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ABSTRACT

Review Article

Osteogenesis Imperfecta: A Narrative Review
of Pathogenesis, Clinical Manifestations
and Emerging Therapies

Osteogenesis Imperfecta (Ol) is a genetic disorder that causes “brittle bone disease” due to defects in type | collagen and other
genes that control collagen synthesis and osteoblast activity, resulting in fragile bones, as well as skeletal problems and connective
tissue disorders. Individuals with this condition exhibit symptoms ranging from mild intermittent fractures to life-threatening cases,
with varying degrees of severity. The genetic condition Ol includes primary types (I-1V), which exhibit autosomal dominant traits,
whereas newer versions (V-VIIl) demonstrate autosomal recessive or unique dominant characteristics. The characteristics of Ol include
brittleness, which leads to easy fractures, shortened body length, spinal curvature, a bluish ring around the eyes, ear problems, weak
teeth and sensitive skin. Diagnosis relies on clinical assessments, imaging tests and genetic testing, as these methods aid in subtype
identification and genetic counselling. Physical therapy, along with assistive technology, helps patients manage Ol. Bisphosphonates
are the primary drugs used for treating Ol, accompanied by calcium supplements and vitamin D, which constitute the pharmacological
therapy. Surgical interventions, such as intramedullary rodding and spinal fusion, become necessary when severe deformities
develop. Future treatments for Ol’s inherited nature include three promising therapies that combine gene therapy, stem cell therapy
and antisclerostin antibody protocols. Advances in genetic testing, alongside new therapeutic developments, unlock new medical
possibilities to enhance patient healthcare and increase the need for research into the management of this complex condition.
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INTRODUCTION

People suffering from Ol usually develop fragile bones that are prone
to breaking, often with little or no trauma [1]. Human bone fragility,
along with skeletal abnormalities and connective tissue defects,
arises from gene mutations (typically COL1A1 or COL1A2) that affect
the production of type | collagen [1]. The diagnostic features of Ol
include short stature, combined with bone malformations, as well as
fragile bones and multiple fractures [2]. Mild forms of Ol may remain
unidentified until an individual reaches adulthood, while severe
cases can result in foetal death during pregnancy [2]. The disease is
classified into five widespread forms, with type | being mild and type
Il being fatal [3]. Patients with types Ill and IV survive beyond the
normal newborn period despite presenting with severe conditions,
whereas type V Ol exhibits a combination of mild to moderate
symptoms, along with interosseous membrane involvement [3]. The
decline in normal type | Collagen (Col |) production or the formation
of aberrant collagen occurs due to mutations in Col | genes [4].
Mutations in genes that regulate Col | synthesis and processing, as
well as the differentiation of osteoblasts, have been reported in cases
of Ol [4]. Ol presents as a global health problem with predominantly
autosomal dominant patterns, though rare autosomal recessive
forms also exist [1,3].

Types and Characteristics of Osteogenesis
Imperfecta (Ol)

Ol exhibits four traditional primary forms (I-IV), which are classified
based on genetic aetiology, inheritance patterns and clinical severity
levels [2]. Type | Ol is the mildest and most commonly occurring form
of the condition, manifesting as blue sclera and hearing deficits,
along with numerous bone fractures throughout life [5]. This genetic
condition arises from mutations in the COL1A1 or COL1A2 genes,
which reduce type | collagen production, and follows an autosomal
dominant inheritance pattern [1,5].

Type Il Ol is the most severe and fatal form of Ol, as sufferers
typically die either in the womb or shortly after birth due to extreme
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bone fragility and respiratory complications [6]. The development
of significant mutations in collagen genes leads to this condition,
which also displays autosomal dominant inheritance [6,7].

Individuals diagnosed with type Il Ol experience numerous fractures,
severe bone abnormalities, short stature and spinal curvature [7].
This form of Ol shares similarities with types | and Il as an autosomal
dominant condition affecting the COL1A1 or COL1A2 genes,
causing structural defects in the collagen produced [7].

Type IV Ol is characterised by bone fragility and mild to moderate
short stature, along with bone abnormalities, representing a
moderately severe form of the disease. Patients with type IV Ol
may exhibit either plain sclerae or a faint blue appearance, which is
their only visible differentiator compared to type | [8]. The condition
is associated with mutations in collagen genes and follows an
autosomal dominant transmission pattern [8].

Emerging types of Osteogenesis Imperfecta (Ol): The four
prominent types of Ol remain fundamental for classification, despite
newly identified forms, including Type V and later types, displaying
distinctive genetic, radiological features and clinical manifestations
[9]. Type V Ol is characterised by white scleral eyes, interosseous
membrane calcification and hypertrophic callus formation due
to mutations in the IFITM5 gene [9,10]. Type VI Ol is caused by
mutations in the SERPINF1 gene, resulting in extreme bone fragility
and normal fish-scale bone patterns [10]. Genetic mutations
affecting the CRTAP gene lead to Type VII Ol, which manifests
as rhizomelia and moderate to severe bone fragility [11,12]. The
presence of abnormalities in the LEPRE1 gene causes Type VIII Ol,
resulting in severe or fatal underdevelopment of skeletal structures
throughout the body [11,12].

Clinical manifestations vary among activity-related Ol types caused
by mutations in genes such as PPIB, SERPINH1, FKBP10, SP7/
OSX, and other genes due to their unique genetic patterns [13].
Recent forms of Ol exhibit an autosomal recessive inheritance
pattern, contrasting with the dominant inheritance observed in
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types I-IV [13]. Genetic testing has gained new significance through
these discoveries, as scientists now have a better understanding
of Ol genetics, which opens up treatment possibilities for patients
[1,11]. The types and characteristics of Ol are detailed in [Table/
Fig-1] [1,5-13].
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the structure of collagen fibrils leads to a weakened bone matrix,
which increases the risk of fractures [20].

Expansions that occur near the 3’ terminus of the COL1A1
gene, along with glycine substitutions due to mutations, cause
excessive elongation of the pro-a1 () chains [21]. Abnormal protein

Ol type Characteristics Genetic basis Inheritance pattern References
Type | ;\r/lailgteusrte ;orm, blue sclera, hearing deficits, multiple Séﬂlé;:; grrog(u)clj[:oAnZ mutation reduces type | Autosomal dominant [15]
Type I ZAL?:Ejz\;?rreeéﬂ%ﬁsgrf:ﬁ;gﬁgr:n(g rsehs(:)ritgtzfrt;irsztt:s Severe collagen gene mutations Autosomal dominant [6,7]
Type Il Severe borje abnormalities, multiple fractures, short | COL1A1 or COL1A2 mutation causing structural Autosomal dominant 7]
stature, spinal curvature collagen defects

Type IV ’gﬂgfeegﬁ;?xaelﬂtig’sYmnifrﬁé‘n;??;;itgljgzrllztrzture’ Collagen gene mutations Autosomal dominant [8]
Type V x\ggifgf&i’ ér;tlleurgis)frz:fig:embrane caloification, IFITM5 mutation Autosomal dominant [9,10]
Type VI Extreme bone fragility, fish-scale bone pattern SERPINF1 mutation Autosomal recessive [10]
Type VI Rhizomelia, moderate to severe bone fragility CRTAP mutation Autosomal recessive [11,12]
Type VIII Severe or fatal skeletal underdevelopment LEPRE1 mutation Autosomal recessive [11,12]
Other emerging types Various bone fragility and deformities PPIB, SERPINH1, FKBP10, SP7/0OSX mutations Autosomal recessive [13]
[Table/Fig-1]: Types and characteristics of Osteogenesis Imperfecta (Ol) [1,5-13].

Pathogenesis of Osteogenesis Imperfecta (Ol)

The organic bone matrix is composed primarily of 90% type | Genetic Mutations

collagen, as this protein acts as the main structural component of (COU A1l /COL1 A2)

bone tissue [14]. The bonding of two a1 chains with one a2 chain

results in a triple-helix structure that provides bones with tensile

strength and flexibility [14,15]. The resistance to compression and

stiffness of bones is largely due to collagen serving as a scaffold [ J,Type | collagen production ]

for the deposition of crystal hydroxyapatite [15]. When osteoblasts

produce type | collagen during bone formation, this protein material

is integrated into the bone matrix through mineralisation [16]. ‘ - : .

Osteoblasts and osteoclasts utilise collagen fibres to carry out bone Defective tnple-hehx structure

remodelling tasks, as these fibres provide favourable attachment (Hap|oinsufficiency)

surfaces [16]. The hierarchical structure of collagen fibres enhances

bone flexibility and toughness, thereby enabling bones to absorb Y > l :

energy effectively when facing fractures [15]. Proper cross-linking Bone Matrix Cellular

of collagen molecules is necessary to maintain their mechanical &

oroperties [14.15], Defecls Dysfunction

Ol develops primarily due to genetic variations that affect the genes Osteoblast

coding for type | collagen. Bone fragility arises from these genetic
changes, which hinder type | collagen from performing its normal
synthesis and maintaining its standard structural composition [17].
Haploinsufficiency occurs when one specific allele becomes non
functional due to mutated genetic sequences, leading to a decreased
amount of normal collagen [16,17]. This collagen deficiency weakens
the bone structure. Improper collagen structure creates difficulties
for bone mineralisation, resulting in poor bone density because it
disrupts the alignment of hydroxyapatite crystals during deposition
[8]. The altered bone collagen structure diminishes both osteoclast
resorption activity and osteoblast function, contributing to increased
bone fragility [4,18]. Bone deformities and brittle bones, which are
easily fractured, coincide with short stature in patients exhibiting
these conditions, along with connective tissue abnormalities that
include blue sclerae and dental complications in Ol [18]. The
pathogenesis of Ol is illustrated in [Table/Fig-2].

Molecular basis of Osteogenesis Imperfecta (Ol)

The COL1A1 and COL1A2 genes primarily cause Ol by carrying
mutations that affect the pro-a1 (I) and pro-a2 (I) type | procollagen
chains [19]. Glycine substitution is a common consequence of
mutations in the Gly-X-Y repeating sequence of collagen triple
helices [20]. Glycine is critical for the tightness of collagen helices,
as it is the smallest amino acid [20]. Replacing glycine with larger
amino acids renders the helical structure unstable, resulting in
structural defects within collagen molecules [20]. This instability in

* Poor mineralization impairment —{

(I hydroxyapatite Bone formation
daposiien) Osteoclast
» Weak tensile strength dysregulation —

Bone resorption

)

[ Clinical Features ]

» Bone fragility & fractures
* Short stature
« Blue sclerae & dental defects

[Table/Fig-2]: Pathogenesis of Osteogenesis Imperfecta (Ol).

chains create barriers to assembly, worsening the quality of the
bone matrix tissue [21]. Researchers have found that defects in
collagen transport systems result in mutations within the body [21].
Deficiencies in elements of retrograde transport systems prevent
proper collagen folding and processing, creating a pathogenic
situation in Ol [16]. The precise processes of collagen biosynthesis
and assembly are crucial for bone strength, as disruptions at the
molecular level compromise both the structure and functionality
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of bone tissue [20,21]. The molecular basis of Ol is illustrated in
[Table/Fig-3].

!

Glycine Substitution in Gly-X-¥ Repeating Sequence

= Loss of smallest amino acid (glycine)
+ Disrupts collagen triple helix stability

\

Structurally Defective Collagen Molecules

* Impaired collagen fibril formation
* Weak and unstable bone matrix

increased Bone Fragllity & Risk of Fractures

-
-

Additional Mutations Near 3 Terminus of COL1A1

= Elongation of pro-alil} chains
+ Defective protein chain assembly

+ Retrograde transport system disruption
= Improper collagen folding & processing

* Pathogenic changes in Ol

[Table/Fig-3]: Molecular basis of Osteogenesis Imperfecta (Ol).

Clinical Manifestations of Osteogenesis Imperfecta (Ol)

Ol is known as “brittle bone disease” because patients have bones
that become brittle, which can break easily during daily activities
without evident injuries or trauma [22]. The primary medical sign
of this condition is an increased susceptibility to fractures, ranging
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from moderate to severe levels, depending on the Ol subtype [22].
Long bones, particularly the femur, tibia and humerus, experience
the majority of fractures associated with this condition [22,23].

Skeletal abnormalities and growth impairments: The main
skeletal abnormalities of Ol arise from abnormal bone growth and
the occurrence of multiple fractures throughout the condition [23].
The most frequently recognised issues in patients with Ol affect
spinal structure, leading to conditions such as kyphosis or scoliosis,
while also deforming the long bones of the limbs, from the arms to
the legs [24]. Spinal curvature and chest wall abnormalities may
cause breathing difficulties that impact lung capacity and increase
the risk of respiratory insufficiency and recurrent lung infections
[24]. The abnormal bone growth in Ol patients results in diminished
stature and shortened height [1,11]. The poor development and
growth issues in bones become even more severe with repeated
fractures and skeletal abnormalities [3,23].

Ocular, auditory, and dental manifestations: A bluish tint to the
whites of the eyes, known as blue sclera, represents a distinctive
clinical pattern of Ol, as it arises from the thinness of collagen-rich
connective tissue, which exposes the visibility of blood vessels
[12,25]. The most frequently observed health issue is hearing loss,
with manifestations typically beginning in early adulthood and
gradually deteriorating over time [26]. Anomalies in the middle ear
bones are usually the underlying cause of this condition [26].

Dentinogenesis imperfecta is a common oral condition affecting
individuals with OIl, as it results in brittle teeth that exhibit
discolouration and lead to dental fragility [27]. The development
of defective dentin within the teeth gives rise to specific dental
anomalies [27]. The connective tissue weakness in individuals with
Ol results in thin and delicate skin, making them prone to frequent
bruising due to underlying tissue fragility [4,5]. These clinical
characteristics collectively indicate that Ol affects multiple body
systems, influencing both skeletal structures and other connective
tissues throughout the entire body [1,9]. The clinical features of Ol
are detailed in [Table/Fig-4] [1,3-5,9,11,12,22-27].

Clinical features Description References
Fracture Ol leads to brittle bones that break easily
™ without trauma. Long bones like the femur, tibia [22,23]
susceptibility
and humerus are most affected.
Skeletal Includes spinal deformities (kyphosis, scoliosis),
- limb deformities and chest wall abnormalities [23,24]
abnormalities X .
that can lead to respiratory issues.
Growth Abnormal bone growth results in short stature,
ST [1,3,11,28]
impairments worsened by repeated fractures.
Ocular Blue sclera due to thin collagen-rich connective
. . : ' [12,25]
manifestations | tissue revealing blood vessels.
. . Hearing loss, typically starting in early
Auditory issues adulthood, due to middle ear bone anomalies. [26]
. Dentinogenesis imperfecta causes brittle,
Dental issues discoloured teeth with weak dentin structure. 27
Skin fragility Thin, de!lcatg skin with frequent bruising due to [4.5]
connective tissue weakness.
Systemic impact Ol affects multiple body systemg, mpactmg (1,9
skeletal structures and connective tissues.

[Table/Fig-4]: Clinical features of Osteogenesis Imperfecta (Ol) [1,3-5,9,11,12,22-27].

Ol: Osteogenesis imperfecta

Diagnostic Approach to Osteogenesis Imperfecta (Ol)
The clinical characteristics of Ol include repeated bone fractures,
bone irregularities, blue sclera, dentinogenesis imperfecta and
hearing loss, all of which assist in its diagnosis [9,28]. The diagnosis
of Ol can be confirmed through evaluations of family history since
relatives are likely to exhibit similar symptoms of the condition [28].
Healthcare professionals examining individuals with moderate
to severe forms of Ol must assess their height, as these forms
commonly cause reduced stature [28]. A proper diagnosis of Ol
relies on radiographic imaging [2,28].
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Diagnostic features for this condition include osteopenia, fractures
at various stages of healing, and wormian bones, which are
additional sutural bones in the skull [29]. The frequent occurrence
of fractures leads to both bending deformities and physical
abnormalities of long bones, which often exhibit a slender and
elegant structure [29]. The most severe manifestations can result
in spinal curvatures known as scoliosis, along with vertebral crush
injuries [24,29].

The diagnosis of Ol is made certain through genetic testing, which
demonstrates the highest accuracy [1,11,30]. The results of genetic
testing help physicians confirm the diagnosis of Ol and assist in
determining the type and severity of the condition to guide medical
treatment and genetic counselling [30]. Multiple medical conditions
presenting with osteopenia, bone imperfections, or fragility will
be considered when diagnosing Ol [30]. The diagnosis of rickets
becomes evident through specific radiographic features combined
with biochemical markers, as its growth plates expand differently
compared to Ol [31]. Children with unexplained fractures should
be evaluated for possible non accidental injuries, including physical
abuse [31].

Treatment and Management Strategies for
Osteogenesis Imperfecta (Ol)

The primary focus of medical treatment is on dual functions:
improving bone strength and preventing fractures [2,28].
Pamidronate and other bisphosphonates can be used as the
first-line treatments for Ol [2,32]. Bisphosphonates protect bones
from resorption while simultaneously increasing bone density, thus
reducing the likelihood of fractures [32]. These medications provide
relief from bone pain and are particularly beneficial for patients with
moderate to severe forms of Ol [32]. Improving bone health typically
requires the combined use of bisphosphonates with vitamin D and
calcium supplements for most patients [33,34]. Denosumab, along
with other novel treatments, can serve as alternatives for patients
who do not respond to bisphosphonate therapy [33]. Additionally,
antisclerostin antibodies may represent a potential new treatment
option, as they promote bone formation [12].

Managing complications associated with Ol often necessitates
surgical intervention as an essential treatment for severe cases [1].
One common surgical procedure involves the insertion of metal
rods inside long bones (intramedullary rodding) to provide stability,
prevent deformities, and reduce the occurrence of fractures [35].
This surgical approach is particularly beneficial for young patients,
as their developing bones are involved [35]. Patients requiring
treatment for severe spinal curvature due to scoliosis can achieve
better stability through spinal fusion procedures, both before and
after surgical intervention [35].

The management of Ol heavily relies on physical therapy to
improve overall body functionality, alongside strength development
and enhanced mobility [18]. A combination of fitness training
tailoured specifically for patients with Ol can build muscle strength
and prevent fractures by incorporating non jarring exercises such
as swimming [12]. Physical therapy enhances motor skills and
physical coordination while also improving balance, as these
abilities are often impaired in individuals with Ol [1,2]. The use of
assistive technology, such as wheelchairs, walkers and braces,
should also be considered to help maintain independence and
mobility [8,35]. Gene therapy represents a novel strategy aimed
at restoring and correcting the genetic alterations associated with
Ol to address its root cause [36]. Stem cell therapy offers potential
improvements in bone formation systems and repair techniques
related to Ol [36]. Treatment strategies for Ol are detailed in [Table/
Fig-5] [1,2,8,12,18,32-36].

Researchers have investigated Mesenchymal Stem Cells (MSCs)
due to their promise in differentiating into osteoblasts and
supporting bone tissue growth [37]. Medical research indicates
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Treatment/Management Description References
Improve bone density, reduce fractures

Bisphosphonates and relieve bone pain. Typically used [2,32-34]
with vitamin D and calcium.

Denosumab AIternaUve for patients unresponsive [33]
to bisphosphonates.

Antisclerostin Encourages bone formation, a potential

- . [12]

antibodies new treatment.
Metal rods in long bones to provide

Surgical interventions stability and prevent deformities. [1,35]
Spinal fusion for severe scoliosis.
Enhances mobility, muscle strength

Physical therapy and coordination through non jarring [1,2,12,18]
exercises (e.g., swimming).

- Use of wheelchairs, walkers and

Assistive technology braces to maintain independence. [8,35]

Gene therapy A|ms. to correct genetic defects (36]
causing Ol.

Stem cell therapy Potential vto improve bone formation [36]
and repair.

[Table/Fig-5]: Treatment strategies for Osteogenesis Imperfecta (Ol) [1,2,8,12,18,

32-36].

Ol: Osteogenesis imperfecta

that MSC transplantation shows potential safety for patients while
sometimes improving both bone density and growth rate, although
these benefits may diminish over time [37]. A phase | clinical trial
administering MSC infusions to paediatric patients over 2.5 years
demonstrated better bone status and improved quality of life through
the paracrine pro-osteogenic effects of MSCs [37]. Experimental
gene therapy approaches have achieved significant success, with
research utilising homologous recombination to modify COL1A1
genes in patient-derived induced pluripotent stem cells, achieving
an 84% success rate [38].

Management approaches for Ol show considerable variation
between geographical areas, particularly affecting regions with
limited resources [39]. Early diagnosis and targeted treatment
methods are crucial, as countries like Uganda face numerous barriers
due to a lack of medical knowledge, specialist training and limited
resources [40]. The restricted availability of bisphosphonates, which
are commonly used in the treatment of Ol, forces patients to resort
to alternative care options, including physical therapy and nutritional
support [40]. Additionally, the limited availability of specialised
surgical expertise and necessary equipment restricts the execution
of bone-strengthening rodding procedures [40]. Improving health
outcomes for Ol patients in resource-limited regions requires the
enhancement of healthcare facilities, development of medical
practitioners and expanded access to essential treatments [40].

Emerging Treatment Techniques for Osteogenesis
Imperfecta (Ol)

New medical research has introduced multiple promising approaches
to treating Ol. CRISPR gene editing experimental methods
demonstrate strong potential for establishing long-term curative
options that can address the fundamental cause of the disease [41].
Researchers are applying MSCs in their investigations to enhance
bone growth and strengthen skeletal structure [42]. The clinical use of
anti-Transforming Growth Factor-beta (TGF-B) antibodies represents
an emerging therapeutic method that shows promise in managing
bone structure remodelling while decreasing bone brittleness [39].

These innovative therapies, highlighted in recent clinical experiments,
suggest that such methods will enhance the effectiveness of Ol
treatment and provide longer-lasting benefits. Selective monoclonal
antibodies target sclerostin proteins to promote bone formation.
Setrusumab (BPS-804) is a monoclonal antibody with a specific
application for treating Ol [43]. The administration of setrusumab
works through the suppression of sclerostin, leading to enhanced
bone formation and increased bone density [43]. Medical researchers
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have conducted structured tests to determine both the safety and
effectiveness of setrusumab among individuals with Ol [43].

Additionally, scientific investigations have explored allele-specific
silencing as a potential treatment method for Ol [44]. This method
silences the defective allele associated with Ol, reducing the
production of defective collagen while stimulating the synthesis
of normal collagen [44]. The experimental phase of allele-specific
silencing demonstrates potential as a treatment for the genetic basis
of Ol [44]. Emerging treatment techniques for Ol are described in
[Table/Fig-6] [39,41-44].

Prashanth Balusani et al., Osteogenesis Imperfecta

measures to encourage safe physical activities that enhance muscle
strength [47].

Adults need to monitor and manage hearing loss, alongside
cardiovascular health issues, while maintaining bone health as they
transition from childhood into adulthood [48]. The change in healthcare
providers necessitates collaboration between paediatric and adult
medical professionals for continuous care management [48].

Care for adult patients with Ol focuses on maintaining bone density,
implementing lifestyle changes to reduce the risk of fractures and
addressing ongoing pain and mobility issues [48]. Optimal care for
Ol patients requires a multidisciplinary team that includes physicians,

Therapeutic approach Description Potential benefits | Reference \ . ; -
P PP . P orthopaedic surgeons, physiotherapists and other specialists at each
CRISPR gene editing Foﬁpsrzrgigtgggzocj Potential for a ] life stage to improve medical outcomes and enhance the quality of
modification long-term cure life for patients [46,48]. Age-specific management strategies for Ol
Su are detailed in [Table/Fig-7] [46-48].
o pports
Mesenchymal Stem Applied in research
Cells (MSC) to strengthen bones | Skeletal structure [42]
enhancement Age group Management focus References
Targets bone Helps manage Infanc Fracture avoidance, proper handling, therapy [46,47]
Anti-TGF-p antibodies | remodeling and bone structure [39] Y adjustments, possible bisphosphonate use. ’
d brittl ffectivel
reduces britleness efiectively Childhood Bisphosphonate therapy, orthopaedic rodding, [47]
Monoclonal antibody | Enhances bone safe physical activities for muscle strength.
Setrusumab (BPS-804) | that suppresses formation and [43] Continuation of bisphosphonate therapy
| i i it ;
sclerostin increases density Adolescence | orthopaedic support, monitored physical [47]
Allele-specific :'ﬁz%isrggiiwe Promotes normal [44] engagement.
silencing abnormal collagen collagen synthesis Bone density maintenance, hearing loss and
Adulthood cardiovascular monitoring, pain and mobility [48]
[Table/Fig-6]: Emerging treatment techniques for Osteogenesis Imperfecta (Ol) management.
39,41-44].
[ ] Transition Coordination between paediatric and adult [46-48]
phase healthcare providers for seamless care.

Psychological and quality of life challenges in Osteogenesis
Imperfecta (Ol): Ol causes significant deterioration in the quality
of life for patients as they transition from early childhood into
adulthood, affecting their physical dimensions, emotional stability
and social interactions [45]. Children diagnosed with Ol report
markedly lower quality of life ratings across physical, emotional,
social and school-functioning dimensions compared to children
without the disorder [45]. The level of impairment associated with
this condition tends to increase with the advancing severity of the
disease [45].

Adults with Ol exhibit diminished quality of life as assessed through
their physical health status and various aspects of mental health,
with their physical health scores reflecting the extent of their
condition [45]. The presence of respiratory issues has detrimental
effects on psychosocial health and restricts daily activities among
patients with Ol, regardless of age or Ol subtype [35].

The stress levels and quality of life among caregivers of children with
Ol significantly worsen when caring for patients who experience
more intense pain and impaired physical abilities [18,35,45].
Comprehensive support programmes must focus on addressing
both healthcare challenges and psychiatric issues for Ol patients
and their families [35,45]. Ol patients often experience increased
emotional distress due to the unpredictability of bone injuries, which
leads to heightened anxiety levels [46]. This constant fear can
result in poor self-perceptions and amplify disease-related stress,
particularly during recovery [46]. The ongoing pain and fatigue
associated with Ol create substantial challenges that impact routine
activities and strain family relationships, as parents with Ol may
need to limit their activities with their children, ultimately affecting
family dynamics [46].

Age-specific management and transitional care in Osteogenesis
Imperfecta (Ol): The successful treatment of Ol requires the
continuous development of specific strategies that adapt to patients
as they age [47]. Developmental support and fracture avoidance are
prioritised in infancy through appropriate handholding techniques,
therapy adjustments and the potential use of bisphosphonates
for enhancing bone density [47]. The care plan for children and
adolescents includes ongoing bisphosphonate therapy combined
with orthopaedic intramedullary rodding procedures and supportive
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[Table/Fig-7]: Age-specific management in Osteogenesis Imperfecta (Ol) [46-48].

CONCLUSION(S)

The Ol is an inherited condition that affects bone health by causing
weak bones, as well as skeletal irregularities and tissue defects
stemming from mutations in the type | collagen gene. The disorder
presents in various forms, ranging from moderate to severe, leading
to bone fractures, height limitations, blue-tinted sclera and dental
health problems. The treatment and diagnostic approach for
managing Ol encompasses bisphosphonates, surgery, physical
therapy, assistive devices, genetic testing, clinical evaluation and
imaging. Newly discovered methods of gene and stem cell therapy
show promise in addressing the underlying causes of the condition.
As a global health problem, Ol requires a multidisciplinary approach
to achieve better treatment outcomes for patients.

REFERENCES

[11 Deguchi M, Tsuji S, Katsura D, Kasahara K, Kimura F, Murakami T. Current
overview of osteogenesis imperfecta. Med Kaunas Lith. 2021;57(5):464.

[2] Palomo T, Vilaca T, Lazaretti-Castro M. Osteogenesis imperfecta: Diagnosis
and treatment. Curr Opin Endocrinol Diabetes Obes. 2017;24(6):381-88.

[3] Botor M, Fus-Kujawa A, Uroczynska M, Stepien KL, Galicka A, Gawron K, et
al. Osteogenesis imperfecta: Current and prospective therapies. Biomolecules.
2021;11(10):1493.

[4] YuH, Li C, Wu H, Xia W, Wang Y, Zhao J, et al. Pathogenic mechanisms of
osteogenesis imperfecta, evidence for classification. Orphanet J Rare Dis.
2023;18(1):234.

[5] Sam JE, Dharmalingam M. Osteogenesis imperfecta. Indian J Endocrinol Metab.
2017;21(6):903-08.

[6] Fratzl-Zelman N, Misof BM, Roschger P, Klaushofer K. Classification of
osteogenesis imperfecta. Wien Med Wochenschr 1946. 2015;165(13-14):264-70.

[7] Etich J, Rehberg M, Eckes B, Sengle G, Semler O, Zaucke F. Signaling
pathways affected by mutations causing osteogenesis imperfecta. Cell Signal.
2020;76:109789.

[8] Hoyer-Kuhn H, Netzer C, Semler O. Osteogenesis imperfecta: Pathophysiology
and treatment. Wien Med Wochenschr 1946. 2015;165(13-14):278-84.

[9] Marom R, Rabenhorst BM, Morello R. Osteogenesis imperfecta: An update on
clinical features and therapies. Eur J Endocrinol. 2020;183(4):R95-106.

[10] Panzaru MC, Florea A, Caba L, Gorduza EV. Classification of osteogenesis
imperfecta: Importance for prophylaxis and genetic counseling. World J Clin
Cases. 2023;11(12):2604-20.

[11] Marini JC, Forlino A, Bachinger HP, Bishop NJ, Byers PH, Paepe AD, et al.
Osteogenesis imperfecta. Nat Rev Dis Primer. 2017;3:17052.

[12] Thomas IH, DiMeglio LA. Advances in the classification and treatment of
osteogenesis imperfecta. Curr Osteoporos Rep. 2016;14(1):01-09.



Prashanth Balusani et al., Osteogenesis Imperfecta

www.jcdr.net

[13] Herbert A. Osteogenesis imperfecta type 10 and the cellular scaffolds underlying [33] Liu W, Lee B, Nagamani SCS, Nicol L, Rauch F, Rush ET, et al. Approach to
common immunological diseases. Genes Immun. 2024;25(4):265-76. the Patient: pharmacological therapies for fracture risk reduction in adults with

[14] SelvarajV, Sekaran S, Dhanasekaran A, Warrier S. Type 1 collagen: Synthesis, structure osteogenesis imperfecta. J Clin Endocrinol Metab. 2023;108(7):1787-96.
and key functions in bone mineralization. Differ Res Biol Divers. 2024;136:100757. [34] Gnoli M, Brizola E, Tremosini M, Di Cecco A, Sangiorgi L. Vitamin D and bone

[156] Claeys L, Storoni S, Eekhoff M, Elting M, Wisse L, Pals G, et al. Collagen fragility in individuals with osteogenesis imperfecta: A scoping review. Int J Mol
transport and related pathways in osteogenesis imperfecta. Hum Genet. Sci. 2023;24(11):9416.
2021;140(8):1121-41. [35] Cho TJ, Ko JM, Kim H, Shin HI, Yoo WJ, Shin CH. Management of osteogenesis

[16] Jovanovic M, Guterman-Ram G, Marini JC. Osteogenesis imperfecta: Mechanisms imperfecta: A multidisciplinary comprehensive approach. Clin Orthop Surg.
and signaling pathways connecting classical and rare Ol types. Endocr Rev. 2020;12(4):417-29.
2022;43(1):61-90. [36] Schindeler A, Lee LR, O’'Donohue AK, Ginn SL, Munns CF. Curative cell and

[17] Lim J, Grafe |, Alexander S, Lee B. Genetic causes and mechanisms of gene therapy for osteogenesis imperfecta. J Bone Miner Res Off J Am Soc
osteogenesis imperfecta. Bone. 2017;102:40-49. Bone Miner Res. 2022;37(5):826-36.

[18] Etich J, LeBmeier L, Rehberg M, Sill H, Zaucke F, Netzer C, et al. Osteogenesis [37] Infante A, Gener B, Vazquez M, Olivares N, Arrieta A, Grau G, et al. Reiterative infusions
imperfecta-pathophysiology and therapeutic options. Mol Cell Pediatr. 2020;7(1):9. of MSCs improve pediatric osteogenesis imperfecta eliciting a pro-osteogenic

[19] Yu H, Li C, Wu H, Xia W, Wang Y, Zhao J, et al. Pathogenic mechanisms of paracrine response: TERCELOI clinical trial. Clin Transl Med. 2021;11(1):e265.
osteogenesis imperfecta, evidence for classification. Orphanet J Rare Dis. [38] Fus-Kujawa A, Mendrek B, Bajdak-Rusinek K, Diak N, Strzelec K, Gutmajster E,
2023;18(1):234. et al. Gene-repaired iPS cells as novel approach for patient with osteogenesis

[20] Qiu Y, Mekkat A, Yu H, Yigit S, Hamaia S, Farndale RW, et al. Collagen Gly imperfecta. Front Bioeng Biotechnol. 2023;11:1205122.
missense mutations: Effect of residue identity on collagen structure and integrin [39] Dinulescu A, Pasarica AS, Carp M, Duscéa A, Dijmarescu |, Pavelescu ML, et al.
binding. J Struct Biol. 2018;203(3):255-62. New perspectives of therapies in osteogenesis imperfecta-A literature review.

[21] Barnes AM, Ashok A, Makareeva EN, Brusel M, Cabral WA, Weis M, et al. J Clin Med. 2024;13(4):1065.

COL1A1 C-propeptide mutations cause ER mislocalization of procollagen and [40] Richard S, Robert N, Sambo VDC, Daniel A, Ronald O. Challenges in managing
impair C-terminal procollagen processing. Biochim Biophys Acta Mol Basis Dis. osteogenesis imperfecta in a resource-limited setting: A case report. J Med
2019;1865(9):2210-283. Case Reports. 2025;19(1):24.

[22] Rauch F, Glorieux FH. Osteogenesis imperfecta. Lancet Lond Engl. [41] Jung H, Rim YA, Park N, Nam Y, Ju JH. Restoration of osteogenesis by CRISPR/
2004;363(9418):1377-85. Cas9 genome editing of the mutated COL1A1 gene in osteogenesis imperfecta.

[23] Bishop N. Bone material properties in osteogenesis imperfecta. J Bone Miner J Clin Med. 2021;10(14):3141.

Res Off J Am Soc Bone Miner Res. 2016;31(4):699-708. [42] Gotherstrom C, David AL, Walther-dallow L, Astrom  E, Westgren M.

[24] Castelein RM, Hasler C, Helenius |, Ovadia D, Yazici M, EPOS Spine Study Mesenchymal stem cell therapy for osteogenesis imperfecta. Clin Obstet
Group. Complex spine deformities in young patients with severe osteogenesis Gynecol. 2021;64(4):898-903.
imperfecta: Current concepts review. J Child Orthop. 2019;13(1):22-32. [43] Glorieux FH, Devogelaer JP, Durigova M, Goemaere S, Hemsley S, Jakob F,

[25] Treurniet S, Burger P, Ghyczy EAE, Verbraak FD, Curro-Tafili KR, Micha D, et al. et al. BPS804 anti-sclerostin antibody in adults with moderate osteogenesis
Ocular characteristics and complications in patients with osteogenesis imperfecta: imperfecta: Results of a randomized phase 2a trial. J Bone Miner Res Off J Am
A systematic review. Acta Ophthalmol (Copenh). 2022;100(1):e16-e28. Soc Bone Miner Res. 2017;32(7):1496-504.

[26] Carré F, Achard S, Rouillon I, Parodi M, Loundon N. Hearing impairment and [44] Maruelli S, Besio R, Rousseau J, Garibaldi N, Amiaud J, Brulin B, et al.
osteogenesis imperfecta: Literature review. Eur Ann Otorhinolaryngol Head Osteoblasts mineralization and collagen matrix are conserved upon specific
Neck Dis. 2019;136(5):379-83. Col1a2 silencing. Matrix Biol Plus. 2020;6-7:100028.

[27] Ventura L, Verdonk SJE, Zhytnik L, Ridwan-Pramana A, Giljamse M, Schreuder [45] Song Y, Zhao D, Li L, Lv F, Wang O, Jiang Y, et al. Health-related quality of
WH, et al. Dental abnormalities in osteogenesis imperfecta: A systematic life in children with osteogenesis imperfecta: A large-sample study. Osteoporos
review. Calcif Tissue Int. 2024;115(5):461-79. Int J Establ Result Coop Eur Found Osteoporos Natl Osteoporos Found USA.

[28] Tournis S, Dede AD. Osteogenesis imperfecta - A clinical update. Metabolism. 2019;30(2):461-68.
2018;80:27-37. [46] Rork WC, Hertz AG, Wiese AD, Kostick KM, Nguyen D, Schneider SC, et al.

[29] Trejo P, Rauch F. Osteogenesis imperfecta in children and adolescents-new A qualitative exploration of patient perspectives on psychosocial burdens and
developments in diagnosis and treatment. Osteoporos Int J Establ Result Coop positive factors in adults with osteogenesis imperfecta. Am J Med Genet A.
Eur Found Osteoporos Natl Osteoporos Found USA. 2016;27(12):3427-37. 2023;191(9):2267-75.

[30] Tauer JT, Robinson ME, Rauch F. Osteogenesis imperfecta: New perspectives [47] Arundel P, Borg SA. Early life management of osteogenesis imperfecta. Curr
from clinical and translational research. JBMR Plus. 2019;3(8):e10174. Osteoporos Rep. 2023;21(6):779-86.

[31] Fotiadou AN, Calleja M, Hargunani R, Keen R. Skeletal manifestations of [48] Monti E, Mottes M, Fraschini P, Brunelli P, Forlino A, Venturi G, et al. Current
osteogenesis imperfecta. Semin Musculoskelet Radiol. 2016;20(3):279-86. and emerging treatments for the management of osteogenesis imperfecta. Ther

[32] Dwan K, Phillipi CA, Steiner RD, Basel D. Bisphosphonate therapy for osteogenesis Clin Risk Manag. 2010;6:367-81.

imperfecta. Cochrane Database Syst Rev. 2016;10(10):CD005088.

PARTICULARS OF CONTRIBUTORS:

1. Junior Resident, Department of Orthopaedics, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.
2. Associate Professor, Department of Orthopaedics, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.
3. Junior Resident, Department of Orthopaedics, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.
4. Undergraduate Student, Department of Medicine, Jawaharlal Nehru Medical College, Datta Meghe Institute of Higher Education and Research, Wardha, Maharashtra, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Prashanth Balusani,

Junior Resident, Department of Orthopaedics, Jawaharlal Nehru Medical College,
Datta Meghe Institute of Higher Education and Research,

Wardha-442005, Maharashtra, India.

E-mail: babbulu321@gmail.com

PLAGIARISM CHECKING METHODS: 1anHetall
e Plagiarism X-checker: Mar 26, 2025

* Manual Googling: Apr 22, 2025

e iThenticate Software: Apr 24, 2025 (12%)

ETYMOLOGY: Author Origin

EMENDATIONS: 5

Date of Submission: Mar 20, 2025
Date of Peer Review: Mar 29, 2025
Date of Acceptance: Apr 26, 2025
Date of Publishing: May 01, 2025

AUTHOR DECLARATION:

e Financial or Other Competing Interests: None

¢ Was informed consent obtained from the subjects involved in the study? NA

e For any images presented appropriate consent has been obtained from the subjects. NA

Journal of Clinical and Diagnostic Research. 2025 May, Vol-19(5): REO1-RE06


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

