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ABSTRACT
A genetically diverse condition called osteogenesis imperfecta (OI) is characterized by low bone mass and fragility. Over the 
past few decades, OI has evolved from an illness lacking a known etiology to one with a well-defined and well-mapped genetic 
background. Pathogenic mutations in COL1A1/COL1A2 with autosomal-dominant inheritance are linked to most cases of OI. 
The pathophysiology of OI is now well understood thanks to recent gene discoveries, which has opened up new opportunities 
for treatment development. The main characteristics of OI patient include short stature, bone abnormalities, and repeated 
fractures. Joint hypermobility, dentinogenesis imperfecta, blue sclera, hearing loss, and, less frequently, muscle weakness, 
pulmonary, and cardiovascular problems are examples of extraskeletal symptoms. In addition to pharmaceutical therapy, OI 
requires interdisciplinary care from orthopedic management, rehabilitation, nutrition, dentistry, and other subspecialties. 
Although the current pharmacologic therapy for OI does not address the matrix defect that is the main cause of bone fragility, 
it may enhance bone mass and morphology. To develop treatments that will target the genetic flaw and mechanism causing OI, 
research is still being done.
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INTRODUCTION

Osteogenesis imperfecta (OI), also called brittle bone disease, 
is a genetic disorder affecting the extracellular matrix.1 It 
is a systemic connective tissue condition characterized by 
reduced bone density and fragility, leading to significant 
morbidity from pain, limited mobility, skeletal deformities, 
and growth impairment. The weakened bones result in low-
trauma fractures or fractures in unusual locations, such as 
the olecranon and vertebral compression fractures. OI also 
presents with various extraskeletal symptoms including 
dental irregularities, blue-gray sclera, hearing impairment, 
joint hypermobility, and, more rarely, muscle weakness, 
cardiovascular issues, and pulmonary complications.2-4 Recent 
technological advancements have made it possible to diagnose 
OI as early as the first to early second trimester. In the past, it 
was only possible to suspect OI in the second trimester using 
ultrasound, and confirming the diagnosis necessitated invasive 
genetic testing. Detecting OI early, particularly in severe or 
lethal cases, could offer ample time to empower the parents in 
making decisions regarding termination of pregnancy, mode of 
delivery, resuscitation at birth, treatment options, and seeking 
genetic counseling for future pregnancies.

EPIDEMIOLOGY AND PATHOPHYSIOLOGY 

The incidence of OI is approximately 1 in 10,000.4 OI is a 
skeletal dysplasia with genetic diversity and a higher mortality 

rate compared to the general population. Folkestad et al.5 
discovered that individuals with OI have an increased risk 
of death due to respiratory and gastrointestinal diseases 
as well as trauma. In most instances, OI is inherited in an 
autosomal-dominant manner, although autosomal-recessive 
and X-chromosome-linked variations of the disease have also 
been documented. The majority of OI cases (about 85-90%) 
are linked to dominantly inherited mutations in COL1A1 or 
COL1A2, which are responsible for encoding type I collagen. 
To date, over 1500 dominant mutations in the COL1A1 and 
COL1A2 genes have been identified.6,7 Pathogenic variants in 
noncollagenous genes are responsible for the remaining cases, 
which encode proteins involved in collagen biosynthesis. 
These variants can also be related to transcription factors and 
signaling molecules that are involved in bone cell differentiation 
and mineralization. The inheritance associated with these 
cases is most commonly autosomal-recessive, but can also be 
dominant or X-linked.2-4

CLASSIFICATION

The severity of OI can vary from a subtle increase in fracture 
frequency to perinatal death. According to the revised 
nosology and classification of genetic skeletal disorders, there 
are 5 clinical forms of OI: OI type I, known as ‘nondeforming 
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with blue sclera’; OI type II, referred to as ‘perinatally lethal 
OI’; OI type III, categorized as ‘progressively deforming OI’; OI 
type IV, labeled as ‘moderate severe OI’ (Figure); and OI type 
V, which is distinguished by moderate-to-severe bone fragility 
and a calcified interosseous membrane. OI type V follows an 
autosomal-dominant pattern, and a hyperplastic callus may 
form after fractures or surgical interventions.8-10 There are 
also other phenotypes, such as Bruck syndrome, a severe OI 
phenotype that is linked to joint contractures.11

DIAGNOSIS
The diagnosis of OI is based on radiographic abnormalities, 
bone biochemistry, lumbar spine bone mineral density 
(BMD), history, and clinical examination.12 It’s critical to rule 
out metabolic causes of osteoporosis. The most significant 
clinical characteristic, shared by all OI types, is bone fragility, 
while additional extra-skeletal characteristics may also exist. It 
is possible to make a diagnosis during pregnancy, at birth, in 
childhood, or in adulthood.
For the prenatal diagnosis of OI, diagnostic modalities such as 
ultrasound and molecular testing are crucial. The diagnostic 
approach is separated into two categories based on whether 
a family history is present or not.13 In cases where a known 
family history of OI exists, the affected family is offered genetic 
counseling and diagnosis, and future parents may benefit from 
information on inheritance patterns (e.g., autosomal dominant 
or recessive). When there is no family history and ultrasound 
scanning reveals a decrease in femoral length in the second 
trimester, doctors typically assume fetal OI.14

Clinicians and radiologists diagnose patients with mild to 
moderate OI after birth. Even within the same family, the 
clinical signs of the mild form of OI can differ within the same 
mutation.15 Differentiating mild onset osteoporosis or child 
abuse from osteoporosis might be challenging at times. Apart 
from the skeletal symptoms, there are impairments in several 
tissues that express type I collagen. These include blue-grey 
sclera, dentinogenesis imperfecta (which manifests as tooth 
discoloration from a dentin defect, missing permanent teeth, 
and malocclusion), young-adult onset hearing loss, muscle 
weakness, reduced respiratory function and cardiac valvular 
regurgitation.16 Reduced muscle strength is linked to exercise 
intolerance, easy fatigability, and gross motor delay. In addition 
to fractures, bone abnormalities and ligamentous laxity may 

also contribute to reduced mobility, particularly in cases of 
severe OI.17-19 The diagnosis of mild OI is also aided by these 
symptoms. Progressive bone malformations, like scoliosis, 
rib cage abnormalities, and long bone bowing, are seen in 
moderate-to-severe forms of OI.4,20,21

While growth deficiency and reduced growth velocity are also 
noted in the milder OI type I, short stature is a key characteristic 
in the moderate and increasingly deforming OI, types III–IV 
(even in the absence of substantial bone abnormalities).22,23  
Aortic root dilatation, valve dysfunction, and infrequently 
aortic aneurysm and dissection are among the cardiovascular 
symptoms associated with OI that have been documented.2,24 
In patients with OI, pulmonary problems are a significant 
source of morbidity and death. These issues can result from 
both increasingly known intrinsic lung abnormalities and 
extrinsic causes such as scoliosis, rib fractures, and muscular 
weakness.25

TREATMENT

There is currently no cure for OI. Depending on the patient’s 
age, the disease’s severity, and patient’s functional status, 
different therapeutic strategies could be used. Reducing 
the frequency of fractures, reducing pain, and promoting 
growth, mobility, and functional independence are all 
objectives of treatment for OI. Multidisciplinary care should 
be given, integrating medical genetics, orthopedic surgery, 
physical therapy, dental expertise, and other subspecialties 
based on the symptoms and problems, since there can 
be various skeletal and extraskeletal manifestations.26  
Orthopedic care encompasses the therapy of long bone and 
spinal abnormalities through surgery as well as fracture 
repair.2,21 Intramedullary rodding surgery may be necessary to 
straighten bowed femurs and tibias in severe cases of OI.27,28

In order to support motor growth, boost endurance, reduce pain, 
gain independence, and aid in the healing process following 
surgical operations, physical therapy and rehabilitation are 
crucial.26,29 Nutritionally speaking, sustaining sufficient levels 
of calcium and vitamin D is critical to promoting bone health, 
as well as enhancing the effectiveness and reducing the side 
effects of using bisphosphonates.2

Antiresorptive Treatment
Bisphosphonates, which include zoledronic acid, risedronate, 
alendronate, and pamidronate, constitute the cornerstone 
of pharmaceutical management for pediatric OI patients. It 
has been demonstrated that bisphosphonates enhance bone 
mass and architecture while also somewhat lowering the risk 
of fracture. By causing osteoclast apoptosis and inhibiting 
osteoclast activity, they achieve their desired effect.30,31 In 
growing children with OI, bisphosphonates have a significant 
effect on the vertebra throughout growth and can cause 
remodeling in cases of vertebral compression fractures.1 They 
can be infused intravenously or given orally. According to recent 
research, intravenous bisphosphonates have a greater impact 
on BMD and fracture rate than oral bisphosphonates.32,33

Intravenous bisphosphonates also have improved absorption, 
adjusted dosage, reduced gastrointestinal side effects, and 
resulted in higher patient compliance. The most frequent 
adverse effects of bisphosphonates, which are normally well 

Figure. Osteogenesis imperfecta type IV. Radiograph showing subtrochanteric 
deformities and a pathological fracture of the femur
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tolerated, include gastrointestinal irritation when taken orally 
and an acute phase infusion reaction, which usually happens 
during the first infusion and manifests as hyperpyrexia, 
myalgia and weakness. Pretreatment with calcium and vitamin 
D can stop transient hypocalcemia.

Denosumab is a human monoclonal antibody to the receptor 
activator of nuclear factor kappa-B ligand (RANKL), which 
is an osteoclast differentiating factor. It inhibits osteoclast 
formation, decreases bone resorption, increases BMD, and 
reduces the risk of fracture.34 Children with SERPINF1, 
COL1A1, and COL1A2 mutations have been documented 
to benefit from denosumab treatment, which decreased 
bone turnover markers and increased areal BMD.35,36 It is 
administered by subcutaneous injection. Atypical hip fractures, 
osteonecrosis of the jaw and hypercalcemia are among the side 
effects that have been reported.34

Growth hormone (GH) therapy-because of its possible 
anabolic effect on bone, GH has been suggested as a treatment 
for OI in order to address the growth shortage. According to 
a preliminary study, certain patients—mostly those with OI 
type IV—might respond to GH treatment by experiencing 
a little increase in cancellous bone density along with a rise 
in linear growth rate.37 An additional study that contrasted 
bisphosphonates alone with GH and bisphosphonate therapy 
found a synergistic effect on growth velocity but no effect on 
fracture risk.38

Anabolic Treatment
The goal of osteo-anabolic therapy is to promote bone 
growth and osteoblast activity.39 The first anabolic treatment 
authorized for use in osteoporosis was teriparatide, also known 
as recombinant human parathyroid hormone (PTH) 1-34. 
Osteosarcoma risk was enhanced by preclinical investigations 
conducted in rats treated with high doses of teriparatide.40 As a 
result, it has not been used on pediatric patients and its clinical 
use is restricted to a 24-month period.

Targeting sclerostin, a glycoprotein that prevents bone 
formation by blocking the canonical Wnt signaling pathway 
in osteoblasts, is the goal of sclerostin-inhibitory antibodies 
(Scl-Ab/Romosozumab). The use of romosozumab in treating 
osteoporosis was recently approved. Sclerostin inhibition 
treatment has been shown in preclinical research using animal 
models of OI to have positive effects on bone formation and 
BMD.31

Transforming growth factor beta (TGFβ) inhibition aims to 
stop the over-activation of TGFβ signaling, which is connected 
to controlling bone fragility and mass in OI patients.31,42,43 
Preclinical research on mice with OI treated with TGFβ 
inhibitory antibody revealed enhanced bone mass and bone 
strength.44

Progenitor cell therapy – it has been suggested that OI’s innate 
bone fragility can be specifically addressed by using progenitor 
cell therapy, which involves transplanting healthy progenitor 
stem cells. The rationale is that normal collagen is produced 
by osteoblasts, which are formed from engrafted healthy donor 
cells.31 Although promising thus far, cell therapy is still in 
its experimental stages because of variable outcomes, safety 
issues, and ethical constraints.

Methods based on genetic engineering and somatic cells 
reprogramming into iPSCs (induced pluripotent stem cells)– 
aim to correct defects in genes. Currently there are multiple 
methods for modifying transcripts of collagen mutants. The 
latest method involves silencing or inactivating the mutant 
gene, resulting in allele suppression and haploinsufficiency, to 
transform the severe type of OI based on structural deficiencies 
in collagen I protein into a less severe quantitative form.45 
These techniques are still in the experimental stage, despite the 
intriguing outcomes.

Fractures and Deformities Treatment
Fractures in OI pediatric patients are treated similarly to those 
of typical children, while keeping the time of immobilization 
to minimum. Babies who are severely impacted typically have 
several fractures at birth, each in a different state of healing. 
Unstable fractures require a straightforward splint to help with 
nursing and to lessen pain. Painkillers could also be required 
and pain normally subsides as the fractures heals over a few 
weeks. Regular clinic evaluations during the first few months of 
life are crucial. Support can also be given with intramedullary 
rods. Although it significantly lowers the number of fractures 
in the affected bone, it has the drawback that when the bone 
grows, it bows past the rod and breaks again. Telescopic rod 
was invented to avoid these problems.46 When severe cases of 
OI go untreated, scoliosis and kyphoscoliosis are frequently 
observed. Arthrodesis combined with spinal instrumentation 
is suitable in certain cases. However, the vertebral bodies flatten 
within the first few years of life and scoliosis develops quickly 
in many children with severe OI. Most of the time, orthotics or 
plasters are unpractical since the deformation of the chest wall 
occurs without altering the curve of the spine. The majority of 
internal fixation techniques are likewise inappropriate for the 
little and severely osteoporotic vertebrae.47

DISCUSSION 

This literature review highlights the current challenges faced 
by clinicians when treating the pediatric population diagnosed 
with OI. In recent years, numerous additional genetic causes 
of OI have been discovered, despite the fact that COL1A1/A2 
mutations account for the majority of cases. A few of these 
genes are involved in type I collagen processing. Nowadays 
we know more about the biomechanics of OI bone, including 
its material characteristics, the impact of muscle and gait 
stress, and how to handle fractured bones. With the use of 
suitable controls, biomechanical models may be able to assist 
in identifying activities that provide a higher risk of fracture 
and allow individuals with OI to engage in a wider range of 
activities in a safer and more comprehensive manner. 

The presence of deformities and functional limitations is the 
keyaspect of OI. There is ongoing discussion in the literature 
regarding the proportion of patients who have limitations 
and/or deformities. Although Mrosk’s study only included 50 
patients, it revealed malformations in terms of bone bowing 
throughout the entire cohort.48 In contrast, another study by 
Li at al.49 revealed a lower rate of deformities and a higher 
prevalence of limitations. 

Numerous non-bony symptoms of OI are common, affecting 
various organs and systems and having an effect on the lives of 
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the patients. Assessing if those characteristics are present in a 
sizable OI population could provide clinicians with insightful 
input on how to carry out a diagnostic procedure and 
treatment. In addition, because of the great variation in type, 
length, administration method, age at treatment, etc., statistics 
on drug treatment are sometimes imprecise and challenging to 
assess and compare.

An essential component of these patients’ care is physical 
therapy. Children with moderate to severe OI are frequently 
treated with intravenous bisphosphonates. Some of the 
benefits seen in observational studies have been hard to 
prove in controlled studies. Other viable OI therapies are 
being researched. Overall, further research is necessary to 
understand the precise mechanism and clinical consequences 
of abnormalities in individuals with OI.

Taking all of the above into consideration, the strength of this 
study is reflected in highlighting current gaps in knowledge 
related to the treatment of this condition, and possible future 
trends in dealing pediatric patients with OI. Limitation of 
this overview is a lack of systematic searching methods and 
evaluation. Partial influence of the author’s own perspectives 
and opinions expressed in this review article could be 
considered as a limitation of this study, in the context of bias.

CONCLUSION

OI is an uncommon multisystem disease with variable clinical 
characteristics and severity that is typified by primary bone 
fragility. Children who have OI may require orthopedic and 
other surgeries on many occasions. The most common causal 
mutations are on COL1A1 and COL1A2, while more genes 
have recently been found to contain alterations. The current OI 
therapy approaches focus on increasing bone mass, managing 
symptoms, and preventing fractures. Bisphosphonates, 
denosumab and GH are the three types of drugs most 
frequently utilized in the treatment of OI in pediatric patients. 
The main disadvantage of these therapies is their relatively 
weak efficiency, the lack of effects in some patients or cytotoxic 
side effects. Genetic engineering and stem cell transplantation 
are promising approaches for treating OI and other genetic 
bone diseases in the future.

ETHICAL DECLARATIONS

Referee Evaluation Process
Externally peer-reviewed. 

Conflict of Interest Statement
The authors have no conflicts of interest to declare. 

Financial Disclosure
The authors declared that this study has received no financial 
support. 

Author Contributions
All of the authors declare that they have all participated in the 
design, execution, and analysis of the paper, and that they have 
approved the final version.

REFERENCES

1.	 Palomo T, Fassier F, Ouellet J, et al. Intravenous bisphosphonate therapy of 
young children with OI: skeletal findings during follow up throughout the 
growing years. J Bone Miner Res. 2015;30(12):2150-2157.

2.	 Marini JC, Forlino A, Bachinger HP, et al. OI. Nat Rev Dis Primers. 2017;3: 
17052.

3.	 Marom R, Lee YC, Grafe I, Lee B. Pharmacological and biological 
therapeutic strategies for OI. Am J Med Genet C Semin Med Genet. 2016; 
172(4):367-383.

4.	 Robinson ME, Rauch F. Mendelian bone fragility disorders. Bone. 2019;126: 
11–17.

5.	 Folkestad L, Hald JD, Canudas-Romo V, et al. Mortality and causes of death 
in patients with OI: a register-based nationwide cohort study. J Bone Miner 
Res. 2016;31(12):2159-2166.

6.	 Forlino A, Cabral WA, Barnes AM, Marini JC. New perspectives on 
osteogenesis imperfecta. Nat Rev Endocrinol. 2011;7(9):540-557.

7.	 Marini JC, Forlino A, Cabral WA, et al. Consortium for osteogenesis 
imperfecta mutations in the helical domain of type I collagen: regions 
rich in lethal mutations align with collagen binding sites for integrins and 
proteoglycans. Hum Mutat. 2007;28(3):209-221.

8.	 Van Dijk FS, Byers PH, Dalgleish R, et al. Emqn best practice guidelines for 
the laboratory diagnosis of OI. Eur J Hum Genet. 2012;20(1):11-19.

9.	 Rauch F, Glorieux FH. OI. Lancet. 2004;363(9418):1377-1385.
10.	Glorieux FH, Rauch F, Plotkin H, et al. Type V OI: a new form of brittle 

bone disease. J Bone Miner Res. 2000;15(9):1650-1658.
11.	Viljoen D, Versfeld G, Beighton P. Osteogenesis imperfecta with congenital 

joint contractures (Bruck syndrome). Clin Genet. 1989;36(2):122-126. doi: 
10.1111/j.1399-0004.1989.tb03174.x 

12.	Trejo P, Rauch F. Osteogenesis imperfecta in children and adolescents-new 
developments in diagnosis and treatment. Osteoporos Int. 2016;27(12):3427-
3437.

13.	Byers PH, Krakow D, Nunes ME, Pepin M; American college of medical 
genetics. Genetic evaluation of suspected osteogenesis imperfecta (OI).
Genet Med. 2006;8(6):383-388.

14.	Milks KS, Hill LM, Hosseinzadeh K. Evaluating skeletal dysplasias on 
prenatal ultrasound: an emphasis on predicting lethality.  Pediatr Radiol. 
2017;47(2):134-145.

15.	Bregou Bourgeois A, Aubry-Rozier B, Bonafé L, Laurent-Applegate L, 
Pioletti DP, Zambelli PY. Osteogenesis imperfecta: from diagnosis and 
multidisciplinary treatment to future perspectives. Swiss Med Wkly. 2016; 
146:w14322.

16.	Forlino A, Marini JC. OI. Lancet. 2016;387(10028):1657-1671.
17.	Veilleux LN, Trejo P, Rauch F. Muscle abnormalities in OI. J Musculoskelet 

Neuronal Interact. 2017;17(2):1-7.
18.	Phillips CL, Jeong Y. OI: muscle-bone interactions when bi-directionally 

compromised. Curr Osteoporos Rep. 2018;16(4):478-489.
19.	Kruger KM, Caudill A, Rodriguez Celin M, et al. Mobility in osteogenesis 

imperfecta: a multicenter North American study. Genet Med. 2019;21(10): 
2311-2318. doi:10.1038/s41436-019-0491-4

20.	Castelein RM, Hasler C, Helenius I, et al. Complex spine deformities in 
young patients with severe OI: current concepts review. J Child Orthop. 
2019;13(1):22-32.

21.	Franzone JM, Shah SA, Wallace MJ, Kruse RW. OI: a pediatric orthopedic 
perspective. Orthop Clin North Am. 2019;50(2):193-209.

22.	Jain M, Tam A, Shapiro JR, et al. Growth characteristics in individuals with 
OI in North America: results from a multicenter study. Genet Med. 2019; 
21(2):275-283.

23.	Barber LA, Abbott C, Nakhate V, et al. Longitudinal growth curves for 
children with classical OI (types III and IV) caused by structural pathogenic 
variants in type I collagen. Genet Med. 2019;21(5):1233-1239.

24.	Balasubramanian M, Verschueren A, Kleevens S, et al. Aortic aneurysm/
dissection and OI: four new families and review of the literature. Bone. 
2019;121:191-195.

25.	Tam A, Chen S, Schauer E, et al. A multicenter study to evaluate pulmonary 
function in OI. Clin Genet. 2018;94(6):502-511.

26.	Marr C, Seasman A, Bishop N. Managing the patient with osteogenesis 
imperfecta: a multidisciplinary approach. J Multidiscip Healthc. 2017;10: 
145-155.



Surg Child. 2025;2(1):28-32 Osteogenesis imperfecta

Mujanović N.

32

27.	Trejo P, Fassier F, Glorieux FH, et al. Diaphyseal femur fractures 
in osteogenesis imperfecta: characteristics and relationship with 
bisphosphonate treatment. J Bone Miner Res. 2017;32(5):1034-1039.

28.	Azzam KA, Rush ET, Burke BR, et al. Mid-term results of femoral and tibial 
osteotomies and fassier-duval nailing in children with OI. J Pediatr Orthop. 
2018;38(6):331-336.

29.	Mueller B, Engelbert R, Baratta-Ziska F, et al. Consensus statement on 
physical rehabilitation in children and adolescents with OI. Orphanet J 
Rare Dis. 2018;13(1):158.

30.	Glorieux FH, Bishop NJ, Plotkin H, et al. Cyclic administration of 
pamidronate in children with severe OI. N Engl J Med. 1998;339(14):947-
952.

31.	Morello R. OI and therapeutics. Matrix Biol. 2018;71-72:294-312
32.	Bains JS, Carter EM, Citron KP, et al. A multicenter observational cohort 

study to evaluate the effects of bisphosphonate exposure on bone mineral 
density and other health outcomes in OI. JBMR Plus. 2019;3(5):e10118.

33.	Lv F, Liu Y, Xu X, et al. Zoledronic acid versus alendronate in the treatment 
of children with OI: a 2-year clinical study. Endocr Pract. 2018;24(2):179-
188.

34.	Boyce AM. Denosumab: an emerging therapy in pediatric bone disorders. 
Curr Osteoporos Rep. 2017;15(4):283-292.

35.	Hoyer-Kuhn H, Netzer C, Koerber F, et al. Two years inverted question 
mark experience with denosumab for children with OI type vi. Orphanet J 
Rare Dis. 2014;9(1):145.

36.	Hoyer-Kuhn H, Franklin J, Allo G, et al. Safety and efficacy of denosumab 
in children with OI - a first prospective trial. J Musculoskelet Neuronal 
Interact. 2016;16(1):24-32.

37.	Marini JC, Hopkins E, Glorieux FH, et al. Positive linear growth and bone 
responses to growth hormone treatment in children with types III and 
IV OI: high predictive value of the carboxyterminal propeptide of type I 
procollagen. J Bone Miner Res. 2003;18(2):237-243.

38.	Antoniazzi F, Monti E, Venturi G, et al. GH in combination with 
bisphosphonate treatment in OI. Eur J Endocrinol. 2010;163(3):479-487.

39.	Haas AV, LeBoff MS. Osteoanabolic agents for osteoporosis. J Endocr Soc. 
2018;2(8):922-932.

40.	Vahle JL, Sato M, Long GG, et al. Skeletal changes in rats given daily 
subcutaneous injections of recombinant human parathyroid hormone 
(1-34) for 2 years and relevance to human safety. Toxicol Pathol. 2002; 
30(3):312-321.

41.	Tauer JT, Robinson ME, Rauch F. OI: new perspectives from clinical and 
translational research. JBMR Plus. 2019;3(8):e10174. 

42.	Tournis S, Dede AD. O -a clinical update. Metabolism. 2018;80:27-37. 
43.	Rossi V, Lee B, Marom R. OI: advancements in genetics and treatment. 

Curr Opin Pediatr. 2019 12;31(6):708-715. 
44.	Grafe I, Yang T, Alexander S, et al. Excessive transforming growth factor-

beta signaling is a common mechanism in OI. Nat Med. 2014;20(6):670-
675. 

45.	Deyle DR, Khan IF, Ren G, et al. Normal collagen and bone production by 
gene-targeted human osteogenesis imperfecta iPSCs. Mol Ther. 2012;20(1): 
204-213.

46.	Nijhuis W, Verhoef M, van Bergen C, Weinans H, Sakkers R. Fractures 
in osteogenesis imperfecta: pathogenesis, treatment, rehabilitation and 
prevention. Children (Basel). 2022;9(2):268. doi:10.3390/children9020268

47.	Piantoni L, Noel MA, Francheri Wilson IA, et al. Surgical treatment with 
pedicle screws of scoliosis associated with osteogenesis imperfecta in 
children. Spine Deform. 2017;5(5):360-365. doi:10.1016/j.jspd.2017.03.002

48.	Mrosk J, Bhavani GS, Shah H, et al. Diagnostic strategies and genotype-
phenotype correlation in a large Indian cohort of osteogenesis imperfecta. 
Bone. 2018;110:368-377. doi:10.1016/j.bone.2018.02.029

49.	Li LJ, Lyu F, Song YW, et al. Genotype-phenotype relationship in a large 
cohort of osteogenesis imperfecta patients with COL1A1 mutations 
revealed by a new scoring system. Chin Med J (Engl). 2019;132(2):145-153. 
doi:10.1097/CM9.0000000000000013


