Studies

This review includes case series, cohort studies, and 
case–control studies investigating dental issues in individu-
als with OI. Table 1 provides an overview of the selected 
studies, detailing aspects, such as the countries and inclu-
sion periods, study designs (prospective or retrospective), 
the number of participants screened for dental abnormali-
ties, demographic information including age ranges and 
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gender distributions, clinical classifications of OI in the 
cohorts under study, and the abnormalities examined. Stud-
ies conducted on the same cohort were combined, with the 
results being discussed collectively as one study (Table 1): 
(a) Bendixen et al. [27], Gjørup et al. [29], Hald et al. [30], 
Thuesen et al. [15]; (b) Lindau et al. [32], Lindau et al. 
[33]; (c) Ma et al. [13], Taqi et al. [45]; Taqi et al. [46]; (d) 
Malmgren & Lindskog [37], Malmgren & Norngren [5]; and 
(e) Malmgren et al. [36], Andersson et al. [26]. Subsequent 
sections provide a summary of the literature pertaining to 
various dental problems reported in OI. The prevalence of 
DI and that of Class I, II, and III malocclusions in OI cohorts 
have been summarized in Tables 2 and 3, respectively.

Dental Abnormalities in Osteogenesis Imperfecta

Dentinogenesis Imperfecta and Related Dental Findings

Studies investigating DI in individuals with OI revealed a 
wide array of diagnostic approaches and criteria used to 
diagnose DI. For instance, while Majorana et al. and Sæves 
et al. considered discoloration alone as sufficient for diag-
nosis, Ma et al. required a combination of color change, 
attrition, and altered crown shape [13, 14, 35]. Although 
Sæves et al. diagnosed DI solely based on clinical obser-
vations of tooth color and translucency when visible signs 
were present, they used radiographic indicators, including 

tooth morphology anomalies, to diagnose DI in individuals 
without clinically visible signs [14]. Schwartz & Tsipouras 
and Thuesen et al. emphasize the necessity of multiple mani-
festations for diagnosis [15, 44], while many other studies 
do not state explicit diagnostic criteria. Table 2 categorizes 
these studies based on diagnostic methods: clinical, radio-
graphic, histological, or a combination of these.

Four studies utilized histological evaluation to diagnose 
DI [25, 32, 33, 39]. Majorana et al. employed histology to 
confirm the diagnosis of DI [35], while others used it to 
analyze teeth from patients with and without DI based on 
clinical and/or radiographic assessments. Interestingly, his-
tological examination performed by Andersson et al. identi-
fied nineteen additional cases of DI beyond those detected 
by clinical and radiographic methods (44/152 (29%) ver-
sus 63/152 (41%) [25]. Martìn-Vacas et al. discovered that 
while clinical signs of DI were evident in 41.2% of cases, 
and radiographic signs in 69.2%, morphological alterations 
were found in all teeth via scanning electron microscopy 
[39]. Similarly, Lindau et al. observed irregular tubules 
and obliterated pulps by histological examination in all 
OI types, irrespective of a DI diagnosis [33]. Malmgren & 
Lindskog did not diagnose DI histologically but set up a 
dysplastic dentine score (DDS) system to evaluate dysplastic 
manifestations in dentin, identifying a distinct cut-off value 
(DDS = 23) distinguishing healthy teeth from those of OI 
individuals with DI [37]. Interestingly, 8/17 (47%) of OI 

Fig. 2   Flowchart of the search 
and selection procedure of 
studies
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individuals without clinical signs of DI exhibited a DDS 
within the range observed in OI individuals with DI. All 
other studies relied on clinical and radiographic assessment 
for DI diagnosis, except for two that solely used radiographic 
evaluation (Table 2) [31, 38].

The prevalence of DI exhibited significant variation, both 
overall and within different OI types (Table 2). Among the 
four studies involving over 100 participants, employing 
clinical and/or radiographic evaluations in the same center, 
the overall prevalence ranged from 20 to 48% [13, 16, 25, 
34]. Specifically, the prevalence within OI type I, III, and IV 
ranged from 9.8 to 31%, 56 to 86%, and 36 to 71%, respec-
tively. Notably, while Andersson et al. and Malmgren et al. 
focused solely on dental abnormalities in children [16, 25], 
Ma et al.’s study encompassed both children and adults, with 
participants spanning up to 75.8 years of age [13]. Maioli 
et al. also included both children and adults [34]. In line 
with the aforementioned studies, with the exception of the 
study by Elfituri et al. [3], OI type I demonstrated the low-
est prevalence of DI across all studies, consistently showing 
a prevalence more than two times lower than that of indi-
viduals with OI type III or IV [34]. Among eighteen studies 
reporting DI prevalence for both OI type III and OI type IV 
individuals, DI prevalence was found to be higher in OI type 
III individuals compared to those with OI type IV in eleven 
studies (Table 2). Two studies, by Kim et al. and Retrouvey 
et al., focused on individuals with OI type V, conducting 
both clinical and radiographic assessments [31, 42]. None 
of these individuals showed signs of DI. Mohd Nawawi et al. 
also included an individual with molecularly confirmed OI 
type V who did not have DI [40]. In contrast, a single case of 
DI in an OI type V individual (without genetic confirmation) 
was reported in a Japanese nationwide survey [41].

In the study by Andersson et al., 122/152 (80%) of OI 
patients had a COL1A1 or COL1A2 variant known to affect 
the formation of the collagen type I protein. Among those 
with predicted structurally abnormal collagen, 46 (70%) 
were diagnosed with DI, whereas only 15 (27%) with a 
quantitative defect had DI. In patients without an identi-
fied variant in COL1A1 or COL1A2, 6.9% had DI [25]. 
Thuesen et al. found DI in eighteen individuals, of whom 
94% had a qualitative collagen defect, whereas 5.6% had 
a quantitative defect [15]. Maioli et al. found that 43/58 
individuals with DI (74.1%) exhibited a variant in either 
COL1A1 or COL1A2. They observed that qualitative 
defects were more commonly associated with the occur-
rence of DI compared to quantitative defects (35.6% versus 
16.7%). Among patients with glycine substitutions, 21/59 
(35.6%) developed DI; yet, none had DI when the sub-
stitution occurred within the first 127 amino acids of the 
COL1A1 helical domain. Yamaguti et al. additionally dis-
tinguished between the two collagen type I genes. In their 
cohort of 81 individuals, they found that 84% of patients 

with a defect in COL1A2 had DI, whereas only 36% with a 
defect in COL1A1 exhibited DI [48]. These findings align 
with results from other studies. As the authors noted, 
defects in COL1A1 were more likely to result in quantita-
tive collagen type I defects, while defects in COL1A2 were 
more likely to lead to qualitative defects. Taqi et al. did 
not directly address DI but noted that in their OI cohort 
(n = 154) tooth discoloration was more prevalent in indi-
viduals with certain COL1A1 and COL1A2 variants, par-
ticularly those with helical glycine substitutions (39% and 
37%, respectively), compared to splice site variants (18%) 
or COL1A1 haploinsufficiency (4%). COL1A1 haploinsuf-
ficiency showed the lowest prevalence of pulp obliteration, 
a clinical sign of DI [45].

DI prevalence tended to be higher in deciduous teeth 
compared to permanent ones. O’Connell & Marini found 
that 82% and 83% of deciduous teeth in OI types III and IV 
patients, respectively, showed discoloration, while only 36% 
and 65% of permanent teeth were affected. Attrition and 
enamel fractures were more pronounced in yellow–brown-
discolored deciduous teeth [10]. Nguyen et al. also reported 
higher DI rates in deciduous teeth (52%) compared to per-
manent dentition (44%) [18]. Andersson et al. investigated 
both deciduous and permanent dentitions of 40 individuals 
with DI; half of these showed DI symptoms in both sets of 
teeth, while the other half only had DI in deciduous denti-
tion. This led them to hypothesize that individuals without 
DI in permanent teeth may have had DI in their deciduous 
dentition. No individuals showed DI signs solely in per-
manent teeth without any in deciduous teeth [25]. Lindau 
et al. observed that 71% of individuals with deciduous teeth 
exhibited DI, while only 50% of those with permanent teeth 
had the condition [33]. Maioli et al. did not specify the den-
tition type, but they categorized their cohort based on age. 
They identified DI in 18/167 adults (10.8%) and 40/174 chil-
dren (23.0%) [34].

In a case–control study by Vuorimies et al., the preva-
lence of DI was compared between children with OI who 
received bisphosphonates (BP) treatment and those who 
did not. They found abnormal dentin in 23% (5/22) of the 
BP-treated group and 38% (19/50) of the untreated group. 
The BP-treated group had a slightly higher proportion of 
OI type I subjects compared to the untreated group (73% 
versus 66%) [47]. Similarly, Malmgren et al. conducted a 
case–control study assessing DI prevalence among children 
with OI, categorized by BP treatment and age at treatment 
initiation. The overall prevalence of DI was 20% (44/219), 
with a combined prevalence of 33% (18/55) among BP-
treated groups and 16% (26/164) among the untreated group. 
Despite these differences, statistical analysis did not show 
significant disparities between the groups. Notably, OI type 
I predominated in the untreated group (80%), whereas in the 
BP-treated groups, it averaged around 40% [16].
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Malocclusions

To assess and quantify malocclusions, orthodontists 
employ several scoring systems, such as the Angle’s Clas-
sification, Peer Assessment Rating (PAR) Index, and Dis-
crepancy Index from the American Board of Orthodontics 
[50–52]. According to the Angle’s classification, occlu-
sions are categorized into Class I, II, or III, depending on 
the position of the first permanent molars and the overall 
dental arrangement [53]. Class I occlusion depicts a nor-
mal relationship between the dental arches and the size of 
the jaws and is therefore not considered a malocclusion 
unless other problems are present. In contrast, Class II 
and Class III occlusions are always classified as malocclu-
sions. Class II malocclusion occurs when the upper teeth 
and jaw significantly overlap the lower teeth and jaw. This 
misalignment often results in a protruding upper jaw or 
receding lower jaw. Class III malocclusion is character-
ized by the lower teeth and jaw being positioned ahead 
of the upper teeth and jaw [53]. Both Class II and Class 
III malocclusions can lead to significant functional and 
esthetic issues, impacting chewing, swallowing, speak-
ing, and the overall appearance of the face [54]. Addition-
ally, malocclusions include various types, such as open 
bite, cross-bite, increased overjet, and increased inverted 
overjet.

In the included studies, malocclusions were diagnosed 
using various methods, including visual examination, radio-
graphs, and study models. Photographs aided evaluation in 
several studies [27, 29, 42, 43]. Sæves et al. exclusively used 
study models [14], also known as dental casts or impres-
sions, while others combined models with radiographs or 
clinical evaluation [27, 29, 43]. In addition to panoramic 
radiographs [42, 43], cephalometric radiographs proved to 
be useful in assisting in the diagnosis of malocclusions [20, 
42, 43].

The prevalence of Angle Class I, II, and III occlusions 
in OI cohorts varied widely, ranging from 14.8 to 50%, 0 to 
37.5%, and 4.1 to 84%, respectively (Table 3) [3, 18, 20, 28, 
43, 44, 49]. There is very limited information provided about 
the BP treatment status of these cohorts assessed for Angle 
Class occlusions. In the study by Clark et al., 44/92 partici-
pants (48%) received BP treatment but it remains unclear 
how many of these were assessed for malocclusions [28]. 
Similarly, Elfturi et al. reported 24/65 participants (37%) 
who were administered BP treatment, but no details are 
provided about their malocclusion status [3]. In the study 
by Rizkallah et al., all patients either had received or were 
still receiving BP treatment [43]. Overall, according to Clark 
et al., occlusal abnormalities were observed in 30% of the 
evaluated cohort, with Class III malocclusions being pre-
dominant [28]. Four out of the other six studies also reported 
a higher prevalence of Class III occlusions compared to 

Class I and II. These studies showed lower occurrences of 
Class I (ranging from 14.8 to 25%) and Class II (ranging 
from 0 to 18.5%) occlusions, while Class III malocclusions 
affected 57% to 84% of OI patients [3, 18, 43, 44]. How-
ever, Elnagdy et al. diagnosed Class III malocclusions in 
only 4.2% of individuals [49], a prevalence similar to the 
control group assessed by Rizkallah et al. at 4% [43]. No 
Class II malocclusions were documented by Nguyen et al. 
and Elnagdy et al. [18, 49]. The study by De Nova-García 
et al. demonstrated varying results in the prevalence of the 
three occlusion types across different dentition types. In 
individuals with solely deciduous dentition, Class I, II, and 
III occlusions were found in 50%, 37.5%, and 12.5%, respec-
tively, whereas in those with mixed-permanent dentitions, 
the percentages were 34.1%, 4.9%, and 61%, respectively 
[20] (Table 3).

When examining the prevalence of Angle malocclusions 
across various types of OI, Class III consistently emerged as 
the most prevalent, irrespective of the OI type. Nguyen et al. 
and O’Connell & Marini found a remarkably high preva-
lence of Class III malocclusions in OI types III (89.2% and 
81.8%, respectively) and IV (75% and 70.6%, respectively) 
[10, 18]. Nguyen et al. identified Class III malocclusion in 
2/2 (100%) patients with OI type I [18]. Similarly, Schwartz, 
& Tsipouras observed Class III occlusal abnormalities in 
10/20 (50%), 7/7 (100%), and 1/1 (100%) individuals with 
OI types I, III, and IV, respectively [44]. De Nova-García 
et al. identified Class I occlusions in the mixed-permanent 
dentition of 61.5% of individuals with OI type I, while Class 
III malocclusions were present in 77.8% and 75% of patients 
with OI types III and IV, respectively [20]. According to 
Elnagdy et al., Class III occlusal abnormalities were present 
in only 2/48 individuals with OI, both having OI type III 
(2/26; 7.7%) [49]. With the exception of the study by De 
Nova-García et al. and Elfituri et al. [3, 20], Class I occlu-
sions were relatively infrequent, occurring in 0% of OI type 
I patients (0/2), 10.8% of OI type III patients (3/28), and 25% 
of OI type IV patients (5/20) according to Nguyen et al. [18]. 
Schwartz & Tsipouras also reported that Class I occlusions 
were present in 25% (5/20) of OI type I patients, but none 
were found in patients with OI types III and IV [44]. Class 
II malocclusions were notably rare, with no cases reported 
across 48 individuals examined by Elnagdy et al. [49] and 
an occurrence of 9.1% in OI type III and 15.9% in OI type 
IV, according to O’Connell & Marini [10]. 20% (4/20) of 
individuals with OI type I showed Class II malocclusion 
in the study by Schwartz & Tsipouras; interestingly, Class 
II was absent in OI types III and IV [44]. Notably, OI type 
V presented a distinct pattern, with Class II malocclusions 
being more frequent compared to other moderate-severe OI 
types (III and IV) [42].

Overall, cross-bite, open bite, and mandibular/
increased inverted overjet were the most recurrent types of 
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malocclusions reported in OI patients. A high prevalence of 
cross-bite was consistently reported among studies.

Bendixen et  al. found posterior cross-bite in 88% 
(15/17) of study participants with moderate-severe OI 
(types III, IV), compared to 15% (7/52) in the mild OI 
(type I) subgroup [27]. Posterior cross-bite was diag-
nosed by De Nova-García et al. in 50% (4/8; OI types not 
reported) and 73% (30/41; 8/15 with OI type I or V, 14/18 
with OI type III, and 8/8 with OI type IV) of OI patients 
with deciduous or mixed-permanent dentitions, respec-
tively [20]. Posterior cross-bite was significantly higher 
in OI type III (20/28; 71.4%) than in OI type IV (5/20; 
25%), according to Nguyen et al., with anterior cross-bite 
also being prevalent (82.1% in OI type III; 60% in OI type 
IV) [18]. In the study by Schwartz & Tsipouras, 16/18 
patients (88.9%) with Class III malocclusions were found 
to exhibit posterior cross-bite, either unilateral or bilateral 
[44]. In contrast, this occlusal abnormality was absent in 
OI types I (0/13) and III (0/26) in the Egyptian cohort and 
present in only 1/9 patients (11.1%) with OI type IV [49]. 
Anterior cross-bites (50%; 7/14) and posterior cross-bites 
(57%; 8/14) were observed in a North American OI type 
V cohort [42], as well as in children with OI types III and 
IV, assessed by O’Connell & Marini, with a prevalence 
ranging from 27.3 to 47.1% [10]. Anterior cross-bite was 
the primary malocclusion type described by Okawa et al. 
(28.3%; 30/106) [41]. Additionally, anterior cross-bite 
was concluded to be significantly different between OI 
and control groups based on Discrepancy Index scores of 
5.6 ± 7.0 and 0.7 ± 1.4, respectively, as reported by Riz-
kallah et al. [43].

Okawa et al. reported open bite in 18.9% (20/106) of the 
overall OI cohort [41]. Elnagdy et al. observed open bites 
in a small percentage of OI type I patients (7.7%; 1/13), 
a higher rate (30.7%; 8/26) in OI type III, and 0% (0/9) 
in OI type IV individuals [49]. Bendixen et al. found that 

anterior open bites were present in 10% (5/52) of patients 
with OI type I and increased to 29% (5/17) among those 
with OI types III and IV [27]. This aligns with O’Connell 
& Marini, who reported a prevalence of nearly 30% for 
both anterior and posterior open bites in young individuals 
with OI types III and IV, except for anterior open bites in 
OI type IV, which showed a prevalence of 17.7% [10]. Two 
case–control studies reported statistically significant dif-
ferences in Discrepancy Index scores for the prevalence of 
lateral open bite between individuals with OI (7.1 to 11.1) 
and controls (0.3) [20, 43]. Rizkallah et al. also noted a 
significant difference in the scores of anterior open bite 
between the OI and control groups (3.7 ± 6.0 vs. 0.8 ± 3.4) 
[43], in contrast to De Nova-García et al., where the differ-
ence was not statistically significant in permanent-mixed 
dentition (3.56 ± 6.7 vs 1.66 ± 4.3) [20]. Interestingly, 
anterior open bite resulted as high as 37.5% in decidu-
ous teeth [20]. Anterior and lateral open bites were docu-
mented in 43% (6/14) and 36% (5/14) of an OI type V 
cohort, respectively [42].

Bendixen et al. and Gjørup et al. found that mandibu-
lar overjet (increased inverted overjet) occurred more 
frequently in patients with OI types III/IV (50 and 64%, 
respectively) as opposed to those with OI type I (4% and 
7%, respectively) [27, 29]. Sæves et  al. reported that 
increased inverted overjet was present in 9.6% (8/83) of OI 
patients, including 4.4% with OI type I (3/68) and 33.3% 
(5/15) with OI types III or IV [14]. De Nova-García et al. 
also noted significant differences in overjet between OI 
patients and control individuals’ permanent-mixed denti-
tions, especially due to inverted overjet. The Discrepancy 
Index values were 5.59 on average, reaching 8.67 in OI 
type III, while only 2.32 in controls [20]. Wide overjet was 
documented by Elnagdy et al., with overall occurrence of 
10.4% (2/13 with OI type I, 15.4%; 2/26 with OI type III, 
7.7%; 1/9 with OI type IV, 11.1%) [49].

Table 3   Prevalence of class 
I, II, and III occlusions in OI 
cohorts assessed using Angle’s 
classification

NA not available
a Deciduous dentition
b Permanent-mixed dentition

Author (Year) Class I occlusion (%) Class II malocclu-
sion (%)

Class III 
malocclusion 
(%)

Clark (2019) [28] 11/37 (30%)
De Nova-García (2022)a [20] 4/8 (50%) 3/8 (37.5%) 1/8 (12.5%)
De Nova-García (2022)b [20] 14/41 (34.1%) 2/41 (4.9%) 25/41 (61%)
Elnagdy (2012) [49] NA 0/48 (0%) 2/48 (4.2%)
Elfituri (2024) [3] 9/24 (38%) 6/24 (24%) 9/24 (38%)
Nguyen (2021) [18] 8/48 (17%) 0/48 (0%) 40/48 (84%)
Rizkallah (2013) [43] 12/49 (25%) 9/49 (18%) 28/49 (57%)
Schwartz & Tsipouras (1984) [44] 4/27 (14.8%) 5/27 (18.5%) 18/27 (66.7%)
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Missing Teeth

The prevalence of missing teeth was investigated in numer-
ous studies. While many did not specify the cause—such as 
congenital factors (tooth agenesis), extraction, or trauma—
Malmgren et al. focused specifically on tooth agenesis [16, 
36]. They diagnosed it in 17% of 128 children with OI, with 
hypodontia in 11% and oligodontia in 6%, noting a higher 
prevalence in OI type III (47%) compared to types I and IV 
(12% and 13%, respectively) [36]. Notably, 75% of individu-
als with oligodontia had qualitative variants in collagen type 
I genes. In an additional cohort of 219 children with OI, 
tooth agenesis was found in 14% (with oligodontia account-
ing for 4%). Within subgroups, the prevalence was signifi-
cantly higher in children who began BP treatment before the 
age of 2 years compared to both the controls and those who 
began treatment after the age of two [16].

Marçal et  al., Taqi et  al., Sæves et  al., O’Connell & 
Marini, Nguyen et al., and Elnagdy et al. reported the preva-
lence of missing teeth in individuals with OI types I, III, and 
IV [10, 14, 18, 39, 46, 49]. One case–control study analyzed 
24 individuals with OI type I/IV alongside 48 age-matched 
controls without OI, revealing a statistically significant 
higher incidence of missing teeth in both the maxilla and 
mandible among the OI group (maxilla: 70.8% vs. 33.3%; 
mandible: 66.7% vs. 41.7%). Furthermore, a statistically 
significant higher prevalence of DI was noted in individuals 
with missing teeth compared to those without [36]. Taqi 
et al. studied 144 OI patients and found that 61% of OI type 
III (88/144), 52% of OI type IV (75/144), and 11% of OI type 
I (16/144) individuals had one or more missing teeth, with 
an average of 2.4 missing teeth per patient. Interestingly, in 
addition to third molars, the most frequently missing teeth 
in the general population, OI patients were also missing first 
premolars, canines, first molars, and central upper incisors 
[46]. In a cohort of 94 adult OI patients, Sæves et al. found 
an average of 4.1 missing teeth per patient in OI type I and 
4.2 missing teeth in OI type IV. The cause of missing teeth 
could not be determined accurately. Possible reasons may 
include extraction due to caries or malocclusion, or agen-
esis [14]. The OI population had fewer filled teeth than the 
general Norwegian population [55]. Conversely, the number 
of endodontically treated teeth was higher in the OI cohort 
compared to the general Danish population [56]. OI type I 
had more than twice as many endodontically treated teeth 
compared with OI type III and IV [14]. Bendixen et al. noted 
a significant difference in the mean number of natural teeth 
between individuals with OI type I (26.6) and OI types III 
and IV OI (24.2) [27]. O’Connell & Marini found that 10% 
of 40 children (OI type III or IV) in their study had miss-
ing teeth, including upper second premolars and lower left 
lateral incisors and congenital absence of second premolars 
and second molars [10]. In contrast, Nguyen et al. observed 

rare occurrences of missing teeth in their cohort of 68 chil-
dren, with only one case of missing upper second premolars 
[18]. This was also in agreement with Elnagdy et al., who 
diagnosed missing teeth in only 1 individual with OI type 
IV within their cohort of 48 patients with OI type I, III, or 
IV [49].

Although DI was not observed in OI type V, Kim et al. 
found that 8/16 (50%) patients had single or multiple con-
genitally missing premolars [31]. Additionally, Retrouvey 
et al. reported that 6/9 (66.7%) individuals with OI type V 
had from one to nine missing teeth, usually premolars [42].

Challenges in Tooth Eruption: Retention, Impaction, Ectopic 
Eruption, and Unerupted Teeth

Several studies have provided insights into the prevalence of 
unerupted teeth in individuals with OI. Marçal et al. found 
a higher prevalence of tooth retention, tooth impaction, 
and ectopic teeth (abnormal positioning) in OI individuals 
compared to controls (12.5% vs. 8.3%; 41.7% vs. 16.7%; 
37.5% vs. 16.7%, respectively) [38]. Taqi et al. discovered 
unerupted teeth in 25.6% (21/82) of OI patients, with indi-
viduals affected with OI type III exhibiting the highest preva-
lence (70%; 7/10), followed by OI types IV (40%; 13/32) and 
I (3%; 1/40). Notably, upper second molars were frequently 
affected. Furthermore, specific OI variants, particularly col-
lagen α1 and α2 glycine substitutions, and early-onset BP 
treatment, were linked to higher incidences of unerupted 
teeth. Unerupted teeth were significantly more common in 
patients with α1 and α2 glycine variants or substitutions 
compared to those with quantitative defects. Early-onset BP 
treatment significantly increased the risk of unerupted teeth 
in patients with OI types III and IV (OR = 1.68, 95% CI: 
1.15–1.53) [46]. Nguyen et al. noted an irregular eruption 
time in 14.7% of their cohort, while 85.3% had age-appro-
priate eruption [18]. O’Connell & Marini observed that 
while most patients had normal tooth eruption times for both 
deciduous and permanent teeth, 13/40 (32.5%) experienced 
ectopic eruptions of first or second molars [10]. In Schwartz 
& Tzipouras’s investigation, 17.8% of the 28 patients (5/28), 
spanning various age groups, had impacted first or second 
molars in their permanent dentition, with four cases associ-
ated with OI type III (4/7) and one with OI type I (1/20) 
[44]. Additionally, Andersson et al. found that 31% (29/93) 
of the children and adolescents under study exhibited reten-
tion of permanent second molars. Within this cohort, 16% 
(5/32) with quantitative defects and a notable 50% (21/52) 
with qualitative defects showed retention—a statistically sig-
nificant contrast. Consequently, 69% of those diagnosed with 
OI type III and only 19% of those with OI type I manifested 
retention of their permanent second molars. Moreover, max-
illary mesioangular retention was more prevalent (63%), 
compared to mandibular mesioangular retention (46%) [25].
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In individuals with OI type V, Kim et al. observed ectopic 
eruption of molars in 2/16 patients (12.5%) [31], while 
Retrouvey et al. found that 3/9 patients had retained decidu-
ous teeth beyond the normal range of exfoliation and 8/9 had 
impacted permanent teeth [42].

Discussion

One of the key findings of this review is the confirmation of 
the high prevalence of dental abnormalities in OI types I, III, 
and IV. DI is the most reported dental abnormality; addition-
ally, severe malocclusions, tooth agenesis, and abnormalities 
in tooth eruption occur frequently.

Non-syndromic DI types (types II and III) do not occur 
in OI and their prevalence is approximately 1 in 6000–8000 
[11]. Study prevalence of DI (type I) in OI varies. Four 
investigations in this review, each involving over 100 indi-
viduals, have found DI in one-fifth to half of OI patients 
[13, 16, 34, 41]. Some larger cohort studies, which have 
been excluded due to insufficient data on detailed dental 
evaluations, suggest a possible higher prevalence of DI. For 
instance, Yamaguti et al. find an overall prevalence of 52.4% 
in 906 individuals using literature databases [48]. Zhytnik 
et al. diagnose DI in 54.7% of 143 Ukrainian OI individuals 
[57], while Wei et al. identify it in 62.1% of 116 Chinese OI 
individuals [58]. These cohorts’ DI diagnosis criteria are 
unclear (e.g., whether based solely on tooth discoloration 
or on patient reports without dental evaluation), complicat-
ing comparisons with the studies included in the present 
review. Nonetheless, these findings underscore the systemic 
nature of OI, as the defective collagen synthesis inherent 
in this condition can affect not only bone development but 
also the development of dental tissues. Majorana et al. pro-
pose the odontoblast dysfunction hypothesis, which suggest 
that abnormal dentin might result from the accumulation of 
abnormal procollagen [35].

Lack of standardized guidelines hinders DI diagnosis 
and the determination of its prevalence. No clear criteria 
exist for identifying sufficient indicators for DI or choosing 
diagnostic methods. As shown in Table 2, the prevalence of 
DI varies widely, likely due to these inconsistencies. The 
prevalence rates differ significantly depending on the diag-
nostic methods used [15, 39]. Several studies observe that 
teeth appearing normal upon visual examination might show 
abnormalities when assessed with radiographic or histologi-
cal methods [32, 37, 39, 59]. Therefore, in certain instances, 
clinical evaluation alone is insufficient to exclude DI, as den-
tin abnormalities may also manifest through radiographic 
or histological features. The absence of uniform guidelines 
complicates the collection of accurate epidemiological 
data, underscoring the need for a standardized diagnostic 
approach to improve accuracy and comparability in DI 

prevalence studies. For future studies, until a standardized 
approach is established, it is essential to clearly document 
the diagnostic methods used to facilitate more accurate com-
parisons between studies.

In the general population, Angle Class I occlusions are 
the most common, with a prevalence exceeding 70% in the 
global population. Class II malocclusions follow, with a 
prevalence ranging 19.6–23%, and Class III malocclusions 
are the least common, with a prevalence ranging from 4 
to 5.9% [60]. However, in individuals with OI, this distri-
bution differs, with severe (Class III) malocclusions being 
reported most often. Schwartz & Tsipouras have suggested 
that severe skeletal deformities in these patients can cause 
severe occlusal problems [44], likely due to their impact 
on the jawbones. However, Class III malocclusions have 
also been diagnosed in OI type I patients [18, 44]. Cross-
bite has an incidence in the general population of approxi-
mately 9.3–11.7% [60]. In comparison, various studies 
report the incidence of Class III malocclusions and cross-
bite in OI cohorts ranging from 12.5 to 84% [18, 20] and 
27.5 to 73.2% [10, 20], respectively, except for the study 
by Elnagdy et al., who have found cross-bite in only 1/48 
individuals in their study [49] (Table 3). Additionally, open 
bite occurs more frequently in OI compared to the general 
population (18.8%–37.5% [20, 41], compared to 4.9–5.3% 
[60], respectively). In contrast, Class I occlusions appear to 
occur less frequently in OI compared to the general popula-
tion (14.8–50.0% [20, 44] versus 73–74.7% [60], respec-
tively). Class II malocclusions may have a similar incidence 
(OI: 0–37.5% [18, 20] versus general population: 19.6–23% 
[60]). Cephalometric assessment of malocclusions provides 
insight into the skeletal relationship between the mandible 
and maxilla. Individuals with OI often exhibit cephalometric 
deviations that may contribute to various malocclusions. A 
notable feature is relative mandibular prognathism, which is 
likely due to maxillary underdevelopment and/or mandibular 
overgrowth [20, 42, 43].

The etiology behind missing teeth—whether agenesis, 
extraction, or trauma—often remains unclear. Interestingly, 
a statistically significant association between DI and tooth 
agenesis has been described [36, 38]. In OI, tooth agenesis 
has been noted in 14–17% of individuals [16, 36], compared 
to 3.2–7.6% in the general population [61]. Collagen struc-
tural abnormalities may affect embryonic tooth development, 
especially early mineralization. This could be due to altered 
epithelial-mesenchymal signaling within the extracellu-
lar matrix, which may lead to arrested tooth development 
[36, 42, 62]. Agenesis has also been reported in OI type V, 
caused by IFITM5 variants. However, the role of IFITM5 
in tooth development is unclear, especially considering its 
still obscure function in collagen type I regulation [31, 42].

Disturbances in tooth eruption are found in 1.6–2.3% 
of the general population [63]. In studies focusing on OI, 
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various alterations have been noted. Overall, tooth eruption 
in OI is observed to be either age appropriate or delayed, 
with two studies even documenting accelerated tooth erup-
tion [10, 47]. However, ectopic eruptions and unerupted 
teeth are more frequent in OI, occurring in 32.5–37.5% 
[10, 38] and 25.6% [46], respectively, compared to rates of 
0.8–9.5% [64, 65] and 1.6–2.3% [63] reported in the general 
population. Collagen defects can alter the mechanical prop-
erties of dental tissues. Vourimies et al. have proposed that 
the increased bone turnover which characterizes OI could 
lead to accelerated dental development and eruption [47].

The studies in this review indicate that dental abnormali-
ties are more common in OI types III and IV than in OI type 
I. Most studies show that OI type I has the lowest preva-
lence of DI, with rates being more than twice as low as those 
seen in OI type III or IV (Table 2). Consequently, investiga-
tions of OI genotype and phenotype reveal that DI is more 
common in individuals with qualitative defects of collagen 
type I compared to quantitative defects [15, 25]. Similar to 
DI, occlusion issues occur more commonly in OI types III 
and IV than OI type I [14, 18, 20, 27, 29]. Individuals with 
OI type V appear generally not affected by DI, although a 
few isolated cases have been reported [41, 58, 66]. In the 
studies by Retrouvey et al. and Kim et al., none of the OI 
type V patients exhibit DI [29, 42]. The absence of DI in 
these individuals might be explained by the lack of collagen 
type I abnormalities. In contrast, malocclusion (specifically 
Angle’s Class II, anterior and posterior cross-bites, as well as 
open bites) and missing teeth (predominantly premolars), are 
reported in OI type V [5, 20, 45, 58]. It should be noted that, 
compared to OI types I, III, and IV, the number of patients 
with OI type V is considerably limited. Therefore, drawing 
definitive conclusions is not possible, as the described dental 
findings may be coincidental rather than specifically associ-
ated with OI type V. Although DI is generally not reported, 
it is important to raise awareness of the potential presence of 
dental abnormalities in patients with OI type V.

Different age ranges in studies make it difficult to com-
pare dental abnormalities by age. However, when focusing 
on dentition type—deciduous versus permanent teeth—DI 
and tooth discoloration appear more prevalent in deciduous 
dentition [5, 10, 18]. Additionally, yellow–brown discol-
oration is more frequent than gray discoloration and often 
affects a larger tooth surface in deciduous dentition [10, 35]. 
Severe attrition and enamel fractures are also more common 
in deciduous teeth compared to permanent teeth [5, 10, 35, 
49]. Above studies are in line with Maioli et al. who differen-
tiated between children and adults instead of dentition type. 
DI is found in 18/167 adults (10.8%) and 40/174 children 
(23.0%) [34]. Andersson et al. have found that half of 40 
individuals with DI exhibited signs of DI in both deciduous 
and permanent teeth, while the remainder only had DI in 
deciduous dentition. This has led them to suggest a potential 

transition of DI from deciduous to permanent dentition, as 
none showed DI signs in permanent teeth only [25]. Lindau 
et al. observe that DI was more frequent among individu-
als with deciduous teeth than among those with permanent 
teeth [33]. However, this variation might be due to the higher 
proportion of individuals with OI type I in the permanent 
dentition group or to the diagnostic criteria used. De Nova-
García et al. sheds light on malocclusion prevalence in indi-
viduals with OI across dentition types. Class I and Class II 
occlusions are less frequent in permanent-mixed teeth, while 
Class III malocclusions are found more often in permanent-
mixed than in deciduous dentition (4.1% versus 61%). Over-
jet, overbite, posterior cross-bite, and anterior open bite do 
not show significant differences in the deciduous dentition of 
OI patients compared to non-OI controls, while statistically 
significant differences are noted in permanent-mixed denti-
tion [20]. Regarding missing teeth, no specific data about the 
involved dentition type is available. In a cohort with OI type 
V, both deciduous and permanent dentitions are affected by 
retained or impacted teeth [42].

In addition to the dental abnormalities covered in this 
review, studies have shown a wide range of dental abnor-
malities that can occur in individuals with OI. This includes 
morphological abnormalities, enamel disturbances, short 
roots, caries, pulp obliteration, and attrition (Table 1). In 
individuals with OI, the prevalence of caries appears con-
sistent across studies [5, 18, 28] and similar to the global 
prevalence (43% in deciduous teeth; 29% in permanent 
teeth) [67]. Interestingly, the study by Ma et al. has found a 
significant association between DI and caries prevalence in a 
large cohort of 319 individuals with OI, with higher rates in 
those with DI and no difference across different types of OI 
[13]. Several studies in the general population have reported 
associations between various dental abnormalities. For 
instance, ectopic eruption is more prevalent among young 
individuals with agenesis [63]. Additionally, it is associated 
with crowding, caries and gingivitis [41]. The uneruption 
of the lower molar is correlated with Class II malocclusions 
and tooth morphology anomalies [63], and concurrent tooth 
agenesis and delayed eruption of permanent teeth have been 
reported [68]. Given the known associations among dental 
abnormalities in the general population, it is not surprising 
that individuals with OI manifest a wide spectrum of concur-
rent dental anomalies.

Reports indicate that individuals with OI experience nor-
mal healing after orthognathic surgery and achieve success-
ful outcomes with orthodontic treatments [69, 70]. Interest-
ingly, Gleizal et al. presented a case series and literature 
review of a total of eleven individuals, including four with 
OI, who were treated with BPs and underwent orthognathic 
surgery. None of these patients experienced post-operative 
complications [69]. However, complications such as edema, 
ecchymosis, and hemorrhage cannot be excluded due to 
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vessel fragility. These complications may hinder the treat-
ment procedure and delay post-treatment recovery. There-
fore, dental management in individuals with OI is feasible, 
provided that a thorough evaluation of the patient’s history 
and pre-operative assessment are carefully conducted, and 
necessary precautions are taken [70]. Implant placement in 
individuals with OI can be daunting, especially when there 
is very low bone mineral density (BMD) in the jaw bones, 
as implants need to be anchored in bone. However, a system-
atic review including data of 23 OI patients (with unknown 
BMD) showed a success rate of 94.0% with a total of 116 
implants, thus suggesting dental implants may be a viable 
treatment option for replacing missing teeth in OI [71]. BP 
treatment status was known for only 5 patients, of whom 4 
(17.4%) had used BPs in the past.

BP therapy is frequently used off-label in pediatric 
patients with OI. BPs inhibit osteoclast activity and conse-
quently can improve bone mass [72]. However, their effects 
on dental health remain unclear. Only two case–control stud-
ies examine the relationship between BP therapy and DI. 
Both studies find no statistical difference in the prevalence 
of DI between the BP-treated group and the non-treated 
OI individuals [16, 25]. Other studies highlight potential 
risks associated with BP therapy [72]. Evidence suggests 
that early or long-term use of BP therapy might lead to an 
increased risk of developing tooth agenesis [16], enamel 
defects [16], delayed eruption [46, 73], tooth impaction [38], 
and pulp obliteration [38] in individuals with OI. Addition-
ally, in vivo studies regarding the effects of BPs confirm 
significant dental irregularities in tooth eruption and devel-
opment in rats [74, 75]. Reassuringly, early BP treatment 
does not contribute to tooth agenesis according to Taqi et al. 
2021 [46], and no evidence of BP-related osteonecrosis of 
the jaws (BRONJ) is found in children with OI [41, 72, 76, 
77]. Interestingly, Vuorimies et al. note that BP therapy 
delayed dental maturation, therefore compensating for the 
advanced dental development found in their OI cohort [47], 
while Okawa et al. suggest that BP administration does not 
need to be suspended in patients undergoing extraction of 
primary teeth [41]. Based on these contradictory findings, 
the potential risks—or benefits—of BP therapy on dental 
health should be carefully considered.

A limitation of this review is that the correlational power 
of the findings of some studies may be insufficient due to 
their small sample sizes, diverse age ranges, varying demo-
graphic profiles, and different types of OI. Due to the het-
erogeneity in study designs, including different diagnostic 
tools, no statistical testing was performed. Therefore, we 
encourage systematic research involving large cohort and 
case–control studies with comprehensive clinical and molec-
ular characterization and uniform outcome measures. This is 
crucial when it comes to DI diagnosis, where standardized 
guidelines are lacking. Additionally, patients in these studies 

may have received orthodontic treatments that could have 
influenced the study outcomes. The lack of consistent report-
ing on BP treatment status in the included studies limits our 
ability to assess its potential impact on malocclusion devel-
opment. Language limitations may have limited the scope 
of this review, omitting relevant research. Nonetheless, this 
review provides valuable insights into dental abnormalities 
associated with OI.

In conclusion, dental anomalies such as DI, malocclu-
sions, missing teeth, abnormal tooth eruption and develop-
ment, retention, and impaction are notably frequent in indi-
viduals with OI, posing a significant concern for their oral 
health. Regular dental check-ups are important for everyone, 
but they are especially critical for individuals with OI due to 
these possible dental issues [19]. Even when dental abnor-
malities are not immediately visible, the dentin may still be 
affected. Early detection is crucial, as dental issues are often 
interconnected, and addressing them promptly can prevent 
more severe complications. In the USA, the UK, and the 
Netherlands, approximately 65–80% of individuals receive 
regular dental care, indicating that regular check-ups are 
not a given, even in developed countries. This percentage is 
likely lower in countries where dental care is less accessible 
[78–80]. This highlights the need for increased awareness 
and accessibility to dental care for individuals with OI [19]. 
Further research is essential to deepen our understanding of 
the underlying mechanisms of dental abnormalities in OI. To 
gain a more accurate understanding of the prevalence of den-
tal abnormalities and identify which individuals with OI are 
at risk, prospective cohort studies are needed. These studies 
should include known genotypes and detailed dental exami-
nations. Such prospective cohort studies would be valuable 
for establishing evidence-based guidelines for diagnosing DI 
and systematically evaluating dental manifestations in this 
complex connective tissue disorder.
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