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Abstract 

A rare congenital illness known as osteogenesis imperfecta (OI) can range widely in severity and is marked by additional, 

variable extra-skeletal symptoms along with increased bone fragility and skeletal deformities. Here, we provide a summary of 

the pathophysiological underpinnings, genetic heterogeneity, and current therapy options for OI-related bone fragility 

disorders. Mutations in the two collagen type I genes are the cause of the most prevalent type of OI. While missense mutations 

mostly cause structural changes in the collagen protein and result in a more severe phenotype, stop mutations typically result 

in decreased collagen quantity and a milder phenotype. prescription drugs. 
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Introduction 

Osteogenesis imperfecta (OI) is an inherited collagen type 

1 disorder with varying clinical manifestations.(1,2) 

Hallmarks include bone fragility, blue sclera, impaired 

hearing, defective dentition and hyperlaxity.(1,3) The 

diversity of age at presentation and bone fragility best 

demonstrate the broad clinical spectrum of this 

condition.(2) The clinical presentation ranges from mild 

forms to severe and lethal forms. 1,2 Milder forms 

generally present in later stages of life(3), often with long 

bone fractures after minor trauma while the more severe 

forms can present with marked skeletal Dysplasias, 

delayed milestones and even perinatal or early childhood 

death. 

Epidemiology: 

The subtypes of OI diverge in both their incidence and 

prevalence rates, with OI types I and IV comprising more 

than half of all total cases worldwide(10).5 The global 

incidence of OI is approximately one per 20 000 live births 

and the prevalence is about six to seven per 100 

000. There is a relative paucity of literature on the 

incidence and prevalence of OI in South Africa. Beighton et 

al. found an estimated minimum population frequency of 

0.6/100 000 for OI type III in the black African population 

residing in the Johannesburg region and 0.1/100 000 

for OI type I in the same group.(6) However, in the 

Southern African indigenous population, OI type III tends 

to occur with greater frequency compared to other  

 

geographical regions. 

Symptoms: 

The symptoms of the disease can be divided into skeletal 

and extra skeletal findings. Skeletal symptoms are the 

decreased bone mass leading to reduced bone stability. 

This results in an increased fracture rate of the long bones 

after inadequate trauma, as well as deformities of 

vertebrae. Scoliosis is an additional problem that develops 

frequently during puberty in more severely affected 

patients and can lead to an impairment of the pulmonary 

function. Short stature is present in almost all patients and 

extremities can be disproportioned. There may also be axis 

deviations and differences in length of the long bones. 

As a collagen disorder, additional extra skeletal symptoms 

can include hypermobility of ligaments and enlarged 

fragility of vessels. An impact on heart valves has also 

been described as well as an early hearing loss. An obvious 

but not always persistent finding is a blue Gray 

discoloration of the sclera in approx. 50% of OI patients. 

Due to the close biochemical relationship between 

collagen and dentin, the teeth are affected in some 

patients leading to dentin oogenesis imperfecta with be 

collared appearance and increased brittleness. 

Classification: 
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Classification of osteogenesis imperfecta: 

In 2006, the first genetic cause of autosomal recessive 

lethal OI was discovered, i.e. bi-allelic variants in the 

CRTAP gene causing complete loss of protein function 

[Barnes et al., 2006]. Partial loss of function CRTAP 

variants encoding cartilage-associated protein (CRTAP) 

were found to cause OI type VII [Morello et al., 2006]. 

Presently, 6 more causes of recessive OI (causative 

variants in LEPRE1 [Cabral et al., 2007], PPIB [Van Dijk 

et al., 2009b; Barnes et al., 2010], SERPINH1 

[Christiansen et al., 2010], FKBP10 [Alaney et al., 2010], 

SP7 [Lapponian et al., 2010], and SERPINF1 [Becker et 

al., 2011]) have been described, all but 2 (SP7 and 

SERPINF1) concerning genes encoding proteins involved 

in collagen type I biosynthesis. 

Pathogenesis: 

Osteogenesis imperfecta, also known as brittle bone 

disease, is a rare genetic heterogeneous connective tissue 

disorder with an incidence of 1 in 15,000 to 20,000 

newborns. The skeletal phenotype of patients with OI is 

characterized by reduced bone density, increased bone 

fragility, recurrent fractures, and progressive skeletal 

deformities. More common extra skeletal phenotypes 

include blue sclera, Dentino genesis imperfecta, and 

hearing impairment. In the past, OI was thought to be 

caused only by dominant mutations in the genes 

encoding type I collagen (COL1A1 and COL1A2) resulting 

in defective type I collagen, and patients with OI were 

classified as Sillence types I-IV based on the clinical 

phenotype.(5)  

Phenotypes and genotypes of OI: 

Figure 1 (A, B) Radiologic demonstration of marked 

differences in phenotype: OI types I and III. 

 
Fig.2 OI type III, 2-month-old baby girl. 

It functions in bone homeostasis and osteoid 

mineralization. Affected individuals have a moderate-to-

severe OI, presenting decreased bone mineral density 

(BMD) with no fractures at birth and without blue sclerae 

or DI. Bone biopsy shows a characteristic “fish-scale” 

pattern caused by disorganization of the bone matrix, with 

large amount of unmineralized osteoid tissue simulating 

osteoma Lacia. 

Individuals with OI types VII, VIII, and IX have severe to 

lethal phenotypes caused, respectively, by mutations in 

the CRTAP, LEPRE1, and PPIB genes. Approximately 1.5% 

of 

West Africans and 0.4% of African Americans carry a 

founder mutation in LEPRE1 gene and three lethal cases of 

OI-VIII were reported in individuals of these 

ethnicities.(18,19) In addition to 

features common to severe OI phenotypes, mutations in 

CRTAP and LEPRE1 genes (OI-VII, OI-VIII) are associated 

with formation of bulbous epiphysis with popcorn 

calcifications at the distal femurs. A homozygous mutation 

in TMEM38B gene is associated with OI type XIV, which 

appears to be an ancient mutation in Israeli Bedouin 

and Saudi families from the Arabian Peninsula.  

Mutations in WNT1 gene are related to OI-XV. Components 

of the canonical Wnt/β-catenin signalling pathway are 

integral for normal osteoblast differentiation as well as 

the differentiation of several types of stem cells. Fahimi 

Niya et al have reported WNT1 mutations in four children 

from three families. These children had short stature, low 

bone density, and multiple vertebral compression 

fractures in addition to multiple long-bone fractures 

during the first years of life. A homozygous nonsense 

mutation was identified in two siblings, this led to brain 

malformation and severe intellectual disability not 

associated with major OI phenotypes.  

SPARC (OI-XVII) is the gene most recently associated with 

an OI phenotype. Two distinctive homozygous missense 

https://ojrd.biomedcentral.com/articles/10.1186/s13023-023-02849-5#ref-CR1
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mutations in SPARC were reported from two unrelated girls 

with severe bone fragility. Besides severe bone fragility, 

one had severe early-onset scoliosis requiring spinal 

fusion at age 6 years. The second girl was born prematurely 

of a consanguineous couple, with hypotonia and gross 

motor developmental delay. Histomorphometry study 

showed matrix hyper mineralization. 

Management /treatment: 

The mainstay of OI management is orthopaedic surgery 

when needed and rehabilitative physiotherapy (8). The 

optimal care environment would be a specialized 

multidisciplinary clinic. Promoting general physical 

wellbeing is an important aspect of OI management and 

must be initiated from a very early age. General fatigue 

during daily activities is a common complaint and because 

muscle strength and exercise tolerance is reduced in OI, 

maintaining physical health is paramount to good general 

health.  

Medical treatment: 

Medical treatments with bisphosphonates are currently 

used as standard therapy in patients with a moderate or 

severe course in childhood and adolescence. Upon 

administration bisphosphonates bind to the 

hydroxyapatite crystals of the bone, which are resorbed 

by osteoclasts during bone remodelling and induce their 

apoptosis. These drugs effectively reduce bone resorption 

and thereby increase bone mass. Bisphosphonates are ap 

proved for the therapy of geriatric osteoporosis and dosing 

and treatment intervals are adapted to the pediatric 

needs. It has been shown that intravenous therapy has a 

positive effect on skeletal pain and bone mass, and in 

addition, mobility of patients can be improved (5). 

Different bisphosphonates (pamidronate, etidronate, 

zoledronate) have also been used and differ in treatment 

intervals. 

Oral bisphosphonates are less effective but can also be 

used in special indications. Treatment must be carried out 

regularly and should continue during growth (7). Despite a 

broad consent about the beneficial effect of 

bisphosphonates in moderate or severely affected 

children a reduction of fractures was never shown in this 

population (8). It has to be mentioned that 

bisphosphonates are not approved for children in 

Germany and many other countries and can only be 

administered as “off-lable-use” after careful discussions 

and written consent. 

Orthopaedic intervention: 

The aim of any orthopaedic intervention is to optimise 

function, avoid or remedy any deformity and to monitor 

for any potential complications of OI. Care must be 

tailored to the individual patient. In milder forms, 

orthopaedic management rarely goes beyond 

conservative measures. Furthermore, the orthopaedic 

surgeon is rarely, if ever, called to assist in OI type II 

(perinatal death). It is the more moderate-to-severe 

phenotypes (OI types III to V) that often require specialised 

orthopaedic care. 

Closed treatment techniques are the mainstay of fracture 

management. Fractures heal with abundant callus but 

with incremental deformities predisposing to further 

fracturing. Avoiding prolonged immobilisation and heavy 

splints is essential. Early mobilisation is actively 

encouraged. 

Post-operative pain management may also be challenging, 

as many of the children may have been exposed to 

analgesics throughout their lives. Spasms are often a major 

component of post- operative discomfort and therefore 

short-term, low-dose diazepam may be beneficial. 

 The goals of surgery are the attainment and maintenance 

of optimal alignment with total correction of the deformity 

using an intramedullary rod which will act as an internal 

splint. As intramedullary rods are load-sharing, their 

misuse can result in stress-shielding. 

With the Sofield-Millar technique, the individual 

fragments should be as long and as straight as possible. 

Placement of osteotomies in diaphyseal regions enhances 

stability with intramedullary rods. Some bone shortening 

may be necessary when there are severe deformities, as 

the taut soft-tissue structures on the concave side can be 

stretched excessively when a deformity is corrected. 

Reaming may be necessary for rod placement.24 Violation 

of the growth plate should be avoided. Immobilisation 

until union is almost always necessary. 

Various techniques have been described for deformity 

correction, including closed reduction with traction 

followed by pneumatic splints (Morel technique), closed 

reduction with percutaneous intramedullary nailing, 

multiple corrective osteotomies with both non telescopic 

(Sofield-Millar technique) and telescopic intramedullary 

rods (Bailey-Dubow, Sheffield, Fassier-Duval, etc.). With 

each of these having their own advantages and pitfalls, 

surgeon preference will guide decision-making. 

In 1959, Sofield and Millar described their technique of 

sub periosteal exposure and multiple osteotomies 

(fragmentation) of a long bone deformity within the 

diaphysis and affixing these 

fragments onto an intramedullary rod (shish-kebab). They 

used static intramedullary rods (Rush rods, K-wires, etc.) 

which proved to be very successful. This revolutionised 

the operative management of these severely deformed 

long bones, improving the mechanical characteristics of 

the bone and helping prevent further deformity and 

decreasing the risk of refractures. However, the children 

outgrew their rods, and complications such as rod 

migration were common (19). 

In 2003, the Fassier-Duval telescopic rod was introduced 

as having the advantage of a single proximal entry point 

and improved ‘screw-in’ fixation in the epiphyses plus a 

revision rate of 14%.24 It is inserted through small 

incisions under fluoroscopic control in conjunction with 

percutaneous osteotomies, whenever possible.1,23-26 

Rigid post-operative immobilisation is unnecessary.24,26 

The procedure requires meticulous technique and 
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experience.24,26 Moreover, multiple bones may be 

treated simultaneously, reducing the operative burden on 

patients. 

Surgical treatment: 

Orthopaedic procedures have two main objectives in the 

treatment concept of patients with OI—to reduce pain and 

ensure healing without an increase of deformities. In case 

of fractures without dislocation or in patients in which the 

bone is supported by an intramedullary 

rod, conservative treatment with a cast is often sufficient. 

In severely affected children with deformities of the long 

bones, which might prevent verticalization of the patient 

or restrict the functional use of the upper extremity 

surgical treatment with correction of deformities is 

specified. During growth, intramedullary telescopic rods 

should be inserted. These elongate during growth and can 

support the bones for many years (20). 

It should be noted that fractures in patients with standard 

OI caused by mutations in COL1A1/2 heal just as quickly as 

in non-affected individuals, and therefore, prolonged 

immobilization is not required. In some rare types, healing 

might be altered. For example, this might occur in patients 

with mutations in IFITM5 (hyperplastic callus formation) 

or WNT1 (delayed healing). A long immobilization needs to 

be avoided in order to prevent muscle wasting and 

consequently resorption of bone mass due to 

immobilization. 

Physiotherapy: 

Medical and surgical treatments aim to improve the quality 

of life, mobility, and independence of patients. Many 

patients are also affected by a muscular hypotonia and 

weakness of tendons and ligaments. Regular strengthening 

of the muscles is crucial to improve mobility. In addition, 

children have to learn which motor functions are possible 

after surgery. If deformities of the long bones have been 

corrected at the age of 2–3years, the older child has then 

to learn weightbearing and standing, and it has to be 

determined which assistive de vices are suitable to 

improve mobility(22). 

Because of recurrent fractures, many patients are afraid 

to try new movement patterns, which must be taken into 

account during training. In addition, the strengthening of 

muscles induces an osteoanabolic stimulus, which leads 

to an increase in the synthesis of extracellular matrix 

by osteoblasts. Although the function of osteoblasts can be 

impaired in OI, using the muscles is still the best way to 

stimulate bone formation. 

Conclusion 

A wide range of clinical manifestations are associated with 

osteogenesis imperfecta. It is one of the most prevalent 

congenital bone abnormalities that orthopaedic surgeons 

see, despite its rarity. There are significant variations in 

the patterns of the prevalence of specific sub-types, 

notwithstanding the dearth of accurate epidemiological 

data for sub-Saharan Africa. There is still no unanimous 

agreement, despite the fact that the classification has 

changed considerably since Sillence's initial definition. 

Sillence is in favor of the updated classification scheme 

that the International Nomenclature group for 

Constitutional Disorders produced, and more people are 

starting to use it, particularly in research communication. 

Particularly in a situation with limited resources like ours, 

being aware of the more nuanced clinical and 

radiographic characteristics of OI helps distinguish it from 

other metabolic bone diseases and aid in diagnosis. A 

surgeon specializing in orthopaedics who is 

knowledgeable about the fundamental sciences 

underlying this illness is better suited to treat it and 

prevent the tragic consequences that often accompany it. 

A multidisciplinary approach is still the cornerstone of 

comprehensive and long-lasting beneficial outcomes and 

is becoming more and more popular in our environment, 

even though newer medical, surgical, and rehabilitative 

therapies show great promise for the future.medication 

phenotype. 
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