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ABSTRACT

Osteogenesis imperfecta (OI), a genetic disorder characterized by brittle bones, often results in craniofacial and
dental abnormalities due to mutations in the COL1A1 and COL1A2 genes. This systematic review aimed to eval-
uate the relationship between these mutations and craniofacial and dental phenotypes in OI patients. Using the
PRISMA guidelines, 12 studies meeting inclusion criteria were analyzed and findings revealed that structural
mutations, particularly glycine substitutions in COL1A2, were strongly associated with dentinogenesis imperfec-
ta (DI), with a prevalence of 67.6%, compared to 45.4% in COL1A1 mutations. Craniofacial anomalies, including
Class II malocclusion and mandibular hypoplasia, were commonly linked to COL1A1 mutations. This review
emphasizes the importance of genotype-specific assessments in predicting craniofacial and dental outcomes in
OI patients. The findings support the need for personalized dental and orthodontic care and pave the way for

sis Imperfecta: A Systematic Review.
Biomed ] Sci & Tech Res 60(3)-2025.
BJSTR. MS.ID.009445.

targeted genetic and therapeutic research.

Keywords: Osteogenesis Imperfecta; COL1A1; COL1A2

Introduction

Osteogenesis imperfecta (OI), or brittle bone disease, is a rare ge-
netic disorder characterized by fragile bones, low bone density, and
craniofacial and dental abnormalities (Margal, et al. [1]. Its prevalence
is approximately 1 in 15,000-20,000 live births (Mahneva, et al. [2]).
Ol is classified into Sillence types [-IV: Type I is mild, featuring child-
hood fractures, blue sclera, and occasional dentinogenesis imperfecta
(DI). Type Il is perinatal lethal, while Type III is the most severe form
compatible with survival, involving frequent fractures and severe
deformities. Type IV is moderately deforming with variable pheno-
types (Mei, et al. [3]). A fifth type, OI Type V, is distinct in lacking DI
and presenting unique craniofacial and dental features (Retrouvey, et
al. [4]). Approximately 85-90% of Ol cases are caused by autosomal

dominant mutations in the COL1A1 and COL1A2 genes, which encode
the a1(I) and a2(I) chains of type I collagen, a key structural protein
critical for skeletal integrity (Mahneva, et al. [2]). Type I collagen con-
stitutes 85% of the skeletal organic matrix, providing tensile strength
through its characteristic Gly-X-Y triplet structure (Lindahl, et al. [5]).
Glycine’s small size is crucial for collagen triple-helix stability; its
substitution by larger or charged amino acids disrupts this structure,
causing skeletal deformities, blue sclera, and dentinogenesis imper-
fecta (DI) (Andersson, et al. [2,6]). Figures 1 & 2 show DI frequency
and mutation locations (Included after references) [7]. Craniofacial
abnormalities, including mandibular hypoplasia, midface deficiency,
and malocclusion, significantly affect oral health and quality of life in
Ol patients (Lindahl, et al. [5]).

Copyright@ : Hafsa Shah | Biomed ] Sci & Tech Res | BJ]STR.MS.ID.009445.

52543


https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2025.60.009445

Volume 60- Issue 3

DOI: 10.26717/BJSTR.2025.60.009445

A _ WS WE NE
100w : s .
-
-
™
-
e
-
-
.
B T om I
Ala Arg Asp Cys Gly Others
B NS N5 NS NS NS NS NS NS NS
1o
-
-
T
L
o
-
-
E
Gly=Ala Gly>Trp Gly=Cys Gly>Ser Gly>Val Gly=Asp Gly=>Glu
W COL1A1/ DI
B COL1A2/DI
1 NODI
Not Reported
N5 Mot Significant

Figure 1: Frequency of DI based on amino acid substitutions in COL1A1 and COL1A2 (Yamaguti, et al. [7]).
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Figure 2: Location of mutations in COL1A1 AND COL1A2 with clear s

DI, characterized by fragile and discolored teeth, is more prevalent
in severe Ol types (11l and IV) and strongly associated with C-terminal
mutations in collagen (Paduano, et al. [5,8]). Phenotypic variability in
Ol is influenced by the type and location of mutations within COL1A1
and COL1AZ2. Glycine substitutions account for 74.8% and 89.6% of
DI-related mutations in COL1A1 and COL1AZ2, respectively, highlight-
ing their role in pathological dentinogenesis (Yamaguti, et al. [7]).
While these genetic alterations have been studied, detailed analyses
linking specific mutations to craniofacial and dental outcomes remain
limited. Understanding genotype-phenotype relationships is critical
for guiding personalized dental and orthodontic care and developing
targeted therapies. This study aims to systematically review the exist-
ing evidence on COL1A1 and COL1A2 mutations and their impact on
craniofacial and dental phenotypes in O], identifying knowledge gaps
and future research priorities.

igns of dentinogenesis imperfecta (Andersson, et. al. [4]).

Materials and Methods

A systematic review of the literature was conducted using the
PubMed Advanced Database. The key terms used in the search in-

genetic mutations,” “craniofacial

» o«

cluded: “Osteogenesis Imperfecta,
abnormalities,” and “dental abnormalities.” The search was limited
to studies published in English from 2010 to the present. Articles
that focused on the relationship between COL1A1 or COL1A2 mu-
tations and craniofacial or dental abnormalities in OI patients were
considered for inclusion. The selection process followed the PRISMA
guidelines, with a flow diagram created to illustrate the identification,
screening, and inclusion of relevant studies. Data extracted from the
studies included author information, year of publication, sample size,
mutation types, and reported craniofacial and dental abnormalities.
Figure 3- Prisma flow diagram (included after references). The find-
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ings were synthesized narratively, as the included studies varied in
design, population, and reported outcomes. Data was organized by
outcome type (e.g., dentinogenesis imperfecta, malocclusion) and by

mutation (COL1A1 or COL1A2). Studies were compared qualitatively
to identify common findings, trends, and discrepancies in the report-
ed associations between mutations and phenotypic outcomes.
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Figure 3: Prisma Flow Chart.

Study Selection and Data Extraction

Studies were Included if they:

1. Reported data on craniofacial and/or dental abnormalities
in OI patients.

2. Provided information on COL1A1 or COL1A2 mutations.

3. Were original research articles, including case-control stud-
ies, cohort studies, or case reports.

Studies were Excluded if they:

1. Did notreport craniofacial or dental outcomes.
2 Did not report information on genetic mutations
3. Focused on non-human subjects.
4

Did not have full-text access available.

Results
Description of Studies Included in the Analysis

A total of 12 studies were included in this review, published be-
tween 2010 to present. These studies primarily focused on the rela-
tionship between COL1A1 and COL1A2 mutations and craniofacial
and dental abnormalities in individuals with osteogenesis imperfecta
(OI). Study designs included retrospective cohort studies, case-con-
trol studies, observational analyses, and experimental genetic stud-
ies, with sample sizes ranging from single case reports to cohorts of
223 participants. The key outcomes assessed across the studies were
dentinogenesis imperfecta (DI), malocclusion, hypodontia, and other
craniofacial anomalies, such as mandibular hypoplasia and midface
deficiency. A common finding was that COL1A2 mutations were more
strongly associated with dentinogenesis imperfecta, whereas COL1A1
mutations were linked to a broader range of craniofacial abnormali-
ties (Table 1) [9-12].
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Table 1: Description of Studies.
f Sample P value ; . .
Author Title Size Outcome CI (95%) Mutation Studied Notes
Mutations in COL1A1 and CO- 70% with glycine
Andersson L1A2 and dental aberrations Dental aberrations and COL1A1 and COL1A2 | substitution C-terminal
etal. [6] ’ in children and adolescents 152 craniofacial in OI and 0.01 of p.Gly305 had DGI in
’ with osteogenesis imperfecta dentinogensis imperfecta (p- Gly305) both dentitions. Colla-
Retrospective cohort study gen I changes noted.
Autosomal domi-
nant mutations in
COL1A1/2in 85% of
o Hypodontia and oli- cases.
Mutations in COLlAl /A2 a.md godontia COL1A1, COL1A2,
CREB3LI1 are associated with .. .
Anderson, et . .. X and CREB3L1 Clinical and genetic
oligodontia in osteogenesis 10 n/a S
al [9] imperfecta findings in individuals
Cross se}ztional stud (c3208-6C>T) further investigated
y with whole-genome
sequencing
COL1A1 Mutation
E2 Mutation
M E;C't2'31d(el(135)6§c21211“) Mutations were found
utation (c. elT), |
Mutations in the COL1A1 and 151 Mutation n exons 2,22,50 and
. . in introns 13 and 51 of
COL1A2 genes associated with (c.4248+1G>A) the COL1A1 gene. In
Augus- osteogenesis imperfecta (OI) General Ol-related anom- COL1A?2. one ;:r1uta.tion
ciak-Duma, types IorII 8 alies, reduced collagen n/a id i fied i
etal. [10] secretion was 1dentified 1in exon
Retrospective observational COL1A2 Mutation 2.2' Gl.y403Cys muta-
study tion linked to severe
E22 Mutation craniofacial deformi-
(¢.1207G>T, Gly- ties.
403Cys):
. Ol types I, III, and IV
Skelgtal phgnotypes m adglt studied; helical muta-
patients with osteogenesis tions associated with
imperfecta— correlations with Skeletal
phenotypes, COL1A1 (46 muta- severe phenotypes.
Halﬁ’ﬁt al. COLléu/ 1? OLlAt2 getn otype 85 reduced bone mineral p <0.001 tions), COL1A2 (22 Qualitative COL-1
and collagen structure density and fractures mutations) defects linked to lower
Observational, clinical-genetic Bone mmera}l dens1ty
correlation study. and bone microarchi-
tecture issues.
Genotypic Characterization A novel COL1A1
of a Chinese Family with mutation (c.725G>T)
Osteogenesis Imperfecta and identified iﬁ exon 10
. Generation of Disease-Specific Phenotypic variability in COL1A1 (c.725G>T, - :
Li, etal. [12] Induced Pluripotent St 3 Ol weneration of iPSCs n/a G242V) Generated patient-spe-
nduce &Jrﬁ)o ent stem '8 b cific iPSC lines to
els study OI mechanisms
Experimental, genetic study and develop therapies.
- DI strongly associ-
ated with qualitative
mutations & more
. . . i Ol
Genetic Epidemiology, COMmon M severe
Prevalence, and Genotype- (éyfes I.H aln ﬁl {V) 1
. Phenotype Correlations in - - 25% had Dentinogene- - \-terminal hehica
Lindahl, et ; X . 223 indi- . COL1A1 and COL1A2 | mutations were asso-
the Swedish Population with . sis Imperfecta (DI) P <0.0001 - . . .
al. [5] . viduals mutations ciated with DI in both
Osteogenesis Imperfecta
genes
Cohort study -DI was found to be
more common in
females with mild type
1 0OI (58%).
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ical Classification of Osteo-
1 (case | Dentinogenesis imperfec- N/A

Discrepancies in the Phenotyp- - [(;TP ;gsgr(éo;?ilgztt:lm
COL1A2 mutation and mild postnatal
phenotypes
(c.982G>A, p.G3285) - Difficulty in classi-

Mahneva, et genesis Imperfecta in a Patient
al. [2] with COL1A2 Mutation study) ta (DI)
fying Ol type using
Case Report standard criteria
-DI: P
<0.001;
OR =1.62
. 0.16- .
Dental. Altera.tlons on - High prevalence of g 6.28) - Blsphogphonat_e
Panoramic Radiographs of s use associated with
Patients with Ost X dental abnormalities: delaved tooth i
atients with Osteogenesis dentinogenesis imperfec- elayed tooth eruption
Imperfecta in Relation to 24 OlI pa- o ! . and developmental
Margal, et L . . - . ta (75%), tooth impaction, Pulp
Clinical Diagnosis, Severity, | tients, 48 . : COL1A1, COL1A2 changes
al. [1] . . ectopic teeth oblitera-
and Bisphosphonate Regimen | controls | Bisphosphonate ther ton:
Aspects isphiosphonate therapy on: - Emphasized system-
linked to specific alter- . .
i P =0001: atic dental exams in OI
Case control study ations OR = ! Ppatients
58.75
(5.45-
633.11)
De novo mutations
have higher phenotyp-
ic severity due to lack

Comparing Clinical and
Genetic Characteristics of De
Novo and Inherited COL1A1/
. COL1A2 Variants in a Large
Mei, etal. [3] Chinese Cohort of Osteogene- 135

Clinical severity higher <0.001
in de novo mutations; p=l
for Type

OI higher clinical scores

of purifying selection;

more frequent Type III IOl

COL1A1 and COL1A2

| structural mutations
(e.g., glycine substi-

tutions) dominate;
missense mutations
prevalent in both

sis Imperfecta
Retrospective Cohort
groups
R New frameshift
and missense vari-
ants reported; these

Expanding the genetic and
clinical spectrum of osteogene-
sis imperfecta: identification of

Novel rare pathogenic
variants identified in
COL1A1 (5 PVs) and n/a

(c.2890_2893del,
¢.3887del), COL1A2

mutations contribute
to protein truncation
or altered function,
affecting the type I
collagen framework.

Paduano, et | novel rare pathogenic variants 10
al. [8] in type I collagen-encoding COL1A2 (2 PVs), ex-
genes panding known mutation

spectrum Genetic findings high-

Retrospective cohort study light novel therapeutic

targets and diagnostic

implications.
67% had missing teeth;
57% showed Cl.

gro-den.tal. andfcranio-facia.l I mals o c(?l/rgi on :Isil
char acif:;setrlfcesc?a ;);}t)io\g/enesm Missing permanent teeth, retrusive facial profile;

Retrouvey, Class II malocclusion, decreased lower face
etal. [4] 14 retrusive profile; no den- N/A TFITMS (c.-14C>T) height in 57%. Distinct

tinogenesis imperfecta phenotype from

Observational cohort study COL1A1/2 mutatl(.ms;

premolar agenesis

prominent

DI is more common
in COL1A2 variants,
especially severe Ol

Yamaguti, et
al. [7]
Retrospective cohort study
with an added meta-analysis

tinogenesis Imperfecta

906 (me- identified; DI linked to
ta-analy- litati -

sis) qualitative mutations

Unequal Impact of COL1A1 81 DI . o
. . prevalence: 45.4%
and COL1A2 Variants on Den- (réit}llir;:)s (COL1A1) and 67.6%
! (COL1A2); hotspots p<0.0001

types (III, IV); identi-
fied 4 DI hotspots (e.g.,
p-Gly767Ser, p.Gly-

COL1A1, COL1A2
821Ser in COL1A1);

novel correlation with
major ligand binding
regions influencing
DI risk.
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Findings Across Studies

The studies consistently reported that COL1A2 mutations were
more frequently linked to dentinogenesis imperfecta (DI) than CO-
L1A1 mutations (Andersson, et al. [1,6,7]) found that DI was present
in 67.6% of individuals with COL1A2 mutations, compared to 45.4%
in those with COL1A1 mutations. with qualitative mutations, particu-
larly missense variants, being strongly associated with DI occurrence
(p < 0.0001). COL1A1 mutations, particularly those involving glycine
substitutions near p.Gly305, were strongly associated with DI in both
primary and permanent dentitions (Andersson, et al. [6]).Craniofa-
cial abnormalities, such as malocclusion and mandibular hypoplasia,
were also more commonly associated with COL1A1 mutations ( Au-
gusciak-Duma, et al. [5, 10]). Hypodontia and tooth impaction were
linked to both COL1A1 and COL1A2 mutations (Margal, et al. [1]).
Overall, the studies reviewed show consistent evidence linking CO-
L1A1 and COL1A2 mutations to significant craniofacial and dental
abnormalities in OI patients. COL1A2 mutations were more strongly
associated with dentinogenesis imperfecta, while COL1A1 mutations
were linked to a broader range of craniofacial abnormalities. Some
studies also investigated novel mutations and their implications for
the OI phenotype (Li, et al. [8,12]). These findings emphasize the im-
portance of genetic testing in diagnosis, phenotypic classification, and
personalized management of Ol-related anomalies.

Discussion

This systematic review highlights the significant association be-
tween COL1A1 and COL1A2 mutations and the development of cra-
niofacial and dental abnormalities in osteogenesis imperfecta (OI).
Over 85% of OI cases are linked to mutations in these genes, which
encode procollagen type I. Mutations affecting the triple helix do-
main, particularly missense mutations, impair collagen incorporation
into procollagen, contributing to severe phenotypes like Ol Type III
(Augusciak-Duma, et al. [10]).Both COL1A1 and COL1A2 mutations
lead to structural or quantitative defects in type I collagen, a critical
component in tooth development. During the late bell stage, type I
collagen plays an essential role in facilitating predentin secretion
(Andersson, et al. [9]). These mutations are significant contributors
to dentinogenesis imperfecta (DI), observed in approximately 75%
of moderate-to-severe Ol cases (Margal, et al. [1,8]). Notably, COL1A2
glycine substitutions are strongly linked to DI, characterized by brittle
and discolored teeth (Yamaguti, et al. [7]). In contrast, COL1A1 mu-
tations are implicated in a broader spectrum of craniofacial abnor-
malities, including malocclusion, mandibular hypoplasia, and midface
deficiency (Lindahl, et al. [5,10]). Notably, glycine substitutions near
p.Gly305 in COL1A1 result in DI in both dentitions, affecting 70% of
individuals. These mutations are also associated with permanent mo-
lar retention and taurodontism, underscoring the role of type I colla-
gen in tooth morphogenesis (Andersson, et al. [9]). Shared features,
such as hypodontia and tooth impaction, further illustrate the com-
plex genotype-phenotype relationships in Ol (Margal, et al. [1]).

The findings emphasize the importance of genetic testing in
predicting and managing craniofacial and dental abnormalities. For
instance, COL1A2 mutations necessitate vigilant monitoring for DI,
while craniofacial anomalies benefit from a multidisciplinary ap-
proach involving geneticists, dentists, and orthopedic specialists.
Additionally, bisphosphonate therapy requires careful monitoring
to mitigate potential delays in tooth eruption and developmental
anomalies (Margal, et al. [1]). Emerging research on patient-specific
induced pluripotent stem cells (iPSCs) offers promise for understand-
ing the mechanisms of Ol and developing targeted therapies. Li, et al.
[12] demonstrated the utility of iPSCs in preserving donor-specific
genetic traits, enabling the exploration of biochemical pathways and
the development of targeted treatments. Novel mutations, such as CO-
L1A1 (p.G242V), continue to expand the genetic spectrum of DI and
0], identifying new therapeutic targets (Li, etal. [8,12]). Despite these
advances, several limitations persist. Small sample sizes and incon-
sistent diagnostic criteria for craniofacial and dental abnormalities
hinder the generalizability of findings and complicate cross-study
comparisons. Retrospective studies often introduce biases and in-
complete phenotype documentation, further limiting conclusions. Fu-
ture research should prioritize larger, multicenter studies to address
these gaps. Standardizing diagnostic criteria and elucidating molecu-
lar mechanisms underlying OI's phenotypic diversity are critical for
refining diagnostic and therapeutic strategies.

Conclusion

This systematic review was done to understand the significant
association between COL1A1 and COL1A2 mutations and craniofacial
and dental abnormalities in osteogenesis imperfecta (OI). COL1A2
mutations, particularly glycine substitutions, were strongly linked to
dentinogenesis imperfecta, while COL1A1 mutations were associated
with a broader spectrum of craniofacial defects such as malocclusion
and mandibular hypoplasia. These findings highlight the importance
of genetic testing for guiding personalized treatment plans, includ-
ing early dental interventions and orthodontic care. Future research
should focus on large-scale, longitudinal studies to further explore
genotype-phenotype correlations and improve the clinical manage-
ment of Ol-related abnormalities.
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